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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 AECY aon-allmattare of alactratachnical ctandardioAtinn
HiES o atterSe-erectHoteentHear-StaRaatratZation:

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

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

Internation@l Standard 1SO 9439 has been prepared by Technical Committee ASO/TC 147, Water quality,
Subcommiftee SC 5, Biological methods.

This seconf edition cancels and replaces the first edition (ISO 9439:1990), Wwhich has been technically revised.

Annexes Alto D of this International Standard are for information only.
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Introduction

The conditions described in this International Standard do not always correspond to the optimal conditions for
allowing the maximum degree of biodegradation to occur. With this test system, the microbially derived carbon
dioxide (CO») is measured in the traps through which gas exhausted from the test vessels is passed. Some of the
CO, remains in the medium in the vessels as dissolved inorganic carbon (DIC), the concentration of which may
increase as biodegradation proceeds. As the organic carbon approaches complete removal, the concentration of
DIC graduallyfaHs-and-tendsto-reach—zero-by-the-erd-ef-nedbation—H-is—thus-heecessary-to-acidify-the, medium at
the end of the test to measure the biogenically formed CO, completely. The measurement of CO,. in/the external
traps may differ from the true production of CO, and the kinetic rate may also be lower than a raterbasged on DOC
removal measurement. The consequence may be that the biodegradation curves based on the'trappefl CO, may
not fully reprgsent the true microbial kinetic rate. For alternative biodegradation methods, see 1SO 15462 and in
particular 1ISO| 14593, which is based on CO», production as well but does not have this defect:
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Water quality — Evaluation of ultimate aerobic biodegradability of
organic compounds in aqueous medium — Carbon dioxide
evolution test

WARNING
precaution
unknown s

— Activated sludge and sewage may contain potentially pathogenic organisms. Appr
should be taken when handling them. Toxic test compounds and those whose propertie
nould be handled with care.

htional Standard specifies a method, by determination of carbon dioxide (CO,), for the eV

aqueous medium of the ultimate biodegradability of organic compoundS/at a given concentratid

isms.
| applies to organic compounds which are:

oluble under the conditions of the test, in which casSe‘removal of DOC may be determinec
htion (see annex D);

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

latile or which have a negligible vapour pressure under the conditions of the test;

For volatile substances use for éxample ISO 9408 or ISO 14593.

ibitory to the test microorgatisms at the concentration chosen for the test.

The presence of inhibitory effects can be determined as specified in 8.3, or by using any ot
ning the inhibitory effect of a compound on bacteria (see, for example, ISO 8192).

and definitions

poses\of this International Standard, the following terms and definitions apply.

bpriate
s are

aluation in an
n by aerobic

as additional

necessary to

her method for

1 Scope
This Intern
microorgarn
The metho
a) water-
inform
b) poorly
achiev,
C) non-vg
NOTE
d) notinh
NOTE
determ
2 Terms
For the pur,
21
ultimate ae

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

property
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
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2.4
concentration

of suspended solids

©1SO

<activated sludge> amount of solids obtained by filtration or centrifugation of a known volume of activated sludge

and drying at

2.5

about 105 °C to constant mass

dissolved organic carbon

DOC

that part of the organic carbon in a water sample which cannot be removed by specified phase separation

NOTE
of diameter 0,2

pm to 0,45 pm.

For example, by centrifugation at 40 000 m - s-2 for 15 min or by membrane filtration using membranes with pores

2.6
total inorganig
TIC

all that inorga|

2.7

dissolved inorganic carbon

DIC
that part of th

NOTE For
of diameter 0,2

2.8
theoretical an
ThCO,
theoretical ma

NOTE Itis
gram) test com|

2.9

lag phase
time from the
biodegradatio|

level of biodegradation

NOTE Itis

2.10
maximum lev

maximum big
biodegradatio

carbon

hic carbon in the water deriving from carbon dioxide and carbonate

b inorganic carbon in water which cannot be removed by specified phase separation

example, by centrifugation at 40 000 m - s-2 for 15 min or by membrane filtration using membrane
pm to 0,45 pm.

ount of formed carbon dioxide

IXimum amount of carbon dioxide formed after.@xidizing a chemical compound completely

calculated from the molecular formula and expressed in this case as milligrams carbon dioxide per
pound.

start of a test until adaptation’and/or selection of the degrading microorganisms are achie
h degree of a chemical compound or organic matter has increased to about 10 % of thg

normally recorded ip-days.

b| of biodegradation
degradation degree of a chemical compound or organic matter in a test, above which
h takes place during the test

s with pores

milligram (or

ed and the
b maximum

no further

NOTE It islreFmalyrecordednpereent

211

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 It is normally recorded in days.

