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A. SUMMARY

The ability to distinguish between true non-biodegradability, and inhibition of
biodegradability due to the toxic effects of the compound tested present problems.
It results in possible false identification of substances as non-bjodegradable.

The following chemicals :

cetyl trimethyl ammonium bromide,

benzyl dimethyldodecyl ammonjum chloride,

o-chloroaniline,

o-chlorocresol,

chloramine-T,

4-nitrophenol,
were evaluated in a variety of tests to assess their toxicity to aerobic sludge
organisms. The tests employed were : BOD5 and Closed Bottle inhibition tests,
inhibition of respiration of activated sludge, growth inhibition of activated
sludge, 1light emission from Photobacterium phosphoreum (MICROTOX test) and the
repetitive die-away test (RDA). Results from these tests were compared with results

obtained from a number of ready biodegradability tests using the compounds listed
above at anticipated non-toxic and toxic concentrations.

No test method evaluated consistently forecast toxicity due to the chemicals tested.
The MICROTOX and nitrification inhibition tests were too sensitive. A combination of
sludge respiration rate and/or growth tests seem most appropriate. To avoid toxicity
to the sludge, biodegradability testing should be made at 10% of the EC50 vatue.
Compounds with an EC50 value greater than 300 mg/1 are unlikely to be toxic in ready
biodegradability tests. Compounds with an EC50 value of less than 20 mg/1 may pose
p;gb]ems necessitating the use of the stringent closed bottle test, or the use of
C

20-300 mg/1, need to be evaluated at a range of concentrations in biodegradability

labelled test materials. Compounds with an intermediate EC50 that is between
tests, or may need to be evaluated carefully to define the precise no-effect level.
Procedure recommendations to distinguish between the inhibition of biodegradability
and inertness of the test substance are made.



B. INTRODUCTION

In 1983 we reviewed the current status of biodegradation testing, drew attention to
a number of problems associated with current test methods, and suggested areas for
improvement, and where further studies were required (ECETOC+, 1983). One such area
concerned the problem of distinguishing between true non-biodegradability and
inhibited biodegradability as a result of toxic effects of the substances tested. In
some instances, where high concentrations of test substances are required in order
to achieve analytical precision, a toxic but biodegradable substance may be falsely
identified as non-biodegradable, due to its toxicity to the microorganisms employed
in the test system.

Where the biodegradability of chemicals is being assessed, especially to meet the
requirement of notification schemes (e.gq. Eec, 1984-a), the test concentrations
used are normally far higher than any predicted environmental concentration. Where
these high concentrations are toxic to the test system then a negative result in a
biodegradability test is not reliable. To avoid misleading results it is essential
that biodegradability tests are selected and conducted so that non-toxic levels of
test substance are used. In those cases where toxicity is suspected, it is prudent
to assess the toxicity of the test substance to the test micro-organisms at or about
the concentrations to be used in the biodegradability test. Where toxicity is
demonstrated, the test procedure should be modified or a different test should be
selected, so that non-inhibitory concentrations of the substance can be used.

A variety of microbial tests are used to assess the toxicity of chemicals, employing
suppression of growth, substrate utilisation, enzyme activity, or oxygen uptake, as
a measure of toxicity, but at present no firm quidance has been given on which test
or tests are most appropriate for biodegradability testing. ECETOC initiated a
1imited study aimed at comparing a number of the most common techniques used to
define the toxicity of chemicals. A range of chemicals was selected which were known
to be either toxic or apparently resistant to biodegradation, and to have given
variable results in biodegradation studies.

* See Appendix 1 for standard abbreviations.



In addition to the toxicity test assessment, a number of ready biodegradability
tests were conducted so that a judgment could be made on the value of the toxicity
tests in determining non-inhibitory levels of chemicals for ready biodegradability
testing.

This report summarises the study findings. The meaning of the abbreviations used in
this report is given in Appendix I.

C. CURRENT SITUATION

It is questionable whether the test conditions in the variety of methods available
to determine toxicity truly reflect the conditions in any of the ready biodegradable
test procedures. For example, the OECD sludge respiration inhibition test (OECD,
209, 1984) is performed at high bacterial concentrations and over a short time. It
measures the effect on respiration and not on growth. The turbidity test (Anon,
1985) on the other hand, is performed at low bacterial concentrations and probably
measures growth of the least sensitive species.

