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and copyright of this PAS. BSI Standards Limited as the
publisher of the PAS reserves the right to withdraw or
amend this PAS on receipt of authoritative advice that
it is appropriate to do so. This PAS will be reviewed at
intervals not exceeding two years.

The PAS process enables a specification to be rapidly
developed in order to fulfil an immediate need

in industry. A PAS can be considered for further
development as a British Standard or constitute part of
the UK input into the development of a European or
International Standard.

Information about this document

Text introduced by or altered by Corrigendum No. 1
is indicated in the text by tags {c1l. Minor editorial
corrections are not tagged.
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This publication can be withdrawn, revised, partially
superseded or superseded. Information regarding the
status of this publication can be found in the Standards
Catalogue on the BSI website at bsigroup.com/
standards, or by contacting the Customer Services team.

Where websites and webpages have been cited, they
are provided for ease of reference and are correct at
the time of publication. The location of a webpage or
website, or its contents, cannot be guaranteed.

Use of this document

It has been assumed in the preparation of this PAS
that the execution of its provisions will be entrusted to
qualified and experienced people, for whose use it has
been produced.

Presentational conventions

The provisions of this PAS are presented in roman
(i.e. upright) type. Its requirements are expressed in
sentences in which the principal auxiliary verb is “shall”.

Commentary, explanation and general informative
material is presented in italic type and does not
constitute a normative element.

Where words have alternative spellings, the preferred
spelling of the Shorter Oxford English Dictionary is used
(e.g. “organization” rather than “organisation”).

Contractual and legal considerations

This Publicly Available Specification does not purport to
include all the necessary provisions of a contract. Users
are responsible for its correct application.

Compliance with a Publicly Available Specification
cannot confer immunity from legal obligations.
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O Introduction

The use of plastics and particularly polyolefin-based
plastics has significantly increased over the past decades
in many applications.[1] Driven by low costs and strong
supply chains, polyolefins have become the material of
choice for many product applications. The result of this
widespread use has meant that the end-of-life scenarios
of these materials has come under ever-increased
scrutiny. There are four major end-of-life scenarios of
plastic materials. [2]

a) landfill;

b) incineration/waste-to-energy;

¢) mechanical recycling; and

d) litter or leakage into the natural environment.

Whilst well-known standards and/or industry-accepted
protocols exist for determining the applicability or
performance of a plastic material in scenarios a),

b) and c), previous standards in scenario d) have
identified guidelines, but have not specified outcomes.
In addition, they have sought to pre-determine the
type of degradation process, rather than producing
numerical criteria associated with the performance of
the material under the stated test conditions.

NOTE 1 Similarly to standards within scenarios a), b)
and c) for end-of-life of plastic materials, which do
not overlap with each other when evaluating a plastic
material, this PAS does not overlap with standards
relating to landfill, incineration or recycling of plastics.
This PAS provides data on the material only related

to the end-of-life scenario as stated in scenario d):
littering or leakage into the natural environment.

Within all plastic materials, polyolefin-based plastics
are the most littered category (approx. 50% of total).
[2] More specifically, 75% of all fugitive plastic is land
based.[3][4] It is widely accepted that fugitive plastic on
land goes through a process of weathering, normally
resulting in the generation of microplastics, followed
by limited soil biodegradation depending upon the
environmental conditions.[3]

NOTE 2 A definition of microplastics can be found in
Annex G.
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The problem is that polyolefins are hydrocarbon-based
materials that are resistant to environmental stimuli
and inert to biological attack. Due to the ever-growing
problem of plastic pollution and the need to innovate
within current polyolefin-based packaging, additive-
based solutions are being proposed as biodegradable
innovations within polyolefinic materials. Although
these additive-based innovations have been known
for some time, previous standardization efforts have
covered only specific aspects of polyolefin use, such

as durability (via weathering testing), degradation

or loss of physical properties due to aging over time

or biodegradation under selected conditions. The
primary objective of this PAS is to provide a standard
specification that provides numerical data on the
biodegradability of a given polyolefin containing

a specific biodegradable additive under open-air
terrestrial conditions. The PAS is specifically designed to
simulate the overarching process of biodegradability in
an unmanaged environment, as in the case of littering
or unmanaged disposal. It does not provide data on
how a polyolefinic material would perform under
managed biodegradable end-of-life scenarios such as
industrial or home composting, anaerobic digestion,
or organic recycling.

NOTE 3 Biodegradability in unmanaged aquatic or
marine environments is not considered in this PAS.
These environments will be considered upon revision
of this PAS depending upon available standards

and evidence.

To achieve the objective of this PAS, internationally
accepted existing standards in relation to the three key
stages of concern with respect to biodegradability in
an open-air terrestrial environment will be referenced
accordingly. These standards will be further augmented
in line with written protocols to specify the conditions
and timeframes used for the testing at each stage.

