INTERNATIONAL 1ISO
STANDARD 9408

Second edition
1999-08-01

Water quality — Evaluation of-:ultimate
aerobic biodegradability of-grganic
compounds in aqueous medium

by determination of oxygen demand

in a closed respirometer

Qualité de I'eau — Evaluation, en milieu aqueux, de la biodégradabilité
aérobie ultime des composés organiques par détermination d¢ la demande
en oxygene dans umrespirométre fermé

\@/ Reference number

ISO 9408:1999(E)


https://standardsiso.com/api/?name=7fad2861702c9cb1157c21b844a919ce

ISO 9408:1999(E)

Contents Page
S Tolo] o[ I PP P PP PPPPPPPPPPR 1
2 Terms and efINITIONS ........eeiiiiiiiee ettt e et e s aab e et e e st b et e e sbr et e aas  eeesssbeeeesanneeeesannreeesannneeeas 1
G o 1Tl o] PR PP 3
4 Test envirorlnment .................................................................................................................................................... 3
B REAGENTS ... ettt s e [ 4
B APPATALUS . fo o W e 5
T PTOCEAUIE L.ttt e s e st e e e s snne e e e s snneeeesnnnneessnneee e et F e reeeesnneeessnnnneesssfereesninneeenns 5
8 Calculation pnd expression oOf FeSUIS ..........cciieiiiiiiiiiiieeiiieeeee e s E s creieeee e 8
9 Validity Of F@SUILS ... et e e e e e iiie eerirreeeeeaesssnnnrenees | aeeeennanes 10
O =TS A =T o o] o U o N ST U TP UUUUPPRUPPUURUPPPPPT FUPPPPPTRPP 11
Annex A (infgrmative) Example of calculation of theoretical oxygendemand............cccccevvcvereiiiineenncee v, 12
Annex B (infgrmative) Correction of oxygen uptake for interference by nitrification .............cccoocvvvveiiinenen. ... 14
Annex C (infprmative) Example of a biodegradation CULYE .............coiiiiiiiiiiiiiiiieeeeiiiecee e eeiiieeee e e e 16
Annex D (infprmative) CloSed reSPIrOMETEN ... cr ik ettt e e e et e e e e e e s s ennbeeee e e e e e s ennnneeahaeeeeanns 17
(2] ] o] [TeTo | =T o] 0 ) V200 AP U PP UPPUR R UPPPPUPPRPTTI UPPPPPPRT 18
© 1SO 1999

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 « CH-1211 Genéeve 20 « Switzerland
Internet  iso@iso.ch

Printed in Switzerland


https://standardsiso.com/api/?name=7fad2861702c9cb1157c21b844a919ce

©1SO ISO 9408:1999(E)

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
CommissiTﬁEb) O aftmatters of efectrotechmicat standardizatiorn.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives,Part 3.

Draft Interrjational Standards adopted by the technical committees are circulated to the miember bodies for voting.
Publication|as an International Standard requires approval by at least 75 % of the member’bodies casting a vote.

Internationgl Standard I1ISO 9408 was prepared by Technical Committee ISO/TC 147, Water quality, $ubcommittee
SC 5, Bioldgical methods.

This seconf edition cancels and replaces the first edition (ISO 9408:1991);~which has been technically revised.

Annexes Alto D of this International Standard are for information only;
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Water quality — Evaluation of ultimate aerobic biodegradability
of organic compounds in aqueous medium by determination
of oxygen demand in a closed respirometer

WARNING
precaution
unknown.

1 Scope

This International Standard specifies a method, by determination of the oxygen demand in a closed re

the evaluat
concentrati

The method applies to organic compounds which

a compound on bacteria (see; for example, ISO 8192).

are water-soluble under the conditions of the test;

— Activated sludge and sewage contain potentially pathogenic organisms. Take appy
when handling them. Handle with care toxic test compounds and those whose prapertig

on in aqueous medium of the ultimate biodegradability of organic compounds and waste wa
bn by aerobic microorganisms.

