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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

One of the main issues faced by the footwear industry is waste treatment. Such wastes, and especially
leather, even though they are considered non-hazardous by the regulations in force, are generated in
vast quantities and mostly end up in landfills, where natural degradation time is much longer than the
product’s useful life.

Faced with this problem, there is a growing search for alternative tanning agents that confer the same
properties on leather as those provided by the agents currently employed, but which in turn reduce the
time to biodegrade in nature.

This|document allows the measurement of leather biodegradability in a liquid system by using
aerobic microorganisms as an inoculum. The test is considered valid when collagen (positive control)
degrpdes by at least 70 % in a maximum period of 50 days. In order to determine how bipdegradable
a leather sample (test material) is, its percentage degradability value is compared@vith the percentage
degrpdability value obtained in collagen, in the same test and period of time. TheCloser the percentage
degrhdability values, the shorter the time to biodegrade in nature. Therefore, those tept materials
showing percentage degradability values well below the collagen value Will require a loniger time for
biod¢gradation in nature.

© IS0 2020 - All rights reserved v
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Leather — Determination of degradability by micro-
organisms

1 Scope

This document specifies a test method to determine the degree and rate of aerobic biodegradation

of hi ; )
determination of CO, produced by the degradation of collagen.

The test material is exposed to an inoculum (activated sludge from tannery wastewater) in
um. If there is not a tannery nearby then urban wastewater can be used as the‘inoculu

The ¢onditions established in this document correspond to optimum laboratety condition
the maximum level of biodegradation. However, they might not necessarilyycorrespond to t
condjiitions or maximum level of biodegradation in the natural medium,

In general, the experimental procedure covers the determination’ of the degradation
rate |of the material under controlled conditions, which allows‘the analysis of the evo
dioxide produced throughout the test. For this purpose, thé’tésting equipment complieg
requjrements with regard to flow, temperature and agitatioh control.

Thismethod applies to the following materials:
— natural polymers of animal stroma (animal tissue/skins);

gdnimal hides and skins tanned (leather) using organic or inorganic tanning agents;

— ﬁathers that, under testing conditiopns;-do not inhibit the activity of microorganisms pi
inoculum.

2 ormative references

Therk are no normative references in this document.

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

[SO dnd IE€maintain terminological databases for use in standardization at the following g

the indirect

an aqueous
m.

s to achieve
he optimum

degree and
lved carbon
with strict

resent in the

ddresses:

— 1S@.0nline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
filter pore No. 1
diffuser with pore size from 100 um to 160 pm

Note 1 to entry: This measurement is standard.

3.2
inoculum
activated sludge from tannery wastewater

Note 1 to entry: If there is not a tannery nearby then urban wastewater can be used as the inoculum.
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4 Symbols and abbreviated terms

atm the standard atmosphere, a unit of pressure defined as 101 325 Pa
[Ba(OH),] barium hydroxide

C carbon

co, carbon dioxide

GL18 threads are used with H-SA V40/45 Erlenmeyer flasks (5 000 ml volume)
GL14 threads are used with H-SA V29/32 Erlenmeyer flasks (2 000 ml volume)

H-SAV 29/32  inner and outer measures in millimetres of the orifice of the mouth of the
Erlenmeyer flasks

H-SA VH40{45 inner and outer measures in millimetres of the orifice of the mouth of the
Erlenmeyer flasks

IR infrared

ppm parts-per-million (10-¢), e.g. 1 mg per kilogram (mg/kg)

PSA pressure swing adsorption

Qnar the air flow, in mol, passing through the system per hour (mol/h)
Qnco2 the CO, air flow, in mol, passing through the system per hour (mol/h)

5 Principle

5.1 Genefal

The procedure consists of the quanfification of the CO, evolved during the degradation of the
polymerised amino acids making up‘the collagen polymer by the action of microorganisms present
in the sludge of tannery biologieal tanks. The CO, evolved is stoichiometrically proportional tp the
amount of darbon (C) presentcin-said polymer. The initial carbon percentage present in each df the
tested samplles is determined-by elemental analysis. The CO, accumulated during the test is conv¢rted
into biodegradation percéntage by means of mathematical equations. The tests shall be conducted
in duplicate| in the presefice of a positive control, comprising minimum test medium (6.3), inocplum
(activated sludge fromytannery wastewater) and collagen, and a negative control, comprising minimum
test mediuny and_ineculum only. The test shall be regarded as valid if the degree of biodegradatipn of
the positive|control (pure collagen) is equal to or higher than 70 %.

v

The tests shal-be-carriedottusingequipmentabletot de-thecondittonsneeded
test. Agitation, temperature and CO,-free air inflow should be controlled.

