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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.

tHS€6 O—6GEYVE1oP b GO CHTEH a11o hose—trtended v, i v yyw "3‘ efratreée are
the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-fgr the
bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedy
described i
different ty
editorial ru

Attention is|drawn to the possibility that some of the elements of this document may“be the subj¢ct of
patent rightss. ISO shall not be held responsible for identifying any or all such patént rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

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

The procedfires used to develop this document and.those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part.2\(see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may be the subj¢ct of
patent rightis. ISO shall not be held responsible for identifying any or all such patent rights. Detalils of
any patent rjights identified during the-development of the document will be in the Introduction and/or
on the ISO list of patent declarations Teceived (see www.iso.org/patents).

Any trade npme used in thissdecument is information given for the convenience of users and does not
constitute ah endorsement;,

For an explanation en¢the voluntary nature of standards, the meaning of ISO specific termgq and
expressions| related\te conformity assessment, as well as information about I1SO's adherence tp the
World Tradg Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.ilse:otg/iso/foreword.html.

The committee responsible for this document is ISO/TC 61, Plastics, Subcommittee SC 14, Environmental
aspects.

This second edition cancels and replaces the first edition (ISO 14851:1999), which has been technically
revised. It also incorporates the Technical Corrigendum ISO 14851:1999/Cor.1:2005. The main changes
compared to the previous edition are as follows:

— the footnotes have been renumbered;

— in Annex C, errors in the key to Figure C.1 have been corrected and minor improvements made to
the figure itself;

— inscope and Clause 8, soil and compost have been excluded for the inoculums used in this document;
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— in 8.4, numbers of test flask for the test material and blank control have been changed from two
to three;

— references in this document have been updated for latest active version;
— the Bibliography has been updated.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

With the increasing use of plastics, their recovery and disposal have become a major issue. As a first
priority, recovery is promoted. Complete recovery of plastics, however, is difficult. For example, plastic
litter, which comes mainly from consumers, is difficult to recover completely. Additional examples of
plastics which are difficult to recover are fishing tackle, plastic microbeads in personal care products
and water-soluble polymers. These plastic materials tend to leak from closed waste-management
cycles into the environment. Biodegradable plastics are now emerging as one of the options available
to solve such environmental problems. Plastic materials, such as products or packaging, which are sent
to composting facilities are expected to be potentially biodegradable. Therefore, it is very important
to determirnfe the potential biodegradability of such materials and to obtain an indication of Jtheir
biodegradalility in natural environments.
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Determination of the ultimate aerobic biodegradability
of plastic materials in an aqueous medium — Method by
measuring the oxygen demand in a closed respirometer

WARNING — Sewage, activated sludge, soil and compost may contain potentially pathogenic
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inoculum from activated sludge.

unadapted activated sludge is used as the inoculum, the fest simulates the bio

hethod is used to investigate the potential biodegradability of a test material.

conditions used in this document do not necessarily correspond to the optimun
ing maximum biodegradation to occur, but this document is designed to determine 4
pogradability of plastic materials or give an*indication of their biodegradabilityj]
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method enables the assessment of the biodegradability to be improved by calculati
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ethod applies to the following materials.
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lastic materials which contain additives such as plasticizers, colorants or other comp
ater-soluble polymers.
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The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 8245, Water quality — Guidelines for the determination of total organic carbon (TOC) and dissolved
organic carbon (DOC)

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

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

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

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

3.2

activated s
biomass pr
microorgan

3.3

concentrat
amount of s
and drying

3.4
biochemic4d
BOD

mass conce
biological o3

Note 1 to ent

3.5
theoretical
ThOD

udge
pduced in the aerobic treatment of waste water by the growth of bacteria and
sms in the presence of dissolved oxygen

on of suspended solids in an activated sludge
olids obtained by filtration or centrifugation of a known volume of-activated sludge
it about 105 °C to constant mass

1 oxygen demand

htration of the dissolved oxygen consumed under specified conditions by the ae
ridation of a chemical compound or organic matter inswater

Fy: It is expressed as milligrams of oxygen uptake perimilligram or gram of test compound.

oxygen demand

theoretical naximum amount of oxygen required-to oxidize a chemical compound completely, calcu

from the md
Note 1 to ent

3.6

total organ
TOC
amount of c

3.7

lecular formula

Fy: Itis expressed as milligramsof oxygen uptake per milligram or gram of test compound.

ic carbon

hrbon bound in dmorganic compound

dissolved ofrganic carbon

DOC
partoftheo

by centrifugation at 40 000 m-s-2 for 15 min or by membrane filtration using membranes with pof

ther

(3:2)

robic

lated

ganie’carbon in water which cannot be removed by specified phase separation, for example

es of

0,2 pm to 0,45 P diameter

3.8
lag phase

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 i

39

ncreased to about 10 % of the maximum level of biodegradation (3.9)

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
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egradation phase

time, measured in days, from the end of the lag phase (3.8) of a test until about 90 % of the maximum

level

3.11

of biodegradation (3.9) has been reached

plateau phase
time, measured in days, from the end of the biodegradation phase (3.10) until the end of a test
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the aim of enhancing the ability of the inoculum to biod
pr selection of the microorganisms

aterial‘by

conditioning
cubation of an inoculum under the conditions of the subsequent test in'tlte absence of {

i
}Found or organic matter under test, with the aim of improving the(tést by acclimatiz

porganisms to the test conditions

Principle

biodegradability of a plastic material is determined using aerobic microorganisms in
m. The test mixture contains an inorganic mediumj.the organic test material (the sa
bn and energy) with a concentration between 100’mg/l and 2 000 mg/l of organic
ated sludge as the inoculum. The mixture is stirred in closed flasks in a respirometer

e flasks. The consumption of oxygen (BOD)\is determined, for example by measuring
ygen required to maintain a constantwolume of gas in the respirometer flasks, or b}
hange in volume or pressure (or a cémbination of the two) either automatically or n
iple of a respirometer is given.invAnnex C. Alternatively, the two-phase closed-bg
ribed in ISO 10708[3] may be used/{see Annex D).

