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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
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NING — Sludge samples may contain hazardous and inflammable substances. Th
ogens and are liable to biological action. Consequently, it is recommeénded that

dled with special care. The gases that may be produced by microbiological activity are
mmable and will pressurize sealed bottles. Exploding bottles are likely to result in

pnel and/or pathogenic aerosols. Glass bottles should be avoided wherever possi
ssary when sampling, transporting and utilizing the sludge and“when using micros
sure-meter syringe needles. National regulations should. be followed with
robiological hazards associated with this method. Toxic test materials and those wit
perties should be handled with care.

Scope

part of ISO 13641 specifies a screening method for assessing the potential toxicity of
ures, surface waters, groundwaters and wastewaters, effluents, sludges, or other environmen
Jetermining the production of biogas (carbon dioxide and methane) from muds, sediments
erobic environments with low biomass congentration. The growth rate of anaerobic bacteria is
pared with that of aerobic microorganisms. For this reason, the test periods in anaerobic
er than in those with aerobic bacteria. The conditions of this test (for example amount of in
Strate in the test bottles) were adopted to a defined test period over several days. The inocu

method is applicablel_to materials, soluble or insoluble in water,
Reference [1] in the Bibliography).

including volatile

E Special care’is necessary with compounds of low water-solubility, and in these cases, see
10634. For generalinformation on biotesting see ISO 5667-16/2.,

rmation obtained by this method can be helpful prior to anaerobic biodegradability testir
ulum_mass concentrations and for estimations of the potential effects of chemicals and w4g

ments and soils.
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2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 10634, Water quality — Guidance for the preparation and treatment of poorly water-soluble organic
compounds for the subsequent evaluation of their biodegradability in an aqueous medium
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3 Principle

Aliquots of mixtures of diluted digesting sludge or other sources of anaerobes, and a degradable substrate are
incubated alone and simultaneously with a range of mass concentrations of the test material in sealed bottles
for a defined incubation time at 35 °C. The amount of biogas (methane and carbon dioxide) produced is
measured by the increase in pressure in the bottles before and after addition of acid to the release carbon
dioxide from carbonates. The percentage inhibition of biogas production by the various mass concentrations
of the test material is calculated from the amounts produced in the respective test and control bottles. The
ECsq and other effective mass concentrations are calculated from the plots of percentage inhibition against
the logarithm of mass concentration of the test material.

It is possible to use this technique for special investigations, for example with sediments from anaerobij¢ sites
in nature. Ip this case, the incubation temperature in the test bottles can be that of the natural sediménts.
Anaerobic §ediments can contain a high amount of inorganic matter and cell numbers and hence the-bactgrial
activity can|be very low in such cases, so that the incubation period needs to be extended.

4 Reagents and media

4.1 ReaTents

4.1.1 Dilytion water, previously de-aerated and de-ionized.
Analytical dontrols of this water are not necessary, but make sure thatdhe deionizing apparatus is regularly
maintained) Prior to addition of the anaerobic inoculum to any solution-or dilution of test material, make gure
that these gre oxygen-free. Therefore, either bubble nitrogen gas (4.1.2) through the dilution water or thrqugh
the dilutiong for 1 h before adding the inoculum, or alternatively heat the dilution water to boiling then coolf|it to
room temperature in an oxygen-free atmosphere.

4.1.2 Nitrogen gas, of high purity with a content of less'than 5 pl/l oxygen.

4.1.3 Phesphoric acid (H3PO,), 85 % by mass.n water.

4.2 Media
4.2.1 Inoculum.

Collect active digesting anaerobic_sludge from a full-scale, or a laboratory, digester or anaerobic sediment
from a suitgble natural source."Record the source and type of inoculum in the test report. Bottles for collegtion
should be dquipped with gas-tight seals and be made of high-density polyethylene or a similar material, which
can expand. Glass is not recommended since the bottle may explode. Fill the sample bottles up to 1 cm from
the top, sedl them tightly-"and place them in insulated containers (5.1) to minimize temperature shock, until
being transferred tosan/incubator (5.10) maintained at the desired test temperature. When opening the bottles,
take care tp release excess gas pressure either by periodically loosening the seal or by fitting a three{way
pressure rglease ‘valve (5.3) to the bottle cap. It is preferable to use the inoculum within a few hours of
collection, gthierwise store at the test temperature (6.1) under a headspace of nitrogen for up to 3 days when
little loss of activity will normally occur.

