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ISO 11734:1995(E)

Water quality — Evaluation of the “ultimate”
anaerobic biodegradability of organic compounds in

digested sludge — Mlethod by measurement of the

biogas-production

G — Sewage sludges may contain potentially pathogenic organisms. Therefore
appropripate precautions must’be taken when handling such sludges. Digesting sewage sludge
produces flammable gases which-present fire and explosion risks. Care must be taken when
transporting and storing quantities of digesting sludge. Toxic test chemicals and those whose

propertiés are not known must be handled with care. The pressure meter and microsyringes|must

be hand
disposed of in a safe manner.

1 Scope

This Intgrnational Standard specifies a screening
method for the evaluation of the biodegradability of
organic fompounds at a given concentration by
anaerobid microorganisms. The conditions described
in this te$t do not necessarily correspond to the opti-
mal conditions allowing the maximum value of bio-
degradatipn to occur, since a dilute sludge is used
with a rejatively high concentration of test chemical.
The test gllows exposure of sludge to the chemical for
a period gf up to 60 d, which is longer than the normal
¢tention time (25d to 30d) in anaerobic

much longer retention times.

The method applies to organic compounds with a
known carbon content and which are

— soluble in water;

— poorly soluble in water, provided that a method of
exact dosing is applicable;

— not inhibitory to the test microorganisms at the
concentration chosen for the test; inhibitory ef-

d carefully to avoid injuries ‘caused by needles. Contaminated syringe needles must be

fects can be determined in separate |tests or by an
additional inhibition assay.

For volatile\ substances a case by cage decision is
necessary."3ome can be tested if handlgd with special
care, for example. no release of gas durfng the test.

2 Normative references

The following standards containprovisions which,
through reference in this text, constitiite provisions
of this International-Sta - i¥ne of publica-
tion, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

a a niarn on a¥a a A a¥a

ISO 10634:1995, Water quality — Guidance for the
preparation and treatment of poorly water-soluble or-
ganic compounds for the subsequent evaluation of
their biodegradability in an aqueous medium.
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ISO 11923:—", Water quality — Determination of
suspended solids by filtration through glass-fibre fil-
ters.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 ultimate anaerobic biodegradation: The level
of degradation achieved when a test compound is

© ISO

centage biodegradation is calculated from the total IC
formed and the measured or calculated amount of
carbon added as test compound. The course of bio-
degradation can be followed by taking intermediate
measurements of gas production only

As additional information, the primary biodegradation
can be determined by specific analyses at the begin-
ning and end of the test.

5 Test environment

production of|‘carbon dioxide, methane, mineral salts

utilized by aTerobuc microorganisms resulting in the
and new mic

obial<Cellular constituents (biomass).

3.2 primary| anaerobic;biodegradation: The level
of degradatign achievedywhen a test compound
undergoes any structural change, other than complete
mineralization] as a result of apasrobic microbial ac-
tion.

3.3 digested sludge: A mixture of the settled
phases of seyage and activated sludge, “Which have
been incubatpd in an anaerobic digester at_.about
35 °C to redupe biomass and odour problems‘antt to
improve the Hdewaterability of the sludge. Digested
sludge consists of an association of anaerobic
fermentative [and methanogenic bacteria producing
carbon dioxid¢ and methane.

3.4 concentration of total solids: The amount of
solids obtained by drying a known volume of sludge
under specifigd conditions at about 105 °C to constant
mass.

4 Principl

Washed digg¢sted sludge, containing very low
amounts of iforganic carbon (IC), is diluted to total
solids concentration of 1 g/l to 3 g/l and incubated at
35 °C + 2 °C |n sealed vessels with a test chemical
at an organic garbon (OC) concentration of 20 mg/l to
100 mg/! for Yp to about 60 d.

The increase In hpadqpann pressure—in—the—tesi

Incubation shall take place in sealed vesseld at a con-
stant temperature of 35 °C + 2 °C, a normgl temper-
ature for an anaerobic digester, in the allsence of
oxygen, initially in an atmosphere of pure nifrogen.

