INTERNATIONAL ISO
STANDARD 14852

Third edition
2021-06

Determination of the ultimate aerobic
biodegradability of plastic materials
in an aqueous medium — Method by
analysis of evolved-carbon dioxide

Evaluation de la biodégradabilité aérobie ultime des matg¢riaux
plastiques en milieu aquéux — Méthode par analyse du djoxyde de
carbone libéré

Reference number
1SO 14852:2021(E)

©1S0 2021


https://standardsiso.com/api/?name=ae47dcbe880c446192c525b6f19f9af5

ISO 14852:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=ae47dcbe880c446192c525b6f19f9af5

ISO 14852:2021(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Principle
5 TeSt @NVIFOMIMIENIT........ooccccooiiiiiiciisese i (P e 4
6 REAZEIIES ..o kT 4
7 APPATARUS ......ooooiii st Sy o e 6
8 PIrOCEAUTE. ..ottt Moot
8.1 TSt MNATETIAL ...oooo e T s
8.2 Reference Material. ... kst srsesssssesssssssessssssessssseoes
8.3 Preparation of the inoculum
8.3.1  GENETAL ..o s S
8.3.2  Inoculum from wastewater-treatment plants
8.4 TTOSE e e e
9 Calculation and exXpression Of FESULES. ... a3 e 10
9.1 Calculation
9.1.1 Theoretical amount of carbon:dioxide evolved by the test material.....} ... 10
9.1.2  Percentage biodegradation from CO, evolution..........c i 10
9.2 Expression and interpretation of TESULES ... i 10
10 Validity Of TeSUIES ... 5o e 11
11 TESTTEPOTT ..o et 11
Annex A (informative) Principle of a-system for measuring evolved carbon dioxide (example)....13
Anne¢x B (informative) Examples-of methods for the determination of evolved carbon djoxide ... 14
Annex C (informative) Exaniple of the determination of a carbon balance................fonn 16
Anne¢x D (informative) Example of a determination of the amount of water insoluble
polymer remaining at the end of a biodegradation test and the molecular mass|of
B POIYINIOI 7 e 18
BID A OGP Y . e e 19
© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=ae47dcbe880c446192c525b6f19f9af5

ISO 14852

:2021(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 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

WARNING — Sewage, activated sludge can contain potentially pathogenic organisms. Therefore,

appr
who

This
detel

formulation additives. The test material is exposed in a synthetic medium under s

laboi

The (
maxi
plast

The

0

bcope

document specifies a method, by measuring the amount of carbon djoxide evol
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ic materials and give an indication of their potential biodegradability.
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ethod applies to the following materials:
atural and/or synthetic polymers, copolymers or mixtures thereof;
lastic materials which contain additiizes such as plasticizers, colorants or other comp
vater-soluble polymers;

aterials which, under the:test conditions, do not inhibit the microorganisms pr¢
oculum. Inhibitory effeets.can be determined using an inhibition control or by another
ethod (see, for example;1SO 8192[11). If the test material is inhibitory to the inoculum
oncentration, anotherinoculum or a pre-exposed inoculum can be used.
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ISO 8245, Water quality — Guidelines for the determination of total organic carbon (TOC) and dissolved
organic carbon (DOC)

3 Terms and definitions

Fort

he purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[
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ultimate aerobic biodegradability
breakdown ratio by expressed as percentage 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 organic 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

concentrat
amount of s
and drying 4

3.4

on of suspended solids
olids obtained by filtration or centrifugation of a known volume of activated sludge
it about 105 °C to constant mass

dissolved inorganic carbon

DIC
part of the i

Note 1 to ent
membrane fi

3.5
theoretical
ThCO,
maximum {
compound,

Note 1 to ent
Note 2 to ent

3.6

horganic carbon in water which cannot be removed by specified phase separation
Fy: Phase separation can be achieved for example by centrifugation at40 000 m-s=2 for 15 min

tration using membranes with pores of 0,2 pm to 0,45 pm diameter.

amount of evolved carbon dioxide

ralculated from the molecular formula
Fy: It is calculated from the molecular formula.

