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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
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commissi
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bn (IEC) on all matters of electrotechnical standardization.
al Standards are drafted in accordance with the rules given in the ISO/IEC DirectivesyPart 3

hational Standards adopted by the technical committees are circulated to the member bodi

Publication as an International Standard requires approval by at least 75 % of the member bodies casti
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SC 5, Biol

Annexes A
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bgical methods.
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Water

guality — Evaluation of ultimate aerobic biodegradability

of organic compounds in aqueous medium — Method by analysis
of inorganic carbon in sealed vessels (CO , headspace test)

WARNING
handled
unknown $

1 Scope

This Inter
medium of

This Intern
a) water

b) poorly
good

c) volatil
d) notin

In this test
rate meas

NOTE 1
allowing thg

NOTE 2
headspace.

NOTE 3
determining

— Activated sludge and sewage may contain potentially pathogenic organisms and shoy
vith appropriate precautions. Hazardous test compounds and those whose properties
hould be handled with care.

ational Standard specifies a method, by analysis of inorganic carbon, for the evaluation in
the ultimate aerobic biodegradability of organic substances at a.given concentration of micrg

ational Standard is applicable to organic compounds which.are:
soluble under the test conditions;

water-soluble under the test conditions, in which:case special measures may be necessaryj
fispersion of the compound (see ISO 10634);

e
hibitory to the test microorganismscat the concentration chosen for the test.

biogenically produced inorganic carbon is measured in situ in the test vessels in such a mg
ired nearly equals the rate of microbial production.

The conditions described jin this International Standard do not always correspond to the optimal

With highly volatile) substances, losses to the gaseous phase can be minimized by reducing the
However, there/should be sufficient oxygen in the test system to prevent biodegradation being oxygen-li

The presence of an inhibitory effect can be determined as specified in 8.3, or by using any oth
the inhibitory effect of a substance on bacteria (see, for example, 1ISO 8192).

maximum degree of biodegradation to occur. For alternative biodegradation methods see ISO 15462.

Id be
are

an agueous
organisms.

to achieve a

nner that the

conditions for

volume of the
mited.

er method for

2 Normative reference

The following normative document contains provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent edition of the normative document indicated below. For
undated reference, the latest edition of the normative document referred to applies. Members of IEC and ISO
maintain registers of currently valid International Standards.

ISO 10634:1995, Water quality — Guidance for the preparation and treatment of poorly water-soluble organic
compounds for the subsequent evaluation of their biodegradability in aqueous medium.
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3 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

3.1

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

3.2

primary biodegradation

©1SO

structural ch
property

3.3
activated slu

biomass pro
presence of

3.4

}

nge (transiormation) or a cnemical compound Dy microorganisms resuiting in the 10Ss _0

lge
uced in the aerobic treatment of wastewater by the growth of bacteria and othgr-microorgan
issolved oxygen

concentratiof of suspended solids
idge> amount of solids obtained by filtration or centrifugation ofsa known volume of activated sludge

<activated sl
and drying at

3.5
total organic
TOC

all that carboj

3.6
dissolved org
DOC

that part of th

NOTE Fo
diameter 0,2 4

3.7
total inorgan
TIC

about 105 °C to constant mass

carbon

h present in organic matter which is dissolved andsuspended in the water sample

anic carbon

e organic carbon in the water sample:which cannot be removed by specified phase separatic

a specific

sms in the

n

example, by centrifugation at 40 900'm 32 for 15 min or by membrane-filtration using membranes with pores of

m to 0,45 pm.

c carbon

all that inorganic carbon in theywater deriving from carbon dioxide and carbonate

3.8
dissolved ing
DIC

that part of th

rganic carbon

e-norganic carbon in water which cannot be removed by specified phase separation

NOTE

diameter 0,2 pm to 0,45 pm.

3.9

theoretical amount of inorganic carbon

ThiC

theoretical maximum amount of inorganic carbon formed after oxidizing a chemical compound completely

NOTE

test compound.

