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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

A number of plastic materials and products have been designed for applications ending up in or on
soil. They have been developed for applications where biodegradation is beneficial from a technical,
environmental, social or economic standpoint. Examples can be found in agriculture (e.g. mulching
film), horticulture (e.g. twines and clips, flower pots, pins), funeral items (e.g. body bags), recreation (e.g.
plastic “clay” pigeons for shooting, hunting cartridges), etc. In many cases, recovery and/or recycling of
these plastic items is either difficult or not economically viable. Various types of biodegradable plastics
have been developed which have been designed to biodegrade and disappear in situ at the end of their
useful life. Several International Standards specify test methods for determining the ultimate aerobic
or amflaerobic biodegradation of plastic materials il aqUeous or compost conditions. Con|

use 3
ultin

nd disposal of biodegradable plastics, it is important to establish a test method te dg
jate aerobic biodegradation of such plastic materials in soil.

sidering the
termine the
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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

WARNING — Appropriate precautions should be taken when handling soil because it might

contpin potentially pathogenic organisms. Toxic test compounds and those whose
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document specifies a method for determining the ultimate aerobic biodegradabili
rials in soil by measuring the oxygen demand in a closed respirometer or the amou

dioxide evolved. The method is designed to yield an optimum degree of.biodegradation by 4
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dity of the test soil.

on-adapted soil is used as an inoculum, the test simulates.the biodegradation processe
in a natural environment; if a pre-exposed soil is used, the method can be used to iny
ntial biodegradability of a test material.

method applies to the following materials:

atural and/or synthetic polymers, copolymers or mixtures of these;
lastic materials which contain additivessuch as plasticizers or colorants;
vater-soluble polymers.

s not necessarily apply to materials which, under the test conditions, inhibit the ac
borganisms present in the soil. Inhibitory effects can be measured using an inhibitio
nother suitable method, If the test material inhibits the microorganisms in the soil,
rial concentration, another type of soil or a pre-exposed soil can be used.

Normative reférences

following decuments are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

properties

y of plastic
nt of carbon
djusting the

5 which take
estigate the

tivity of the
n control or
a lower test

heir content
applies. For
hts) applies.

0390, Soil quality — Determination of pH

ISO 10694, Soil quality — Determination of organic and total carbon after dry combustion (elementary
analysis)

ISO 11274, Soil quality — Determination of the water-retention characteristic — Laboratory methods

3 Terms and definitions

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

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

I
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IEC Electropedia: available at http://www.electropedia.org/

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

biochemical oxygen demand

BOD

mass concentration of dissolved oxygen consumed under specified conditions by the aerobic biological

3 3 L. H 1 pa | 3 s
oxidation offaehemieat compotuntor-organtcnraccet

Note 1 to ent

3.3
dissolved o
DOC

part of the d

Note 1 to ent

Note 2 to ent

using membrj

3.4
theoretical
ThOD

maximum theoretical amount of oxygen required to oxidize\a chemical compound completely, calcu
from the md

Note 1 to ent

3.5
theoretical
ThCO2

maximum 1

compound,
Note 1 to ent

3.6

lag phase
time, measy
microorgan
matter has i

3.7

Fy: It is expressed as milligrams of oxygen uptake per kilogram of test soil.

rganic carbon

rganic carbon in water which cannot be removed by specified phase-separation
Fy: It is expressed as milligrams of carbon per litre.
'y: Typical means of separation are centrifugation at 40 000 m-s=24or 15 min or membrane filty

anes with pores of diameter 0,2 pm to 0,45 pum.

oxygen demand

lecular formula

Fy: Itis expressed as milligrams of oxygemnsptake per milligram or gram of test compound.

amount of evolved carbon dioxide

ralculated from the moléciilar formula

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

red in days, from the start of a test until adaptation and/or selection of the degrg
sms is-achieved and the degree of biodegradation of a chemical compound or or
ncreaged to about 10 % of the maximum level of biodegradation (3.8)

ation

lated

heoretical amount of carbon dioxide evolved after completely oxidizing a chejnical

und.

1ding
banic

biodegradation phase
time, measured in days, from the end of the lag phase (3.6) of a test until about 90 % of the maximum
level of biodegradation (3.8) has been reached

3.8

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

39

plateau phase
time from the end of the biodegradation phase (3.7) until the end of the test

Note 1 to entr

2

y: It is measured in days.
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3.10

pre-conditioning

pre-incubation of soil under the conditions of the subsequent test in the absence of the chemical
compound or organic matter under test, with the aim of improving the performance of the test by
acclimatization of the microorganisms to the test conditions

3.11

pre-exposure

pre-incubation of soil in the presence of the chemical compound or organic matter under test, with the
aim of enhancing the ability of the soil to biodegrade the test material by adaptation and/or selection of
the microorganisms

3.12
watd
mass

by th

r content
of water which evaporates from the soil when the soil is dried to constant massiat 10
e dry mass of the soil

b °C, divided

Note [l to entry: This is simply the ratio between the mass of the water and that of thésoil particles infa soil sample.

