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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.
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General method

Gravimetric measurement of carben dioxide evolved in a laboratory-scale test
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Introduction

The main method specified in this part of ISO 14855 uses a solid-phase respirometric test system based on
mature compost used as a solid bed, a source of nutrients, and an inoculum rich in thermophilic microorganisms.
Mature compost is a very heterogeneous and complex material. Therefore, it can be difficult to quantify
the residual polymeric material left in the bed at the end of the test, to detect possible low-molecular-mass
molecules released into the solid bed by the polymeric material during degradation, and to assess the biomass.
As a result, it can be difficult to perform a complete carbon balance. Another difficulty which is sometimes
encountered with mature compost is a “priming effect”: the organic matter present in large amounts in the
mature compost can undergo polymer-induced degradation, known as the “priming effect”, which affects the
measurement of the biodegradability.

To qvercome these difficulties and to improve the reliability of the method, the mature compost can pe replaced
by g solid mineral medium which is used as the composting bed, thus facilitating analysés? This|variant can
be Uised to measure the biodegradation in terms of CO; evolution, to quantify and analyse the bjomass and
the fesidues of polymeric material left in the solid bed at the end of the test, and to perform a complete carbon
balgnce. Furthermore, the method is not significantly affected by the priming effectiand can, therefgre, be used
to apsess materials known to cause this problem with mature compost. The mineral bed can also be subjected
to ap ecotoxicological analysis to verify the absence of any ecotoxic activity. inthe bed after biodegradation.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD ISO 14855-1:2012(E)

Determination of the ultimate aerobic biodegradability of plastic
materials under controlled composting conditions — Method by

analysis of evolved carbon dioxide —

pounds and those whose properties are unknown should be handled with care.

1 |Scope

Thig part of ISO 14855 specifies a method for the determination of the.ultimate aerobic biodeg
plagtics, based on organic compounds, under controlled composting conditions by measurement of
of carbon dioxide evolved and the degree of disintegration of the plastic’at the end of the test. Thi
des|gned to simulate typical aerobic composting conditions for the)organic fraction of solid mixe]
waste. The test material is exposed to an inoculum which is derived from compost. The composting
in ap environment wherein temperature, aeration and humidity~are closely monitored and controll
method is designed to yield the percentage conversion of the carbon in the test material to evo
dioxide as well as the rate of conversion.

Subclauses 8.6 and 8.7 specify a variant of the method, using a mineral bed (vermiculite) inog
themophilic microorganisms obtained from compost with a specific activation phase, instead
conjpost. This variant is designed to yield thepercentage of carbon in the test substance converte
dio®ide and the rate of conversion.

The| conditions described in this part 6f£1SO 14855 may not always correspond to the optimum cq
the maximum degree of biodegradation to occur.

2 |Normative references

The| following referenced documents are indispensable for the application of this document
refefences, only the edition cited applies. For undated references, the latest edition of the reference
(including any amendments) applies.

I1ISO|5663, Water quality — Determination of Kjeldahl nitrogen — Method after mineralization with

ISO| 8245, Water quality — Guidelines for the determination of total organic carbon (TOC) an

Toxic test

radability of
the amount
5 method is
d municipal
takes place
pd. The test
ved carbon

ulated with
of mature
d to carbon

nditions for

For dated
d document

selenium

d dissolved

organic’carbon (DOC)

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

31
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

© 1SO 2012 — All rights reserved
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3.2
compostin

9

aerobic process designed to produce compost

NOTE

vegetable residues, occasionally with other organic material, and having a limited mineral content.

3.3

disintegration
physical breakdown of a material into very small fragments

3.4

Compost is an organic soil conditioner obtained by biodegradation of a mixture consisting principally of

total dry solids
amount of dolids obtained by taking a known volume of test material or compost and drying at about(105 °

constant m

3.5

SS

volatile solids

amount of
incineration

NOTE 1

3.6
theoretica
ThCO2
maximum
calculated
gram of tes

3.7

lag phase

time, meast
is achieved
about 10 %

3.8

maximum
degree of b
which no fu

3.9

A

at about 550 °C from the total dry solids of the same sample

[he volatile-solids content is an indication of the amount of organic matter present.

amount of evolved carbon dioxide
eoretical amount of carbon dioxide evolved after completely oxidizing a chemical compo

compound

red in days, from the start of a test until adaptation and/or selection of the degrading microorgani
and the degree of biodegradation of @ chemical compound or organic matter has increase
of the maximum level of biodegradation

evel of biodegradation
iodegradation, measured.in per cent, of a chemical compound or organic matter in a test, al
Fther biodegradation-takes place during the test

biodegradation phase

time, meas
biodegrada

3.10
plateau ph

ion has-been reached

C to

solids obtained by subtracting the residue of a known volume of test material or compost after

ind,

m the molecular formula and expressed as milligrams of carbon dioxide evolved per milligram or

