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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
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INTERNATIONAL STANDARD

I1ISO 11733:2004(E)

Water quality — Determination of the elimination and
biodegradability of organic compounds in an aqueous
medium — Activated sludge simulation test

WARNING AND SAFETY PRECAUTIONS — Activated sludge and sewage contain
pathpgenic organisms, therefore appropriate precautions should be taken when handling
test compounds and those whose properties are unknown should be handled with care.

1

This | International Standard specifies a method for the determinationy of the eliminati
biodggradability of organic compounds by aerobic micro-organisms. The“conditions describe
waste-water treatment plant. Two test systems can be used: activated sludge plants or porous pq
can gptionally be performed under conditions of nitrification and denifrification (Annex A) and cg
units[(Annex B).

cope

The hethod applies to organic compounds which, under the gonditions of the test, are

a) soluble in tap water at the test concentration and net\expected to be transformed to insolubl

if biodegradation, in addition to elimination, is detefmined;

b) poorly water-soluble, but which are satisfactorily dispersible in water and allow detection
nalytical means (e.g. organic carbon measurements);

c) non-volatile, or which have a negligible:vapour pressure under the test conditions;

d) not inhibitory to the test micro-organisms at the concentration chosen for the test. Inhibitory ¢
etermined by using a suitablé:test method (e.g. ISO 8192[15] or ISO 15522[27]). Compound
oncentrations used in this test may be tested at concentrations less than their EC, valug
igher practical concentrations after a period of acclimatization.

The method can also be used to measure the biodegradation and elimination of dissolved organi

in waste water (also<alted “test compound” in the method).

potentially
them. Toxic

bn and the
i simulate a
ts. The tests
upling of the

b metabolites

with suitable

ffects can be

5 inhibitory at
, followed by

L compounds

If mgre or different information is required to predict the behaviour of test compounds or wasfe water in a

treatinent plant,/ other degradation tests may be performed. For appropriate use of this me
alter

ISO $667-16.

hod and for

ativetrbiodegradation methods, see ISO/TR 15462 and for general information on bigtesting, see

2 Normative references

The following referenced documents are indispensable for the application of this documen

t. For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced

document (including any amendments) applies.

ISO 5667-16, Water quality — Sampling — Part 16: Guidance on biotesting of samples

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

ISO/TR 15462, Water quality — Selection of tests for biodegradability
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3 Terms

and definitions

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

3.1

accelerating removal phase
(activated sludge simulation test) time from the end of the lag phase until the plateau phase is reached, during
which the biodegradation of a compound or organic matter increases

NOTE

Accelerating removal phase is expressed in days.

3.2

activated slyidge

biomass and
micro-organi

3.3

chemical oxygen demand

coD
mass conce
compound o

NOTE
compound

C

3.4

inert matter produced in the aerobic treatment of wastewater by the growth of bacteria ‘and
Ems in the presence of dissolved oxygen

htration of oxygen equivalent to the amount of a specified oxidant.consumed by a che
organic matter when a water sample is treated with that oxidant under defined conditions

DD is expressed, in this case, as milligrams of oxygen consuméd)per milligram or per gram d

concentrati

amount of sglids obtained by filtration or centrifugation at kngwn conditions of a known volume of acti
sludge and drrying at about 105 °C to constant weight

3.5

degree of eljmination
biodegradafion

(activated sl
matter, calcu

NOTE TH
expressed as

3.6

denitrification

reduction of

3.7
dissolved o
DOC

n of suspended solids of an activated sludge

dge simulation test) mean eliminated (biodegraded) amount of a chemical compound or or
lated from the measured concentrations in the inlet and the outlet of the system

e degree of elimination (biodegradation) is determined when no further elimination can be measured
b percentage.

hitrate and nitrite to the end product nitrogen (in the form of the gas) by the action of bacteria

ganic carbon

other

mical

f test

vated

ganic

and is

part of the or

NOTE

anic carbonin g campln of water which cannot be removed hy cpnr\ifinr{ phnen cnpnrafinn

15 min or by membrane-filtration using membranes with a pore size of 0,45 pm.

3.8
lag phase

Phase separation may be obtained, for example, by centrifugation of the water sample at 40 000 m/s2 for

(activated sludge simulation test) time from the start of a test until a significant elimination (biodegradation) of

a compound

NOTE

or organic matter can be measured (the beginning of the accelerated removal phase)

The lag phase is expressed in days.
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3.9

nitrification

oxidation of ammonium salts by bacteria where usually the intermediate product is nitrite and the end product
nitrate

3.10

plateau phase

(activated sludge simulation test) time from the end of the accelerating removal phase until the end of a test in
which the biodegradation of a compound or organic matter is in a steady state

NOTE The plateau phase is expressed in days.

3.1
pre-¢xposure
pre-imcubation of an inoculum in the presence of the test compound or organic matter, with the aim of
enhahcing the ability of this inoculum to biodegrade the test compound by adaptation.and/or sejection of the
micrg-organisms

3.12
pre-gonditioning
pre-imcubation of an inoculum under the conditions of the subsequent ‘test in the absencg of the test
compound and other organic matter, with the aim of improving the performance of the test by ag¢climatization
of the micro-organisms to the test conditions

3.13
primary biodegradation
strucjural change (transformation) of a chemical compound by micro-organisms resulting in the loss of a
specific property

3.14
total|organic carbon
TOC
all th¢ carbon present in organic matter which'is dissolved and suspended in the water

3.15
ultimate aerobic biodegradation
breakdown of a chemical compeund or organic matter by micro-organisms in the presence pf oxygen to
carbgn dioxide, water and mineral salts of any other elements present (mineralization) and the production of
new biomass

4 Principle

This methodsis designed to determine the elimination and, if possible, the primary or ultimate bipdegradation
of wgter-soluble organic compounds from water by aerobic micro-organisms in a continuously gperating test

systgm.simulating the activated-sludge process. An easily biodegradable organic medium and the organic test
compmmmmW' = i ;

Two test units (activated sludge plants or porous pots) are run in parallel under identical conditions, normally
with a mean hydraulic retention time, HRT, of 6 h (8.3.1) and a mean sludge retention time, SRT (sludge age),
of 6 dto 10 d (8.3.3).