The three stages represented are:

1) weathering of the polyolefinic material under
specific conditions and timeframes, after which
chemical analysis proves that the polyolefinic
material has been transformed into a wax
containing a specified carbonyl index;

2) an assessment of the eco-toxicity of the wax using
three sentinel species to determine that the wax
presents no hazardous or inhibiting effects; and
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3) biodegradation of the wax under mesophilic
conditions using exclusively soil as the medium for
the test to reflect unmanaged disposal conditions.

NOTE 4 An overview of the approach and pass-fail
criteria can be found in Annex A.

NOTE 5 Specifying that the biodegradation testing
achieves a degree of mineralization greater than
90% avoids the generation of microplastics.

The PAS aims to standardize the effectiveness of
technologies that impart biodegradability within
polyolefins by providing data on the performance of
the tested technology under the stated conditions.
Only by meeting the requirements of the standardized
testing in all stages of this PAS is a technology within a
given polyolefinic material composition deemed to be
compliant.

This PAS does not specify the origin of the raw
materials used in the polyolefin composition. Claims
around bio-based content are to be made in accordance
with relevant standards. In addition, the PAS does

not specify the use-life or durability aspects of the
polyolefinic material under evaluation.

NOTE 6 If an assessment of the bio-based content of a
polyolefinic material is desired, further reading of
BS EN 16640 and BS EN 16785-1 is recommended.

NOTE 7 The compatibility of innovative polyolefin
packaging entering the market and its current recycling
streams is covered by relevant industry recycling

protocols.

The PAS is not intended for making claims of
biodegradability, nor for product (self-) declaration.
Compliance with the PAS would provide the numerical
evidence to support claims about the performance of
the technology within polyolefins in alignment with
BS EN ISO 14021.

NOTE 8 Attention is drawn to the legal requirements of
the territory of use of the polyolefinic material.

Documents

. Document Sharing Hub
\"% © The British Standards Institution 2021

Full document details: PAS 9017:2020


http://www.avadocuments.com/doc/pas-9017-2020
http://www.avadocuments.com/doc/pas-9017-2020

1 Scope

This PAS specifies requirements of polyolefinic materials
enhanced with an additive technology that imparts
biodegradability in an open-air terrestrial environment.
This PAS specifies the standards to be used for
evaluating the performance of the tested polyolefinic
material at each stage, whilst within these protocols it
specifies the conditions and maximum timeframes the
testing is to be conducted in. Furthermore, it specifies
the chemical analysis and the numerical limits required
to meet compliance with the PAS at the end of each
stage of testing.

Thus, this PAS covers:

a) polyolefin composition and additive technology
under evaluation;

b) alignment of specific standardized protocols for
testing at each stage, notably:

1) weathering exposure of test polyolefinic
materials for a defined period of time,
including chemical analysis to yield quantifiable
measurement of chemical transformation into
a wax;

2) eco-toxicity testing upon the wax to ensure no
hazardous substances are present; and

3) biodegradation testing under mesophilic on soil
conditions.

c) standardized testing protocol to be used at each
stage of evaluation as well as for chemical analyses;

d) reporting of the data at the end of each stage of
testing and the specifications to indicate compliance
with the PAS.

© The British Standards Institution 2021

Full document details: PAS 9017:2020

PAS 9017:2020+C1:2021

This PAS does not cover:

* managed biodegradable end-of-life scenarios such as
industrial or home composting, landfill and anaerobic
digestion;

e unmanaged aquatic environments of freshwater
of marine habitats, including the damage that
bioaccumulation of plastic pollution creates in these
ecosystems;

e durability testing of the polyolefinic material prior to
any chemical or biological transformation;

¢ the suitability or compatibility of the polyolefinic
material to be mechanically, chemically or organically
recycled;

e the life cycle assessment analysis of the polyolefinic
material combined with the biodegradable additive
technology;

e self-declared claims of biodegradability outside
the framework of an appropriate standard such as
BS EN ISO 14021; or

e the requirement of the use of independent third-
party certification for claims of conformance to
the PAS.

This PAS is intended to be used by plastic or plastic
technology manufacturers looking to obtain data as to
the performance of the biodegradability of an additive
technology within a polyolefinic material in an open-air
terrestrial environment. In addition, this PAS provides
testing laboratories with a standardized protocol to
evaluate polyolefinic materials for conformance to

the PAS.

In addition, other standards agencies, national
laboratories or academic research groups could use the
test method described in this PAS as a universal baseline
methodology of evaluating the biodegradability of
new technological discoveries within polyolefins.
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2 Normative references

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

[N1] OECD Test No. 202, Daphnia sp., Acute
Immobilisation Test and Reproduction Test

[N2] OECD Test No. 208, Terrestrial Plant Test: Seedling
Emergence and Seedling Growth Test.