3.13
total

mass
at 10

water-holding capacity
of water which evaporates from soil saturated with water when the soil is dried to co
5 °C, divided by the dry mass of the soil

nstant mass

3.14
total
TOC
amonunt of carbon bound in an organic compound

organic carbon

Note [l to entry: It is expressed as milligrams of carben’'per 100 mg of the compound.

4 1

This
by cd

Principle

in a test soil
e material.

method is designed to yield the optimum rate of biodegradation of a plastic material
ntrolling the humidity of the'soil, and to determine the ultimate biodegradability of th

The |
is all
(BOT
the H

blastic material, which is the sole source of carbon and energy, is mixed with the soil.
owed to stand in a (flask over a period of time during which the amount of oxyge
) or the amount ofCarbon dioxide evolved is determined. Provided the CO; evolved
OD can be determined, for example, by measuring the amount of oxygen required

he mixture
h consumed
is absorbed,
to maintain

a conpstant gas velumie in a respirometer flask, or by measuring either automatically or manually the
chanjge in voluriie-or pressure (or a combination of the two). An example of a suitable respirometer is
shown in Anitex A. The amount of carbon dioxide evolved is measured at intervals dependent on the
biode¢gradation kinetics of the test substance by passing carbon-dioxide-free air over the goil and then
detefmining the carbon dioxide content of the air by a suitable method. Examples of suitaple methods
are given in Annexes Band C

The level of biodegradation, expressed as a percentage, is determined by comparing the BOD with
the theoretical oxygen demand (ThOD) or by comparing the amount of carbon dioxide evolved with
the theoretical amount (ThCO3). The influence of possible nitrification processes on the BOD has to
be considered. The normal test period is six months. The test may be shortened or extended until the
plateau phase (see 3.9) is reached, but the total test period shall not exceed two years.

Unlike ISO 11266, which is used for a variety of organic compounds, this document is specially designed
to determine the biodegradability of plastic materials.

© IS0 2019 - All rights reserved
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5 Test environment

Incubation shall take place in the dark or in diffused light in an enclosure which is free from vapours
toxic to microorganisms and is maintained at a temperature constant to within 2 °C in the range

between 20

°C and 28 °C, preferably 25 °C.

6 Materials

6.1 Distilled water, containing less than 2 mg of DOC per litre.

6.2 Carbd

7 Appar

Ensure that

7.1 Close
constant-tey
example is d

Any respiro
suitable, pry¢
so that no o
process.

7.2 Appajl

7.2.1 Test
carbon diox
thermostati

7.2.2 CO2
min to each

Annex B). Alternatively, the incubation apparatus shown in ASTM D5988 may be used.

7.2.3 Ana
a carbon di
determinati

n dioxide absorber, preferably soda lime pellets.

atus

all glassware is thoroughly cleaned and, in particular, free from organic or toxic mattg

l respirometer, including test flasks and all other necessary.equipment, located

escribed in Annex A.

meter capable of determining with sufficient accuracy the"biochemical oxygen dema
eferably an apparatus which measures and automatically replaces the oxygen consy
kygen deficiency and no inhibition of the microbial activity occurs during the degrad

ratus for measuring the amount of carbon‘dioxide evolved

flasks: glass vessels (e.g. conical flasks or bottles), fitted with tubing impermeab
ide to allow purging with gas, andJlocated in a constant-temperature enclosure or
Cally controlled apparatus (e.g. atwater-bath).

test flask, held constant to within £10 % (see example of system, including test vesse

lytical equipment for accurately determining carbon dioxide. Typical example
pxide IR andlyser, a dissolved inorganic carbon (DIC) analyser, apparatus for titrin
bn after eomplete absorption in a basic solution (see Annex C), and apparatus fo

nperature enclosure or in a thermostatically controlled apparatus (e.g. a water-bath)).

Il

in a
An

Ind is

imed
htion

le to
in a

free-air production system, capable of supplying CO-free air at a flow rate of severall ml/

Is, in

5 are
etric
 the

gravimetric determination of carbon dioxide in accordance with ISO 14855-2.
7.3 Analytical balance.
7.4 pH-meter.

8 Procedure

8.1 Preparation of the test material

The test material shall be of known mass and contain sufficient carbon to yield a BOD or a quantity of
carbon dioxide that can be adequately measured by the analytical equipment used. Calculate the TOC

© ISO 2019 - All rights reserved
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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 ThOD or ThCO; (see Annexes C and D).

NOTE Although elemental analysis is generally less accurate for macromolecules than for low-molecular-
mass compounds, the accuracy is usually acceptable for the purposes of calculating the ThOD or ThCO>.

The amount of test material shall be sufficient to outweigh any variations in the background oxygen
consumption or any carbon dioxide evolved from the test soil: 100 mg to 300 mg of test material to
100 g to 300 g of soil is usually adequate. The maximum amount of test material is limited by the oxygen
supply to the test system. The use of 200 mg of test material with 200 g of soil is recommended unless
the soil contains an excessively large amount of organic matter.

Whe

amonints can be used (e.g. 2 500 mg for 200 g of soil) in order to increase the difference-bet

mate
matd

Pre-4
redu

The 1
filmd

Test

Exp¢g
and |
of th
plast
a poy
its m
of th
used
are d
proc

(e.g.