evel of biodegradation is determined by comparing the BOD with the theoretical am
expressed in per cent.(The influence of possible nitrification processes on the BO
dered. The test result-is the maximum level of biodegradation determined from
e of the biodegradation curve. Optionally, a carbon balance may be calculated to giv
mation on the biodegradation (see Annex E). Moreover, also the absorbed carbon di
[ber at the end-of the test may be determined to give additional information on the bio
Annex G).

e [SO 9408[6], which is used for a variety of organic compounds, this document is specia

for the determination of the biodegradability of plastic materials. The special requiremenf

affec

t &he choice of the inoculum and the test medium, and there is the possibility of im

et under test,

r adaptation

he chemical
ation of the

an aqueous
le source of
carbon, and
for a period

xceeding 2 months. The carbon dioxide evolyed is absorbed in a suitable absorber in thie headspace

the amount
/ measuring
nanually. An
ttle version

unt (ThOD)
D has to be
the plateau
e additional
oxide in the
degradation

lly designed
S necessary
proving the

evaluation of the biodegradability by calculating a carbon balance.

5 Test environment

Incubation shall take place in the dark or in diffuse light in an enclosure which is free from vapours
inhibitory to microorganisms and which is maintained at a constant temperature, preferably between
20 °C and 25 °C, to an accuracy of 1 °C, or at any other appropriate temperature depending on the
inoculum used and the environment to be assessed.

6 Reagents

Use only reagents of recognized analytical grade.
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6.1 Distilled or deionized water

Distilled or deionized water, free of toxic substances (copper in particular) and containing less than
2 mg/l of DOC.

6.2 Test medium

Depending on the purpose of the test, different test media may be used. For example, if simulating
a natural environment use the standard test medium (6.2.1). If a test material is used at higher
concentrations, use the optimized test medium (6.2.2) with higher buffering capacity and nutrient
concentrations.

6.2.1 Stanpdard test medium

6.2.1.1 Sqlution A

Dissolve the following in water (6.1) and make up to 1 000 ml

anhydrous potassium dihydrogen phosphate (KH2P04) 85¢g
anhydrous dipotassium hydrogen phosphate (K2HPO4) 24,75°g
disodium hydrogen phosphate dihydrate (NazHPO4:2H,0) 334¢
ammonium chloride (NH4CI) 05¢g

The correctjcomposition of the solution can be checked by measuring the pH, which should be 7,4.

6.2.1.2 Sqlution B

Dissolve 225 g of magnesium sulfate heptahydrate (MgS04:7H20) in water (6.1) and make uyp to
1000 ml

6.2.1.3 Sqlution C

Dissolve 36, g of calcium chloride dihydrate (CaClz-2H20) in water (6.1) and make up to 1 000 ml.

6.2.1.4 Sqlution D
Dissolve 0,25 g of iron(1l)-chloride hexahydrate (FeClz-6H0) in water (6.1) and make up to 1 000{ml.

Prepare this solutién) freshly before use to avoid precipitation, or add a drop of concentrated
hydrochlorif acid(HCI) or a drop of 0,4 g/1 aqueous solution of ethylenediaminetetraacetic acid (EDTA).

6.2.1.5 Preparation

To prepare 11 of test medium, add the following to about 500 ml of water (6.1),

— 10 ml of solution A;
— 1 ml of each of solutions B to D.

Make up to 1 000 ml with water (6.1). Prepare the test medium freshly before use. The solutions A up to
C may be stored up to 6 months in the dark at room temperature.

6.2.2 Optimized test medium

This optimized medium is highly buffered and contains more inorganic nutrients. This is necessary to
keep the pH constant in the system during the test, even at high concentrations of the test material. The

4 © IS0 2019 - All rights reserved
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medium contains about 2 400 mg/I of phosphorus and 50 mg/1 of nitrogen and is therefore suitable
for concentrations in the test material of up to 2 000 mg/I of organic carbon. If higher test-material
concentrations are used, increase the nitrogen content to keep the C:N ratio at about 40:1.

6.2.2.1 Solution A

Dissolve the following in water (6.1) and make up to 1 000 ml

anhydrous potassium dihydrogen phosphate (KH;P04) 375¢g

disodium hydrogen phosphate dihydrate (NapHPO4:2H»0) 873 ¢

ammjonium chloride (NH4CI) 2,0g

6.2.2.2 Solution B

Diss@lve 22,5 g of magnesium sulfate heptahydrate (MgS04-7H20) in‘water (6.1) and make up to
1000 ml.

6.2.2.3 Solution C

Dissglve 36,4 g of calcium chloride dihydrate (CaClz-2H20) in water (6.1) and make up to 1 (00 ml.
6.2.2.4 Solution D

Dissglve 0,25 g of iron(III) chloride hexahydrate-(keCl3-6H70) in water (6.1) and make up|to 1 000 ml
(see second paragraph of 6.2.1.4).