6 Reagents

6.1 Distilled or deionized water, contaiping less
than 2 mg/l DOC.

6.2 Test medium.

6.2.1 Medium

Use only reagents of recognized analytical grade.
Prepare the dilution medium to contain the following
constituents at the stated amounts:

sels resulting from the production of carbon dioxide
(CO,) and methane (CH,) is measured. A considerable
amount of carbon dioxide will be dissolved in water
or transformed to hydrogen carbonate or carbonate
under the conditions of the test. This inorganic carbon
(IC) is measured at the end of the test.

The amount of microbiologically produced carbon is
calculated from the net gas production and the net
IC formation in excess over blank values. The per-

1) To be published.

Anhydrous potassium 0,R7 g
dihydrogefphosphate (KH,PO,)

Disodium hydfogenphosphate 1.12g
dodecahydrateANa,HPO,-12H,0)

Ammonium chloride*{NH,Cl) 053 ¢g
Calcium chloride dihy@rate 0,075 g
(CaCl,-2H,0)

Magnesium chloride hexahydrate 0,10 g
(MgCl,-6H,0)

Iron(ll) chloride tetrahydrate 0,02 g
(FeCl,-4H,0)

Resazurintoxygenthdicator) 6:001 g
Sodium sulfide nonahydrate 01g
(Na,S-9H,0) (see note 1)

Stock solution of trace elements 10 mi
(optional)

Add de-oxygenated water (6.1) to 1 litre

To achieve anoxic conditions, sparge the medium
with nitrogen for about 20 min immediately before
use to remove oxygen.
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Adjust the pH of the medium with dilute mineral acid
or alkali, if necessary, to 7 + 0,2.

NOTE 1 Freshly supplied sodium sulfide should be used
or it should be washed and dried before use, to ensure
sufficient reductive capacity.

6.2.2 Stock solution of trace elements (optional)

It is recommended to supply the test medium with

ISO 11734:1995(E)

6.5 Inhibition control (optional)

Add the test compound and reference substance to
a vessel containing the test medium (6.2) each at the
same concentrations as added, respectively, in 6.3
and 6.4.

6.6 Digested sludge

Collect digested sludge from a digester at a sewage
treatment plant treating predominantly domestic

the following_trace elements to improve—anaarobic
B4 OV GHSEHoBE

degradation . processes, especially if low inoculum
concentfations, are used.

Mangapese chioride tetrahydrate 0,05¢g
(MnCl,{4H,0)

Boric apid (H;BO;) 0,005 g
Zinc chloride (ZnCl,) 0,005 g
Coppef((ll) chloride (CuCl,) 0,003 g
Disodiym molybdate dihydrate 0,001 g
(Na,Mq0,-2H,0)

Cobalt [chloride hexahydrate 0,19
(CoCl,-pH,0)

Nickel thloride hexahydrate 0,07g
(NiCl,-gH,0)

Disodiym selenite (Na,SeO,) 0,005 g
Add water (6.1) to 1 litre

6.3 Test compound

Add thp test compound as a stock solution,
supensi¢n, emulsion, or directly as solid or liquid to
give a tgst concentration of 100 mg/l organic carbon.
If stock polutions are used, prepare a suitable solution
with wdter (6.1) of such strength that the volume
added ig|less than 5 % of the total volume of reaction
mixture.| For test compounds which are insufficiently
soluble |n water, see ISO 10634, but do not use an
organic polvent known to inhibit methane production
such as [chloroform or carbon tetrachloride.

sewage. Use wide-necked bottles copstructed from
high density polyethylene or a similar [material which
can expand.

WARNING — For safety reasons, glass must not
be used.

Fill the bottles to within 1 cm of the top and seal
tightly. After transport to the laboratopy, use directly
or place in a laboratory-scale digester. Release excess
biogas.

Alternatively, use a laboratory-grown arjaerobic sludge
as a source of inoculum.

