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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
ical standardization.
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Introduction

Several test methods have been developed by ISO to measure the biodegradation degree of plastics.
Under aerobic conditions, the biodegradation reaction of a material is described by the following
reaction:

Cy+ 0z = Cep, +H0+Cp

where

Cly s the organic carbon present in the test material {e.g. a polymer or a plastic maferial);

Cco2 is the carbon evolved as carbon dioxide;

Cg  isthe carbon assimilated by microorganism and incorporated in the microbial Biochemistry.
The fest methods follow the biodegradation reaction by measuring~either the oxygen uptake

(disappearance of the reactant) or the CO, evolution (formation of the,product). The t

retur
value
yield)
CO,/t
origir

Areli
the bi

The t
meas
samp
rate u

Biodd
the p

h a biodegradation percentage (which, strictly speaking, is a "mineralization" perc
is the reaction yield percentage, i.e. the mass of carbon oxidised.to CO, during the re3
in comparison with the maximum possible yield (theoretical yield). This is express¢
heoretical CO,, the latter value being the amount of COobtained in case of total oxi
al carbon present in the test substance.

hble test method for the determination of the Cg, i.€2the amount of Cy; that has been 3
omass is not available at the date of publication:

iring the biodegradation rate, because they do not take into account the surface area
e. On the other hand, this document prevides a guidance on how to measure the bi
sing existing test methods.

gradation of solid, non-water soltible polymers and plastics is a heterogeneous reag
blymer is in the solid stateswhile microbes and enzymes are in the liquid phase. Ey

tested material is exposed to-solid matrices (e.g. compost, soil, marine sediment) the mi

the li
biode
limiti
samp
surfa
availa

Therd
as th

cradation happens-in_the liquid/solid interphase and the available surface area c
hg factor. It is a.common knowledge that milling increases the biodegradation rat
e. The biodegradation speed, i.e. the CO, evolution and the O, uptake rates, is cont
ce area of théteSted sample. Therefore, biodegradation rate must be expressed as a fu
ble surfaeeq@rea, otherwise the information is pointless and paradoxical results can

est methods
entage). This
ction (actual
bd as evolved
dation of the

ssimilated in

est methods are suitable for measuring thé-final degree of biodegradation but are ngt suitable for

of the tested
degradation

tion because
en when the
'robes are in

quid phase present within the solid matrix (e.g. micropores, macropores). Thus, thie reaction of

hn become a
b of a plastic
rolled by the
nction of the
be obtained.

is ansincreasing interest in determining the biodegradation rate and related para
b disappearance time 50, DT50, i.e. the time within which the initial concentrati

subst

meters (such
of the test

hnee is reduced hy 50 0/n) in order to assess the risk in the case of accidental or delibhérate ]eakage

of biodegradable plastics into the environment. Degradation of organic substances in the environment
influences exposure and, hence, it is a key parameter for estimating the risk of long-term adverse effects
on biota.

This document enables to determine the specific aerobic biodegradation rate i.e. the amount of carbon
mineralized per unit time per unit surface area, under the conditions defined by the applied test method.

The approach showed in this document is aimed to measure mineralization rate. It differs from
ISO 23832 that describes a test method for the determination of the physical degradation rate and
disintegration degree of plastic materials. On the other hand, ISO 22403 identifies the plastic materials
that show intrinsic biodegradability when exposed to marine inocula under mesophilic aerobic
laboratory conditions.
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Plastics — Determination of specific aerobic
biodegradation rate of solid plastic materials and

disappearance time (DT50) under mesophilic laboratory

test conditions

1 opT
This glocument specifies a method to determine the specific aerobic biodegradation(rate
watei soluble plastic materials under mesophilic conditions.

NOTE The specific aerobic biodegradation rate (which, strictly speaking, is aspecific miner
implyIng the assessment of the conversion of organic carbon into CO, but negleecting biomass
expre$sed as amount of carbon mineralized into CO,, per unit time, per unit arga:

The method described in this document does not provide inforination on the ultiy
biodegradability of the tested samples. Biodegradability criteria for plastic mat
mesophilic conditions are provided for example by ISO 23517 and ISO 22403. The meth
in this document shall be used to determine the DT50 only.when the plastic material is
intrinsically biodegradable using suitable standard specifigations such as ISO 23517 an
Furthermore, the biodegradation rate determined on plastic materials whose ultimate bi
has npt been proven, shall not be considered as a specific characteristic of the whole matet

This flocument only considers the evolution of €0, as direct measurement of minerali
testerI sample.

