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Introduction

0634:1995(E)

The standardizing work carried out by ISO/TC 147/SC\5 h
the development of a single method for evaluating.the bio
organic compounds with a low solubility in water/may no
in the immediate future. In fact, the selection dfthe most s
method to obtain a satisfactory emulsionpor dispersion
pounds in the test media depends particularly on their ph
properties. Consequently, the selection-of the most suitab
to be left to the judgement of laboratories responsible for t
on their experience and the productinformation supplied b
It is for this reason that thisMhternational Standard deg
techniques for treating poorly,'seluble organic compounds |
investigated in biodegradability tests, with the aim of re
where, for any given technique, the same working method
laboratories, thus making it easier to compare results.

The techniques deseribed in this International Standard do
produce the same results if they are used in parallel. The
and dispersing> or emulsifying techniques may be additio

Bs shown that
legradability of
be envisaged
Litable working
bf these com-
ysico-chemical
le method has
he tests based
the applicant.
cribes various
efore they are
ching a stage
is used by all

not necessarily
se of solvents
nal sources of

errors and"may lead to test results which differ from those obtained

without(using these techniques. Furthermore, dispersiong
may. ke produced which would not exist as such in nature
rate and degree of biodegradability is enhanced because ve
are present. These facts have to be considered for the evd
terpretation of the results of biodegradation tests. It is req
perform biodegradability tests first, with the direct addition
pound, or to perform this test in parallel to tests using d
niques.

Normally, only pure or virtually pure compounds should be
tures or multi-componental substances are tested, the use
dispersion techniques may lead to unrepresentative hete
tributions and to misleading test results in the subsequent i
tests.

or emulsions
and where the
y fine particles
luation and in-
ommended to
of a test com-
spersion tech-

tested. If mix-
pf solvents and
ogeneous dis-
iodegradability
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Water quality — Guidance for the preparation and
treatment of poorly water-soluble organic compounds

for the subsequent evaluation of their biodegradabij

in an aqueous medium

1 Scdape

This Intgrnational Standard describes four techniques
for prepdring poorly water-soluble organic compounds
and intrpducing them into test vessels for a sub-
sequent [test on biodegradability in an aqueous me-
dium us|ng standard methods. The test compounds
concerngd are not sufficiently soluble in water to
perform [the biodegradability tests in the normal man-
ner, as described in the respective test methods indi=
cated in [clause 2.

The predaration techniques are as follows;

— direc{ addition (clause 3): this technique is re-
stricted to non-volatile test cémpounds if inert
supp¢rts or solvents are used:;

— ultragonic dispersion (cladse 4): this technique
may [be applied tomon-volatile liquid and solid
compgounds; '

— adsorption onan' inert support (clause 5);

— dispefsions® or emulsions with an emulsifying
agent (clause 6)

volatile chemicalssmay not be tested
dioxide method specified in ISO 9439.

2 Normative references

Thenfollowing standards contain pro
through reference in this text, consti
of this International Standard. At the t
tion, the editions indicated were valid
are subject to revision, and parties f{
based on this International Standard a
to investigate the possibility of applyin
cent editions of the standards ind
Members of IEC and ISO maintain re
rently valid International Standards.

ISO 9408:1991, Water quality — EV]
aqueous medium of the “ultimate
degradability of organic compounds
determining the oxygen demand
respirometer.

ISO 9439:1990, Water quality — EV,
aqueous medium of the “ultimate’]
degradability of organic compounds

lity

by the carbon

Visions which,
ute provisions
me of publica-
All standards
0 agreements
e encouraged
O the most re-
icated below.
gisters of cur-

pluation in an
aerobic bio-
— Method by
in a closed

bluation in an
aerobic bio-

1— Method by

analysis of released carbon dioxide

The subsequent tests on biodegradability are primarily
methods using the analysis of the released carbon
dioxide (see ISO 9439) and the determination of the
oxygen consumption (see ISO 9408). This Inter-
national Standard does not describe the test methods;
it is restricted to describing the techniques for intro-
ducing the test substances into the test medium and
to keep them in a dispersed state. These techniques
are implemented while observing the experimental
conditions described in the standardized methods for
evaluating biodegradability. It should be noted that

3 Direct addition

Any of the following techniques can be used

— The test compound is weighed and directly intro-
duced into the test vessels which are subjected to

continuous agitation.

NOTE 1

Some organic compounds which are spar-

ingly soluble in water dissolve more readily when alkali
or acid is added. They may be introduced as an acid or
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alkaline stock solution, provided that no substantial re-

action of the

test compound takes place. The test me-

dium is adjusted to neutral before the inoculum is

added.