Consider pre-digestion of the sludge t
ground gas production and to decreas
of the blanks. Allow the sludge to dige
addition of any nutrients or s
35°C 4+ 2 °C forup to 7 d.

NOFE 3 It has been shown that pre-dig
5 d gives.an optimal decrease in gas produd
without” unacceptable increases in either |

O reduce back-
b the influence
st, without the
ubstrates, at

estion for about
tion of the blank
Ag or incubation

periods during.the test phase.

For test compounds which are expected to be poorly
biodegradable, consider pre-exposure|of the sludge
with the test substarice to obtain an ijoculum that is
better adapted. In such axcase, add the|test substance
at an OC concentration 6f 5 mg/l to R0 mg/! to the
digested sludge. Wash the pre-digestgd sludge care-
fully before use. Indicate a pre-expospre in the test
report.

NOTE 2  If solvents are used, a control with the solvent
only is recommended.

6.4 Reference substances

Reference substances such as sodium benzoate,
phenol or polyethyleneglycol 400 are permissible.
These substances would be expected to have a bio-
degradation degree greater than 60 %. Prepare a
stock solution in the same way as for the test com-
pound.

6.7 Inoculum

Wash the sludge (6.6) just prior to use, to reduce the
IC concentration to less than 10 mg/! in the final test
solution, by first centrifuging in sealed tubes at a rel-
atively low speed (e.g. 3 000 g) for up to 5 min. Sus-
pend the pellet in oxygen-free test medium (6.2),
centrifuge and discard the washings. If the IC has not
been sufficiently lowered, wash the sludge up to
twice more. Finally, suspend the pellet in the requisite
volume of test medium and determine the concen-
tration of total solids (3.4). The final concentration of
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total solids in the test vessels shall be in the range
1 g/l to 3 g/I. Conduct the above operations in such a
way that the sludge has minimal contact with oxygen
(e.g. use a nitrogen atmosphere).

7 Apparatus

Usual laboratory equipment and the following are re-
quired.

7.1 Incubator or water or sand bath, thermostati-

© ISO

Add aliquots of the inoculum so that the concentration
of total solids is between 1 g/l and 3 g/l and the same
in all vessels. Add stock solutions of test compound
and reference substance. The test concentration of
carbon shall normally be 100 mg/l. In the case of toxic
test substances, it may be reduced to 20 mg/! of or-
ganic carbon, or even less if only primary biodegra-
dation with specific analyses is to be tested.

NOTE 5 The lower the test concentration, the higher the
deviation of test results may be.

cally controlledat 35 °C + 2 °C.

7.2 Pressurefresistant glass test vessels, nominal
size 0,1 litre fo 1 litre/ each fitted with a gastight
septum, capabfle of withstanding about 2 bar (see ex-
ample in anngx A). The Headspace volume shall be
about 10 % to[30 % of the totahvolume. If biogas is
regularly releaged, about 10 % headspace volume is
appropriate buf if the gas release hdappens only at the
end of the tes{, 30 % is appropriate.

NOTE 4  From| a practical point of view, the uSe®f serum
bottles sealed with butyl rubber serum caps and crimped
aluminium rings [is recommended.

7.3 Pressureimeasuring device, for example, a
pressure metef connected to a suitable syringe nee-
dle; a 3-way dastight valve facilitates the release of
excess pressufe. The device shall be used and cali-
brated according to the manufacturer's instructions.

It is necessary to keep the internal volume of the
pressure trans]:ucer tubing and valve as low as poss-

ible, so that efrors introduced by neglecting the vol-
ume of the eqiiipment are insignificant.