2.12

plateau phase

time from the

NOTE Itis

end of the biodegradation phase until the end of the test

normally recorded in days.
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2.13
pre-exposu
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re

pre-incubation 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 selection of the

microorgan

2.14

isms

preconditioning
pre-incubation of an inoculum under the conditions of the subsequent test in the absence of the test chemical
compound or organic matter, with the aim of improving the performance of the test by acclimatization of the

microorgan

isms to the test conditions

3 Princig

The biodeg
system. Th
carbon ang
wastewate

le

radability of organic compounds by aerobic microorganisms is determined using a static
e test mixture contains an inorganic medium, the organic compound as‘the nominal §
energy at a concentration of 10 mg/l to 40 mg/l organic carbon and a-mixed inoculum ok

aerated wi
degradatio

treatment plant or from another source in the environment. The mixture' is agitated in tes
h CO,-free air normally up to 28 d (for example see annex A). The. CO, formed during
is trapped in external vessels, determined by an appropriaté- analytical method (for ¢

annex B), gompared with the theoretical amount (ThCO») and expressed.as)a percentage.

For sufficigntly water-soluble compounds, removal of DOC may_ -optionally be measured to obt
information] on the ultimate biodegradability. This can be done in.the method given, but a convenien

described i
improving
on the prim

4 Teste

Incubation
shall not v3

5 Reage
Use only rqg
5.1 Water|

5.2 Testn

annex D which allows the use of higher concentrations of the test compound and the i
e biodegradation potential of the test. If a substance-specific analytical method is availab
ary degradability may also be obtained.

nvironment

shall take place in the dark or.in diffused light, at a temperature within the range 20 °C t
ry by more than + 2 °C duringithe test.

nts
agents of recognized analytical grade.
distilled‘or deionized, containing less than 1 mg/l DOC.

nedium .

aqueous test
ole source of
tained from a
t vessels and
the microbial
bxamples see

ain additional
procedure is
noculum, thus
e, information

b 25 °C which

5.2.1 Composition

a) Solution a)
Dissolve
anhydrous potassium dihydrogenphosphate (KHoPOy,) 8549
anhydrous dipotassium hydrogenphosphate (KoHPOy,) 21,7549
disodium hydrogenphosphate dihydrate (NapHPO,4-2H,0) 33449
ammonium chloride (NH4CI) 0,59
in water (5.1), quantity necessary to make up to 1 000 ml
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In order to check this buffer solution it is recommended to measure the pH, which should be about 7,4. If this is
not the case, prepare a hew solution.

b) Solution b)
Dissolve 22,5 g magnesium sulfate heptahydrate (MgSOg4-7H,0) in water (5.1), quantity necessary to make up
to 1 000 ml.

c) Solution c)
Dissolve 36,4 g calcium chloride dihydrate (CaCl,-2H,0) in water (5.1), quantity necessary to make up to
1 000 ml.

d) Solution ¢)
Dissolve |0,25 g iron(lll) chloride hexahydrate (FeClsz-6H,0) in water (5.1), quantity neegssary to make up to
1000 mlf To avoid precipitation, prepare this solution freshly before use or add~a*drop of concentrated
hydrochlgric acid (HCI).

5.2.2 Prepargtion of the test medium

For 1 000 ml ¢f test medium add to about 800 ml of water (5.1):

O 10 ml of $olution a);

O 1 mlof eqich of the solutions b) to d).

Make up to 1 P00 ml with water (6.1).

6 Apparatys

Ensure that al| glassware is thoroughly cleaned and free from both organic and toxic matter.