6.2.21.5 Solution E (trace-element solution, optional)

Diss¢lve in 10 ml of aqueous HCI solution (25 %, 7,7 mol/1), in the following sequence:

70 njg of ZnClz, 100 mg of Mn€l3*4H20, 6 mg of H3B0O3, 190 mg of CoClz-6H20, 3 mg of [CuClz:2H30,
240 mg of NiCl-6H0, 36 mgofNapMo04-2H70, 33 mg of NaW04-2H0 and 26 mg of NaS¢03-5H70.
Mak¢ up to 1 000 ml with-water (6.1).

6.2.2.6 Solution’F (vitamin solution, optional)

Diss¢lve in 100yml of water (6.1) 0,6 mg of biotine, 2,0 mg of niacinamide, 2,0 mg of p-aminobenzoate,
1,0 mg of panthotenic acid, 10,0 mg of pyridoxal hydrochloride, 5,0 mg of cyanocobalamine, 2,0 mg of
folic [acid, 5,0 mg of riboflavin, 5,0 mg of DL-thioctic acid and 1,0 mg of thiamine dichlorjide or use a
solutiémof 15 mg of yeast extract in 100 ml of water (6.1). Filter the solution for sterilization using
membrane filters (see 7.4).

Solutions E and F are optional and are not required if a sufficient concentration of the inoculum is used,
for example, activated sludge. It is recommended that 1 ml portions be prepared and kept refrigerated

until

use.

6.2.2.7 Preparation

To prepare 11 of test medium, add, to about 800 ml of water (6.1):

— 100 ml of solution A;

— 1 ml of each of solutions B to D and, optionally, E and F.

Make up to 1 000 ml with water (6.1) and measure the pH.

© ISO
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The correct composition of the test medium can be checked by measuring the pH, which should be
7,0 £0,2.

6.3 Pyrophosphate solution

Dissolve 2,66 g of anhydrous sodium pyrophosphate (NasP207) in water (6.1) and make up to 1 000 ml.

6.4 Carbon dioxide absorber

Preferably soda lime pellets or another suitable absorbant.

7 Apparptus
Ensure thatfall glassware is thoroughly cleaned and, in particular, free from organic or toxic'mattgr.

Required is usual laboratory equipment, plus the following.

7.1 Closed respirometer, including test vessels (glass flasks) fitted with-stirrers and all ¢ther
necessary equipment, and located in a constant-temperature room or in a thermostated apparatug (e.g.
water-bath)| For an example, see Annex C.

NOTE Any respirometer able to determine with sufficient accuracythe biochemical oxygen demand is
suitable, preferably an apparatus which measures and replaces automatically and continuously the ofygen
consumed so|that no oxygen deficiency and no inhibition of the microbialactivity occurs during the degradation
process. Inst¢ad of an ordinary respirometer, the two-phase closed-bottle version can be used (see Annex I).

7.2 Analytical equipment for measuring total organic carbon (TOC) and dissolved organic
carbon (DQC) according to ISO 8245.

7.3 Analytical equipment for measuring nitrate and nitrite concentrations.

A qualitative test is recommended first to decdide if any nitrification has occurred. If there is evidence
of nitrate/n|trite in the medium, a quantitative determination using a suitable method (for example ion
chromatogrpphy) is required.

7.4 Centrjfuge, or filtration dévice with membrane filters (0,45 pm pore size) which neither adsorb
nor release prganic carbon significantly.

7.5 Analytical balance‘(usual laboratory equipment).

7.6 pH meter (usual laboratory equipment).

8 Procedure

8.1 Test material

The test material shall be of known mass and contain sufficient carbon to yield a BOD that can be
adequately measured by the respirometer used. Calculate from the chemical formula or determine
by elemental analysis the ThOD (see Annex A) and the TOC (using, for example, ISO 8245). Use a test-
material concentration of atleast 100 mg/l, corresponding to a ThOD of about 170 mg/1 or a TOC of about
60 mg/1. Use lower concentrations only if the sensitivity of the respirometer is adequate. The maximum
amount of test material is limited by the oxygen supply to the respirometer and the test medium used.
When using the optimized test medium (6.2.2), the test-material concentration shall be such that the
TOC does not exceed about 2 000 mg/], i.e. a C:N ratio of about 40:1. If higher concentrations are to be
tested, increase the amount of nitrogen in the test medium.

6 © IS0 2019 - All rights reserved
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If biodegradation processes in natural environments are to be simulated, the use of the standard test
medium and a test-material concentration of 100 mg/l are recommended.

The test material should preferably be used in powder form, but it may also be introduced as films,
pieces, fragments or shaped articles. The form and shape of the test material may influence its
biodegradability. Similar shapes should preferably be used if different kinds of plastic material are
to be compared. If the test material is used in the form of a powder, particles of known, narrow size
distribution should be used. A particle-size distribution with the maximum at 250 pm diameter is
recommended. Also, the size of the test equipment used may depend on the form of the test material.
It should be ascertained that no substantial mechanical aberrations occur due to the test conditions,
for example due to the type of stirring mechanism used. Processing of the test material (e.g. the use of

powcﬂer N the case ol comp051fes) should not Intluence Slgl’llllCal’lfly the aegraaaflon behgviour of the

matg
mole
for e
with
infon
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8.2
Use

rial. Optionally, record the hydrogen, oxygen, nitrogen, phosphorus and sulfur cemnts
cular mass of a polymeric test material, using for example liquid exclusion chremato
kample, ASTM D 3536-91[1] or any other applicable standard method). Preferably, plas
put additives such as plasticizers should be tested. When the material does €ontain su

rial itself.

etails on how to handle poorly water-soluble compounds, see ISO\0634(Z].