7.4 Carbon dnalyser, suitable for the direct deter-
mination of inofganic carbon in the range of 1 mg/l to
200 mg/l.

8 Procedure

Carry out the fpllowing initial procedures using tech-
niques to keeplthe contact between digested sludge

In the case of blank vessels, add equivalent Bmounts
of de-oxygenated water (6.1). Prepare an extra repli-
cate with test compound and measure the gH value.
Adjust the pH to 7 4+ 0,2, if necessary, with small
amounts of dilute mineral acid or alkali. Add the same
amount of neutralizing agents to all the test| vessels
(7.2). If primary degradation is to be measured, take
an appropriate sample from the pH-control essel or
from an additional test mixture and measure|the test
compound concentration using specific analyses. Add
covered magnets to the vessels if the reacfion mix-
tures are to be stirred (optional). Ensure that fthe total
volume of liquid V; and the volume of headgpace V;
are the same in all vessels. Note V, and |V, (see
clause 9). If necessary, add anoxic test |medium
(6.2). Seal each vessel with a gas septum [and put
them into the incubator (7.1).

Add substances which are poorly soluble in \ater di-
rectlyto the prepared vessels after weighing|or dose
them witly the help of a solvent into the empty ves-
sels. Evaporate, the solvent by passing nitrogen gas
through the vessels and then add the other|ingredi-
ents. Liquid test/substances may be dosed with a
syringe into the completely prepared sealed hessels,
if it is expected that the\pH will not exceed 7 + 1,
otherwise dose as describéd above.

8.2 Incubation and gas measurements

Incubate the prepared vessels at 35°C-+ 2 °C for
about 1 h to allow equilibration and release| excess

and oxygen as low as practicable, for example, work
within a glove box in an atmosphere of nitrogen or
purge the bottles with nitrogen.

8.1 Preparation of test and control assays

Prepare test vessels (7.2) at least in triplicate for the
test compound (6.3) and blank and at least one vessel
each for reference substance (6.4) and inhibition con-
trol (6.5) (optional). Blank controls can be used for
several test compounds in the same test. Prepare the
diluted inoculum (6.7) before adding it to the vessels.

gas 10 he atmospnere, Tor example, by shaking each
vessel in turn, inserting the needle of the pressure
meter (7.3) through the seal and opening the valve
until the pressure meter reads zero. If at this stage
or when making intermediate measurements, the
headspace pressure is less than atmospheric, intro-
duce nitrogen gas to re-establish atmospheric press-
ure. Close the valve (see 7.3) and continue to incubate
in the dark, ensuring that all parts of the vessels are
maintained at the digestion temperature.

Observe the vessels after incubation for 24 h to
48 h. Reject vessels if their contents show a distinct
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pink coloration in the supernatant liquid, i.e. if
resazurin (see 6.2.1) has changed colour indicating the
presence of oxygen. While small amounts of oxygen
may be tolerated by the system, higher concen-
trations can seriously inhibit the course of anaerobic
biodegradation.

Carefully mix the contents of each vessel by stirring,
or by shaking for a few minutes at least two or three
times per week and before each pressure measure-
ment. Measure the gas pressure, for example, by in-

ISO 11734:1995(E)

supernatant sample cannot be analysed on being taken, it
may be stored in a suitable sealed vial, without headspace,
and cooled at about 4 °C for up to 2 d.

In some cases, especially if the same control vessels
are used for several test compounds, consider
measuring intermediate IC concentrations in test and
control vessels. In this case use the following proce-

dure.

After measuring the gas pressure without release of
excess gas, take a known aliguot of the supernatant,

serting through the septum the syringe needle{see

7.3) conpécted to the pressure-monitoring meter. Re-
cord thg préssure in millibars (see 9.1).

Shaking| resuspénds the inoculum and ensures
gaseouy equilibridm._ While measuring pressure,
maintair} the gas in" the headspread at the digestion
temperdture. Take care“t@)prevent entry of water into
the syringe needle. Should this occur, dry the wet
parts and fit a new needle.

For reaflings of gas pressure, €ither measure the
pressure in the vessels weekly, release excess gas to
the atmosphere, or alternatively measure-the press-
ure onhy at the end of the test to detect-the amount
of biogals produced.

NOTE 6| It is strongly recommended that intermediate
readings |of gas pressure be made, since the pressure in<
crease pfovides guidance as to when the test may be ter-
minated gnd allows the kinetics to be followed.