This ¢
plasti

The method described in this document may be applied also to solid materials used as a re

locument is not applicable for “marine, soil and freshwater biodegradable” claims of b
c materials. For such purposes, see relevant product standards if available.

NOTE
speciff
expos
limnid

Although results cansindicate that the tested plastic materials and polymers will biodeg}
ed test conditions at a-eertain specific aerobic biodegradation rate or DT50, the results of g
ire are not directly applicable to environmental compartments including soil, marine envi
areas at the actual site of use or leakage.

2 N

The f
const

ormativereferences

bllowing documents are referred to in the text in such a way that some or all of
tutes‘requirements of this document. For dated references, only the edition cited

pf solid, non-

hlization rate,
formation) is

nate aerobic
brials under
bd described
proven to be
] ISO 22403.
degradation
ial.

vation of the

ference.
odegradable
ade under the

ny laboratory
ronments and

their content
applies. For

undated.references, the latest edition of the referenced document (including any amendmd

ints) applies.

ISO 4591, Plastics — Film and sheeting — Determination of average thickness of a sample,
thickness and yield of a roll, by gravimetric techniques (gravimetric thickness)

and average

ISO 4593, Plastics — Film and sheeting — Determination of thickness by mechanical scanning

3 Terms and definitions

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

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

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

© IS0 2022 - All rights reserved
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3.1
film

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

thin planar product of arbitrarily limited maximum thickness, in which the thickness is very small

compared to

the length and width and which is generally supplied in roll form

Note 1 to entry: The arbitrary thickness limit can differ between countries and often between materials.

Note 2 to entry: The thickness of films is typically 0,01 mm to 0,3 mm.

[SOURCE: ISO 10210: 2012, 3.4]

3.2
pellet
small mass ¢

and used as feedstock in moulding and extrusion operations

Note 1 to entr]
[SOURCE: IS

3.3
test materig

product from which a test sample is taken and used to assess the biodegradability of a polymeri

by means of
[SOURCE: IS

3.4
specific sur
SSA
ratio of the s

Note 1 to entr]

3.5

lag phase
time, measu
microorgani

matter has ificreased to about:10% of the maximum level of biodegradation

[SOURCE: IS

3.6
specific aer

f preformed moulding material, having relatively uniform dimensions in any given

y: The average diameter of pellets can range from 1 mm to 5 mm.

D 10210:2012, 3.5]

1

ttandardized biodegradation tests

10210:2012, 3.8]

face area

irface area of a sample of a solid matérial to its mass

y: It is expressed in square centimétres per gram (cm? x g'1),

Fed in days, from the.start of a test until adaptation and/or selection of the degrn
sms is achieved andthe degree of biodegradation of a chemical compound or of

D 17556:2019,/3:6]

pbic biodegradation rate

I'saB

ratio of the nlineralization rate coefficient, k, to the specific surface area, SSA (3.4)

batch

C item

ading
ganic

Note 1 to entry: It is generally expressed in mmol C x day! x cm2.

Note 2 to entry: This is an assessment of the conversion rate of organic carbon into CO2 which neglects biomass

formation

3.7

disappearance time 50

DT50

time required for the concentration of the organic carbon of a sample of a solid material to decrease by
50 % of its original value

Note 1 to entry: It is generally expressed in days.

Note 2 to entry: DT50 is also called "dissipation time".

2

© IS0 2022 - All rights re

served


https://www.electropedia.org/
https://standardsiso.com/api/?name=2172e50fbaf73b63bf1bf640c58d3fa7

3.8

ISO 5148:2022(E)

mineralisation rate coefficient

k

slope of the regression line representing the mineralization of a test material (3.3) versus time

Note 1 to entry: It is expressed as millimoles of C that are mineralized into CO, per day (mmol C x day1).