For example, by centrifugation at 40 000 m 32 for 15 min or by membrane-filtration using membranes with pores of

It is calculated from the molecular formula and expressed in this case as milligrams carbon per milligram (or gram)
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3.10

lag phase

time from the start of a test until adaptation and/or selection of the degrading microorganisms are achieved and the
biodegradation degree of a chemical compound or organic matter has increased to about 10 % of the maximum
level of biodegradation

NOTE It is normally recorded in days.

3.11
maximum level of biodegradation
maximum biodegradation degree of a chemical compound or organic matter in a test, above which no further

biodegradation-takesptace-during-the-test

NOTE tis normally recorded in percent.

3.12
biodegradption phase
time from [the end of the lag phase of a test until about 90 % of the maximum levelof*biodegradation has been
reached

NOTE tis normally recorded in days.

3.13
plateau pHase
time from the end of the biodegradation phase until the end of the test

NOTE tis normally recorded in days.

3.14
pre-exposjre
pre-incubgtion of an inoculum in the presence of the test chemical compound or organic matter, with the aim of
enhancing the ability of this inoculum to biodegrade the test material by adaptation and/or sel¢ction of the
microorgahisms

3.15
preconditipning
pre-incubgtion of an inoculum under.the conditions of the subsequent test in the absence of the fest chemical
compound or organic matter, with“the aim of improving the performance of the test by acclimatigation of the
microorgahisms to the test conditions

4 Principle

The test cpmpound;as the sole source of carbon and energy, is added to a mineral salts medium inodqulated with a
mixed population’ of microorganisms and incubated in sealed vessels with a headspace of air. The concentration of
the compq)und used normally yields an initial organic carbon concentration in the medium of 2 mg'lll to 40 mg/l,
usually 20 mg/T. Biodegradafion (mineralizafion to carbon dioxide) IS determined by measuring the net increase in
total inorganic carbon (TIC) levels over time compared with unamended blanks. The test generally runs for 28 d.
The extent of biodegradation is expressed as a percentage of the theoretical amount of inorganic carbon (ThIC)
based on the amount of test compound added initially.

For sufficiently water-soluble substances, dissolved organic carbon (DOC) removal during the test may also be
determined (see for example 1ISO 7827).

If a suitable analytical method is available, the primary biodegradation of the test compound during the test may
also be determined.
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5 Test environment

©1SO

Incubation shall take place in the dark or in diffused light, at a temperature within the range 20 °C to 25 °C which
shall not vary by more than + 2 °C during the test.

6 Reagents

Use only reagents of recognized analytical grade.

6.1 Distilled
6.2 Testmg
6.2.1 Comp|
a) Solution
Dissolve:
Anhydro
Anhydro)
Disodiur
Ammoni
in water

In order to check this buffer solution, it is recommended to measure the pH, which should be at about 7,

not the case,
b) Solution

Dissolve 36,
1 000 ml.

c) Solution

Dissolve 22,4
to 1 000 ml.

d) Solution

or deionized water , containing less than 1 mg/l total organic carbon.
dium .

osition

a)

us potassium dihydrogenphosphate (KH,PO,) 8,50 g

us dipotassium hydrogenphosphate (K,HPO,) 21,759

N hydrogenphosphate dihydrate (Na,HPO, [2H,0) 33,40 ¢

Lim chloride (NH,CI) 0,50 g

(6.1), quantity necessary to make up to 1 000 mi

prepare a new solution.
b)

10 g of calcium chloride (dihydrate (CaCl, [(2H,0) in water (6.1), quantity necessary to

<)

b0 g of magresium sulfate heptahydrate (MgSO, [YH,0) in water (6.1), quantity necessary t

d)

4. If this is

ake up to

D make up

Dissolve 0,2

g fron(MiT)y chioride hexanydrate (FeCl; TbH,0) M Water (6.1), quantity necessary 1o

ake up to

1 000 ml. To avoid precipitation, prepare this solution freshly before use or add a drop of concentrated hydrochloric

acid (HCI).

6.2.2 Prepa

ration of the test medium

For 1| of test medium, mix 10 ml of solution a) with 800 ml water (6.1) and then add 1 ml each of solutions b), c)
and d) and make up to 1 000 ml with water (6.1).