Jul
d to

ove

ired in dayS;~from the end of the lag phase of a test until about 90 % of the maximum level of

pse

time, measured in days, from the end of the biodegradation phase until the end of a test

3N

activated vermiculite

vermiculite

4 Princi

colonized by an active microbial population during a preliminary growth phase

ple

The test method determines the ultimate biodegradability and degree of disintegration of test material under
conditions simulating an intensive aerobic composting process. The inoculum used consists of stabilized,
mature compost derived, if possible, from composting the organic fraction of solid municipal waste.
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The test material is mixed with the inoculum and introduced into a static composting vessel where it is intensively
composted under optimum oxygen, temperature and moisture conditions for a test period not exceeding 6 months.

During the aerobic biodegradation of the test material, carbon dioxide, water, mineral salts and new microbial
cellular constituents (biomass) are the ultimate biodegradation products. The carbon dioxide produced is
continuously monitored, or measured at regular intervals, in test and blank vessels to determine the cumulative
carbon dioxide production. The percentage biodegradation is given by the ratio of the carbon dioxide produced
from the test material to the maximum theoretical amount of carbon dioxide that can be produced from the
test material. The maximum theoretical amount of carbon dioxide produced is calculated from the measured
total organic carbon (TOC) content. The percentage biodegradation does not include that amount of carbon
converted to new cell biomass which is not metabolized in turn to carbon dioxide during the course of the test.

Additionally, the degree of disintegration of the test material is determined at the end of the test,vand the loss
in mass of the test material may also be determined.

Vermiculite should be used instead of mature compost

a) |whenever the determination of the degree of biodegradation is affected by a priming effect induced by the
test material

andfor
b) |when performing a final carbon balance with biomass determination and retrieval of the residual test material.

The| vermiculite bed, being inorganic, substantially reduces the priming effect, thus improving the |reliability of
the method. A further advantage of using vermiculite is the vety small amount of carbon dioxide evolved in the
blank vessels (nearly zero), because of the low level of micrépial activity. This permits low levels of flegradation
actiyity to be evaluated precisely.

Thel mineralization rates obtained with the activated vermiculite are identical, or very similar, to those obtained
withl mature compost, both in terms of the final degradation level and the degradation rate.

5 |Test environment

Incybation shall be in the dark or in diffused light, in an enclosure or room maintained at a constant emperature
of 5B °C + 2 °C and free from vapours inhibitory to microorganisms.

In special cases, e.g. when the melting point of the test material is low, another temperature may|be chosen.
Thig temperature shall bekept constant during the test to within £2 °C. Any change in temperatyre shall be
justified and clearly indi¢ated in the test report.

6 |Reagents

6.1 TLC (thin-layer chromatography) grade cellulose

Useg TLC (thin-layer chromatography) grade cellulose with a particle size of less than 20 ym as the positive-
control reference material.

6.2 Vermiculite

Vermiculite is a clay mineral used for building purposes, known to be particularly suitable as a microbial carrier,
allowing survival and full activity of microbes. The composition of the native mineral, before heat treatment, is
Al203 10 %, MgO 30 %, CaO 5 %, SiO2 50 % and combined H20 5 %. When the mineral is subjected to heat
treatment, it loses the combined water and expands, giving “expanded vermiculite”. Expanded vermiculite in
flake form shall be used. Expanded vermiculite has a large capacity for water storage, and a water content
comparable with that of mature compost can be obtained in the bed.

© 1S0O 2012 — All rights reserved 3
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can be classified into three types, as follows:

“Concrete” type: apparent density 80 kg/m?3 + 16 kg/m3 (at the time the material is put into sacks); particle size:
80 % between 12 mm and 4 mm, 2 % passing through a 0,5 mm sieve.

“Medium” type: apparent density 90 kg/m3 + 16 kg/m3; particle size: 80 % between 6 mm and 1 mm, 2 %
passing through a 0,5 mm sieve.

“Fine” type: apparent density 100 kg/m3 + 20 kg/m3; particle size: 80 % between 3 mm and 0,7 mm, 5 %
passing through a 0,5 mm sieve.

For the pur

7 Appat

Ensure that

71 Com

A minimum
test materig
to be deterr

7.2
carbon-diox
during the t

7.3 App
complete a
given in An
infrared ang

7.4 Gas-
measuremg

7.5

7.6 Anal
total organi
dissolved in

7.7 Bala
normally in

posting vessels: Glass flasks or bottles that allow an even gas purge in an upward direction.