4 Principle

The present document describes a method to determine the specific aerobic biodegradation rate and

disap

earance time DT50 of solid, non-water soluble plastic materials.

The 1
the el
deter

This

testedl sample. The specific aerobic biodegradation rate is intended as(Specific minera

and it
biom3
unit a

Thus,
the te

The 11
a mef
meth

q

]

q

]

q

et

q

et

q

]

A

A
The ¢

$0 14852;
$0 17556;

$0 22404,
$0 19679;
$0 23977-1;

hethod described in this document can be considered as an additional extension
kisting I1SO standard test methods for measuring biodegradation of plastic material
mine the specific aerobic biodegradation rate.

locument only considers the evolution of CO, as direct measurement.of minerali

implies the assessment of the conversion of organic carbon of nfaterial into CO, b
1ss formation. This rate is expressed as amount of carbon mineralized into CO,, per |
rea. It is measured as millimoles Cx day! x cm™.

the DT50 as determined following this document is an undérestimation of the true (
sted materials, because conversion into biomass is nofraccounted for.

nethod described in this document can be considéved as an additional extension ("
hod for the elaboration and expression of restilts, of the existing ISO and ASTM g
pds for measuring biodegradation of plastic materials under different test conditions

STM D5988;

STM D6691;
STM D7991;

resént method makes it possible to determine the specific aerobic biodegradation

disap

["add-on") of
s in order to

vation of the
ization rate,
it neglecting
Init time, per

lissipation of

add-on"), i.e.
tandard test

rate and the
methods for

pearance time 50 (DT50) of a test material when tested using existing ISO test

biodegradation under mesophilic conditions in relation to surface area of test material.

5 Apparatus

5.1

Sieves

Sample powders with a specific particle size are obtained by using sieves of different sizes, to remove
the oversize and undersize fractions. The recommended sieve sizes are of 60 and 120 mesh (250 pm

and 1

25 pum) as specified in ISO 10210.
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5.2 Sieve shaker

An automatic sieve shaker is recommended for the separation of the milled test sample powders. An
automatic sieve vibrator can accommodate more than two sieves and will produce more consistent
results than the manual use of sieves.

5.3 Laser particle size analyser (i.e. laser diffraction instrument)

Laser diffraction particle size analysers can be used to measure the sizes of particles of powder/granule
of test material, both in wet or dry dispersion. The laser diffraction method assumes a spherical particle
shape in its optical model. Particle size is calculated by measuring the angle of light scattered by the
particles as ey p g ,1 um
to 3 mm, follpwing ISO 13320.

5.4 Micropore and chemisorption analyser

The total surface can also be measured with instruments based on the BET method forthe determination

of the specific surface area of solids by gas adsorption, according to ISO 9277.

6 Determination of the specific surface area (SSA) of test.sample

6.1 Geneifal

The present
6.2) or conve

The specific
itis expressdg

The density
If a film/shee

6.2 Powd

6.2.1 Sam

Refer to ISO
from the pov

The powder

method shall be applied to pellets of the plastics material under study, either mille
rted in films (see 6.3) depending on the test method used for measuring biodegradat

surface area of a plastic sample (SSA) is the surface area per unit mass, it is an averag
d as cm? x g1 of sample.

tis used as a sample, its thickness shall be known for the determination of its SSA.
br test sample

ple preparation

10210:2012, 72,~for milling of plastic pellets and preparation of a specific size fr:
Fder.

f test material shall be known in order to calculate the SSA of a sample in powder for

1 (see
ion.

e and

iction

obtained\through milling is sieved using two sieves of different mesh size. The p

passing thro
mesh size. T
sample. The

1gh the'sieve with the higher mesh size is collected and then sieved with the sieve of
efraction remaining on the sieve with the lower mesh size is retained and used as tH

pwder
lower
e test

shall

be within the range 125 pm and 700 um. The maximum difference between the sizes of the used sieves
shall be 200 pm.

6.2.2

Specific surface area determination

6.2.2.1 General

The specific surface area (SSA) of powder obtained in 6.2.1, is estimated either with a theoretical
approach (see 6.2.2.2) or by using an instrumental determination (see 6.2.2.3).