Drly water-soluble under the conditions of the test; in which case special measures may be
e good dispersion of the compound (see for example, ISO 10634);

reach and react with the CO», absorbent;

atile, provided that a suitable respirometer or suitable conditions (e.g. a smaller ratio of
to volume liguid medium) are used;

inhibitory to the test microorganisms at the concentration chosen for the test. The preseng
can be determined as specified in 7.3, or by using any other method for determining the inhi

he conditions desegribed in this International Standard do not always correspond to the optima
maximum degdree-of biodegradation to occur. For alternative biodegradation methods, see 1SO 1544

and ‘definitions

Dpriate
s are

spirometer, for
ers at a given

necessary to

volume head

e of inhibitory
bitory effect of

conditions for
2.

a)
b) are po
achiev|
c) donot
d) are vo
space
e) areno
effects
NOTE T
allowing the
2 Terms
For the pur
2.1
ultimate ae

oses of thistntermationat-Standard; the-fottowingtermsanddefimitiorsappty:

robic 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

2.2
primary bio

degradation

structural change (transformation) of a chemical compound by microorganisms, resulting in the loss of a specific

property
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2.3

activated sludge

biomass produced in the aerobic treatment of wastewater by the growth of bacteria and other microorganisms in the
presence of dissolved oxygen

2.4

concentration of suspended solids of an activated sludge

amount of solids obtained by filtration or centrifugation of a known volume of activated sludge and drying at about
105 °C to constant mass

2.5
biochemical oxygen demand
BOD

mass concenfration of dissolved oxygen consumed under specified conditions by the aerobic biological pxidation of
a chemical compound or organic matter in water

NOTE It islexpressed in this case as milligrams oxygen uptake per milligram (or gram) test compound.
2.6

chemical oxygen demand

COD

mass concenfration of oxygen equivalent to the amount of a specified oxidant’consumed by a chemicall compound
or organic mafter when a water sample is treated with that oxidant under defined conditions

NOTE It is|expressed in this case as milligrams oxygen consumed per milligram (or gram) test compound.
2.7

theoretical oxyygen demand

ThOD

theoretical maximum amount of oxygen required to oxidiz& 'a chemical compound completely, calculat¢d from the
molecular formula

NOTE It is|expressed in this case as milligrams oxygen required per milligram (or gram) test compound.
2.8

dissolved organic carbon

DOC

that part of theé organic carbon in the-.water which cannot be removed by specified phase separation

NOTE Examples of specified phase separation are centrifugation at 40 000 m-s—2 for 15 min or by membrane filtration
using membrarnes with pores of 8;2.um to 0,45 wm diameter.

2.9

lag phase
time from the [start of'@ test until adaptation and/or selection of the degrading microorganisms are achieyed and the
biodegradation degree of a chemical compound or organic matter has increased to about 10 % of th¢ maximum
level of biodegradation T

NOTE It is expressed in days.

2.10

maximum level of biodegradation

maximum biodegradation degree of a chemical compound or organic matter in a test, above which no further
biodegradation takes place during the test

NOTE It is expressed in percent.
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biodegradation phase
time from the end of the lag phase of a test until about 90 % of the maximum level of biodegradation has been

reached
NOTE

212

It is expressed in days.

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

NOTE

It is expressed in days.

2.13
pre-exposu

pre-incubation of an inoculum in the presence of the test chemical compound or organic matter, W

enhancing
microorgar

2.14
preconditio

pre-incubation of an inoculum under the conditions of the subsequent test in the absence of the
or organic matter, with the aim of improving the performafce’ of the test by acclimatjization of the

compound
microorgarn

3 Princig

Determinat]
agueous tg
test mixtur
mass conc
100 mg/1],

environmeit.

The mixtur
the amoun
change in

absorbed in a suitable substancé’in the test vessel.

