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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the,subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10210 fvas prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 5, Phypical-
chemical prdperties.
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Introduction

Plastics recovery technology includes material recycling, organic recycling and energy recovery. The use of
biodegradable plastics is one of the valuable recovery options in the field of organic recycling.

ISO standards for determining the ultimate aerobic and anaerobic biodegradability of plastic materials in an
aqueous medium, activated sludge, compost, digesting sludge and soil have been published. These standards
include ISO 14851, ISO 14852, ISO 14853, ISO 14855-1, ISO 14855-2, ISO 15985 and ISO 17556. For the
user of these standards, it might be difficult to compare biodegradation changes during a test, even when
using the same samples, due to differences in the test conditions. These differences might arise from the
compast preparation, the test preparation methodology, the shape and/or size of the test sample

stc. Accurate

com

arison of biodegradability data for the same plastic material can be difficult to achieve unlesst

specified in the standards are accurately followed.

A un
ment|

he conditions

fied approach to test sample preparation is important in achieving consistenc{ ‘within the standards

oned above. The methods described in this document help to provide a consistent approa

preparation techniques for biodegradation testing of plastic materials.

ch to sample
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INTERNATIONAL STANDARD 1ISO 10210:2012(E)

Plastics — Methods for the preparation of samples for
biodegradation testing of plastic materials

WARNING — The use of this International Standard might involve hazardous materials, operations and
equipment. This standard does not purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard to establish appropriate safety and
health practices and to determine the applicability of regulatory limitations prior to use.

1 $cope

This |nternational Standard describes methods for the preparation of test samples used\n the determination of
the ultimate aerobic and anaerobic biodegradability of plastic materials in an aqueous medium, s¢il, controlled
compost or anaerobic digesting sludge. The methods described are designed to provide|dimensional
consistency of test samples, resulting in improved reproducibility of test resultsduring the determjnation of the
ultimate biodegradability of the product.

Theske methods apply to the following materials:

— natural and/or synthetic polymers, copolymers or mixtures of.these;

— plastic materials that contain additives, such as plasticizers:or colorants;
— plastic composite materials that contain organic or inorganic fillers;

— products made from the above materials.

2 ormative references

The following referenced documents (ane indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced document
(incldding any amendments) appliés:

ISO 472, Plastics — Vocabulary
ISO 3310-1, Test sieves<==/Technical requirements and testing — Part 1: Test sieves of metal wirg cloth

ISO 14851, Determination of the ultimate aerobic biodegradability of plastic materials in an aqueoys medium —
Methpd by measuring the oxygen demand in a closed respirometer

ISO 14852, Petermination of the ultimate aerobic biodegradability of plastic materials in an aqueoys medium —
Methpd by ‘analysis of evolved carbon dioxide

ISO HAOLD D] ' NDaotarnainatio £ +h i ltipma ot maarahi hindanraddaotioa £l ' ey t B I H
TUJY, 7T TAoliVo oiCTrrmratayurT Ut ure urtiiriatlc driacrUviv  vivuTyraualrvrt Ur - UTdaote ITr er’as In an

aqueous system — Method by measurement of biogas production

ISO 14855-1, Determination of the ultimate aerobic biodegradability of plastic materials under controlled
composting conditions — Method by analysis of evolved carbon dioxide — Part 1: General method

ISO 14855-2, Determination of the ultimate aerobic biodegradability of plastic materials under controlled
composting conditions — Method by analysis of evolved carbon dioxide — Part 2: Gravimetric measurement
of carbon dioxide evolved in a laboratory-scale test

ISO 15985, Plastics — Determination of the ultimate anaerobic biodegradation and disintegration under high-
solids anaerobic-digestion conditions — Method by analysis of released biogas

ISO 17088, Specifications for compostable plastics

© 1S0O 2012 — All rights reserved 1
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ISO 17556, Determination of the ultimate aerobic biodegradability of plastics materials in soil by measuring the
oxygen demand in a respirometer or the amount of carbon dioxide evolved

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 472 and the following apply.