Reference material

niline and/or a well-defined biodegradable polymeér, (for example microcrystalli

nts and the
craphy (see,
ic materials
th additives,

mation on their biodegradability will be needed to assess the biodegradability of the polymeric

he cellulose

powdler, ashless cellulose filters or poly-f-hydroxybutytate) as a reference material. If possible, the

TOC,

As a
mate

8.3

Actiy
sour
geog
inaf

Take
plant

form and size should be comparable to that of the test material.

negative control, a non-biodegradable polymer (e.g. polyethylene) in the same forni
rial can optionally be used.

Preparation of the inoculum

ated sludge from a sewage-treatment plant treating predominantly domestic sewage
Ce of the inoculum. It is obtained from an active aerobic environment and is available
raphical area in which a hread range of plastic materials needs to be tested. When bio
pecific waste-treatment’system is to be determined, collect the inoculum from that en

a sample of activatedsludge collected from a well-operated sewage-treatment plant or
handling predomiftantly domestic sewage. Mix well, keep the sample under aerobi

and yise preferably©n the day of collection (at least within 72 h).

Befo
nece
mini
final

‘e use, determine the concentration of suspended solids (use, for example, ISO
Esary, concentrate the sludge by settling so that the volume of sludge added to the {
mal, Add a suitable volume to obtain suspended solids in the range 30 mg/l to 1 000
mixture.

as the test

is a suitable
over a wide
degradation
vironment.

A laboratory
c conditions

11923[4]). If
est assay is
mg/l in the

If the endogenous respiration of the inoculum is too high, stabilize the inoculum by aeration before use.
Harmonize the test temperature with the inoculum used.

It may be useful to determine the colony-forming units (cfu) of the inoculum used. The test mixture
should preferably contain about 103 cfu/ml to 106 cfu/ml.

When biodegradation processes in a natural environment are to be simulated or when a carbon balance
determination (see Annex E) is to be carried out, an inoculum concentration of 30 mg/l suspended
solids is recommended. As solid matter can interfere with the carbon balance determination, the
following procedure for preparing the inoculum is recommended. Take 500 ml of the activated sludge
and homogenize for 2 min at medium speed in a blender or in a suitable high-speed mixer. Allow to
settle until the supernatant liquid contains no significant amounts of suspended matter, but in any case
for at least 30 min. Decant a sufficient volume of the supernatant liquid and add it to the test flasks to
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obtain a concentration of a volume fraction of 1 % to a volume fraction of 5 % in the test medium. Avoid
carrying over sludge particles.

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 (e.g. per cent biodegradation = x %, using pre-exposed inocula) and the method of
pre-exposure detailed in the test report. Pre-exposed inocula can be obtained from suitable laboratory
biodegradation tests (see ISO/TR 15462I8]) conducted under a variety of conditions or from samples
collected from locations where relevant environmental conditions exist (e.g. contaminated areas or
industrial treatment plants).

8.4 Test

Provide a ny
a)
b) three tg
c)
And, ifrequ
d)

Imber of flasks, so that the test includes at least the following:
three test flasks for the test material (symbol Fr);
st flasks for the blank control (symbol Fg);
two test flasks for checking the inoculum activity using a reference material (symbol Fc).
red:

erial
e by
ivity.
1 the

One flag
such as
autoclay
Use, for
same ar

k for checking for possible abiotic degradation or non-hiological change in the test mat

by hydrolysis (symbol Fs). The test solution in EgJshall be sterilized, for examp
ing or by the addition of a suitable inorganic toxicc@ompound to prevent microbial act
example, 5 ml/1 of a solution containing 10 g/1°of mercury(Il) chloride (HgCl). Ad
hount of the toxic substance during the test ifrequired.

One flaj
polyeth

k as a negative control (symbol Fy) using a non-biodegradable polymeric substance (e.g.

ylene) in the same form as the test material.

One fla
(symbo
mediun

f) ck for checking the possible inhibiting effect of the test material on microbial act
F1). Take care that the ratio of carbon in the test and reference material to nitrogen i

is atleast about C:N = 40:1s;Add nitrogen if required.

ivity
n the

riate amounts of the test medium (6.2) and the inoculum (see 8.3) to the test flas
Table 1.

Add approp ks as

indicated in

Measure th
absorber co
material ang
If a carbon 1
medium fro
beginning a
volume or W

e pH in the flasks)and adjust to 7 if necessary. Add carbon dioxide absorber (6.4) t
mpartments,ofthe respirometer (see Annex C). Add the test material (see 8.1), the refei
| the materialfor the negative control (see 8.2) to the respective flasks as indicated in Ta]
alance is.to be run (see Annex E), remove a known sufficient volume of the inoculatec
n eaghflask or from additional separate flasks for DOC and biomass determination 4
hd the end of the incubation period. Consider the removed volume when adjusting the

b the
ence
ble 1.
| test
t the
final

hen calculating the test results.

Place the flasks in a constant-temperature environment (see Clause 5) and allow all vessels to reach the
desired temperature. Make any necessary connections, seal the flasks, place them in the respirometer
and start the stirrer.