6.3 Concentrated orthophosphoric acid (HzPO,) (= 85 % mass per volume).
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6.4 Sodium hydroxide solution.

Dissolve 280 g of sodium hydroxide (NaOH) in 11 of water (6.1) to obtain a solution of concentration ¢ =7 mol/l.
Use either a freshly prepared solution or determine the concentration of dissolved inorganic carbon (DIC) of this
solution and consider this value when calculating the test result (see clause 9).

7 Apparatus

Ensure that all glassware is thoroughly cleaned and, in particular, free from both organic and toxic matter. Use usual
laboratory equipment, and the following apparatus.

7.1 Carbpn analyzer , instrument for measuring inorganic and (optionally) organic carbon, such as\thg appropriate
parts of a jotal organic carbon (TOC) analyser or a gas chromatograph.

7.2 Gas-light glass vessels of known volume , for example, serum bottles of 160 ml capacity sealed with butyl
rubber septa and aluminium crimp seals or any other gas-tight system.

7.3 Orbital shaker .

7.4 Syringes of high precision for aqueous and gaseous samples.
7.5 Glasg bottles to take, for example, 5 | medium.

7.6 Centtifuge .

7.7 pH-meter.

7.8 Devige for filtration , with membrane filters of suitable porosity (nominal aperture diameter between 0,20 um
and 0,45 Jym) which adsorb organic substances or release organic carbon to a minimum degree.

7.9 CO,-free air production system
Prepared by passing air through soda lime granules or a solution of sodium hydroxide (see, for examplg, ISO 9439).

Alternativgly, a mixture of 80 % N,/20.9%6.0, may be used. The absence of CO, in the air can be ponfirmed by
passage through barium hydroxide solution (a white precipitate indicates the presence of CO,).

8 Procedure

8.1 Prepfaration of the'test solutions
8.1.1 Test compound

Prepare a|stock solution of a sufficiently water-soluble test compound in water (6.1) or the test mediumn (6.2.2) at a
concentra.hmwmwmmmmmmmwMock solution

to the test medium (6.2.2) to give a final TOC concentration of between 2 mg/l and 40 mg/l (see 8.3), preferably
20 mg/I TOC.

Add substances of low water-solubility directly, in solid or liquid form, to the inoculated medium in the appropriate
test vessels. Liquid test compounds, including those which are volatile, may be injected directly into sealed vessels
using a high-precision microsyringe. Determine the added amount exactly.

Poorly soluble substances can often be dispensed as a dispersion produced using a non-biodegradable emulsifying
agent and/or ultrasonication. Refer to 1SO 10634 for guidance on the preparation and treatment of poorly water-
soluble substances.


https://standardsiso.com/api/?name=f3db1c698032cfb9b7947dff497c3bf1

ISO 14593:1999(E) ©1SO

8.1.2 Reference substance

Prepare a stock solution of the reference substance (an organic substance of known biodegradability such as
aniline or sodium benzoate) in water (6.1) in the same way as in 8.1.1, and then dilute in the test medium (6.2.2) to
give a final TOC concentration of 20 mg/l.

8.1.3 Solution to check inhibition

If required (when e.g. no information on the toxicity of test compound is available), prepare a solution containing, in the
test medium (6.2.2), both the test compound (8.1.1) and the reference compound (8.1.2) preferably at concentrations
of organic carbon of 20 mg/I for each.

8.2 Prepargtion of the inoculum

8.2.1 Generpl

Prepare the

obtain a mig
reference su
at a dry solig
(see clause
up to one wej

noculum using the sources described in 8.2.2, 8.2.3 and 8.2.4, or using a mixttre-of these gources, to
robial population that offers sufficient biodegradative activity. Check thispactivity by means of the
bstance (8.1.2). Based on experience (clause 12 and annex C), the usualiinoculum is activated sludge
s concentration of 4 mg/l. The carbon dioxide production of the blanks~should be as low gs possible
1). To reduce the influence of the blanks, it may be helpful to precondition the inoculum by geration for
ek before it is used. Use a suitable volume for inoculation (see note 2'below).