Air-supply system, capable of supplying each composting vessel with dry or water-saturated, if reqy

pH-meter.

oses or tnis part or ISV 14699, the concrete type IS used.

atus

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

volume of 2 litres is required to meet the requirements specified in 8.2and 8.3. Depending on
I, a smaller volume may be used for screening purposes. If the loss\in mass of the test materi
hined, weigh each composting vessel empty.

ide-free, air at a pre-set flow rate which shall be high €nough to provide truly aerobic condit
pst (see example given in Annex A).

ratus for the determination of carbon dioxide; designed to determine carbon dioxide directly ¢
sorption in a basic solution and determination'of the dissolved inorganic carbon (DIC) (see exar
nex A). If the carbon dioxide in the exhaust air is measured directly, for example with a continu
lyser or a gas chromatograph, exact control or measurement of the air-flow rate is required.

tight tubes, to connect the composting vessels with the air supply and the carbon dio
nt system.

ytical equipment;for the determination of dry solids (at 105 °C), volatile solids (at 550 °C)
c carbon (TOG),\for elemental analysis of the test material and, if required, for the determinatio
organic carben (DIC).

nce (gptional), to measure the mass of test vessels containing compost and test material, whig
the range between 3 kg and 5 kg.

the
Al is

ired
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r by
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ous

Kide

and

n of

his

7.8 Analytical equipment (optional), for the determination of oxygen in the air, moisture, volatile fatty acids
and total nitrogen (e.g. by the Kjeldahl method as specified in ISO 5663).

7.9

Bioreactors for activation of the vermiculite: Containers, with a volume between 5 | and 20 |, which

are not actively aerated. The containers shall be closed in such a way as to avoid excessive drying out of the
contents. Openings shall, however, be provided to allow gas exchange with the atmosphere and ensure aerobic
conditions throughout the activation phase.

An example of a suitable bioreactor is a box, made of polypropylene or another suitable material, having the
following dimensions: 30 cm x 20 cm x 10 cm (I, w, h). The box shall have a tightly fitting lid in order to avoid
excessive loss of water vapour. In the middle of the two 20-cm-wide sides, a hole 5 mm in diameter shall be
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made at a height of about 6,5 cm from the bottom of the box. It is these two holes which allow ga
between the atmosphere inside the box and the outside environment.

8 Procedure

8.1 Preparation of the inoculum

1:2012(E)

s exchange

Well aerated compost from a properly operating aerobic composting plant shall be used as the inoculum. The
inoculum shall be homogeneous and free from large inert objects such as glass, stones or pieces of metal.

Re

nofabout05cmitodcm

NOTE 1 It is recommended that compost from a plant composting the organic fraction of solid munigipal W
in oflder to ensure sufficient diversity of microorganisms. The age of the compost should preferablybe-bety
months. If such compost is not available, compost from plants treating garden or farmyard waste.or 'mixtur
wasfe and solid municipal waste may be used.

NOTE 2
as
may

It is recommended that compost with sufficient porosity be used to enable aerabic’conditions to b
uch as possible. Addition of structural material such as small wood particles or inert'er poorly biodegrad
prevent the compost sticking together and clogging during the test.

Detgrmine the total dry solids and the volatile-solids content of the inocéum. The total dry solids g
be petween 50 % and 55 % of the wet solids and the volatile solids shall be more than about 15 9
(or 30 % of the dry) solids. Adjust the water content, if necessary,defore the compost is used by a
or gentle drying, e.g. by aerating the compost with dry air.

Pre
imm

pare a mixture of 1 part of inoculum with 5 parts of deiehized water. Mix by shaking and mea
ediately. It shall be between 7,0 and 9,0.

NOT
total

E 3  For further characterization of the inoculum, suitable parameters such as the content of total org
nitrogen or fatty acids can optionally be determined{at the beginning and the end of the test.

Chs
and

ck the activity of the inoculum during the testby means of a biodegradable reference material (s¢
by measuring the carbon dioxide evoldtion in the blank vessels. The reference material shall b
by 710 % or more at the end of the test (see Clause 10). The inoculum in the blank shall produce bet
and|150 mg of carbon dioxide per graniof volatile solids over the first 10 days of the test (see Claug
prodluction of carbon dioxide is tag\high, stabilize the compost by aeration for several days before
new test. If the activity is too low,)use another compost for the inoculum.

8.2| Preparation of test'material and reference material

Det
and
no
mat
Nor

report it, preferably, as grams of TOC per gram of total dry solids. Alternatively, provided the 1
contain iperganic carbon, it is possible to determine the carbon content by elemental analys
erial shalkhave sufficient organic carbon to yield carbon dioxide in an amount suitable for the de
mally,\a-minimum of 50 g of total dry solids containing 20 g of TOC is required per vessel.