NOTE 1 HTR is the mean period of retention of waste water in the aeration vessel. It is calculated by dividing the
volume of sludge, expressed in litres, by the rate of flow of waste water, expressed in litres per day.

NOTE 2  SRT is the mean period of retention of activated sludge in the aeration vessel. It is calculated by dividing the
volume or weight of sludge in the aeration vessel by the volume or weight of sludge discarded per day. If a period of
8 days is chosen, remove 1/8 of the volume of the activated sludge of the aeration vessel each working day and discard it.

© 1SO 2004 - All rights reserved 3
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The test compound is added together with the organic medium, usually at a concentration equivalent to a
DOC between 10 mg/l and 20 mg/l, to the influent of only one of the test units. The second unit is used as
control unit to determine the degree of biodegradation of the organic medium when the analysis is based on
DOC or COD.

Samples of the effluents taken at regular intervals are analyzed for DOC or COD. The difference between
values in the effluent of the test and the control unit compared with the influent concentration of the test
compound is used to determine the degree of elimination of the test compound. Depending on the elimination
characteristics and other available information, e.g. from other tests, ultimate biodegradability can be stated.

If required, the primary biodegradation of the test compound can be determined by substance-specific

anarato ndaor danite o f(an A\ or b
Gt

analysis. Op
Annex B).

5 Teste
The test sha

micro-organi
permissible t

6 Reagents

Use only reapents of recognized analytical grade, unless otherwise specified.
6.1 Tap whpter, containing less than 3 mg/l DOC.

6.2 Deionjzed water, containing less than 1 mg/| DOC.

6.3 Organlic media.

6.3.1 General.

Synthetic se
DOC (e.g. IS
determine th

Experience has shown that the so-called OECD mediuml29] (6.3.2) might not be suitable in some ¢

Therefore, tw
International
inoculation t

potential of the test.

6.3.2 Synfthetic sewage 1 (OECD medium), which gives a mean DOC concentration of about 10(
and a COD of-abeut-300-mgiHnthe-influent

ianalbh tha tnita oy ha a1 franer nan A AN a Annas a connlad
oy, treortsray ot OptratCt—omatt Ty g ComttoTs(SCC7 e A7y O ot Couprcy

nvironment

| take place in diffused light or in the dark, in an enclosure which is free from vapours to
sms and at a controlled temperature in the range of 20 °C to 25 °C. Eor_special purposes
D use a test temperature in another range.

O 8245[16]) or COD (e.g,ASO 6060['4]) concentration in each new batch of organic mediun
b alkalinity, if required and-not already known.

o more synthetic)Media which have successfully been tested in laboratories are described i
Standard. Domestic sewage (6.3.5) may also be used. Its use is recommended, as a contir
kes place~and a vastly greater number of nutrients is available to improve the biodegrag

(see

Xic to
, it is

vage, domestic sewage or a_mixture of both are permissible as an organic medium. Measure the

h and

Ases.
N this
uous
ation

mg/l

It is composed of the following:

— peptone 160 mg
— meat extract 110 mg
— urea 30 mg
— anhydrous potassium monohydrogenphosphate (K,HPO,) 28 mg
— sodium chloride (NaCl) 7 mg
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— calcium chloride dihydrate (CaCl, - 2H,0) 4 mg
— magnesium sulfate heptahydrate (MgSO, - 7H,0) 2 mg
— tap water (6.1) 11

6.3.3 Synthetic sewage 2, which gives a mean DOC concentration of about 150 mg/l and a COD of about
400 mg/l in the influent.

It is composed of the following:

— pLeptone 192 mg

— meat extract 138 mg

— @lucose monohydrate 19 mg

— ammonium chloride (NH,CI) 43 mg

— anhydrous potassium dihydrogenphosphate (KH,PO,) 16 mg

— disodium hydrogenphosphate dihydrate (Na,HPO, - 2H,0) 32 mg

— godium hydrogen carbonate (NaHCO3) 294 mg

— godium chloride (NaCl) 40 mg

— iron(lll) chloride hexahydrate (FeCl; - 6H,0) 40 mg

— tap water (6.1) 11

It is gtrongly recommended to add.the iron chloride solution separately and directly to the aerafjon vessel to
prevegnt precipitation, especially (f @‘concentrated solution is sterilized (8.3.1). For example, if a §tock solution
of 45|g/l iron(lll) chloride hexahydrate is prepared, 5 ml should be added daily to the aeration vessel.

6.3.4| Synthetic sewage’3, which gives a mean DOC concentration of about 180 mg/l and a ¢QOD of about
470 mg/l in the influent:

The ¢ompositiontis:specially balanced for nutrient-removal systems as described in Annex A, but it is equally
usable in the.standard test system. It is composed of the following (for more information, see References [4]
and [p]):

— peptone 15 mg

— meat extract 15 mg

— potato starch 50 mg

— milk powder 120 mg

— glycerol 40 mg

— sodium acetate 120 mg

— urea 75 mg

— uric acid 9 mg

© 1SO 2004 - All rights reserved 5
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— ammonium chloride (NH4CI) 11 mg
— magnesium hydrogen phosphate trihydrate (MgHPO, - 3H,0) 25 mg
— tripotassiumphosphate trinydrate (K;PO, - 3H,0) 20 mg
— diatomaceous earth 10 mg
— lyophilised, powdered activated sludge 50 mg;
— natural (diet) fibres 80 mg
— linear alkylbenzene sulfonate (LAS) 10 mg
— alcohol ¢thoxylate C,, to C,4 EO5 or any other easily biodegradable surfactant 10,mg
— ethylend diamine tetraacetic acid tetra sodium salt (Na,-EDTA) 0,29 mg