Immediately prior to use, mix the inoculum by gentle stirring and pass it through a mesh sieve (5.2) into a
suitable bottle (5.4) through the headspace of which a stream of nitrogen (4.1.2) is passed. Set aside a
sample for determination of the mass concentration of total dry solids (see for example ISO 11923). The mass
concentration of digester sludge is usually between 20 g/l and 40 g/l total dry solids but anaerobic sediment
will be more variable. Thus some sludges may require diluting using dilution water (4.1.1) and some
sediments will require concentrating by centrifugation. Use a final mass concentration of 0,20 g/l + 0,05 g/l of
total dry solids.

Check the pH value of the inoculum and adjust if necessary to 7 + 0,5. During centrifuging or dilution of the
inoculum make sure that no oxygen penetrates into the suspension. Use, for example, for centrifugation

2 © ISO 2003 — Al rights reserved
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closed bottles and overlay the liquid with nitrogen gas. The use of a glove box (5.9), filled with nitrogen gas
(4.1.2), is recommended for all preparation steps.

4.2.2 Test medium, prepared from 10-fold concentrated test medium (4.2.2.1) with a trace element solution
(4.2.2.2).

Use freshly supplied sodium sulfide nonahydrate [4.2.2.1 h)] or wash and dry it before use, to ensure that it
has sufficient reducing capacity. If the test is performed without using a glove box (5.9), the mass
concentration of sodium sulfide in the stock solution should be increased to 2 g/l. Sodium sulfide may also be
added from an appropriate anaerobic stock solution through the septum of the closed test bottles, as this
procedure will decrease the risk of oxidation, to obtain a final mass concentration of 0,2 g/l. Alternatively

titanium(lllcitrate [4.2.2.1 h)] may be used. Add it through the septum of closed test bottles to-optain a final
congentration of 0,8 mmol/l to 1,0 mmol/l. Titanium(lll)citrate is a highly effective and is a low-toxidity reducing
agept, which is prepared as follows. Dissolve 2,94 g of trisodium citrate dihydrate in 50-mb of pxygen-free
dilufion water (which results in a 200 mmol/l solution) and add 5 ml of a titanium(llf)chloride solution
(159/100 ml dilution water). Neutralize to pH 7 £ 0,5 with sodium carbonate and dispefise to an|appropriate
serym bottle under a stream of nitrogen. The concentration of titanium(lll)citrate \in this stock solution is
164|mmol/l.
Usd the test medium immediately or store at 4 °C for no longer than 1 day.
421 Tenfold concentrated test medium, prepared with the following:
a) |anhydrous potassium dihydrogenphosphate (KH,PO,) 2,79
b) [disodium hydrogenphosphate (Na,HPO,) 4,44 g (or 11,2 g dodecahydrate)
c) |ammonium chloride NH,CI 5349
d) |calcium chloride dihydrate (CaCl,-2H,0) 0,759
e) |magnesium chloride hexahydrate (MgCl,-6H,0) 1,09
f) |iron(ll)chloride tetrahydrate (FeCl,-4H,0) 0,2g
g) |resazurin (redox indicatar) 0,01g
h) [sodium sulfide nonahydrate (Na,S-9H,0) 1,09
or titanium(lll)citrate final concentration 0,8 mmol/l to 1,0 mmol/l
i) |trace elemént'solution (see 4.2.2.2) 10,0 ml
j) |yeast.exiract 50¢g
Disgolve in dilution water (4.1.1) and make up to: 1 000 ml
4222 Trace element solution, prepared with the following:
a) manganese(ll)chloride tetrahydrate (MnCl,-4H,0) 0,59
b) ortho-boric acid (H;BO3) 0,059
c) zinc chloride (ZnCl,) 0,059
d) copper(ll)chloride (CuCl,) 0,03 g (or dihydrate: 0,035 g)