The application of different methodologies can give rise to different SSA values depending on the ability
to measure the surface originating from porosity at the nanometric level. For this reason, it is necessary
that the results are always accompanied by the declaration of the SSA measurement methodology used,

© IS0 2022 - All rights reserved
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as indicated in Clause 9. There is currently insufficient evidence to recommend a specific methodology
for SSA measurement. This may be done in the future when more data obtained by applying the method
described in this document are available.

6.2.2.2 Theoretical method for specific surface area determination

This approach assumes that particles of the powder sample are perfect spheres. The mean surface area
of the spheres is calculated by using the mean diameter.

NOTE The sphere is the only shape that can be described by one unique number and it is generally used
to describe particles. One way to get a single unique number to describe an irregular shaped particle is to
compare-some feature of the actual p:\rh'r‘]n toan imagih:\ry cphnrir‘nl pnrHr‘]n Typir‘a] methods of doing this are
those |which determine the “equivalent surface area, or the “equivalent volume” calculating the|diameter of a
theorgtical sphere that has the same surface area or volume of the original particle.

Determine the mean diameter of particles of the fraction sieved with two sieyés, §; and S,, by using

Formupla (1).
_dy+d,
2

D (1)

wher¢
[} isthe mean diameter, in cm, of the particles considered as spheres;
d; isthe mesh size, in cm, of the sieve with the larger mesh size (S;);

d, isthe mesh size, in cm, of the sieve with the'smaller mesh size (S,).

EXAMPLE 1 Ifthe fraction is obtained by sievingbetween 0,025 0 cm and 0,012 5 cm mesh size, fhen the mean
diamgter of the particles is estimated to be 0,018 %5 cm.

From|the mean diameter of particles (D)}détermine the surface area (S), using Formula (2).
2
=4Xm x(?} (2)

wher¢

%)

S| is the meanvsurface area, in cm?, of the particles;

[} isthe mean diameter, in cm, of the particles.

EXANlPLE 2 S_Ifthe mean diameteris 0,018 75 cm, then the mean surface area of the particlesis 0,001 104 47 cm?2.

Calcujate the volume (V) using Formula (3).
3
V= i><7r>< b 3)
3 2

where

V  is the mean volume, in cm3, of the particles;

D is the mean diameter, in cm, of the particles.

EXAMPLE 3 If the mean diameter is 0,018 75 cm, then the mean volume is 3,45 x 10-6 cm3.

© IS0 2022 - All rights reserved 5
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Calculate the mass (m) using Formula (4).

m=Vxd

where

m
|4
d

is the mean mass, in g, of the particles;
is the mean volume, in cm3, of the particles;

is the density, in g x cm3, of test material.

(4)

EXAMPLE 4
mass of the pd

If the density (d) of the material is 1,12 g x cm™3 and the volume is 3,45 x 10-6 cm3, then.the
rticles is 3,87 x 106 g.

Determine the SSA using Formula (5).

is

EXAMPLE 5
then SSA is 2

6.2.2.3 Ins

The SSA can
analysis is bg
[SO 13320.

The SSA can
for the deter
BET measur
porosity atn

6.3 Film/

the specific surface area (SSA), in cm? ><g_1 of the fraction;
the mean mass, in g, of the particles;

the mean surface area, in cm? , of the particles:.

If the mean surface area is 0,001 104 47 Cm2 and the mean mass of the particles is 3,87 x

B6 cm? xg_l .
trumental determination of specific surface area

be measured with a partiele'size analyser throughout a laser diffraction techniqug

also be measured with a micropore and chemisorption analyser based on the BET m
mination of the-specific surface area of solids by gas adsorption, according to the ISO
ement can provide higher SSA because it is a technique that is able to determin
hnometric level including pores and cracks.

sheet'test sample

mean

(5)

106 g,

p. The

sed on the light-scattering properties of the particles and it can be performed accordfing to

ethod
9277.
b also

6.3.1 Sample preparation

Film and sheet samples can be prepared by cutting them in pieces of 1 cm x 1 cm (following
ISO 10210:2012, 7.3), or tested as unique piece. The dimensions and average thickness of the samples
subjected to testing shall be measured and recorded. Apply ISO 4591 and/or ISO 4593 for determination
of thickness of film/sheet materials.