— trace elgments:

— Ca(gl, 5mg
— NaHCO4 25 mg
— FeJ0, - 7H,0 10 mg
— Cudl, - 2H,0 0,48 mg
— Co(l, - 6H,0 0,05 mg
— Zndl, 0,18 mg
— Mn$0, - H,0 0,1 mg
— K,Mo00, 0,020 mg

— NiSp, - 6H,0 0,3 mg
— Tap water 11
NOTE THis medium” contains surfactants and therefore might not be suitable for the determination ¢f the

biodegradability of;surface-active agents.

6.3.5 Donte
(pH 7 £ 0,5).

Preferably use sewage (8.2) from the same plant as the sludge inoculum. Sewage can be stored for several
days at about 4 °C if it has been proven that the DOC or COD does not significantly decrease during storage
(for example, by less than about 20 % compared to the initial concentration). In order to limit disturbances to
the activated sludge system, adjust each new batch to an appropriate constant value of, for example, 100 mg/I
DOC or 300 mg/l COD by dilution with tap water.

6.3.6 Modified organic medium, a dilution of an organic medium (6.3.2 to 6.3.5) with tap water.

EXAMPLE If synthetic sewage 1 (6.3.2) is diluted 1:1, a DOC concentration in the influent of about 50 mg/l is
obtained.

6 © ISO 2004 — All rights reserved
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Domestic sewage of low acidity or alkalinity or synthetic sewage prepared from tap water of low acidity or
alkalinity can require the addition of a suitable buffer to improve the biological processes, especially
nitrification. A pH of about 7,5 + 0,5 in the aeration vessel during the test may be achieved, for example, by
adding a buffer solution of 1 500 mg/l potassium dihydrogen phosphate (KH,PO,) to the synthetic sewage 1
(6.3.2). When and how much buffer is added shall usually be decided on an individual basis, depending on the
acidity or alkalinity of the organic medium and the pH values measured in the aeration vessel.

6.4 Test compound stock solution, a solution of a suitable concentration, e.g. 5 g/l, of the test compound
in tap water (6.1) or deionized water (6.2).

Check that diluting this solution with tap water to give the required test concentration does not produce a
precip

Hata
atc

Detefmine the DOC and TOC of the stock solution. If the difference between the DOC aqd-TC
DOCjcan be used as analytical parameter. If the difference between the DOC and TOC is\>» 20 §
the tg¢st compound is completely water-soluble at the desired test concentration (8.3.2).Jt is recg
repeat at least the DOC measurement for each new batch of the stock solution”to ensur
preparation. Compare the DOC of the stock solution with the theoretical value to ascertain
analytical recovery is good enough (normally > 90 % can be expected). Ensure, especially for
whether or not the DOC can be used as an analytical parameter. For, @dispersions, centrifu
samples is required. If primary biodegradation shall be determined, check:the test-compound cor
the sfock solution measured by specific analysis with the theoretical value:

Detefmine the pH of the stock solution[23]. Extreme pH values indicate that the test compound

influgnce on the pH of the activated sludge in the test system. In\this case, neutralize the stock s
a pH|value of, preferably, (7 £ 0,5) with small amounts of inofganic acid or base, but avoid preciy
test jompound. In the event of precipitate formation, use.another pH range which yields no precip

7 pparatus

7.1 | Test system, consisting, for one test compound, of a test unit and a control unit.

The fest unit shall be either an activated<sludge plant (a so-called Husmann apparatus) or a po
Annex C). In both cases, storage vesséls sufficiently large for the influent and the effluent are ne

Each|activated-sludge plant consists of an aeration vessel with a capacity of about 3 | for activate
a separator (secondary-clarifier) which holds about 1,5 1. Vessels of different size are permissib
operated with comparable hydraulic loads. If it is not possible to keep the test temperature in the
the desired range,‘use, for example, water-jacketed vessels with water at a controlled temper
dosing pump_©rya suitable air-lift pump to recycle the activated sludge from the separator to

Cis <20 %,
o, check that
mmended to
e its correct
whether the
dispersions,
jation of the
centration of

may have an
plution to get
itation of the
itate.

ous pot (see
bded, as well
toupling (see

d sludge and
le if they are
test room in
ature. Use a
the aeration

vessel, either-eontinuously or intermittently. The use of a dosing pump allows the recycling of setfled sludge to

the gewage influent and then back to the aeration vessel, so that the settled sludge does

not become

anaefaobic. The design of the air-lift pump alone does not allow this.

The porous-pot system consists of an inner, porous cylinder with a conical bottom suspended in a slightly
larger vessel of the same shape, but made of impervious material. Separation of the sludge from the treated
organic medium is made by differential passage through the porous wall. The effluent collects in the annular
space from where it overflows into the collecting vessel. No settlement occurs and hence there is neither
sludge return nor formation of anoxic zones. The whole system may be mounted in a thermostatically
controlled room or water-bath. Porous pots can sometimes block and overflow in the initial stages of the test.
In such a case, replace the blocked pot with a clean pot to which the sludge from the blocked pot has been
added. Clean blocked pots by soaking them in dilute sodium hypochlorite solution, then in water, followed by
thorough rinsing with water.