Finish the test after an incubation period of 60 d un-
less the biodegradation curve from the pressure
measurément has reached a plateau phase, that is the
phase in which the maximum degradation has been
reached| and indicates a sufficient degree of bio-
degradation ( > 50 %) for the test to be finished ear-
lier. If at the end of the normal incubation period, a
plateau [phase is obviously not reached, the test
should e prolonged until it is reached.

8.3 asurement of inorganic carbon

At the gnd of the test, after the last measurement of

which is as small as possible, with
7.3) through the septum without open

a syringe (see
ing the vessels

and determine IC in the sample. Aftér having taken

the sample, the excess gas can be rel
incubation bottles or not (see 8.2).

eased from the

Take into account that even a small decrease in the

supernatant volume (e.g. about 1 %)
nificant increase in the headspace ga
rect the equations (9.1) by increasing
(3) if necessary.

8.4 Specific analyses

If primary anaerobic degradation (3.2)
mined, take samples for specific anal
ginning (see 8.1) and end of the test fr
containing the test compound. If this
that the volumes of the headspace (V;
(V)) will be changed and take this into
caleulating the results.

9 Calculation and expression
For practical feasons, the pressure
measured in millipars (1 mbar = 1

1 Pa = 1 N/m?), the'volume in litres a
in degrees Celsius.

9.1 Carbon in the headspace

1 mol of methane and 1 mol of ¢arbg

can yield a sig-
s volume. Cor-
V., in equation

is to be deter-
yses at the be-
pm the vessels
is done, note
) and the liquid
account when

of results
of the gas is

hPa = 10° Pa,
nd temperature

n dioxide each

gas pressure, allow the sludge (6.6) 1o settle, open
each vessel (7.2) and immediately determine the
concentration, in milligrams per litre, of inorganic car-
bon (IC) in the supernatant. The supernatant shall not
be centrifuged or filtered (see ISO 11923) at this
stage (see note 7). After IC measurement record the
pH. Carry out similar readings for the corresponding
blank, reference substance (6.4) and inhibition control
(6.5) vessels.

NOTE 7
acceptable

Centrifugation or filtration would result in an un-
loss of dissolved carbon dioxide. If the

contain 12 g of carbon. Calculate the mass of carbon
in a given volume of evolved gas using equation (1):

m=12x10%x n (1
where
m is the mass of carbon, in milligrams, in a

given volume of evolved ga

12 is the relative atomic mass

S,

of carbon;

n is the number of moles of gas.
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Calculate n from the gas laws using equation (2):
pV

© ISO

9.2 Carbon in the liquid

n=-pr ... (2) Calculate the mass of carbon in the liquid of the test
vessels using equation (5):
m = picnet X V) ... (®)
where
n is the number of moles of gas; where
is the pressure, in pascals, of the gas; m is the mass, in milligrams, of carbon, in the
. ) . L. - liquid:
Vv IS the-votume,rcubicmetres, of the gas; 'L
i is the mean concentration of imorganic
R is the molar gas constant PiCnet 9

[8.314 J/(mal-K)];

T is tHe incubation temperature, in kelvins.

Calculate the net mass of carbor (subtraction of the
corresponding plank values) produced as gas in the
headspace from the test compolnd using

equation (3):
12000 x 0,1 (Ap-V;) 3
my, = RT L33
where

my, is the mass, in milligrams, of net carbon
produced as gas in the headspace;

Ap is the mean of the differences between
initigl and final pressures, in millibars, in
the fest vessels minus those in the blank

vesgels;
Vi is the volume, in litres, of headspace in the
vessel;

0,1 is the conversion factor for both newtons
per square metre to millibars and cubic
meties to litres.

carbon, in milligrams per litre, in the test
vessels minus that in the control [vessels
at the end of the test;

Vi is the volume, in litres, of liquid in the
vessel.