The degrag
either auto
comparisor
calculated

re

the ability of this inoculum to biodegrade the test material by adaptation\and/or se
isms

hing

isms to the test conditions

le

on of the biodegradation of organic compounds’by aerobic microorganisms is carried out
st system. Organic compounds in the context of this International Standard include wast
b contains an inorganic medium, the qrganic compound as the sole source of carbon an
bntration of normally 100 mg/l organic Carbon [but its theoretical oxygen demand (ThOD) sk
and a mixed inoculum obtained from a waste-water treatment plant or from another

b s agitated in a closed testvessel and the consumption of oxygen is determined either

\volume or pressure-(er a combination of the two) in the apparatus. The evolved cark

ation is followed over a period of 28 d, or longer if necessary, by determining the consump
matically ,or,\ymanually. The amount of oxygen consumed by the organic compound (after

with blank control) is expressed as a percentage of either the theoretical oxygen den
romythe-formula of the compound, or the chemical oxygen demand (COD).

ith the aim of
ection of the

test chemical

using a static
b waters. The
d energy at a
all be at least
source in the

by measuring

of oxygen required to-maintain a constant gas volume in the respirometer vessel, or by measuring the

on dioxide is

ion of oxygen
correction by
hand (ThOD),

htl7 vty calbiihs ~amnaArinAde  rarmannval Af Aiceah/nd Araanis ~arhharn (VY oy, W

e determined

For suffici

Gy

Vo T SUTOIOTC — COTTTP OO IO S, TCmovar— U oSOV e U orgarc— CarooT (Do oy

(optionally) by measuring the concentration of DOC at the beginning and the end of incubation to obtain additional
information on the ultimate biodegradability. If a substance-specific analytical method is available, information on the
primary degradability may be obtained.

4 Test environment

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 + 1 °C during the test.
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5 Reagents

Use only reagents of recognized analytical grade.

5.1 Water

Distilled or deionized water containing less than 1 mg/l DOC.

5.2 Test medium

5.2.1 Composition

5.2.11 Solul]on a)

Dissolve

In order to ch
not the case |

5.2.1.2 Solutjon b)

Dissolve 22,5

1000 ml.

5.2.1.3 Solutjon ¢)
Dissolve 36,4

5.2.1.4 Solutjon d)

Dissolve
1000 ml.

precipitation

5.2.2 Prepar

©1SO

anh
anh
disg
amn

watg

0,24
Prej

drous potassium dihydrogenphosphate (KH>PO,) 8540
drous dipotassium hydrogenphosphate (KoHPO,4) 21,759
dium hydrogenphosphate dihydrate (NaoHPO,4 2H50) 33449
nonium chloride (NH4Cl) 0,59
br (5.1), in quantity necessary to make up to 1000 ml

bck this buffer solution, it is recommended to measure the pH, which should be at about 7
repare a new solution.

g magnesium sulfate heptahydrate: (MgSO,4-H»0) in water (5.1), quantity necessary to

g calcium chloride dihydrate (CaCl,-2H,0) in water (5.1), quantity necessary to make up ta

g iron(lll) chleride hexahydrate (FeCls-6H50) in water (5.1), quantity necessary to N
are this solution freshly before use, or add a drop of concentrated hydrochloric acid (H(

htion ‘of the test medium

4. If this is

make up to

1000 ml.

hake up to
Cl) to avoid

For 1000 ml of test medium, add to about 800 ml of water (5.1):

O 10 ml of solution a);

O 1 ml of each of the solutions b) to d).

Make up to 1000 ml with the water (5.1). Prepare the test medium freshly before use. The solutions a) to ¢) may be
stored up to 6 months in the dark at room temperature.

5.3 Carbon dioxide absorber

Potassium hydroxide solution (about 10 mol/l), soda lime pellets or other suitable absorbent.
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5.4 Mercury chloride solution

Dissolve 1

g of mercury(ll) chloride (HgCl,) in 100 ml of the water (5.1).

5.5 Sodium hydroxide solution

Dissolve sodium hydroxide (NaOH) in the water (5.1) to obtain a solution of concentration 0,1 mol/I to 0,5 mol/I.

5.6 Hydrochloric acid solution

Dilute concentrated hydrochloric acid (HCI) in the water (5.1) to obtain a solution of concentration 0,1 mol/l to

0,5 mol/l.

6 Apparatus

Ensure tha
6.1 Closs
The princip
supply and
located in
compounds
there is no
6.2 Wate
6.3 Equigd
Instrument

6.4 Devid

6.5 Centr

The centriflige shall be capable of producing an acceleration of 4 000 g.