Take the necessary readings on the manometers (if manual) and verify that the recorder of oxygen
consumption is functioning properly (automatic respirometer). As an alternative, the two-phase closed-
bottle version described in Annex D may be used.
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Table 1 — Final distribution of test and reference materials

Flask Test material Refere;ligi mate- Inoculum
Fr Test + - +
Fr Test + - +
Fr Test + - +
Fg Blank - - +
Fp Blank - - +
Fp Blank - - +
Fc Inoculum check - + +
Fc Inoculum check - + +
Fs Abiotic degradation check (optional) + - -
Fi Inhibition control (optional) + + +
Fn Negative control (optional) - + +
Wheh a constant level of BOD is attained (plateau phase reached) anrd)no further biodegradation is

expe
How
after
test
and (

At the end of the test, measure the pH and deterniihe the concentrations of nitrate

imm
COorrq

Allyl
Ther
hows
occu

Opti

(see

9 ¢

9.1

Read
appr

d 2 months.
ben reached
case of long
test vessels

cted, the test is considered to be completed. The test period shofild not typically exceg
bver, if significant biodegradation is still observed and the/plateau phase has not b
this length of time, then the test may be extended, but notdonger than 6 months. In the
urations, special attention shall be paid to the technicaksystem (e.g. tightness of the
onnections).

and nitrite
pdiately in flasks Fr (see paragraph below), or\take suitably preserved samples. Use the values to

ct the calculated degree of biodegradation for nitrification (see Annex B).

thiourea can only inhibit nitrification (during short incubation periods, as it is biqdegradable.
efore, addition of allylthiourea to pievent nitrification is not recommended. Experience shows,

bver, that with low inoculum concentrations (about a volume fraction of 1 %) nitrifica
I, even during long incubation periods, when no inhibitor is used.

nally determine additionally the absorbed carbon dioxide in the adsorber at the en

Annex G).

Calculation and-expression of results

Calculatien

the oxygen consumption values for each flask, using the method given by the manufac
ppriate type of respirometer. Calculate the specific biochemical oxygen demand (BOD

matg

riabas the difference between oxygen consumption in the test flasks Fr and the blank

tion will not

H of the test

turer for the
t) of the test
s Fg divided

by the concentration of the test material, using Formula (1]:

BOD, —BOD
BOD; = t Bt
PTtc
© IS0 2019 - All rights reserved
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where

BODg
BOD;

BODg;

pTC

:2019(E)

is the specific BOD, in milligrams per gram of test material;
is the BOD of the flasks Fr containing test material at time ¢, in milligrams per litre;
is the BOD of the blank Fp at time ¢, in milligrams per litre;

is the concentration of the test material in the reaction mixture of flask Fr, in gram

S

Calculate th
the theoreti

BO

D, =—]
ThPD

Calculate in
included, th

For calculat
determined
calculated,

9.2 EXxpr¢

Compile a

measureme
in per cent
curve may b

The maxim
biodegradat
increases i
carbon bala
biodegradat

narlitra
perritre-s

e percentage biodegradation D; as the ratio of the specific biochemical oxygen dema

D
S %100

the same way the BOD and percentage biodegradation of the reférence material F¢ a
e abiotic degradation check Fs, the inhibition control Fj and the niegative control Fy.

ion of the ThOD, see Annex A. If significant concentrations of nitrite and nitrate
consider the oxygen demand due to nitrification (see Adniex B). If a carbon balance is
ise information given in Annex E.

ession and interpretation of results

table of the BOD values measured and_the percentages of biodegradation for
ht interval and each test flask. For each vessel, plot a BOD curve and a biodegradation

e plotted.

im level of biodegradation determined as the mean value of the plateau phase o
ion curve or the highest value; such as when the curve decreases or, further on, sl
the plateau phase, characterizes the degree of biodegradation of the test material
hce has been determined,the result of this determination characterizes the total degi
jon.

The wettabi
procedure

Informatio
showing al

ity and the shape-of the test material may influence the result obtained, and hence th{
ay be limited ‘to)comparing plastic materials of similar chemical structure.

on the toXicity of the test material may be useful in the interpretation of test re
w biodegradability.

ral oxygen demand (ThOD, in milligrams per gram of test material), using Formuld (2)f

nd to

(2)

nd, if

b are
to be

each
urve

hs a function of time. If comparable results are obtained for the triplicate flasks, a fnean

f the
owly
. If a
ee of

> test

sults

The test is considered valid if:

a)

b)

10

the degree of biodegradation of the reference material (inoculum check F¢) is > 60 % at the end of
the test;

the BOD of the blank Fp at the end of the test does not exceed an upper limiting value obtained
by experience (this value depends on the amount of inoculum and is, for example, in the case of
30 mg/1 dry matter, about 60 mg/I as interlaboratory tests have shown);

the BOD values of the three blanks Fg and of the three test flasks Ft are within 20 % of the mean at
the plateau phase or at the end of the test.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=c4bfeddba3f0cc6931b204331892c6b1

ISO 14851:2019(E)

If in flask Fy (inhibition check, if included) the percentage biodegradation is <25 % and no significant
degradation of the test material is observed, it can be assumed that the test material is inhibitory.

If in flask Fg (abiotic degradation check, if included) a significant amount (>10 %) of BOD is observed,
abiotic degradation processes may have taken place.

If flask Fy (negative control) was included, no significant amount of BOD shall be observed.