6.1 Test vesgels . Glass vessels (e.g{ Erlenmeyer vessels or bottles) allowing gas purging and shaking or stirring,

including tubing impermeable to CO,) Located in a constant-temperature room or in a thermostatically controlled

environment (e.g. water bath).

6.2 CO,-freq air production system, capable of supplying each test vessel at a flowrate between about

50 ml/min angl 100 mi/min for 3| of medium, held constant (see example of assembly with the test| vessels in

annex A).

6.3 Analytical equipment for determining CO

2

Any suitable apparatus or technique with sufficient accuracy, e.g. CO, - or DIC analyzer or device for titrimetric

determination

6.4 Analytical equipment for measuring dissolved organic carbon

6.5 Centrifuge or device for filtration

after complete absorption in an alkaline solution (see examples in annex B).

(DOC) (optional).

, with membrane filters (nominal aperture diameter of 0,2 um

pore size) which adsorb or release organic carbon to a minimum degree.

6.6 pH meter.

to 0,45 um


https://standardsiso.com/api/?name=06044d29f56c4d96f301cb32d1ae165a

©1SO

ISO 9

7 Procedure

7.1 Preparation of the test solutions

7.1.1 Test

compound

439:1999(E)

Prepare a stock solution of a sufficiently water-soluble test compound in water (5.1) or the test medium (5.2) and
add a suitable amount of this to obtain an organic carbon concentration in the final test medium of between 10 mg/l
and 40 mg/l. 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.

NOTE A

7.1.2 Refe

or more details on handling poorly water-soluble compounds, see ISO 10634.

rence compound

Use as refgerence compound an organic compound of known biodegradability, such as-aniline or sod

Prepare a
soluble tes
equivalent

7.1.3 Solu

If required
the test m
concentrati

7.2 Prepd

7.2.1 Gen

Prepare th
these sour
inoculum b
validity critg
by washing
note 2 belog

NOTE1 N
degradation
may be use
inocula) and
biodegradat

stock solution of the reference compound in the test medium (5.2) in_the) same way as
compound (7.1.1), in order to obtain a final organic carbon concentration of 20 mg/l or a
o that of the test compound.

tion to check inhibition

when e.g. no information on the toxicity of test compoundis available), prepare a solution
edium (5.2), both the test compound (7.1.1) and’the reference compound (7.1.2)
pns of organic carbon of 20 mg/l for each.

ration of the inoculum

bral

P inoculum using activated sludge (7.2.2) or the sources described in 7.2.3 and 7.2.4 o
ces to obtain a microbial population that offers sufficient biodegradative activity. Check the

means of the reference compound (7.1.2 and clause 9). The CO- production of the blank g
ria (see clause 9). To reduce the influence of the blank, it may be helpful to precondition the
with medium (5.2.2)@nd aerating it, from 1 d to 7 d, before use. Use a suitable volume for in
W).

ormally the_ingculum should not be pre-exposed to the test compound to allow a general p
behaviourin the environment. In certain circumstances, depending on the purpose of the test, pre-€
d, providedvthat this is clearly stated in the test report (e. g. percent biodegradation = x %, usir]
the, method of pre-exposure is detailed in the test report. Pre-exposed inocula can be obtained
on.tests conducted under a variety of conditions (e.g. Zahn-Wellens test ISO 9888 and SCAS te

from samplg

um benzoate.
with a water-
concentration

containing, in
preferably at

a mixture of
activity of the
hould fulfil the
inoculum, e.g.
bculation (see

ediction of the
xposed inocula
g pre-exposed
from laboratory
5t 1SO 9887) or

s Collected from locations where relevant environmental conditions exist (e.g. treatment plants dea

ing with similar

compounds

NOTE 2

O

O
O
O
O

or contaminated areas).