NOTE As material for the cylinder, porous polyethylene with a maximum pore size of 90 ym and a thickness of 2 mm
can be used.
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For aeration of the sludge in the aeration vessels of both systems, suitable techniques, e.g. sintered cubes
(diffuser stones) and compressed air, are required. The air shall be cleaned, if necessary, by passing through
a suitable filter and washed. Sufficient air shall pass through the system to maintain aerobic conditions and
the sludge flocs in suspension at all times during the test.

Neither test system fully mimics full-scale activated sludge plants, but both systems have shown their
suitability for laboratory experiments for many years.

7.2 Analytical equipment, use laboratory carbon analyzer to determine DOC and TOC (see e.g.
ISO 8245 [16] or equipment for COD determination (see e.g. 1SO 6060 ['4 and, if necessary, suitable
equipment for substance-specific analyses or surfactants [2: [17]. [18] Equipment to determine suspended
solids [29] p , forT - — i i mity—and, if
nitrification ahd denitrification are being investigated, ammonium [24], nitrite and nitrate [22].

7.3 Filtratjon apparatus or centrifuge.

7.3.1  Device for filtration, with membrane filters of suitable porosity (nominal pore size of 0,45 um) which
adsorb orgarjic compounds and release organic carbon to an insignificant degree.

If filters are Jused which release organic carbon, wash them carefully with hot water to remove leachable
organic carbon. Be aware that filters treated in this way might be very fragile; therefore centrifugation is
generally regommended.

7.3.2 Centrifuge, suitable for operating at 40 000 m/s2.

8 Procedure

8.1 General

The procedure is described for the activated sludgelplants (Husmann apparatus). It shall be adapted for the
porous-pot system.

8.2 Prepdration of the inoculum

Inoculate thg test system at the beginning of the test with either activated sludge or an inoculum contairjing a
low concentrption of micro-organisms. ‘Keep the inoculum aerated at room temperature until it is used anfl use
it within 24 h

In the first cdse, take a sample of activated sludge from the aeration vessel of an efficiently operated biolggical
waste-water [treatment plant (e.g. from the exit end of a plug-flow type) or from a laboratory treatment|plant
which receives predominantly domestic sewage.

Determine the concentration of suspended solids. If necessary, concentrate the sludge by settling so that the
volume addgd-{o the test system is minimal. Ensure that the starting concentration in the aeration vestel is
about 2,5 g/l dry matter.

In the second case, use 2 ml/l to 10 ml/I of effluent from a domestic biological waste water treatment plant as
an inoculum. The activated sludge develops and grows in the test system. To get as many different species of
bacteria as possible, it might be helpful to combine inocula from various sources. When a smaller inoculum is
used, it usually take longer to achieve sufficient sludge concentrations.

8.3 Performance of the test

8.3.1 Dosage of organic medium

Assemble the test systems (7.1) in a controlled-temperature room (Clause 5) or use water-jacketted test units.

8 © ISO 2004 — All rights reserved
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Prepare a sufficient amount of the desired organic medium (6.3). Initially fill the aeration vessel and the
separator with organic medium and add the inoculum (8.2). Start aeration such that the sludge is kept in
suspension and aerobic; begin dosing the influent and recycling the settled sludge.

Dose the organic medium out of storage vessels into the aeration vessels of the test and blank units. To get
the normal hydraulic retention time (see note 1, Clause 4) of 6 h in the aeration vessel, pump the organic
medium at 0,5 I/h into the aeration vessel, preferably at appropriate intervals (see note in 8.3.3) to improve the
settleability of the sludge. Measure the amount of organic medium dosed into the units carefully.

If the organic medium is kept for longer than one day, cooling at about 4 °C is necessary to prevent microbial
growth and biodegradation outside of the test units.

If syrithetic sewage is used, it is possible to add the concentrated stock solution of synthetic sew
fold dtrength) and the corresponding amount of tap water separately to get the desired DOGC: eor
COD|value in the influent. Store the stock solution at about 4 °C in a refrigerator and_use dire
sterilized solution.

age (e.g. 10-
centration or
ctly or use a

If dofnestic sewage is used, install a pipe, e.g. a ring pipeline, and continuously~pump settled (or decanted)

sewage in a closed loop. Discharge waste water from this pipeline into a storage vessel at such an overflow
rate fhat fresh waste water is always available and that the concentration ‘ef) dissolved oxygen|does not fall
beloW about 4 mgl/l.

8.3.2| Dosage of test compound

Add appropriate amounts of the stock solution of the test compound (6.4) to the storage vessel ¢f the influent

or do
mear
uppe
effec
Lowse
Cheo
wate
ISO 1

Add

DOC
are W
equa
the a

Dete

se it directly into the aeration vessel continuously or discontinuously with a separate pump
test concentration in the influent should be such thatthe DOC lies between 10 mg/l and 20

. The normal
mg/l, with an

- concentration of no more than 50 mg/l. If the water-solubility of the test compound is lpw or if toxic

s are likely to occur, reduce the test concentration, but to not less than 5 mg/l DOC for analy
r test concentrations may be used if the primary biodegradation is determined using speq
k that there is no precipitation when the:stock solution is added to the tap water. A disp
-soluble test compound may be added using special dosing techniques. For more info
0634.

he test compound from the béginning of the test or add it only after a stabilization period
has been largely (about 80-%) removed from the organic medium. It is important to check
orking equally efficiently (If,;they are not, it usually helps to mix the individual sludges and tq
volumes to the individual units. Direct progressive addition of the test compound from the b
dvantage that the activated sludge is better able to adapt to the test compound.

mine the volume)in the storage vessel at regular intervals or measure the flow rate to dete

how much test cemipound has been dosed to the test system.

8.3.3

Handling of activated sludge

tical reasons.
ific analysis.
brsed, poorly
rmation, see

in which the
that all units
re-distribute
eginning has

mine exactly

The ¢

oncentration of solids in activated sludge normally stabilizes during the test, independent of

the inoculum

used, in the range of 1 g/l to 3 g/l, depending on the quality and concentration of the organic medium, the
operating conditions, the nature of the micro-organisms present and the influence of the test compound.