6.3.2 Specific surface area determination

For the determination of the SSA of film/sheet sample apply the specific geometric formula depending
on the shape of the film/sheet. If test sample has a circular shape, apply the formulas for cylindrical
solid (with the thickness as the height) for surface and volume calculation, as shown in Formula (6)

© IS0 2022 - All rights reserved
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and (7). For samples in rectangular-square shape, use the formula of parallelepiped, as reported in
Formula (8) and (9). The thickness of test sample is considered as the height of the solid.

S=2mrh+2nr? (6)
_ 2

V=nxr“xh (7)
where

S istho cur{:ar‘n aFea; in rmz, oftest camp]n n r-y]indrir'a] chapa;

r[ isthe radius, in cm, of the base of the test sample in cylindrical shape;

h| is the thickness, in cm, of the test sample in cylindrical shape;

W is the volume, in cm?, of the test sample in cylindrical shape.

S|=2ab+2bc +2ac (8)

Vl=axbxc (9)
where

S is the surface area, in cm?, of test sample in rectangular/square shape;

al b, c arethe length, width and height (thickness), in cm, of the test sample in rectangular/square

shape;
V is the volume, in cm3, of theitest sample in rectangular/square shape.

Weigh the test sample and calculate the SSA as cm? ><g_1 .

7 Determination of the net CO, evolution

The (O, evolution is determined by applying one of the following test methods: ISO 14852; ISO 17556;
ASTM D5988; 1S0,22404; 1SO 19679; 1SO 23977-1; ASTM D6691; ASTM D7991. All the cgnditions and
requifements specified by each test method apply. If the tests are conducted under different conditions,
test deviations shall be indicated in the test report.

Calcujate.thenet CO, evolution for each test reactor from the amount of carbon dioxide evolved during
each measurement interval using Formula (10):

Mco, net =ZmT ~ZmB (10)
where

m is mass of the net evolved CO, value, in mg, of each reactor;
CO; ,net 2

pI is the amount of CO,, in mg, evolved in the test reactor between the start of the test and
time, t;
2B is the amount of CO,, in mg, evolved in the blank control reactor between the start of

the test and time, t.

©1S0 2022 - All rights reserved 7
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8 Determination of the specific aerobic biodegradation rate and disappearance

time

8.1 Determination of C; disappearance

Convert the mass of the net evolved CO, values (mcg, net ) of each reactor, expressed in mg, in mmol of
carbon using Formula (11). This is the mineralized carbon and it is called C¢o, .

Cco, =

mCOZ et

44

(11)

where

Cco,

mC02 net]
44
Calculate thg

time 0, using
mmol of C.

is the amount of carbon, in mmol, evolved as CO, during the biodegradation pr
between the start of the test and time ¢ (mineralized carbon);

is the mass of the net evolved CO, value, in mg, of each reactor;

is the relative molecular mass, in g xmol ™%, of Cco, -

amount of carbon originally present in the plastic sample)introduced in each read
¥ Formula (12). It is derived from the total organic carbon. This amount is expresg

S

is th

menfal analysis, expressed as/a mass fraction;

12

Determine th
subtracting

"material"” ca
biomass. For

is th[
is th

is the atomic mass, in.nig xmmol !, of C.

amount of organic C, in mmol, of test material at time 0; it does not include inorgan
mass of test material, in mg, introduced into the test system;

e organic C content of the fest material, determined from the chemical formula or fro

le amount of residual carbon, i.e. the un-mineralized carbon still present in each react
the evolved~net Cco, from the Cy, using Formula (13). This value includes bot

irbon still"bound in the plastic constituents, and the carbon progressively assimilat
the parposes of this document, this value is called residual organic carbon (Cg ), t

ocess

itor at
ed as

(12)

m ele-

or, by
h the

ed as
hat is,

carbon expr

bgsed in mmol, which has not been converted into inorganic carbon, i.e. mineralize

d into

CO, yet.

CR :CM—

where

Cr

Cco,

(Cy) which has not been mineralized yet at any given time;

Cm

Cco,
t

is the amount of organic C, in mmol, of test material at time 0;

he start of the test and time ¢ (mineralized carbon).