Based on experience, suitable volume means:

sufficient to give a population which offers enough biodegradation activity;
degrades the reference compound by the stipulated percentage (see clause 9);
gives between 103 to 108 colony-forming units per millilitre in the final mixture;

gives not greater than the equivalent of 30 mg/l suspended solids of activated sludge in the final mixture;

organic carbon introduced by the test compound;

generally 1 ml to 10 ml of inoculum are sufficient for 1 000 ml of test solution.

the quantity of dissolved organic carbon provided by the inoculum should be less than 10 % of the initial concentration of
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7.2.2 Inoculum from an activated sludge plant

Take a sample of activated sludge collected from the aeration tank of a full-scale or a laboratory wastewater
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 remove coarse particles by filtration
through a sieve and concentrate the sludge by settling, so that the volume of sludge added to the test assay is
minimal. Keep the sample under aerobic conditions and use preferably on the day of collection. Use a suitable
volume to obtain 30 mg/l of suspended solids in the final mixture.

7.2.3 Inoculum from wastewater

Take a sampte

- ment plant
dealing with gredominantly

[tration and
s and use
ume of the

domestic sewage. If necessary, remove gross particulate matter by coarse’fi
concentrate the sample, e.g. by centrifugation. Mix well, keep the sample under aerobic condition
preferably on|the day of collection. Before use, let the sample settle for 1 h and take a suitable vol
supernatant for inoculation.

7.2.4 Inoculym from a surface water
Take a samp
paper filter or
Use a suitablg

e of an appropriate surface water. If necessary, concentrate the sample by filtration usin
centrifugation. Keep the sample under aerobic conditions and use preferably on the day o
volume as inoculum.

g a coarse
f collection.

7.3 Test pracedure

Provide a sufficient number of vessels (6.1) in order to have

O atleast tyvo test vessels (denoted F) for the test compound (7.1.1);

O atleast tyvo blank vessels (denoted Fg) containing-test medium and inoculum;

O atleast one vessel, for checking the procedure (denoted F¢) containing the reference compound (7.1.2);

O if needed, one vessel for checking @ possible inhibitory effect of the test compound (denoted F;) containing
solution 71.1.3;

O if needed, one vessel for cheeking a possible abiotic elimination (denoted Fg) containing the test| compound
(7.1.1) bt no inoculum{sterilized by autoclaving or by addition of a suitable inorganic toxic cdmpound to
prevent microbial activity- Use, for example, 1 ml/l of a solution containing 10 g/l of mercury(ll) chloride (HgCly).
Add the game amount of the toxic substance two weeks after the test was begun.

Add approprig

te amgunts of the test medium (5.2), and the inoculum (7.2) to the vessels as indicated in
test wvolume of e.g. 3 1. Other final test volumes are possible; adapt in such a case

Table 1 to
Aall relevant

obtain a final
parameters Coennect-the—vessels—to-the—-CO-free—airpreduction—-system (see

annex A). Incubate at the desired test temperature (see clause 4) and aerate the vessels for 24 h to purge CO», from
the system. Agitate throughout the test with a magnetic stirrer. If excessive foaming is observed, replace the air sparge
by headspace aeration while stirring. After the pre-aeration period, connect the air exit of each vessel to the CO,
trapping or measuring system.

d=tha calenlatinn Af tact raciiltc
ot e—CaHC ot t— ot St—TeStttse

Add the test sample (7.1.1) and the reference compound (7.1.2) at the desired concentrations to the respective
vessels in accordance with Table 1 and start the test by bubbling CO,-free air through the vessels with 3 | medium
at a rate of about 50 ml/min to 100 ml/min.

