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Foreword

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
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by the technical committees are circulated to the member bodies for voting. Publication as an Inte
quires approval by at least 75 % of the member bodies casting a vote.
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1 was prepared by Technical Committee ISO/TC 147, Water_quality, Subcommittee SC 5, |

bility of organic compounds at low concentrations;

the ref¢rence given in the third item efithe list in 8.2.1;
the reference given in the penultimate line of 8.2.1;

the reference given in the last line of the second paragraph of 8.4.1.

SO, alSo take part in the work. SO collaborates closely with the International Electrq
(IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
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drawn to the possibility that some of the elements of this part of ISO' 14592 may be the 5
. ISO shall not be held responsible for identifying any or all such patent rights.
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This International Standard consists of two parts. Part 1 describes a die-away batch test for either surface water
with or without added sediment in suspension simulating either a pelagic aquatic environment or a
water-to-sediment interface. Part 2 describes a continuous flow system simulating a river with biomass attached to
stationary surfaces.

This test
compour]
kinetics

Before ¢
compour
or elimin
experime

When th
addition
time and
adapted
semi-con

has been specifically designed to provide information on the biodegradation behaviour and-kin
ds present in low concentrations, i.e. sufficiently low to ensure that they simulate the)bio
vhich would be expected to occur in natural environmental systems.

pnducting this test, it is necessary to have information on the biodegradability“behaviour
d at higher concentrations (e.g. in standard biodegradation tests), and, if possible, on abiotic d
ation from water, as well as relevant physico-chemical data. This information is necessary
ntal planning and interpretation of results.

s test method is used with a single environmental sample of surface water (either with or
bf sediment), a laboratory-derived first-order biodegradation rat€ can be estimated for one sin

fo the test compound at a specifically maintained concentration. This may be achieved using
tinuous procedural variant of the method.

etics of test
Hegradation

of the test
egradability
for proper

without the
gle point in

space. The test system may be more consistent and providé more reliable biodegradation r¢sults if it is

the optional
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INTERNATIONAL STANDARD ISO 14592-1:2002(E)

Water quality — Evaluation of the aerobic biodegradability
of organic compounds at low concentrations —

Part 1:

Shakf;ﬂask_halah_teslﬂilh_sudmalemuuttace—
water/sediment suspensions

WARNING AND SAFETY PRECAUTIONS — Activated sludge, sewage and effluent contain
pathogehic organisms. Therefore appropriate precautions should be taken when’handling them
dangerous test compounds and those whose properties are unknown should be handled
Radiolahelled compounds, if used, should be handled respecting existing rules and legislation.

1 Scqpe

potentially
Toxic and
with care.

This parf of ISO 14592 specifies a test method for evaluating the biodegradability of organic test compounds by

aerobic microorganisms by means of a shake-flask batch test. It'is applicable to natural surface wate
coarse pprticles to simulate a pelagic environment (“pelagictest’) or to surface water with suspende
added to|obtain a level of 0,1 g/l to 1 g/l dry mass to simulate'a water body with suspended sediment (
sedimen{ test”).

This parf of ISO 14592 is applicable to organic testycompounds present in lower concentrations (nor
100 pg/l)| than those of natural carbon substrates”also present in the system. Under these conditio
compour|ds serve as a secondary substrate and the kinetics for biodegradation would be expected to b
(“non-grqwth” kinetics).

This test|method is not recommended-for use as proof of ultimate biodegradation which is better ass
other stgndardized tests (see ISO/TR 15462). It is also not well suited to studies on metabolite fo
accumulation which require higher test concentrations.

2 Nonmative reference

The follofving normative document contains provisions which, through reference in this text, constitute g
this part pf ISQ_14592. For dated references, subsequent amendments to, or revisions of, any of these
do not applys However, parties to agreements based on this part of ISO 14592 are encouraged to inyv|

r, free from
sediments
‘suspended

mally below
ns, the test
e first order

ssed using
mation and

rovisions of
bublications
estigate the

possibility Cof applying the most recent editions of the normative documents indicated below. H

or undated

references, the latest edition of the normative document referred 10 applies. Miembpers of 150U and TEC maintain

registers of currently valid International Standards.

ISO/TR 15462, Water quality — Selection of tests for biodegradability

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purpose of this part of ISO 14592, the following terms and definitions apply.

© I1SO 2002 — Al rights reserved
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3141

ultimate aerobic biodegradation

breakdown of a chemical compound or organic matter by microorganisms, in the presence of oxygen, to carbon
dioxide (CO,), water and mineral salts of any other elements present (mineralization) and the production of new
biomass

NOTE Total mineralization may be different from ultimate aerobic biodegradation in that total mineralization includes
secondary mineralization of biosynthesis products. The kinetics may therefore deviate from first-order kinetics in particular
towards the end of the experiment. In this part of ISO 14592, primary aerobic biodegradation is determined when using
substance specific analysis and total mineralization when using radiolabelled compounds.

31.2 J)
primary bipdegradation
structural change (transformation) of a chemical compound by microorganisms resulting in the loss)of @ specific
property of that compound

313
dissolved ¢rganic carbon
DOC
part of the grganic carbon in a sample of water which cannot be removed by specified phase separation

NOTE Phase separation may be obtained, for example, by centrifugation of the sample of test water at 40 000 m/s2 for
15 min or by|membrane-filtration using membranes with pores of 0,45 pm diameter.

314

lag phase
tlag

time from the start of a test until significant biodegradation (abeut*10 % of the maximum level) can be meagured

NOTE llag phase is expressed in days (d).

315
maximum level of biodegradation
degree of |biodegradation of a chemical compound or organic matter in a test above which np further
biodegradation takes place during the test

NOTE The maximum level of biodegradation is expressed as a percentage.

3.1.6
primary supstrate
major carbgn and energy source which is essential for growth or maintenance of microorganisms

317
secondary|substrate
substrate cpmponeént present at such low concentrations, that by its degradation, only insignificant amounts of
carbon and|energy are supplied to the competent microorganisms, as compared to the carbon and energy| supplied
by their degradation of primary substrates

3.1.8

degradation rate constant

k

rate constant for first-order or pseudo first-order kinetics which indicates the rate at which degradation processes
occur

NOTE 1 The degradation rate constant is expressed in inverse days (d~7).

NOTE 2  For a batch experiment, k is estimated from the initial part of the degradation curve obtained after the end of the lag
phase. For a continuously operating test system, & can be estimated from a mass balance for the reactor using data collected
under steady-state conditions.

