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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

Products made with biodegradable plastics and other biodegradable materials are designed to
be recoverable by means of organic recycling in composting plants or in anaerobic digesters. The
uncontrolled dispersion of biodegradable plastics in natural environments is not desirable. The
biodegradability of products cannot be considered as an excuse to spread wastes that should be
recovered and recycled. However, test methods to measure rate and level of biodegradation in natural
environments (such as soil or the marine environment) are of interest in order to better characterize
the behaviour of plastics in these very particular environments. As a matter of fact, some plastics are
used in products that are applied in the sea (for example, fishing gear) and sometimes they can get lost
or pytwillingly i marine environment. I he characterization of biodegradable piastic matgrials can be
enlarged by applying specific test methods that enable the quantitative assessment ofibiodegradation
of plastics exposed to marine sediment and seawater. In order to carry out a proper,prodyct design, it
is in‘:E)ortant to know whether a plastic material is inherently biodegradable when exposdd to marine
inocyla.

This|document provides a test method for calculating and reporting biodegradation leyel obtained
unddr laboratory conditions using a marine inoculum. The marine inoculum is sediment sampled at the
tidal{zone. The plastic material is exposed to this environmental matrix-and biodegradatiof is followed
by measuring the evolved CO,.

© IS0 2019 - All rights reserved v
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Plastics — Determination of the aerobic biodegradation
of non-floating materials exposed to marine sediment —
Method by analysis of evolved carbon dioxide

1

This| document specifies a laboratory test method to determine the degree and ratg
biod¢gradation level of plastic materials. This test method can also be applied to othermat

Biodpgradation is determined by measuring the CO, evolved by the plastic material wh
to mprine sediments sampled from a sandy tidal zone and kept wet with salt{water unde
condjitions.

This|test method is a simulation under laboratory conditions of the habitat found in sand
that,|in marine science, is called eulittoral zone.

The

the maximum degree of biodegradation to occur.

Devifations from the test conditions described in this document are justified in the test rep

2
The

constitutes requirements of this document{For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO [L0210, Plastics — Methods for‘the preparation of samples for biodegradation testir
materials
3 Terms and definitions

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

ISO gnd [EC maintain terminological databases for use in standardization at the following z

31

Scope

ronditions described in this document might not always corfespond to the optimum cq

Normative references

following documents are referred to in the text in such a way that some or all of t

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

JIECEl€éctropedia: available at http://www.electropedia.org/

of aerobic
brials.

len exposed
r laboratory
y tidal zone

nditions for

rt.

heir content
applies. For
hts) applies.

g of plastic

ddresses:

tidal zone
borderline between sea and land that extends from the high tide line, which is rarely inundated with
water, to the low tide line, which is typically always covered with water

Note 1 to entry: The tidal zone is frequently a sandy area that is kept constantly damp by the lapping of the waves.

Note 2 to entry: Stony and rocky shorelines also exist.

Note 3 to entry: They are also known as eulittoral zone, midlittoral zone, mediolittoral zone, intertidal zone,
foreshore.
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3.2
theoretical
ThcCoO,

:2019(E)

amount of evolved carbon dioxide

maximum theoretical amount of carbon dioxide evolved after completely oxidising a chemical
compound, calculated from the molecular formula or from determination of total organic carbon (TOC)
(3.3) and expressed as milligrams of carbon dioxide evolved per milligram or gram of test compound

3.3
total organ
TOC

ic carbon

amount of carbon bound in an organic compound

Note 1 to ent

34
dissolved o
DOC

part of the (
for example
0,45 pm dia

3.5

Fy: Total organic carbon is expressed as milligrams of carbon per 100 milligrams of the conipo

rganic carbon

rganic carbon in water which cannot be removed by specified phase Separation met
by centrifugation at 40 000 ms2 for 15 min or by membranes with pores of 0,2
meter

pre-conditioning phase

pre-incubat
with the ain
measureme

4 Princi

This test m
ISO 19679.77
the sedimen

The carbon
method. Thd
with the the

on of an inoculum under the conditions of the subsequenttest in the absence of test mat
1 to consume potential organic matter present in excess that could disturb biodegrad
t and to improve the acclimatization of the microorganisms to the test conditions