The BOD inhibition (BOD/I) and Closed Bottle inhibition tests (HMS0,1982) measure
the effect of a test substance on the degradation of glucose or other appropriate
substrates* but this may not reflect the effects of the test substance on those
species responsible for degrading it. Test methods using single species, or specific
activity (e.g. nitrification) may also have an inappropriate sensitivity for
toxicity screening purposes.

Although in the AFNOR (OECD, 301A, 1981) and RDA (Blok, 1979) tests, a toxicity
control experiment 1is dincluded, this uses an additional substrate and a shorter
period of incubation and the degree of inhibition may not represent the degree of
suppression of the biodegradation potential of the inoculum. For easily degradable
substrates such as glucose and acetate the initial number of active micro-organisms

Substrate : in the context of toxicity testing, chemical(s) added as a carbon
source to the nutrient media allowing normal sustained growth of the microbial
inoculum.



in the inoculum will not be critical. Even if a large proportion of the inoculum is
killed, the remaining organisms will proliferate and degrade the substrate, still
giving a high degradation rate with no indication of the toxic effect of the test
substance added.

When a chemical is slowly degraded, the initial number of active microorganisms in
the inoculum is of great influence on the biodegradation rate and will thus
determine the biodegradation level obtained after 28 days. This effect has been
described by Blok and Booy (1984). As a toxic effect of a test substance may
effectively reduce the number of viable cells present in the inoculum, comparable
effects as with lTower inoculum concentrations can be expected.

In general, the toxic action of the test substrate will increase the "lag phase" of
biodegradation as has been clearly demonstrated by Nyhoim et al.(1984) for
4-nitrophenol. For this reason, in the current study on the effectiveness of the
toxicity test procedures, the results of the biodegradation tests have been
presented as biodegradation curves in addition to biodegradation values after fixed
time periods. This permits a more precise identification of the toxicity
characteristics of the test chemical.

D. METHODS AND MATERIALS

1. Choice of Test Chemicals.

Based on the experience of the participants (cf. Appendix K), and published

reports, chemicals were selected which were known to be :

i) toxic to micro-organisms and

ii)  biodegradable, but giving variable results and

i1i) soluble in water at the concentrations used in the tests.

The following were selected :



2.1.

Cetyl trimethylammonium bromide C6H33(CH3)3NBr (CTAB)

Benzyl dimethyldodecylammonium C6H5CH2N (CH2)11CH3 (CH3)2C1 (BDMDAC)
chloride

o-Chloroaniline C6H4(NH2)C] (CA)
o-Chlorocresol C6H3CH3(OH)C] (cc)
(2-chloro-5-methyl phenol)

Chloramine T C7H7C1NNaOS.3H20 (cT)
4-Nitrophenol C6H4(OH)NO2 (NP)

The test chemicals CT, CTAB, BDMDAC and CC were distributed to all participants
from one of the participating laboratories. Samples of CA and NP were obtained
locally by the testing laboratories. A1l chemicals were of "pro analysi"
specification.

. Choice of Toxicity Test Methods

The toxicity tests used in the study by each of the participating laboratories
are given in Table 1.

BOD5 - and Closed Bottle Inhibition Tests

The BOD5 inhibition test was based on a UK protocol (HMSO, 1983) and the Closed
Bottle inhibition test on the standard method given in the OECD Guideline 301D,
(1981). They establish toxicity values by measuring the inhibitory effect of

chemicals on the oxygen uptake resulting from the degradation of a readily
degradable substrate, in this case either glucose/glutamic acid (G/G1 ) or a
fatty alcohol ethoxylate (FA/8E0 ).



2.2.

2.3.

2.4,

When a test chemical 1is non-toxic and biodegradable, an identical or higher
oxygen uptake than the controls can be expected.

The BOD5 inhibition toxicity test will be referred to as BOD/I in the report to
differentiate it from the normal BOD5 biodegradation test.

Activated Sludge - Inhibition of Respiration

The activated sludge respiration-inhibition test described in the OECD
Guideline 209, (1984) measures the inhibitory effect of the test chemical on
oxygen uptake of a respiring sludge while it is degrading a standard substrate
at high concentrations, thus giving a high respiration rate.