2 © 1SO 2002 — All rights reserved
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3.1.9
degradation half-life

T2

characteristic of the rate of a first-order reaction and corresponds to the time interval necessary for the
concentration to decrease by a factor of two

NOTE 1 The degradation half-life is expressed in days (d).

NOTE 2  The degradation half-life and the degradation rate constant are related by the following equation:

Ty = In2/k

NOTE 3 | The degradation half-life 7,, for first-order reactions should not be confused with the half-life time; |75, which is
often used to describe the environmental behaviour of pesticides and which is simply the time to(reach 80 % of total
biodegradation. The half-life time 75, may be derived from degradation curves without making assumptions about the kinetics.

3.2 Symbols

Symbol Description Units

A1 activity of the 14C-radiolabelled test compound becquerels(Bq)
4, inorganic 14C-activity (4CO, evolved as a result of biodegradation) becquerels(Bq)
A1o total organic 14C-activity of the residual test compound, becquerels(Bq)

metabolites, particulate microbial biomass and dissolved cell
constituents, measured in the liquid phase after.stripping off 14C02

Apo dissolved organic 14C-activity of the residualtest compound, becquerels(Bq)
metabolites and dissolved cell constituents; measured in the

liquid phase after stripping off 14CO,@nd separation of particles

by membrane filtration or centrifugation

Apo particulate organic 14C-activity of the sorbed 14C of the test becquerels(Bq)
compound and particulate "C-biomass measured in the particulate
residue after filtration oficentrifugation

a?) specific activity of thetest compound or of a mixture becquerels per njicrogram
of radiolabelledand “cold” test compound (Bqg/ug)

c3) residual molar concentration of the test compound micromoles per litre (umol/l)

o initiakmolar concentration of the test compound micromoles per litre (umol/l)

1) A is the symbol for activity, expressed in bequerels, as specified in ISO 31-9-33:1992.

2) In accordance with ISO 31-9-34:1992, « is defined as the symbol for specific activity, expressed in bequerels per kilogram. It
may be common practice sometimes to use the symbol o for specific activity, but this is not in accordance with
ISO 31-10-3:1992 where “o” is defined as the cross-section for a specified target entity and for a specified reaction or process
produced by incident charged or uncharged particles of specified type and energy.

3) In 1SO 31-8-13:1992, ¢ is defined as the symbol for “molar concentration”, expressed in moles per litre and in
ISO 31-8-11.2:1992, pis defined as the symbol for “mass concentration”, expressed in kilograms per litre. Note that in 1ISO 31,
“concentration” of the test compound in solution is expressed in two ways:

“« »

—  “p’ refers to the mass of the test compound per unit volume;

— “¢” is specifically used to mean the number of moles of the test compound per unit volume.

© 1SO 2002 — Al rights reserved 3
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€4

CAO

CAplateau

residual activity concentration
initially added activity concentration
activity concentration at the plateau of the transition

between the degradation curve and the subsequent “tailing”

flasks containing the test compound examined

becquerels per millilitre
(Bg/ml)

becquerels per millilitre
(Bg/ml)

becquerels per millilitre
(Bg/ml)

k*

knon-adapted

kadapted

tlag

Tyjp

Po

4 Princ

The test is
surface wat

flasks containing the blank sample
flasks for check the test performance with a reference compound

sterile flask for checking possible abiotic degradation or
other non-biological removal

biodegradation rate constant
pseudo first-order rate constant for disappearance of activity

first-order rate constants and associated half-lives derived from
portions of the curve showing no significant growth

pseudo first-order rate constants representing adaptéd.environments
time

lag phase

degradation half-life

reaction volume in the reactor

fraction of 14C converted to:-1*CO,,

residual mass concentration of the test compound

initial mass concentration of the test compound

ple

inverse days (d-1)
inverse days (d-1)

inverse days (d-1)

inverse days (d-1)
days (d)
days (d)
days (d)

litres (1)

micrograms per litrg (ug/l)

micrograms per litrg (ug/l)

carried out by batch-wise incubation of the test compound with a sample of either surface|water or
ef-.and sediment. When surface water alone is used, the test is referred to as a “pelagic test” and when

sediment is addedtoobtaima suspension, the testis Teferredtoas g suspended sediment test* incubation takes
place at an environmental temperature under agitation by means of a system of flasks on a mechanical shaker.

Test compounds, present in lower concentrations than the natural carbon substrates also present in the system,
will serve as secondary substrates. Biodegrading microorganisms obtain the major part of their energy and carbon
from primary substrates and not from secondary substrates. Under these conditions, the kinetics for biodegradation
would be expected to be first order (“non-growth kinetics”). First-order kinetics implies that the specific rate of

degradation is constant and independent of the concentration of the test compound.

4) ¢4 is the symbol for volumetric activity, expressed in bequerels per cubic metre, as specified in ISO 31-9-35. a is sometimes
used for volumetric activity, but is not in accordance with 1ISO 31.

© 1SO 2002 — All rights reserved
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The test compound is added at two different concentration levels. The concentrations are chosen to be within the
microgram-per-litre range (preferably < 100 ug/l) so as to obtain first-order degradation kinetics and an estimated
half-life independent of the test concentration. Concentrations should normally be chosen to be as low as
practically possible with respect to the sensitivity of the available measurement techniques. These concentrations
need not be as low as those expected in the environment to ensure the same type of degradation kinetics.

The test mixture is transferred to closed flasks with an air headspace. Flasks are incubated in the dark or in diffuse
light at either the field temperature or at a temperature of 20 °C to 25 °C as commonly used in biodegradation tests.
Agitation by means of continuous shaking or stirring is provided to maintain particles, including microorganisms, in
free suspension.

The timefcourse of degradation is followed by the determination of the residual concentration of test.compound at
appropriate intervals. The incubation time should be sufficiently long to be able to evaluate the”fegradation
behavioyr. If the degradation is found to be significant, the extent of degradation should be-sufficiently high
(normally greater than 15 % to 20 % degradation) to be able to estimate the first-order rate constant.

Measurement of the degradation of the test compound is carried out either by a radietracer technigue, normally
using 14C-labelling and liquid scintillation counting, or by specific chemical analysis,~if a sufficien{ly sensitive
analytica] method is available. Using the 14C technique and labelling the most persistent part of the mplecule with

14C, tota] mineralization or ultimate biodegradation can be assessed, while only_primary biodegradation can be
measuref with specific analysis.