Measure the amount of CO, released from each vessel at timed intervals, depending on the rate of evolution of
CO,, using an appropriate and sufficiently accurate method (see annex B). If a nearly constant level of CO,
formation is attained (plateau phase) and no further biodegradation is expected, the test is considered to be
completed. Usually the maximum test period should not exceed 28 d. Extend the test by one to two weeks, if
degradation has obviously started but has not reached a plateau.
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Table 1 — Final distribution of test and reference compounds in the test vessels
Test Test Reference
Vessel . Inoculum
medium compound compound
(5.2) (7.1.1) (7.1.2) (7.2)
Ft Test compound + + - +
Ft Test compound + + - +
Fg Blank + - - +
FgBlant + = = +
Hc Inoculum check + - + *
H, Inhibition control (optional) + + + +
Hs Abiotic elimination check (optional) + + - -
On the las{ day of the test, measure the pH, acidify all the bottles with mi to 10 ml of concentrated hydrochloric
acid in ordér to decompose the carbonates and bicarbonates and purge’the CO,. Continue aeration [for up to 24 h
and measure the amount of CO», released from each vessel.
NOTE 1 During the handling of samples for the regular measurement of CO, in the traps it cannot be |excluded that,
especially in the case of DIC determinations, small amounts of CO, fron the air are included and added up durir|g the test. This
has normally no effect on the test results as the CO, values of the blank vessels, where the same occurs, pre subtracted.
However, in|the case of the abiotic elimination control (vessel Ey) this may lead to an apparent and unjustifieqi impression of
degradation| Therefore it is recommended to determine the CO, evolution from vessel F only at the end of the t¢st.
NOTE 2 If the DOC removal is measured to provideladditional information on the biodegradability of a water-soluble test
compound, pr if a substance-specific analytical method is used to determine the primary biodegradability, use [the information
given in annex D.
8 Calculation
8.1 Amount of theoretical-carbon dioxide from the test compound
The theorgtical amount,in milligrams, of released carbon dioxide (ThCO,) in the test vesseld is given by
equation (1))
44
ThCOp (= XV X — 1
p P XML X5 1)
where
pc is the concentration of organic carbon of the test compound in the test vessel, in milligrams per litre,
measured or calculated from the stock solution of the test compound (7.1.1);
VL s the volume of the test solution in the test vessel, expressed in litres;

44 and 12 are the relative molar and atomic masses of CO, and carbon, respectively, to calculate the amount
of CO, from the measured organic carbon.

Calculate in the same way the ThCO,, of the reference compound and the inhibition solution (7.1.3).
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Calculate the percentage of biodegradation Dy, (%) for each of the test vessels Ft for each measurement interval
using equation (2)

)

Dy = 2™ " 2 Mht 44
ThCO2
where
2mrt  is the mass, in milligrams, of CO, released in vessel Ft between the start of the test and time t;
>mg; i$ the average mass, in milligrams, of CO, released in the blank controls Fg betweencthe

t

pst and time t.

Calculate in the same way the biodegradation degree of the reference compound in the inoculum check

and, if includg
the blanks, of

NOTE If D

d, of the mixture of test and reference compound in the inhibition control F,»and, without
the test compound in the abiotic elimination control Fs.

DC removal and primary biodegradation by substance-specific analyses wete measured, it is recom

results be calcylated according to annex D.

8.3 Express

Compile a tah
interval and €
and degradat

ion of results

le of CO, released (Emy; and Xmgy) and the percentages of biodegradation (D, for each
ach test vessel. Plot a biodegradation curve in percent as a function of time, and indicatg
on phase. Optionally, plot a curve of the net released CO, versus time. If comparable

obtained for the duplicate test vessels Ft (< 20 % differengg), plot a mean curve, otherwise plot curvg

vessel (see e
if included of {

ample in annex C). Plot in the same way a.biodegradation curve of the reference compoy
he abiotic elimination check Fg and the inhibition control F,.

Determine the¢ mean value of percent biodegradation in the plateau phase or use the highest value, e.g

curve decred
biodegradatio

Information o
biodegradatio
compound is
repeated usin
a significant &

9 Validity @

ses in the plateau phase and indicate this maximum level of biodegradation as
h of the test compound" in the.fest report.

N the toxicity of the test compound may be useful in the interpretation of test results shg
h. If in vessel F, the_degradation percentage is <25 % and insufficient degradation

observed, it can beZassumed that the test compound is inhibitory. In this case, the tes
0 a lower test concentration or another inoculum. If in vessel Fg (abiotic elimination check,
mount (> 10 96) of released CO,, is observed, abiotic degradation processes may have taks

f results

start of the

vessel Fc,
subtracting

mended that

measuring
lag phase
results are
bs for each
nd Fc and,

. when the
'degree of

wing a low
of the test
should be
if included)
n place.