The initial carbon (C) percentage present in the collagen under study is determined by the elemental
analysis of the test specimen. The biodegradation percentage does not include the amount of carbon
transformed into new cellular biomass that has not been metabolised to carbon dioxide throughout
the test.

5.2 Assessment of biodegradation by manual titration; method A

This test method determines the biodegradation percentage of tanned or untanned hides and skins
through the indirect measurement of CO, evolved during the degradation of collagen, which is the
major constituent of the skin, by the action of the microorganisms present in tannery wastewater.
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The CO, evolved during the test is indirectly determined through the reaction of [Ba(OH),] with CO,,
which is precipitated as barium carbonate (BaCO3). The amount of CO, evolved is determined by
titrating the remaining non-precipitated [Ba(OH)2] with a 0,05 mol/l hydrochloric acid solution. These
measurements are taken on a daily basis throughout the test.

Biodegradability is assessed by indirectly measuring the CO, evolved as a function of time and
calculating the biodegradation degree by the difference between the initial carbon percentage present
in collagen and the remaining soluble organic carbon content that has not been transformed into CO, in

the c

5.3

ourse of the process (see Figures A.1 to A.3, Annex A).

Assessment of biodegradation by infrared (IR) detection; method B

With|
throt
of th

Figu
The ¢

in different Erlenmeyer flasks. CO, evolved during the degradation ef\the sample by t

micr

comprising a rotating drum with 12 inlet channels in such a way thatievery air outlet of the

flask
conn
the (
rang
conn

6 ¢
6.1

6.2
the s
each

6.2.1

6.2.2

6.2.3

6.2.4

this method, biodegradation is determined through the quantification of the
ighout the degradation of collagen by means of the direct IR detection and continuoug
b CO, concentration using equipment capable of evaluating 12 Erlenmeyer f]askg-simulta
e B.1 to B.5, Annex B).

pquipment (see Figure B.1, Annex B) is ready to measure the CO, value of several sampl

borganisms is measured by an IR detector. Said detector is managed by a multipl

s is connected to an air inlet of the multiplexer system. The diim is provided with an ou
ected to an air flow meter measuring the air flow (1/h) andsubsequently to an airtight
0, sensor is located. Annex B (see Table B.1) summatizes the parameters, units of 1
e of detection values. Air flow and CO, concentrationwvalues are saved in a data-captu
ected to a computer.

Chemicals
Deionised or ultrapure (Milli Q®1)) water, free from toxic materials with resistivity 3

Stock solutions, use only analytical grade reagents. The stock solutions employed in
ame for the two methods used in this document. Prepare synthetic stock solutions b
of the following in distilled water (6.1) and made up to 1 1in separate flasks.

Ferric chloride (Fe€l;-6H,0), 1,00 g.
Magnesiuntsulfate (MgS0,-7H,0), 22,50 g.

Calcium chloride (CaCl,-2H,0), 36,43 g.

L0, evolved
monitoring
heously (see

bs contained
he action of
bxer system
Erlenmeyer
tletdirectly
tank where
heasure and
ring system

r 18 MQ/cm.

the tests are
y dissolving

Phosphate buffer:

Potassium dihydrogen phosphate (KH,P0,), 8,50 g;

Potassium phosphate dibasic trihydrate (K,HPO,-3H,0), 28,50 g;
Sodium hydrogen phosphate (Na,HPO,), 17,68 g;

Ammonium chloride (NH,CI), 1,70 g.

6.2.5 Ammonium sulfate [(NH,),S0,], 40,00 g.

1) Milli Q® is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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6.3 Minimum test medium

The minimum test medium shall contain the following stock solutions diluted to 11 with deionised water:

ic chloride stock solution (6.2.1), 2 ml.

Magnesium sulfate stock solution (6.2.2), 2 ml.