—

aste be used
een 2 and 4
es of garden

e maintained
Able material

ontent shall
o of the wet
dding water

sure the pH

anic carbon,

e Clause 6)
e degraded
veen 50 mg
e 10). If the
using itin a

ermine the total’organic carbon (TOC) of the test material and the reference material using e.g. ISO 8245

haterials do
is. The test
ermination.

If thi ] . . he d ined d . Ld i | volatil i f i

material.

NOTE The loss in mass of the test material and reference material during the test can be determined, optionally, as
additional information. In the example given in Annex C, the volatile-solids content of the test material is determined at the
beginning of the test and compared with that at the end of the test.

Use test material in the form of granules, powder, film or simple shapes (e.g. dumb-bells). The maximum
surface area of any individual piece of test material shall be about 2 cm x 2 cm. If any pieces in the original test
material are larger, reduce them in size.
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8.3 Start

-up of the test

Set up at least the following numbers of composting vessels (7.1):

a) three vessels for the test material;
b) three vessels for the reference material;
c) three vessels for the blank.

The amount of test mixture, containing inoculum and test material, used in the test will depend on the quality of

the test ma

the dry masgs of the test material shall be about 6:1. Be sure that the same amount of compost is in each Ve

Inert materi
volume of t
the test mi

In a typical
inoculum cq
mix well. TH
feel somew

content of the mixture, if required, by adding water or by aerating with dry air. introduce the mixture intg

composting

NOTE 1 I

so as to ensyre a good composting process. The C/N ratio for the test mixturé.should preferably be between 10 and 4

may be adjug
the test matg
the Kjeldahl

Place the ¢
water-satur:
with sodiuni

NOTE2 N
is directly m¢
is recommen

Use a suffi
each comp

there are n¢ leaks in any part of-the’system.

l, if added (see Note 2 to 8.1), is not considered in this relationship. Fill about three-quarters o
e composting vessel with the test mixture. Leave sufficient headspace to allow manual shakin
ure.

case, prepare composting vessels which have a volume of about 3 litres, weigh,eut an amou
ntaining 600 g of total dry solids and an amount of test material containing 100 g of dry solids
e test mixture shall have the same water content (about 50 %) as the inoculum (see 8.1). It sh
hat sticky and have some free water available when gently pressed by-fiand. Adjust the mois

vessels.
is recommended that the ratio between organic carbon and nitroge(E/N ratio) of the test mixture is optim
ted with urea, if necessary. The organic-carbon content can be ¢alculated from the TOC of the inoculum
rial. The total nitrogen content can be measured in a representative sample of the test mixture, e.g. by

Method as specified in ISO 5663.

bmposting vessels in the test environment at 58°C + 2 °C (see Clause 5) and initiate aeration u

hydroxide solution (see Annex A).

lormal air, rather than carbon-dioxide-free.ait, can be used if the carbon dioxide concentration in the exhau
asured. In this case, measurement of the/carbon dioxide concentration at the inlet and outlet of each test vd
ded. For correction, subtract the inlet eoncentration from the outlet concentration (which will be much high

Ciently high flow rate to ensure that aerobic conditions are maintained during the test throug
psting vessel. Check the air flow regularly at each outlet, e.g. by using wash-bottles, to ensure

Nt of
and
buld
ture
the

ized
0.1t
and
sing

5ing

bted, carbon-dioxide-free air. This can be preduced by passing the air through wash-bottles fjlled

5t air
ssel
er).

hout
that

NOTE 3 Regular measurement of the oxygen concentration in the exhaust air from the composting vessels will help
maintain aerpbic conditiong’)If*this is done, the oxygen concentration should not be allowed to drop below about § %.
Oxygen levels should be'closely monitored during the first week, e.g. by measuring at least twice daily. Afterwards| the
measuremeryt frequengy can be reduced. Adjust air flow rates as needed.

Handle the|reference material in the same way as the test material. The vessels for the blank contain pnly
inoculum. If shall have the same amount of total dry solids as the vessels with test material.

8.4 Incubation period

Measure the amount of carbon dioxide evolved from the exhaust air of each composting vessel at intermediate
time intervals directly using a gas chromatograph, a TOC or an infrared analyser or, alternatively, measure the
cumulative carbon dioxide evolved as dissolved inorganic carbon (DIC) after absorption in sodium hydroxide
solution using e.g. ISO 8245 (see Annex A). The frequency of measurement will depend on the measurement
method used, the desired precision of the biodegradation curve and the biodegradability of the test mixture.
If direct measurement is used, measure the carbon dioxide evolved at least twice per day at time intervals
of about 6 h during the biodegradation phase and once per day later on during the plateau phase. If the
cumulative method is used, measure the DIC once per day during the biodegradation phase and about twice
per week during the plateau phase.
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Shake the composting vessels weekly to prevent extensive channelling and to ensure uniform attack of the
microorganisms on the test material.

