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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 Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

With the increasing use of plastics, their recovery and disposal have become a major issue. As a first
priority, recovery should be promoted. Biodegradable plastics are now emerging as one of the options
available to solve such environmental problems. Plastic materials, such as products or packaging, which
are sent to composting facilities should be potentially biodegradable. Therefore, it is very important to
determine the potential biodegradability of such materials and to obtain an indication of their potential
biodegradability.
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Determination of the ultimate aerobic biodegradability
of plastic materials in an aqueous medium — Method by
analysis of evolved carbon dioxide
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 8245, Water quality — Guidelines for the determination of total organic carbon (TOC) and dissolved
organic carbon (DOC)

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

ultimate aerobic biodegradation

breakdown of an organic compound by microorganisms in the presence of oxygen into carbon dioxide,
water and mineral salts of any other elements present (mineralization) plus new biomass

3.2

activated sludge
mixture of prganic materials and biomass produced in the aerobic treatment of waste water. by the
growth of bacteria and other microorganisms in the presence of dissolved oxygen

3.3
concentratjon of suspended solids in an activated sludge
amount of dolids obtained by filtration or centrifugation of a known volume of-activated sludgg¢ and
drying at abjout 105 °C to constant mass

3.4
dissolved inorganic carbon
DIC
part of the ihorganic carbon in water which cannot be removed by.specified phase separation

Note 1 to ently: Phase separation can be achieved for example by centrifugation at 40 000 m-s-2 for 15 min|or by
membrane filtration using membranes with pores of 0,2 um to 0,45 pm diameter.

3.5
theoreticallamount of evolved carbon dioxide
ThCO2
maximum theoretical amount of carbon dioxide evolved after completely oxidizing a chejnical
compound, ¢alculated from the molecular formula

Note 1 to entfy: It is expressed as milligrams.of carbon dioxide evolved per milligram or gram of test compgund.

3.6
total organijic carbon
TOC
amount of carbon bound in an-organic compound

Note 1 to entfy: It is expreSsed as milligrams of carbon per 100 mg of the compound.
[SOURCE: IS0 17556:2012, 3.14]

3.7
dissolved ofrganic carbon

DOC

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

Note 1 to entry: Phase separation can be achieved for example by centrifugation at 40 000 m-s-2 for 15 min or by
membrane filtration using membranes with pores of 0,2 um to 0,45 um diameter.

3.8

lag phase

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

Note 1 to entry: It is measured in days.

2 © ISO 2018 - All rights reserved
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3.9

maximum level of biodegradation

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

Note 1 to entry: It is measured in per cent.

3.10
biodegradation phase
time from the end of the lag phase of a test until the plateau phase has been reached

Note 1 tao entrv: Itismeasured in davs

3.11
plate¢au phase
time|from the end of the biodegradation phase until the end of a test

Note [l to entry: It is measured in days.

3.12
pre-gxposure
pre-incubation of an inoculum in the presence of the chemical compound or organic mattef under test,
with|the aim of enhancing the ability of the inoculum to biodegrade the test material by adaptation
and/pr selection of the microorganisms

3.13
pre-conditioning
pre-incubation of an inoculum under the conditions ofthe subsequent test in the absence of the chemical
com;[‘:)und or organic matter under test, with thesaim of improving the test by acclimatization of the
micrporganisms to the test conditions

3.14
inocplum
micrporganisms or other material used\in an inoculation

Note [l to entry: Also called inoculant:

3.15
inocplation
intrgduction of microorganisms into a culture medium in order to start a biological proces$

4 Principle

The biodegradability of a plastic material is determined using aerobic, mesophilic microgrganisms in
an aqueougsystem. The test mixture contains an inorganic medium, the organic test material (the sole
sourfeof earbon and energy) with a concentration between 100 mg/1and 2 000 mg/1 of orgpnic carbon,
and detivated-studge-erasuspensionofactive seil ercompostastheinocuwlum—tfhighereencentrations

of test material are used then an optimised test medium should be applied.