Calcium chloride stock solution (6.2.3), 2 ml

6.3.1 Ferr
6.3.2

6.3.3

6.3.4 Pho
6.3.5 Amjj
6.4 Testg
shall be baj
leather cloth
6.5 Onlyf

per litre of ¢
and store se|
be prepared|

6.6 Hydrg

7 Appar

sphate buffer stock solution (6.2.4), 4 ml.

honium sulfate stock solution (6.2.5), 2 ml.

pecimens: use collagen type I (Sigma®2) or similar) as a positive control."Test speci
ically natural polymers or leather from the tanning industry used for the producti
ing.

or method A: a [Ba(OH)2] solution, 0,025 mol/l, is prepared by dissolving 4,0 g [Ba((
listilled water. Filter free of solid material, confirm molarity.by titration with standard

pled as a clear solution to prevent absorption of CO, frontthé air. It is recommended th|
at a time when running a series of tests.

pchloric acid, 0,05 mol/1.

atus and materials

The usual laboratory equipment and, in particular, the following:

tical balance, capable of reading-to 0,000 1 g.

es, 5 ml to 25 ml capacity:

-pipettes, 500 pl and 1 000 pl.

eatment flasks‘and flasks (only for Method A), various sizes.

tes, 100Nml.

nens
bn of

H),]
acid
at 51

7.1 Analyj
7.2 Pipetf
7.3 Micro
7.4 Pre-ty
7.5 Buret
7.6 Auton

omous CO,-free air source, consisting of a noiseless compressor connected to a pre

psure

swing adsor

ption (PSAJ System provided with a molecular Sieve.

7.7 Sepiolite to filter impurities and humidity from the ventilation system.

7.8 Stopp

ers, flexible non-permeable to CO, plastic tubing.

7.9 Test vessels

7.9.1 Method A: eight 5| Erlenmeyer flasks (reaction flasks) for each test (two controls and two test
specimens per test). 5000 ml H-SAV H40/50 Erlenmeyer flasks shall be used, as well as V2 distilling heads

2) Sigma@®isan example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

4
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with GL18 threads and filter pore No. 1 diffuser. The volume of the liquid (culture medium + inoculum)
shall be 2,51 in total.

7.9.2 Method B: 12 flasks with a test volume of 1 1 (reaction flasks) incorporating a distilling head
and an air diffuser which are used to conduct the tests (two controls and four samples in duplicate).
The Erlenmeyer flasks shall have a capacity of 2 000 ml with three notches and be of the H-SA'V 29/32
(SQ13) model type. They shall incorporate V2 distilling heads with GL14 threads (6 mm air intake and
8 mm air outlet) and filter pore No. 1 diffuser. The volume of the liquid (culture medium + inoculum)

shall

be 11in total.

7.10

7.10

Equi
flask
deviq
to bd

T g - 4
ITOL TYUIPIIICIIT

1 Assessment of biodegradation by manual titration (equipment A)

bment A operates in such a way that the CO,-free air is bubbled through a seriesof seven|
s (pre-treatment flasks) that trap residual carbon dioxide in the air flow’ coming fx

independently controlled, which in turn supply eight Erlenmeyey-{lasks (reaction fla

inside the tank. The outlet of each one of the eight Erlenmeyer flasks‘is“directly connecte

of th
0,021

The ¢
flask
The

dura

[ee glass Erlenmeyer flasks (analysis bottles) connected, each one containing 100 ml
b mol/l, from which the results will be obtained (see Figures'A.2 and A.3, Annex A).

bquipment also features a thermostat that allows the regtilation of the temperature of
s through the recirculation of water in a closed ciccuit. The test is carried out at 2
Feaction flasks are constantly agitated at 24 rpm(to-and-fro motion) throughout th
fion.

The inoculum volume of each flask varies depending on its degree of activity, ranging betwe

20 %
wast]

The
(over

of the total volume (inoculum + minimum test medium), which is 2,5 . If the inoculum i3
ewater the total volume (inoculum + minimum medium) can increase up to 40 % of the {

hir needs to leave the generator,through the PSA system which shall have been worK
night) before the start of the test in order to ensure that a stable CO, concentration

1 ppin is achieved in the air flow.

Duri

ng the test, a constant CO,-free air flow of 150 ml/min is supplied to each reaction fI

Erlenmeyer
om the PSA

e (7.6). The system is then divided into eight lines controlled by eight walves that allow the flow

sks) located
d to a series
pf [Ba(OH),]

the reaction
3 °C +1 °C.
P entire test

en 10 % and
from urban
otal volume.

ing for 16 h
of less than

ask. The air

flow fis regularly checked atyeach outlet by means of scaled flow meters in order to ensure that there are
not any leaks in the system.

The1uantification efthe CO, evolved by aerobic digestion of the specimen by microorganisms is carried
out hy measuring the level of carbonation of 0,025 mol/l [Ba(OH,)] contained in the three analysis
flaskis conneeted to each reaction flask. The analysis flasks are replaced every 24 h with|others with
the same initial amount of 0,025 mol/1 [Ba(OH,)].