Fy: It is expressed as milligrams of carbon dioxide evolved per milligram or gram of test comp

total organijic carbon

TOC
amount of ¢

Note 1 to ent
[SOURCE: I
3.7

hrbon bound in an orgahi¢ compound
Fy: It is expressed as‘atilligrams of carbon per 100 mg of the compound.

0 17556:20125.3)14]

dissolved organic.carbon

DOC

part of the d

rganic carbon in water which cannot be removed by specified phase separation

(3:2)

or by

heoretical amount of carbon dioxide evolved: after completely oxidizing a chejnical

und.

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 pm 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 (3.9)

Note 1 to entry: It is measured in days.
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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 (3.8) of a test until the plateau phase (3.11) has been reached

Note 1 tao entrv: Itismeasured in davs

3.11
plate¢au phase
time|from the end of the biodegradation phase (3.10) until the end of a test

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

3.12
pre-gxposure
pre-incubation of an inoculum (3.14) in the presence of the chemical compound or organic npatter 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-tonditioned
pre-incubated inoculum (3.14) 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 useduin an inoculation (3.15)

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 piodegradability of a plastic material is determined using aerobic, mesophilic micfoorganisms
in an aquépus system. The test mixture contains an inorganic medium, the organic test material (the
sole source of carbon and energy) with a concentration between 100 mg/1 and 2 000 mg/1 of organic
carbbrandactivatedsludgeastheineeutum—tH higher concentrationsof testmaterialaredsed, then an

optimised test medium should be applied.

NOTE Lower concentrations such as those 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 2 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 (ThCO,) 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 can be calculated to give additional information on the biodegradation (see Annex C).

© IS0 2021 - 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 can 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,PO,) 85¢g
anhydrous dipotassium hydrogen pheSphate (K,HPO,) 21,75 g
disodium hydrogen phosphate ditiydrate (Na,HPO, - 2H,0) 334¢
ammonium chloride (NH,CI) 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 (MgSO, - 7H,0) in water (6.1) and make p to
1000 ml.

6.2.1.3 Solution C.

Dissolve 36,4 g of calcium chloride dihydrate (CaCl, - 2H,0) in water (6.1) and make up to 1 000 ml.

6.2.1.4 Solution D.
Dissolve 0,25 g of iron(III) chloride hexahydrate (FeCl; - 6H,0) 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 © IS0 2021 - 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 can 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 Solution E.

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

anhyldrous potassium dihydrogen phosphate (KH,POQy) 375¢g
disodlium hydrogen phosphate dihydrate (Na,HPEy - 2H,0) 873¢g
ammjonium chloride (NH,CI) 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 mgofZnCl,;

b) 100 mg of MnCl, - 4H,6;

c) ¢ mgof H3BO,;

d) 190 mg of Co€l, - 6H,0;

e) 3 mgeofCuCl, - 2H,0;

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

g) 36 mgofNa,MoO, - 2H,0;

h) 33 mgofNa,WO0, - 2H,0;

i) 26 mgofNa,SeO; - 5H,0.

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 2021 - 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 f

ilters (see 7.7).

Solutions F and G are optional and are not required if a sufficient concentration of the inoculum is used,
such as activated sludge. It is recommended that 1 ml portions be prepared and kept refrigerated until

use.

6.2.2.4 Pr

eparation.

To prepare 11 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.

7 Appar

7.1 Ensur

Usual labors

7.2 Testf]
or stirring,
temperaturg

7.3 CO,-fi
min and 10(
test vessels,

7.4 Analyj
with sufficig
after compld
IR detector,

7.5 Analyj

carbon (DQC), accotding to ISO 8245.