NOTE Lower concentrations such as between 20 mg/1 and 40 mg/1 of organic carbon have been tested and
found suitable.

The mixture is agitated in test flasks and aerated with carbon-dioxide-free air over a period of time
depending on the biodegradation kinetics, but not exceeding 6 months. The carbon dioxide evolved
during the microbial degradation is determined by a suitable analytical method, examples of which are
given in Annexes A and B.

The level of biodegradation is determined by comparing the amount of carbon dioxide evolved with
the theoretical amount (ThCO3) and expressed in per cent. The test result is the maximum level of
biodegradation, determined from the plateau phase of the biodegradation curve. Optionally, a carbon
balance may be calculated to give additional information on the biodegradation (see Annex C).

© ISO 2018 - All rights reserved 3
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Unlike ISO 9439, which is used for a variety of organic compounds, this document is specially designed
for the determination of the biodegradation of plastic materials. The special requirements necessary
affect the choice of the inoculum and the test medium, and there is the possibility of improving the
evaluation of the biodegradability by calculating a carbon balance.

5 Test environment

Incubation shall take place in the dark or in diffuse light in an enclosure which is free from vapours
inhibitory to microorganisms and which is maintained at a constant temperature, preferably between
20 °C and 25 °C, to an accuracy of +1 °C.

6 Reagents

Use only reggents of recognized analytical grade.

6.1 Distilled or deionized water, free of toxic substances (copper in particular)*and containing less
than 2 mg/ljof DOC.

6.2 Test medium.
Depending ¢n the purpose of the test, different test media may be used. For example, if a test material

is used at higher concentrations, use the optimized test medium (6.2:2) with higher buffering capjacity
and nutrienf concentrations.

6.2.1 Standard test medium.

6.2.1.1 Soflution A.

Dissolve the following in water (6.1) and make upto 1 000 ml.

anhydrous potassium dihydrogen phosphate-(KH;P04) 85¢g
anhydrous dipotassium hydrogen pheSphate (K2;HPO4) 21,75 g
disodium hyldrogen phosphate dihydrate (Na;HPO4 - 2H,0) 334¢
ammonium [chloride (NH4Cl) 05g

The correct|compositioriof-the solution can be checked by measuring the pH, which should be 7,4.

6.2.1.2 SoflutionB:

Dissolve 22|5Cg, of magnesium sulfate heptahydrate (MgS0O4 - 7H20) in water (6.1) and make fip to
1000 ml.

6.2.1.3 Solution C.

Dissolve 36,4 g of calcium chloride dihydrate (CaCly - 2H0) in water (6.1) and make up to 1 000 ml.

6.2.1.4 Solution D.
Dissolve 0,25 g of iron(I11) chloride hexahydrate (FeCls - 6H20) in water (6.1) and make up to 1 000 ml.

Prepare this solution freshly before use to avoid precipitation, or add a drop of concentrated
hydrochloric acid (HCI) or a drop of 0,4 g/1 aqueous solution of ethylenediaminetetraacetic acid (EDTA).

4 © ISO 2018 - All rights reserved
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6.2.1.5 Preparation.

To prepare 11 of test medium, add the following, to about 500 ml of water (6.1):
— 10 ml of solution A (6.2.1.1);

— 1 ml of each of solutions B (6.2.1.2), C (6.2.1.3), D (6.2.1.4).

Make up to 1 000 ml with water (6.1).

Prepare the test medium freshly before use. The solutions A up to C may be stored up to 6 months in the
dark at room temperature. The same applies for solution D in case HCI or EDTA has been added.

6.2.2 Optimized test medium.

This|optimized medium is highly buffered and contains more inorganic nutrients.|This is necessary to
keep|the pH constant in the system during the test, even at high concentrationsofithe test material. The
medjum contains about 2 400 mg/I of phosphorus and 50 mg/1 of nitrogen\and is therefore suitable
for cpncentrations in the test material of up to 2 000 mg/I of organic carbon. If higher or lower test-
matgrial concentrations are used, increase or decrease respectively the riitrogen content|to keep the
C:N 1fatio at about 40:1.