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

11 Test report

The test report shall contain at least the following information:
a) areference to this document, i.e. ISO 14851:2019;

b) all information necessary to identify the test and reference materials, including their{ TOC, ThOD,
¢hemical composition and formula (if known), shape, form and amount/concentration in the

amples tested;

c) the main test parameters, including test volume, test medium tsed, incubation temperature and
final pH;

d) the source and amount of the inoculum used, including dé€tails of any pre-exposure;

e) the analytical techniques used, including the principle‘of the respirometer and the TOC pnd nitrate/
nitrite determinations;

f) all the test results obtained for the test and reference materials (in tabular and graphical form),
including the measured BOD, the percentagedbiodegradation values, the respective cuives of these
ralrameters against time and the nitrate/nitrite concentrations;

g) the duration of the lag phase, biodegradation phase and maximum level of degradatiop, as well as
the total test duration;

and, pptionally, if run or determined:

<

h) the results of the abiotic/degradation check Fs, the inhibition control Fj and the negative control Fy;
i)  the results of the cathon balance determination, including for example:

1) the amountoftarbon in the test material oxidized to carbon dioxide, estimated from the degree
of biodegradation based on the BOD,

2) the inerease in DOC in the test medium during the incubation period due to water-soluble
stibstances,

3) “the increase in organic carbon in the biomass during the test,

4) the carbon content of the residual polymers at the end of the test,

5) the sum of all the carbon measured, expressed as a percentage of the carbon introduced as the
test material;

j)  the colony-forming units (cfu/ml) in the inoculated test mixtures;

k) any other relevant data (e.g. initial molecular mass of the sample, molecular mass of the residual
polymer).

© IS0 2019 - All rights reserved 11
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Annex A
(informative)

Theoretical oxygen demand (ThOD)

A.1 Calculation of the ThOD

The theoret
mass M; caf
analysis, usi

ThOD =

I be calculated, if the elemental composition is known or can be determined by elem

ical oxygen demand (ThOD) of a substance CcHpClgNySsPpNapqO, of relative molé

ng Formula (A.1):
16[26+0,5(h—cl—3n)+35+2,5p+0,5na—o]

This calculation assumes that carbon is converted to CO2, hydrogen to H20,phosphorus to P05, s

to an oxidat
to be checks
influence of

Express the

A.2 Example: Poly(S-hydroxybutyric acid) (PHB)

Summary fg

M

r

on state of +6 and halogens eliminated as hydrogen halides., The’oxidation of N, P and
d by analysis. The calculation also assumes that nitrogen iSseleased as ammonium. Fg
nitrification, see Annex B.

ThOD in milligrams per gram of substance or in milligrams per milligram of substanc

rmula: C4HgO2, c = 4, h = 6, 0 = 2; relativemolecular mass M; = 86. See Formula (A.2):

16[2x4+0,5%6—2]

ThOD =
ThOD = 1,67
NOTE P

water is rem

which is elimfinated in the chemicalreaction.

A.3 Example: Blend of polyethylene/starch/glycerol

86
4 4 mg/mg PHB =1 674,4 mg/g PHB.

HB is a polymer consisting ef the f-hydroxybutyrate monomer. For polymerization (ester formg
pved, so that the summary formula for PHB is equivalent to that of the monomer minus ong

rular
ental

(A1)

ulfur
S has
r the

A%

(A.2)

tion),
H»O,

Compohent Formula ThOD Amount of component ThOD
mg/g % mg/flask mg/flask
Polyethylene (C2H4), 3400 50 500 1700
Starch (C6H1005)n 1190 40 400 476
Glycerol C3HgO03 1200 10 100 120
Total blend 100 1000 2 296

12
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Annex B
(informative)

Correction of BOD values for interference by nitrification

Influence of nitrification

BOD
avoid
nitro

Erro
amml

Amnf
incul
bact(
an e(

2

Over

Fron

values can be influenced by nitrification. They need to be corrected if serious erro
led in the calculation of degrees of biodegradation based on the oxidation of.the
gen-containing test material.

onium in the medium is taken into account by the subtraction of the blank.

pation period of a biodegradation test. Since the reactions are séquential (carried out

Fs in the case of nitrogen-free substances are normally negligible, becatlise the oxid

lonium salts and nitrogen-containing test compounds can be oxidize@to nitrite or nitrat

brial species), it is possible for the nitrite concentration to increase or decrease. In thg
juivalent concentration of nitrate is formed. The chemicalfeactions follow Formulae (]}

|rs are to be
carbon in a

ation of the

eduring the
by different

latter case,
B.1) to (B.3):

NH4CI + 302 = 2HNO3 + 2HCI + 2H20

HNO2 + O = 2HNO3

all:
NH4Cl + 40 = 2HNO3 + 2HCI + 2H0

) these formulae, it can be concluded that:

— flor the oxidation of 2 moles (28 g) of ammonia nitrogen (added as NH4Cl with the inorga

1

q

The
at th

!

dre needed, résivting in a factor of 4,57 (128/28) mg of oxygen demand per mg of nitro

xygen demand per-mg/of nitrogen;

r the oxidation-0£2 moles (28 g) of ammonia nitrogen to nitrate, 4 moles (128 g) of oxyg

any

itrification has occurred. If there is evidence of nitrate or nitrite, a quantitative dete

requjred.

o nitrite, 3 moles (96 _g)'of oxygen (BODnop2) are needed, resulting in a factor of 3,43 (9

(B.1)

(B.2)

(B.3)

hic medium)
6/28) mg of

en (BODNo3)
en.