Either determine the suspended solids (e.g. ISO 11923[2%]) in the aeration vessel at least weekly and discard
the surplus sludge to maintain the concentration at 1 g/l to 3 g/l or, preferably, control the mean sludge
retention time, SRT (sludge age), at a constant value in the range of 6 d to 10 d. The SRT can be controlled
by removing a certain volume each day or by means of an automatic intermittently working pump; see also
Annex D.

NOTE For the volume removal, if a period of 8 days is chosen, remove 1/8 of the volume of the activated sludge of
the aeration vessel each working day and discard it; see also note 2, Clause 4.
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Maintaining a nearly constant concentration of suspended solids does not maintain a constant sludge
retention time, which essentially determines the degree of biodegradation and hence the concentration of the
test compound in the effluent. Because the concentration of suspended solids in a sludge is not an
independent variable, the higher values (e.g. > 3 g/l) are not reached if influents of low concentrations are
treated. Conversely, high removal of DOC is not obtained when low concentrations of suspended solids are
maintained with influents of high DOC concentrations.

At least daily throughout the test, remove any sludge adhering to the walls of the aeration vessel and the
separator so that it is re-suspended. Check and clean regularly all tubes to prevent the growth of biofilm. If a
distinct sludge age is required, remove sludge from the aeration vessel at least once a day. Recycle the
settled sludge from the separator to the aeration vessel, preferably by intermittent pumping.

NOTE In[the (Husmann) activated-sludge plants (7.1), poor settlement and loss of sludge might occur. This nfay be
rectified by a number of actions which can be performed in parallel in test and control units:

— Add apprppriate amounts of fresh sludge at regular intervals (e.g. weekly).
— Dose the|organic medium at intervals (e.g. for 3 min to 10 min every hour) into the aeration vessel\

— Pump slddge intermittently (e.g. for 5 min every 2,5 h to recycle 11/h to 1,5 I/h) from the separator to the adration
vessel.

— Replace the air lift by a peristaltic pump and use a sludge re-circulation flow which approximately equals the influent
flow.

— Pass air in short bursts (e.g. for 10 s every hour) through the settled sludge in the 'separator.
— Use a nop-toxic anti-foaming agent, e.g. silicone oil, at a minimal concentration to prevent loss by foaming.

— Add, in gn appropriate way, a suitable flocculant, e.g. about 2 ml of anviron(lll) chloride solution (50 g/l FeCl3), per
unit; ensyire in advance that no reaction or precipitation of the test compound occurs.

8.3.4 Sampling and analyses

At regular infervals, measure the dissolved oxygen cancentration (e.g. ISO 5814[13]), the temperature ar{d the
pH (e.g. 1ISO|10523[23]) of the activated sludge in the aération vessels. Ensure that sufficient oxygen (> 2|mg/l)
is always available and that the temperature is kept'in the desired range (normally 20 °C to 25 °C). Kegp the
pH in a range of (7,5 + 0,5) by dosing small amounts of inorganic base or acid into the aeration vessel dr into
the influent, jor by increasing the buffer capacity of the organic medium (6.3). The frequency of meaguring
depends on the parameter to be measured~and the stability of the system and can vary from daily to weekly
measuremerjts.

For ultimate piodegradation, measure the DOC (e.g. ISO 8245[16]l) or COD (e.g. ISO 606014l in the influgnt to
and the efflugnt from the test @andthe control units. For primary biodegradation, measure the test comgound
concentratiof by substance-spécific analyses in the influent to and the effluent from the test unit| The
dium
hese
(6.3)

Bsure

To reduce the-ntmberof samples-and-the variak a s datao 5 ir= S 1eCo snded-to-me
the COD and the concentrations of DOC or the test compound in each new batch of the stock solution and
organic medium and to calculate the concentration in the influent from these values instead of measuring it
directly in the influent.

For measurements in the effluent, take suitable samples (e.g. 24-h composites) from the collected effluent and
filter (7.3.1) them or centrifuge (7.3.2) them at about 40 000 m/s2 for about 15 min. Centrifuging is preferred,
especially if filtering is difficult. Determine DOC or COD at least in duplicate to measure the ultimate
biodegradation and, if desired, the primary biodegradability by an analysis specific for the test compound.

The use of COD as summary parameter might give rise to analytical problems at low values. It is therefore
recommended only if a sufficiently high (about 30 mg/l COD) test concentration is used.
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In the case of adsorbing test compounds, it is recommended to measure the amount of adsorbed substance
on the sludge using an analytical technique specific for the test substance. The adsorption potential of
compounds on sludge can also be determined by a special adsorption test (e.g. ISO 18749[28]),

The frequency of sampling depends on the expected duration of the test. A recommended frequency is three
samples per week. Once the units are operating efficiently, allow from one week to a maximum of six weeks
after the test compound has been introduced for adaptation to reach a steady state. Then, obtain at least
15 valid values in the plateau phase for the evaluation of the test result. The test may be finished when a
sufficient reduction (e.g. > 90 %) has been reached and 15 values are available. The normal test duration is
not more than 12 weeks after addition of the test compound.

All an
4°C
deept
suitable toxic substance [e.g. 20 ml/I of a 10-g/I solution of mercury(ll) chloride]. Ensure in advance that the
presgrvation technique does not influence the concentrations of the test compound in the’samples.

9 Calculation and expression of results

9.1 | Calculation of the degree of elimination

To de¢termine the percentage elimination of the test compound (ofythe basis of DOC or COD mepsurements),
use Equation (1).