6.2.2.1 SolutionE.

Diss¢lve the following in water (6.1) and make up to 1 000 ml.

anhydrous potassium dihydrogen phosphate (KH;PQ4) 375¢g
disodlium hydrogen phosphate dihydrate (NazHP@z - 2H70) 873¢g
ammonium chloride (NH4Cl) 2,0g

6.2.2.2 Solution F (trace-elementsoliition, optional).

Dissg¢lve in 10 ml of aqueous HCI selution (25 %, 7,7 mol/1), in the following sequence:
a) 70 mg of ZnCly;

b) 100 mg of MnCl; - 4H30;

c) 6 mg of H3BOs3;

d) 190 mg of Co€l, - 6H0;

e) 3 mgofCuCly - 2H0;

f) 240mg of NiCl - 6H,0;

g) 36 mgof NapMoOg4 - 2H70;

h) 33 mgof NapWO0y4 - 2H0;

i) 26 mgof NapSeO3 - 5H30.

Make up to 1 000 ml with water (6.1).

6.2.2.3 Solution G (vitamin solution, optional).

Dissolve in 100 ml of water (6.1) 0,6 mg of biotine, 2,0 mg of niacinamide, 2,0 mg of p-aminobenzoate,
1,0 mg of panthotenic acid, 10,0 mg of pyridoxal hydrochloride, 5,0 mg of cyanocobalamine, 2,0 mg of
folic acid, 5,0 mg of riboflavin, 5,0 mg of DL-thioctic acid and 1,0 mg of thiamine dichloride or use a

© IS0 2018 - All rights reserved 5
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solution of 15 mg of yeast extract in 100 ml of water (6.1). Filter the solution for sterilization using
membrane filters (see 7.6).

Solutions E and F are optional and are not required if a sufficient concentration of the inoculum is
used, e.g. activated sludge, soil or compost. It is recommended that 1 ml portions be prepared and kept
refrigerated until use.

6.2.2.4 Pr

eparation.

To prepare 1 litre of test medium, add, to about 800 ml of water (6.1),

100 ml

1 ml of ¢
Make up to

The correct
7,0 £0,2.

6.3 Pyrop
Dissolve 2,6

7 Appar

7.1 Generl
toxic matter,

Required is

7.2 Testf]
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7.3 CO2-fi
min and 10(
test vessels,

7.4 Analyj
with sufficig
complete ab
detector, for

£ ) oL [a BB 1
DI SUIULIVIT L (U.4. 4.1, AITU

bach of solutions B (6.2.1.2), C (6.2.1.3), D (6.2.1.4) and, optionally, F (6.2.2.2) and G\(6.2]

| 000 ml with water (6.1) and measure the pH.

composition of the test medium can be checked by measuring the pHpawhich shou

hosphate solution.

6 g of sodium pyrophosphate (NasP207) in water (6.1) andmiake up to 1 000 ml.

atus

al. Ensure that all glassware is thoroughly cleaned and, in particular, free from orgarn

usual laboratory equipment, plus the following.

asks: glass vessels (e.g. bottles or'conical flasks) designed to allow gas purging and sh:
and fitted with tubing impermeable to CO;. The vessels shall be located in a cong
room or in a thermostatted.apparatus (e.g. water-bath).

ree-air production system, capable of supplying CO2-free air at a flow rate between 5
ml/min to each testflask, held constant to within +10 % (see example of system, incly
in Annex A).

tical instrument for determining carbon dioxide, consisting of any suitable appa
ent accuragy, e.g. a COz or DIC analyser or apparatus for titrimetric determination
sorptionin a basic solution (see examples in Annex B). Note that, if an analyser with
instance, is used, CO»-free air is not necessary.