NOTE 1 It is recommended that the air-supply system and the carbon dioxide measurement system be disconnected
before shaking the compost vessels.

Ensure that the humidity of the test mixture in the composting vessels is neither too high nor too low by
visual observation. No free-standing water or clumps of material shall be present. Very dry conditions are,
typically, revealed by the absence of condensate in the headspace of the composting vessel. Moisture can
also optionally be measured by suitable instruments. In this case, the moisture content should be kept at about
50 % (see 8.1). The desired moisture content is achieved by aerating with humidified or dry air. A more drastic

cha
sha
mor

Dur|
obs
dev

Incy
whi
plat
incy

e

q

Me

NOT

degfadation of an easily degradable test material. In this case, measurement of the volatile fatty acids
mmended to check for souring of the contents of the cemposting vessel. If more than 2 g of volatile fdtty acids per

recd
kilog
the

ge 1 the moisture content tam be obtamed by adding water or by draimage via the air miet:
ing of the compost vessels is helpful in ensuring an even distribution of moisture. If adjustment
itor the carbon dioxide evolution closely.

ng the weekly agitation of the composting vessels and at the end of the test period, record
brvations with regard to the appearance of the compost, such as structure, moistére-content, cq
blopment, smell of the exhaust air and disintegration of the test material.

bate the composting vessels for a period not exceeding 6 months at a conistant temperature of
th is representative of full-scale composting. The incubation period“can be extended until
bau phase is reached, if significant biodegradation of the test material is still observable. Alter
bation period can be shortened if the plateau phase is reached garlier.

sure the pH at regular intervals, as at the start of the test (see 8.1).

E2 If the pH is less than 7,0, biodegradation could be‘inhibited due to acidification of the comy

ram of total dry solids has been formed, then the test must be regarded as invalid due to acidification an
nicrobial activity. To prevent acidification, add more'Compost to all vessels or repeat the test using, for g

he weekly
5 are made,

any visual
lour, fungal

b8 °C+2°C
a constant
natively, the

ost by rapid
spectrum is

i inhibition of
xample, less

test material or more compost.

8.5 Termination of the test

If the loss in mass of the test material is to be determined (see the note to 8.2), weigh the composiing vessels
with their test mixture. Take samples of the test mixture from all vessels. Determine the total dry sqglids and the
voldtile solids.

Reqgord any visual observations with regard to the appearance of the test material to assess it degree of
disiptegration.

NOTE Itis recommended that further investigations be carried out with any test material remaining, such @s measuring
releyant physicaliproperties, chemical analysis and photography.

8.6| Use.of vermiculite

If udingvermiculite rather than compost, the vermiculite is first activated by inoculating it with a solutioh containing

both organic and inorganic nutrients and mature compost. The composition of the inoculum solution used shall
be as given in Tables 1, 2 and 3. The ratio of vermiculite to inoculum solution shall be 1:3 (mass/volume).

Prepare the compost extract used in the inoculum solution by mixing mature compost with deionized water
(20 % mass/volume) for about half an hour, then filtering the slurry with a strainer (aperture size about 1 mm).
A further filtration through filter paper or centrifugation at about 1 000 rpm for 15 min can then be performed.
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Table 1 — Composition of 1 litre of inoculum solution

Constituent Mineral solution Suitable nutrient Urea Corn Cellulose Compost
(see Table 2) broth starch extract
Amount 500 ml 139 589 2049 2049 500 ml
Table 2 — Composition of 1 litre of mineral solution
Chemical KH2PO4 MgSO4 CaCly NaCl Trace-element solution
(10 % Qﬂhlfinh) (10 % inlltinn) (an Tahle '%)
Amount 19 0,59 1ml 1ml 1 mil
Table 3 — Composition of 1 litre of trace-element solution
Chemical H3BO3 Kl FeCl3 MnSQOg4 (NH4)6Mo7024 FeSO4
Amount 500 mg 100 mg 200 mg 400 mg 200 mg 400 mg
Mix the necessary amounts of vermiculite and inoculum solution to give a homogeneous mixture, and dispgnse
the mixture|into the bioreactors (about 1 kg of mixture in each). Weigh each bioreactor with its contents|and
incubate at[50 °C + 2 °C for three/four days.