The filtratio
pore size)

6.6 pHm

vhich do not adsotb or release organic carbon.

eter (usdal laboratory equipment)

all glassware is thoroughly cleaned and free from organic or toxic matter.

d respirometer
le of a closed respirometer is given in annex D. The respirometer, contains test vessels all
, the apparatus used shall be appropriate or adapted to this particular purpose. Care shall
oss of compound due to the apparatus.
-bath or constant temperature room  (to comply with clause 4)

ment for measurement of dissolved organic carbon

of sufficient sensitivity for the measurement of dissolved organic carbon (DOC) (optional).
e for determining chemical oxygen demand (COD) (optional)

ifuge or device for filtratign

n apparatus shall-be equipped with membrane filters (nominal aperture diameter of 0,2

7 Procegq

ure

stirring, including tubing nonpermeable to oxygen and carboh,dioxide. The respiromets
a constant temperature room or in a thermostatically controlled water-bath. When t

pwing oxygen
r vessels are
psting volatile
be taken that

m to 0,45 uwm

7.1 Preparation of the test solutions

7.1.1 Test

compound

Prepare a stock solution of a sufficiently water-soluble test compound in the test medium (5.2) and add a suitable
amount of this solution to the test vessels to obtain a final mass concentration of 100 mg/l test compound, but
equivalent to at least 100 mg/l ThOD. Depending on the properties of the test compound (e.g. toxicity) and the
purpose of the test, other concentrations may be used. Add compounds of low water-solubility directly into the test
vessels. Determine the added amount exactly. Determine, if required, the COD of the test compound using e.g.

ISO 6060.

NOTE

For more details on handling poorly water-soluble compounds, see ISO 10634.
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7.1.2 Solution of the reference compound

Use as reference compound an organic compound of known biodegradability, such as aniline or sodium benzoate
which have degradation degrees >60 %. Prepare a stock solution of the reference compound in the test medium
(5.2) in the same way as with a water-soluble test compound (7.1.1), in order to obtain a final mass concentration of
100 mg reference compound per litre test medium.

7.1.3 Solution to check inhibition

If required (e.g. when no information on the toxicity of test compound is available), prepare a solution containing, in
the test medium (5.2), both the test compound (7.1.1) and the reference compound (7.1.2) preferably at mass
concentrations of 100 ma/l for each.

7.2 Prepardtion of the inoculum
7.2.1 Generadl

Prepare the inoculum, using preferably activated sludge or the following sources (7.2.2-t0 7.2.4) or g mixture of
these sourceg, to obtain a microbial population that offers sufficient biodegradative activity. Check the agtivity of the
inoculum by means of the reference compound (7.1.2 and clause 9). The BOD of\the blank shall fulfil{the validity
criteria (see dause 9). To reduce the influence of the blank, it may be helpful toprecondition the inoculum, e.g. by
aerating it, up to one week before use. Use a suitable volume for inoculation.

NOTE Normally the inoculum should not be pre-exposed to the test compound, to allow a general prediction of the
degradation behaviour in the environment. In certain circumstances, dependingon the purpose of the test, pre-exppsed inocula
may be used, [provided that this is clearly stated in the test report (e.g. percent biodegradation = x %, using pre-exposed
inocula) and tHe method of pre-exposure is detailed in the test report. Pfé-exposed inocula can be obtained from laboratory
biodegradation|tests conducted under a variety of conditions [e.g. Zahn<Wellens test (ISO 9888) and SCAS test (I$O 9887)] or
from samples qollected from locations where relevant environmental«conditions exist (e.g. treatment plants dealing with similar
compounds or fontaminated areas).

Based on experience, suitable volume means:

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

O degradeq the reference compound by the stipulated percentage (see clause 9);
O gives between 103 to 10 colony-farming units per millilitre in the final mixture;
O gives not/greater than the equivalent of 30 mg/l suspended solids of activated sludge in the final mixjure;

O the quantity of dissolyed.organic carbon provided by the inoculum should be less than 10 % df the initial
concentration of organic carbon introduced by the test compound;

O generallyl1 ml to~I0 ml of inoculum are sufficient for 2000 ml of test solution.