ple

ethod is based on the determinationof the evolved carbon dioxide and derives
he testing medium is based on a sandy marine sediment laid in the bottom of a closed f
t is kept wet with natural sea watet:.The test material is preferably in the form of a poy

dioxide evolved during the microbial degradation is determined by a suitable analy
 level of biodegradation is-@etermined by comparing the amount of carbon dioxide ev
oretical amount (ThCO5)\and expressed in per cent. The test result is the maximum

of biodegradlation, determined frem-the plateau phase of the biodegradation curve. The principlg

system for 1

5 Test el

Incubation

microorgan
but not exce
indicated in

NOTE
environment

heasuring evolved carbon dioxide is given in ISO 14852:2018, Annex A.

nvironment

chall take/place in the dark in an enclosure which is free from vapours inhibito
sms and which is maintained at a constant temperature, preferably between 15 °C to 4
eding 28 °C, to an accuracy of +2 °C. Any change in temperature shall be justified and cl

und.

hods,
m to

erial,
htion

from
lask;
vder.

rtical
lved
level
p of a

'y to
5°C,
parly

the test report

6 Reagents

Test results are obtained for temperature that can be different from real conditions in marine

6.1 Water, distilled or deionized water, free of toxic substances (copper in particular) and containing
less than 2 mg/1 of DOC.
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6.2 Natural seawater/sediment.

Take a sample of a sandy sediment and seawater with a shovel beneath the low-water line into a bucket.
Transfer the wet sediment together with seawater into sealed containers for transport and fast deliver
it to the laboratory. After delivery conserve the sediment at low temperature (approximately 4 °C) until
use. The seawater/sediment sample should be preferably used within 4 weeks after sampling. Record
storage time and conditions. Before use remove any obvious large material (such as plant material,
shells).

NOTE1 Itis possible to obtain sediment from multiple samples collected from different locations to increase
microbial variability.

NOTE 2  Seawater and sediment can also be sampled from large, well running public marine aqudria.

Meagure the TOC, pH and nitrogen content of the sediment. The total organic carbon contenf of sediment
should be in the range 0,1 % to 2 %.

A pr¢liminary oxidation can be applied to the sediment in order to decrease the'organic mgtter content
and the background respiration. Sediment and seawater are fluxed with-air’and gently stirred (max.
20 r/min to 30 r/min) in a large container for the desired period of time:Report this pre-freatment in
the tgst report.

7 Apparatus

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

Required is usual laboratory equipment, plus thedollowing.

7.2 | Test flasks. Biometer flasks of the yolume of about 2 1 to 4 1 are appropriate. The vessels shall be
located in a constant-temperature room'or in a thermostatic apparatus (such as water-bath). Reactors
with|higher or lower volumes can be used, if environmental conditions are not affected.

7.3 | Container for the CO, absorber. A glass beaker to be located in the headspace of thg reactor and
filled with 100 ml of Ba(OH)5.0,025 N or with 30 ml of KOH 0,5 N.

7.4 | Analytical balance: Analytical balance shall have a sensitivity of at least 0,1 mg.

7.5 | pH meter

8 Procedure

8.1 Test material

The test material should be preferably milled. Preparation of powder from plastic materials shall be
done according to ISO 10210. Alternatively introduce the test material in film or sheet form. The sample
shall be of known mass and contain sufficient carbon to yield CO, that can be adequately measured by
the system used. Use a test material concentration of at least 25 mg/100 g of sediment. This mass of the
sample should correspond to TOC of about 15 mg/kg. The maximum mass of sample per flask is limited
by the oxygen supply to the glass flask. The use of 40 mg to 75 mg of test material per 100 g sediment
is recommended. Calculate the TOC from the chemical formula or determine it by a suitable analytical
technique (for example, elemental analysis or measurement in accordance with ISO 8245) and calculate
the ThCO,.