2.3).

d be

ic or

nking
tant-

ml/
iIding

ratus
after
hn IR

7.5 Analytical equipment for measuring total organic carbon (TOC) and dissolved organic
carbon (DOC), see ISO 8245.

7.6 Analytical balance.

7.7 Centrifuge, or filtration device with membrane filters (0,45 pum pore size) which neither adsorb
nor release organic carbon significantly.

7.8 pH-meter.

7.9 Magnetic stirrer or shaking device.
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8 Procedure

8.1 Test material

The test material shall be of known mass and contain sufficient carbon to yield CO2 in a quantity
that can be adequately measured by the analytical system used. Calculate the TOC from the chemical
formula or determine it by a suitable analytical technique (e.g. elemental analysis or measurement in
accordance with ISO 8245) and calculate the ThCO3. Use a concentration of a test material such that
the TOC content is at least 30 mg/l preferably 100 mg/l. The maximum amount of test material is
limited by the oxygen supply to the test system and the test medium used. When using higher amount
of te
conc
If hig

st material the npfimi7nd test medium (B 2 7) should be used and in any case the test-material

entration shall be such that the TOC does not exceed about 2 000 mg/l, i.e. a C:N rati6)ef about 40:1.
her concentrations are to be tested, increase the nitrogen amount in the test medium.

NOTH
been

Lower amount of test materials, corresponding to a TOC content between 20 mg/1 and 40 mg/l, have

tested and found suitable.

The

piecd
biods
to be
distn

fest material should preferably be used in powder form, but it may-also be introduged as films,
s, fragments or shaped articles. The form and shape of the test-material may ipfluence its
poradation. Similar shapes should preferably be used if different’kinds of plastic paterial are
compared. If the test material is used in the form of a powdéb, particles of known, parrow size
ibution should be used. A particle-size distribution with-the maximum at 250 pm|diameter is

recol
It sh
for e

mmended. Also, the size of the test equipment used may depend on the form of the t¢
buld be ascertained that no substantial mechanical aberrations occur due to the test
xample due to the type of stirring mechanism used.*Processing of the test material (e

bst material.
conditions,
g. the use of

viour of the
nts and the
craphy (see,

powdler in the case of composites) should not influencé’significantly the degradation behg
matdrial. Optionally, record the hydrogen, oxygen, fiitrogen, phosphorus and sulfur conte
molecular mass of a polymeric test material, using for example liquid exclusion chromato
for example, ASTM D 3536-91[7Z] or any other applicable standard method).

For details on how to handle poorly water;:soluble compounds, see ISO 10634.

8.2 | Reference material

Use
cellu
shou

der, ashless
rm and size

h well-defined biodegradable polymer (for example microcrystalline cellulose pow
Jose filters or poly-S-hydroxybutyrate) as a reference material. If possible, the TOC, fd
|[d be comparable to that of the test material.

As a as the test

mateg

negative control;-a non-biodegradable polymer (e.g. polyethylene) in the same fornj
rial can optignally be used.

8.3 | Preparation of the inoculum

8.3.1 ~ General

Activated sludge from a sewage-treatment plant treating predominantly domestic sewage is a suitable
source of the inoculum. It is obtained from an active aerobic environment and is available over a wide
geographical area. Alternatively, soil and/or compost suspensions can be used for inoculation, as with
some plastic materials the activity of fungi is important for biodegradation. When biodegradation in a
specific waste-treatment plant is to be determined, collect the inoculum from that environment.

The inoculum can be prepared from the sources described in 8.3.2 and 8.3.3, or from a mixture of these
sources in order to obtain a varied and concentrated microbial flora with sufficient biodegradation
activity. If the endogenous respiration of the inoculum is too high, stabilize the inoculum by aeration
before use. Harmonize the test temperature with the inoculum used (see Clause 5).
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8.3.2 Inoculum from wastewater-treatment plants

Take a sample of activated sludge collected from a well-operated sewage-treatment plant or a laboratory
plant handling predominantly domestic sewage. Mix well, keep the sample under aerobic conditions

and use preferably on the day of collection (at least within 72 h).

