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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

New types of plastic are being developed in which biodegradability is a specifically sought-for
characteristic. These plastics and derived products can be added to or used as feedstock for biological
recycling and recovery in aerobic composting plants or anaerobic biogasification plants. To make sure
these plastics are fit for biological recycling, their biodegradability must be demonstrated, preferably
by standard test methods.

Standard test methods which determine the degree of biodegradation under aerobic, high-solids
conditions have been developed (e.g. ISO 14855-1 and ISO 14855-2). However, it is well known from the
liters e—that-the-degree-of biodegradation—candifferstgnifieanthydependingentheenyironmental
condjfitions such as the presence or the absence of oxygen (aerobic or anaerobic). To hayg a complete
understanding of the biodegradation characteristics of a plastic under these different enyironmental
condjfitions, various methods are required.

This| International Standard specifies a method for the determination of ‘the ultimate anaerobic
biod¢gradation of plastic materials under high-solids conditions. This is/representativel of systems
for the anaerobic biogasification of the organic fraction of municipal solidywaste. Another method for
determining the degree of anaerobic biodegradation is ISO 11734. However, this method is flesigned for
soluble test materials in aqueous test conditions and at low concentrations (typically detergents) which
is nof typical of plastics.
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Plastics — Determination of the ultimate anaerobic
biodegradation under high-solids anaerobic-digestion
conditions — Method by analysis of released biogas

1 Scope

This
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typid
matg
oper
solid
yield

International Standard specifies a method for the evaluation of the ultimat
boradability of plastics based on organic compounds under high-solids anaerol
litions by measurement of evolved biogas at the end of the test. This method is designed
al anaerobic digestion conditions for the organic fraction of mixed municipal‘solid wa

hting only on pretreated household waste. The anaerobic decompositien-takes place
S (more than 20 % total solids) and static non-mixed conditions. The test method is
the percentage of carbon in the test material and its rate of convérsion to evolved cal

and fethane (biogas).
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3.1
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3.2
total

conditions described in this International Standard mightmnot always correspond to t
fitions for the maximum degree of biodegradation to occur.

Normative references

following documents, in whole or in part, ar&*normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document (including any amendments) appl

245, Water quality — Guidelines for the determination of total organic carbon (TOC) d
nic carbon (DOC)

Terms and definitions

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

hate anaerobic,biodegradation
kdown of anierganic compound by microorganisms in the absence of oxygen to car
ane, waterj and mineral salts of any other elements present (mineralization) plus new

h

b anaerobic
ic-digestion
to simulate

ste. The test

rial is exposed in a laboratory test to a methanogenic inoculum derived.from anaerobic digesters

under high-
designed to
bon dioxide

he optimum

ent and are
For undated
es.

nd dissolved

bon dioxide,
biomass

dry solids

amount of solids obtained by takKing a Known mass of test material or inoculum and drying at about
105 °C to constant mass

3.3

volatile solids
amount of solids obtained by subtracting the residue of a known mass of test material or inoculum after
incineration at about 550 °C from the total dry solids content of the same sample

Note
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1 to entry: The volatile solids content is an indication of the amount of organic matter present.
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lag phase
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time, measured in days, from the start of a test until adaptation and/or selection of the degrading
microorganisms is achieved and the degree of biodegradation of a chemical compound or organic matter
has increased to about 10 % of the maximum level of biodegradation

3.5

maximum level of biodegradation
degree of biodegradation, measured in per cent, of a chemical compound or organic matter in a test,
above which no further biodegradation takes place during the test

3.6

biodegradation phase

time, meas
biodegradat

3.7
plateau phd

jred in days, from the end of the lag phase of a test until about 90 % of the maximm le]

ion has been reached

jSse

time, measufred in days, from the end of the biodegradation phase until the end d¢f the test

4 Princi

The test me
and determ
conditions.

household W

ple

thod is designed to be an optimized simulation of an inténsive anaerobic digestion pr
nes the ultimate biodegradability of a test material unider high-solids anaerobic dige
[he methanogenic inoculum is derived from anaerobic digesters operating on pretrg
raste, preferably only the organic fraction.