Normally thg inoculum should not be pre-exposed to the test compoéind; to allow a general predicfion of the
degradation pehaviour in the environment. In certain circumstances, depending on the purpose of thg test, pre-
exposed ino¢ula may be used, provided that this is clearly stated in"the test results (e.g. biodegradaftion =X %,
using pre-exposed inocula) and the method of the pre-exposure. is detailed in the test report.

NOTE 1 Pr¢-exposed inocula can be obtained from laboratory biodegradation tests conducted under a variety of conditions

(e.g. 1SO 9848 Zahn-Wellens test; ISO 9887 SCAS test) or from samples collected from locations whefe relevant

environmentall conditions exist (for example treatment plants dealing with similar substances or contaminated areas).

NOTE 2 Baped on experience, suitable volume means:

O sufficient|to give a population which offers enoligh biodegradation activity;

O degradeq the reference compound by the_stipulated percentage (see clause 11);

O gives betiveen 102 to 10° colony forming_inits per millilitre in the final mixture;

O gives nofmally a concentration of4mg/l suspended solids of activated sludge in the final mixture (higher corcentrations
up to 30 g/l are generally possible’but may influence significantly the CO, production of the blanks and are therefore not
recommgnded);

O the quaniity of dissolved.6rganic carbon provided by the inoculum should be less than 10 % of the initial condentration of
organic darbon introduced-by the test compound;

O generally]1 ml to 106, ml*of inoculum are sufficient for 1 000 ml of test solution.

8.2.2 Inoculbm from an activated sludge plant

Collect activated—studgefromtheaeration tank of a ful-stateora taboratory wastewater treatmentplant which

treats predominantly domestic sewage. If necessary, remove coarse particles by filtration through a sieve (for
example, 1 mm2mesh size) and keep the sludge aerobic thereafter. Since it is necessary for the inoculum blank to
have as low an evolution of CO, as possible, the sludge may need further treatment. For example, settle or
centrifuge (e.g. at 10 800 m3~2 for 10 min) the sludge, discard the supernatant and resuspend the settled or
centrifuged solids in test medium (6.2.2) to give a suspended solids concentration of about 3 g/l (see, for example,
ISO 11923). Alternatively or additionally, aerate the sludge overnight before use. To reduce the blank value still
further, the sludge can be preconditioned to the test conditions prior to use by diluting in test medium (6.2.2) to give
the final concentration and aerating with moist air for up to one week at the test temperature. Use 4 mg/l dry solids
as the concentration of the inoculum in a test (see note 2 in 8.2.1).
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8.2.3 Inoculum from wastewater

Take a sample of the influent or the effluent from a full-scale or laboratory wastewater treatment plant dealing with
predominantly domestic sewage. Keep this sample under aerobic conditions and use on the day of collection (or
precondition if necessary). Coarse-filter the effluent to remove gross particulate matter and measure its pH. Before
use, sparge the filtrate with CO,-free air (7.9) for about 1 h while maintaining the pH at 6,5 using orthophosphoric
acid (6.3), restore the pH to its original value and finally let the sample settle for 1 h and take a suitable volume of
the supernatant for inoculation.

NOTE This sparging procedure reduces the TIC content of the inoculum. For example, when the maximum of 100 ml
filtered effluent per litre test volume is used as the inoculum, the amount of TIC produced in blank vessels in 28 d should be in
the range 0,4 mg/l to 1,3 mg/l (see annex D in [9]). The TIC values in the blanks may be different for the various inocula used.

8.2.4 Inog¢ulum from a surface water

Take a sample of an appropriate surface water. Keep under aerobic conditions and use on the day of collection. If
necessary), concentrate the surface water by filtration or centrifugation. Use a suitable volume as inoculum.

8.3 Test|procedure

8.3.1 Praovide a number of test vessels (7.2) sufficient for requirements in order to-have:

a) testvessels (denoted Fy) for the test compound,

b) blank|vessels (denoted Fg) containing test medium and inoculum,

c) vessels for checking the procedure (denoted F) containing he reference compound,

d) if neefled, vessels for checking a possible inhibitory effect of the test compound (denoted F));

e) if neefled, vessels for checking a possible abiotic_elimination (denoted Fg) containing the test compound but no
inoculum, sterilized by autoclaving or by the\addition of a suitable inorganic toxic compound to prevent
micropial activity. Use, for example, 5 ml/l of-a“solution containing 10 g/l of mercury(ll) chloride (HJCl,). Add the
samel|amount of the toxic substance two'weeks after the test was begun.

