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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

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

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

ISO 13975 as prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 5, Phypical-
chemical prdperties.
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Introduction

Biological recycling (biorecycling) is a viable option, together with mechanical recycling and chemical recycling,
for the recovery of plastic waste. This International Standard 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 the test material is evaluated
from ioxi ' i ive quantity of
evolved biogas. This International Standard is a biodegradation test method for plastic materials)if a controlled
anaefobic slurry system, and differs from ISO 15985 which uses high-solids anaerobic digestign conditions
and IS0 14853 which uses an aqueous system in an anaerobic environment.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD 1ISO 13975:2012(E)

Plastics — Determination of the ultimate anaerobic
biodegradation of plastic materials in controlled slurry di

gestion

systems — Method by measurement of biogas production

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

organisms.

Therefore appropriate precautions should be taken when handling such materials. Digestion of
organic materials produces flammable gases that present fire and explosion risks. These gases also
contain toxic chemicals, including hydrogen sulfide and ammonia, in substantial contentrations.
Appropriate safety measures, such as the use of a draft chamber, gas masks and/orweéfll-ventilated

laboratory facilities, should be taken. Toxic test chemicals and chemicals whose(propel
knO\xn should be handled with care and in accordance with safety instructions, Care sho
when transporting and storing quantities of organic matter undergoing digestion.

1 $cope

This |nternational Standard specifies a method of evaluating the ultimate~anaerobic biodegradab)

ties are not
Lld be taken

lity of plastic

which is often found for the treatment of sewage sludge, livesteck/faeces or garbage. The t
designed to yield a percentage and rate of conversion of the .organic carbon in the test materi
dioxigle and methane produced as biogas.

The method applies to the following materials, provided.they have a known carbon content:

— natural and/or synthetic polymers, copolymers_or, mixtures;

— plastic materials that contain additives suchas plasticizers, colorants, or other compounds;
— \vater-soluble polymers.

It dogs not apply to materials which exhibit inhibitory effects on the test microorganisms at the ¢
chosen for the test.

NOTH Inhibitory effects can‘be determined by an inhibition test (e.g. ISO 13641-1 or ISO 13641-2).

ormative reférences

The following referenced documents are indispensable for the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of the referenc
(inclding any amendments) applies.

st method is
Is to carbon

matefials in a controlled anaerobic slurry digestion system with a sélids concentration not excéIeding 15 %,

oncentration

t. For dated
ed document

aterials in an

ISO 14883:2005, Plastics — Determination of the ultimate anaerobic biodegradation of plastic m

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

31

ultimate anaerobic biodegradation

breakdown of an organic compound by microorganisms in the absence of oxygen into carbon dioxi
water and mineral salts of any other elements present (mineralization) plus new biomass

© 1SO 2012 — All rights reserved
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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 mixtu

re of insoluble matter

NOTE 1 to en

and pumpablg.

3.4
dissolved in
DIC
carbon dioxi(

3.5

fry: The suspended-solids concentration of a slurry might be as high as around 15 %, but slurry, i

organic carbon

le dissolved in water or transformed into carbonic acid, hydrogen carbonate ion and carbona

total dry solids

amount of sd
to constant n

3.6
volatile soli
amount of s

lids obtained by taking a known volume of test material or inoctlum and drying at about 1
ass

s
blids obtained by subtracting the residue of a known*volume of test material or inoculum

incineration at about 550 °C from the total dry solids of the same*test portion

NOTE 1 to en

3.7

ry: The volatile-solids content is an indication of the amount of organic matter present.

theoretical amount of evolved biogas

ThBiogas
maximum th
organic com

NOTE 1 to en
of test materig

3.8
lag phase

boretical amount of biogas (CH4 + CO2) which will evolve after complete biodegradation
bound under anaerobic conditions

ry: ThBiogas is calculated frem the molecular formula and expressed as litres of biogas evolved per
| under the standard conditions.

time from the start of{an anaerobic digestion test until adaptation and/or selection of the degr

microorganis
increased to

NOTE 1 to en

ms is achieved and the degree of biodegradation of a chemical compound or organic mattg
about10 % of the maximum level of biodegradation

ry; It is measured in days.