5 Reagents and media

5.1 Reagents
Use only|reagents of recognized analytical grade and radiolabelled compounds of high radiochemical pyrity.
5.1.1 Deionized water, for preparing stock solutions\of the test compound and the reference substange.

This water shall have a DOC content of no more-than 1 mg/l DOC (use e.g. ISO 8245 for determinafjon) and be
free from| inhibitory concentrations of toxic substances.

5.1.2 Volatile organic solvent (optional), for dissolving test compounds of low solubility.

51.3 ercury(ll) chloride (HgCls) (optional), added to a mass concentration of 100 mg/l in the sample of test
water coftaining the test or reférence compound and used for stopping all biological activity.

514 odium azide (NaN,), (optional), added to a mass concentration of 10 g/l in the sample of test water
containing the test or reference compound and used for stopping all biological activity.

5.2 Media

5.21 urface water, for use in the “pelagic test”.

Collect a sample of suitable surface water in a thoroughly cleansed container. Remove coarse particles, for
example, by filtration through a nylon filter of about 100 um mesh size, a coarse paper filter, or by sedimentation.
Keep the sample of surface water in an aerobic environment (e.g. by keeping sufficient headspace in the flask)
during the transport and until the start of the test in the laboratory. Start the test preferably within 1 d after
collection. During transportation and storage, the temperature of the sample of surface water should not be
permitted to exceed significantly the temperature to be used in the test. Cool to 4 °C if transportation times exceed
a few hours. Ensure this water does not freeze.

© 1SO 2002 — Al rights reserved 5
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Identify the sampling location precisely and describe it in terms of its pollution and nutrient status. Provide the

following minimum information for the surface water taken for the test:

a) date and time of collection and delay between collection and use in the laboratory test;

b) depth of collection;

c) appearance of sample (e.g. turbidity);

d) temperature and pH at the place and time of collection;

e) in the dase of sea water and brackish water, salinity or conductivity;

f) in the dase of a turbid sample, the amount of suspended solids;

g) number of colony-forming microorganisms determined on a suitable growth medium _according to
methods;

and optiondlly, in addition:

h) DOCa

i)

inorgar
ammor|

)
k)

chlorop

total m

other
protein
degrad

5.2.2 Sul

Collect a s
sediment u
transparent|
container W
following an
then choos:¢
of the samp

Identify the
information

nd TOC concentration;

ic nutrients such as total phosphorus, dissolved orthophosphate, total nitrogen, nitrate,
ium nitrogen;

hyll-a concentration;

haracteristics relating to the microbial biomass and activity such as ATP (adenosine triph
heterotrophic carbon assimilation activity, and determination of the number of organisms c
ng the test compound (e.g. determined,using a most probable number method).

face water and sediment, for use in the “suspended sediment test”.

bmple of surface water as.described in 5.2.1. In addition, collect a grab sample of aerobi
5ing an appropriate sampling method. Sample, for example, a number of sediment cores using
plastic and slice off the upper aerobic layer immediately after sampling. Transport the sar
ith sufficient air héadspace to keep the sediment aerobic, and aerate the sample of surfg
rival at the laberatery until use. First determine the level of suspended solids in the sedimen
P a mass concentration level between 100 mg/l and 1 000 mg/l and adjust the level of suspend
le to this predetermined level.

sampling location precisely and describe it in terms of its pollution and nutrient status. Provide
fof the sample of water medium as described for the pelagic test (5.2.1) and provide the

standard

nitrite or

crobial number using staining (e.g. by acridine orange) and epifluorescence microscopy after diltrasonic
treatment or dispersion by other means;

bsphate),
ppable of

c surface
a tube of
nple in a
ce water
sample,
ed solids

the same
following

information

for-the sediment:

a)

appear

dry ma

date and time of collection and delay between collection and use in the laboratory test;

depth of collection;

ance of the sample, such as coloured, muddy, silty, or sandy;

ss in grams per litre of the suspended solids;

TOC concentration or loss of ignition as a measure of the content of organic matter;
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and optionally:

f)  sediment particulate characteristics (fractions of silt and sand);

-1:2002(E)

g) inorganic nutrients such as total phosphorus, dissolved orthophosphate, total nitrogen, nitrate, nitrite, or
ammonium nitrogen in the pore water;

h) microbial colony count on an appropriate growth medium as obtained after gentle treatment with ultrasound;

i) total microbial number using staining (e.g. by acridine orange) and epifluorescence microscopy after treatment

with

ultrasonic or dispersion by other means;

) any

A prelim
microwa
of sedim

mass. The accurate solid content is calculated subsequently using a more precise, dry " mass determ

obtained

6 Apparatus

Ordinary

6.1 Coa
stoppers

For non-
clean teg
bacterial

6.2 Sh

6.3 Cdntrifuge, capable of rotating at\a rate of 40 000 m/s2.

6.4 pH

6.5 Oy

6.6 Membrane filtration apparatus.

6.7 AJ
aqueous

bther characteristic relating to the microbial biomass and activity.
nary dry mass determination can conveniently be carried out by drying a portion of this se
e oven, e.g. for 15 min. The estimate so obtained can be used for the purpose of|calculating
bnt to be added to the surface water in order to obtain a suspension with the desired content

after drying overnight at 105 °C in a conventional oven.

laboratory equipment and the following.

nical or cylindrical flasks, of appropriate capacity, for example 0,51 or 11, with silicon
or serum flasks with CO,-tight lids (e.g. with butyl rubber septa).

bolatile test compounds that are not radiolabelled, gas-tight stoppers or lids are not required.
t flasks and stoppers before use and ensurethey contain no traces of detergents. To be {
contamination occurs, the flasks may be sterilized by heating or autoclaving.

aking table or magnetic stirrers, forcontinuous agitation of the test flasks.

meter.

en or microwave oven, for dry-mass determinations.

toclave.@r)oven (optional), for heat-sterilization of glassware and for stopping all biological a
media.

6.8 Rddiotracer facilities and equipment, for handling and measuring #C-labelled compounds if

diment in a
the amount
bf solids dry
nation, e.g.

e or rubber

Thoroughly
ure that no

Ctivity in the

used, (see

also annex A).

6.9 Analytical equipment, for the determination of organic test compounds if specific chemical analysis is used

(e.g. gas

chromatograph, high pressure liquid chromatograph).