© 1SO 2003 — Al rights reserved 3
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e) sodium molybdate dihydrate (Na,MoO,-2H,0) 0,01 g

f)  cobalt(ll)chloride hexahydrate (CoCl,-6H,0) 1,09

g) nickel(ll)chloride hexaydrate (NiCl,-6H,0) 0,19

h) disodium selenite (Na,SeO;) 0,05¢g

Dissolve in dilution water (4.1.1) and make up to: 1 000 ml

5 Apparatus

5.1 Insulated containers, for transport of inoculum.

5.2 Sieve, having a mesh size of 1 mm?2.

5.3 Threg-way pressure-release valves, capable of being fitted to the caps of inoculum collection bottles.
5.4 Reservoir for digesting sludge or other inoculum, consisting of a glass or plastic bottle (capacity
about 5 |) fifted with a stirrer and facilities for passing a stream of nitrogen gas through the headspace.

5.5 Centfifuge, for determination of the mass concentration of inoculutn solids.

5.6 Pressure-resistant gas-tight closed glass test bottles, with~an appropriate nominal size.

Use, for example, nominal 125-ml serum bottles with an actual total volume of 160 ml, gas-tight sealed with
septa and ¢rimped aluminium rings. Use septa preferably,made of silicone or polytetrafluoroethene-cogated
butyl rubbgr capable of withstanding a pressure of about 2 x 10° Pa. Gas-tightness of the caps uped,
especially Qutyl rubber septa, should be tested in advance because several commercially available septal are
not sufficieptly gas-tight against methane, and sofme septa do not stay tight when they are pierced with a
needle as required under the conditions of this-test:

5.7 Microsyringes, for the gas-tight cohnection of the pressure transducer to the headspace in the bottles;
also for adding insoluble liquid test materials or acid to the bottles and to release biogas.

5.8 Precision pressure meterfor-measuring total biogas production (methane plus carbon dioxide)

A needle attachment is adapted'to enable measurement and venting of the biogas produced. An example [of a
suitable insfrument is a hand-held precision pressure meter connected to a suitable syringe needle; a 3-way
gas-tight vglve facilitates the release of excess pressure. Calibrate the meter (see Annex A) in order to allow,
if necessary, the conversion of pressure measurements to gas volumes. The internal volume of the pressure
meter tubing and valve should be kept as low as practically possible, so that errors introduced by neglegting
the volume [of the\equipment are insignificant.

calibration is necessary in the laboratory. It should be calibrated by a licensed institute at the mtervals
recommended by the manufacturer. The accuracy of the calibration can be checked at the laboratory with a
one-point measurement at 1 x 10° Pa against a pressure meter with a mechanical display. When this point is
measured correctly, the linearity will also be unaltered. If other measurement devices are used (without
certified calibration by the manufacturer), calibration is recommended over the total range at regular intervals.

5.9

Glove box (optional), with a slight positive pressure of nitrogen.

5.10 Spark-free incubator, preferably equipped with a shaking device, and capable of maintaining the
temperature to within + 1 °C at 35 °C or other required temperature.
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Test environment and interferences

Test environment

-2:2003(E)

Carry out the test by incubating the sealed test bottles at a constant temperature of usually 35 °C £+ 1 °C in the
absence of oxygen, initially in an atmosphere of nitrogen in the dark or in diffused light. Use nitrogen of high
purity (4.1.2). In special cases, if for example anaerobic sediment is used as inoculum, the test may be
conducted at a temperature similar to the natural environment within a comparable range (for example
20°C +1°C).

6.2

6.2.

Moi

readlings (see 7.4).

6.2.

Angerobic methods are subject to error from oxygen contamination.iIn" this method, this inte

min

6.2.

Actiyity of anaerobic cultures is very sensitive to the pH yalue. Ensure that the pH of the reactio
adjysted to 7 + 0,5 and remains within the range of 6,2:t6.7,5 until the end of incubation (see 7.5).

6.2.

Diff

withl a needle under the test conditions (6.1). Sometimes the pressure falls very slowly once the
beeh pierced with the syringe needle.

6.2.