£ ) 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

atus

e that all glassware is thoroughly cleaned and, in particuldy free from organic or toxic m

itory equipment are required, 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 COz,“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 CO,-free air at a flow rate between 5
ml/min to each test flask, held constant to within +10 % (see example of system, incly
in Annex A).

tical instrument for determining carbon dioxide, consisting of any suitable appa
nt accuracy, for example’a CO, or DIC analyser or apparatus for titrimetric determin
te absorption in a basic solution (see examples in Annex B). Note that, if an analyser wi
for instance, is used; CO,-free air is not necessary.

tical equipnient for measuring total organic carbon (TOC) and dissolved org

tical\balance.

7.6 Analyj]

2.3).

d be

atter.

nking
tant-

ml/
iding

ratus
ation
kth an

panic

7.7 Centrifuge, or filtration device with membrane filters (0,45 pm 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 CO, 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 ThCO,. 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 ratid-of 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 4
tested and found suitable.

0 mg/1, have

The

piecd
biods
to be
distn

fest material should preferably be used in powder form, but it can-also be introduded as films,
s, fragments or shaped articles. The form and shape of the test’material can 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 can/depend on the form of the tg
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

pst 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 ekample, ASTM D 3536-91[7Z] or any other applicable standard method). Preferably, plastic materials
withput additives such as plasticizers should be tested. When the material does contain su¢h additives,
inforymation on their biodegradability will. be needed to assess the biodegradability of the polymeric
matgrial itself.

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
lose filters or pdly;f-hydroxybutyrate) as a reference material. If possible, the TOC, fq
Ild be comparable to that of the test material.

As a as the test

mate

negative control, a non-biodegradable polymer (e.g. polyethylene) in the same forn;
rial can-optionally 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. 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 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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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 determination (see Annex C) is to be carried out, an inoculum concentration

of 30 mg/l nllcpnnﬂpd solids is recommended. As solid matter can interfere with the carbon ba

ance

determinati
the activate
mixer. Allow
but in any c3
test flasks t
medium. Av

An inoculum can 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

8.4 Test
Provide a ny
a) Threet
b) Threef
c) Twofla

Two flasks f
purposes. A

d) One flag
such as

autoclay

pon, the following procedure for preparing the inoculum is recommended. Take 500
1 sludge and homogenize for 2 min at medium speed in a blender or in a suitable liigh-s
 to settle until the supernatant liquid contains no significant amounts of suspended m
ise for at least 30 min. Decant a sufficient volume of the supernatant liquid andradd it
b obtain a concentration of a volume fraction of 1 % to a volume fraction @5 % in thq
bid carrying over sludge particles.

ose of the test, a pre-exposed inoculum can 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).

mber of flasks, so that the test includes atleast the following.

st flasks for the test material (symbal-Fr).

asks for the blank (symbol Fj).

5k for checking the inoculpractivity using a reference material (symbol F).

or test material, blank,‘and reference material can be used instead of three for screg
hd, if required:

k for checkingferpossible abiotic degradation or non-biological change in the test mat
by hydrolySis*(symbol Fg). The test solution in Fg shall be sterilized, for examp
ing or by-the addition of a suitable inorganic toxic compound to prevent microbial act
example;v5 ml/l of a solution containing 10 g/I of mercury(II)chloride (HgCl,). Ad
nountef the toxic substance during the test if required.

ml of
peed
htter,
o the
b test

1ding
Fated
bd of
htory
hples
hs or

ening

erial
e by
ivity.
] the

bk'as a negative control (symbol Fy) using a non-biodegradable polymeric substancd

(e.g.

polyethylene) in the same form as the test material.

Use, fon

same af
e) One flaj
f)

One flask for checking the possible inhibiting effect of the test material on microbial activity

(symbol F)). 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.
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Table 1 — Final distribution of test and reference materials

Flask Test material Reference material Inoculum
F Test + - +
Fg Blank - - +
F Inoculum check - + ¥

Fg Abiotic degradation check (optional)

+

F| Inhibition control (optional)

+ +

+

Fy Negative control (optional)