To separale large glass bottles (7.5), make the additions as indicated in Table 1.

The numbgr of vessels needed will\dépend on the frequency of analysis and the confidence limits required for the
final extent of biodegradation (sée)annex B). Usually at least five vessels from sets F;, Fg and F ar¢ analysed at
the end offthe test.

8.3.2 Thqgroughly mix thevcontents of each of the large bottles (7.5) in turn and dispense suitable| aliquots (for
example, 100 ml) intolabelled test vessels (7.2). Add water-soluble test compounds from stock solutiogs and poorly
water-soluble test«compounds directly to the test vessels (see 8.1.1) and add water to give the same volume in
each vessgl. Ensure that the liquid to headspace ratio and the test compound concentration are such that sufficient
oxygen is| available in the headspace to allow for complete biodegradation (for example, avoid psing a high
substrate ¢oncentration and a small headspace). A headspace to liquid ratio of 1:2 is usual

Seal the vessels when all additions have been made, for example, with butyl rubber septa and aluminium caps,
place on an orbital shaker in the dark or diffuse light at the test temperature (see clause 5) and start the shaker at a
speed sufficient to ensure good mixing of the vessel contents (for example, 150 r/min to 200 r/min).

Calibrate the carbon analyser (7.1) as required (8.4) on the days when analysis is to be made. Sacrifice vessels for
analysis on the day of sampling but at least weekly or more frequently if a complete degradation curve is required.
Remove the requisite number of replicate vessels from the shaker, representing F1, Fg and F, and, if used, F; and
Fg. The test shall normally run for 28 d but can be prolonged if degradation has started. The test may be finished
before 28 d have elapsed if biodegradation has reached a plateau.
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Table 1 — Final distribution of test and reference compounds in the test vessels
Vessel Test medium Test compound Reference Inoculum
compound
(6.2.2) (8.1.1) (8.1.2) (8.2)
Fr + + - +
Test compound
2 mg/lto 40 mg/l TOC

Fg + — - +

Blank

Fc + — + +

Inoculum check

20 mg/l TOC

Fs + + - -

Abiotig elimination

check [optional) sterilized 2 mg/lto 40 mg/l TOC

F + + + +

Inhibitipn control

(optional) 2 mg/lto 40 mg/l TOC 20 mg/l TOC
8.4 Deternjination of total inorganic carbon (TIC)
8.4.1 Genergl
There are two methods available for measuring the_amount of TIC produced in the test. The method$ can give
slightly differgnt results and therefore only one methed should be used in a test run.
8.4.2 AcidificationtopH <3
Calibrate the|carbon analyser (7.1) using-appropriate standards (for example, 1 % mass fraction CO, in[N,). Inject
concentrated orthophosphoric acid~(6.3) through the septum of each test vessel taken, to lower the [pH of the
medium to <|3 (for example, add¢l-ml to 100 ml test medium). Replace the vessels on the shaker. After shaking for
1 h, remove [the vessels from¢the shaker, withdraw 1-ml aliquots of gas from the headspace in each yessel and
inject into thg carbon analyser)Read and record the concentration of TIC (milligrams carbon per litre gas)
The principlg of this method is that after acidification to pH <3 and equilibration, the equilibrium constant for the
distribution gf CO, between the liquid and gaseous phases in the test vessels is approximately equal fo one (for
example, 0,95 at 20-°C). This should be checked for the test system as follows: Set up test vessels [containing
between 0,5|mg/l*and 10 mg/I TIC, using a solution of anhydrous sodium carbonate (Na,CO3) in CO,{free water
[prepared bylacidifing-water{6-1-with-concentrated-orthephosphericacid{6-3)y—sparging-overright-with CO,-free

air (7.9) and raising the pH to neutrality with alkali]. Ensure that the ratio of the headspace volume to the liquid
volume is the same as for the test (for example, 1:2). Acidify the vessels by injecting in an appropriate volume (for
example, 1 ml) of concentrated orthophosphoric acid (6.3), shake for 1 h, withdraw samples from the headspace
and the liquid, and analyse for TIC. Check that the two concentrations are the same, within experimental error.