During the present study one laboratory examined the effect of test chemicals
on a pure nitrifying culture in which inhibition of ammonia oxidation was a
measure of toxicity. These cultures are in some cases more sensitive to toxic
chemicals than the normal sludges.

Growth Inhibition

This test is being examined as a possible addition to other test methods in the
UK (Anon, 1985) and has been used in the USA (Alsop et al.,1980). In principle,
an inoculum of sewage micro-organisms is grown in a nutrient broth, and rate of
growth is measured by the increase in turbidity of the solution with time.
Addition of a toxic chemical to the culture medium inhibits the cell growth,
and the turbidity of the test solution is thus lower than that of the control.

MICROTOX

The MICROTOX method (Dutka and Kwan, 1981; Bulich, 1982; Slooff et al.,1983; De
Zwart and Slooff, 1983) is one in which a marine Tuminescent bacterial species
(Photobacterium phosphoreum) is cultured in the presence or absence of the test

chemical, under saline conditions. The 1light emission of the bacteria is
reduced by toxic compounds, and the 1ight intensity is the measure of toxicity.

This test method has been widely used 1in the USA, Canada and France,
predominantly to correlate MICROTOX inhibition with toxicity to fish or Daphnia
in the hope that this quick and relatively easy method could in some cases
supplement more expensive biomonitoring tests for industrial effluents.



2.5. Repetitive Die-Away Test (RDA)

2.6.

The RDA test has been described by Blok (1979) and is proposed for inclusion in
the EEC gquidelines as a ready biodegradability test. In the present study the
test was used in a similar manner to the BOD/I and Closed Bottle inhibition
tests. The oxygen uptake was measured after one week incubation with the sodium
acetate or FA/8E0 and combinations with the test substances. Toxicity is
demonstrated as the reduced oxygen uptake compared to that with the acetate or
FA/8EO alone.

General Remarks
The BOD/I, Closed Bottle and Activated Sludge Inhibition tests are the most
widely used toxicity tests and represent two ends of the test spectrum with low

micro-organism levels in the first two tests (105 cells/1itre) and very much

higher levels in the Activated Sludge test (109-1010

that might be anticipated to produce different results.

cells/litre), a factor

3. Choice of Ready Biodegradability Test Methods

3.

1.

With the Tlimited time and resources available, it was not possible for all
participating laboratories to assess all test chemicals and test methods. As a
consequence, each laboratory selected a limited number of chemicals and tests.
The studies conducted are shown in Table 2.

The tests selected were selected to cover both high and low inoculum regimes,
since the effect of toxic chemicals at different inoculum levels was thought to
be a major concern in both toxicity and degradability testing. Details of the
tests used are as follows:

OQECD 301B - Sturm Test
In this test for ready biodegradability, accepted in a modified form by the EEC

(1984-a, method C5), carbon dioxide evolution is measured as a test parameter.
The laboratory using this technique also measured residual DOC's at the end of
the test (24 days) and compared these with the initial DOC values. The inoculum
used in the test was collected from a Tlocal sewage works which treats
predominantly domestic effluents. The inoculum at a concentration of 15 mg/1
suspended solids (SS) was pre-aerated for eight days at 23° in the mineral
solution before addition of the test substance.



3.2. OECD 301C - Modified MITI Test

3.3.

3.4.

3.5.

This test, described in the OECD gquidelines and included in modified form as an
EEC method (1984-a, method C7) uses oxygen uptake as the indicator of
biodegradability. The two laboratories employing this technique used "HACH"
respirometers in which 002 is absorbed in an alkaline absorbent, and the BOD is
read on a mercury manometer. The tests were conducted at a temperature of 22 +
3°C and the sludges for preparing inoculum were obtained from domestic sewage
treatment works. The inoculum was preconditioned for one week as recommended by
Blok et al.(1985) and 30 mg SS of activated sludge was added per 1 of medium.
Test chemical was added to the appropriate volume of medium plus inoculum in
the bottles after the preconditioning period. The bottles were incubated for 28
days, with daily oxygen uptake measurements.

QECD 301D - Closed Bottle Test
This test, included in the EEC methods (1984-a, method C6) for ready
biodegradability assessment, was used by one laboratory. The inoculum used was

one drop/1 of filtered effluent from sewage works treating predominantly
domestic sewage. The tests were conducted at 20 + 1°C and BOD determinations
were made after 5, 15 and 28 days.