hmount. @f)nitrification can be determined by measuring the nitrate and nitrite copcentrations
e end.of the test in the medium in flasks F1. A qualitative test is recommended first]

to decide if
rmination is

The part of the BOD deriving from nitrogen oxidation at the end of the test, BODy, is calculated, in
milligrams per litre, using Formula (B.4):

BODN = (pNno3 * 4,57) + (pNo2 * 3,43)

© ISO
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where

PNO3

PNO2

4,57
3,43

The part of]
milligrams j

BOD¢ =

where

BODg
BODg;

BODc¢ cq

B.2 Exan'[ple

Test substa

:2019(E)

is the measured concentration of nitrate nitrogen in flasks Fr at the end of the test, in mil-

ligrams per litre;

is the measured concentration of nitrite nitrogen in flasks Fr at the end of the test, in mil-

ligrams per litre;

is the factor for the oxygen demand for the formation of nitrate;

is the factor for the oxygen demand for the formation of nitrite.

per litre, using Formula (B.5):
BOD¢ - BODy - BODg;

is the measured BOD of flasks Fr at the end of the test, in milligrams per litre;

is the BOD of the blank Fp at the end of the test, in milligrams per litre.

ce p-aminobenzoic acid 2-ethylhexyl ester at a concentration of 100 mg/l in Fr.

the BOD deriving from carbon oxidation at the end of the test, BODc, is calculatdd, in

(B.5)

rresponds to BOD; and is used for calculating BODg.and D¢ [see Formulae (1) and (2) in/ 9.1].

ThOD 239 mg/1

Measured BPDD; at the end of the test 199 mg/1

Measured blank BODg¢ 8 mg/1

D¢ without dorrection for nitrification 80 %

Nitrate at the end of the te§t)I5 mg/1 pNo3 = 3,5 mg/l1

Nitrite at th¢ end of thetest 1 mg/1 pnoz = 0,3 mg/l

BODy at thelend gfthe test 17 mg/1

BODc 174 mg/l

D¢ corrected for nitrification 73 %
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Annex C
(informative)

Principle of a closed manometric respirometer

1:2019(E)

The respirometer is set up in a temperature-controlled environment (e.g. a water bath) and contains
test vessels each fitted with a magnetic stirrer rod and a container in the headspace for a CO; absorber,

a coy

monitoring device and recorder (printer, plotter or computer). The test vessels are filled t

third

Cont
If bid
is tot

mangmeter and used to initiate the electrolytic generation of oxygen~When the original
re-eqtablished, electrolysis is stopped and the quantity of electricity.used, which is propor
oxygen consumption, is continuously measured and utilized to jindicate the oxygen cons

mg/]

lometric oxygen production unit, a manometer, magnetic stirrers for each vessel, and

of their volume with the test mixture. See Figure C.1.

nuous stirring guarantees an equilibrium of oxygen between the aqueous,and the gaj

an external

b about one-

eous phase.

degradation takes place, the microorganisms consume oxygen and produce carbon dioxide which
ally absorbed. The total pressure in the vessels decreases. The pressure drop is det¢cted by the

BOD, on the recorder.

pressure is

tional to the

umption, in
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CO» absqrber
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printer, plotter or computer
manomejter

water balth
oxygen-producing unit

test flasK

stirrer
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FiguréC.1 — Schematic drawing of a manometric respirometer
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Annex D
(informative)

Two-phase closed-bottle version of the respirometric test

D.1 Principle

e inoculated
bsed bottles
partitioning
of regular
bn uptake in
htions in the
d multiplied
fadability is
d expressed

This|version can be used as an alternative, for example, if no respirometer is availablenTh
medjum and the test and reference materials are shaken or stirred at 20 °C to 25 2€\in cl
containing known volumes of aqueous medium and air to ensure steady-stateroxygen

between the aqueous and the gas phase. The biodegradation is followed,"by meang
meagurements of the dissolved-oxygen concentration in the aqueous phase. Thetotal oxyg
the test flasks is calculated from the difference in the measured dissolved-oxygen concentr
blank and test flasks divided by the oxygen saturation value under nermal conditions an
by the total oxygen content originally present in the aqueous and ‘gas phases. Biodeg
calcylated as the total oxygen uptake divided by the theoretical oxygen demand (ThOD) an
as a percentage.

D.2 | Special apparatus

bf 200 ml to
bcrew caps),

D.2.]
300

Incubation bottles: gas-tight bottles, such as-harrow-necked flasks with volumes
ml and with suitable stoppers (e.g. ground-glass stoppers, butyl-rubber stoppers or

prov
each
the b
such
meag
greas

D.2.7

ding shielding from the light (e.g. made of\brown glass). Stopper clamps are recomm
bottle with waterproof markings. If oxygen electrodes with mounted stirrers are not uj
ottles with a magnetic stirrer with a\RTFE-coated stirrer bar. Either use bottles of stan
that the standard deviation from.the mean volume for the batch of bottles is less t

e the stoppers of the bottles with inert silicone grease to ensure proper closing and eag

Oxygen electrode, preferably with a mounted stirrer, capable of measuring in th

bnded. Mark
sed, provide
Hard volume
han 1 ml or

ure and record the volumes of ‘individual, numbered bottles with an accuracy of 1 fnl. Carefully

y removal.

e range 0 to

. Mount the
neck of the
S.

10 mg/l to an accuracy-of 1 %. The steady-state should be reached within about 1,5 min
electfode, for example\ian inert stopper which makes a leakproof fit in the ground-glasg
inculpation bottle oruse a technique to measure the oxygen concentration in a circular bypajs

D.2.3 Magnetic stirrer or shaking device.