— The test compound is weighed onto a suitable
inert support and introduced into the test vessels
which are subjected to continuous agitation.

— A solution of the test compound is prepared in a
volatile organic solvent and is introduced into the

test vessel

which are subjected to continuous

© SO

Test compounds which are sufficiently soluble in wa-
ter under acidic or alkaline conditions may be intro-
duced as stock solution. Prepare a stock solution of
such a test compound in deionized water adjusted
with inorganic acid or alkali to a sufficiently high or low
pH. Add an appropriate amount of the stock solution
to the test medium to obtain the desired concen-
tration of the test compound in the test vessels.
Measure the pH of the medium and adjust it as
necessary before the inoculum is added.

agitation.

The solvent, which shall

amounts, is
by agitation

3.1 Reagent

be used in minimal
then removed, if possible completely,
before the test medium is added.

S

A volatile orgafic solvent is selected for its capacity

to dissolve the

The chosen s
compound or

The solvent sh

test compound.

blvent shall not react with the test
ith any component of the medium.

Bll be non-biodegradable and non-toxic

to bacteria undler the conditions of the subsequent

biodegradability
moved sufficie

Suitable solven

tests, especially if it cannot be re-
ntly.

ts are acetone or dichloromethane.

3.2 Apparatus

3.21
the test vessel

Inert sypports, which may be introduced into

5, €.9. microscope slidés.

3.2.2 Stirrers| in sufficient numbers to ensure that

all the test ves
ability tests car

Stirrer-rods shd
gredients of a

sels used in ¢hevrespective biodegrad-
be agitated:

Il becof 'such a material that no in-
blastics coat will contaminate the test

medium and n

0 “adsorption of test compounds will

3.3.2 Using a support

Grind solid test compounds as finely as-poss$ible be-
fore weighing them. Weigh the, liquids, ipcluding
viscous substances, without tredtment or, if possible,

solidify in liquid nitrogen and-grind finely] before
weighing.
Weigh onto the support™ (3.2.1) a quantity] of the

compound corresponding to the initial condentation
or organic carbomfequired by the test meth¢d to be
used.

Introduce‘@support into each of the test vesgels, and
also intr@duce a support without the test compound
into €ach of the control vessels.

Mdintain agitation using the stirrers (3.2.2) thrpughout
the biodegradability test.

3.3.3 Using a solvent

Prepare a solution of the test compound in| a mini-
mum of the chosen organic solvent (3.1).

Introduce, into the test vessels, the quantity of sol-
ution needed to obtain the initial concentratign of or-
ganic carbon required by the test method usqd.

Introduce the same quantity of the solvent, [without
any test compound, into each of the control Jessels.

Evaporate the solvent, if possible completely, by ap-
propriate methods.

occur. Heating
raising the test

3.3 Procedu

up the test vessels by stirring and
temperature shall be avoided.

re

3.3.1 Direct addition

Test compounds with crystalline structures may be

weighed and di

Non-viscous lig

rectly added to the test vessels.

uid compounds may be added with a

high precision volumetric syringe.

NOTE 2  The test solution may be spread over the base
of the test vessels and the system is then purged with gas
and/or stirred. The last traces of solvent are difficult to re-
move. Interferences may occur if the solvent is biodegrad-
able or inhibitory to bacteria.

Then carry out the biodegradability test.

4 Ultrasonic dispersion

An emulsion or dispersion of the compound to be
tested is prepared using an ultrasonic probe and is
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introduced into the test vessels, which are continu-
ously agitated (see 3.2.2).

4.1 Apparatus

4.1.1 Ultrasonic transducer, capable of producing
a frequency of approximately 20 kHz.

4.1.2 Stirrers, in sufficient numbers to ensure that

ISO 10634:1995(E)

centration of organic carbon required by the test
method to be used.

Sustain the agitation throughout the biodegradability
test.

NOTE 5 It may be difficult to obtain a stable emulsion or
dispersion. Special care is therefore required when aliquots
are distributed to the test vessels. if it proves impossible to
obtain a sufficiently stable emulsion or a sufficiently high
concentration to carry out the test, the test compound may
be introduced directly into the test medium and be dis-

all the tedt vessels can be agitated (see 3.2.2).

4.2 Procedure

Add, for gxample, 10 g or 10 ml of the test compound
to a 500 il beaker containing approximately 400 ml
of deionized water.

The test gompound shall be present in excess so that
a saturatdd solution is obtained. Install the ultrasonic
transducelr (4.1.1) in such a way that its tip is as close
as possibje to the interface between the water and
the test compound.