Vio—=Va, =V,
Ft _ i,0 ( et c,z) %100 (1)
Vio

wher

A%

¥, is the degree of elimination, expressed in percent, of the test compound (on the basis of the DOC
or COD measurement) at timey'z;

(i0 is the DOC concentration-or COD value, both expressed in milligrams per litre, in thg influent due
to the test compound, preferably estimated from the stock solution;

‘e Is the measured DOC concentration or COD value, both expressed in milligrams pgr litre, in the
test effluent atime, ¢
ce IS theameasured DOC concentration or COD value, both expressed in milligram per litre, in the

contrfoleffluent at time, ¢.

The Hegree,of elimination of the organic medium in the control unit (on the basis of the JOC or COD
meagurement) is helpful information to assess the biodegradation activity of the activated sludge during the
test. Calculate the degree of elimination as specified in Equation (2).

Vei=V,
Finy =S8 400 (2)
Vc,i
where
Fn; is the degree of elimination, expressed in percent, of the organic medium in the control unit, (on
the basis of the DOC or COD measurement) at time, ¢;
Vei is the DOC concentration or COD value, both expressed in milligram per litre, of organic medium

of the control influent.
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To determine the removal of the test compound measured with specific analytical methods, use Equation (3).

Vg =V

Fg, = —152,100 (3)

Vs
where

Fg, isthe degree of elimination, expressed in percent, of the test compound at time, ¢,

Vsi is the measured or estimated concentration, expressed in milligram per litre, of the test compound
inthe influent;

Vse ip the measured concentration, expressed in milligram per litre, of the test compound-in_the test

9.2 Expression of results

Plot the perc
elimination ¢
biodegradati

If a high DO(
by adsorptio
sludge (see |

Calculate th¢ mean from the elimination values of the plateau"phase. The duration of the plateau

should be at

Rounded to the nearest whole percent (1 %), the mean is-the level of elimination of test compound. Cald

the 95 % con

9.3 Indica
If the test sU
typical sigmg
the measure
the simulatio
and in othe
adsorbed teq

biological pr:

carbon dioxidle productiori(e.g. 1ISO 9439[20] or ISO 14593[26]). In such a case, it is recommended to us

pre-exposed

ffluent at time, ¢.

entage of elimination £, and, if available, Fg , versus time (for example, see Annex E). Fror
urve of the test compound, the following information can be determined and used to iden
bn curve.

L elimination is observed from the beginning of the test, the test compound is probably elimi
h onto the activated sludge. It is possible to prove this with an adsorption test with acti

least three weeks and have about 15 measured valid values.

fidence interval of the mean value.

tion of biodegradation

bstance does not adsorb significantly onto activated sludge and the elimination curve hg
idal shape of a biodegradation curve with lag, accelerated removal and plateau phases, &
i elimination of the test compound to biodegradation. If a high initial adsorption has taken f
h test cannot differentiate between biological and abiotic elimination processes. In such a

cases where theré-is any doubt on biodegradation (e.g. if stripping takes place), an|
t compounds or-perform additional biodegradation tests based on parameters clearly indig
pcesses, suchilas a respirometric test (e.g. 1SO 9408[19]) or a test with a measurement ¢

inoculumfrom the simulation test.

9.4 Biodqgradation of the organic medium

SO 18749[28]), preferably by determining the adsorbed testcompound with specific analyseg.

h this
tify a

hated
vated

hase

ulate

s the
Ssign
lace,
case
alyse
ating
f the
e the

Plot the curve of the percentage of biodegradation of the organic medium in the control unit, Fop (on the
basis of the DOC or COD measurement) versus time and proceed in the same way as for the test compound.

10 Validity of the test

Information on the normal biodegradation behaviour of the inoculum is achieved by determining the degree of
biodegradation of the organic medium of the control unit. Consider the test to be valid if the degree of DOC or
COD degradation in the control unit is > 80 % after two weeks and no unusual observations have been made.
If this value is not reached, check procedures using an inoculum from a different source or a different organic

medium.

12
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11 Test report

The test report shall contain at least the following information:

a)
b)
c)
d)
e)

f)

9)
h)

a reference to this International Standard (e.g. ISO 11733:2004);
type of the test system (activated sludge plant or porous pot);
type and concentration of organic medium;

origin and concentration of the inoculum used and any pre-treatment;

vLean hydraulic retention time, mean sludge age and average daily amount of sludge removed;

in the effluent;

all necessary information for the identification of the test compound;

test concentration and DOC, TOC and test-compound concentrations 6f the stock solution;
information on coupling the test and blank unit;

analytical technique used (for DOC, COD, substance-specificanalysis);

Il the measured data, such as DOC, COD, concentration of the test compound by specific
mperature, oxygen concentration, suspended solids;

the organic medium in the control unijt with statistical information;
a statement of biodegradability of‘the test compound and the validity of the test;

any alteration of the standard_procedure and any circumstances that may have affected the r|

qualities of the activated sludge during the test, such as bulking, sludge-volume indéx; susgended solids

analysis, pH,

3ll the calculated values F, F, ,and Fg , in tabular form and the elimination/biodegradation clirve;

information on lag and plateau phases, test duration, the degree of elimination of the test cqmpound and

bsults.
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Mod

Annex A
(informative)

ification of the activated sludge simulation test for nitrifying-
denitrifying sewage treatment plants

A.1 Scope and principle

New types o
They often in
The modifica
annex is an
example whi

The primary
under the co

Use special
continuously

Stable nitrifig
activated-slu
hydraulic ret
activated sl|
suspended §|

The sludge
clarifier) to t

second interpal circuit.