Opti
mole
plast
such
the p

For d

8.2

h using test systems based on the determination of the carbon dioxide evolved, highe

rial CO2 production and the blank control CO; production. Furthermore, a greater a
rial will be required if a final mass balance determination is to be carried out{see Anr

leration of the test material or the addition of inert material is recommended, if nj
Ce the respiration of the soil in the blank flasks.

pilest material
een the test

ount of test
ex E).

ecessary, to

est material should preferably be used in powder form, but it mayalso be introduced if the form of

, fragments or shaped articles.
samples may be reduced in size by means of cryogenic milling.

riments have shown that the ultimate degree of biodegradation is almost independen

E of the form

hape of the test material. The speed of biodegradation, however, depends on the form and shape

e material. Test materials of similar form and shape should therefore be used if diffey
ic material are to be compared in tests of the same duration. If the test material is in
vder, small particles of known size distribution should be used. A particle-size distr
aximum at 250 pm diameter is recommended. If the test material is not in powder fd
e pieces of material should not be greater than 5 mm x 5 mm. Also, the size of the tes

ent kinds of
the form of
bution with
rm, the size
t equipment

might depend on the form of the test'material. It should be ascertained that no undesired changes

aused in the test material due to the design of the equipment, such as grinders, use
pssing of the test material will not'significantly influence the degradation behaviour of
the use of powder in the case.0f composites).

nally, determine the hydrogen, oxygen, nitrogen, phosphorus and sulfur contents, af
cular mass of the tést material, using, for example, size exclusion chromatographyj
ic materials withoutadditives such as plasticizers should be tested. When the material
additives, information on their biodegradability will be needed to assess the biodeg
olymeric maferial itself.

etails otthow to handle compounds with limited solubility in water, see ISO 10634.

Preparation of the reference material

d. Normally,
the material

well as the
Preferably,
Hoes contain
radability of

Use as reference material a well-defined biodegradable polymer {microcrystalline-cellulose powder,
ashless cellulose filters or poly-(R)-3-hydroxybutyrate [(R)-PHB]}. If possible, the physical form and
size of the reference material should be comparable to that of the test material.

As a negative control, a non-biodegradable polymer (e.g. polyethylene) in the same physical form as the
test material may be used.

8.3 Preparation of the test soil

8.3.1 Collection and sieving of soil

Use natural soil collected from the surface layer of fields and /or forests. If the potential biodegradability
of the test material is to be assessed, this soil may be pre-exposed to the test material. Sieve the soil to

© IS0 2019 - All rights reserved 5
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give particles of less than 5 mm, preferably less than 2 mm, in size and remove obvious plant material,
stones and other inert materials.

Itis important to remove organic solids, such as straw, as far as practicable because they can decompose
during the test and influence the results.

The soil may be pre-conditioned but, normally, pre-exposed soil should not be used, especially when
biodegradation behaviour in natural environments is being simulated. Depending on the purpose of the
test, however, pre-exposed soil may be used, provided that this is clearly stated in the test report (e.g.
percent biodegradation = x %, using pre-exposed soil) and the method of pre-exposure detailed. Pre-
exposed soil can be obtained from suitable laboratory biodegradation tests conducted under a variety
ofcondition y Sampres—to ctedfromiocations—whereretevantenvironmentateconditionsjexist
(e.g. contamfinated areas or industrial treatment plants).

Record the $ampling site, its location, the presence of plants or previous crops, the sampling date, the
sampling dejpth and, if possible, the soil history, such as details of fertilizer and pesticide-applicatign.

8.3.2 Preparation of standard soil

As an alternative to the natural soil described in 8.3.1, a standard soil may be_used. The compodition
of the standard soil is shown in Table 1. The use of standard soil is very<useful in determining the
biodegradability of plastic materials in bulky soils (loamy or clayey<soils), reducing handling and
aeration prgblems.

Table 1 — Standard-soil composition

Constituent Remarks Dry masgs,
g/kg
Industrial qyartz |Predominantly fine sand in which the size:ef more than 50 % of the parti- 700 g/K
sand cles lies in the range 0,05 mm to 0,2 mm 8/Xg
Clay Kaolinite clay (containing not lessithah 30 % kaolinite) or calcium bentonite 100 g/kig
Natural soil See8.3.1 160 g/kig

Use well-aerated compost froni an aerobic composting plant. In order to
stabilize the microbial activity in the standard soil, it is recommended that
one-year-matured comppst be used. If this is not possible, use a compost
Mature compost |which has matured for a minimum of two-three months. The compost shall 40 g/kg
be homogeneous(and free from large, inert objects, such as pieces of glass,
stones or piecésof metal. Remove them manually and then sieve the com-
post through-a screen of mesh size about 2 cm to 5 cm.

CA)

To the soil gpecified in.Tdable 1 are added the salts listed in Table 2, preferably dissolved in water and
preferably aft the moment of adjustment of the water content (see 8.3.4).

Table 2 — Added salts

Constituent Molecular formula g/Kg ol soil
Potassium dihydrogenphosphate KH2PO4 0,2
Magnesium sulfate MgS04 0,1
Sodium nitrate NaNO3 0,4
Urea CO(NH32)2 0,2
Ammonium chloride NH4Cl 0,4

A round-robin test was carried out to validate the standard soil (see Annex G).