The fdily" quantification values of the carbonation of [Ba(OH,)] are entered into a spregdsheet that
convertsthenrinto biodegradatiomr percentages tClause163-

7.10.2 Assessment of biodegradation by IR detection (equipment B)

7.10.2.1 General

The equipment works continuously in an open system in which the air free of CO, (7.6) circulates
throughout the system impelled by a pump (see Figures B.1 to B.5, Annex B). To increase the amount of
oxygen dissolved in the liquid phase, the intake of air into the Erlenmeyer flask is made through the use
of an air diffuser incorporated into the distilling head that is in contact with the liquid medium.

The air flow that goes into each Erlenmeyer flask is controlled by a system of individual pressure
gauges. The system also features a digital air flow quantification system. Digital data for each

© IS0 2020 - All rights reserved
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measurement and each Erlenmeyer flask are saved to a file and are subsequently converted into 1/h
based on a calibration curve.

The equipment is provided with a thermostatic system capable of regulating the temperature of the
Erlenmeyer flasks by means of a thermostated tank. Tank water is inside a recirculation system that in
turn is connected to a cryothermostat that allows water recirculation at a temperature of 23 °C + 2 °C.

In order to achieve constant agitation of the microbial suspension and samples, the equipment is
provided with a system comprising an array of 12 magnets coupled to 12 motors placed underneath
the tank base, in such a way that each magnet corresponds to one reaction flask. Agitation of the
microbial suspension and samples is achieved by putting a magnet inside each flask. Agitation speed (in

. ] . 5 - . R
revolutions pet mttet PH1Ss Set aSmg-Sspectricnaraware:

Important gquantification parameters are referred to in Table B.1, Annex B.

The CO, valyie of the samples placed in the flasks is sequentially measured by a multiplexérsystem|This
system comprises arotating drum with 12 inlet channels and one outlet, which is directlyzconnectedto an
airtight tank where the CO, sensor is located. Every air outlet of the reaction flasks is\connected to gn air
inlet of the multiplexer system. By a single rotation, the drum selects just one of theirilets, establishing a
direct conngction between the selected inlet of one of the reaction flasks and thétank where the detgctor
is located, and blocking the rest of the inlets. A stepper motor makes the nmiultiplexer system rotdte to
select the r¢levant inlet, and specifically designed hardware and the corresponding firmware control
which of thg 12 inlets is selected at all times. This way, it is possible tg"save the information relative to
the CO, evolved (ppm) and the respective air flow (I1/h) of a given flask'at a given time.

The minimym test medium and the inoculum are added to the<Erlenmeyer flasks. The volume df the
inoculum infeach flask varies according to the degree of activity/ ranging between 10 % and 20 % ¢f the
total volumeg (inoculum + minimum test medium), which ameunts to 1 1. If the inoculum is from yrban
wastewater|the total volume (inoculum + minimum medigm) can increase up to 40 % of the total volume.

Then the inlpt and outlet connectors of the CO, detegtor are installed. The agitation and the temperature
are switched on and the test is started on the computer, keeping it in operation for a period of|16 h
(overnight) [in order to properly condition thelmicroorganisms present in the medium. Afterwprds,
collagen (in|the positive controls) and leathér (in the samples) are added.

The biodegrjadation equipment features:software capable of controlling and recording the values df the
CO, (ppm) and air flow (1/h) produced.in each flask during the test at intervals defined by the user.

7.10.2.2 Equipment B calibration system

Two different types of calibration are performed: CO, sensor and air flow.

7.10.2.2.1 €O, sens@r)calibration: the calibration of the CO, detection equipment is carried out yising
special gas mixturés with different CO, concentrations (50 ppm, 150 ppm and 300 ppm), in additipn to
a gas mixture with 99,9 % 0, as zero CO, concentration. At the end of the calibration process, a ljnear
calibration qur¥’e between 0 ppm and 2 000 ppm is traced according to Formula (1):

y=mx+c (@8]

where

yandx are the variables;
m is the slope of the line;
c is the point at which the line crosses the y-axis;

and the respective coefficient of determination (R?).
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7.10.2.2.2 Air flow calibration: the digital flow is calibrated independently for each flask using
rotameters (one for each flask) positioned before the CO,-free air inlet of each of the 12 flasks.

All air flow values are stored in a software program specifically developed for this test, which also
makes it possible to control the parameters and save all data of CO, evolved during the test in the

different reaction flasks.

8 Procedure

8.1

Collection and preparation of the inoculum

Use

no t4g
in Apnex C
remd

The

origi
of su
samy

8.2

All s
flask

amonunt for each test being 0,5 g (method A) and 0,18‘¢'to 0,19 g (method B).