The test material is mixed with the inoculum and introdiiced into a static digestion vessel whersg

intensively
longer until

During the 4

ligested under optimum temperature and\nroisture conditions for a test period of 15
a plateau in the biodegradation has beemyreached.

naerobic biodegradation of the test@material, methane, carbon dioxide, water, mineral

and new mig
(methane a

robial cellular constituents (biofmass) are the ultimate biodegradation products. The b
d carbon dioxide) evolved is continuously monitored or measured at regular intervg

test and blapk vessels to determine théieumulative biogas production. The percentage biodegrad
is given by the ratio of the amount of biegas evolved from the test material to the maximum theorsg

amount of bi
produced is
does not ing

ogas that can be produced from the test material. The maximum theoretical amount of b
calculated from the.measured total organic carbon (TOC). This percentage biodegrad
lude the amountoficarbon converted to new cell biomass which is not metabolized in

to biogas dulring the course of the test.

Additionally

5 Test el

. the lossinymass of the test material can be determined at the end of the test.

nvironment

el of

hcess
stion
rated

it is
d or

salts,
ogas
1ls in
htion
ptical
ogas
htion
turn

Incubation shall be in the dark or in diffused light in an enclosure that is maintained at a constant
temperature of 52 °C + 2 °C.

6 Reagents

Use only analytical-grade reagents.

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

© ISO 2014 - All rights reserved
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7 Apparatus

Ensure that all glassware is thoroughly cleaned and, in particular, free from organic or toxic matter.

The usual laboratory equipment and the following are required:

7.1 Digestion vessels, conical or other suitable glass flasks connected up so that no loss of gas occurs.

A mi

nimum volume of 750 ml is recommended in view of the requirements of 8.2 and 8.3.

Weigh each empty digestion vessel if the loss in mass of the test material is to be determined.

7.2

in wa

The Y
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7.4
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8.1

Thei
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The {
can

)

Gas volume measurement system, comprising an inverted graduated cylinder or pl
ter or another suitable device for measuring gas volume.

unding air.
Apparatus for gas analysis (optional), comprising a gas, chvomatograph, or othe

pped with a suitable detector and column(s) for measuriig the methane and car
entration in the evolved gases.

matography, as well as total Kjeldahl nitrogen, ammbonia nitrogen, dry solids (at 105 °C)
5 (at 550 °C).

Procedure

Preparation of the inoculum

e treatment facility that/is treating municipal solid waste where, through sorting

60 mm.

ligester shouldvhave been operating for a period of at least 4 months using this orga

s shouldbe at least 15 ml of biogas at standard temperature and pressure per gram of
igester:and per day on average for at least 30 d.

vater in contact with the gas shall be at a pH of less than 2 during the whdleperiod
| CO3 loss through dissolution in the water. The gas volume measuringévice, as we
g, shall be of sufficient quality to prevent gas migration and diffusion between the sy{

Analytical apparatus (optional), for determining” volatile fatty acids by aqued

noculum shall be obtained from a properly operating anaerobic digester using pretreatg
e as the sole feedstock. The pretreated household waste should preferably come fromnj

hg or other means,a.fdirly homogeneous organic fraction is produced with a particlg

a retentiontime of a maximum of 30 d under thermophilic conditions (52 °C = 2 °C). G

noculum should be derived from a digester operating under dry (>20 % total solids) g

hstic column

f the test to
I1 as the gas
tem and the

[ apparatus,
bon dioxide

us-injection
and volatile

d household
an existing
shredding,
size of less

nic fraction,
as evolution
dry solids in

onditions. It

however, also be derived from a wet fermentation process, the digested sludge being d

ewatered by

centrifugation, by using a press or by drying at a maximum temperature of 55 °C to a total solids content

of at

least 20 %.

The prepared inoculum should undergo a short post-fermentation of approximately 7 d at the same
operating temperature as that of the facility from which it was derived. This means that the inoculum is
notfed butallowed to postfermentanaerobically byitself. Thisisto ensure thatlarge, easily biodegradable
particles are degraded during this period and also to reduce the background level of degradation of the
inoculum itself.