31
sieve

wire mesh of specified aperture size

3.2 l
bulk material

test material

NOTE TH
3.3

sheet
planar prody
length and w
NOTE TH
34

film

thin planar p

the length arf

NOTE 1 TH
NOTE 2  TH
3.5

pellet

small mass d
as feedstock

NOTE TH
3.6

granule
relatively sm

precipitation

NOTE1  TH

taken from a polymer product or part of a product

e size of the bulk polymeric test sample is approximately 1 cm x 1 cm % 1 cm.

ct of arbitrarily limited maximum thickness in which the thickness\ijs/small compared t
idth

e thickness of sheets is typically 0,5 mm to 3 mm.

b the

roduct of arbitrarily limited maximum thickness in which the thickness is very small compared to

d width and which is generally supplied in roll form
e arbitrary thickness limit can differ between countries and often between materials.

e thickness of films is typically 0,01 mm to 0.3.mm.

f preformed moulding material; having relatively uniform dimensions in any given batch and
in moulding and extrusion Operations

e average diameter of pellets can range from 1 mm to 5 mm.

bl| particle produced in various sizes and shapes in operations such as cutting, grinding, crus
and polymerization

esecoperations can also yield material in the form of powder and, in some precipitation and polymeri

used

hing,

ration

processes, maliterial in the form of beads can be produced

NOTE 2  The average diameter of granules can range from 0,1 mm to 3 mm.

3.7
powder

very fine particulate material smaller in size than granules

NOTE The average diameter of polymeric powder particles can range from 0,01 mm to 0,1 mm.

3.8
test materia

product from which a test sample is taken and used to assess the biodegradability of a polymeric item by
means of standardized biodegradation tests

© 1SO 2012 — All rights reserved
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4 Principle

This International Standard describes methods for the preparation of test samples from polymer materials for
biodegradation testing in the following environments:

The
to en

Biodegradation data from test materials need to be as accurate and reproducible as.possible.

facto
utilizi
mixe
beloy
test n
be a
cryst
temp

The
shall
migh
This
relev
contr

5 K

5.1

Solid
mecH

Crus

NOTH

5.2

an aqueous medium as used in ISO 14851 and ISO 14852;
mature compost as used in ISO 14855-1 and ISO 14855-2;
digestion sludge as used in ISO 14853 and ISO 15985;

simulated soil-burial conditions on a laboratory scale as used in ISO 17556.

H-products, minimizing the effect of sample shape on the biodegradation test results.

[ in establishing consistent test data is to use test samples with a regular surface area,
hg a defined preparation method. This will promote a high degree of homogengity when the t
j with an aqueous medium, controlled compost or digestion sludge. The(pheparation metho

haterials. Any change in properties such as crystallinity, thermal history or thermal decompg
oided or at least minimized during the sample preparation prgcess. It is generally acce
bllinity of a polymeric test material will not change during low<témperature mechanical mill
cratures below the glass transition temperature of the polymer.

surface area per unit mass of powder samples may be defined by regulation of the particl
be a parameter specified in the biodegradation testyprocedure. Very fine particles, such as 1

have properties different from those of microspheres, which have a significantly greater
Might affect the biodegradation rates of the samples and make comparisons of test data urj
ant methods described minimize the variable-effects of sample surface area in biodegradat
plling the particle size.

Reagents

Solid carbon dioxide

carbon dioxide used _for cooling and maintaining the sample materials at low temperg
anical size reductiefis not required to be analytical grade.

hed solid carbgn,dioxide with a particle size of 1 mm to 10 mm is recommended.

Solidearbon dioxide is commonly known as dry ice.

Liquid nitrogen

hethods described provide a level of control over the test sample preparation from polymer pJaIIets through

An important
produced by
est sample is
ds described

Y use low-temperature mechanical milling or cutting without changing-cértain physical properties of the

sition should
bted that the
ng/cutting at

b size, which
anospheres,
particle size.
reliable. The
on testing by

tures during

Liquid nitrogen used for cooling and maintaining the sample materials at low temperature during mechanical
size reduction is not required to be analytical grade.

6 Apparatus

All apparatus shall be thoroughly cleaned and free from organic or toxic matter.

6.1

Sieves

The particle size of sample powders is controlled by using sieves of different sizes to remove the oversize and
undersize fractions. For the purposes of this International Standard, sieve sizes of 60 mesh and 120 mesh as

speci

© 18O

fied in ISO 3310-1 shall be used.
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6.2 Rotor

mill

This type of mill has rotating, blunt blades and a ring sieve to mechanically reduce polymer pellets, polymer
products or other samples to powders.

The recommended minimum aperture size of the ring sieve is > 0,5 mm to avoid blockage of the cutter.

Accurate rep

roducibility of the sample powders strongly depends upon the sieve size.