© IS0 2019 - All rights reserved 3
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The form and shape of the test material may influence its biodegradation speed. Similar shapes and
thicknesses should preferably be used if different kinds of plastic materials are to be compared. A
particle size distribution with the maximum at 250 um diameter is recommended.

The test material may also be introduced as a film. When the test material in form of film is buried in
the sediment it could limit the gas exchange between the water body and the sediment, promoting the
formation of anaerobic zones under the test material. In order to reduce this effect, it is possible to
perforate the film sample homogeneously over the entire surface.

8.2 Reference material

Use microcyystalline cellulose or ashless cellulose filters as a reference material®). If possibld, the
TOC, form 3gnd size should be comparable to that of the test material. As a negative contrgl, @|non-
biodegradable polymer (e.g. polyethylene) in the same form as the test material should be used.

8.3 Preparation of the sediment

Filter the s¢diment in a funnel with a coarse filter paper to eliminate excess/seawater. Sedimegnt is
ready for testing when dripping of sea water is ended. Sediment after filtering issmamed “wet sediment”
hereafter. Njtrogen (such as NH,Cl or NaNO3) can be added to the sediment if this is considered as a
factor limiting biodegradation. It is suggested to add 0,1 g of N per g of TOC of test item added to th¢ test
system. These additions shall be reported in the test report.

It is recommended that the ratio between organic carbon and nitrogen (C/N ratio) of the test mixture
is optimized so as to ensure optimum biodegradation conditions: The C/N ratio for the test mixture
should prefgrably be between 10 and 40.

8.4 Test getup

Provide a nymber of flasks, so that the test includes‘at least the following:

a) three flasks for the test material (symbol\Eg);

b) three flasks for the blank (symbol Fg);

c) three flasks for reference material (symbol F).

In addition, ft is recommended to.add:

d) three flasks for negatiyé-control (symbol Fy).

Two flasks for test material, blank, reference material and negative control may be used instepd of
three for screening puyposes.

8.5 Pre-donditioning phase

In a typical case, use a test flask with a volume of 3 L. Laid down equal amount (between 200 g and
600 g, typically 400 g) of the wet sediment on the bottom of each flask to form a homogenous layer. Do
not press or compact the sediment.

Add carbon dioxide absorber to the absorber compartments of the test flask in a typical case 30 ml of
KOH 0,5 N or 100 ml of Ba(OH), 0,025 N. Place the flasks in a constant-temperature environment and
allow all vessels to reach the desired temperature. Take the necessary readings and monitor the CO,
evolution.

1) Microcrystalline Cellulose "Avicel” produced by Merck or Laboratory filter paper Whatman n°42 have been
found satisfactory for this purpose. This information is given for the convenience of users of this document and does
not constitute an endorsement by ISO of this product.

4 © IS0 2019 - All rights reserved
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This phase is carried out in order to verify that the endogenous respiration is similar in the different
vessels and also to obtain a preliminary oxidation of excess organic matter, in order to start the test
with a lower endogenous respiration.

This phase is generally protracted for a week but is possible to extend this time if a high amount of CO,
evolved is measured.

In case the CO, evolution of a vessel is different (i.e. more than 30 % of the average CO, evolution of all
the vessels) reject the diverging vessel or in case of multiple anomalies, start again using new sediment.

Different volumes and amounts can be used if environmental conditions are not affected.

Different amount of sediment can be used if reactors with different volumes are used, on-edndition that
the depth of sediment layer on the bottom is comprised in a range varying from about-2'ci (preferably
with|fine sediment) to about 4 cm (preferably with coarse sediments).

8.6 | Start of the test

Oper the flasks. Add the milled test material. Mix thoroughly the sedimentwith the materidl and finally
form|a homogenous layer. Do not press or compact the sediment.

Wheh the material is tested as a buried film, remove part of the sédiment, place the film |and cover it
with|the withdrawn sediment forming a homogenous layer.

Masq of samples (test and reference material) should be at:least about 100 mg each when fising a flask
with|a volume of 3 L corresponding to an initial test item‘Concentration specified in 8.1.