(13)

is the fraction of the residual organic carbon C, in mmol, originally present in the material

is the amount of carbon, in mmol, evolved as CO, during the biodegradation process between
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8.2 Determination of specific aerobic biodegradation rate
Build up the “Cy disappearance curve”, by plotting C against time.

Successively, plot Cy against time considering only the initial part of the linear curve after the ended lag
phase (see Annex A, Figure A.1).

Estimate the rate constant k by linear regression analysis of C versus time, by using a suitable statistics
program, such as Microsoft Excel. The rate constant k, i.e. the slope of the regression line, represents

the mineralization rate of test material and it is expressed as mmol Cy day .
For the determination of the mineralization rate constantk, only the part of the curve, included between

the end of the lag phase (if any) and before approx. 50 % of C disappearance is reachedryt in any case
including at least three measurement points, should normally be used.

Some| plastic materials require an abiotic hydrolysis phase before biodegradation]| In case of
plastic materials with degradation processes requiring long lag phases (i.e.midre than b0 days), the
mineralization rate constant of the lag phase (k ;4 phase) shall be determined‘and reported

The npineralization rate per surface area unit k cm™2 (mmol Cg ><day_1 <ém ), i.e. the specific aerobic
biodegradation rate (rgag), shall be calculated by dividing the mingralization rate constant k by the
SSA, 4s shown in Formula (14).

k

B AxXm (14)

4B

wher¢

riap is the specific aerobic biodegradationrate, in mmol C xday1xcm>

k is the mineralization rate constant;
A is the specific surface area (SSA), in cm? ><g_1 , of the tested sample;
n is the mass of testedsaniple, in g.

This procedure is describediin"Annex A.

8.3 |Determinationmof DT50

In this document;the disappearance time DT50 is referred as the time taken for the congentration of
the oganic catbon of material (C)y ) to decrease by 50 % of its original value.

Deterjmine \the DT50 (in days) graphically from the “Cp disappearance curve”. The yalue can be

obtainedwith the usual techniques of graphical interpolation. In case of no or short lag phpse the DT50
can be obtained from the formula of the regression line obtained in 8.2, by dividing the Cy

corresponding to 50% of initial value (Cy 50 %) with k, following Formula (15):

Cp50%

DT50= (15)

Since the DT50 for solid material depends on its surface area, it should be always expressed indicating
the SSA of the tested sample.
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9 Testreport

The test report shall provide all relevant information, particularly the following:

a) areference to this document, i.e. ISO 5148:2022;

b)

f)
g)
h)

10

all information necessary to identify and describe the test material, the reference material,
including trade or brand name (if available), TOC, the physical form (powder or film/sheet) and
shape (film/sheet), the thickness, with details on the measurements and applied standard test

method;

the standard method used to determine the biodegradability of test material (and relative test

tempera

biodegra
DT50;

fure) and for which the present method has been applied for the expression of results;

dation level reached by the tested material at the end of the test applied to measuire rpte or

the test method used for the determination of the specific surface area with details on instruments

(if apply
a plot of
specific

any devi

details apout the regression analysis applied to obtain the biodegradation rate.

CR versus time;

, measurements, and quality of measurements;

herobic biodegradation rate, including k lag phase, if applicable, and specific DT50;

htions from the test conditions described in this document;
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Annex A
(informative)

Example for the determination of rg,g and DT50

A.1 Determination of the specific aerobic biodegradation rate (rq,g)

In this example, results of the biodegradation test of a polymer performed following ASTTM D5988 are
reporfted. Pellets of the test material were mechanically milled, and the resulting powder was sieved
using| two sieves of different mesh size. Sieves of 200 pm and 355um mesh sjze were [used for the
separption procedure. The powdered test material passing through the 355 um sieve was ¢ollected and
then §ieved with the 200 pm sieve. The fraction remaining on the 200 um sieye was retaingd as the test
sample. The upper and lower fractions from this procedure were discarded:

The §SA of this fraction was estimated by theoretical approach and resulted to be 193|cm? x g1 as
follows.