The test com
organisms. T|
bacteria toxiq

The ultimatg
waste water
be determing

A.2 Organic media and/test-compound stock solution

To ensure s

waste water treatment plants have been established in the last years and are increasingly.
clude biological techniques to remove nutrients, especially nitrogen compounds from waste
tion of the activated sludge simulation test for nitrification and denitrification as described i
example for such a new treatment plant. Other techniques and apparatus are-permissibl
ch are also suited for biological phosphorus removal.

aim in using this test modification is the determination of the biodegradability*of a test comp
nditions of such new waste water treatment plants!3l.

fed with organic medium and the test unit with organic medium and'test compound.

ation and denitrification are ensured by the use of a mediu with a balanced C/N/P ratio,
Hge loading, an upstream denitrification vessel with an afnoxic stage, an appropriate mearn
bntion time of about 9 h to 18 h in the aeration vessel and recycling of nitrified waste wate
dge. The activated-sludge loading is the amount_6f DOC supplied per day per amou
plids of activated sludge in the aeration vessel.

can be recycled to the denitrification tank in. fwo ways. One is from the separator (seco
ne denitrification vessel, the other is from the aeration vessel to the denitrification vessel

pound should be used in a concentration which has no toxic activity towards the activated s
oxic effects such as respiration, nitrification or growth inhibition can be determined using su
ity tests such as ISO 8192[15] SO 950921 or ISO 15522[27],

biodegradation (mineralization) of test compounds, formulations, mixtures of compoun
can be determined using~POC or COD as an analytical parameter. Primary biodegradatio
d by using substance-specific analytical methods.

should be hi
This is achi
inhibition of
plant (A.3)

sewage 2 (6.
with nutrient

fable nitrification when an organic medium is used, the retention time of the activated s
h enough to allow the necessary slow-growing nitrifying bacteria to be maintained in the sy
ved by low removal rates of sludge. It may also be helpful to use a diluted influent to

Lised.
vater.
h this
e, for

ound

aboratory activated-sludge plants as test equipment (see A.4 and Eigure A.1). The control ¢nit is

A low
total
I and
nt of

hdary
via a

udge
table

s or
N can

udge
5tem.
Avoid

itrification and keep the DOC loading low. This is, for example, achieved for the activated s

3.3) by dosing 0,25 I/h. Synthetic sewage 3
removal. For details, see References [4] and [5].

Prepare a stock solution of the test compound as described in 6.4.

A.3 Apparatus

The laboratory activated sludge plants are the same as described in 7.1 (see Figure C.3 for diagrams of an
aeration vessel and a separator, with dimensions), but have, in addition, a denitrification vessel (see
Figure A.1). This vessel corresponds in shape to a separator (secondary clarifier) with a capacity of 1,51. The
three vessels should be arranged such that the overflow in vessel 3 is at a level which allows the liquid
volumes of 3 | in vessel 1 and 1,5 | in vessels 2 and 3.
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A.4 Test procedure

Set up the test units and fill the aeration vessels with activated sludge from a waste water treatment plant
treating predominantly domestic sewage and achieving nitrification.

Prepare one of the organic media (6.3 and A.2) and measure the required amount into the denitrification
vessel of the test units. If synthetic sewage (6.3.2 to 6.3.4) is used, it is preferable to measure appropriate
concentrated stock solutions and tap water separately into the test and the control units.

To prevent biodegradation in the stock solution during the time it is being added to the system, store the
unused portion in a refrigerator at about 4 °C. The concentrated nutrient stock solution can be prepared in a
suitalpte amountand Kept for severat days atabout 4—"Cor, if frozen, for up to six months.The 3tock solution
can glternatively be autoclaved prior to its addition to the test units under sterile conditions.

If donestic sewage is used, adjust the DOC concentration of the influent to values,comparable with the
synthetic sewage and by this means adjust the loading in the activated sludge plant.

Set the total inflow (g; ;) to, for example, 0,5 I/h to ensure a mean hydraulic retention time of 6 h fgr the organic
medipm in the aeration vessel and 3 h in denitrification vessel.

Recyrle the activated sludge continuously or intermittently from the separator (secondary clarifier) to the
denitfification vessel to improve the sedimentation of the activated slddge in the secondary clariffer. Dose, for
exan|ple, approximately 200 ml of activated sludge six times per hour using a time switch which controls the
pump (see item A4 in Figure A.1). This corresponds to an¢ activated sludge recycle rgtio (Fe.) of
apprgximately 2,5, at an activated sludge recycle grg of in total approximately 1,2 1. Continugus activated
sludde recycle (¢gg,) can be arranged from the aeration vesselMo the denitrification vessel (interngl circulation).
The ¢verall recycle ratio, as calculated in Equation (A.1),.shiould not exceed 4,0.

frec = (drs *+ ar1) diy (A1)
wherg

I'ec s the activated sludge recyeleratio;

qi, is the total inflow, in litces per hour.

Withdraw surplus sludge regulatly (e.g. daily) from the test system to obtain a mean sludge rgtention time,
SRT [sludge age), of about 45 days (8.3.3).

Aerafe in such a way)that the oxygen concentration does not fall below about 2,0 mg/l or gxceed about
3,0 mgl/l. For this purpose, install an oxygen meter equipped with a limit monitor and an oxyger] electrode in
the geration vessel. Start the agitator motors for the paddle agitators identified as items Bl and B2 in
Figure A.1. Set'the speed of agitator B2 so that the activated sludge does not settle in the aeratign vessel and
of agitator{B1 so that the activated sludge does not settle in the denitrification vessel and the oxygen
concentration does not exceed 0,3 mgl/l.

It is recommended to disinfect the feed hose for the nutrient stock solution once a day, for example with
ethanol or by autoclaving it together with the nutrient stock solution. By this, micro-organisms adhering to the
inner wall of the hose are destroyed and nutrient losses are avoided.