The| anaerobic biogas production and the sensitivity of the inoculum are influenced by substraj
transferred with the inoculum into the test bottles. Digested sludge from domestic anaerobic dig

con

insgluble matter, thus)making it easier to take representative samples.

6.2.

Vol
o)

Interferences

1 Moisture in the needle of the syringe

sture in the needle and connecting tubing of the pressure-transducer can lead to inaccura

P Oxygen contamination

mized by the use of strictly anaerobic handling techniques.

3 pH of the medium

# Quality of the caps of the bottles

prent types of septa are commercially ayailable. Many of them do not remain gas-tight after bg

b Remaining substrates in‘the inoculum

ains materials suchvas sand, hair or plant residues of cellulose. Sieving the sludge will re

b Volatile chemicals

tile{chemicals can be released into the headspace of the serum bottles. This can result in
e-of the test material from the system during venting after pressure measurements, yielding

te pressure

trference is

N mixture is

bing pierced
septa have

es that are
psters often
move gross

the loss of
falsely high

ECs, values. For details see Reterence [1] In Bibliograpny.

7

71

71

Procedure

Test set-up and preliminary test

1  Test set-up

The number of necessary replicates depends on the degree of precision required to obtain acceptable
inhibition indices. If the bottle seals are sufficiently gas-tight over the duration of the test, set up just one batch,
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preferably in triplicates of test bottles at each mass concentration required. Similarly set up one batch of
bottles for the reference substance and one set for the controls.

However, if the seals of the bottles are reliable for only one or a few piercings, set up a batch preferably in
triplicates of test bottles for each time interval (¢) for which results are required for all mass concentrations of a
test material to be tested. Similarly set up “/’ batches of bottles for the reference substance and for the
controls.

The use of a glove box (5.9) is recommended. At least 30 min before starting the test, let nitrogen flow into the
glove box containing all necessary test equipment. If a glove box is not used, de-gas the bottles using nitrogen
for air displacement. Make sure that the temperature of the inoculum corresponds to the incubation

temperature (6.1) during the operation and while the bottles are sealed.

7.1.2 Preliminary test

If the activi
controls to
no test ma
volume of

produced the most suitable conditions for the main test can be deduced which @llow the yield of suffi

biogas for 1
the prelimin
and the nee

7.2 Test

7.21 Tes

7.211 1
Prepare se
contain, for
reaction mi
solution so

Add substa

solution at @&n appropriate mass concentration in a suitable solvent, for example, acetone or diethyl ether

do not use
test bottles
materials n
treatments,

y of the inoculum (4.2.1) is unknown, it is recommended to carry out a preliminary test. Se
jive, for example, mass concentrations of solids of 0,1 g/l, 0,2 g/l and 0,4 g/l plus\Substrate but
erial. Also, use different volumes of reaction mixture in order to have 3 or 4 different ratio
headspace to volume of liquid. Measure biogas in regular intervals. From the results of big

heasurements and hence the optimal sensitivity without the fear of explosions. Using results 1

ary test, select the frequency at which pressure measurements should be made, the test durs
d of acidification at the end of the test.

materials and controls
t materials

est compound solutions

parate stock solutions for each water-soluble test compound in oxygen-free dilution water (4.1.
example, 10 g/l of test material. Use @ppropriate volumes of these stock solutions to prepare
tures containing graded mass concentrations. Alternatively prepare a dilution series of each g

hces with little or no water-solubility, for example, as solutions in a volatile solvent. Prepare su

nhibitory solvents such_as trichloromethane or tetrachloromethane). Add the solutions to the en
(5.6) and evaporate-the solvent before the addition of the inoculum. Liquid water-insoluble
hay be injected\ directly into inoculated serum bottles using microsyringes (5.7). For d
see for example1SO 10634, but be aware that any surfactants used to produce emulsions ca

t up

use

s of

gas
ient
rom
tion

) to
the

tock
hat the volume added to the test -bottles is the same for each required final mass concentratior.