7 Test environment and conditions

7.1 Se

mi-continuous incubation (optional)

Very long incubation times (several months) may be necessary if long lag times occur before significant
degradation can be measured. In such cases, the microbial community of the sample of surface water may

© I1SO 2002 — Al rights reserved
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deteriorate and the similarity of the test system to natural environmental conditions decreases. Such deterioration
may affect the degradation of the test compound causing it to cease or to slow down. A likely explanation is the
disappearance of slowly growing competent microorganisms from the test system. These may die out due to
various loss processes, i.e. before degradation effectively starts or at a later stage if the pressure of selection
exerted by the test compound, present at a low concentration, is insufficient. The problem of sample deterioration is
greatest for pelagic tests. It can be remedied, however, by including a pre-adaptation period with semi-continuous
operation prior to the batch test. The basic principle of the semi-continuous pre-adaptation is to renew part of the
surface water periodically and make up with additional test compound to approximately the starting concentration.
It has been found adequate to replace, for example, one third of the volume every two weeks. The replacement
surface water should be freshly collected from the same site as the original sample. As the procedure comprises
both re-inoculation and compensation of any depleted primary substrates, the initial microbial diversity and
substrate alvailability are practically restored, and the feasible duration of the batch test thereby extended from

some weekK
simply disc
The degrad
constants o)

7.2 Nutr

It should b
space. For
generate a
optional tes

s to much longer time periods. Once adaptation has taken place, the semi-continuous™op
bntinued and the test system becomes a batch system with time zero being the time of the)last
ation rate constant can be interpreted as a characteristic of an adapted system and"is”simil
btained in a batch system after a long lag phase.

ent and sludge addition (optional)

a)

-

emphasized that the biodegradation potential of surface water may-vary considerably in
some purposes (e.g. for relative ranking of different test compounds), it may therefore be
rate constant representing standard conditions. In such a case, it is recommended to car
t with nutrient-rich or nutrient-enriched surface water or with membrane-filtered secondary eff|

pration is
renewal.
ar to rate

time and
useful to
y out an
uent of a

waste watef treatment plant as the substrate amended with 3 mg/l (dry mass) of activated sludge as inocylum. The

sludge should be sampled from a treatment plant predominantly<receiving domestic sewage and having no
significant inputs of the test compound.

7.3 Temperature and lighting

Incubation $hall take place in the dark or in diffuse light at*a controlled (+ 2 °C) temperature which is eithef the field
temperaturg¢ or a standard temperature of 20 °C to(25 °C. Field temperatures can represent either the actual
temperaturg of the sample as collected or represent.an average field temperature at the sampling site.

8 Procedure

8.1 Preparation of test and reference compounds

8.1.1 Water-soluble test compounds

Prepare a gtock solution-in-deionized water (5.1.1) and transfer the necessary volume of the stock solution to the

(6.1) in order to achieve the desired test concentration. If 4C-labelled compounds are used, see

details:

test flasks
annex A for

8.1.2 Poquy water-soluble test compounds

Dissolve test compounds of low volatility first in a minimum amount of volatile organic solvent. Add a small volume
of this solution to the test flasks. Strip off enough of the organic solvent so that it does not significantly increase the
DOC concentration of the sample of surface water. Check this by a substance-specific analysis or, if possible, by
DOC analysis (see e.g. ISO 8245). In certain cases, it may be feasible to prepare an intermediate solution first in
deionized water (5.1.1) or in surface water (5.2.1).

Also other techniques to introduce the test compound into the test flasks may be used as described in ISO 10634.

© 1SO 2002 — All rights reserved
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8.1.3 Reference compound (optional)

When inexperienced with either the test itself, the sample of surface water (5.2.1) used and/or the sediment (5.2.2),
it is recommendable to use a reference compound, preferably aniline in the same range of concentration as the test
compound.

8.2 Test set-up

8.2.1 Pelagic test

Set up theTfottowingftasks:

— at lgast two test flasks (symbolized F5) for each of the different concentrations (at least. two)| of the test
compound examined (see 8.1.1 or 8.1.2);

— atlepst one flask (symbolized Fg) for the blank containing a sample of the surface water-only;

— optignally, at least two test flasks (symbolized F) to check the test performance. with a referencg compound
(see|8.1.3);

— optignally, at least one sterile flask for checking possible abiotic degradation or other non-biological removal
(symbolized Fg).

Transfer [a suitable volume of surface water (5.2.1) to the flasks and fill the flasks to about one-third of their volume
but no legs than about 100 ml.

The biolggical activity is stopped by autoclaving (6.7) the sample of test water or by adding a toxicdgnt, such as
mercury(]l) chloride (see 5.1.3) or sodium azide (see 5.1.4).

8.2.2 Suspended sediment test

Set up a|sufficient number of flasks in the same manner as described for a pelagic test (8.2.1). Use clpsed serum
bottles gr similarly shaped flasks. Adjust~the level of the suspended solids of the surface watgr sediment
suspensipn to the predetermined level (sée 5.2.2) between 100 mg/l and 1 000 mg/l. Fill the flasks with this
suspensipn to about one-third of their volume.

With sediment added in high concentrations, sterile conditions are not obtained easily. In this casp, repeated
autoclavipg (e.g. three times) is_ recommended. Note that information on abiotic degradation behaviour Will normally
be availgble before conducting’ the test and that the kinetics for abiotic degradation normally does nat change at
low concentrations as doees/that of biodegradation. Therefore, tests in sterile units normally serve thel purpose of
assessing sorption phenemena. Note that the sorptive properties of sediments will change by autoglaving. The
sorption |data obtairied' can therefore only be used qualitatively, for example to ascertain whether| sorption is
significant or not..Initial sorption may be studied quantitatively by using non-sterile sediment. If long-term studies on
sorption are required, sterilization should be performed, for instance by radiation or by chemical means.

8.3 Incubation

Close the test flasks prepared in 8.2 either with stoppers or lids which are impermeable to air and especially CO,.
In the case of a non-volatile test compound when a specific analysis is used and no radiolabelled compounds are
added, a loose, cotton-wool plug may be used that prevents contamination from the atmosphere. Place the test
flasks on a shaking table, or supply them with magnetic bars and place them on magnetic stirrers. Maintain a
homogeneous suspension and aerobic conditions over the test period by continuous and sufficient agitation.
Operate the shaking tables at about 100 r/min.