6.3 Rotating mechanical mixer

This type of mixer has mechanically rotating blades to reduce polymer pellets, polymer products or other
samples to powders:

A rotating mlechanical mixer with titanium blades is recommended, since the blades do not fragmenf and
contaminate [the sample powders. A rotating mechanical mixer with stainless-steel blades may alspbe used.
6.4 Ball mill

This type of mill has a rotating chamber which contains a number of metal or ceramic balls used to giind a

product to a

When using
externally to

6.5 Sieve

An automatid

feduced size.

liquid nitrogen added internally as a refrigerant, a non-vented/test chamber should be ¢
eliminate build-up of pressure within the apparatus.

shaker

sieve shaker is recommended for the separation of.tbie milled test sample powders. An auto

boled

matic

sieve vibratof can accommodate more than two sieves and will produce more consistent results than wjll the
manual use ¢f sieves.

6.6 Microscope

This can be ised to measure the particle size distribution of the milled test samples (see 7.2.3). An optigal or
scanning-elgctron microscope may be used, but for ease of use an optical microscope with a digital camera
attachment i$ recommended.

7 Proced

71

The test mat
5 min with sdg
test material

Preparation and dimensional control of test material prior to size reduction

ure

lid carbon dioxide or liquid nitrogen prior to mechanical reduction. If any component of the or|
is tao\large for the mechanical process, reduce it in size to approximately 1 cm x 1 cm x 1 ¢

erial shalllbe homogeneous and free from any contaminants. The test material shall be cool¢d for

ginal
m.

7.2 Powder/pellet/granule test material

7.21

Powder test material produced by mechanical milling

Pre-prepared test material is mechanically milled using a rotor mill, rotating mechanical mixer or other type
of cryostatic mill. A suitable amount of the test material is added to the milling equipment, with the refrigerant
added internally in a vented system or used externally in a non-vented system.

Suitable care should be taken when handling refrigerants. Ensure that the required safety equipment is used
at all times and that the workplace is adequately ventilated.

It is important that the test material be maintained at a temperature below its glass transition temperature in
order to facilitate the production of powders, but also to minimize thermal-ageing effects.

© 1SO 2012 — All rights reserved
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It is important to monitor the pressure inside the equipment in order to detect any increase in pressure caused
by refrigerant gas.

7.2.2 Sieving of powder test material after mechanical milling

The mechanically milled test material is dried and then a specific particle size fraction is separated out using
two sieves of different mesh size. Sieves of 60 mesh (250 ym aperture) and 120 mesh (125 ym aperture)
shall be used for the separation procedure. The powdered test material passing through the 60 mesh sieve is
collected and then sieved with the 120 mesh sieve. The fraction remaining on the 120 mesh sieve is retained
as the test sample. The upper and lower fractions from this procedure are discarded.

NOTH nd using solid
carbon dioxide as the refrigerant are shown as micrographs in Annex A.

7.2.3] Measurement of particle size distribution of milled test material

7.2.311 General

The particle size distribution of the milled test material obtained by the method described in 7.2.2 shall be

determined from a minimum of 100 particles and the average particle size and\particle size distributjon recorded.

7.2.3|2 Particle size distribution measurement by microscopy:.

size of each
age analysis

The |
partiq
softwy

particle size distribution of the milled test material can be:measured using microscopy. The
le is measured either by a digital microphotographic t€échnique, possibly using suitable im
are, or by visual observation and measurement.

Micrd iced can be

revie

photography is recommended as the measureiment method, since the micrograph prod
ved at any time.

7.3 |Film and sheet test material

Film and sheet test samples are preparedby cutting them from the original film or sheet. The size of thg pieces in the

samgle shall be 1 cm x 1 cm. The average thickness of the pieces in the sample shall be measured gnd recorded.
NOTH 1 Typical film samples with-pieces measuring 1 cm x 1 cm are shown in Annex B.

If thel pieces of film or sheet’are too large for the test vessels, they can be reduced in size as|described in
7.2.1| The required particle“size fraction shall then be separated out from the resulting milled powger using the
methpd described in"7,2:2. The particle size distribution of the separated powder sample shall b¢ determined
as dgscribed in 7.2,3-

NOTH 2  Typical biodegradation results for milled-film powders > 125 pm are shown in Annex B.

7.4 |Test material in the form of products

Prepare test samples from products by cutting small blocks from the original product. The dimensions of these
blocks shall be no greater than 1 cm x 1 cm x 1 cm, but at least two of the dimensions shall be > 0,5 cm.

Where powders (particle size 125 ym to 250 um) are obtained, by mechanical milling (see 7.2), from blocks of
material cut from products, their particle size distribution shall be measured and recorded as described in 7.2.3.