OECD 301E - Screening Test

This test wused inocula derived from sewage treatment plants treating
predominantly domestic sewage. There was a deviation from the OECD quideline in
that each Erlenmeyer flask containing 15 mg/1 SS of inoculum was shaken for 8
days in the prescribed mineral solution prior to the addition of the test
substance to precondition the sludge, as recommended by Blok et al.(1985). DOC
measurements were made at intervals during the 28 day study.

RDA Test-Single Addition
The RDA test was performed as described by the EEC (1984-b) in one laboratory.
The following modifications were made. The sludge at 30 mg/1 SS was

preconditioned in the medium for 14 days without addition of substrate.
Nitrification was inhibited in all tests by the addition of up to 1 mg/1 of
allyl thiourea. Two concentrations of test substance, about 8-9 mg ThOC and
about 38-43 mg ThOC per litre medium, were tested.



1.

1.
1.

1.

1.

1.

E. RESULTS

Toxicity Values

To facilitate a comparison of the test results, they were (with the exception of
the Closed Bottle test) expressed as EC50 values, the concentrations of test
substances causing a 50% inhibition in the test. Results are given in Table 3.

Table 3 demonstrates that there was a wide variation in the toxicity test
results, not only be‘ween tests but also between Tlaboratories using the same
test. The following conclusions were drawn.

1. Test methods
1.1. MICROTOX. With the exception of the nitrifying culture inhibition, MICROTOX
gave the most sensitive response to toxic substances. From a knowledge of the

degradability of some of the test compounds it could be concluded that this
method is too sensitive to be recommended for use as an indicator of toxicity
before biodegradability testing. It would grossly overestimate the toxicity
of many chemicals.

1.2. Nitrifying culture. As expected, this test proved to be extremely sensitive

to some substances (CA and CC). However, this sensitivity was not consistent
with all chemicals tested. In the case of quaternary salts (BDMAC, CTAP) the
test results were comparable with those of the other methods. These results
are in accord with those obtained by Blok (1976 and 1981). The variable
sensitivity of this test makes it unsuitable as a toxicity screen before
bjodegradation testing. It may however be suitable in specific situations
e.g. examining the effect on nitrification in treatment works.

1.3. Growth inhibition. The sensitivity of this method seems to be similar to or
slightly higher than that of the BOD/I and Sludge Respiration methods. There
was an acceptable correlation between the results obtained by the two

laboratories who used this test method.

1.4, BOD/I. This is a logical test to use before the BOD5 and Closed Bottle tests
for biodegradation. The use of FA/8EQ or G/G1 compared with the use of
acetate or glucose did not show a consistent difference in results.



1.1.5

1.1.6.

1.2.

-10-

. RDA test. From the limited number of results it appears that this method
gives similar results as the other toxicity tests. The sensitivity is similar
or slightly lower,

Inhibition of sludge respiration. This type of test gave reasonably
consistent results and may be of value for biodegradation tests using high
inoculum concentrations. Because the sludge concentrations are high compared
to those in the biodegradability tests, this method may be less sensitive for
some compounds (quaternaries, CT).

Compound toxicity

1.2.1.

1.2.2.

1.2.3.

In view of the extreme sensitivity of the Microtox and nitrifying culture
methods, the results obtained with them are excluded from the following
comments on compound toxicity.

CTAB. This quaternary bacteriostat has been shown to be readily detoxified by
adsorption onto solids (Larson and Vashon, 1983). Results obtained during
this study support this view, those tests using low biomass solids (Growth
Inhibition and BOD/I) gqiving the Towest EC50 values and those with high
biomass solids (Sludge Respiration) giving the highest. The spread of overall
results was high (factor 40) but the spread between different laboratories
for one method was lower (factor 6-7). It should be noted that biodegradation
of CTAB was observed at 1 and 3.2 mg/1 in one BOD/I series of toxicity tests.