For tests with sediment, preferably place the closed test flasks horizontally on the shaker. However, this position is
not feasible if sorption to the lid is significant or loose cotton-wool plugs are used. If magnetic stirring is applied to
sediments, note that ordinary magnetic bars are not durable. In this case, use bars coated with glass tubing. Make
sure that the stirring is vigorous enough to maintain aerobic conditions.
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Place the test flasks in an environment with the selected incubation temperature (see 7.3). Withdraw samples for
analysis from each of the test flasks at the beginning of the test at day O, i.e. before degradation begins, and at
suitable intervals in the course of the test. Usually, at least five sampling points in time are required to evaluate the
degradation behaviour and ideally the degradation phase should be represented by at least three data points in
order to estimate a reliable rate constant. No fixed time schedule for sampling can be stated, as the rate of
biodegradation varies. However, in general, it is recommended to sample once a week for test compounds
undergoing slow degradation and to sample once a day during the first three days and then every second or third
day for readily degradable test compounds. If test samples are preserved for a specific analysis at a later time, it is
advisable to take more test samples than the required minimum of five. In this case, analyse the test samples in the
inverse order that they were taken, i.e. from those taken at the end of the experiment, analysed first, to those taken
at beginning of the experiment, analysed last.

Keep all stqg
to 2d. For
A). If it is K
before stor
sampling of

8.4 Determination of the remaining test compound

8.41

The amoun
the sample

Radiochemical measurements

red test samples cooled at 2 °C to 4 °C and keep them air-tight if analysis can be carried ©Out
onger storage, deep freezing below —18 °C or chemical preservation is necessary (see ‘84 a

ithin 1 d
hd annex

nown that the test compound will remain unaffected by acidification, acidify the test Sampl¢ to pH 2

ng. If the analytical method involves solvent extraction, perform the extraction” immedia
after storing the sample refrigerated for 1 d and store the extracts only.

t of CO, evolved is determined indirectly by measuring the difference between the initial 14¢C-
of surface water or the suspension containing the test compound and the total residual actiy

sampling ti

and the resjdual activity measured is derived from non-degraded or. partially degraded test compound. F

see annex

With high degrees of mineralization of the test compound t6°CO,, measured residual activities can be as
be approximately proportional to residual test compound concentrations. If the mineralization is less co
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made to es]
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biomass or
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of particulafe 14C to provide an estimate-of the incorporation of carbon into the microbial biomass. Further
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8.4.2 Spegcific chemical'analysis

If a sensitiv

e as measured after acidifying the sample and stripping.off CO,. Inorganic carbon is thus

error can result if such proportionality is"assumed. Therefore, if sufficient measurements h
imate the residual organic activity aften.complete degradation of the test compound, it is nec|
rection to account for the fact that.séme carbon is not released as CO, but incorporated

released as extra-cellular metabolites. For a simple correction procedure, see 9.1 and annex Al

hended to make additional measurements, for example carried out at the end of the test after

14C0, should be measured directly in one or more test flasks in order to check the mass bal
irect evidence of biodegradation as a further procedural check.

b specificchemical analytical method is available, the primary biodegradation of the test compd

ely after

activity in
ity at the
removed
br details

sumed to
mplete a
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essary to
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water or
, parallel
ation and
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be followed by measuring the total residual test compound concentration in samples of surface
suspensiong with\sediment using this method. If the test is carried out with radiolabelled test compoundg
specific chgnical analytical measurements of primary biodegradation may provide useful additional inform
serve as a . ;

following the directions given in the respective analytical procedure.

Depending on the sensitivity of the analytical method, use larger test volumes than those suggested in 6.1 and
8.2.1. The test can easily be carried out with test volumes of 11 in flasks of 2| to 3 | capacity, allowing a sample
size of for example 100 ml for analyses.
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9 Calculation

9.1 Radiochemical measurements

When a '4C-labelled organic compound is biodegraded, part of the 4C is converted to 4CO,, while another part is
used for synthesis of new microbial biomass and/or extra-cellular metabolites. A detailed interpretation of
radiochemical measurements can therefore be rather complicated. As time passes, some of the 14C built into the
biomass will be released again as 14002 and as extra-cellular metabolites or cell fragments, which in turn are
mineralized to 14002 or are reused for biosynthesis. For these reasons, simple plots of residual organic 14C activity
(measured after strlppmg off COZ) versus t|me will show “talllng after degradatlon has been completed and the last
part of the v r—about 50 %
degradatjon) is used for dlrect estlmatlon of a degradahon rate constant.

The follofving simple procedure is suggested for converting activities to approximate concentrationps. The procedure
is briefly putlined below and is described in more detail in annex A. It is assumed that a constant fractiop, «, of 14C
is fully npineralized to 14C02 during the course of degradation. The residual mass congentration, ekpressed in
micrograms per litre (ug/l), p [or in molar concentration, ¢, expressed in micromoles pebn litre (umol/l)]} of the test
compour]d can then be calculated from the measured residual activity using equationi(1):

1
—Tc, - 1-
P a.a[CA ¢ 40(1-a)]
1 - 1-
:_{CA c 40 a)}po 1)
@ €40
where

po s the initial concentration, expressed in micrograms per litre (ug/l), of the test compound;

a Jis the specific activity, expressed in bec¢querels per microgram (Bg/ug), of the test compopnd or of a
mixture of radiolabelled and “cold” test-compound;

a s the fraction of 4C converted to ™CO, (assumed to be constant);
¢4 s the residual organic activity concentration, expressed in becquerels per millilitre (Bg/ml);
c4o [is the initially added@ctivity concentration, expressed in becquerels per millilitre (Bqg/ml).

An apprgximate estimate of « can be obtained from the activity plateau at the transition between the degradation
curve and the subseguent “tailing” which reflects secondary mineralization of cell products. Assuming|no residual
test compound left, &'is simply:

C 40 = € 4plateau

yal
AU

Note that with first-order kinetics, the biodegradation rate constant, &, equals 1/« times the initial pseudo first-order
rate constant for disappearance of activity, £* as follows:

k=kla
If found to be independent of the added concentration, £ can be interpreted as a first-order rate constant
characteristic of the test compound, the environmental sample or system, and of the test temperature. The extent

to which the results can be generalized or extrapolated to other systems shall be evaluated using expert
judgement.
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If « cannot be estimated or measured, state this and report k£ as the initial pseudo first-order rate constant for
disappearance of activity.

9.2 Interpretation of specific chemical analytical measurements

Only primary biodegradation can be determined by a specific analysis and the proof of ultimate biodegradation can
only be obtained by other methods (see ISO/TR 15462).

9.3 Evaluation of biodegradation curves

bn of test
lot. Treat

the non-
sterile expgriments in test flasks F; and examine also the degradation curves obtained, with the feference
substance ip test flasks F. If the results from the test flasks Fg and F; appear similar, it canybe assumed that the
degradatior| observed is predominantly abiotic. If the degradation in test flasks Fg is low; the figures may be used
to correct the figures obtained with test flasks F; by subtraction to estimate the extent of biodegradation.