Use a stifrer (4.1.2) to agitate the beaker so that the
compound is drawn down to the bottom.

Set the fransducer to give a frequency of about
20 kHz arld maintain this for about 30 min.

Switch offf the transducer and leave the emulsion or
dispersion to settle for 15 min to 30 min, then decant
it off fromn the excess test compound\into another
container,

NOTES

3 The proportions and figures)are given only as a guide.
They depenhd on the characteristics of the test compound.

4 Some pubstances™afe subjected to thermal decompo-
sition if helat generation occurs at the probe tip. This may
also lead tp anyingrease in the temperature of the bulk sol-

ution. Thi§ problem may be avoided by measuring and
controlling lthe“temperature reduction of the powser of the

persed ultrasonically In the test vessels befo
is added.

5 Adsorption on an inert supp

The test compound is-adsorbed onto an|

e the inoculum

ort

inert support

and introduced intg-the test vessels. |t is kept dis-

persed in the meditm by continuous ag

5.1 Reagents

5.1:1 " Inert support

Silica gel, glassfibre filters or other non-
inert supports which do not release or
ganic carbon into the aqueous medium

It should be validated by preliminary v
support is inert and carbon-free; to avoi
surface area effects, the quantity of the
be minimal. The test compound should
on the surface but not be adsorbed andg
tensively on the support.

NOTE 6 For example, if silica gel is used
supports are suitable:

— silica gel used for thin-layer chromato|
particle size);

— silica gel used for column chromatograg
500 pum particle size).

tation.

biodegradable
ganic or inor-
may be used.

vork that the
0 or minimize
support shall
be adsorbed
fixed too in-

, the following

graphy (15 um

hy (200 pum to

sonifier or intermittent sonification. In some cases, prob-
lems may be encountered because of the destruction of the
chemical. If this is the case, a different method should be
used.

Using an appropriate analytical method [specific
analysis or total organic carbon (TOC) analysis], ana-
lyse an aliquot of the emulsion or dispersion obtained
and determine the concentration of the test com-
pound.

Introduce an appropriate volume of emulsion or dis-
persion into the test vessels to obtain the initial con-

5.1.2 Solvent

A volatile solvent is selected for its capacity to dis-
solve the test compound.

It shall be non-toxic to bacteria and, if possible, non-
biodegradable under the conditions of the subsequent
biodegradability tests. This shall be tested in advance
or in the subsequent biodegradability test.

Depending on the test compound,
dichloromethane may be suitable.

acetone or
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5.2 Apparatus

5.2.1 Stirrers, in sufficient numbers to ensure that
all the vessels can be agitated (see 3.2.2).

5.3 Procedure

Prepare the quantity of test compound to be
impregnated on the support required by the bio-
degradability test method to be used.

© I1SO

Any biodegradability of the solvent shall be taken into
account when calculating the test results.

Sustain continuous agitation throughout the bio-
degradability test.

6 Dispersion with an emulsifying agent

A dispersion or emulsion of the test compound is
prepared using an emulsifying agent and is introduced
into the test vessels which are continuously agitated.

For example,
vessel for 2 h,
of a solution
chosen solven
the same prog
solvent as a c(

In both cases,
evaporating th
ing, in succes
oven and a va

NOTE 7 The

move. Interferer
able or inhibitony

Determine the

Mix together, by agitation in a 250 ml
30 g of the support (5.1.1) and 150 ml
pf 1 g/l of the test compound in the
t (5.1.2). At the same time, carry out
edure using only the support and the
ntrol.

recover the support and dry by totally
e solvent. This may be performed us-
5ion, a rotary evaporator, a ventilated
uum oven at about 45 °C.

pst traces of solvent may be difficult to re-
ces may occur if the solvent is biodegrad-

to bacteria.

amount of the compound impregnated

on the suppoft in three samples of 1,56 g or more,

using one of tf

— elemental
carbon orig
high-tempe
deducting
treated wit

— determinati
the compo
and then g
support tre

— extraction (
vent and
analytical m

e following methods:

Huantitative anaiysis of the amount.6f
inating from the compound, using"a
rature total carbon analyser, and. then
the values obtained for ther‘support
h solvent only;

bn of the chemical ©Xygen demand of
ind impregnatedcen the inert support
educting the_talues obtained for the
hted with selvert only;

f the eemipound using an organic sol-
huamtitative analysis using a specific
ethod.