Before use, determine the concentration of suspended solids (use e.g. ISO 11923[4]). If necessary,

concentrate the sludge by settling so that the volume of sludge added to the test assay is minimal.

Add

a suitable volume to obtain suspended solids in the range 30 mg/l to 1 000 mg/I in the final mixture.

When a carbon balance determmatlon (see Annex C) is to be carrled out, an 1nocu1um concentration

of 30 mg/1 : dma A C
determinatipn, the followmg procedure for preparmg the 1noculum is recommended Take 500
the activatefl sludge and homogenize for 2 min at medium speed in a blender or in a suitable lrigh-g
mixer. Allow to settle until the supernatant liquid contains no significant amounts of suspended m
but in any case for at least 30 min. Decant a sufficient volume of the supernatant liquid andsadd it
test flasks tp obtain a concentration of 1 % (V/V) to 5 % (V/V) in the test medium. Avoid carrying
sludge particles.

An inoculun) may be pre-conditioned, but normally no pre-exposed inoculum sheuld be used. Deper

on the purp
in the test 1
pre-exposui
biodegradat
collected fr
industrial t

8.3.3 Ino
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Provide a ny
a) Threet

b) Threef

ose of the test, a pre-exposed inoculum may also be used, provided this is clearly s
eport (e.g. per cent biodegradation = x %, using pre-exposed ‘inocula) and the meth
e detailed in the test report. Pre-exposed inocula can be obtained from suitable labor
ion tests (see ISO/TR 15462) conducted under a variéty of conditions or from san
bm locations where relevant environmental conditions exist (e.g. contaminated are
eatment plants).

Culum from soil and/or compost

g of non-sterile, fertile soil or compost from a composting plant treating predomin
te in 100 ml of the test medium (6.2.1 0126.2.2) or in a pyrophosphate solution (6.3) wh
sed in soil microbiology. Allow to settle for about 30 min. Decant and filter the supern
ch a coarse porous filter and add the inoculum to the test flasks to obtain a concentr
to 5 % (V/V) in the test medium:Higher amounts of inoculum can be used if necessar
se problems in establishing:carbon balances. The use of compost can increase the numh
fest flasks and improve the biodegradation of plastic materials. In this case, indicate the
st used in the test report{e.g. mature compost, compost from the hot phase at about 50

mber of flagks; so that the test includes at least the following.
st flasKs for the test material (symbol Fr).

asks.for the blank (symbol Fg).

Hdnce

ml of
peed
htter,
o the
over

1ding
Fated
bd of
htory
hples
hs or

antly
chis
htant
ation
7 but
er of
state
°C).

c) Threef

ask for checking the inoculum activity using a reference material (symbol F¢).

Two flasks for test material, blank, and reference material may be used instead of three for screening
purposes. And, if required:

d)

One flask for checking for possible abiotic degradation or non-biological change in the test material
such as by hydrolysis (symbol Fs). The test solution in Fg shall be sterilized, for example by
autoclaving or by the addition of a suitable inorganic toxic compound to prevent microbial activity.
Use, for example, 5 ml/1 of a solution containing 10 g/l of mercury(Il)chloride (HgCly). Add the
same amount of the toxic substance during the test if required.

One flask as a negative control (symbol Fy) using a non-biodegradable polymeric substance (e.g.
polyethylene) in the same form as the test material.
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f) One flask for checking the possible inhibiting effect of the test material on microbial activity
(symbol Fy). Take care that the ratio of carbon in the test and reference material to nitrogen in the

medium is at least about C:N = 40:1. Add nitrogen if required.

Add appropriate amounts of the test medium (6.2) and the inoculum (see 8.3) to the test flasks as

indicated in Table 1.