Standards publications [N3] OECD Test No. 211, Daphnia magna Reproduction Test

BS EN ISO 4892-1, Plastics — Methods of exposure to [N4] OECD Test No. 222, Earthworm Reproduction Test
laboratory light sources — Part 1: General guidance

BS EN ISO 4892-2, Plastics — Methods of exposure to
laboratory light sources — Part 2: Xenon-arc lamps

BS EN ISO 4892-3, Plastics — Methods of exposure to
laboratory light sources — Part 3: Fluorescent UV lamps

BS EN ISO 17556, Plastics — Determination of the
ultimate aerobic biodegradability of plastic materials in
soil by measuring the oxygen demand in a respirometer
or the amount of carbon dioxide evolved

BS ISO 16014-4, Plastics — Determination of average
molecular weight and molecular weight distribution of
polymers using size-exclusion chromatography — Part 4:
High-temperature method

ASTM D2565-16, Standard Practice for Xenon-Arc
Exposure of Plastics Intended for Outdoor Applications

ASTM D4329-13, Standard practice for Fluorescent
Ultraviolet (UV) Lamp Apparatus Exposure of Plastics

ASTM D5988-18, Standard Test Method for Determining
Aerobic Biodegradation of Plastic Materials in Soil

ASTM D6474-20, Standard Test Method for Determining
Molecular Weight Distribution and Molecular Weight
Averages of Polyolefins by High Temperature Gel
Permeation Chromatography
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3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this PAS, the following terms and
definitions apply. Definitions are aligned and based on
international standards shown in Annex G. If definitions
are non-PAS specific, this is indicated.

3.1.1 % biodegradation

percentage conversion of the organic carbon in the
test sample into carbon dioxide, calculated from the
quantity of carbon dioxide evolution relative to the
organic carbon content of the test sample prior to the
start of the test

NOTE For detailed description see ASTM D5988-18,
Clause 12, and BS EN ISO 17556:2019, Clause 9 and
BS EN ISO 472:2013+A1:2018, Clause 2.

3.1.2 biodegradable additive

organic, inorganic or enzymatic chemical that promotes
the chemical and biological change in the polyolefin
plastic, rendering it biodegradable via the combined
processes of weathering and on soil biodegradation

NOTE For detailed description see PD CEN ISO/TR
21960:2020, 3.7.

3.1.3 open-air terrestrial environment

ecosystem relating to or on dry land, that is comprised
of the interface of soil and air

NOTE For the purposes of this PAS, it defines the
unmanaged, dry land conditions in which plastic
pollution accumulates within the environment.

3.1.4 polyolefinic material

polyolefin sample or product in a defined form,
e.g. a rigid container, a film or a fibre

3.1.5 polyolefin additive

chemical that changes the physical properties of the
polyolefinic material through inclusion during the
extrusion process = 1% by weight, not related to
biodegradation

3.1.6 polyolefin component

organic or inorganic compound, that changes the
appearance or physical properties of the polyolefinic
material through inclusion during the extrusion process
= 20% by weight

© The British Standards Institution 2021
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3.1.7 polyolefin fibres

polyolefinic material produced in the form of a fibre,
string or cord

3.1.8 polyolefin filler

organic or inorganic material added to the polyolefin,
which cannot exceed 80% by weight of the total
weight of the overall polyolefinic material

3.1.9 polyolefin films

polyolefinic material (including polyolefin fibres) not
thicker than 0.25 mm, produced via blown or cast film
extrusion

NOTE See also ASTM D883-20a.

3.1.10 polyolefin pigments

substance, generally in the form of fine particles, that
is used because of its colour or decorative properties
by an inclusion during the extrusion process = 10%
by weight

3.1.11 polyolefin rigids

polyolefinic material (including polyolefin fibres)
thicker than 0.25 mm and with a modulus of elasticity
in flexure or, if that is not applicable, then in tension,
greater than 700 MPa

NOTE See also ASTM D883-20a and BS EN ISO 291.

3.1.12 polyolefins

thermoplastic polymer produced by the polymerization
or copolymerization of olefins

NOTE See also BS EN ISO 472.

3.1.13 wax

low molecular weight paraffinic hydrocarbon with a
specified degree of carbonyl functionalization

3.1.14 weathering

exposure of plastics through contact with the earth’s
atmosphere, such as air, sunlight and moisture either
through accelerated laboratory testing or natural
outdoor exposure

NOTE See also ASTM D883-20a.
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3.2 Abbreviations

3.2.1 Analytical abbreviations

3.2.1.1d
carbonyl index of polyolefinic material

3.2.1.2 ATR-FTIR

attenuated total reflection — fourier transform infrared
spectroscopy

3.2.1.3 GPC

gel permeation chromatography

3.2.1.4 GPC-SEC

gel permeation chromatography - size and exclusion
chromatography

3.2.2 Polymer specific abbreviations
M_ Number average molecular weight

M _Weight average molecular weight

M, Higher average molecular weight. The weightings
average with respect to higher M

PE Polyethylene incl. all types

PP Polypropylene incl. all types
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