9.4 Test|result descriptors
9.4.1 Identification of regimes for quantification of rate constants

9.4.1.1 Conditions of the biological matrix (adapted or non-adapted)
Identify, if ppssible, two different regimes, non-adapted and adapted and name the rate constants accordingly.

k,

non-adapted| 1hese are first-order rate constants and associated half-lives derived from portions of the curve

showing no significant growth. Such constants are taken as representative of a norl-adapted
environment.

k

adapted These are pseudo first-order rate,constants representing adapted environments and as far ag possible

estimated as initial rates after onset of a second phase degradation.

Note that many test results will not allow~such a split of the degradation curve and the results are to be assigned to
one of the ¢ategories adapted or non-adapted. Adaptation may or may not take place during the course df the test
or may have occurred in advance(@s a result of exposure of the laboratory system to full-scale field exposyre.

9.4.1.2 (Concentration level of test compound
A distinction is necessary.between
a) the low concentration range with true order (non-growth) kinetics, and

b) higher prmedium concentration where growth takes place and the rate constant therefore increases with time.

9.4.2 Lag phase and degradation rate constant

Estimate the lag phase duration, lag: from the degradation curve (logarithmic plot) by extrapolating its linear part to
zero degradation or alternatively by reading the time for approximate 10 % degradation. For positive degradation
results, estimate a degradation rate constant, &, assuming first-order kinetics. Plot the data using a semi-logarithmic
plot and estimate k£ and its associated standard error by linear regression of Inp (residual test compound mass
concentration) versus time. Use as far as possible only data belonging to the first linear portion of the curve.
Calculate the half-life T, = In2/k. If too few data points (less than 3) fall on the linear portion of the curve, estimate
T, using the best judgement from an eye-fitted curve, and calculate & as In2/T,,. Alternatively, estimate & directly
as the slope of a line connecting two adjacent data points which are judged to be representative. Make separate
calculations for each test flask and calculate averages from replicate flasks only if results are similar. Otherwise
report the range of results.
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If specific analysis is used record also the maximum level of primary biodegradation at the end of the test.

With 14C measurements, only the extent of mineralization to CO, can be estimated. As the proportion of carbon in
a test compound converted to CO, varies, depending largely on the concentration of test compound and other
substrates available, the test conditions and the aquatic microbial community, the method does not allow the
determination of ultimate biodegradation. In this case, use a method described in ISO/TR 15462.

10 Validity of the test

If the, o
is suspe
water mqg

11 Test report

The test

a)
b)

c)

d)

e)

f)

h)

innally fncfnd, reference substance is not Q||ffir\innf|y dngrndnd within the nypnr‘fnd time_inte

/al, the test

t and its validity shall be further verified, or alternatively the test shall be repeated using a_he
dium. In an interlaboratory test for aniline degradation, rate constants ranged from 0,3 d\to'1

report shall contain at least the following information:

are

a defcription of the test system (pelagic or suspended sediment test);

all necessary information for the identification, characterization_(€.g. type of labelling) and use of

of th

all r
ass

the test conditions, including the incubation temperature and the test duration;

all in
mas

all m

1)

2)

3)

rence to this part of ISO 14592, i.e. ISO 14592-1;

reference compound;

levant information pertaining to the surface water.afnd sediments (5.2) in accordance with cla
bmpling time and location, transport, storage, and.pre-treatment;

formation on the analytical techniques and the methods used for radiochemical measuremen
5 balance check and measurements of phase distribution;

easured data and calculated yalués in tabular form and the degradation curves as follows:

for each test concentration and for each replicate flask, the estimated lag phase and a fi
pseudo first-order rate/constant and corresponding degradation half-life for the subsequent deg

the system categorized as either non-adapted or adapted as judged from the appeard
degradation eurve and from the magnitude of the rate constant (if possible, using diff
segments, estimate a rate constant for both adapted and non-adapted conditions);

the inflténce of the test concentration on the rate constants;

v sample of
7 d-1.

he test and

use 7, such

ts and for a

rst-order or
radation;

nce of the
brent curve

sults of the

4)

the results of any phase distribution measurements, and if 14C technique is used, also the rg

final mass balance check and the fraction of 4C mineralized and, if specific analysis is used
the final maximum level of primary biodegradation;

in addition,

any alteration of the standard procedure and any observations and circumstances that may have affected the

resu

Its and the reasons in the event of rejection of the test.
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Annex A
(informative)

Guidance on the use of '“C-labelled compounds
WARNING AND SAFETY PRECAUTIONS — The use of 14C-labelled and other radiolabelled isotopes

requires special authorization and their handling must comply with national safety regulations for such
compounds:

A.1 General considerations

This annex|provides guidance on the use of 14C radiotracer technique to assess biodegradation of organic test
compounds in water at low concentrations. It is limited to the description of the use bf-14C as the rqdiotracer
because th|s is the radioisotope most commonly used. For general information on.uses of radioactive|isotopes
reference i§ made to the appropriate technical and scientific literature on the subject.'4C is a soft f-emitfer with a
half-life of § 730 a. The maximum energy of the g particles is 0,156 MeV. Most commonly the radiation is quantified
by means df liquid scintillation counting which is the method referred to in this part of ISO 14592.

A.2 Matdrials and equipment

A.2.1 "Ciradiolabelled test compounds

While suppliers of radioisotopes stock rather few 14C-labelled organic chemicals, the compound of intgrest can
usually be gynthesized in the labelled form from 14C-labelled lower molecular mass precursors. Synthesiq services
are offered commercially.

It is necesdary for a 14C-labelled test compound-{o meet certain quality criteria for use in a biodegraddtion test.
Biodegradation is quantified as released 14CQO,.and it is not possible to distinguish between 14002 origingting from
degradatior] of test compound and from tradioactive impurities. Therefore, it is necessary for the radidchemical
purity to bg relatively high and as a—rough guidance at least 95 % is required depending on the pxtent of
biodegradation. It is necessary to specify which carbon atom(s) in the molecule bear the 14C-label. Generally
uniformly 1#C-labelled compoundsscan be used where all carbon atoms are of '4C, but also partially labelled
compoundg are possible. In suchya case, the test compound should be labelled ideally in a position enstrring that
the liberatign of 14002 unequivocally indicates either mineralization or a specific partial degradation. Normally, it is
preferable to have the labgl associated only with a molecular substructure that is metabolized late in the $equence
of degradation steps so{that liberation of 14002 signifies mineralization, for instance uniformly ring-labelled
aromatic cgmpounds™If the objective is to ascertain primary or functional biodegradation on the other hand, the
be positioned only at a site (for instance in a side chain on an aromatic ring) where the breakdown of
starts-or which is associated with the functional unit of the molecule.