9.1 Validity

criteria

The test is considered as valid if

a)

b)
about 40

c)

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

mg/l and does not exceed 70 mg/l;

the amount of DIC at the beginning of the test is <5 % of the organic carbon of the test compound.

the concentration of CO, which has evolved from the blank Fg at the end of the test at a test volume of 31 is

If a) and b) are not fulfilled, the test should be repeated using another or a better preconditioned inoculum. If ¢) is
not fulfilled, verify that the air for aerating the vessels is really free from CO».
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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 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 or to
use the test modification described in annex D of this method.

eport

port shall contain at least the following information:

ence to this International Standard and the annex if a variation was used;
pssary information for the identification of the test compound;

data (for example in tabular form) obtained and the degradation.curve;

hcentration of the test compound used and the ThCO, ands.inithe case of water-soluble tes
C of this concentration;

me of the reference compound used and the degradation obtained with this compound;

Lirce, the characteristics, the concentration or:thé volume of the inoculum used and inforn
atment;

in characteristics of the CO, analysing system used;

ubation temperature of the test;

Hed the percentage of DOC\removal or primary biodegradation;

Hed, the percentage of\degradation obtained in vessel Fg (abiotic elimination);

ded, the percentage of degradation in vessel F, (inhibition check) and a statement on the
mpound,;

sons, inthe event of rejection of the test;

10 Test
The test re
a) arefer
b) all nec
c) allthe
d) theco

the DQ
e) the na
f) the so

pre-tre
g) thems
h) theind
i) ifinclu
j) ifinclu
k) ifinclu

test co
[) thered
m)

t compounds,

pation on any

toxicity of the

ults.

any altleration of the standard procedure or any other circumstance that may have affected the reg
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Annex A
(informative)

Principle of a test system for measuring carbon dioxide (example)

©1SO

Set up vessels in series as shown in Figure A.1 and connect them with gas-impermeable tubing. Aerate the test
system with CO»,-free air at 50 ml/min to 100 ml/min and a constant low pressure. Count air bubbles or use a suitable

gas-flow cont
by passing th
500 ml of a
(c = 0,0125

following test
absorbed in th

1

air through a vessel with dry soda lime or through at least two gas-washing vessels-cor

aqueous NaOH solution (¢ = 10 mol/l). A second vessel containing 100 ml Ba(OH
ol/l) is used to indicate any CO, in the air by turbidity. An empty vessel between_ the indica
vessel prevents liquid carry-over. In the test vessel, CO, is produced if biodegradation take
e subsequent absorber vessels as described in annex B.

emove CO»
taining e.g.
)> solution
tor and the
5 place and

Key

Compres

Stirrer

~No b~ WN P

10

eda alr

Flow controller

Carbon dioxide trap (NaOH)
Carbon dioxide indicator [Ba(OH),]
Test vessels

Carbon dioxide trap [Ba(OH), or (NaOH)]

Figure A.1
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(informative)

Examples of the determination of released carbon dioxide

B.1 CO-odetermination by DIC measurement

The CO, rl

(DIC) using

Prepare a

blank valug
each conta
introduction
the test veg
add a new
DIC in both

Calculate th

7

leased is absorbed in sodium hydroxide (NaOH) solution and determined as dissolved.ing
e.g. a DOC analyser without incineration or oxidation.

bolution of NaOH (¢ = 0,05 mol/l) in deionized water. Measure the DIC of this\selution ang

(pg) When calculating the CO, production. Connect two absorber vessels_in_series with tf
ning at least 100 ml of the NaOH solution. Close the outlet of the last vessel with a small syp
of CO, from the air to the NaOH solution. On the days of CO, determination, remove the ve
sel and take a sufficient sample for DIC measurement (e.g. 10 ml). Replace the vessel by th
one with freshly prepared NaOH solution. On the last day measure, after acidification of thq
vessels.

e CO, produced using equation (B.1):