6 © IS0 2019 - All rights reserved
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8.3.3 Measurement of soil characteristics

Knowledge of the soil characteristics is essential for full interpretation of the results of the study. It is
therefore recommended that at least the following tests be performed on the soil selected:

a) total water-holding capacity, in accordance with 1SO 11274;
b) pH of the soil, in accordance with ISO 10390;

c) organic-matter content, in accordance with ISO 10694.

8.3.

Adjupt the water content of the soil to a suitable value for the test material by adding an [appropriate
amoyint of water to the soil, or by drying the soil in the air in a shaded place followéd by addition of an
apprppriate amount of water. Adjust the pH of the soil to between 6,0 and 8,0 if it\is hot aljeady within
this range.

NOTH The optimum water content of the test soil is dependent on the test-naterial. It is usually between
40 %]|and 60 % of the total water-holding capacity.

It is recommended that the ratio of organic carbon in the test orteference material to|nitrogen in
the doil (C:N ratio) be adjusted to at least 40:1, if it is not alreddy at this level, so as to ¢nsure good
biod¢gradation. This may be done by adding nitrogen as an agiieous solution of ammoniunp chloride or
by uging an aqueous solution containing the salts listed in Tabte 2.

8.3.§ Handling and storage of the soil

Store the soil in a sealed container at 4 °C £ 2 °C usitil it is used in the test. Do not handle the soil in any
way that could inhibit the activity of the microorganisms in it.

ISO 10381-6 shall be followed to ensure thatthe microbial activity of the soil is not affected by sampling.

8.4 | Start-up and execution of the test

Preppre the following numbers-offlasks:

a) three test flasks for the test material (symbol Fr);

b) three test flasks for the blank control (symbol Fg);

c) fthree test flasksfor checking the soil activity using a reference material (symbol Fc);
and, [f requir€ds

d) oneflask for checking for possible abiotic degradation or non-biological changes in the §est material
symbol Fs);

e) one flask for checking for any possible inhibiting effect of the test material (symbol Fy).

Place the soil (see 8.3) at the bottom of each flask and add test material (see 8.1) or reference material
(see 8.2), as indicated in Table 3, to the soil. Record the mass of each flask containing this test mixture.
When two replicates are used, this shall be stated in the test report.

Itis important that the test material be homogeneously mixed with the soil, in the case of powder, and as
widely spread as possible in the soil, in the case of film, to improve the contact of the test material with
the microorganisms in the soil. Also, it is recommended that the surface of the test mixture be pressed
with a spatula to improve the contact between the test material and the microorganisms in the soil.

If the abiotic-degradation check is carried out, details of the procedures used to inhibit microbial
activity at the start of the test and maintain aseptic conditions during the test shall be provided in the
test report.

© IS0 2019 - All rights reserved 7
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Place the flasks in a constant-temperature environment (see Clause 5) and allow all the flasks to
reach the desired temperature. Make all necessary connections with the respirometer or CO,-free-air
production system and start the incubation.

If measuring the oxygen consumption, take the necessary readings on the manometers (if manual) or
verify that the recorder of oxygen consumption is functioning correctly (automatic respirometer) (see
Annex A).

If measuring the carbon dioxide evolved, measure (at regular intervals depending on the carbon dioxide
evolution rate) the amount of carbon dioxide evolved from each flask, using a suitable and sufficiently
accurate method (see Annexes B and C).

Table 3 — Final distribution of test and reference materials
Flask Test material liﬁg?(;?il:le Test soil

Fr Test + - +
Fr Test + - +
Fr Test + - +
Fp Blgnk - - +
Fp Bldnk - - +
Fp Blgnk - - +
Fc Soll activity check - + +
Fc Soll activity check - + +
Fc Soll activity check - + +
Fg Abjiotic-degradation check (optional) ¥ - -
Fi Inlhibition check (optional) + + +
+ = present;

- = not presgnt.

If the bioddgradation rate is considered to have slowed down because the test soil has dried out
during the fest, stop the measurementssand remove the flasks from the respirometer or CO2-frde-air
production pystem. Weigh the flasks;and add a suitable amount of water to the test soil to briyg its
water content back to its initial(value. Reconnect the flasks to the system and restart measurement
of the oxygen consumed or cavbon dioxide evolved. These operations shall be conducted without
inhibiting the activity of thelspil microorganisms and without influencing the measurement of oxiygen
consumption or carbon dioxide evolution, and the fact that they have been carried out shall be clearly
stated in the¢ test report;

When a conftant level of BOD or carbon dioxide evolution is attained (plateau phase reached) and no
further biodegradation is expected, the test is considered to be completed.

The test pex tod—shotdd ty l.}i\,an_y not—exceed—stx—months: Huvvcvc1, i aisuiﬁ\,aut biudcsx adation
is still observed and the plateau phase has not been reached after this length of time, then the test
may be extended, but not to longer than two years. If the test is run for longer than six months, check
periodically for possible leaks. Any extension and any special measures taken, for example to ensure
microbial diversity or to provide sufficient nutrients, shall be detailed in the test report.