The most important biochemical characteristics of the inoculum shall be as follows:

— pH: between 7,5 and 8,5;

© ISO
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— volatile fatty acids (VFA): below 1 g/kg of wet mass;

— ionized-ammonia nitrogen (NH4+-N): between 0,5 g/kg and 2 g/kg of wet mass.

8.2 Preparation of test material and reference material

Determine the total organic carbon (TOC) in the test material and the reference material using e.g.
ISO 8245 and report it preferably as grams of TOC per gram of total dry solids. Alternatively, if the
materials do not contain inorganic carbon, it is possible to determine the carbon content by elemental
analysis. The test material shall have sufficient organic carbon to yield methane and carbon dioxide in
amounts suitable for the determination. Normally, a minimum of 20 g of total dry solids containing 8 g

of TOC is required per vessel.

If the loss ih mass is to be determined, determine the total dry solids and volatile solids-ef the test
material.

NOTE The loss in mass of the test material and reference material during the testcan be deternjined,
optionally, ag additional information. In the example given in Annex B, the volatile-solids Content of the test
material is d¢termined at the beginning of the test and compared with that at the end of the test.

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

8.3 Startiup of the test

Set up at least the following number of digestion vessels (7.1}

a) three végssels for the test material;

b) three vgssels for the reference material;

c) three vessels for blank controls.

Remove endqugh inoculum (approximately-107kg) from the post-fermentation vessel and mix cargfully
and consist¢ntly by hand in order to obtain a homogeneous medium.

To every 1 (00 g of wet mass (at least 20 % dry solids) of inoculum, add an amount of test materilal or
reference mpterial containing 15.g)to 20 g of volatile solids for each test vessel. Use a minimum amjount
of 500 g of Wet mass of inoculu’per test vessel. Mix the test mixture manually in a small containgr for
a period of 4 min to 3 min,

Treat the three blanksseontaining inoculum only, in similar manner, by manually mixing the inocplum
in a small cpntainerfor a period of 2 min to 3 min with the same intensity as was done for the ¢ther
vessels contpining test material or reference material.

Place the m|xtures in the digestion vessels and gently spread and compact the material evenly ip the

vessels to a uniform density. Put the vessels in a water bath or incubator and connect them to the gas-
measurement or gas-collection device. The length of time between mixing the inoculum with the test or
reference material and connection to the gas-measurement system should not be longer than 2 h. Record
the temperature and atmospheric pressure prior to turning on the heating system of the incubator or
water bath.

If loss in mass measurements are to be carried out, accurately weigh and record the mass of inoculum
and test material placed in each individual digestion vessel.

8.4 Incubation period

Incubate the digestion vessels in the dark or in diffused light for a nominal period of 15 d at a constant
temperature of 52 °C + 2 °C, which is representative of full-scale anaerobic digestion. The incubation

© ISO 2014 - All rights reserved
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time can be extended until a constant plateau phase is reached, if significant biodegradation of the test
material is still observable.

Measure the volume of biogas evolved at different time intervals to obtain a plot of evolved biogas
volume as a function of time. More frequent measurements in the early stages of the experiment might
be required.

8.5 Termination of the test

At the end of the digestion period, allow the digestor vessels to cool to room temperature and determine
the total volume of biogas evolved during the test. Record the room temperature and atmospheric
presgure.

If the loss in mass of the test material is to be determined, weigh the digestor vessels with their test
mixtures. Take samples of the test mixtures from all vessels. Determine the total dry solids and the
volatfile solids (see Annex B).

OptiTrnally, the methane and carbon dioxide (biogas) concentrations can be measured by using analytical
appajratus suitable for the detection and quantification of these gases, such as a gas chromatpgraph with
an appropriate detector.

It is fecommended that further investigations be carried out with any test material remaiping such as
meaguring relevant physical properties, chemical analysis and€aking photographs.