A.2.2 Radiolabelled reference substances

14C-labelled preparations of several readily degradable chemicals, such as aniline and sodium benzoate, are
commercially available and can be used as reference substances for checking the biological reagent and the test
procedure.

A.2.3 Unlabelled test compounds

Radiolabelled test compounds may be used directly but are frequently mixed with unlabelled, referred to as “cold”,
compounds to avoid excessive count numbers and to limit the cost of the 14C preparation. A suitable activity for
counting is often in the range of 80 Bq to 170 Bq per sample for analysis. An activity of 15 Bg/ml to 30 Bg/ml in the
test flask results in initially 75 Bq to 150 Bq with a sample size of 5 ml.
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ecessary facilities and equipment

The following facilities and equipment are necessary for handling 14C-radiolabelled test compounds:

— ade

signated area (e.g. ventilated hood) for handling of 14C-radiolabelled test compounds;

— a set-up for stripping 4CO, from test samples;

a liquid scintillation counter.

-1:2002(E)

A.3 Mg

A.3.1 General principles of measurements
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thod of radiochemical measurements
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hce only.

ate degradation rates can be calculated from measured residual organic-14C in the liquid ph
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anic 14C-activity (4,), i.e. the #CO, evolved as a result of biodegradation, measured directly a
D, in an absorber or indirectly as a difference, after CO, has been stripped off;

organic 14C-activity (47¢), i.e. residual test compound, metabolites, particulate microbial b
plved cell constituents, measured in-the liquid phase after stripping off 14C02;

blved organic 14C-activity (4pp), i.e. residual test compound, metabolites and dissolved cell g

sured in the liquid phase. after stripping off 14C02 and separation of particles by membraneg]
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Simple 14CO, determination by difference:

Determination of the amount of evolved 14002 as a simple difference between the measured '4C activity of
the initially added labelled test compound and the A1q (used to construct the degradation curve), the total

orga

nic 14C activity of the residue, measured after acidifying the sample and stripping off CO.,.

Direct 14CO, measurement, phase distribution and mass balance:

In order to check the procedure or for more detailed information, the routine measurements of 4C in the
residue (A1) should be supplemented by mass balance measurements involving a direct determination of the
evolved 14CO, after trapping it in an absorber. In itself, a positive 4CO, formation is direct evidence of
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biodegradation as opposed to abiotic degradation or other loss mechanisms, such as volatilization and
sorption. Additional useful information characterizing the biodegradability behaviour can be obtained from
measurements of the distribution of total activity (415) between the dissolved state (4p) and the particular
state (4pg) after separation of particulate by membrane filtration or centrifugation. 4py consists of test
compounds sorbed onto the microbial biomass and onto other particulate in addition to the test compound
carbon that has been used for synthesis of new cellular material and thereby incorporated into the particulate
biomass fraction. The formation of dissolved '#C organic material can be estimated as the 4pq at the end of
biodegradation in the plateau phase of the degradation curve.

There are several methods available for trapping evolved 14CO, in absorber systems. Gaseous CO, is rapidly
sorbed in alkali or other sorbents because of enhancement by chemical reaction. It is important to remember that
the mass transfer of CO, from water to air is slow, and that equilibrium between the two phases is-nopt readily
attained at neutral or basic pH. Acidification is therefore normally necessary to drive 14002 out of the water.

A.3.2 Recommended specific procedures

A.3.2.1 Tpst samples with low particle content

For routine lneasurements, simply transfer unfiltered samples, for example 5 ml size’1o scintillation vials. A suitable
activity in spmples is between 80 Bq to 170 Bq initially, and a minimum initial activity is about 20 Bq. Stifip off the
CO, after gcidifying the test sample between pH 2 and pH 3 with 1 drop to 2'drops of concentrated hydrochloric
acid or another suitable acid. The CO, stripping can be performed by bubbling the test sample with air for about
0,5 h to 1 h| Alternatively, vials can be shaken vigorously for 1 h to 2 h (foriinstance on a microplate shakgr) or with
gentler shgking can be left overnight. The efficiency of the CO,-stfipping procedure should be checked (by
prolonging the aeration or shaking period). Add a scintillation liquid, suitable for counting aqueous test [samples,
homogeniz¢ on a whirling mixer and determine the radioactivity By liquid scintillation counting, subtrgcting the
background activity found in the test blanks.

Unless the test sample is very coloured or contains a high.cencentration of particles, the test samples will normally
show unifofm quenching and it will be sufficient to perform quench corrections using an external standgrd. If the
is highly coloured, quench correction by means of internal standard addition may be necessary. If the
concentratipn of particles is high, it may not be pgssible to obtain a homogeneous solution or gel or th¢ quench
variation bgtween test samples may be large. In'this case, the counting method described below for test slurries

Estimate the phase distribution of residual*'4C in selected samples by filtering samples on a 0,22 ym or 0,45 pym
membrane filter of a material that does-not adsorb significant amounts of the test compound (polycarbongte filters
ble). If sorption of the-test‘compound onto the filter is too high to be ignored (to be checked prior to the
experiment), high-speed centrifugation can be used instead of filtration.
Proceed with the filtration or\centrifugation as described of unfiltered test samples. Dissolve membrane fjlters in a
suitable scintillation fluidvand count them, normally using only the external standard ratio method to cprrect for
quenching. [If centrifugation has been used, re-suspend the pellet formed of the particulate fraction in 1 ml o 2 ml of
distilled water and transfer to a scintillation vial. Subsequently, wash the fraction twice with 1 ml of distilled water
and transfdr the\washing water to the vial. If necessary, the suspension can be embedded in a gel ffor liquid
scintillation [counting (see below).

It is recommended to perform a mass balance check (see A.3.3).