At the end of the test, remove the flasks and weigh them to check for any decrease in the water content
of the test soil. Optionally, the residual test material may be extracted from the soil with a suitable
solvent (if this is possible) and weighed.
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9 Calculation and expression of results
9.1 Calculation

9.1.1 Percentage biodegradation from oxygen consumption values

Read the oxygen consumption value for each flask, using the method given by the manufacturer for the
type of respirometer concerned, and determine the oxygen demand per kilogram of test soil. Calculate
the percentage biodegradation of the test material using Formula (1):

BB
D, =——5Ex100 (1)
TXp

—

where

D: isthe percentage biodegradation for test material at time ¢;

Bt isthe BOD of the flask Fr containing test material at time ¢, in milligrams per kilogram of test
soil, calculated by dividing the measured oxygen consumption;in milligrams, by the amount
of test soil, in kilograms;

Bp: is the BOD of the blank control flask Fg at time ¢, in milligrams per kilogram of tegt soil;

AT is the concentration of the test material in the reaction mixture of flask Fr, in grams per kilo-
gram of test soil;

T  isthe ThOD, in milligrams per gram of test material.
Cach:tjlate in the same way the BOD and percentage biodegradation of the reference materjal Fc and, if

included, the abiotic-degradation check Fs and the inhibition check Fj. For calculation of the ThOD, see
Annégx D.

9.1.7 Percentage biodegradation from carbon dioxide evolved

9.1.2.1 Theoretical amount.of carbon dioxide evolved by test material

The theoretical amountef.carbon dioxide evolved by the test material (ThCO3) is given, inf milligrams,

by F¢rmula (2):

wherte

it £roct £a3aial 3 Adliae LY - | At o oo £
I'rt TSOICTITAdS STOT CCSTTITateT TaT, T T ST air S, i r oot CO TITtO— e te S TS y STCTIT,

wc is the carbon content of the test material, determined from the chemical formula or
from elemental analysis, expressed as a mass fraction;

44 and 12 are the relative molecular and atomic masses of carbon dioxide and carbon, respectively.

Calculate in the same way the theoretical amount of carbon dioxide evolved by the reference material
and by the mixture of test and reference material in flask Fj.

© IS0 2019 - All rights reserved 9
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9.1.2.2 Percentage biodegradation

Calculate th

e percentage biodegradation D; for each test flask Fr from the amount of carbon dioxide

evolved during each measurement interval using Formula (3):

Xmp—Xm
=L "B %100 (3)
ThCO,
where

Zmy is the amount of carbon dioxide, in milligrams, evolved in the test flask Ft between the
start of the test and time ¢;

Img |Is the amount of carbon dioxide, in milligrams, evolved in the blank control flask Fg he-
tween the start of the test and time ¢;

ThCO> | is the theoretical amount of carbon dioxide, in milligrams, evolved by the test materigl.

Calculate in
check flask

9.2 Expr¢

Compile a {
biodegradat
curve of BO

the same way the percentage biodegradation of the reference material in the soil activity
Z‘C_

pssion and interpretation of results

able of the BOD values or amounts of carbon dioxide measured and the percentage
ion values for each point in time when measurements were made. For each flask, plot a
D or carbon dioxide evolved as a function of time and a curve of percentage biodegradation

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

plotted.

The maxim
biodegradat

The wettab
result obtai
different tes

Information
showing a g

10 Validit
The testis c

a) thedeg
the end

im level of biodegradation determined as the mean value of the plateau phase of the
ion curve characterizes the degree of biodegradation of the test material.

lity of the test material and the-shape of the pieces of test material might influencg the
hed, and this should be taken into-consideration when comparing the results obtained|with
t materials.

on the toxicity of the test material might be useful in the interpretation of test results
w biodegradability.

y of results

pnsideredvalid if

ee ofibiodegradation of the reference material is more than 60 % at the plateau phase|or at
ofthe test;

and

b) the BOD values of, or amount of carbon dioxide evolved from, the three blanks Fp are within 20 %
of the mean at the plateau phase or at the end of the test.

If these criteria are not fulfilled, repeat the test using another pre-conditioned or pre-exposed soil.

11 Test report

The test rep

ort shall contain at least the following information:

a) areference to this document, i.e. ISO 17556:2019;

10
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b)

f)

g)

h)

i)

and

j)

k)
D)

m)

n)

ISO 17556:2019(E)

all information necessary to identify the test and reference material, including name, chemical
composition and formula (if known), ThOD, ThCO; (including the method of calculation), form,

particle shape, amount/concentration in the samples tested, and content of additives (i

f possible);

the history of the test material (virgin granules, converted final plastic product or aged samples),

detailing the pre-treatment conditions, if pre-treatment was carried out;

complete information on the soil, including source, date of collection, characteristics, amount used

in the test, storage conditions, handling and details of any pre-exposure;

the main test conditions, including the amount of test material used, the incubation temperature

and the duration of incubation:

he analytical techniques used, including the principle of the respirometer and the'met
easure the amount of carbon dioxide evolved;

1l other operations carried out, including any addition of water to the testamixture dur
nd the results of analyses of the test mixture, including the water content, at the end ¢

1l the test results obtained for the test and reference materials (in.tabular and gray
including the measured cumulative BOD or evolved carbon dioxide,the percentage bio
Yalues and the curves of these parameters against time;

the duration of the lag phase and degradation phase, the maximum level of biodegrada
as the total test duration;

pptionally, if run or determined:

<

the residual amount of test material or the percentage biodegradation calculated from
amount of test material;

tthe colony-forming units (cfu/g) in the soil;

etails of the methods used during an extended test period (>six months) in ordef
icrobial diversity or to avoid ndtyient deficiency;

1l available information onthe test material and the amount used if the test has been
reduced test material concentration in order to avoid toxic effects;

ny other relevant data (e.g. initial molecular mass of the sample, molecular mass of
olymer);

gny deviatiop{rom the test method specified.

hod used to
ing the test,
f the test;

hical form),

degradation

tion, as well

the residual

to support

erformed at

the residual
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Annex A

(informative)

Principle of a manometric respirometer (example)

The respirometer, as shown in Figure A.1, is set up in a temperature-controlled environment (e.g. a
water-bath) and contains test vessels each fitted with a CO, absorber in the headspace, a coulometric

oxygen prog
or compute
biodegradat
is totally ab
manometer
re-establish
the oxygen
milligrams |

ber litre BOD on the recorder.

uction unit, a manometer and an external monitoring device and recorder (printer,plptter
). The test vessels are filled to about one third of their volume with the test mixtufre. If
ion takes place, the microorganisms consume oxygen and produce carbon dioxide which
sorbed. The total pressure in the vessels decreases. The pressure drop is(detected|by a
and used to initiate the electrolytic generation of oxygen. When the original pressyre is
ed, electrolysis is stopped and the quantity of electricity used, which 1s proportional to
consumption, is continuously measured and used to indicate the gxygen consumptipn in

ure

rber

Key

1 testflask
2 test mix
3 CO3z absd
4  monitor
5

6  manome
7

8

12

printer, plotter or computer

ter

thermostatically controlled enclosure
oxygen-generating unit

Figure A.1 — Schematic diagram of a manometric respirometer
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To ensure complete aeration and avoid the formation of gas concentration gradients wit
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Annex B
(informative)

Example of a system for measuring the amount of car
dioxide evolved

pst system with several millilitres per minute of CO2-free air at a constant low presstrg
sta volume of air equivalent to the volume of three flasks per hour when using a tigh ¢
entration, for example 2 500 mg of test material for 200 g of soil). Count air bubbles or u
ow controller (2) to check the air-flow rate. Use synthetic COz-free air or<ompresse
- case, remove COy by passing the air through a bottle (3) containing.dry soda limg
hst two gas-washing bottles containing e.g. 500 ml of a 10 mol/l aqueous potassiui]

y flask can be used to indicate the presence of any CO3 in the air byturbidity and to pr
of liquid to the test flask. If necessary, a humidifier (4) may be iniserted before the tes
dify the air so as to avoid evaporation of moisture from the€est soil. This can be done
ibbling the air through a constant-humidity solution siich as a saturated aqueous

bquent absorption bottles (6) as described in Annex.Cy'In order to maintain the test 3
Ind the conditions aerobic, adjust the flow rate at the air inlet.

(s), the air inlet tubing should preferably ke extended into the soil, in order to ens
s through the soil mass.

bon

bing. Aerate
(preferably
est material
se a suitable
d air. In the
or through
n hydroxide

ion. An additional flask containing e.g. 100 ml of 0,012 5 mol/] barium hydroxide solyition and an

event carry-
- flask (5) to
for example

solution of
brbed in the
oil (flask 5)

hin the test
ure that air

1 - =

2
Key
1 airin
2 air-flow controller
3 COz absorber
4 humidifier
5 testflask
6  COz-absorption bottles

© ISO

Figure B.1 — Schematic diagram of a system for measuring the amount
of carbon dioxide evolved
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Annex C
(informative)

Examples of methods for the determination of evolved carbon

dioxide

C.1 CO2 determination by DIC measurement

The carbon
dissolved in

Prepare a sq
blank value
bottles, eac]
syphon to f
determined
measureme
NaOH soluti

Calculate th

(COz )y

where

(COZ)T
DICT

DICg
3,67
10

C.2 Titri

The carbon

dioxide evolved is absorbed in sodium hydroxide (NaOH) solution and determing
prganic carbon (DIC) using, for example, a DOC analyser without incineration

lution of 0,05 mol/lI NaOH in deionized water. Measure the DIC of this solution and usg
when calculating the CO; production. Connect in series with the testflask two absor
1 containing 100 ml of the NaOH solution. Close the outlet of thellast bottle with a §
revent COz from the air from entering the NaOH solution. Onithe days when the C
remove the absorption bottle next to the test flask and take-a sample large enough fo
t (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]

e COp produced using Formula (C.1):

(DIC —DICg )x3,67
10

is the mass of CO; evolved, in milligrams;

is the DIC of test material measured for the NaOH solution, in milligrams per litre;
is the blank DIC measuréd for the NaOH solution, in milligrams per litre;
is the ratio of the/molecular mass of CO; (44) to the atomic mass of carbon (12);

is a correctionfactor to allow for the fact that 100 ml of NaOH solution was used.

metricmethod using a barium hydroxide solution

d as

 this
btion
mall
0, is

I DIC

ared
les.