Ch a

(but

npty

test

ther
h be

inhibitory tol anaerobic biegas production.
Add test compounds to the bottles (5.6) to give a geometric series of mass concentrations, for exanjple,
500 mg/l, 2p0.mg/l, 125 mg/l, 62,5 mg/l, 31,2 mg/l and 15,6 mg/l. If the range of the toxicity is not known from

similar com

n
pounds, carry out a preliminary range-finding test with mass concentrations of, for exan'1

1 000 mgl/l,

7.21.2

100 mg/l and 10 mg/l so as to ascertain the appropriate range.

Waters and wastewaters

ple,

Use the original sample of waters and wastewaters as stock solution, and, if necessary, adjust the pH to
7 £ 0,5 if inhibition due to an acidic or alkaline sample is not to be determined.

Add waters and wastewaters to the bottles (5.6) to give a geometric series of final dilution steps as follows: 1:2,
1:4, 1:8, 1:16 and so forth, where these dilution ratios are expressed as volume of water or wastewater to the
total end-volume.
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When testing wastewater, the highest possible test mass concentration corresponds to 50 % of the
wastewater sample. It results by adding the original wastewater to the test bottles (5.6) and an equal volume
of the inoculum suspension. Make sure that wastewaters or other test waters are sufficiently free of oxygen.
For example, bubble nitrogen gas (4.1.2) through the dilutions for at least 1 h and use oxygen-free dilution
water (4.1.1).

7.2.2 Reference compound and controls

Prepare an aqueous solution of the reference compound, 3,5-dichlorophenol (10 g/l), by gradually adding
aqueous sodium hydroxide solution (250 g/l) to the solid, while shaking, until it has dissolved. Then add

de-

Oth
ada

Set

Set
eno|
con
abo

In 3
and
deo

7.3

Stir
con
(4.1
soly
deo
san

Dis

tota

the

ens
one

the

voly

An

(co

oxygenated dilution water (4.1.1) to the required volume. Sonication can aid dissolution.

er reference substances may be used, when the average range of the ECg, has been tested:
bt the validity criteria.

up at least triplicate bottles (5.6), containing inoculum (4.2.1) and substrate only, to\act as cont

up further replicate bottles (5.6) containing inoculum (4.2.1) and test médium substrate

Ligh stock solution of the reference substance (3,5-dichlorophenol) to these bottles to obtain g
centration of 113 mg/l. This mass concentration of 3,5-dichlorophenel will inhibit biogas pr
it 50 %. Alternatively set up a suitable range of mass concentrations with the reference substa

ddition, set up 4 extra bottles (5.6) for pH measurement containing inoculum (4.2.1), inorga
substrate. Add the test material (7.2.1) to 2 bottles at the highest mass concentration being tes
kygenated dilution water to the remaining 2 bottles.

Addition of the inoculum and the test medium

an appropriate volume of sieved digested sludgetor other inoculum (4.2.1), previously adjuste
centration of 0,4 g/l up to 2 g/l of total dry solids™in a 5-1 bottle (5.4) while passing a stream of 1
2) through the headspace. Flush the testy bottles containing aqueous solutions or evapors
tions of the test compound (7.2.1.1), with" a stream of nitrogen gas for about 2 min to remg
kygenated dilution water (4.1.1) to bottles containing the insoluble test materials (7.2.1) so as t
e total liquid volume in the bottles!

pense a suitable amount of awell-stirred prepared inoculum (4.2.1) with the desired mass cond
dry solids into the test bottle followed by test medium (4.2.2), dilution water (4.1.1) and stoc}
fest material (7.2.1), while-Keeping the bottles under a flow of nitrogen. When adding the sieve
Lire that it is very well stirred and dose the exact amount of inoculum needed. If a pipette is U
step to the exact-volume. If the required mark is passed, reject the sample and refill it. Omitti
sample will seléetively release solids and result in an unrepresentative sample. Preferably
me dosing equipment, or a measuring cylinder.

xample ofthe test set-up for test batches is given in Table 1.

re_that the headspace volume is within the range indicated by the preliminary test and th3

n this case,

Fols.