Table 1 — Final distribution of test and reference materials

Flask Test material Reference material Inoculum
Fr Test + - +
Fg Blank - - +
Fc Inoculum check - + +
Fs Abiotic degradation check (optional) + - -
F1 Inhibition control (optional) + + +
FN Negative control (optional) - + +
Connlect the flasks to the CO;-free-air production system (see Annex @). Incubate at the [desired test
temperature (see Clause 5) and aerate the flasks for 24 h to purgé«carbon dioxide from|the system.
At higher temperatures, prevent any ingress or loss of liquid by means of suitable equipnjent. Agitate

throyighout the test with a magnetic stirrer or shaker. If excessive foaming is observed, re
purge by overhead aeration with stirring. After the pre-aeration period, connect the air
flasklto the carbon dioxide trapping or measuring system.

If a carbon balance is to be run (see Annex C), remove-aknown sufficient volume of the ind
medjum from each flask or from additional separate‘flasks for DOC and biomass determif
beginning and the end of the incubation period, Gonsider the removed volume when adjust

volume or when calculating the test results.

Add
to the respective flasks as indicated inIable 1 and start the test by bubbling CO;-free air
flaskis to ensure a sufficient quantity\of oxygen throughout the test. A rate of 50 ml/min to
is usnally suitable.

Meagure at regular intervals; \depending on the carbon dioxide evolution rate, the amou

dioxide evolved from each-battle, using a suitable and sufficiently accurate method (see An

Whe
biod¢gradation is €xpected, the test is considered to be completed. The maximum te
6 manths. In the €asé of long test durations, special attention shall be paid to the technical
ess of the test vessels and connections, ensuring no carbon dioxide enters and ensuri
kages).

he test material (see 8.1), the reference material and the material for the negative cont

blace the air
exit of each

culated test
lation at the
ing the final

rol (see 8.2)
through the
100 ml/min

t of carbon
nex B).

h a constant levelhof carbon dioxide release is attained (plateau phase reached) and no further

st period is
system (e.g.

ing there are

ydrochloric

Continue aeration for 24 h and measure the amount of carbon d10x1de evolved in each of the series of

flasks (Fr, FB, Fc, ...)-

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7afaf582eea2b3e914fa2a40dd67842d

ISO 14852:2018(E)

9 Calculation and expression of results
9.1 Calculation

9.1.1 Theoretical amount of carbon dioxide evolved by the test material

Calculate the theoretical amount of carbon dioxide (ThCO3) evolved, expressed in milligrams, using

Formula (1):

MM co,
ThCO, =mxX X——-+= (@8]
MM
where
m is the mass of test material introduced into the test system, in milligrams;
Xc is the carbon content of the test material, determined from the chemical formula on

calculated from an elemental analysis and expressed as a mass fraction;

MM is the molecular mass of carbon dioxide;
2

MM¢ is the molecular mass of carbon.

Calculate, irff the same way, the theoretical amount of carbon dioxide evolved by the reference material
and the mixfure of test and reference material in flask FJ.

9.1.2 Pergentage biodegradation from CO; evolution

Calculate thle percentage biodegradation Dy for the-test flasks Fr from the amount of carbon dipxide
evolved for each measurement interval using Formufla (2):

> _2J(C02)n -3 (O 2
ThCO,

where

[

Z(CO ) is the amounit of carbon dioxide evolved in flask Ft between the start of the teq
3T and timet)expressed in milligrams;

Z(CO ) is thexamount of carbon dioxide evolved in the blank flask Fg between the start of
3’B the test and time ¢, expressed in milligrams;

ThCO; is the theoretical amount of carbon dioxide evolved by the test material, exprefsed
in milligrams.

If possible, calculate the average for the triplicate flasks. In the same way, calculate the percentage
biodegradation of the reference material in the inoculum check flask F¢ and, if included, the percentage
biodegradation of the mixture of test and reference material in the inhibition control Fj, the test
material in the abiotic degradation control Fs and the negative control Fy.