+

+
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ect the flasks to the CO,-free-air production system (see Annex A). Incubate at the
erature (see Clause 5) and aerate the flasks for 24 h to purge carbon dioxide from
lcher temperatures, prevent any ingress or loss of liquid by means of suitable €guipn
nighout the test with a magnetic stirrer or shaker. If excessive foaming is observed, re
e by overhead aeration with stirring. After the pre-aeration period, confieet the air
to the carbon dioxide trapping or measuring system.

arbon balance is to be run (see Annex C), remove a known sufficientvolume of the ind
um from each flask or from additional separate flasks for DOCand biomass determir
i;ning and the end of the incubation period. Consider the removed volume when adjust
e or when calculating the test results.

he test material (see 8.1), the reference material and the material for the negative cont
e respective flasks as indicated in Table 1 and startthe test by bubbling CO,-free air
s to ensure a sufficient quantity of oxygen throughiout the test. A rate of 50 ml/min to
1ally suitable.

ure at regular intervals, depending on the'@arbon dioxide evolution rate, the amou
ide evolved from each bottle, using a suitable and sufficiently accurate method (see An|

¢gradation is expected, the test is considered to be completed. The test period should 1
bd 2 months. However, if significant biodegradation is still observed and the plateau p
reached after this length of-time, then the test may be extended, but not longer than

ase of long test durations, special attention shall be paid to the technical system (e.g.

st vessels and connections, ensuring no carbon dioxide enters and ensuring there are

le last day of the test/measure the pH, acidify all the bottles with 1 ml of concentrated
n order to decempose the carbonates and bicarbonates, and purge to remove the car
nue aeratiormfor 24 h and measure the amount of carbon dioxide evolved in each of
s (Fr, Fg, Epvetc).

I

desired test
the system.
ent. Agitate
pblace the air
exit of each

culated test
1ation at the
ing the final

rol (see 8.2)
through the
100 ml/min

ht of carbon
nex B).

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

hot typically
hase has not
b months. In
tightness of
o leakages).

ydrochloric
bon dioxide.
the series of
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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 (ThCO,) evolved, expressed in milligrams, using

Formula (1):

ThCO, =mx X, xf}—4 (@8]
12
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 or

calculated from an elemental analysis and expressed as a mass fraction;
44 is the molecular mass of carbon dioxide;
12 is the molecular mass of carbon.

Calculate, in] the same way, the theoretical amount of carbon dioxide evolved by the reference material
in flask F apd the mixture of test and reference materials in flaskf.

9.1.2 Pergentage biodegradation from CO, evolution

Calculate thle percentage biodegradation D, for the test flasks F from the amount of carbon digxide
evolved for ach measurement interval using Formiila (2):

D =Z €0, )1 =2 (€0, )y %100

2
¢ ThCO, )
where
Z(coz )t is the amount-ef carbon dioxide evolved in test sample flask F; between the start of

the test andtime t, expressed in milligrams;

Z(COZ ) is theamount of carbon dioxide evolved in the blank flask Fz between the start ¢f the
testiand time ¢, expressed in milligrams;

ThCO, is the theoretical amount of carbon dioxide evolved by the test material, expressed
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 frask F, the test
material in the abiotic degradation control frask Fg and the negative control frask 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
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the percentage biodegradation as a function of time. If comparable results are obtained for the triplicate
flasks, a mean curve can be plotted.

The maximum level of biodegradation determined as the mean value of the plateau phase of the
biodegradation curve or the highest value, for example 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 can influence the result obtained, and hence the test
procedure can be limited to comparing plastic materials of similar chemical structure.

Infojmation on the toxicity of the test material can 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
tthe test;

b) the amount of carbon dioxide which has evolved from the)blank F at the end of the test does
i?t exceed an upper limiting value obtained by experierice (this value depends on the amount of
inoculum and is, for example, in the case of 30 mg/Ldsy matter, about 90 mg/l1 as int¢rlaboratory
tlests have shown);

c) the amount of carbon dioxide evolved from the three blanks Fz and from the three tg¢st flasks Fi;
gre within 20 % of the mean at the plateau plase or at the end of the test.