4.2.2) Add
n final mass
bduction by
nce.

nic medium
ted and the

d to a mass
itrogen gas
ted solvent
ve air. Add
b obtain the

entration of

solution of
d inoculum,
sed, fill it in
ng a part of
use fixed-

t all bottles

issary, add

de-oxygenated dilution water to make up the volume. Choose, for example, the ratio of gas to liquid volume
from the results of the preliminary test (7.1.2).

After each bottle is dosed, remove the needle supplying the nitrogen gas and seal the bottle with the rubber
stopper and aluminium cap and moisten the stopper with a few drops of deionized water to aid insertion. Mix

the

contents of each bottle by shaking and incubate.
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Table 1 — Examples of the test set-up for test batches

Reaction mixture Example 1 Example 2

0,42 g/l
45 ml
0,20 g/l
9ml
36 ml

2,19/l
9Iml
0,20 g/l
9ml
72 mi

Mass concentration of prepared inoculum (4.2.1)

Added volume of inoculum (4.2.1)

End mass concentration of inoculum in test bottles

Added amount of test medium (4.2.2)

Added amount of dilution water (4.1.1)

Mas

0,7 gNn
3mi

9,7 gl
3mi

5 concentration of yeast extract In test bottles [4.2.2.7])]

Tesf compound stock solution (7.2.1)

Totgl liquid volume 93 mi 93 mi

7.4 Incubation of bottles and pressure measurement

Transfer th
device (5.1

shake manuially twice each day during the total incubation period to equilibrate the system. It may be helpf

invert the |
appropriate

After about
attached to
of about 45
close the v4

b closed bottles to the thermostatically controlled incubator preferably ‘equipped with a sha
D) and incubate at the desired temperature. If the bottles are incubated-without a shaking de

ottles to prevent loss of biogas through the septum. Inversian of the bottles is, however,
in all cases, for example if insoluble substances may adhere. tg the bottom of the bottles.

1 h, equalize the pressure in the bottles to atmospheric pressure by inserting the syringe nee
the pressure meter, through the seal of each bottle in turn” Insert the needle preferably at an a
° to prevent gas leaking from the bottles. Open the.valve until the pressure reaches zero,
ve.

King
ice,
Ll to
not

dle,
ngle
hen

The bottles|usually should be incubated for about 7 days\'‘Use the experience of the preliminary test (7.1.]
decide on the test duration. For example, if sedimentis used as inoculum and low incubation temperat
are used fof the test, it may be necessary to have {0 prolong the test until sufficient biogas can be producg
sufficient bipgas is produced in less than 7 days;.the test would have to be shortened respectively.

P) to
ires
d. If

riod.
e of
y of
may

Determine {he total amount of evolved biogas by regular pressure measurements during the incubation pg
Choose thel intervals of measurement insstich a way that sufficient data points are available to plot a cury
cumulative piogas production. Use the.results from the preliminary test (7.1.2) to decide on the frequend
measuremgnt. Alternatively, if for example the biogas production of the inoculum is well known, pressure
be measurgd only at the end of the test.

the
ate.
and
mes
this

For measufement insert the-syringe needle, which is connected to the pressure transducer (5.8), through
septum of the bottle. Allow the pressure reading to stabilize and record it. Then open the valve and venti
When the f[neter reads; zero close the valve. Dry the needle well before inserting into the next bottle
measure in| the same_way. If the pressure reading is negative, do not open the valve. Moisture someti
accumulatef in thesyringe needle and tubing. This is indicated by a small negative pressure reading. In
case, remoye the needle, shake the tubing, dry it with a tissue, then fit a new needle.

Use the results from the preliminary test (7.1.2) o decide whether acidification af the end of the testis useful.
If only one measurement is to be made or at the last measurement add 0,5 ml of phosphoric acid (4.1.3) using
a microsyringe (5.7) to each bottle. Shake the bottles for at least 30 min. After this time, the carbon dioxide
produced will have escaped from the liquid to the gaseous phase.