Reweigh th
free tap wa
spatula or g

Vermiculite
vessels for

800 g of acfivated vermiculite in each composting vessel.

The amounts of activated vermiculite and test material used in the test will depend on the size of the compos
vessels. The ratio between the dry mass of the activated vermiculite and the dry mass of the test mat
should prefgrably be about 4:1. About half.of the volume of the composting vessel should be filled with the
mixture. Sufficient headspace is required to be able to manually shake the test mixture.

For normal jassessments, use compdsting vessels which have a volume of about 3 |. Weigh out an amou
activated vermiculite corresponding to 200 g of dry solids and an amount of test material corresponding to
of dry solid$, and mix well before introducing the mixture into the vessels.

8.7 Recqvery procedure and carbon balance when using vermiculite

Atthe end d

of test matg
each compbs

er, deionized water or distilled water. In addition, mixithe contents of each bioreactor daily w
n ordinary spoon to ensure aeration.

treated in this way is referred to as “activated<vermiculite” and can be placed in the compos
ise as a solid bed instead of the mature-compost inoculum (see 8.1). For normal assessments,

f the test, the vermiculite beds can be extracted to recover and determine quantitatively the am
rlal remarmng and the amounts of degradatlon by products and/or biomass present The be

b bioreactors daily and, if necessary, bring the mass back'to its original value by adding chloffine-

th a

ting
use

ting
prial
test

ht of
b0 g

bunt
d in

in a

series pooled and anaIysed together The vaIues obtalned for the amount of blomass the amount of test
material remaining and the amount of by-products can be used, along with the amount of carbon evolved as
CO2 during the test, to perform a final carbon balance. The amount of carbon present in the original test material
is compared with the amount of carbon evolved as CO> during the test, the amount of carbon transformed into
biomass, and the amount of carbon in the remaining test material and in the degradation by-products, at the
end of the test. In this way, it is possible to validate the result obtained for the degree of biodegradation.

The extractions can be performed in sequence using water and/or organic solvents, depending on the nature of the
test material. For this purpose, carry out preliminary solubility trials on the test material to choose a suitable solvent.

Analytical procedures which can be used are spectroscopy (IR, UV-visible, NMR, etc.), chromatography,
gravimetric analysis, elemental analysis, etc. These procedures can be applied directly to the extracts and/or
to concentrates of the extracts. The extracts can also be subjected to ecotoxicological testing.
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9 Calculation and expression of results

9.1 Calculation of the theoretical amount of carbon dioxide

Calculate the theoretical amount of carbon dioxide ThCOo, in grams per vessel, which can be produced by the
test material using Equation (1):

ThCO, = Mt1or XCroT X% ™
where
MToT is the total dry solids, in grams, in the test material introduced into the composting vessels
at the start of the test;
CtoT is the proportion of total organic carbon in the total dry solids in tHe'test material, in grams
per gram;
44 and 12 are the molecular mass of carbon dioxide and the atomic.mass of carbon, regpectively.

9.2| Calculation of the percentage biodegradation

From the cumulative amounts of carbon dioxide released, calculate‘the percentage biodegradatipn D; of the
test|material for each measurement interval using Equation (2):

(CO,)71 -(CO5)p

D, = x100 (2)
ThCO,
whgre
(CO2)T is the cumulative amount of carbon dioxide evolved in each composting vessel cofptaining test
material, in grams per vessel,
(CO2)8 is the mean cumulative amount of carbon dioxide evolved in the blank vessels, in grams per
vessel;

ThCO2 is the theoretigalyamount of carbon dioxide which can be produced by the test|material, in
grams per vessel.

If the differences between the individual results are less than 20 %, calculate the average |percentage
biodegradation. If this-is not the case, use the values for each composting vessel separately.

Use the same equation to calculate the degree of biodegradation of the reference material.

9.3| Calculation of loss in mass

An ¢xample of the optional calculation of loss in mass, based on the volatile-solids content, is given|in Annex C.

9.4 Expression of results

Compile tables containing the measured and calculated data on the test material, the reference material and
the blanks for each day of measurement. Examples of forms for this purpose are given in Annex E.

Plot the cumulative amount of carbon dioxide evolved for each composting vessel containing blank, test
material and reference material as a function of time (see example given in Annex B). Plot a biodegradation
curve (percentage biodegradation as a function of time) for the test material and the reference material (see
example in Annex B). Use mean values if the differences between the individual values are less than 20 %. If
this is not the case, plot biodegradation curves for each composting vessel.
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Read from the plateau phase of the biodegradation curve the mean degree of biodegradation and report it as
the final test result.

If the test material consisted of discrete pieces, describe qualitatively the degree of disintegration of the material.
Add further information such as photographs or measured values of relevant physical properties if available.

