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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

Biodegradation (i.e. biodegradation level and biodegradation rate) of a plastic product in any given
environment is basically the result of three conditions:

a)

the intrinsic (i.e. potential) biodegradability of the material;

b) the available surface and the shape of the product;

c)

the environmental conditions where the product is located.
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Plastics — Assessment of the intrinsic biodegradability
of materials exposed to marine inocula under mesophilic

aerobic laboratory conditions — Test methods and
requirements

1 $cope

This|document specifies test methods and criteria for showing intrinsic biodegradabilit
envifonments of virgin plastic materials and polymers without any preliminary en
expojsure or pre-treatment.

Test methods applied in this document are carried out at temperatures in the mesophilic
aerobic conditions and are aimed to show ultimate biodegradability, i.e,.canversion into car
watefr and biomass.

This|document neither assesses the constituents, such as regulatéd metals or substances h
the evironment, nor potential ecotoxic effects but intrinsic biodegradability only. These as
consjdered in a separate standard covering the overall envirohmental impact of products i
or accidentally released in the marine environment.

This|document does not cover the performance of prediicts made from biodegradable plast
and piodegradable polymers. Lifetime and biodegradation rates in the sea of products
biod¢gradable plastic materials are generally affected by the specific environmental condi
thiclness and shape.

Alth
spec
extra

ugh results might indicate that the\tested plastic materials and polymers biodegrad
fied test conditions at a certain-rate, the results of any laboratory exposure cannof
polated to marine environments-at the actual site of use or leakage.

This
For s

document is not applicable for “marine biodegradable” claims of biodegradable plast
uch purpose, see relevant,product standards, if available.

The {
the s
For s

esting scheme specified in this document does not provide sufficient information for

uch purpose, see Televant standards about specific biodegradation rate, if available.
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Normative references

folowing documents are referred to in the text in such a way that some or all of t
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yironmental
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ntentionally
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¢ materials.

letermining

pecific biodegradation rate (i.e. the rate per available surface area) of the material ufder testing.

heir content

cons

itutes requirements of this document For dated references, nn]y the edition cited

applies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 10210, Plastics — Methods for the preparation of samples for biodegradation testing of plastic

materials

ISO 18830, Plastics — Determination of aerobic biodegradation of non-floating plastic materials in a
seawater/sandy sediment interface — Method by measuring the oxygen demand in closed respirometer

ISO 19679, Plastics — Determination of aerobic biodegradation of non-floating plastic materials in a

seawater/sediment interface — Method by analysis of evolved carbon dioxide

ISO 22404, Plastics — Determination of the aerobic biodegradation of non-floating materials exposed to

marine sediment — Method by analysis of evolved carbon dioxide
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IS0 23977-1:—1), Plastics — Determination of the aerobic biodegradation of plastic materials exposed to
seawater — Part 1: Method by analysis of evolved carbon dioxide

IS0 23977-2:—32), Plastics — Determination of the aerobic biodegradation of plastic materials exposed to
seawater — Part 2: Method by measuring the oxygen demand in closed respirometer

ASTM D6691-17, Standard Test Method for Determining Aerobic Biodegradation of Plastic Materials in the
Marine Environment by a Defined Microbial Consortium or Natural Sea Water Inoculum

3 Terms and definitions

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

[SO and IEC|maintain terminological databases for use in standardization at the following addressgs:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eleqtropedia: available at http://www.electropedia.org/

31

intrinsic bipdegradability

ability of a|polymer or plastic material to be biodegraded established, under controlled laboratory
conditions

3.2

ultimate bipdegradability

breakdown jof an organic chemical compound by microorganisms in the presence of oxygen to carbon
dioxide, watler, and mineral salts of any other elements present (mineralization) and new biomass|or in
the absence|of oxygen to carbon dioxide, methane, mineral salts, and new biomass

[SOURCE: IS0 18606:2013, 3.5]

3.3

constituent

every pure ¢hemical material or substance of which a polymer or plastic material is composed

4 Requirements

4.1 Test material

Plastic matdrials, polymefs, and organic constituents shall be tested in the form specified by the applied
standard tegt method~Refer to ISO 10210 for preparation of powder from plastic materials if milljng is
required. Tgst samples shall not be subjected to any pre-treatment (e.g. by heat and or an exposure to
radiation exjposure) nor naturally aged.

4.2 Reference material

The reference material shall be cellulose (i.e. microcrystalline cellulose or cellulose filter paper).

4.3 Negative control

A negative control shall be tested in parallel with test and reference material. Virgin polyethylene shall
be used as negative control.

1) Under development. Stage at the time of publication: ISO/DIS 23977-1:2020.
2) Under development. Stage at the time of publication: ISO/DIS 23977-2:2020.

2
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4.4 Biodegradation test methods

The plastic material, polymer or each organic constituent separately shall be tested together with
reference material and negative control according to one of the following marine biodegradation test
methods: ISO 18830, ISO 19679, 1S022404, ASTM D6691-17, ISO 23977-1:—, ISO 23977-2:—.

The test may be stopped when a plateau phase is reached. As a guidance, the plateau phase is considered
to be reached when the average biodegradation rate of test material of at least 3 consecutive measuring
points is less than 3 % within 2 months. After one-year testing, carefully monitor test conditions in
order to ensure reliable conditions in the long term. Follow the instructions provided by the applied
standard test methods. Results shall be taken into consideration only if validity criteria of the chosen
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Requirements

vhole test material or each individual constituent, organic carbon shallymineralize

oses of this document, this requirement is proven if mineralisation relative to referel
east 90 %. Both the reference material and the test sample shall be:tested for the sam

rganic constituents which are present in the material at a €oncentration between 1

readily biodegradable in a ready biodegradation test:according to an OECD test guid
Methods A to F); OECD 310 are considered biodegradable in the context of this documg

h alternative, the level of biodegradation of an.drganic constituent may be determin
cial blend of the same material. This artificialiblend shall consist of at least 15 % of th
hic constituent [by total organic carbon.{fTOC) content]. The chemical composit
ture of the material shall remain the, same, but the amount of the organic consti
deration shall be increased to a minimum of 15 % [by total organic carbon (TOC) c
cial blend shall be produced following the same processing conditions (e.g. extrus
e production of the original material containing less than 15 % (by dry mass) of th
Lituent. In case the artificial blend meets the criteria specified above, the constituent i
poradable in the context of this document. The constituent can then be used at the sar
' concentration (<15 %;by.dry mass) in a material that also contains the same co-sub
d material.

1  The objectiyé\of testing an artificial blend is to verify a synergistic effect demon
stituent, which~is/suspected to be non-biodegradable when tested alone, becomes biod
ination with aiigther biodegradable constituent of a material.

2 Théconcentration of the constituent in the artificial blend is set at a minimum of 15 % in
positiveresults, as theoretically a material with, for example, 10 % of a non-biodegradable co
each the required pass level for biodegradation.
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ibre, cotton

fibre, starch, paper pulp, bagasse, jute) shall be accepted as being intrinsically biodegradable without
testing.

In principle, a positive biodegradation result obtained with one of the test methods indicated in 4.4
is sufficient to show that the test item is susceptible to biodegradation by marine microorganisms. A
test item that fails the test cannot be claimed to be intrinsically biodegradable. However, a negative
result could be the consequence of an inoculum with a qualitative or quantitative (or both) ineffective
microbial population. Thus, it cannot be excluded that the test item could show biodegradation if test is
repeated using different inoculum.
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