The {
the B
70 °(

8.3

With|
soluf]

ferri¢

First
the

prop

contr

Chec

samples (wastewater) collected from a tannery aerated biological tank as inoculus;
nnery nearby, urban wastewater can be used as inoculum, see the comparative.biod
nex C. The sample shall be free from large inert objects, such as leather piec€s, wh
ved manually.

sample shall be taken immediately to the laboratory in a portable cool,box so as to
nal characteristics. Decant the sample to remove impurities and,in_order to reduce
spended solids, the wastewater should be filtered with glass woeol. Alternatively, ce
le at 1 500 min~! for 5 min.

Preparation of the test material and reference material

becimens shall be in ground or shredded form and weighed before being added to the
s. The initial concentration of the specimens shall’be between 0,18 g/l and 0,19 g/],

est materials as the collagen type 1 (positive control material) shall be dry before be
rlenmeyer flasks. In the case of wet-blue-or wet-white skins, they should first be dried
for a minimum period of 24 hours or;until they are dry.

Test conditions and incubation period

the exception of test samples, all laboratory materials shall be autoclaved before
ions and culture media(other than the inoculum) shall also be autoclaved before us
chloride, which shall-be filtered in sterile conditions.

the minimum test'medium and the inoculums shall be added to each flask. The a
emperature are)switched on, keeping it in operation for a period of 16 h (overnight]
erly condition the microorganisms present in the medium. Afterwards, collagen (in
ols) anddedther (test materials) are added and the test is started.

k thelactivity of the inoculum during the test by means of a biodegradable referen|

1. If there is
egradability
ich shall be

maintain its
the amount
ntrifuge the

Erlenmeyer
the absolute

ng added to
nanoven at

use. All test
b, except for

bitation and
in order to
the positive

ce material,

rably ground or shredded type 1 Collagen and by measurlng co, evolutlon durlng its

legradation.

bé considered

valid. Because of the p0551b1hty of the 1noculum presentlng suspended organic compounds, flasks
containing inoculum and culture medium shall be used as a negative control. The values for CO, evolved
in these flasks shall be subtracted from the values evolved in the positive control and the specimens.

8.4 Termination of the test

The test should be considered terminated when the collagen sample (positive control) has attained the
plateau phase with biodegradation values equal to or higher than 70 % of initial carbon.

When 70 % degradation of the positive control (pure collagen) is achieved, the test may continue for a
few more days if the samples show log phase kinetics of CO, production, thus giving enough time for the
sample to achieve its maximal biodegradation.
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When the positive control shows biodegradation values lower than 70 % after 50 days, the test shall be
discarded and repeated.

9 Quantification

9.1 Assessment of biodegradation by manual titration (method A)

9.1.1 Determination of the organic carbon content

The total or

ganic carbon content of the material hping tested is determined by elemental analysis

This

allows the theoretical maximum quantity of carbon dioxide evolution to be calculated.
The test material has w % (percentage by mass) of carbon as determined by the elemental’ @nalysis in
Formula (2){and Formula (3):

myc =wf100 - mg (2)
where

myc iqthe carbon in test material added to the Erlenmeyer flask (g);

w igthe % mass fraction of carbon in test material from eleméental analysis (%);

m,  iqthe mass of test material added to the Erlenmeyer flask (g).

C+0,—CO, (3)
This means|12 g of C would yield 44 g CO,. The theoretical maximum quantity of CO, is shown by
Formula (4)

Mrcop =A4/12 - my (4)
where mrq), is the maximum quantity-0f CO, (g).

9.1.2 Determination of the amount of CO, produced

Correct for the amount“of carbon dioxide produced with the negative control (cullture
medium + ipoculum) by-subtracting negative control titration from test material titration obtained
with 0,05 mpl/1 HCI, using Formula (5) and Formula (6).

[Ba(OH)p] + CO5= BaCO5 + H,0 (5)

[Ba(OH)L}«2 HCl— BaCl + 2 H QO 6)
This means x moles of CO, is equal to x/2 moles of HCI.

9.1.3 Correcting for normality of HC]
The amount of CO, (mol), x¢(,, is determined according to Formula (7):

Xco2 = (Cucw * tuer)/2 (7)
where
8 © IS0 2020 - All rights reserved
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Cyc 1s the concentration of HCI (mol/1);
tycy s the titre volume obtained with 0,05 mol/1 HCI (ml).