7.2.2 Inoculym-from an activated sludge plant

Take a sample of activated sludge collected from the aeration tank of a full-scale or a laboratory waste water
treatment plant dealing with predominantly domestic sewage. Mix well and determine the concentration of
suspended solids of the activated sludge (use e.g. ISO 11923). If necessary, concentrate the sludge by settling so
that the volume of sludge added to the test assay is minimal but nevertheless fulfils the criteria of 7.2.1. If it is
suspected that the sludge contains inhibiting matter, centrifuge, wash with medium (5.2), recentrifuge and resuspend in
the medium. Keep the sample under aerobic conditions and use preferably on the day of collection. Use a suitable
volume (see 7.2.1) to obtain 30 mg/l of suspended solids in the final mixture.

7.2.3 Inoculum from waste water

Take a sample from the influent or from the effluent of a full-scale or a laboratory waste-water treatment plant
dealing with predominantly domestic sewage. If necessary, concentrate the sample by filtration or centrifugation.
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Mix well, keep the sample under aerobic conditions and use preferably on the day of collection. Before use, let the
sample settle for 1 h and take a suitable volume of the supernatant for inoculation.

7.2.4 Inoculum from a surface water

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

inoculum.

7.3 Test

Set up the closed respirometer (see 6.1 and the example described in annex D). Assemble a sufficient number of

test vessels in order to have

O atleagt 2 test vessels (symbol F,) for the test compound (7.1.1);

O atleadt 2 blank vessels (symbol Fy) containing test medium and inoculum;

O atleadt 1 vessel, for checking the procedure (symbol F.) containing the reference compound (7.1}2);

0 if needed, 1 vessel for checking a possible inhibitory effect of the test.edmpound (symbol F,) containing solution
(7.1.3)

0 if needed 1 vessel for checking a possible abiotic elimination.(symbol Fg) containing the test conmpound (7.1.1)
but nolinoculum, sterilized by addition of a suitable inorganic-toxic compound to prevent microbial activity. Use,
for example, 1 ml/l of the mercury(ll) chloride solution (5,4). Add the same amount of the toxic gubstance two
weeks|after the test is begun, if required.

Add appropriate amounts of the test medium (5.2), the-ihoculum (7.2), the test (7.1.1) and the referenge compounds

(7.1.2) at the desired concentrations to the respegtive vessels in accordance with Table 1 to obtain the desired final

test volume. Add absorbent (5.3) to the COyrabsorber compartments of the vessels. Measure the pH value of the

vessel confents and adjust if necessary to 7,4 with solutions 5.5 or 5.6.

Place all t
temperatur
connection
manomete
method giv|

If a nearly

pst vessels in the water-bath* or constant temperature room (6.2), allow them to reac
b (see clause 4), seal the yessels, and in the case of an automatic respirometer make 3
5, and start the stirrer{ Take the readings of biochemical oxygen demand (oxygen consur
s (if manual) or verify that the recorder of an automatic respirometer is functioning proj
en by the manufacturer for the appropriate type of respirometer.

constant leyel of oxygen consumption is attained (plateau phase) and no further biog

expected, the test issconsidered to be completed. Usually the maximum test period shall not exceed

the test by

pne week to two weeks, if degradation has obviously started but has not reached a plateau

N the desired
ny necessary
Nption) on the
erly. Use the

egradation is
28 d. Extend

On the last

day of the test, measure the pH.

When DOC is being monitored, withdraw appropriately sized samples from the test vessels at the beginning (time 0)
and end (time t) of the test period. Alternatively, determine the initial value (time 0) in a separately prepared vessel
or calculate it from the added test compound. Either filter these samples through a membrane filter or centrifuge at
4 000 g for 15 min (see 6.5). When DOC measurements are not conducted the same day, keep the samples up to
48 h at 4 °C in the dark and in full tightly stoppered glass vessels.

NOTE DOC removal may be due to biodegradation but also to abiotic processes such as adsorption on the inoculum or the
vessel wall or, in the case of volatile test compounds, stripping and adsorption on the tubing. When dealing with mixtures,
selective adsorption of different components may occur.