If a carbon balance is to be run, calculate the degree of biodegradation of the test material from the
amount of carbon dioxide evolved and the carbon content of the biomass formed during the test (see
Annex C).

9.2 Expression and interpretation of results

Compile a table of carbon dioxide released and the percentage biodegradation for each measurement
interval and each test flask. For each vessel, plot a curve of the carbon dioxide evolved and a curve of

10 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7afaf582eea2b3e914fa2a40dd67842d

ISO 14852:2018(E)

the percentage biodegradation as a function of time. If comparable results are obtained for the triplicate
flasks, a mean curve may be plotted.

The maximum level of biodegradation determined as the mean value of the plateau phase of the
biodegradation curve or the highest value, e.g. when the curve decreases or, further on, slowly increases
in the plateau phase, characterizes the degree of biodegradation of the test material. If a carbon balance
has been determined, the result of this determination characterizes the total degree of biodegradation.

The wettability and the shape of the test material may influence the result obtained, and hence the test
procedure may be limited to comparing plastic materials of similar chemical structure.

Information on the toxicity of the test material may be useful in the interpretation of test results
showing a low biodegradation.

10 Validity of results
The test is considered valid if

a) the degree of biodegradation of the reference material (inoculum check F¢) is > 60 % at the end of
the test;

b) the difference between the percentage biodegradation of the reference material in the different
yessels is less than 20 % at the end of the test;

c) the amount of carbon dioxide which has evolved from*the blank Fp at the end of the test does
:I;?t exceed an upper limiting value obtained by experience (this value depends on thie amount of
inoculum and is, for example, in the case of 30 mg/1 dry matter, about 90 mg/l1 as inte¢rlaboratory
tlests have shown).

d) the amount of carbon dioxide evolved from\the three blanks Fg are within 20 % of the|mean at the
plateau phase or at the end of the test.

If in flask Fy (inhibition check, if included) the percentage biodegradation is <25 % and n¢ significant
degrpdation of the test material is observed, it can be assumed that the test material is inhjbitory.

If in [flask Fs (abiotic degradation:check, if included) a significant amount (>10 %) of evglved carbon

dioxide is observed, abiotic degradation processes may have taken place.

If flalsk FN (negative control) was included, no significant amount of evolved carbon dioyide shall be
obsefved (>10 %).

If thgse criteria arenot fulfilled, repeat the test using another pre-conditioned or pre-exposgd inoculum.

11 Testreport

The testreport shall contain at least the following information:

a) areference to this document, i.e. ISO 14852:2018;

b) all information necessary to identify the test and reference materials, including their TOC, ThCO3,
chemical composition and formula (if known), shape, form and amount/concentration in the
samples tested;

c) the main test parameters, including test volume, test medium used, incubation temperature and
final pH;

d) the source and amount of the inoculum used, including details of any pre-exposure and the state of
the compost used;

e) the analytical techniques used, including methods of carbon dioxide detection and TOC, DOC and
biomass determination;
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f) all the test results obtained for the test and reference materials (in tabular and graphical form),
including the measured accumulated carbon dioxide, the percentage biodegradation values and the
respective curves of these parameters against time;

g) the duration of the lag phase, biodegradation phase and maximum level of degradation, as well as
the total test duration;

and, optionally, if run or determined:
h) the results of the abiotic degradation check Fs, the inhibition control Fj and the negative control Fy;

i) the results of the carbon balance determination, including, for example,

1) thejamount of carbon in the test material oxidized to carbon dioxide,

2) the|increase in DOC in the test medium during the incubation period due to water-soluble
subptances,

3) thelincrease in organic carbon in the biomass during the test,
4) the|carbon content of the residual polymers at the end of the test, and

5) thefsum of all the carbon measured, expressed as a percentage of the carbon introduced as the
tesf material;

j)  the colony-forming units (cfu/ml) in the inoculated test mixtutes;

k) any other relevant data (e.g. initial molecular mass of the;sample, molecular mass of the resjdual
polymer).
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Annex A
(informative)