The amount of CO, evolved from test material (mg), m,, is determined according to Formula (8):

Meoz = [(Cher - tuer - 44)/2) (8)

For a titration with 0,05 mol/1 HCI, (i.e. ¢y, = 0,05) the amount of CO, (mg) is as shown in Formula (9):

Mego =11 -ty 9)

Henge, the amount of carbon dioxide evolved (mg) is obtained by multiplying the HCl fitration by 1,1.

9.1.4 Percentage of biodegradation from CO, evolved

The percentage of biodegradation of the test material determined from'carbon dioxide¢ evolved is
calcylated as shown in Formula (10):

Beoz = [(mcoz - 1 000)/ mecq,] - 100 (10)
where B, is the percentage biodegradation of test material{%o).

9.2 | Assessment of biodegradation by IR (method B)

9.2.1 Determination of the organic carbon content

The fotal organic carbon content of the material being tested is determined through an elemental
analysis. This allows the maximum amount of CO, that can be generated in each test run to be
theoretically calculated.

The test material has w % (percentage by mass) of carbon as determined by the elementafl analysis in
Formula (11) and Formula (12).

=

wherte

mrc is thecdrbon in test material added to the Erlenmeyer flask (g);
W is-the mass fraction of carbon in test material from elemental analysis (%);

m

is the mass of test material added to the Erlenmeyer flask (g).

C+0,- CO, (12)

This means 12 g of C would yield 44 g CO,. The theoretical maximum quantity of CO, is as shown in

Formula (13):
Mrcop = 44/12 - my (13)

where mqq, is the theoretical maximum quantity of CO, (g).
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9.2.2 Determination of the amount of CO, produced

CO, produced during the degradation of samples is measured by an IR detector present in the
quantification equipment. For this purpose, the sensor is previously calibrated between 0 ppm and
2 000 ppm with commercial mixtures of calibration gases (7.10.2.2.1).

9.2.3 Percentage of biodegradation from CO, data

9.2.3.1 General

The percen

age of biodegradation from carbon dioxide produced is calculated from the conversi

n of

ppm of CO,
Erlenmeyer
values are ¢
considered:

a)

air flow
reactor

b)
‘)

total pi
atmosp
pressur

d)
e)

The air floy
Formula (14

(Ptotal -

reactor

CO,, fraq

where

P total 1S
W]
(&
is

Qy

Qnar
R

is

is

pbroduced during the test, taking into account the average of the values obtained in thg
flasks of each sample (duplicate tests). After a series of mathematical calculatiens, 1
pnverted into percentage of biodegradation. To this end, the following parameters sh{

(710.2.2.2) going in (O, N;) and gaseous mixture flow going out (03, 0N, CO,) of
(Q,), expressed in 1/h;

air temperature within the system, expressed in Kelvin (K);

essure (P,) is the total pressure inside the Erlenmeyer flask that compriseg
heric pressure, which is dependent on the altitude of the’location and the manom
e, expressed in atm;

volume, expressed in litres (1);
tion on exiting the IR detector (Yq,), expressedin parts per million (ppm CO,).

v (Q,) expressed in l/h is converted into~air flow (Q

):
), = Qnar " R T)

nar) €xpressed in mol/h app

the total pressure inside-the Erlenmeyer flask that comprises the atmospheric pressu
hich is dependent on'the altitude of the location, and the manometric pressure;
(pressed in atm;

the air flowginlitres, passing through the system per hour (1/h);
the air flow, in mol, passing through the system per hour (mol/h);

theé'gas constant (0,082 atm - 1 - mol~! - K1);

two
hese
11 be

each

the
etric

ying

(14)

e,

T is

the temperature of the gaseous phase in Kelvin (K), where K=°C + 273,15 °C.

This formula allows the determination of the number of moles of the gas mixture as a reference for
the transformation of CO, ppm evolved during the test into percentage of biodegradation. For this, it is
necessary to transform, for each measure throughout the test, the air flow (Q,,,) expressed in mol/h
into CO, air flow (Q,¢o,) expressed in mol/h, as shown in Formula (15):

Qncoz= Cnar* Yco2 (15)

where
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Q,co> is the CO, air flow, in mol, passing through the system per hour (mol/h);
Q,ar is the air flow, in mol, passing through the system per hour (mol/h);
Yoy isthe CO, fraction in air flow exiting the IR detector (ppm).

The inlet air flow is equal to the outgoing gas flow, since for each mol of O, consumed 1 mol of CO, is
produced.

After calculating the average Q,,¢(, of each sample, and for each sampling point, the Q, .o, of the negative
control corresponding to each sampling point shall be subtracted from the Q ¢y, of the sample. This
way, itis-possibte-to-determine-thentmber-of €65 motesevolvedfromthe-sampteorcottagen (positive
control), from which the CO, produced by the inoculum (negative control) has already beex deducted.