The |mean diameter of particles of the fraction sieved was calculated ds following
[(355|um + 200 pm)/2]/10 000= 0,027 75 cm

The npean surface (S) = 4 x 1t x (0,027 75 cm/2)% = 0,0024 ¢m?
The njean volume of particles was (V) = 4/3 x 1t x (0027 75 cm/2)3 = 1,118 x 10 5> cm3
The nhean mass of particles was (m) = 1,12 g x et - 1,118 x10 S cm3=1,253x 10> g

From|the mean surface and the mean mass of particles, the specific surface area (SSA) was estimated:
SSA =0,002 4 cm?2/1,253%x105 g = 193 cti&x g1

The amount of test material subjectéd to the biodegradation test was 1,002 99 g.
The cprbon content (w() of testumaterial, determined by elemental analysis, was 65,43 %.

The npean initial amount of organic carbon present in the material (Cy,;) was 54,69 mmol. This value was
calculated as following»12002,99 mg x (65,43/100) / 12 [see Formula (12]].

The sglected fractignivas tested following the ASTM D5988 procedure.

The gverage ©fy'cumulative mineralized carbon (CCOZ) against time was determined. From this
parameterythe residual organic carbon (Cg) was calculated by subtracting CCOZ from the initial

orgarliCearbon of test material (Cy), as reported in Table A.1.

The Cy disappearance curve was built by plotting Cy versus time (Figure A.1).

The linear regression analysis was performed for the initial part of the curve, i.e. after ended lag phase
(or 10 % of biodegradation) and before approx. 50 % Ci disappearance was reached. In Figure A.1 this

part of the curve is shown with a black continuous line. This analysis was performed using the common
statistic package available with the commercially available spreadsheets for data processing.

The linear regression analysis allows to determine the mineralization rate constant k (i.e. the slope of
the regression line) from the resulting equation of the regression line, as shown in Figure A.1. In this
example, the formulaisy =- 2,02 x x + 58,8 and the coefficient of determination R2 = 0,96.

Thus, the resulting k is 2,02 mmol Cxday1.
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From the SSA and the amount of the tested sample, the surface area of the tested sample is determined

as 193 cm? x g1 x 1,002 99 g = 193,577 07 cm?

From the ratio of k and the surface area of the tested sample, it is possible to determine the specific
aerobic biodegradation rate (rg,p ) of the material.

In this case, the rgap is 2,02 mmol C x day1/193,577 07 cm? = 0,010 43 mmol C x day! xcm-.

Table A.1 — Data from biodegradation test

Mineralized carbon Residual organic carbon
. ] average]) (average)
Time (days) % Cg disappearance C c
€O, R

mmol mmel

0 100,00 0,00 54469

4 96,68 1,82 52,87

6 89,28 5,87 48,822

8 77,07 12,54 42,154

11 63,00 20,24 34,452

14 52,85 25,79 28,902

18 44,65 30,27 24,422

22 40,89 32,33 22,36

27 37,44 34,22 20,47

34 32,28 37,04 17,65

41 28,74 38,97 15,72

49 25,53 40,73 13,96

55 23,72 41,72 12,97

67 19,17 44,21 10,48
88 14,92 46,53 8,16
103 12,31 47,96 6,73
119 10,09 49,17 5,52
138 7,46 50,61 4,08

2 Data used for regression analysis, corresponding to 90 % to 50 % of C disappearance of test material.

12
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Cr disappearance curve

regression line of the initial curve, i.e. from 90 % to 50 % ofCy

Figu

A.2

The 1

decre
Figur

the ¢

90 % to 50 % of Cy
t, time, in days

Cy, fraction of the residual organic carbon C, in mmol, originally present in the material
not been mineralized yet at any given time

In this example, the regression line is y = -2:02'x + 58,80, R2 = 0,96.

Cy) which has

re A.1 — Cy disappearance curve and regression line of the initial curve, i.e. from 90 % to

50 % of Cy

Determination of DT50

T50 is the time, in(days, taken for the concentration of the residual organic car
se by 50 % of.its/original value. The DT50 is determined by graphical interj

bon (Cr) to
polation (see

P A.2). In this example, the 50 % Cp is 27,35 mmol C and the DT50 is 15,3 days. Figufre A.3 shows

se of a material with a lag phase that shifts the DT50 to 35,3 days.
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