Add the test compound from an appropriate stock solution (6.4) to obtain the desired test concentration (8.3.2).
Collect the effluent in the collection vessel as a 24-h total sample and use it for analysis after a thorough
mixing. Clean the storage vessel and the collection vessel thoroughly after each emptying and rinse it free of
cleanser.

When the analytical methods employ summary parameters, determine the DOC concentration or the COD
value in duplicate in the effluents of the test and the control units. Measure directly in the influent or, preferably,
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calculate the DOC concentration or COD value of the test compound in the influent from the flow rate and the
measured concentrations in the stock solution.

When substance-specific analytical methods are used (e.g. determination of surfactants using ISO 7875-1[17]
or ISO 7875-2118), determine the concentrations of the test compound in the influent and the effluent.

Determine the degrees of nitrification and denitrification two to three times per week. Take samples from the
influent and from the effluent of the secondary clarifier (Figures C.1 and C.3), filter (membrane filter, pore
width 0,45 ym) and analyse for their contents of ammonium (use, for example, ISO 11732[24])  nitrite and
nitrate (e.g. 1ISO 10304-2[22]),

A.5 Validi

As different ¢
valid if, for e
average nitrg

nitrate n

ammoni

A.6 Methg

The method
Committee [
substances
averaging 2
specific for d
in Table A.1.
used. The p|
Standard, sy
the system @
the determin

Tabl¢ A.1 — Method-performance data for the elimination of DOC/COD and total nitrogen

|ty criteria

B nitrogen and nitrite nitrogen, each < 1 mg/l.

pd performance data

Detergents of the German Chemists Society and™“tested in several inter-laboratory tests
used were linear Cy

etergents. The method-performance data of a representative test during 1995 to 1996 are

rganic media may be used, no strict validity criteria are given. The test may be considered
ample in the case of sewage 1 (see 6.3.2), in addition to the criteria described,imClause 1
gen concentrations in the effluent of the aeration vessel of the control unit areras follows:

trogen > 11 mg/l;

described in this annex was developed by the workifg group “Degradation and Biotests”

to C43 alkylbenzene sulfonate (LAS) and iso-nonylphenol etho
mols EO (NPEO). The degradation of both“\was > 95 % as measured by analytical me

The test was performed to check the nitrification ability of the system; no denitrification uni
articipating laboratories used the apparatus and the procedure described in this Interna
hthetic sewage 1, diluted with an equal volume of water, and a mean hydraulic retention fi
f 6 h. NH,-

htion of total nitrogenlT2].

Parameter L n X s
DOC/COD elimimation 3 8 922 1,72
NO,-N in the-effluent 3 7 8,9b 1,50
Nitrogefn-€limination 3 7 68 @ 7,82

to be
D, the

f the

The
ylate
hods
isted
L was
fional
me in

N and NO122—N were, not detectable in the effluent. Nitrogen elimination was bas¢d on

is
is
is
is

the number of laboratories

the number of experiments

the mean value of the measured or calculated data
the standard deviation of the means.

o ol % 3 ~

Expressed in percent.
Expressed in milligrams per litre.
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apration vessel

denitrificationvéssel

separator(secondary clarifier)

sforagevessel for dilution water

sfofage vessel for concentrated organic medium
e

[fluent collection vessel
dosing pumps

stirrers

aerator (diffuser stone)
air meter

cooling device

qRri-
qRrs-

Figure A.1 — Activated sludge plant for nitrification and denitrification
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Annex B
(informative)

Coupling of the test units (optional)

If the test is performed in the “coupled units” mode, exchange every working day the same amount (150 ml to
1 500 ml for aeration vessels containing 3 | liquor) of activated sludge between the aeration vessel of the test
and its control unit. If the test compound strongly adsorbs onto the sludge, change only the supernatant of the

separators. |

The sludge
transferred. ]

hydraulic ret¢ntion time. More details for calculation can be found in Reference [1].

The calculati

Ft,cor

where

t,cor

E_XAMPLE
HR » is 6 h, th

Ft,COr il

exchange can give the pretence of quite a considerable degradation since somé)mate
herefore correcting factors can be used which depend on the fraction exchanged’and the

bn for the corrected DOC or COD is given in the general Equation (B.1):

F; I
F, - int 1><2 HR
Fint % tHR
12

x 100

1-

s the corrected degree of elimination, in percent, of\the test compound (on the basis of the
br COD measurement) at time,

s the determined degree of elimination,. ifypercent, of the test compound (on the basis ¢
DOC or COD measurement) at time, ¢;

s the interchange fraction of the velume of the activated sludge plants;
s the mean hydraulic retentien:time, in hours.

If half of the volume of the agration vessel is exchanged (F;; = 0,5) and the mean hydraulic retentior,

e correction Equation (B.4) reduces to Equation (B.2).
4 3 100
3 ' 3

se a correction factor to calculate the test results (see 9.1) if the coupled units mode is used.

ial is
mean

(B.1)

DOC

f the

time,

(B.2)
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Annex C
(informative)

Test systems

A
Key
A storage-vessetforinfluent
B dosing pump
C aeration vessel, 3 | capacity
D separator (secondary clarifier), 1,5 | capacity
E air lift or dosing pump for recycling sludge
F effluent collection vessel
G aerator (diffuser stone)
H airline

o

Arrows indicate direction of fluid flow.

Figure C.1 — Activated sludge plant
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20

storage ve
dosing pu
porous-pd
outer imps
effluent cq
aerator (d
air line

ssel for influent
Mmp

t aeration vessel{ 3)l capacity

brmeable vessel
llection véssel
ffuseristone)

Arrows indicate direction of fluid flow.

Figure C.2 — Porous-pot system
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Dimensions in millimetres

.
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Material: glass or transparent water-resistant plastic such as hard PVC.

Figure C.3 — Example dimensions of an aeration vessel and a separator for a laboratory activated
sludge plant
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