(P —pp)* 367

PT

PB
3,67

10

B.2 Titri

10

is the mass, in milligrams, of CO», released in vessel F1 between the start of the test and tir]
is the measured DIC concentration, in milligrams per litre, of the NaOH in vessel Ft solutio
is the measured DIC congentration, in milligrams per litre, of the NaOH in the blank Fg solu
is the ratio of the relative molecular/atomic masses CO,/C (44/12);

is a correction‘factor, expressed in reciprocal litres, for 100 ml volume of the NaOH so
volumes are_used adapt this factor.

etric method using barium hydroxide

rganic carbon

consider this
e test vessel,
hon to prevent
ssel closest to
e second and
b test solution,

(B.1)

ne t;
N at time t;

tion at time t;

ution. If other

The CO5, produced reacts with the barium hydroxide [Ba(OH),-8H,0] and is precipitated as barium carbonate (BaCO3)
[equation (B.2)]. The amount of released CO» is determined by titrating the remaining Ba(OH), with hydrochloric acid
(HCI) [equation (B.3)].

C02 + Ba(OH)2 — BaCO3 + Hzo

Ba(OH), + 2HCI — BaCl, + 2H,0

(B.2)

(B.3)

Dissolve 4,0 g Ba(OH)»-8H,0 in 1 000 ml deionized or distilled water to obtain a 0,0125 mol/l solution. It is
recommended that a sufficient amount, e.g. 51, be prepared at one time when running a series of tests. Filter free of
solid material and determine the exact normality by titration with a standard HCI solution for calculation of the test
results. Store sealed as a clear solution to prevent absorption of CO» from the air.

11
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Dissolve 50 ml of HCI solution (¢ = 1 mol/l) (36,5 g/l) in 1 000 ml deionized or distilled water to obtain a 0,05 mol/l
solution. Use phenolphthalein as an indicator or an automatic titrator to determine the endpoint.

At the start of the test, dispense exactly 100 ml of the Ba(OH)» solution into each of the three absorber vessels.
Depending on the character and amount of the test compound, use modifications of the trapping volumes. Periodically,
on each day of measurement, remove the vessel nearest the test vessel for titration. This should take place as
needed, e.g. when the first absorber vessel is turbid due to precipitation of BaCO3 and before any turbidity can be
observed in the second vessel. Usually, at the beginning of the test, titration may be required every other day and
then every fifth day when the plateau phase is reached. After removing the absorber vessel, immediately seal it with a
plug to avoid CO, input from air. Move the remaining two vessels one position closer to the test vessel and place at
the end of the series a new vessel filled with fresh Ba(OH), solution. Handle all vessels containing test compound,
reference compound, blank, inhibition and inoculum control in exactly the same way.

Immediately Lfter removing the vessel, titrate either the whole amount (100 ml) or two or three(porfions of the
Ba(OH), solution with the HCI solution. Note the volumes of the HCI solution needed for neutralization:
The mass of §O, trapped in the absorber vessel is given by equation (B.4):
my = 2ea Dby dBTHL o0n (B.4)
0 | CHe Vez H
where
my i$ the mass of CO5, in milligrams, trapped in the absorber of\vessel Fr;
CHCI i$ the exact concentration, in moles per litre, of the HCLSolution;
CBa i$ the exact concentration, in moles per litre, of the"Ba(OH), solution;
Vgo i$ the volume, in millilitres, of the Ba(OH), ‘selution at the beginning of the test;
VBT i$ the volume, in millilitres, of the Ba(OH), solution at time t before filtration;
Vgz i$ the volume, in millilitres, of the aliquots of the Ba(OH), solution used for titration;
Va i$ the volume, in millilitres, of the HCI solution used for titration of the Ba(OH), solution;
22 i$ the half-molarity,of\CO».
When the follqwing conditions-apply:
O volume dof the Ba(OH), solution before and after absorption is exactly 100 ml and the complete solution is used
for titratioh (Vgo= VaT = Va2);

0 concentration of the Ba(OH); Sofution 15 exactly Cgg = 0,0125 molf;
O concentration of the HCI solution is exactly cyc) = 0,05 mol/l;
use equation (B.5):

mr = 1,1 (50 — Va) (B.5)
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(informative)

Example of a biodegradation curve
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Figure C.1 — Biodegradation of aniline in the CO 5 evolution test
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