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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

Biological recycling (biorecycling), together with mechanical recycling and chemical recycling,
is a viable option for the recovery of plastic waste. This document specifies a method of evaluating
the anaerobic biodegradability of such waste in a controlled anaerobic slurry system. This is a
representative anaerobic digestion test method and system for biodegradable plastic waste.

The production of a biogas is observed under anaerobic conditions suitable for the growth of
thermophilic or mesophilic microorganisms. The biogas is collected in a bag under atmospheric
pressure, and the biogas volume is measured with a syringe or a gas burette. The biodegradability of

thet
and {
for p
solid
envil

estmateriaHs-evaluatedfromthesumof theamountofearbon-dioxide-dissolvedinthe
he cumulative quantity of evolved biogas. This document describes a biodegradation
astic materials in a controlled anaerobic slurry system. It differs from ISO 15985 whid
S anaerobic digestion conditions, and ISO 14853 which uses an aqueous system in g
onment.

upernatant
test method
h uses high-
n anaerobic
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Plastics — Determination of the ultimate anaerobic
biodegradation of plastic materials in controlled slurry
digestion systems — Method by measurement of biogas
production

WARNING — Sewage sludge and other organic waste might contain potentially pathogenic

org

Digestion of organic materials produces flammable gases that present fire 'and
risks. These gases also contain toxic chemicals, including hydrogen sulfidecand aj
substantial concentrations. Appropriate safety measures, such as the use of-a dra

gas
chen
safet
matt

N

1

This
mate
159
meth
mated

isms. Therefore, appropriate precautions should be taken when handling such

asks and/or well-ventilated laboratory facilities, should be taken. Toxic test cheg
hicals whose properties are not known should be handled with care and in accor
y instructions. Care should be taken when transporting and stoering quantities
er undergoing digestion.

pcope

document specifies a method of evaluating the ultimate anaerobic biodegradabilif
rials in a controlled anaerobic slurry digestion system with a solids concentration n
, which is often found for the treatment of sewage sludge, livestock faeces or garbag
od is designed to yield a percentage and raté&f conversion of the organic carbon
rials to carbon dioxide and methane produced as biogas.

The

\
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Normatiyve references

ethod applies to the following materials, provided they have a known carbon content]:

atural and/or synthetic polymers, copolymers or mixtures;
lastic materials that contain additives such as plasticizers, colorants, or other compo
vater-soluble polymers.

es not apply to materials which exhibit inhibitory effects on the test microorgan
entration chosen forthe test.

Inhibitoryeffects can be determined by an inhibition test (e.g. ISO 13641-1 or ISO 13641

e are no normative references in this document.

I materials.
| explosion
mmonia, in
ft chamber,
rmicals and
dance with
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3 Terms and definitions

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1
|

31

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/

ultimate anaerobic biodegradation
breakdown of an organic compound by microorganisms in the absence of oxygen into carbon dioxide,
methane, water and mineral salts of any other elements present (mineralization) plus new biomass
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3.2

digested sludge

mixture of the settled sewage and activated sludge which has been incubated in a mesophilic or
thermophilic anaerobic digester to reduce the biomass and odour and to improve the dewaterability of
the sludge

Note 1 to entry: Digested sludge contains an association of anaerobic fermentative and methanogenic
microorganisms producing carbon dioxide and methane.

3.3
slurry
watery mixiure-efinselublenatter

Note 1 to en:j:y: The suspended-solids concentration of a slurry might be as high as around 15 %, but slufry is
fluid and pumpable.

3.4
dissolved inorganic carbon
DIC
carbon dio¥ide dissolved in water or transformed into carbonic acid, hydrogen carbonate ior] and
carbonate iqn

3.5
total dry sdlids
amount of splids obtained by taking a known volume of test material or inoculum and drying at gbout
105 °C to copstant mass

3.6
volatile soljds
amount of splids obtained by subtracting the residue pfa known volume of test material or inocplum
after incineration at about 550 °C from the total dry solids (3.5) of the same test portion

Note 1 to entfy: The volatile-solids content is an indi€ation of the amount of organic matter present.

3.7
theoreticall amount of evolved biogas
ThBiogas
maximum theoretical amount of biogas (CH4 + CO2) which will evolve after complete biodegradation of
an organic dompound under anaérobic conditions

Note 1 to entfy: ThBiogas is caleulated from the molecular formula and expressed as litres of biogas evolvedd per
gram of test naterial under-the standard conditions.

3.8

lag phase
time from the start of an anaerobic digestion test until adaptation and/or selection of the degrading
microorgan|sis ‘is achieved and the degree of biodegradation of a chemical compound or organic
matter has increasedtoabout-t6-96of themmuxirmmumntevetof biodegradutionr t3-11

Note 1 to entry: It is measured in days.