A.3.2.2 Sediments

Take a homogeneous 10 ml sample of sediment or test suspension and separate the phases by centrifugation at a
suitable rotation rate (e.g. at 40 000 m/s2 for 15 min). Proceed with the aqueous phase as above. Also determine
the activity in the particulate phase by re-suspending it into a small volume of distilled water, transferring it to
scintillation vials, and adding scintillation liquid to form a gel (special scintillation liquids are available for that
purpose). Depending on the nature of the particles (e.g. their content of organic material), it may be feasible to
digest the test sample overnight with a tissue solubilizer and then homogenize on a whirling mixer prior to the
addition of scintillation liquid. When counting, internal standards should always be included, and it may be
necessary to perform quench corrections using an internal standard addition for each individual sample.
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A.3.3 Mass balance check

An isotope balance should be conducted at the end of a test using a separate set of flasks from which no samples
are taken in the course of the test. Use at least one set of duplicate flasks for this purpose. The flasks should be
closed with lids permeable to syringes. For example, serum bottles with butyl rubber septa are suitable.

At the end of the test, acidify the test sample between pH 2 to pH 3 by adding concentrated hydrochloric acid from
a syringe and then trap the entire content of CO, in an absorbing medium, i.e. using either alkali (e.g. 1 mol/l NaOH
solution, or a NaOH pellet), ethanolamine, or an ethanolamine-based, commercially available®). Determine

subsequently the total amounts of 14C separated as follows:

— trapped as '#CO, (4,);

diss

cont

The total

blved in the aqueous phase (4pg); and
hined in the particulate phase (4pg).

14C recovery should normally be at least 90 %.

Two diffgrent CO, absorption methods can be applied, i.e. one based on @n/internal absorber an

utilizing 3
a)

At th
use
allov
scint

Duri
in th
effic
over
b) Exte
CO,
with
airc
are

n external absorber as follows.

Intefnal CO,, trap:

blternatively a so-called Gledhill flask (see Bibliography) with an internal glass tube provided wi
the exchange of air. The test system is kept closed throughout the entire test. With a se
llation vial may be conveniently attached using a stainless steel wire that penetrates the septum in

ng the test, the trap will absorb CO, from theé headspace, but most of the 14CO, formed is like
e aqueous phase because of the slow*mass transfer of CO, from water to air. In order f{
ently, the test solution or suspensionshould be acidified at the end of the test and the flask
hight before it is opened.

rnal CO, trap:

absorption can also be _aecomplished using an external trap. After acidification, the test flasks
nitrogen or CO,-free-humidified air and the exhaust gas is led through a set of absorber bottlg
bn be obtained by-passing air through a wash bottle with diluted (e.g. 1 mol/l) alkali solution. S¢
conveniently used-“as test flasks, as both acidification and gas purging can be performe

pengtrating the septim with syringes. The purging can be accomplished using pressurized

upst
som
gas,
and

Feam, but it iS~usually preferable to apply vacuum suction downstream after the absorber bottle]
e hours erbubble a stream of gas overnight through the water or slurry test sample. Use a low|
e.g. 5;ml/min per 100 ml test volume, which represents a compromise ensuring efficient CO,
minimizing losses by stripping of volatile substances and aerosol formation.

d the other

e beginning of the test, suspend a trap (e.g. a scintillation-vial) from the lid or stopper of the fest flask, or

th a hole to
rum flask, a
the lid.

y to remain
o trap CO,
eft agitated

are purged
s. CO,-free
rum bottles
d easily by
jas applied
s. Purge for
flow rate of
absorption

In order to trap volatile test compounds and test compounds present in aerosols, insert a separate wash bottle
(e.g. containing acidified water) before the CO, absorber. Use at least two CO, absorbers in series in order to
increase the efficiency of the trapping system.

5)

Carbo-sorb CO, absorber and Permafluor E+ scintillation fluid are an examples of suitable products available commercially

from Packard. This information is given for the convenience of users of this part of ISO 14592 and does not constitute an

endorsem

ent by ISO of these products.
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ISO 14592-1:2002(E)

A.4 Interpretation of measurements

A.4.1 General

When a 14C-labelled organic test compound is biodegraded, part of the 14C is converted to 14CO,, while another
part is used for synthesis of new microbial biomass and/or extra-cellular metabolites. At low concentrations, under
which conditions the test compounds are believed to be degraded as secondary substrates, the fraction of carbon
used for biosynthesis of new organic material is usually relatively small. The extent of immediate mineralization,
however, varies between test compounds and is influenced by the test conditions.

140
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econdary

As time p
processes,
at the same
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degradatior
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If the exter
residual co
Hence an

where ¢4 a
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activities to

Assuming t
test compo
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and also the phase distribution can be affected because the DOA fraction may both be minéera

time used for synthesis of new cellular material. For these reasons plots of residual 14C activ

bw “tailing” and the last part of the curve will be difficult to interpret. Therefore, only the'initial p

curve (less than about 50 % degradation) should normally be used for the™estimat
ion rate constant.

t of mineralization is high it may be a reasonably accurate approximationto assume that
hcentration of organic 14C (410) is proportional to the residual concentration of the test cqg
hpproximate first-order degradation rate constant can be calculated ‘simply from a plot of
nd cyq are the residual activity concentrations at time ¢ and time zero, respectively. Experieng
rnational interlaboratory test has led to the conclusion, howeverthat it is generally advisable t
approximate concentrations. A procedure for this is outlined below is given for guidance.

nat the fraction « of 14C mineralized to 1#CO, is constantduring the entire course of degradat
und, the residual test compound mass concentration, “g;” can then be calculated from the n

residual actjvity by combining a material balance and a radioactivity balance as follows:

Materig
Activity
where

A s

tim

| balance A=aa(py- p)V
balance A= (cqg—ca)V
the activity, expressed as becquerels, of the total amount of 14002 evolved between time

et
he specific activity, expressed as becquerels per microgram (Bqg/ug) of the test compound;

he fraction of 14C,-which is converted to 14CO, as a result of biodegradation;

he‘mass concentration, expressed in micrograms per litre (ug/l), of residual test compound at t

lized and
ty versus
art of the
on of a

the total
mpound.

n(CA,/CAO)
e gained
D convert

on of the
neasured

(A1)

(A.2)

zero and

he initially"added mass concentration, expressed in micrograms per litre (ug/l), of the test compound;

me ¢,

time z;

compound;

a is
a is
IDO iS
p s
CYq

CAO

V

is the reaction volume, expressed in litres, in the reactor.

Combining Equations (A.1) and (A.2) give the following:

Combination

18

aa (py= PV = (cqg—ca)V

is the residual activity concentration, expressed as becquerels per litre (Bg/l), of the test compound at

is the initially added activity concentration, expressed as becquerels per litre (Bg/l), of the parent test

(A.3)
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