5 fluid

e ion

D5 °C

after

of an

gram

ading
r has

3.9

biodegradation phase
time from the end of the lag phase of a test until about 90 % of the maximum level of biodegradation has been

reached

NOTE 1 to entry: It is measured in days.

3.10

plateau phase
time from the end of the biodegradation phase until the end of the test

NOTE 1 to entry: It is measured in days.

© 1SO 2012 — All rights reserved
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mum 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 1 to entry: It is measured in percent.

4 Principle

This test method is deS|gned to determme the b|odegradablllty of plastic matenals under anaeroblc conditions

sludg
the in
60 d4
shall
anae
mesd

The \
cons
ion a
the €|
amol

The
and []
maki

5

5.1
solidg

5.2
size

+

oculum is anaerobically incubated in a test vessel at a pre-selected temperature for a-perio
ys. The test period may be shortened or extended until a plateau phase is reached, |but th
not exceed 90 days. The digestion temperature shall be (55 + 5) °C in order to/Simulate
robic digestion. Alternatively, the digestion temperature may be set at (35 + @),°C in ordeg
philic anaerobic digestion.

olume of the gases produced in the test vessel, carbon dioxide (CO2) and'-methane (CHa), is
derable amount of CO2 will also be dissolved in the digested sludge or dissociated to hydrog
hd carbonate ion under the conditions of the test. This dissolved inorganic carbon (DIC) is
hd of the test. The amount of biogas produced is calculated frent.the volume of biogas collg
nt of DIC formed in excess of blank values.

percentage biodegradation is calculated as the ratio ofithe sum of the net increase of proq
DIC to the theoretical amount of evolved biogas (ThBiggas). The biodegradation curve can b
ng intermediate measurements of biogas production;

est and reference materials

Test material: The test material is.normally added directly as solids to give a concentrati
b in the range of 7 g/l to 10 g/l. The\test material should preferably be used in powder form of

Reference material: TLC (thin-layer chromatography) grade microcrystalline cellulose W
20 um, for use as the reference material in the positive control.

6 Apparatus

Ensu
the u

6.1

sual labofatory equipment, plus the following:

Digestion vessel: Use conical or other suitable glass flasks with gastight connectors and gas-

tubin

e or, alternatively, on organlc waste such as Ilvestock faeces or garbage The test maten

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

on sewage
I mixed with
d normally of
b total period
thermophilic
r to simulate

measured. A
En carbonate
measured at
cted and the

uced biogas
e followed by

on of volatile
as film.

ith a particle

Required is

mpermeable

). A’/minimum volume of 1,5 | is recommended in view of the requirements of 7.3.

6.2

6.3

6.4

© 18O

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 be at a pH < 2 to avoid CO2 loss through dissolution in the water. All the connectors
and tubing shall be gastight and gas-impermeable.

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 CO2 evolved by adding an excess quantity of diluted phosphoric acid (see Annex B).

Apparatus for gas analysis (optional): Use a gas chromatograph, or other apparatus, equipped with a
suitable detector and column(s) for measuring the methane and carbon dioxide concentration in the evolved gases.

2012 — All rights reserved
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6.5

ammonia nitrogen, dry solids (at 105 °C) and volatile solids (at 550 °C).

7 Procedure

71

General

Analytical apparatus (optional), for determining volatile fatty acids, as well as total Kjeldahl nitrogen,

Take all necessary precautions, as far as practically possible, to prevent the digested sludge from being

exposed to a

7.2 Prepa|ration of inoculum

Collect diges
Alternatively,
make sure th|
opening siev

expandable material. Glass bottles are not recommended for safety reasons. Fill the bottles to within 1

the top and
placeitinal

Alternatively,

The final con|
The pH of th

Consider prd

influence of the blanks. It has been shown that pre-incubationfor about 5 days gives an adequate decrea

biogas prody
phase during

If a thermop
adapted by 1
thermophilic

An inoculum
the case of
purpose of th

If required, a
Indicate in th

7.3 Start-

Set up at lea

ir (oxygen), e.g. purge the digestion vessels with inert gas.

ted sludge from a digester at a sewage treatment plant treating predominantly domestic sey
digested sludge from a digester treating livestock faeces or garbage may be usedin-either

. Use wide-necked bottles made of high-density polyethylene or a similar gas-impermeab

beal tightly. After transport to the laboratory, use the digested sludge_directly from the bott
bboratory-scale digester. Release excess biogas to prevent the inside pressure from buildin

use a laboratory-grown anaerobic sludge as a source of the ingculum.

centration of the total dry solids in the digested sludge in the test vessels shall not exceed 15
b digested sludge shall be between 7,5 and 8,5.