9 (alculation and expression of results

9.1 | Calculation of gaseous carbon

First{ the amount of gaseous carbon Cg evolvedfrom each digestion vessel is calculated. Thg volumes of
metHane and carbon dioxide evolved are converted to volumes at standard conditions of femperature
(273|K) and pressure (1 013,25 hPa) (= STP) using the ideal-gas equation:

ET—V = constant (@8]
where
)i is the pressurésin hPa;

I isthe voliume in litres;

L

] is the'temperature in K.

Thesecvolumes are also corrected for water vapour pressure and atmospheric pressurg variations

dur‘iug thetest:

The corrected volume of biogas evolved is converted to the corresponding amount of gaseous carbon
evolved using the standard equation: 22,4 ml of biogas at STP = 12 mg of Cg.

9.2 Calculation of the percentage biodegradation

Calculate the mean (of the three replicates) net amount, in grams, of gaseous carbon evolved by
anaerobic biodegradation of the test material by subtracting the mean amount, in grams, of gaseous
carbon evolved from the controls (three replicates) containing only inoculum.

© IS0 2014 - All rights reserved 5
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Calculate the percentage biodegradation using the following equation:

% biodegradation =

where
mc'g

mc,i

meg (test) — m Cg (blank)

mc i

is the amount of gaseous carbon evolved, in grams;

is the amount of carbon initially in the test material, in grams.

(2)

Calculate th

e standard error oy of the percentage biodegradation as follows:

2 2
o “(test) L O (blank) ><100

oM =

where

ni1 and n

Use the san
standard er

9.3 Calcu

An example

9.4 Expr¢

Compile tab
and the blar]

ny 1) Mg

b are the number of replicate test and blank digesters, respectively;

is the standard deviation of the total amount of gaseous<€arbon produced.

e equations to calculate the percentage biodegradation of the reference material ar
For.

lation of loss in mass

of the optional calculation of loss in mass-based on volatile-solids content is given in Anrj

pssion of results

es containing the measured and calculated data on the test material, the reference mat
k controls.

ulative amount of bipogdas evolved from each digestion vessel (blank, test materia

Plot the cu
reference riaterial) as a functien-of time. Plot a biodegradation curve (percentage biodegradati

a function
between th4
each digestd

Read from t
it as the fing

time) for the testymaterial and the reference material. Use mean values if the differg
individual values are less than 20 %. If this is not the case, plot biodegradation curve
r vessel.

he plateatvphase of the biodegradation curve the mean degree of biodegradation and r¢
| testipesult.

(3)

d its

o

erial,

and
bn as
nces
s for

bport

10 Validity of results

The test is considered as valid if

a) the percentage biodegradation of the reference material is more than 70 % after 15 d, and

b) the difference between the percentage biodegradation of the reference material in the different
vessels is less than 20 % of the mean value.

11 Test report

The test rep
a)
6

ort shall provide all pertinent information, particularly the following:

a reference to this International Standard;

© ISO 2014 - All rights reserved
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f)

g)

h)
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all information necessary to identify and describe the test material, such as dry- or volatile-solids

content, organic-carbon content, shape and visual appearance;

all information necessary to identify and describe the reference material and its organic-carbon

content;

the volume of the digestor vessels, the amounts of inoculum, test material and reference material
used, and the main characteristics of the equipment used to determine the volume of biogas

produced;

information on the inoculum, such as source, age, date of collection, storage, handling, s
tatal dry salids_volatile solids pH of suspension total nih‘ngpn content and volatile f

tabilization,
tty acids, as

appropriate;

the results obtained for the biogas evolution and percentage biodegradation for €ach dig
gnd the averages, in tabular form and graphically, as well as the final percentage biodeg
the test material and the reference material and the activity of the inoculum;

tlest, such as physical measurements and/or photographs;

the mass of each digestor vessel at the start and the end of thetest and details of any
measurements, if performed;

the reasons for rejection of any test results.

restor vessel
radation for

the results of visual observations on the test material and inoculum-duting and at the end of the

loss in mass
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Annex A
(informative)

Principle of test system
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Figure A.1 — Apparatus for high-solids anaerobic-digestion test
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