D.3 | Procedure

Set up the incubation bottles as described in 8.4, but with three of each of bottles Fr, Fg and F¢. Place a
stirrer bar in each bottle if they are to be stirred rather than shaken. Prepare sufficient test medium,
preferably the standard test medium (6.2.1), to perform the complete test. To guarantee a sufficient
supply of nutrients, increase the amount of ammonium chloride in solution A (6.2.1.1) by a factor of
three to 1,5 g/l. Inoculate the medium in accordance with 8.3, preferably using activated sludge at a
concentration of 30 mg/1 of suspended solids, mix well and add the mixture to the bottles. Add a volume
equal to two-thirds of the volume of the bottle (e.g. 200 ml of liquid to 300 ml bottles). Place the bottles
on the shaking device or stir them, and incubate at 20 °C to 25 °C for one week. During this time, the
bacteria will use their reserve material and the inoculum will be stabilized. Then aerate the bottles
with the help of water-saturated compressed air and an air diffuser for about 15 min. Measure the
initial oxygen concentration. Add to the relevant bottles the test or reference material as specified in
8.1 and 8.2. The maximum test material concentration in this test should correspond to 150 mg/lI ThOD
which corresponds to about 90 mg/1 TOC. Stopper all bottles tightly and continue the incubation.

© IS0 2019 - All rights reserved 17
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After incubation periods of one week, or more frequently, determine the concentration of dissolved
oxygen in each bottle. Maintain the bottles at the incubation temperature kept at a constant value
(0,5 °C) during the measurements. Calibrate accurately the oxygen electrode in accordance with
the manufacturer's instructions. For oxygen measurements, take each bottle successively and shake
vigorously by hand for about 30 s. Place the bottle on a stirrer, without stirring. Remove the stopper
and immediately put the oxygen electrode through the neck of the bottle so that the electrode stopper
effectively closes the bottle and the electrode tip is well below the liquid surface. Start the stirrer at
such a speed that oxygen measurements are possible but no vortex is formed. Use the same stirrer
speed throughout a set of measurements and electrode calibrations. Record the oxygen value when it
is stable, which should be reached in about 2 min. Use for the calculation of the test result only those
bottles in which the oxygen concentration was >1,5 mg/l. Alternatively, other appropriate techniques
for measuripg the dissolved-oxygen concentration in the aqueous phase can be used, such as anexygen
electrode pgsitioned in a closed circular bypass.

Then measulre the pH in each bottle and record it. If the pH is below 6,0, adjust to about 7,5 with 0,1 mol/1

to 0,5 mol/
0,5 mol/1 hy
15 min and
put them on|

sodium hydroxide solution. If the pH is above 8,0, adjust to about 7,5 with 0,1 mo
drochloric acid solution. Finally, aerate the medium in each bottle with lairair-diffuse
measure the oxygen concentration again as described previously. Re-stopper the bo
the shaker and continue the incubation. Correct the measured BOP values at the end (

/1 to
r for
ttles,
fthe

test for nitrification (see 8.4 and Annex B).

D.4 Calculation of results

Determine the relative oxygen uptake, Uy, measured in thecagtieous phase in each bottle, fising
Formula (D.[1):
Cg} —C
U, =Bt (D.1)
CS
where
Cg: i9the mean value, in milligrams penlitre, of the dissolved-oxygen concentration in the hlank
bpttles after incubation, at time ¢;
Cs  igthe dissolved-oxygen concentration, in milligrams per litre, in each test bottle after irjcu-
bation, at time ¢;
Cs ig the saturation value; in milligrams per litre, for dissolved oxygen.
Use as the saturation value' €5 a mean value measured after each aeration or re-aeration of the blank and

test bottles.|The theorétical value at standard atmospheric pressure (1 013 hPa) and 20 °Cis 9,08 mg/1.
Determine, ising. Farmula (D.2), the total oxygen capacity O (mg/bottle) of a bottle from the maximum
oxygen content\in the gas phase and the oxygen content in the aqueous phase at standard pregsure
and 20 °C:

0= (0,28 x Vg) + (0,009 x V1) (D.2)
where

0,28 isthe oxygen content of normal air, in milligrams per millilitre;

Vg is the volume of gas in an incubation bottle, in millilitres;

0,009 is the oxygen content of saturated water, in milligrams per millilitre;

Vi is the volume of liquid in an incubation bottle, in millilitres.
18 © ISO 2019 - All rights reserved
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Normally, V1 will be constant in a test series, except if samples for analysis are taken, but V; may
differ depending on the test bottles used. If the differences between the individual bottles are small,
a constant O may be used. If the differences are significant (e.g. >2 ml for bottles with a volume of
200 ml), O¢ should be calculated for each bottle. If /] decreases according to the volume of the sample
taken, Vg increases proportionately.

Then calculate the oxygen uptake BOD (mg/bottle) from Formula (D.3):
BOD = Uy x O (D.3)

Sum the oxygen uptake X BOD (mg/bottle) for all (n) incubation periods using Formula (D.4) to obtain
the HOD at the end of the test.

3 BOD = BOD4 + BOD3 +... BOD, (D.4)

Finally, calculate the percentage biodegradation as described in 9.1.

Use appropriate formulae to determine the abiotic elimination, as well-as the biodegradation of the
reference material and the inhibition control.

© IS0 2019 - All rights reserved 19
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