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

The fls : : 3 : &4 = g with-ga reable tubing.
50 mll/min to 100 ml/min of CO3-free air is passed through the system at a constant low pregsure. Count
air bubbles or use a suitable flow-rate controller to check the air-flow rate. Use synthetic [CO2-free air
or campressed air. In the latter case, remove the CO; by passing the air through a hettle containing dry
soda|lime or through at least two wash bottles containing e.g. 500 ml of a 10 mol/1 aquepus solution
of pqtassium hydroxide (KOH). Use an additional flask containing 100 ml0f20,012 5 mol/l barium
hydrpxide [Ba(OH);] solution to indicate the presence of any CO; in the air by turbidity. An empty
flaskl between the indicator and the following test flask can be used to(pvevent liquid catrryover. CO;
is prpduced in the test flask if biodegradation takes place and absorbed in the subsequgnt absorber
bottles for determination as described in Annex B.

1

—_—

5
3 4 3

6

Key

1 compressed air

2 flow-rate controller

3 carbon dioxide trap (e.g. two wash bottles containing alkali)

4  carbon dioxide indicator [Ba(OH)z]

5 testvessel

6  stirrer

Figure A.1 — Example of system for measuring evolved carbon dioxide
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Annex B
(informative)

Examples of methods for the determination of evolved carbon

dioxide

B.1 CO; determination by DIC measurement

The carbon
dissolved in

Prepare a s
blank value
bottles each

dioxide evolved is absorbed in sodium hydroxide (NaOH) solution and determing
prganic carbon (DIC) using e.g. a DOC analyser without incineration.

lution of 0,05 mol/l NaOH in deionized water. Measure the DIC of this solution and us{
when calculating the CO2 production. Connect in series with the test flask two abs
containing 100 ml of the NaOH solution. Close the outlet of thedast bottle with a s

syphon to prevent CO; from the air from entering the NaOH solution. On the‘days of when the G

determined
measureme
NaOH soluti

remove the absorber bottle next to the test flask and take a sample large enough fo
nt (e.g. 10 ml). Replace the bottle by the second and add amnew one with freshly prep
pn. On the last day, after acidification of the test solutionfyné€asure the DIC in both botf]

d as

 this
rber
mall
05 is
r DIC
ared
les.

Calculate the CO2 produced using Formula (B.1):
(DIC —DICg )x3,67
Cco = B.1

(COz)y 0 (B1)
where

(CO2)t | is the mass of COy evolved, in milligrams;

DICT is the measured DIC, in milligrams;

DICp is the blank DIC measured for the NaOH solution, in milligrams;

3,67 is the ratio of the@olecular mass of CO; (44) to the atomic mass of carbon (12);

10 is a correction factor to allow for the fact that 100 ml of NaOH solution was used.
B.2 Titrimetricimethod using a barium hydroxide solution

The CO7 pro

duced reacts with the barium hydroxide [Ba(OH);] and is precipitated as barium carbc

nate

(BaCO03) [se

reaction (R 7)] The amount of CO» evolved is determined hy fih‘ah'ng the rema

ning

Ba(OH); with hydrochloric acid (HCI) [see Formula (B.3]].

CO, +Ba(OH), —BaCO3 +H,0

Ba(OH),

+2HCl — BaCl, +2H,0

(B.2)

(B.3)

Dissolve 4,0 g of Ba(OH)2 - 8H20 in deionized or distilled water and make up to 1 000 ml to obtain a
0,012 5 mol/I solution. It is recommended that a sufficient amount, e.g. 5 1, be prepared at a time when
running a series of tests. Filter free of solid material and determine the exact concentration by titration
with a standard HCI solution. Use phenolphthalein as indicator or an automatic titrator to determine
the end-point. Store as a clear solution in a sealed flask to prevent absorption of CO; from the air.
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