NOTE A typical test sample cut from a commercial plastic product and milled powder produced from this test sample
are shown in Annex C.

7.5 Storage

If the test samples are not used in the biodegradation test directly after preparation, they shall be carefully
stored. It is important to store the test samples below room temperature, in the absence of light and away from
the influence of chemicals in the atmosphere.

© 1SO 2012 — All rights reserved
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Storage in a vacuum desiccator is recommended in order to keep the humidity low.

8 Calculation and expression of results

8.1 Partic

le size distribution

Where the particle size distribution of the test sample is measured, the mean particle size, the standard
deviation from the mean and the particle size distribution curve shall be calculated and reported.

9 Validit

All test sam

provided the
no differ

no chan

no obse

If any of thd
procedures (

10 Sample preparation report

a referemce to this International Standard;

the milling apparatus used,\{he type and amount of refrigerant used and any other information abo

£ F-
o preparaton

bles shall be examined visually. They are considered to be suitable for biodegradation' te
following criteria are met:

ence in colour between the prepared test sample and the original material;
pes within the sample due to thermal effects;
rved impurities or contamination of the sample.

above criteria are not met, a fresh test sample shall be pfepared in accordance wit
lescribed.

breparation report shall provide all relevant information and contain as a minimum the follow

nation necessary to identify and describe the test material, such as its organic-carbon conter
ts age, its date of production, and defails of storage, handling and stabilization plus, if avai
e, composition and characterization (e.g. molecular mass, crystallinity, melting point and de
pterial.

s (for sheet or film), or the-maximum and minimum particle size (for powders);

pparatus, suchasthe capacity of the apparatus, the type of blade or the type of ring sieve |
of sieve used, the number of shakes given to the sieves and the frequency of shaking;
Eory observations concerning the test material, such as structure, colour or smell;

ditiens under which the test samples were stored, such as the temperature, humidity

sting

h the

ing:

t, the
able,
nsity)

e and size of the pieces of\test material, such as the average diameter (for pellets), the av¢rage

ut the
sed;

and

The sample

a)

b) allinforn
source,
the nam
of the m

c) the shayp
thickneg

d)
milling &

e) thetype

f) any sen

g) the con
length

h)

6

f-storage;

for powders, the particle size distribution of the test sample and the method used to determine it.
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Annex A
(informative)

Examples of the preparation and testing of powder test sam

ples

produced from pellets by milling using a rotating mechanical mixer

Pellets of two different kinds of polymer material, poly(lactic acid) (PLA) and polycaprolactone (PCL), were

sepa
using
asdn
sepa

solid carbon dioxide. Milling was carried out for 15 cycles of 3 min each, each cycle bein
hin interval to prevent overheating of the motor in the mixer. The milled powders were th
rated into fractions using a sieve shaker with a 30 mesh sieve (mesh aperture of 500 um), 6

rately milled using a rotating mechanical mixer with titanium blades. In each case, the pellet§ were cooled

y followed by
en dried and
D mesh sieve

(mesh aperture of 250 um) and 120 mesh sieve (mesh aperture of 125 uym). The sizes of at least [100 particles
were[then measured by microphotography, .
The fecovery and average particle diameter of the PLA powder and PCL pewder are shown in Tables A.1
and A.2, respectively, the average particle diameter being calculated [from measurements of the longest
dimepsion of each particle. Small powder particles less than 10 um in size present in the micrggraphs were
ignored. The particle size distributions of the PLA powder and PCL pawder are shown in Figures|A.1 and A.2,
respectively. Micrographs of the PLA powder and PCL powder are-shown in Figures A.3 and A.4,|respectively.
Table A.1 — Production of PLA powder from PLA péllets milled using a mixer for 45 min and
separated into fractions using.sieves (sieving time 15 min)
Particle size range (um) @ Recovery (% by mass) Average particle diameter | Standard deyiation (um)
(Hm)
0to 125 25 60,8 39)7
125 to 250 25 214,2 64)7
250 to 500 31 303,9 97,p
> 500 19 — —
a Fractionated using size of sieve indicated.
Table A.2 — Production of PCL powder from PCL pellets milled using a mixer for 45 min and
separated into fractions using sieves (sieving time 15 min)
Particle size range (um) @ Recovery (% by mass) Average particle diameter | Standard deyiation (um)
(Hm)
040125 35 75,7 414
125 to 250 30 180,7 76,8
25010 500 20 2976 86,5
> 500 15 — —
2  Fractionated using size of sieve indicated.