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

ction by the blank without an unacceptable exténsion of either the lag phase or the biodegrag
the test.

aising the cultivation temperature -in steps, from 35 °C to 55 °C in about one month. Grow
methanogens can be confirmed by-an increase in the ratio of methane in the biogas.
may be pre-conditioned, but\normally no pre-exposed inoculum should be used, especia

standard tests simulating” biodegradation behaviour in natural environments. Depending o

dd any nutrient ta“the digested sludge during pre-incubation (see ISO 14853 for micronutri
e test report that pre-incubation was carried out.

Lp of the test

5t the following number of digestion vessels:

at the digested sludge is collected from an active digester. Filter the digested sladge with a 2

vage.
case,
mm-
e but
cm of
es or

g up.

0 g/l

e the
sein
ation

hilic digested sludge is prepared from a-mesophilic digested sludge, the digested sludge can be

th of

lly in
n the

e test, a pre-exposed ifoculum may also be used, provided this is clearly stated in the test report.

ents).

a) two vessetsforthe testmmaterat {7 TJ;
b) two vessels for the reference material (V'R);
c) two vessels for blank controls (V).

Pour 1,4 | of digested sludge (inoculum) into each digestion vessel. Add the test material or reference material
containing 10 g to 15 g of volatile solids to each test vessel and purge the mixture with inert gas for 10 min.
Prepare the two blank control vessels in the same manner, but without the test or reference material.

Place the vessels in an incubator or a water bath, and connect the digestion vessels to gas-collection bags.
Use gas-impermeable tubing and gastight connectors. Weigh and record the mass of digested sludge in each
vessel at the end of the digestion period to evaluate the concentration of inorganic carbon. Set the digestion
temperature at (55 + 5) °C for the simulation of thermophilic anaerobic digestion or at (35 + 3) °C for the
simulation of mesophilic anaerobic digestion.

4 © 1S0 2012 — All rights reserved
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If required, mix the test mixture by shaking the digestion vessel during the test.

7.4

Measurement of biogas produced (see Annex A)

The biogas produced is collected in a gas-collection bag and measured with a gastight syringe or a gas
burette. Make a sufficient number of measurements of gas volume, pressure and temperature (normally every
day) to determine the rate of gas production. In the early stages, more frequent readings might be required,
with less frequent readings needed as time progresses.

7.5

The 1
is res

7.6

At th¢
the d
inorg
the c
out th

Cent
cann

Test duration

ormal test duration is 60 days. The test may be shortened or extended until the plateau phg
ched, but the total test period shall not exceed 90 days.

Measurement of dissolved inorganic carbon (see Annex B)

b end of the test period, after the last measurement of gas volume, allow the.digested sludg
gestion vessels, open each digestion vessel and immediately determiné the concentration
anic carbon (DIC) in the supernatant, in litres per litre, at the standard conditions. Do not cent

e DIC measurements on the blanks and on the reference material using the same procedu

ifugation or filtration might result in an unacceptable loss ofidissolved carbon dioxide. If thq

se (see 3.10)

e to settle in
of dissolved
rifuge or filter

bntents to obtain supernatant (see following paragraph). After the DICumeasurement, record {he pH. Carry

e.

supernatant

pt be analysed immediately, it may be stored in a suitable sealed vial, without headspace, 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 bIg from each
digedtion 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 témperature from the atmospheric pressure, and calculate the volyme of biogas
undef the standard conditions'ofitemperature and pressure using Equation (1):

W =Vx(27315/T)xw+ p, ) /1 013,25 (1
wherg

i is the'pressure, in hPa;

w is the water vapour pressure, in hPa, at pressure measurement (see Annex D for a thble of water

vapour pressures);

vV is the volume measured with a syringe or gas burette, in litres;

o is the volume of biogas, in litres, at standard conditions;

T is the room temperature, in K.