Alternatively measure the pressure before and after the addition of acid, to distinguish between biogas
containing mainly carbon dioxide, which is in the liquid, and biogas containing mainly methane, which is in the
headspace. This information may be useful to control the quality of the inoculum. When the rate of carbon
dioxide production is much higher than that of methane production, the sensitivity of the fermenting bacteria
may be altered. This may also indicate that the methanogenic bacteria are preferentially affected by the test
material. Such a shift should not occur when the inoculum has few residual substrates and when the
preparation of the test has taken place strictly under anaerobic conditions for example in a glove box.
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pH measurement

Measure and record the pH in bottles set up for this purpose (7.2.2) at the beginning and the end of the test.
In addition, the pH may be measured at the end of the test in all those bottles to which acid has not been
added.

If the pH value is outside the range of 6,2 to 7,5 at the end of the test, the result is invalid and the test should
be repeated (see Clause 9).

8

Sum, and average, the pressures recorded at each interval for each set of replicate bottles@nd G

mes
pres
of t

whsg

Plot
orb

For
maq
by t

Cal
con

In aerobic bacterial/inhibition tests, 7 is usually plotted against the logarithm of the mass concent

test
con
thar

Con

Calculation

n cumulative gross biogas pressure. Plot curves of mean cumulative biogas production

1:(1—ﬂjx1oo
Pc

re
I is the percentage inhibition;

pt is the biogas pressure, expressed in pascals (Pa)yproduced with test material at the seleg
pe is the biogas pressure, expressed in pascals’(Pa), produced in the control at the same tin
I against the logarithm of the mass concentrations of test material. Assess the EC5y (mg/l) v4

y regression analysis.

comparative purposes, it is sometimes more useful to express the concentration of the sub
s fraction (mg/g) of total dry salids. To obtain this mass fraction, divide the volumetric concent
ne mass concentration of dry sludge solids (g/l) (4.2.1).

tulate either the percentage inhibition achieved by the single mass concentrations of th

pound (7.2.2) or the-ECs, if a sufficient number of mass concentrations have been investigate

material. In apaéerobic sludge inhibition tests with some substances, the linear plot of 7 again
Centration-is\sometimes more suitable to show the dependency between mass concentration a
the semislogarithmic plot. Use the type of plot that shows a curve closest to linearity over a lar|

vert the mean pressure of the biogas produced in the control into the volume of biogas by refe

sure expressed in Pa) against time for control, test and reference bottles. Select a time on the
ne curve, usually 48 h, and calculate the percentage inhibition (/) for each mass concentrg
matgrial from Equation (1):

alculate the
(p, i.e. the
linear part
tion of test

(1)

ted time;
e.
lue visually

stance as a
ation (mg/l)

b reference
d.

ation of the
5t the mass
nd inhibition
ger range.

rence to the

pre

sure meter calibration curve (Annny A\ and from this calculate the \/|n|r'| of hmnnc expre

sed as the

volume produced at the selected t|me (for example 48 h) from 100 ml dlluted moculum at 0, 2 g/l to 0,5 g/l of

tota

| dry solids.

In wastewater testing, the lowest ineffective dilution (LID-value), which was observed within the test, may be
given as test result. For details see Annex B.

9

Validity criteria

Values from an inter-laboratory trial showed that the reference substance 3,5-dichlorophenol caused 50 %
inhibition of activity of anaerobic bacteria in a mass concentration range of 60 mg/l to 200 mg/l (mean

113

mg/l).
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The test is valid when an inhibition of greater than 20 % is obtained in the control containing 110 mg/l of
3,5-dichlorophenol, more than 20 ml of biogas per gram dry matter are produced in the control and the pH
value is within the range 6,2 to 7,5 at the end of the test.

10 Test report
The test report shall contain the following information:

a) reference to this part of ISO 13641, i.e. ISO 13641-2;

b) name, ppecification, mass concentration and addition mode of the test material;
c) source|of the inoculum (for example actively digesting anaerobic sludge or anaerobic sediment);
d) testtemperature and range;

e) name gf the reference substance and result of the inhibition (for example ECg);

f)  volumgq of liquid and headspace in the test bottles;
g) main characteristics of pressure measurement and type of pressure mefer;
h) all megsured data in test, control and reference bottles (for examplepressure p in pascals);

i) testreqults, especially EC5, (expressed as mg/l and mg/g dry-matter) and the inhibition curve.
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