€1

ulas.

Hiox1de evolved is determined in the process shown by the following two reaction formnj

The CO; pra

h] 1 - [ TR | 1 . h] h] R o STt & &Y ] TSP | 1 . 1
UULTU TC4lLS WILIT LIIC DAI'TUIIT ITyUT OXIUC Dd{UI1 )2 dIIU IS PIrecipitdicd d5 DAalrTulil ¢dio

nate

(BaCO3). The amount of COz evolved is determined by titrating the remaining Ba(OH); with hydrochloric

acid (HCI).

CO2+Ba(0OH)2—BaC03+H,0

Ba(OH),+2HCl->BaCl+2H,0

Dissolve 4,0 g of Ba(OH)2:8H70 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, e.g. five litres, is 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

14
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determine the end-point. Store as a clear solution in a sealed flask to prevent absorption of CO; from
the air.

Dilute 50 ml of a 1 mol/1 HCI solution (36,5 g/1) to 1 000 ml with deionized or distilled water to obtain
a 0,05 mol/I solution.

At the start of the test, dispense 100 ml of Ba(OH); solution into each of three absorption bottles.
Depending on the character and amount of the test material, use modifications of the trapping volumes.
Periodically remove the bottle nearest the test vessel for titration. This should take place as needed,
for example when the first bottle is turbid and before any precipitation of BaCO3 can be observed in
the second bottle. At the beginning of the test, titration might be required every other day, and then

oL o A | L £l loi L H Lad AfL H +1 L. iy Latil
eVer ITILIT ua_y VVIIUIID LIIT lJlaLCClu pllaoc IS5 1TCTAULIITU,. ATLCT TTUITNIUV 1115 LIIC dUSUT lJLlUll UULLIC,

seal

it with a plug to avoid CO; entering from the air. Move the remaining two bottles

closdr to the test bottle and place at the end of the series a new bottle filled with fresh®a(0
Espefcially if longer test periods are used, determine the exact concentration of the-selutio

flask

exactly the same way.

Immegdiately after removing the bottle, titrate two or three aliquot portions of the Ba(O
with|the HCI solution. Note the volumes of the HCI solution needed foraéutralization.

Calcylate the mass of COy trapped in the absorption bottle using Formula (C.2):

wherte

~

2cp XV V
n:{ B~ B0 —VAxVBt ]chxzz
€A BZ

m is the mass of CO; trapped in the absofption bottle, in milligrams;

da  isthe exact concentration of the HEl solution, in moles per litre;

dB is the exact concentration pf'the Ba(OH); solution, in moles per litre;

VBo is the volume of the Ba(@H)? solution at the beginning of the test, in millilitres;
Vs: is the volume of thie Ba(OH); solution at time t, before titration, in millilitres;
Vpz is the volumelofthe aliquots of Ba(OH); solution used for titration, in millilitres;
Va is the volunie of the HCI solution used for titration, in millilitres;

22 is half’of the molecular mass of CO».

Wheh theffellowing conditions apply:

theéwvolume of the Ba(OH)» solution before and after absorption is exactly 100 ml;

mmediately
bne position
)2 solution.
. Handle all

s containing test material, reference material, blank, inhibition control andyinoculum control in

H)2 solution

(C.2)

the complete solution is used for titration (Vgo = Vgt = VBz);
the concentration cg of the Ba(OH)3 solution is exactly 0,012 5 mol/];

the concentration cp of the HCI solution is exactly 0,05 mol/l;

use Formula (C.3):

m=1,1x(50-V,)

© IS0 2019 - All rights reserved
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Annex D

(informative)

Theoretical oxygen demand (ThOD)

D.1 Calculation of ThOD

The theoret]

mass M,, ca

analysis, usi

ThOD =

This calculd
sulfur to an
of N, P and
ammonium,
substance.

D.2 Example: poly-(R)-3-hydroxybutyrate [(R)-PHB]

Summary fq

M

r

16[ 2x4+0,5x6—2]

ThOD =

ThOD = 1,67

D.3 Example: blend of polyethylene/starch/glycerol

4 4 mg/mg of PHB = 1 674,4 mg/g of PHB

ical oxygen demand (ThOD) of the substance CcHpClgN,SsPpNangO, of relative mole
n be calculated if the elemental composition is known or can be determined by elem

ng Formula (D.1):
16[20+0,5(h—cl—3n)+35+2,5p+0,5na—o]

rmulal): C4HeO02, c = 4, h = 6, 0 = 2; relative\niolecular mass M, = 86.

rular
ental

(D.1)

tion assumes that carbon is converted to CO2, hydrogen to H@, phosphorus to P04 and
oxidation state of +6 and that halogens are eliminated as hydregen halides. The oxid
5 has to be checked by analysis. The calculation also assumes that nitrogen is releas
Express the ThOD in milligrams per gram of substancé.0r in milligrams per milligrgm of

htion
bd as

ThOD Amount of component ThOD
Complonent Formula
mg/g % mg/flask mg/flask
Polyethylene (C2Hg)p 3400 50 500 1700
Starch (C6H1005)n 1190 40 400 476
Glygerol C3HgO3 1200 10 100 120
Totallblend 100 1000 2296

1) PHB is a polymer of the (R)-3-hydroxybutyrate monomer. For polymerization (ester formation), water is
removed, so that the summary formula for PHB is equivalent to that of the monomer minus one H0, which is
eliminated in the chemical reaction.