If in flask F; (inhibition check, if included)the percentage biodegradation is <25 % and n¢ significant
degradation of the test material is obseryed, it can be assumed that the test material is ithbitory.
|

If in|flask Fg (abiotic degradation chedk, if included) a significant amount (>10 %) of evdlved carbon

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

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

If thgse criteria are not fulfilled, repeat the test using another pre-conditioned or pre-exposg¢d inoculum.

11 Test report
The test report shall contain at least the following information:

a) a reference to this document, i.e. ISO 14852:2021;

b) all information necessary to identify the test and reference materials, including their TOC, ThCO,,
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;

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;

h) any deviations from the procedure;
i) any unusual features observed;

j)  the date of the test;

and, optionglly, if run or determined:

k) the resylts of the abiotic degradation check Fj, the inhibition control F} and the negative €ontr¢l Fy;

1) the resylts of the carbon balance determination, including, for example:
1) thefamount 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
subgstances,

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) the[sum of all the carbon measured, expressed as a,percentage of the carbon introduced 3s the
test material;

m) the colony-forming units (cfu/ml) in the inoculated test mixtures;

n) 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 : et 3 : &4 = g with-ga reable tubing.
50 mfl/min to 100 ml/min of CO,-free air is passed through the system at a constant low prepsure. Count
air bubbles or use a suitable flow-rate controller to check the air-flow rate. Use synthetic|CO,-free air
or campressed air. In the latter case, remove the CO, by passing the air through a bettle coptaining dry
soda|lime or through at least two wash bottles containing, for example, 500 mlKefa 10 m¢l/1 aqueous
solutlion of potassium hydroxide (KOH). Use an additional flask containing 100 ml of 0,012 5 mol/]
bariym hydroxide [Ba(OH),] solution to indicate the presence of any CO, in the air by turbidity. An
empty flask between the indicator and the following test flask can be uséd)to prevent liquid carryover.
CO, is produced in the test flask if biodegradation takes place and absorbéd in the subsequé¢nt 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),]

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| dioxide evolved is absorbed in sodium hydroxide (NaOH) solution and determingd as
dissolved inprganic carbon (DIC) using, for example, a DOC analyser without incineration,
Prepare a sqlution of 0,05 mol/l NaOH in deionized water. Measure the DIC of this solution and usg¢ this
blank value|when calculating the CO, production. Connect in series with the test flask two abs¢rber
bottles each containing 100 ml of the NaOH solution. Close the outlet of thedast bottle with a gmall
syphon to prevent CO, from the air from entering the NaOH solution. On the“days of when the (O, is
determined| remove the absorber bottle next to the test flask and take,a sample large enough for DIC
measuremeft (e.g. 10 ml). Replace the bottle by the second and add anew one with freshly pregared
NaOH solutipn. On the last day, after acidification of the test solution{yméasure the DIC in both bottles.
Calculate the CO, produced using Formula (B.1):
(DIC; —DICg )x3,67
m(CO, )} =~—T—B B.1
(COp )y m (B.1)

where

m(CO,)+ is the mass of CO, evolved, in milligrams;

DIC; is the measured DIC from test sample flask, in milligrams;

DICy is the measured DIC fronrblank flask for the NaOH solution, in milligrams;

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

10 is a correctien factor to allow for the fact that 100 ml of NaOH solution was used.
B.2 Titrimetricmethod using a barium hydroxide solution
The CO, produced reacts with the barium hydroxide [Ba(OH),] and is precipitated as barium carbgnate
(BaCO;3) [seeEormula (B.2)]. The amount of CQ, evolved is determined hy titrating the remalning
Ba(OH), with hydrochloric acid (HCI) [see Formula (B.3)].

€0, +Ba(OH), —BaCO; +H,0 (B.2)

Ba(OH), +2HCl—BaCl, +2H,0 (B.3)

Dissolve 4,0 g of Ba(OH), - 8H,0 in deionized or distilled water and make up to 1 000 ml to obtain a
0,012 5 mol/1 solution. It is recommended that a sufficient amount, such as 5 ], 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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