Repdat the procedure for the reference material and the material for the negative coptrol to the
respective flasks. Record the mass of the sedimentjthe sample introduced in each vessel.

Nutrfjents may be supplemented as needed to_Support microbial diversity and to maintain the capacity
to biodegrade the test material. The neediand timing of additional nutrients or other [appropriate
meagures may be judged by observation-of the temporal course of the biodegradation of the reference
substance cellulose.

Any addition and the applied method shall be reported in the test report.
8.7 | Carbon dioxide measurement

8.7.1 The CO, reactsywith Ba(OH), and is precipitated as barium carbonate (BaCO,). Th(f amount of
CO, produced is determined by titrating the remaining barium hydroxide with 0,05 N hydrgchloric acid
to a phenolphthalein end-point or by automatic titrator. Because of the static incubation| the barium
carbpnate builds up on the surface of the liquid and shall be broken up periodically by |shaking the
contginer gently to ensure continued absorption of the evolved CO,. This problem can bg avoided by
using KOH'Instead of Ba(OH),, which does not form a precipitate.

NOTE A discussion on the use of KOH In place of Ba(UH]J, Is reported In Modelll et all=l.

8.7.2 The containers for the CO, absorber shall be removed and titrated before their capacity is
exceeded. The period of time will vary with sediments and test materials and increases slowly as the
carbon content of the sediment is reduced (a recommended frequency of every 3 to 4 days for the first 2
to 3 weeks and every 1 to 3 weeks thereafter). At the time of removal of the containers, the reactor should
be allowed to sit open so that the air is refreshed before replacing 100 ml of fresh barium hydroxide and
resealing the reactor. The reactors should remain open approximately 15 min.

If different volumes and amounts are used, then the volume of the CO, absorber should be proportional
to the used volumes. For example, if 250 ml-flasks are used, 10 ml of fresh barium hydroxide can be used.

© IS0 2019 - All rights reserved 5
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8.7.3 The carbon dioxide evolution rate may reach a plateau when all of the accessible carbon has been
oxidized. The test may be terminated at this point or earlier, at the discretion of the user. If possible, the
residual test material may be extracted from the sediment with an appropriate method and quantified

(optional).

NOTE
based on infr

ared CO,-analysers or those based on TOC analysers equipped with an infrared photometer.

8.8 End of the test

The evolved CO, can be quantitatively measured also using other suitable methods such as those

When a constantlevel of CO, evolution is attained (plateau phase reached) and no further biodegradation

is expected,
of long test
vessels and
provide suff

9 (Calcul
9.1 Calcu
9.1.1 Am

9.1.1.1 Gq

The first st¢
endogenous
produced th
test materiad
containers.

9.1.1.2 B4

When CO, e

Ba(OH)

The BaCOg
determined

Ba(OH)

the test 1s considered to be completed. The maximum test period 1s 24 months. In the
durations, special attention shall be paid to the technical system (e.g. tightness of\thg
connections). Any special measures taken, for example, to ensure microbial diversity
icient nutrients shall be detailed in the test report.

ation and expression of results
lation
punt of CO, produced

tneral

bp in calculating the amount of CO, produced i5.to correct the test material reactoy
CO, production. The control reactor servesss a blank to correct for CO, which mj3
rough endogenous respiration of the mictoorganisms. The amount of CO, produced
[he next step is to convert ml HCI titrated into mg of CO, produced.

)(OH), used as CO, absorber

hters the absorber containers; it reacts in the following manner:

) +C02 —)BaCO3S+H20

formed is insoluble and precipitates. The amount of Ba(OH), remaining in soluti
by titration Ofthe 10 ml with HCl according to Formula (2):

case
» test
or to

s for
ly be
by a

| is determined by the difference (in ml of titrant) between the experimental and hlank

M

bn is

(2)

From Formu

1ae)(1) and (2) it can be seen that 1 mmol of CO, is produced for every 2 mmol of HCI titn

ated.