NOTE If DOC removal is also to be measured (soluble test compounds only), use the test mixture of the test vessels if no
significant change is to be expected by the acidification (e.g. influence on the solubility of the test compound or disintegration of
the inoculum), or use separate vessels for this purpose. Take samples of the liquid phase at least at the start and end of the
test, membrane-filter or centrifuge and inject into the DOC analyser (see e.g. 1SO 8245). If primary biodegradation is to be
measured, use the sample for substance-specific analyses as well.


https://standardsiso.com/api/?name=f3db1c698032cfb9b7947dff497c3bf1

©1SO

ISO 14593:1999(E)

8.4.3 Conversion of CO , to carbonate

Calibrate the carbon analyser (7.1) using appropriate standards. For example, inject solutions of sodium
bicarbonate (NaHCO3) in CO,-free water (see 8.4.2) in the range 0 mg/l to 20 mg/l TIC. Inject 1 ml sodium
hydroxide (6.4) through the septum of each test vessel sampled and shake for 1 h. Remove vessels from the
shaker, allow to settle and withdraw, by syringe, suitable volumes (for example, 50 pl to 200 pul) from the liquid
phase in each vessel. Alternatively, when using a carbon analyser connected to an automatic sampler, the small
beakers of the sampler are carefully filled to the brim, covered with a suitable cap to prevent CO, exchange with the
air, use e.g. sealed vessels and analysed within 6 h. Inject the samples into the carbon analyser directly by syringe
or with the help of an automatic sampler and read off the concentration of TIC from the calibration curve.

The princ

NOTE

significant
disintegrati
and end of
If primary b

9 Calcu
9.1 Calc

Assuming
of that pro

added as the test compound to each test vessel at the start of'the test, that is:

ThiC
The total i

TIC 3
that is:

TIC 3
where

ig

<
S

ig

(¢
~

ig

<
T

ig

O
I

hange is to be expected by bringing to alkaline conditions (e.g. influence on the solubility, of the tes
bn of the inoculum) or use separate vessels for this purpose. Take samples of the liquidiphase at le

odegradation is also to be measured, use the sample for substance-specific analyses-as well.

ation and expression of results
Lilation

100 % mineralization of the test compound, the theoretical amount of inorganic carbon (Th
Huced in the blank controls (i.e. endogenous respiration) equals the amount of total organic ¢

= TOC

horganic carbon (TIC) in the test vessel is:

(mg C in the liquid phase + mg G'in-the gas phase)

VL ep) + (Vyey)

the volume, in litres, of liquid in the test vessel,
the concentration of TIC in the liquid phase (mg carbon per litre liquid);
the volume, in litres, of the headspace;

the concentration of TIC in the headspace (mg carbon per litre gas).

The calcul

pte—of this method s that—after the addition of atkat—and—shaking, the concentratiorr gf TIC in the
headspacg is negligible. This should be checked for the test system.

f DOC removal is also to be measured (soluble test compounds only), use the test mixture, of the tegt vessels if no

compound or
hst at the start

the test, acidify to remove TIC, membrane-filter or centrifuge and inject into the DOC\analyser (see g.g. ISO 8245).

C) in excess
arbon (TOC)

)

2 o : o I : ed-betom-e- roa i

D, in each case is given by:

t

where
TIC,
TIC,,

TOC;

(TIC, - TICy)

100
TOC;

is the TIC, in milligrams, in test vessel at time t;
is the mean TIC, in milligrams, in blank control vessels at time t;

is the TOC, in milligrams, initially added to the test vessel.

odegradation

)
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Calculate in the same way the biodegradation degree of the reference compound in the inoculum check vessels (F¢)
and the inhibition check vessels (F,) and without subtracting the blanks, of the test compound in the abiotic elimination
control Fg if they were included, from the amounts of TIC produced up to each sampling time.