When primary degradation is being monitored, determine the concentration of the test compound using specific
analysis in vessels Ft and Fg at the end of the test (time t).
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If the test coni
of the test, o
nitrate ona s
results are ob|

8 Calculati

8.1 Calcula
8.1.1 Specifi

Express the

Table 1 — Final distribution of test and reference compounds in the test vessels

©1SO

Vessel Test Test Reference Inoculum

medium compound compound
(5.2) (7.1.1) (7.1.2) (7.2)
Ft Test compound + + — +
Fr Test compound + + - +
Fg Blank + - — +
Fgl Blank + - - +
Fd Inoculum check + - + +
F, Inhibition control (optional) + + + +
Fg| Abiotic elimination check + + < —
(optional)

pound contains nitrogen, determine the final concentration,of nitrate and nitrite immediately
[ on suitably preserved samples. Alternatively, use a,qualitative spot test procedure for

fained. If nitrification has taken place, correct the exygen consumption (see annex B).
pn and expression of results
ion

C biochemical oxygen demand

at the end
nitrite and

hall volume of reaction mixture taken from each vesseland apply a quantitative method only if positive

oxygen consumption values for each vessel obtained from the reading of the respifometer as

biochemical gxygen demand. Calculate the specific biochemical oxygen demand B, according to equation (1).

Correct the o

ygen consumption inthe case of nitrification (see 7.3 and annex B).

)

B = 2] Bt
Pfrc
where
Bs isthe-specific-biochemicatoxygentdemandinmiligrams-ef oxygen-pergram-of the-testeompotnd;
Bt is the measured biochemical oxygen demand of the test compound Fy at time t, in milligrams per litre;
Bgt is the measured biochemical oxygen demand of the blank control Fg at time t, in milligrams per litre;
ptc is the mass concentration of the test compound, in grams per litre.
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8.1.2 Percentage biodegradation

The biodegradation is defined as the ratio of the specific biochemical oxygen demand to either the theoretical
oxygen demand (ThOD) (for an example of the calculation see annex A) or the chemical oxygen demand (COD).
Determine the percentage degradation for each test vessel, using equations (2) and/or (3):

Drhob = % x 100 2
Dcop = le)SD x 100 (3)
where

Dthob is the percentage biodegradation of ThOD at timet;

Dcop is the percentage biodegradation of COD at time t;

Bs is the specific oxygen demand of the test compound, expressed in-milligrams per gram of test
compound;

ThOD is the theoretical oxygen demand, expressed in milligrams.per gram of test compound;

COD is the chemical oxygen demand determined experimentally, expressed in milligrams per|gram of test
compound.

NOTE Jince the COD of a chemical is rarely as large as the\ThOD, the percentage degradation of the LOD is usually
higher than the percentage degradation of the ThOD. The latter yalue is more accurate and should be used pref¢rably.

8.1.3 Caldulation of DOC removal

When DO( removal of a water-soluble test compound is determined, calculate for each test vessel F, tle percentage
elimination|of dissolved organic carbon D¢ usihg equation (4):

Dc = [1- Lot = Pest Hy 109 (4)
M Pcto ~Pco
where
PcTo is the DOC mass concentration, in milligrams per litre, at time 0, in the test vessel Fr;
PcBO is’the DOC mass concentration, in milligrams per litre, at time 0 in the blank vessel Fg
PcTt ' TOTT, T Tty ' ' ' T
PcBt is the DOC mass concentration, in milligrams per litre, at time t in the blank vessel Fg.

If pcTo is calculated from the added test compound, neglect pcgo-
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8.1.4 Calculation of primary biodegradation

©1SO

When specific analyses of the test compound are performed, calculate the percentage of primary biodegradation Dg

of the test compound compared to the amount of test compound in vessel Fg at the end of the test using
equation (5).

Dg = Ps = PT 100 (5)

Ps

where

pr is the|mass concentration of the test compound, in milligrams per litre, in vessel F, at time t;

ps is thejmass concentration of the test compound, in milligrams per litre, in vessel F, at time)t,
8.1.5 Referepce compound, abiotic elimination and inhibition control
Calculate in the same way the biodegradation degree and the DOC removal of the reference compoundl F¢ and, if
included, of the abiotic elimination check Fg and the inhibition control F;.
8.2 Expresgion of results
Compile a taljle of measured BOD values and the percentages of biodegradation Dthop and/or Dcop f@r each test
vessel and for each measuring interval. In the case of automatic-respirometers, appropriate timed points may be
chosen from the automatically drawn oxygen-uptake curve. Plot a*biodegradation curve, in percent, as g function of
time, and indicate lag phase and degradation phase. If comparable results are obtained for the duplicate test

vessels Ft (<R0 % difference), plot a mean curve, otherwise plot curves for each vessel (see example ip annex C).