BDMDAC. A clear pattern of response was obtained: Growth Inhibition is

the most sensitive test, followed by Sludge Respiration. The BOD/I test is
surprisingly the least sensitive. This is probably due to the biodegradable
nature of BDMDAC in the relatively long test time and the presence of an
alternative carbon source. The general spread of results for BDMDAC was
similar to those of the other quaternary compound CTAB (factor 13) while
correlation in results between laboratories for one method is acceptable
(factor 2-3). Biodegradation was noted in the BOD/I toxicity test at 1 and
3.2 mg/1 (Lab. 5).

CA. The results for this compound vary by a factor of 13. Poor correlation
was obtained for Sludge Respiration, Growth Inhibition and BOD/I toxicity
tests in different Tlaboratories. These findings are contrary to those

previously published (Gerike and Fischer, 1981).
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1.2.4. CC. The spread of results was relatively small (factor 4) and the methods
show no consistent differences, some Growth Inhibition and BOD/I tests giving
higher results, and some lower, than the Sludge Respiration test.

1.2.5. CT. The EC;, varied by a factor 40. As CT is a chlorine release agent, the
BOD/I test results were most affected, due to the toxicity of chlorine in
situations where there is 1ittle organic matter for it to react with. Growth-
test results were less affected because the high organic content of the
growth medium will Tead, by reaction, to a reduction in the amount of active
chlorine and thus in the number of bacteria killed. The high sludge
concentration in the Sludge Respiration test has a similar effect. The spread
of results between Tlaboratories for one test method is acceptable (factor
2-3).

1.2.6. NP. The limited results for NP show a moderate spread (factor 3-5). The BOD/I
test appeared the teast responsive. Growth and Activated Sludge Respiration

tests gave similar results.

2. Biodegradation Results

Table 4 and Figures 1-6 summarise the results of the biodegradability trials. The
percentage biodegradation as a function-of time is given, as well as the test
chemical concentrations and the number of the laboratory. An estimate of the
critical toxicity ranges is given in Fiqures 1-6, and a broad categorisation of
the extent and rate of biodegradation is given in Table 4.

A11 chemicals selected proved to be readily biodegradable in one or all of the
tests, but there appeared to be marked differences in the toxic effects of the
chemicals tested. This is generally shown either by the percentage biodegradation
finally achieved and/or the presence of variable 1lag phases, with rapid
degradation once breakdown starts.
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F. DISCUSSION

It is emphasised that the selection of test chemicals was based on their known
toxicity and variable response under conditions of ready biodegradability testing.
The present study confirms the frequently erratic nature of the results of toxicity
testing. When all results are considered, it is clear that all of the chemicals were
readily biodegradable under appropriate test conditions and that the use of a high
and toxic level of test chemical in ready biodegradability testing will result in a
false indication of non-biodegradability.

Comparison of the ECSO values in Table 3 and the concentration ranges of test
chemicals which proved to be toxic under biodegradation testing (Figures 1-6)
indicates that no single toxicity test can give ECSO values that consistently relate
to toxicity under all biodegradation test conditions.

A more detailed comparison of results is presented in Table 5 in which the maximum
concentration of test substance which gave uninhibited biodegradation in specific
biodegradation tests is related to the most appropriate toxicity test result. From
these limited results it is apparent that for CA and CC none of the tests adequately
predicted the toxicity of these compounds, whilst for the other test chemicals,
inhibition of Sludge Respiration proved most appropriate for the tests with high
inoculum concentrations (15 to 30 mg SS/1). No method consistently predicted the
toxic effects of the chemicals in the Closed Bottle test.

Not unexpectedly, in most cases, the EC50 concentration were shown to be inhibitory
in the biodegradation tests. The EC50 value can be used to estimate a no-effect
level. Where determined, the no-effect concentrations (ECO) of the test chemicals
were 1.5 to 10 times Jlower than the corresponding EC50 values (Table 6). In
practice, it would thus be prudent to take a value of one tenth the EC50 as a
probable non-inhibitory level and apply this to biodegradation testing.

If a concentration of 1/10 of the EC50 were employed, then an EC50 of greater than
300 mg/1 obtained in any of the toxicity tests would indicate, with a reasonable
degree of certainty, that toxicity would be unlikely to cause Tlow results if
biodegradation tests were carried out at a concentration of less than 30 mg/1. The
use of a test concentration of up to 30 mg/1 would also permit the use of those
ready biodegradability test methods where addition of ca. 20 mg/1 DOC is required to
give an acceptable degree of analytical precision.
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Where the EC50 1ies between 20-300 mg/1, toxicity may influence the biodegradation
results in all except the Closed Bottle test where a test substance concentration of
less than 2 mg/1 can be employed. When low biodegradation results are obtained more
detailed toxicity testing may be required to assess the likely non-toxic level, or
biodegradation testing should be performed over a range of concentrations, giving
due consideration to the limitations of the test methods when Tow DOC concentrations
are used.