3.9

biodegradation phase

time from the end of the lag phase (3.8) of a test until about 90 % of the maximum level of biodegradation
(3.11) has been reached

Note 1 to entry: It is measured in days.

2 © IS0 2019 - All rights reserved
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3.10
plateau phase
time from the end of the biodegradation phase (3.9) until the end of the test

Note 1 to entry: It is measured in days.

3.11

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

Note

4

This

1 to entry: Itis measured in percent

Principle

test method is designed to determine the biodegradability of plastic materials unde

condjfitions in a slurry system. The methanogenic inoculum is obtained from~an anaerg

oper

The

temp]
platd
shall

temp

The

meas
to hy
carb

hting on sewage sludge or, alternatively, on organic waste such as-livestock faeces
est material mixed with the inoculum is anaerobically incubated in\a’test vessel at a
erature for a period normally of 60 days. The test period may.be shortened or exte
au phase is reached, but the total period shall not exceed,90)days. The digestion t
be (55 = 5) °C in order to simulate thermophilic anaerobie.digestion. Alternatively, t
erature may be set at (35 = 3) °C in order to simulate meSophilic anaerobic digestion.

1

ured. A considerable amount of COy will also be @issolved in the digested sludge or
drogen carbonate ion and carbonate ion under the conditions of the test. This dissolv
bn (DIC) is measured at the end of the test. The amount of biogas produced is calculat

voluine of biogas collected and the amount of DIE€formed in excess of blank values.

The

biog3
be fo

5

5.1

volat]
or as

5.2

percentage biodegradation is calculated’as the ratio of the sum of the net increase
is and DIC to the theoretical amoumnt;of evolved biogas (ThBiogas). The biodegradatid
[lowed by making intermediate measurements of biogas production.

Test and reference materials

Test material, the-test material is normally added directly as solids to give a cond
ile solids in the range of 7 g/1 to 10 g/1. The test material should preferably be used in
film.

Reference material, thin-layer chromatography (TLC) grade microcrystalline celly

particle size'<20 um, for use as the reference material in the positive control.

6

br anaerobic
bic digester
or garbage.
bre-selected
hded until a
emperature
he digestion

volume of the gases produced in the test vessel, €arbon dioxide (COz) and methane (CH4), is

dissociated
bd inorganic
ed from the

of produced
n curve can

entration of
owder form

1lose with a

Apparatus

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

The

6.1

usual laboratory equipment are required, including the following.

Digestion vessel.

Use conical or other suitable glass flasks with gastight connectors and gas-impermeable tubing. A
minimum volume of 1,5 1 is recommended in view of the requirements of 7.3.

6.2

Gas volume measurement system.

Use a gas-sampling bag to collect the biogas evolved. A gastight syringe or a gas burette should
preferably be used to measure the volume of the gas in the bag. The water in contact with the gas shall

© IS0 2019 - All rights reserved
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be at a pH < 2 to avoid CO; loss through dissolution in the water. All the connectors and tubing shall be
gastight and gas-impermeable.

6.3 Dissolved inorganic carbon measurement system.

Use a suitable carbon analyser for the direct detection of dissolved inorganic carbon in the supernatant
in the digestion vessels.

For example, measure the amount of CO; evolved by adding an excess quantity of diluted phosphoric
nex B).

acid (see An

6.4 Appal

Use a gas ¢
measuring {

6.5 Analyj
nitrogen, an

7 Procedure

7.1 Gene

Take all nec
exposed to §

7.2 Preparation of inoculum

Collect dige
sewage. Alt
used. In eith
digested slu
or a similar
reasons. Fill
the digested
biogas to pr

Alternativel

The final co
150 g/1. The

Consider pr
the influend

[y, use a laboratory-grown anaerobic sludge as a source of the inoculum.

‘atus for gas analysis (optional).

hromatograph, or other apparatus, equipped with a suitable detector and celtunn(j
he methane and carbon dioxide concentration in the evolved gases.

tical apparatus (optional), for determining volatile fatty acids, as wellYas total Kje
monia nitrogen, dry solids (at 105 °C) and volatile solids (at 550 °C).

ral

lir (oxygen), e.g. purge the digestion vessels withdnert gas.

sted sludge from a digester at a sewagetreatment plant treating predominantly dom
brnatively, digested sludge from acdigester treating livestock faeces or garbage m4
er case, make sure that the digested sludge is collected from an active digester. Filteg
dge with a 2-mm-opening sieve. Use wide-necked bottles made of high-density polyeth]
gas-impermeable but expandable material. Glass bottles are not recommended for s
the bottles to within 1 em_of the top and seal tightly. After transport to the laboratory

sludge directly from.the bottles or place it in a laboratory-scale digester. Release e
event the inside pressure from building up.

hcentrationsef the total dry solids in the digested sludge in the test vessels shall not ey
pH of thie digested sludge shall be between 7,5 and 8,5.