Plot in the same way a biodegradation curve of the’reference compound Fc and, if included, of
elimination chieck Fg and the inhibition control F,.

Determine thg mean value of percent biodegradation in the plateau phase or use the highest value, e.g
curve decregses in the plateau phase,sand indicate this maximum level of biodegradation as
biodegradatiop of the test compound" in-the' test report.

Information op the toxicity of the test’compound may be useful in the interpretation of test results shg
. If in vessel F\'the degradation percentage is <25 % and insufficient degradation

compound is jobserved in vessels Fr, it can be assumed that the test compound is inhibitory. In this c4
shall be repeated using a.lewer test concentration or another inoculum. If in vessel Fg (abiotic eliminat
included), a s|gnificant@mount (>10 %) of BOD is observed, abiotic degradation processes may have tak

the abiotic

. when the
"degree of

wing a low
of the test
1se the test
on check if
en place.

If DOC remagval< primary degradation and/or nitrite/nitrate have been determined, indicate the measured and

calculated values; Indicate the measured pH values.

9 Validity of results

9.1 Validity criteria

The test is considered as valid if
a)

the percentage degradation in vessel F¢ (inoculum check) is greater than 60 % on the 14th day;

b) the amount of BOD in the blank Fg at the end of the test, which is usually at about 20 mg/l to 30 mg

exceed 60 mg/l after 28 d.

/I, does not

If either a) or b) is not met, the test should be repeated using another or a better preconditioned inoculum.
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9.2 Inhibition

If the vessel F, (inhibition control) was included, the test compound is assumed to be inhibiting if the degradation
percentage of the reference compound in vessel F, is lower than 40 % at the end of the test. In this case, it is
advisable to repeat the test with a lower concentration of the test compound.

9.3 pH value

If the pH value at the end of the test is outside the range 6 to 8,5 (e.g. by nitrification of nitrogen-containing test
compound) and if the percentage degradation of the test compound is less than 60 %, it is advisable to repeat the
test with a lower concentration of the test compound, using a non-nitrifying activated sludge as inoculum or
increasing {he buffer capacity of the fnmorganic medium. This shaflbe mdicated i the et Teport.

10 Test feport

The test report shall contain at least the following information:

a) areferpnce to this International Standard,;

b) all necessary information for the identification of the test compound ;
c) all themeasured and calculated data (for example in tabular form) dbtained, as well as the degradation curve;
d) the concentration, ThOD and/or COD of the test and reference eompounds used;

e) the name of the reference compound used and the degradation obtained with this compound;

f)  the soprce, the characteristics, the concentration or\the volume of the inoculum used and information on any
pretreatment;

g) the mgin characteristics of the respirometer used ;
h) the inqubation temperature of the test

i) ifincluped, the percentage of DOC-removal or primary biodegradation;
j) ifinclufed, the percentage 6 degradation obtained in vessel F (abiotic elimination);

k) if included, the percentage of degradation in vessel F, (inhibition check) and a statement on the [toxicity of the
test compound,

[) theregsons,\inthe event of rejection of the test;

|i r3haon-aftha ctandard Adira or oy athay Alray ot Hlh o dAtha rad It
m any a LCTAUVUIT UT UTC starniuaiu pruvtcuurc ur ally Utncr virvuriiotarnicec uic U iric IC\.u S-
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Annex A
(informative)

Example of calculation of theoretical oxygen demand

A.1 General

The theoreticLI oxygen demand (ThOD) of the hypothetical substance C¢ Hp Clei Ny Napg Og PpSg| of relative
molecular masgs M, can be calculated according to:

1 5 1
162c+ =(h-cl=-3n)+3s+— = na
_togerp(h-dl-3n+ 35 pr e g

MI’

ThODyy,

This calculatign implies that C is mineralized to CO5, H to H,0, P to P,O5 and Na te Na,O. The halogen i$ eliminated
as hydrogen halide. Nitrogen is eliminated as ammonia and not oxidized to gqitrite or nitrate. Sulfur is asspmed to be
oxidized to thq state of +VI.