16
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It miLht be helpful to use a procedure for measuring the amount and the molecular masj

ISO 1755

Annex E
(informative)

6:2019(E)

Example of a determination of the amount and the molecular

mass of water-insoluble polymer remaining at the end
biodegradation test

of a

of polymer
iate one can
not miscible

e for 10 min
the aqueous

ample in an

el. Start the

remdining at the end of a biodegradation study. The following method or another appropr]

be uged to analyse water-insoluble polymers that dissolve in organic solvents which are

with|water.

a) Transfer the test mixture to a separate funnel, add a suitable organic_solvent and shak
o 20 min to extract the remaining polymers. Separate the organic-selvent layer from
layer. Add fresh solvent and repeat the procedure.

b) (Combine the organic extracts and evaporate the solvent until dry. Dissolve the solid s
appropriate volume of a suitable eluent.

c¢) Using a microsyringe, inject a suitable amount intp_a‘high-performance liquid chromatography

HPLC) apparatus having a column packed with a,size-exclusion chromatographic g
gnalysis and record the chromatogram.

d) Determine the amount of polymer present using a calibration curve.

e) Determine the molecular mass of the (polymer by injecting into the chromatograp

The gbsolute molecular mass ofthe test polymer can also be determined by HPLC with a co
angle laser light scattering (LEALLS) and differential refractive index (RI) detector.

polymer, or polymers of structure similar to that of the test polymer whose moleculaj
known. The relationship between-the retention time and the molecular mass is obtair
fesulting chromatogram. Calculate the molecular mass using this relationship.

h the same
masses are
ed from the

mbined low-

© IS0 2019 - All rights reserved
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Annex F
(informative)

Examples of long-term tests

F.1 Evolution of the biodegradation of cellulose, wheat gluten, flax fibres and

broom fihres in soil
NOTE Data taken from Reference [8].
Inoculum: agricultural soil (500 g, < 2 mm)
Materials: cellulose (5 g), wheat gluten (5 g), flax fibres (2 g), broom fibxes (2 g)
Duration: cellulose: two years
wheat gluten, flax fibres, broom fibres: one year
Temperatur: 20°Cx2°C

Results (tw

o replicates): see Table F.1 and Figure F.1

Table F.1 — Percentage biodegradation (first example)

Percentage biodegradation
%

Test material One year Two years
Average (sltea\lllil:tail(l;(ril 1 replicate
Cellulose 108,3 2,8 108,5
Wheat gluten 89,2 2,6 —
Flax fibres 94,8 6,8 —
Broom fibres 91,8 5,6 —

18
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flax fibres

B W N R <X

broom fibres

Figure F.1 — Evolution of the biodegradation of cellulose, wheat gluten,
flax fibres and broom fibres in soil

F.2 | Evolution of theé biodegradation of cellulose, birch leaves, oak leaveg and pine
neeflles in soil

NOTH Data taken'from Reference [9].

Inocfilum: agricultural soil (500 g, < 2 mm)

Matdrials: cellulose (1 g), birch leaves (1 g), oak leaves (1 g), pine needles (1 g)
Duration: one year

Temperature: 20°Cx2°C

Results: see Table F.2 and Figure E.2.
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Table F.2 — Percentage biodegradation (second example)

Percentage biodegradation
Test material %
Absolute Relative to cellulose
Cellulose 99,7 100,0
Birch leaves 56,2 56,4
Oak leaves 55,8 56,0
Pine needles 61,9 62,1
Y
100 =
90
1
80 /
70 4
60
—R
50
40
30
20
10
0 | | | | | | | | | | | | | | |

0 |25 50 75 100 125 150 175- 200 250 225 250 275 300 325 350 K

Key
X time (days)

Y percentdge biodegradation

1 cellulosd
2 birch leq|
3 oakleavg
4  pine nee

ves
S
dles

Figure F.2.=Evolution of the biodegradation of cellulose, birch leaves, oak leaves
and pine needles in soil

F.3 Evolution of the biodegradation of cellulose and straw

Inoculum: mixture of one part agricultural soil and two parts forest soil (500 g, < 2 mm)
Materials: cellulose (1 g), straw (1 g)

Duration: 270 days

Temperature: 20°Cx2°C

Results (two replicates):(see Table F.3 and Figure F.3.
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Table F.3 — Percentage biodegradation (third example)

Percentage biodegradation
%
Test material Absolute
A Standard |Relative to cellulose
verage deviation
Cellulose 89,8 1,9 100,0
Straw 66,4 0,0 74,0
100
1
90
80
70
” / H_k(/k M
>0 / /_‘,r"r- \
40 ’( / 2
30 //‘/
20 I
10
0/ | | | | | | | | | | | | | |
0 20 40 60 80 1004120 140 160 180 200 220 240 260 24
Key
X  fime (days)
Y percentage biodegradation
1  dellulose
2 dtraw

Figarne'F.3 — Evolution of the biodegradation of cellulose and straw
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