Thergfore, for each sampling point, the CO, air flow would be calculated using Formula (16):

C ncoz = QnCOZ test material ~ QnCOZ negative control (16)

9.2.3.2 Expression of the total number of moles of CO, evolved

From the Q, .o, data obtained at the different sampling points, plot @Q o, (mol/h) graph gs a function
of tifpe (h) and then calculate the total number of moles of CO,e¥Volved at different time irjtervals (e.g.
every 2 h) until the test is terminated. To this end, the arealutrder the curve, which can [pbe obtained
using graphic software, traced by the Q,.q, graph as a funttion of time shall be integrated| for which a
speclfic mathematical program shall be used, see Figure 1.
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Figure 1 — Graphrof the integration area of a sample (Q ., Vs time)
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9.2.3.3 Conversion of moles of CO, evolved into mg of CO, evolved
Calculate the milligrams of CO, evolved using Formula (17):
Meoz = Xcoz * 44 (17)

where

¥ scthao amanaint N Avolaad Fooan tact oot o]l dogeadobi o (50,
I ILOZ To LIITC dI1IIIUuUuIIv vl \JUZ CVvuUIvOUu IITUIII tLov 11I1Ialte I idr M\'sl audaliviIll \6),

b7

coz 1s the amount of CO, evolved from test material degradation (mol), from whick‘the mol CO,
evolved from the inoculum at that very same time have been deducted. The valug of the inte-
grated area at a given time is given in 9.2.3.2.

9.2.3.4 Calculation of the CO, mass present in the initial test sample

From the carbon (C) percentage present in the leather or collagen testimaterial, previously|determined
by elemental analysis (9.2.1), it is possible to calculate the total C amount, in mg, present in the initial
test material sample and, hence, the maximum CO, value that thi§,C mass can produce.

From the initial mass multiplied by the C percentage present ifithe test material, calculate the theoretical
maxjmum amount of carbon that can be transformed into GO3 during the test using Formula (18):

irc =w/100 - m (18)
TC s

=

where

My is the mass of carbon in test material sample (mg);
w is the mass fraction of cariion‘in test material from elemental analysis (%);

is the initial mass of test'material sample (mg).

9.2.3.5 Calculation of the €O, mass evolved from the initial sample

From the C theoretical'maximum, calculate the CO, theoretical maximum than can evolve during the

test ising Formulaq197:

=

whefe nfy ), is the theoretical maximum quantity of CO, (g).

Calcutate €0, evotved during a giverm time intervat througthout tire test (7;,) by muitiplying the
number of moles of CO, produced by the test material degradation, during said time interval, by the
molecular mass of CO,, according to Formula (17) in 9.2.3.3.

9.2.3.6 Calculation of the percentage of biodegradation

In order to calculate the percentage of biodegradation at any time, divide the accumulated CO, (g) by the
theoretical maximum CO, that can evolve from the initial C (g) multiplied by the percent factor (100),

as shown in Formula (20), see also Figure 2.
Beoz = (Mcoz/Mrcoz) - 100 (20)
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where

9.2.3.7 (C3glculation'sequence for the determination of sample biodegradation

a)

b)

14

Bcop,  is the percentage biodegradation of test material (%);
Mmco, 1s the CO, evolved during a given time interval throughout the test (g);

Mrcoy 1S the theoretical maximum quantity of CO, that could evolve (g).
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Figure 2.~ Graph of percentage of biodegradation vs time

From the GOy(ppm) and air flow (1/h) data obtained throughout the whole test, calculatg¢ the
average| for, the two Erlenmeyer flasks of each test material, and of the positive (collagen] and

5 Ls 1 - + pa Y 1
negative(imecurahmimmuamtestimearamj—contrors:

Using the calculations of 9.2.3.1, determine the average Q,,. values of the test materials and
controls for each sampling point during the test.

For each sampling point, subtract the Q,,,. of the negative control (9.2.3.1) from the Q,,, of the test

materials and the positive control (9.2.3.1).

nar

From the table of values obtained in point c), and the respective sampling times, plot a graph for

each test material and positive control, showing the Q.. as a function of time (h) (9.2.3.2).

From the graph, integrate the graph area under the curve every 24 h of testing (9.2.3.2). The value
obtained after the integration of the graph area corresponds to the C mass, in mg, that has been
transformed into CO, until the time (h) integrated in the graph.
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f) Finally, for each value calculated in point €), calculate the biodegradation percentage of the samples
or positive control (collagen) according to 9.2.3.6.