NOTE 1 If there has been a significant increase in the TIC content of the sterile controls (Fg) over the test period, then
abiotic degradation of the test compound has occurred.

NOTE 2 The determination of DOC at the start and end of the test and in between can be used to determine the final
percentage biodegradation for water-soluble test compounds based on DOC removal (see for example 1SO 7827 and
ISO 8245).

NOTE 3 If specific analysis was performed at the start and end of the test, then the primary biodegradation of parent test
compound during the test may also be determined.

9.2 AcidifidationtopH <3

Acidification [to pH < 3 and equilibration results in the equalization of the concentration of TIG ‘in the [liquid and
gaseous phgses. Hence only the concentration of TIC in the gas phase needs to be measured as C|[=Cy [see
equation (1)]

9.3 Convelsion of CO , to carbonate

In this methed calculations are performed as described in equation (1), but the negligible amount of [TIC in the
gaseous phase is ignored [that is, (V[€) = 0 in equation (1)].

10 Expregsion of results

Compile a tgble of inorganic carbon measured (TIC) and percentage biodegradation (D;) for each defermination
interval and ¢ach test vessel. Plot a biodegradation curve in pércent as a function of time, and indicate lag |phase and
degradation phase if possible. If comparable results are obtained for the parallel test vessels F; (< 20 % (difference)
plot a mean qurve, otherwise plot curves for each vessel (see example in annex A).

Determine the mean value of percent biodegradation in the plateau phase or use the highest value, e.g| when the
curve decreages in the plateau phase, and indicate' this maximum level of biodegradation as "degree of biodegradation
of the test compound" in the test report. If thetnumber of test vessels was not sufficient to indicate a plateau phase, use
the measured data of the last day of the test'and calculate a mean value.

Plot in the sgme way a curve of thereference compound F and, if included, of the abiotic elimination chgck Fg and
the inhibition control F;.

Information gn the toxicity of the test compound may be useful in the interpretation of test results shoying a low
biodegradatign. If-in'vessels F,| the degradation percentage is < 25 % at the end of the test and insufficient degradation
of the test co pound is observed it can be assumed that the test compound is |nh|b|tory In th|s case the est should
be repeated Hsihgatowertesteonecen v preetSion of the
method. Alternatively another moculum may be used If in flask Fg (abiotic eI|m|nat|on check if |ncluded) a significant

increase in TIC amount (> 10 %) is observed, abiotic degradation processes may have taken place.

11 Validity of results

The test is considered as valid if:

a) the mean percentage degradation in the vessels F- containing the reference compound is = 60 % on the
14th day of incubation;

b) the mean amount of TIC produced from the blank controls at the end of the test is < 15 % of the organic
carbon added initially as the test compound.

10
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12 Precision of the method

The interlaboratory variability (reproducibility) was determined in a ring test (see annex D in [9]) of the method. The
results recorded, determined after 28 d of test duration, are given in annex C of this International Standard,
Table C.1.

13 Test report

The test report shall provide all pertinent information, particularly the following:

a)
b)
c)

d)

e)

9)
h)

)
K)

a refe
any ir

the na

all th¢ results obtained (in tabular form) and the degradation curve, including the results obt

inocu
checK

the m
test c

the m

a brie

the re

anyp

the cq

the sa

any o

Fence to this International Standard,;

formation necessary to identify the substance subjected to the test;
me and concentration of the reference substance used,;

um activity check tests (vessel F¢) and for the inhibition check tests (vessel F|) and abioti
tests (vessel Fg) if they were included,;

ain characteristics of the carbon analyser employed and, if used the method of specific an
bmpound;

bthod of TIC analysis employed;

f description of the test system used;

asons for any rejection of the test results (see clause 11);

econditioning or pre-exposure of the inoctilum;

ncentration of the test compound used and the organic carbon content of this concentration;
urce, characteristics and ameunt of inoculum used;

her facts that are relevant to the procedure followed.

hined for the
degradation

alysis for the
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Annex A
(informative)

Example of a biodegradation curve

Maximum level of biodegradation Plateau phase

Degradation phase

©1SO

Figure\A.1 — Biodegradation of octan-1-ol in the CO  , headspace test

Test time (
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