Biodegradation testing of the PLA powder and PCL powder in a controlled compost at 58 °C was carried out
using the method specified in ISO 14855-2. A cellulose powder of thin-layer chromatography grade with a
particle size of less than 20 ym was used as a positive control..

The results of the biodegradation testing of the PLA powder are shown in Figure A.5 and those for the PCL
powder are shown in Figure A.6. The degree of biodegradation of the cellulose powder reached 70 % after
30 days and that of the PLA powder reached 90 % after 50 days, as shown in Figure A.5. As shown in
Figure A.6, the degree of biodegradation of the PCL reached 70 % after 10 days.

© 18O
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In addition, biodegradation testing was carried out on PCL powder in an aqueous medium at 25 °C in accordance
with ISO 14851. The test results are shown in Figure A.7. As shown in Figure A.7, the degree of biodegradation
of the PCL reached 70 % after between 35 days and 60 days, depending on the test sample.

Y
15

10

0 100 200 300 400

Key
X  particle size (um)
Y frequency|(%)

Figure|A.1 — Particle size distribution of PLA(powder milled using a mixer and then sieved

Y
20

15

10

Key
X  particle size (um)
Y frequency (%)

Figure A.2 — Particle size distribution of PCL powder milled using a mixer and then sieved

8 © 1S0 2012 — All rights reserved
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@,
N

Figure A.3 — Microgs@%of PLA powder

N
.\@

NOTH The scale bar indicates a distance of 500 pm.

NOTE The scale bar indicates a distance of 500 pm.

Figure A.4 — Micrograph of PCL powder

© 1S0O 2012 — All rights reserved 9
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100

80

Key
X incubatior] time (days)

Y degree of biodegradation (%)
1 cellulose powder

2 PLA powder

Figure A.5 — Results of biodegradation testing of PLA powder (mean particle size
214,2 pm + 64,7 ym) in controlled compost.at'58 °C in accordance with ISO 14855-2
[cellulose powder (particle size <220 um) used as positive control]
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Y
100
80
60
40
20
0@
X
Key
X iflcubation time (days)
Y degree of biodegradation (%)
1 cellulose powder
2 PCL powder

Figure A.6 — Results of biodegradation testing of PCL powder (mean particle s
180,7 pm + 76,8 pym) in controlled.compost at 58 °C in accordance with ISO 1485}
[cellulose powder (particle size < 20 ym) used as positive control]

ze
b-2
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Key

2w N <X

180,7 ym +

12

100

80

60 }

4o
N

incubation
degree of

cellulose powder

PCL powg
PCL powg
PCL powg

Fi

40

20

0 20 40 60 80 100 120 140

time (days)
biodegradation (%)

er, test sample 1
er, test sample 2
er, test sample 3

gure A.7 — Results of biodegradation testing of PCL powder (mean particle size
76,8 ym) in triplicate using-a\closed respirometer at 25 °C, in accordance with ISO 14851
[cellulose powder\(particle size < 20 uym) used as positive control]
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Annex B
(informative)

Examples of the preparation and testing of film and powder test samples

produced from PLA film and pellets

Two film test samples were cut from a composting bag (see Figure B.1) made of poly(lactic acid) (PLA) for

biodd
width
5cm
film H
by m
samg

The

gradI with a particle size of less than 20 um was used as a positive control. O
e

gradation testing using ISO 14855-2. The dimensions of the pieces in one test sample w

1 cm and thickness 25 ym. The dimensions of the pieces in the other sample were:

and thickness 25 pm. In addition, a powder test sample of particle size > 125 ym w ep
y milling and sieving with a 125 ym sieve. Another powder test sample was pr ;@'ed from

length 1 cm,
5 cm, width
red from the
PLA pellets

lling and sieving to give particles in the range 125 ym to 250 ym. The biode r} tion testipg of the test
n

les was carried out in a controlled compost at 58 °C. Cellulose powder 9\

sults of the biodegradation testing are shown in Figure B.2. s\\%
O
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Figure B.2
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— Results of biodegradation testing of pieces of PLA film (1 cm x 1 cm x 25 ym), larger

pieces of PLA film (5 cm % 5tm x 25 ym), milled PLA film (fraction retained by a 125 ym sieve, mean

particle siz
particle s

14

p 183,2 ym_£21,1 ym) and PLA powder from pellets (particle size 125 pm to 250 ym, npean
ize 214,2'ym + 64,7 pm) in controlled compost at 58 °C in accordance with ISO 14855-2
[Cellulose powder (particle size < 20 um) used as positive control]
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