6.1 Reagents

6.1.1 Solvent for the emulsifying stage

A solvent, volatile if necéssary and sfficiently
miscible in water, is chosen for its capacity to]dissolve
the test compound. [t\may be difficult to ¢liminate
solvents which are highly miscible in watef. In this
case, they should{not be used.

The solvent_Shall be non-toxic to bacteria and non-
biodegradable under the conditions of the sulpsequent
biodegradability test (e.g. pentane, hexane or
1,1-dighloro-1-fluoroethane).

61.2 Emulsifying agent

The emulsifying agent shall be non-biodegradable and
non-toxic under the conditions of the suljsequent
biodegradability tests.

NOTE 8 If the biodegradability and the inhibitign to bac-
teria of the emulsifying agent are unknown, they $hould be
investigated in advance or in additional assays of| the sub-
sequent biodegradability test, e.g. using one velssel con-
taining only  emulsifying agent for  measuring
biodegradability and one vessel containing erulsifying
agent and a reference substance such as sodium |benzoate
for measuring inhibition.

As an example, the following substances"|may be
used:

\ |

a—a—bloek—of bU}JU:yIIICI of Ctilyicllc oxide and

From the amount of test compound on the support,
determine the quantity of support to be introduced

into the test vessels to obtain the initial concentration

of organic carbon of the test compound required by b)
the test method used.

propylene oxide, with a hydrophilic-lipophilic bal-
ance value of about 9;

a block of copolymer of ethylene oxide and
propylene oxide, with a hydrophilic-lipophilic bal-
ance value of about 13,5;

Introduce the same quantity of support treated with

the solvent alone into each of the control vessels. c) polyethylene sorbitan trioleate.

1) Synperonic PE/P94, Synperonic PE/P103 or Tween 85 are examples of suitable products available commercially for sub-
stances a), b) and ¢), respectively. This information is given for the convenience of the users of this International Standard and
does not constitute an endorsement by ISO of these products.
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6.2 Apparatus

6.2.1 Stirrers, in sufficient numbers to ensure that
all the test vessels can be agitated (see 3.2.2).

6.3 Preliminary tests for selecting the
emulsifying agent

As an example, prepare three solutions of the test
compound (x mg) in y mi of the solvent (6.1.1) (in the

ISO 10634:1995(E)

Prepare an emulsion or dispersion containing only the
test medium and the emulsifying agent, to provide a
control vessel to verify that the emulsifying agent
does not have a degradation in excess of about 10 %
in comparison with the test compound.

The results obtained for this vessel shall be taken into

account in calculating the test results.

Sustain continuous agitation throughout the bio-
degradability test.

case of| 1,1-dichloro-1-fluoroethane, approximately
10 ml mjay be used) with each of the following
emulsifying agents:

X

a) subsfance [6.1.23a)] alone at 5 mg;
b) subsfance [6.1.2b)] alone at % mg;

X

c) a mixture of substance [6.1.2a)] at 7

subsfance [6.1.2b)] at %« mg.

mg plus

The amolint of the compound dissolved in the solvent
(x mg) is| calculated to obtain the required concen-
tration off organic carbon in the test compound in the
test medium of the test method to be used.

Homogenize by steady agitation for 10 min, then add
the solution obtained drop by drop to the volume of
test medium required for each test vessel specified
for the Hiodegradability test. Remove the solvgnt by
persisting with the agitation (in the .case of
1,1-dichlgro-1-fluoroethane, e.g. for 1 h at_80 °C) or
by any other appropriate method.

Select by visual assessment the preparation a), b) or
¢) which[produces the most homageneous emulsion.

6.4 Procedure

Prepare b sufficienty'amount of the emulsion or dis-
persion meeded<td carry out the biodegradability test
to be usgd in accordance with the procedure selected
as a resylt-of the preliminary tests.

7

Test report

The test report on the biodegradability
which are poorly soluble in‘water sha
of all, the data required(by’the stand
ability method. In addition, it shall contain reference
to this International ‘Standard, specifyirlg the method
used and any modification to the procedure, and in-
clude the following information:

bf compounds
| contain, first
hrd biodegrad-

a) anypretreatment of the compound before the
test;

b)>,method of introduction of the test gompound;

¢) duration and intensity of treatment;

d) nature and amount of the support, [the solvent or
the emulsifying agent;

e) concentration of the compound in| the emulsion
or dispersion;

f) degree of recovery of the adsorljed test com-
pound;

g) rate of degradation of the emulsifying agent ob-
tained during the test in the controf vessel;

h) obvious behaviour of the test compound during

the biodegradability test (e.g. form
gates, appearance of phases).

htion of aggre-
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