This means

mmol CO, =

that the number of mmol of CO, produced is as shown in Formula (3):

mmol HCI

(3)
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The normality of HCl used is 0,05 N. Substituting for mmol gives Formula (4):

(0,05 N)x(mlof HCI)
2

(4)

mmol CO, =

To convert to mg CO,, the value shall be multiplied by the molecular weight of CO, which is 44 mg/
mmol, as shown in Formula (5):

((ﬂ,n'ﬂyml fifrnfpd\
A - "% 44 =1,1ml of HCI titrated (5)

mg CO, =

Thusg, to convert ml of HCI to mg CO,, the former is multiplied by 1,1.

9.1.1.3 KOH used as CO, absorber

The ¢volved CO, will react with KOH in the following manner:

a) 2KOH +CO, - K,CO5 + H,0

K,CQ;, the product of reaction (a) is soluble and does not precipitate.

The fresh KOH solution, where no CO, has been absorbed, can be titrated with HCl as:

b) KOH + HCl - KCl + H,0, at pH 7

j**)

).

The KOH solutions used as CO, absorbers will havetboth unreacted KOH and K,CO; as per (|
Duripg titration both chemical species will react with HC], as follows:
c¢) KOH +HCI - KCI+H,0,atpH 7

d) K,CO;+ HCI - KHCO3 + KCl, at pH-8,5

The pH shifts of reactions (b) and*(c) are superimposed and cannot be distinguished. Only|a single end
point in the range of pH between 7 and 8, corresponding to the two reactions, can be identifiied by using
a suifable indicator.

The adsorbed CO, canb& determined by subtracting from the H* equivalents needed to n¢utralize the
original KOH solutiondand the H* equivalents needed to neutralize the reactions (c) and (d){In practice:

=

nmol CO,.= [l HCl consumed (b) - ml HCI consumed in (c) + (d) end point] - N HCI (6)

whette Néis‘the normality of the HCI solution.

If an end poimttitrator {5 avaiiabie the mmoi of CO, can be determined, without usingan fndicator, with
a further reaction. A further addition of HCl makes HCl react with KHCO;, produced with reaction (d):

€) KHCO; + HCl - H,CO; + KC, at pH4

The number of equivalent consumed in reaction (e), and therefore in reaction (d), corresponds to the
K,CO; produced during reaction (a) that in turn corresponds to the absorbed CO,.

© IS0 2019 - All rights reserved 7
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Consequently 1 mole of KHCO; corresponds to 1 mole of CO, reacted in reaction (a):

mmol CO, = mmol HCI consumed in (e) end point (7)
Therefore:
mmol CO, = ml HCl consumed in (e) - N HCI (8)

where N is the normality of the HCI solution.

The amount-of (‘ﬂL nvprnccnd in mi]]igrnmc is Fin:\]]y obtained using Formula (A

mg CO, =mmol CO, -44 9)

9.1.2 Perfentage of biodegradation

The percenfage of biodegradation is the ratio between the evolved CO, and the€oretical CO, (ThCO,).
The ThCO, is shown in Formula (10):

ThCO, §specimen (mg)XTOC(%)X% (10)

where

TOC (%) isthe TOC of the plastic material (or referencéunaterial) divided by 100;

44 is the molecular weight of CO,;
12 is the molecular weight of C.
Therefore:

mg CO, produced

%Biodegradation =
ThCO,

%100 (11)

9.2 Expression and interpretation of results

Compile a taple of the CO, values measured and the percentages of biodegradation for each measurement
interval and each test flask: For each vessel, plot an evolved CO, cumulative curve and a biodegradption
curve in per| cent as a function of time.

A curve of mean biodegradation values may be plotted.

The maximumZlevel of biodegradation determined as the mean value of the plateau phase of the
biodegradation curve or the highest value, e.g. when the curve decreases or, further on, slowly increases
in the plateau phase, characterizes the degree of biodegradation of the test material.

The wettability and the shape of the test material may influence the result obtained, and hence the test
procedure may be limited to comparing plastic materials of similar chemical structure.

Information on the toxicity of the test material may be useful in the interpretation of test results
showing a low biodegradability.
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