8.2 Amount of dissolved inorganic carbon

Calculate the volume of dissolved inorganic carbon in the liquid in the test vessels using Equation (2):

VoL =Vopic X"

where

© 1SO 2012 — All rights reserved
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Vo,L is the STP volume of dissolved inorganic carbon in the liquid in the test vessel, in litres;

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

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

8.3 Calculation of percentage biodegradation

Calculate the percentage biodegradation using Equation (3):

% Biodegradation = =2 oL ° x100 @3)
me; /12,0%22,4

where
Vo,g(test is the total volume of biogas evolved from the test vessel at STP, in litres;
Vo,L(test is the STP volume of dissolved inorganic carbon in the liquid in the)test vessel, in litfes;
170,g(blank) is the mean total volume of biogas evolved from the blank véssel at STP, in litres;
170,|_(blank) is the mean STP volume of dissolved inorganic carbof.in the liquid in the blank vessgel, in

litres;

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

NOTE The denominator in Equation (3) corresponds to the FhBiogas production. The calculation of the ThBiogas

production is dlescribed in ISO 14853:2005, Annex F.

Use the samp equation to calculate the percentage biodegradation of the reference material.

9 Expregsion and interpretation of results

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

Plot the cumplative amount of biegas evolved from each digestion vessel (blank, test material, and refefence
material) as @ function of time.'PJot a biodegradation curve (percentage of biodegradation as a function offtime)
for the test material and the\reference material (see Annex C). Use mean values if the differences between
the individua] values areis-20 %. If this is not the case, plot biodegradation curves for each digestion vegsel.

Calculate thel mean degree of the percentage biodegradation at the end of test and report it as the final test result.

10 Validity-ofresuits
The test is considered valid if:
a) the percentage biodegradation of the reference material is > 70 % after 15 days;

b) the difference between the percentage biodegradation of the reference material in the different vessels is
< 20 % at the end of the test.

6 © 1S0 2012 — All rights reserved
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11 Test report
The test report shall contain at least the following information:
a) areference to this International Standard;

b) all information necessary to identify the test and reference materials, including their organic carbon
content, ThBiogas, chemical composition and formula (if known), shape, form, and amount/concentration
in the samples tested;

C) the concentration of the test material in the tost \lncenle;

d) details of the way in which the amount of biogas produced was measured (e.g. type of xoOlufmle-measuring
system used) and of the carbon analyser used to measure the DIC;

e) ipformation on the inoculum used, such as source, age, date of collection, storage;handling, apy adaptation
to the test material, any other pre-incubation, total dry solids, volatile solids, ‘piH of the suspension, total
itrogen content and volatile fatty acids, as appropriate;

f) e results obtained for the biogas evolution and percentage of biodegradation for each diggestion vessel
nd the averages, in tabular form and graphically, as well as the final'percentage of biodegraglation for the
st material and the reference material and the activity of the inéculum;

Q) e incubation temperature;
h) e pH and DIC of the test suspensions at the end of thetest;
i) e duration of the lag phase and the degradation phase, and the duration of the test;

j) e reasons for rejection of any test results.

© 1S0O 2012 — All rights reserved 7
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Annex A
(informative)

Examples of test systems

L

ik

incubator
digester
inoculum
gas outlet
leak valve
bag for ga
biogas
syringe
discharge

s collection

Figure A1

— Example of a test system using a syringe to measure the volume of biogas produced
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9
3 —
|
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= |

=1 —+
= |
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= |
= |
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|
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Key

—

Hermostatically controlled bath
gester

blve

b gas inlet

hs outlet

b gas discharge

hg for gas collection

hs burette

© O N oA WN
QO Q o zZz@Q Z < QA

scharge

Figure A.2 =Example of a test system using a gas burette to measure the volume of biogas produced
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Annex B
(informative)

Example of apparatus for measurement of biogas dissolved in slurry

Key

© 00 N O b ON -

separating
1 M H3PQ
flask (500
slurry (10
gas outlet
stopcock

biogas

|
1 |
|
2 ==
| 5 6 9
SN S )
- | |
K | |
f | -
| | "
3 | | —
| I ]
L

funnel

4 (50 ml)
ml)

9)

bag for g4

s‘collection (2 litres)

leak valve

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

10

of biogas dissolved in the slurry
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