10 Validity of results

The test is considered as valid if

of volafile solids (mean values) after 10 days of incubation.

a referg¢nce to this part of ISO 14855;

an 20 % at the end of the test;

rence between the percentage biodegradation of the reference material in the different vesse

culum in the blank has produced more than 50 mg but less than 150 mg of carbon @igxide per g

bport

ort shall provide all pertinent information, and particularly the following:

-carbon content, shape or visual appearance;

ume of the composting vessels, the amounts of inoculum, test material and reference mate
b main characteristics of the equipment_used to determine the carbon dioxide and that use
ne the carbon;

tion on the inoculum, such as source, age, date of collection, storage, handling, stabilization,
ds, volatile solids, pH of suspension, total nitrogen content or volatile fatty acids, as appropria

Llts obtained for the carbof dioxide evolved and percentage biodegradation for each compos
and the averages, in tabular form and graphically, as well as the final degree of biodegradatio
material and the reference material and the activity of the inoculum (CO2 production after 10 g
lank);

ults of the visualobservations on the inoculum and the test material during and at the end of
ch as moisture content, fungal development, structure, colour, smell and degree of disintegra
as physical measurements and/or photographs;

ss .6f €ach composting vessel at the start and the end of the test, and details of any mass-
rfements, if performed;

Is is

ram

mation necessary to identify and describe the test material; such as dry or volatile-solids confent,

brmation necessary to identify and describe the reference material and its organic-carbon confent;

rial,
d to

otal
CH

ting
n of
ays

the
ion,

0SS

sons for rejection of any test results;

information on the source, type and amount of vermiculite used (if applicable);

if carried out, the results of the carbon balance determination.

a)
b) the dif
less th
c) theino
11 Testr
The test ref
a)
b) allinfo
organiq
c) anyinf
d) the vol
and th
determ
e) informe
dry sol
f) the res
vessel
the tes
in the f
g) the reg
test, sU
as well
h) the ma
measu
i) therea
)
k)
10
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Annex A
(informative)

Principle of test system

Synthetic air free from carbon dioxide or compressed air is supplied at a constant low pressure. If compressed air
is used, the carbon dioxide is removed by passing the air through a suitable carbon dioxide absorption system. If

a sqlution of sodium hydroxide in water is used as the absorption system, the air is humidified at thg same time.
A s¢cond trap containing barium hydroxide solution can be used to indicate the absence of carbon’dioxide.
1 2 3
L
o 157
. o 6 . . ‘. .~ -
L
I 8 9
Key
1 air 6 NaOH solution
2 COo-free air 7 CO2-removal system
3 exhaust air 8 composting vessel
4 headspace 9 COo-determination system
5 test mixture
Figure A.1 — Layout of test system
Thel|airused to aerate the test mixture in the composting vessels should preferably be introduced af the bottom
of the vessel and distributed as evenly as possible. If biodegradation takes place, carbon dioxide is produced

and swept out in the exhaust air.

The CO2 in the exhaust air can be measured directly, e.g. with a continuous infrared analyser or a gas
chromatograph. In this case, exact metering or measurement of the gas flow is necessary. Depending on
the measurement instrument, it may be necessary to remove water from the air, e.g. by cooling. If several
composting vessels are connected up to a single measuring instrument, a suitable gas switch may be required.

The exhaust air from each composting vessel can also be absorbed in a carbon dioxide trap containing e.g. a
20 g/l solution of sodium hydroxide in water and the CO2 measured as dissolved inorganic carbon (DIC), e.g.
in a suitable TOC analyser (using e.g. ISO 8245).
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Annex B
(informative)

Examples of graphical representation of carbon dioxide evolution and

300 +

250 1

12

biodegradation curves

time (days)

CO2 progluction (g/vessel)
test matgrial

blank

v

Figure B.1 — CO2-evolution curve
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Figure B.2 — Biodegradation curve
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Annex C
(informative)

Example of mass loss determination

The determination of the loss in mass of the organic matter in a test material during a composting test may provide
helpful quantitative information in support of the degree of biodegradation determined primarily from measurements

of CO3 evol
solids of the

test material and the inoculum compost at the beginning and the end of the test.

Lition. The following procedure gives a method of calculating this loss from measurement of the yolptile

Abbreviations:  com = inoculum compost, mat = test material, mix = mixture of test material and“inoculum,
ves = test vessel, wat = water.