10 Expression of results

The percentage of degradation of each test material in comparison with collagen is presented as a
relative percentage, calculated on the basis of the absolute value of collagen degradation converted to
100 %, according to Formula (21):

Bret = (Beog - 100)/A (21)

wherte

] isthe relative biodegradability of each test material (%);
coz isthe measured biodegradation of each test material (%);

is the measured biodegradation of collagen (%) (70 % or more).

11 Validity of results

The test shall be regarded as valid if the degree of biodegradation of the reference material in the
reaction flasks is equal to or higher than 70 % in absolute terms (see Clause 10, term 4).

12 Test report
The test report shall include at least the followihg:
a) reference to this document, i.e. ISO.20136:2020;

b) information on the inoculum in¢luding source, date of collection, storage, handling and potential
cclimation to test material;

c) ¢arbon (C) content of the test material, both the collagen (positive control) and the natyral polymer
r leather samples;

d) 4Jccumulative average carbon dioxide evolution over time until plateau should be r¢ported and
isplayed graphically as lag-phase and slope (rate);

e) $o absolutebibdegradation (B(,) and relative biodegradability (B,,) of each test matefial;

f) the date-ofthe test.
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Annex A
(informative)

Determination of the degree and rate of degradation of the

The biodegr

material
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egradation of leather. However, its applicability can be extrapolated to the study g
boradation of any textile (e.g. fabrics, weaves) or polymeric material (plastics),@s‘o
adjustments are made to the methodology, especially with regards to the inoeulun
trol used. The test method therefore covers the determination of the degree and r4g
of the material under controlled laboratory conditions based on the “analysis o

corrcery

flow control (CO,-free air), thermal control and agitation contrgl)(to-and-fro mo
ns developed to simplify the experimental process, allowing allthe operational con
ed from one easily accessible and understandable control panel'situated on the top d

Figures A.1 and A.2).

f the
hg as

and
te of
[ the

CO, throughout the test. For this purpose, the unit complies with ‘strict requirements

Fion).
trols
f the

16

Figure A.1 — View of the unit for biodegradability assessment
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Figure A.3 — Diagram of the unit for biodegradability assessment

Figure A.3 shows a diagram of the unit for biodegradability assessment from the point of view of the
basic experimental procedure. As can be seen, the unit is provided with an autonomous clean CO,-free
air generation system consisting of a noiseless compressor (specially conceived for a non-industrial
use in research laboratories, with a noise level < 40 dB) and a CO, filter or trap (PSA system). The
generated CO,-free air is bubbled through a series of seven Erlenmeyer pre-treatment flasks and this
is then divided into eight lines where the flow is independently controlled, which in turn supply eight
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Erlenmeyer reaction flasks located inside the tank. The outlet of each one of the eight Erlenmeyer flasks
is directly connected to a series of three Erlenmeyer analysis flasks, where the CO, evolved during the
degradation of the specimen is trapped for its subsequent quantification.

The unit also features a thermostat that allows temperature control and regulation inside the tank
through the recirculation of approximately 200 1 of thermostated water in a closed circuit.
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Annex B
(informative)

Quantitative determination of leather biodegradatio

n

The equipment consists of a completely automated system able to precisely and simultaneously measure
the percentage of CO, evolved during leather degradation by the action of aerobic microorganisms.
Thesle data are subsequently converted into biodegradation percentage of leather sampl@

The
a rotating drum provided with an outlet directly connected to an air flow metQé
flow((l/h) and subsequently to an airtight tank where the CO, sensor is lo ate

bystem'’s capacity is 12 Erlenmeyer flasks and it is managed by a multiplexer(s}? m
easy
. Air fl

comprising
ring the air
pw and CO,

concentration values are saved in a data-capturing system connected to a corfiputer.

The

@Y}e B.1 — General view of the equipment for CO, quantification by IR

I%’*R?c;etection equipment has the following features (Table B.1):

thermostated tank with a capacity of 12 flasks of 2,5 1 total volume and 1 1 test volume;

multiplexer system comprising a rotating drum with 12 inlet channels in such a way that every air

outlet of the reaction flasks is connected to an air inlet of the multiplexer system;

digital air flow meter (1 /h);

manual system for individual air-flow adjustment in every Erlenmeyer flask made up of a system of

pressure gauges,

PSA system (7.6) providing CO,-free air;

CO, detector consisting of a CO, sensor able to measure CO, concentrations from 0 ppmto 2 000 ppm;

digital pressure system to quantify the total pressure (ambient pressure + flask reactor pressure);
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