In the case of ja nitrogen-containing compound, the nitrogen may be eliminated after nitrification as nitrite or |nitrate, with
theoretical oxygen demands respectively equal to:

1 3 5 1
16 2c+—=(h-cl)+3s+— n+— — nex
- % 2( ) 2 2 IO+2 %

ThODyq, v
r
16%c+i(h— cl)+35+E n+ > p+E na- %
_ 2 2 2 2
ThODyq, = v
{

A.2 Example: glucose

Molecular formula CgH12Qg@nd molecular mass M, = 180.

62 x 6+ x12 -6
ThOD = = < E 1,07 mg/mg compound

180

A.3 Example: sodium n-dodecylbenzenesulfonate
Molecular formula C1gH29SO3Na and molecular mass M, = 348.

16%><18+1><29+3+1—3D
2 H

ThOD = 2 =2,34 mg/mg compound
348
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A.4 Example: di- n-dodecylamine
Molecular formula (C12H25)2NH and molecular mass M, = 353. Assume full nitrate formation observed by analysis.

16%x24+1x51+§D
2 H

2
ThOD = = 3,44 mg/ mg compound
NO3 353 g/mg P

13
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Correction of oxygen uptake for interference by nitrification

Annex B
(informative)

©1SO

If nitrification has occurred but is not complete, the observed oxygen uptake by the reaction mixture may be corrected
for the amount of oxygen used in oxidizing ammonium to nitrite, and nitrite to nitrate, if the changes in concentration

during incubation of nitrite and nitrate are determined, by considering the following equations:

2NH4C| H
2HNO, +

Overall:

2NH4C| H

From equation (B.1), the oxygen uptake when 28 g of nitrogen contained in ammonium chloride (NH,CI) is
i.e. a factor of 3,43 (96/28). In the same way, from equation<(B.3), the oxygen uptake w|
Hized to nitrate is 128 g, i.e. a factor of 4,57 (128/28).

nitrite is 96 g,
nitrogen is oxi

Since the rea
concentration
formed. Thus,
whereas the @

30, = 2HNO> + 2HCI + 2H,0
02 = 2HNO3
40, = 2HNO3 + 2HCI + 2H,0

X ANO3-N
X ANO,-N

43 x ANOZ—N]

Ctions are sequential, being carried out by distinct and-different bacterial species, it is poss
of nitrite to increase or decrease; in the latter case“an equivalent concentration of nitrat
the oxygen consumed in the formation of nitrate is\4,57 times the increase in concentration
xygen associated with the formation of nitrite is 3;43 times the increase in the concentration
ase in its concentration, the oxygen loss is 3,43 times the decrease in concentration.

is the @xygen consumed in nitrate formation;

is the oxygen consumed in nitrite formation;

(B.1)

(B.2)

(B.3)

oxidized to
hen 28 g of

ible for the
e would be
of nitrate-N
of nitrite-N.

(B.4)

(B.5)

(B.6)

With the decre
That is:
01 = 4,57
0, = 3,43
O3=-[3
where
01
Oz
O3
Anog—N
Ano,N

So that, using equations (B.4) and (B.5) or (B.6):

is the oxygen lost in nitrite disappearance;

is the increase in nitrate-N concentration;

is the change in nitrite-N concentration;

O4=[4,57 x ANOg—N] +[3,43 x ANOZ—N]

14
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and thus

O5=0g—04 (B.8)
where

Oy is the oxygen uptake due to nitrification;

Og is the oxygen uptake due to carbon oxidation;

Og is the total observed oxygen uptake.

Alternatively, if only total oxidized nitrogen is determined, the oxygen uptake due to nitrification.may be tpken to be, as
a first apprgximation, 4,57 times the increase in the concentration of oxidized nitrogen.

The corrected value for oxygen consumption due to oxidation of carbon is then compared with ThODyp,,as calculated
in annex A.
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