e-incubation of the digested sludge to reduce background gas production and to deci

) for

Idahl

bssary precautions, as far as practically possible, to, prevent the digested sludge from being

estic
y be
r the
lene
hfety
 use
kcess

ceed

ease

e‘of the blanks. It has been shown that pre-incubation for about 5 days gives an adeq

juate

decrease in

the biodegradation phase during the test.

iogas production by the blank without an unacceptable extension of either the lag phase or

If a thermophilic digested sludge is prepared from a mesophilic digested sludge, the digested sludge can be
adapted by raising the cultivation temperature, in steps, from 35 °C to 55 °C in about one month. Growth
of thermophilic methanogens can be confirmed by an increase in the ratio of methane in the biogas.

An inoculum may be pre-conditioned, but normally no pre-exposed inoculum should be used, especially
in the case of standard tests simulating biodegradation behaviour in natural environments. Depending
on the purpose of the test, a pre-exposed inoculum may also be used, provided this is clearly stated in
the test report.

If required, add any nutrient to the digested sludge during pre-incubation (see ISO 14853 for
micronutrients). Indicate in the test report that pre-incubation was carried out.
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Start-up of the test

p at least the following number of digestion vessels:

three vessels for the test material (V);

b) three vessels for the reference material ('g);

c)

three vessels for blank controls (V).

Two flasks for test material, blank, and reference material may be used instead of three for screening

purp

oses.

Pour
mated
for 1
mated

Place
bags
sludg
Sett
(354

If red

7.4

The |
bure
every)
requ

7.5

The
(see]

7.6

At th
settl
of di
Do n
meas

1,4 1 of digested sludge (inoculum) into each digestion vessel. Add the test material

rial containing 10 g to 15 g of volatile solids to each test vessel and purge the mixtube w
D min. Prepare the two blank control vessels in the same manner, but without the test
rial.

the vessels in an incubator or a water bath, and connect the digestion vessels to g3
Use gas-impermeable tubing and gastight connectors. Weigh and record the mass
e in each vessel at the end of the digestion period to evaluate the coficentration of inorg]
he digestion temperature at (55 £ 5) °C for the simulation of thermophilic anaerobic di
3) °C for the simulation of mesophilic anaerobic digestion.

juired, mix the test mixture by shaking the digestion vessel during the test.

Measurement of biogas produced (see Annex A)

piogas produced is collected in a gas-collectiontbag and measured with a gastight syri
Lte. Make a sufficient number of measuremefts of gas volume, pressure and temperatu

red, with less frequent readings neededas time progresses.

Test duration

hormal test duration is 60-days. The test may be shortened or extended until the pl
B.10) is reached, but thestatal test period shall not exceed 90 days.

Measurement of dissolved inorganic carbon (see Annex B)

e end of the test period, after the last measurement of gas volume, allow the digest
e in the digestion vessels, open each digestion vessel and immediately determine the cq
5solved.inorganic carbon (DIC) in the supernatant, in litres per litre, at the standard
bt centrifuge or filter the contents to obtain supernatant (see following paragraph). A

br reference
ith inert gas
or reference

1s-collection
of digested
anic carbon.
bestion or at

nge or a gas
re (normally

 day) to determine the rate of gas production. In the early stages, more frequent readings might be

ateau phase

ed sludge to
ncentration

conditions.
fter the DIC

urément, record the pH. Carry out the DIC measurements on the blanks and on t

matdg

rial using the same procedure.

]Ile reference

Centrifugation or filtration might result in an unacceptable loss of dissolved carbon dioxide. If
the supernatant cannot be analysed immediately, it may be stored in a suitable sealed vial, without

head

space, at about 4 °C for up to 2 days.

8 Calculation and expression of results

8.1

Amount of biogas produced

First, the volume under standard conditions (= STP) of biogas collected in the gas-collection bag from
each digestion vessel is calculated. The biogas in the bag and the digested sludge in the vessel are in
equilibrium, and the biogas in the bag contains the saturated water vapour at room temperature.
Therefore, subtract the water vapour pressure at room temperature from the atmospheric pressure,

© ISO
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and calculate the volume of biogas under the standard conditions of temperature and pressure using

Formula (1):
Vo =Vx(273,15/T)x(p-py )/1 013,25

where

p
Pw

%
Vo
T

8.2 Amount of dissolved inorganic carbon

Calculate th

VO,L :V

where

Vo,L.