9.3 Total gasified carbon

Calculate the total mass of gasified carbor| in the
vessel using equation (6):

my = m, + m ... (6)
wheré
m, is the total mass, in milligrgms, of

gasified carbon;

m, and m; aré as defined in 9.1 and 9.2.

9.4 Carbon of test substance

Calculate the mass of carbon in the testvessels, from
the test concentration of added “carbon,| using
equation (7):

For a normal inéubatien—temperature-of 353081
use equation (4):

my, = 0,468 (Ap-V}) (B

The course of biodegradation can be followed by
plotting the cumulated pressure increase Ap, in milli-
bars, against time, if appropriate. From this curve
identify and record the lag-phase in days. The lag-
phase is the time from the start of the test until sig-
nificant degradation starts (for example see
annex B).

my = pey X V) (D)

where

m, is the mass, in milligrams, of test com-
pound carbon;

pcy s the concentration, in milligrams per litre,
of test compound carbon;

Vi is the volume, in litres, of liquid in the
vessel.
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9.5 Extent of biodegradation

Calculate the biodegradation from headspace gas us-
ing equation (8) and the total biodegradation using
equation (9):

ISO 11734:1995(E)

dation has taken place, the test should be repeated
using a test medium (6.2) with higher buffer capacity.

11 Test report

D, = my x 100 .. (®) The test report shall contain at least the following in-
My formation:
m, x 100 . .
D, = —m, ) a) a reference to this International Standard:;
where bi—tdentificatrom—of—test—compound—snd reference
substance;
D, is the biodegradation  from
headspace gas, expressed as a ¢) concentration of test compound and method of
percentage; addition;
D, is the total biodegradation, ex- d) the main characteristics of biogas|measurement
pressed’as a percentage. (e.g. type of pressure meter) and of IC analyser;
my, M, and m, are as defined in 9.1, 9.4 and 9.3, e) all the measured data in the test, blank and con-
respectively. trol vessels and inhibition results, [f determined,
(e.g. pressure in millibars, concenfration of inor-
10 Validity of results ganic carbon in milligrams per litre ip tabular form:
an example of data sheets is given in annex C),
10.1 Maintenance of anaerobic conditions statistical treatment of data and tesit duration;
Use only] pressure readings from vessels which on- f)  the source, concentration and inforimation of any
tain no oxygen, i.e. which do not show pink coloratiof: pre-treatment of the inoculum (pre-gigestion, pre-
Contamilation by oxygen is minimized by the use of exposure);
proper afmaerobic handling techniques. . )
@) the incubation temperature;
10.2 Inhibition of degradation h) Vaelumes of digester liquor (V) and headspace V)
L . in the vessels;
Gas production in vessels containing both the test
chemical and_reference substangg shall be at least ) pH and ICalues at the end of the test:
equal to [that in the vessel containing only reference
indicated} In the latter case, the test should be Te- and end of the test if a specific medsurement has
peated using a lower concentration of test chemical been performed:
but not lgss than 20 mg/l (see 8.1).
k) biodegradation curve plottéd from headspace net
10.3 Validity of the test gas production as shown in-apnex B;
Consider[ the test to be valid if the reference sub- ) percentage of biodegradation df’test compound

stance has a plateau phase that represents > 60 %
biodegradation. If the pH at the end of the test has
exceeded the range 7 + 1 and insufficient biodegra-

and reference substance, the final test result
should be indicated in ranges of 10 % (e.g. 20 %

to 30 %).
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Annex A
(informative)

Example of an apparatus to measure biogas production by gas pressure

Pressure
meter

Syringe needle

Gastight seal

Headspace (V)

\

Digested sluge inoculum (V)

Test vessel in an environment of 35 °C 2 °C
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(informative)

Annex B

ISO 11734:1995(E)

Example of a degradation curve (cumulated net pressure increase)

Gas presslpe (mbar)

500

400

300

Lag phase

200

100 —

Plateau phase

—

T T T
40 50 60

Time (days)
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Annex C
(informative)

Examples of data sheets for the anaerobic biodegradation test

10
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