Subscripts: w = wet material, d = total dry solids, v = volatile solids, d/w = ratio of tefal dry solids to|wet
mass, v/d = ratio of volatile solids to total dry solids, deg = degraded‘test material, f =|test
vessel, s = start of test, e = end of test, y = empty test vessel.(tare), a = addition check,
add = added water, B = blank (inoculum only), m = mixture of\test material and inoculum,
mean = mean value.

a) Weigh pach empty test vessel to obtain the tare (vesy) in grams.

b) Deternjine the wet mass (maty), the total dry solids (matqy) and the volatile solids (maty) of about 10|g of
the tesf material and calculate the ratio of total dry solids to wet niass (matq/) and of volatile solids to fotal
dry sollds (maty/q)-

c) Use the value obtained for the wet mass of the test matérial introduced into each test vessel at the $tart
of the fest (matyss) to calculate the total volatile solids (matyss) in each test vessel in accordance with
Equatign (C.1), expressing the result in grams pervessel:

matlss = matyfs x matgw x maty/g C.1)

d) Deternjine, before the start of the test,\the wet mass (comys), the total dry solids (comgs) and the volptile
solids (comys) of about 10 g of the(compost used as the inoculum. Calculate the ratio of total dry solids to
wet mdss (comgs/ws) and of volatilé solids to total dry solids (comys/gs).

e) Use th¢ value obtained for thie wet mass of the compost introduced into each test vessel at the start of the
test (cdmwss) to calculate-the total volatile solids in the compost (comyss) in each vessel in accordance with
Equatign (C.2), expressing the result in grams per vessel:

COonNyfs = COMwjs X COMds/ws X COMys/ds (F-2)

f)  Weigh pachitest vessel with the test mixture of inoculum and test material and each blank vessel contaiping
inoculum compost nnly atthe start (\/nemc and \Incso) andthe end (\/oemc and \/nch) ofthe test, nyprnc"ing
the result in grams per vessel.

g) Check that the correct amounts of test material (matwss), inoculum (comyfs) and water (watggq) have been
added to the composting vessels using Equation (C.3) for the test mixtures (vesazm) and Equation (C.4) for
the blanks (vesaB):

VESam = VESy + VeSms = VESy + COMyfs + Matyfs + Wataqd (C.3)
VESaB = VESy + VESBs = VeSy + COMyfs + Watadd (C.4)
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For each test vessel, calculate the amount of wet mixture of test material and inoculum remaining at the
end of the test (mixwfe) using Equation (C.5) and for each blank calculate the amount of inoculum (comyge)
remaining using Equation (C.6), expressing the results in grams per vessel:

MiXwfe = VE€Sme — VESy (C.5)

COMyBe = VESBe — VESy (C.6)

Take representative samples of about 10 g of the mixture of test material and inoculum from each test
vessel at the end of the test. Determine the wet mass (mixwe), the total dry solids (mixde) and the volatile

solids (mixye) and calculate the ratio of total dry solids to wet mass (mixge/we) and of vatatjle solids to

total dry solids (mixye/ge). Use the same procedure to determine the ratio of total dry splids
(comge/we) and of volatile solids to total dry solids (comye/ge) in the blanks.

wet mass

Calculate the volatile solids in each test mixture at the end of the test (mixyfe) using-Equation (€.7) and the

volatile solids in the inoculum compost in each blank vessel (comyge) using Equation (C.8), expressing the
results in grams per vessel:
MiXyfe = MiXwfe X MiXde/we X MiXve/de (C.7)
COMyBe = COMwBe X COMde/we X COMye/de (C.8)
Calculate the mean value of the volatile solids in the blanks at the end of the test (comyge meah)-

Calculate the volatile solids in the test material in egch test vessel at the end of the test (m
Equation (C.9), expressing the results in grams per'vessel:

atyfe) using

matyfe = MiXyfe — COMyBe mean (C.9)
From the volatile solids, calculate the amount of degraded test material (matgeg) in each test yessel using
Equation (C.10), expressing the result-in grams per vessel:

matgeg = Matyfs — matyfe (C.10)
For each test vessel, calculate the percentage loss in mass of the test material, i.e. the percenfage degree
of biodegradation Dy, (calculated from the loss in volatile solids, using Equation (C.11):

mat y.qX100
L= deg (C11)

mat s
Calculate.the mean value Dy mean Of the degree of biodegradation.

Determine in the same way the degree of biodegradation calculated from the loss in mass of th

e reference

material, if required.
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Annex D
(informative)

Round-robin testing

A round-robin test was carried out to validate this method. The test materials used were paper and a copolymer
of poly-S-hydroxybutyrate and poly-S-hydroxyvalerate. Cellulose with a particle size of less than 20 ym was

used as the reference material. The test results and comments by the participants showed that the me{hod

is suitable g@nd practicable and provides test results of high predictive value. The test results are publishe
Reference [6] (see the Bibliography).

din
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