Vo,pIC

%9

8.3 Calcu

Calculate th

% Biodd

where

Vo,g(tes

Vo,L(test)

Vo g (blank)

Vo 1, (blank)

mci

’

NOTE

i9

is the pressure, in hPa;

is the water vapour pressure, in hPa, at pressure measurement

ee Annex D fora table of water Vapour prnccnrnc);

M

the volume measured with a syringe or gas burette, in litres;
the volume of biogas, in litres, at standard conditions;

the room temperature, in K.

e volume of dissolved inorganic carbon in the liquid in the test véssels using Formula |

pic xVy,

is the STP volume of dissolved inorganic.carbon in the vessel at the end of the test, in 1
per litre;

is the volume of liquid in the vessel,in litres.

lation of percentage biddegradation

e percentage biodegradation using Formula (3):

[VO,g (test)+Vo L (test)]_[ﬁo'g (blank)+Vg (blank)]

gradation =
mc; /12,0x22,4

x100

)

is the total volume of biogas evolved from the test vessel at STP, in litres;

is the STP volume of dissolved inorganic carbon in the liquid in the test vessel, in litres;

AL
(2)

b

tres

(3)

in litres;

is the mean STP volume of dissolved inorganic carbon in the liquid in the blank
vessel, in litres;

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

ThBiogas production is described in ISO 14853:2016, Annex F.

Use the sam

6

e formula to calculate the percentage biodegradation of the reference material.

© ISO 2019 - All rights res

is the STP volume of dissolved inorganic carbon in the liquid in the test vessel,

is the mean total volume of biogas evolved from the blank vessel at STP, in litres;

The denominator in Formula (3) corresponds to the ThBiogas production. The calculation of the
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Expression and interpretation of results

Compile tables containing the measured and calculated data on the test material, the reference material
and the blank control.

Plot the cumulative amount of biogas evolved from each digestion vessel (blank, test material, and
reference material) as a function of time. Plot a biodegradation curve (percentage of biodegradation as
a function of time) for the test material and the reference material (see Annex C). Use mean values if the
differences between the individual values are < 20 %. If this is not the case, plot biodegradation curves
for each digestion vessel.

Calc. lotao tha o o anarcantaoa hi ion-—attha axnd o
WIALU UIIC TIICdIr u\.sl A\“ASIAVI GRS § 4 ) P\,l b\,lll.us\, Lo pyvy \451 duUudlIvIl dul LIIv CIifuu Ur Lo

test fesult.

10 Validity of results

The test is considered valid if:

a)
b)

11 Test report

The test report shall contain at least the following information:

b)

f)

g)
h)

j)

firoct and o oo +
C

# as the final

aan doagran £+l i hiadagradat
“

the percentage biodegradation of the reference material is > 70 % after 15 days;

the difference between the percentage biodegradation of the reference material in
yessels is < 20 % at the end of the test.

a reference to this document, i.e. ISO 13975:2019;

4ll information necessary to identify the test and reference materials, including t}
¢arbon content, ThBiogas, chemical egmposition and formula (if known), shape, form, g
¢oncentration in the samples tested;

the concentration of the test material in the test vessels;

etails of the way in which' the amount of biogas produced was measured (e.g. typg
easuring system used)-and of the carbon analyser used to measure the DIC;

information on the inoculum used, such as source, age, date of collection, storage, h
daptation to thetest material, any other pre-incubation, total dry solids, volatile soli
uspension, total nitrogen content and volatile fatty acids, as appropriate;

he results)obtained for the biogas evolution and percentage of biodegradation for ea

he different

heir organic

nd amount/

of volume-

indling, any
Is, pH of the

ch digestion

essel.and the averages, in tabular form and graphically, as well as the final pe

rcentage of

iodegradation for the test material and the reference material and the activity of the ilnoculum;

the incubation temperature;
the pH and DIC of the test suspensions at the end of the test;
the duration of the lag phase and the degradation phase, and the duration of the test;

the reasons for rejection of any test results.
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Annex A
(informative)

Examples of test systems

See Figures A.1 and A.2.

A
)
<

O© 00 N O U1 B W N -

L

d

incubatojr
digester
inoculum
gas outldt
leak valve
bag for gps colleetion
biogas

syringe

discharge

Figure A.1 — Example of a test system using a syringe to measure the volume of biogas
produced
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y |
o)

N7

1—.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlITIIII

._._._._._._._._._._.|__.

2—+

~
)
<

thermostatically controlled bath
digester

yalve

N2 gas inlet

as outlet

N2 gas discharge

ag for gas collection

as burette

O© 0 N O U1 o W N =

o g0~ a0

lischarge

Figure'A:2 — Example of a test system using a gas burette to measure the volume pf biogas
produced
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Annex B
(informative)

Example of apparatus for measurement of biogas dissolved in slurry

See Figure B.1.

separating funnel
1 M H3PQ4 (50 ml)
flask (500 ml)
slurry (1j00 g)

gas outldt

stopcock

biogas

bag for gas collection (2 litres)

leak valve

Figure B.1 — Example of apparatus for the measurement under atmospheric pressure of the

10

amount of biogas dissolved in the slurry
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