Substances with EC50 values below 20 mg/1, may pose major problems in ready
biodegradability testing. Only in the Closed Bottle Test can test substance
concentrations of ca. 2 mg/1 (1/10 ECSO) be used, and it should be emphasised that
this test is the most stringent (i.e. using the Tleast favourable experimental
conditions) of the tests for ready biodegradability discussed here. A preferred
option would be to develop acclimatised inocula to permit the use of higher test
substance concentrations, but this would necessarily call into question the
definition of the resultant test as one of ready biodegradability. Where toxicity
problems cannot be overcome by any of these procedures the use of 614 labelled
chemicals may be the only alternative, to allow the measurement of biodegradation at
non-toxic test concentrations.

The test results also indicate that the biodegradation test methods vary in their
sensitivity to toxic substances. In Table 7 the test methods have been ranked 1in
order of sensitivity to the chemicals studied. From the results of this limited test
programme it is clear that the Closed Bottle test is, as predicted, the most
sensitive. Although it uses a low test substance concentration it may still be
unsuitable for the testing of toxic substances. The difference in sensitivity
between the remaining test methods is not thought to be highly significant, and may
be due to differences in the source and characteristics of the inoculum rather than
intrinsic differences in the test methods themselves.

As a general observation on the response to test substance concentration the
jmportance of the lag period must not be underestimated as can be seen in Fig. 1-6.
In many cases the only response observed at higher test chemical concentration is an
extension of the lag period, the degree of biodegradation remaining unchanged. In
other cases both the rate of biodegradation and the lag time vary. In general the
rate of bijodegradation and the shape of the degradation curve may be more
significant that the percentage degradation at the end of an arbitrarily defined
test period.
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G. CONCLUSIONS

. No one toxicity method tested in this short programme proved consistent enough to
indicate a clear-cut choice of a method which could be used on all occasions. The
MICROTOX and nitrification inhibition tests appear to be too sensitive to be
suitable as toxicity screens.

. To meet the need for a means of assessing the toxicity of chemicals studied in
ready biodegradability tests, a combination of the inhibition of Sludge
Respiration rate, BOD/I and/or Growth Inhibition tests would seem appropriate.
More experience with the growth test may be needed before making a firm
recommendation.

. If inhibition due to toxicity is to be avoided, it is suggested that the test
substance concentrations used in ready biodegradability testing should be less
than 1/10 of the EC50 values obtained in toxicity testing. Compounds with an EC50
value of greater than 300 mg/1 are not Tlikely to have toxic effects in

biodegradability testing.

. Where EC50 values are less than 300 mg/1 but above 20 mg/1, a range of
concentrations may need to be tested in ready biodegradability assessments, or
more extensive toxicity testing may be needed to establish precise no-effect
levels.

. EC50 values of less than 20 mg/1 are likely to pose serious problems for the
subsequent testing. Low test concentrations should be employed, necessitating the
use of the stringent and sensitive Closed Bottle test or the use of C14-1abe11ed
material. Alternatively, an acclimatised inoculum may permit higher test
substance concentrations to be used. In the latter case, however, the specific
criterion of the ready biodegradability tests is lost.
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H. RECOMMENDATIONS

When a chemical is subjected to ready biodegradability testing and appears to be

non-biodegradable, the following procedure is recommended if a distinction between

inhibition and inertness js desired :

1.

Similar or identical inocula should be used for the toxicity and biodegradation
tests.

. Inhibition of respiration, BOD/I and/or Growth Inhibition tests should be used,

the final selection being based on the operating laboratory's experience and
preference. The concentration of the chemical in the biodegradation test should
not exceed 1/10 of the EC50 as determined in the toxicity tests.

. Chemicals with EC50 values of greater than 300 mg/1 can be submitted to all ready

biodegradation tests at concentrations of up to 30 mg/1.

. At Tower EC50 values, it may be necessary to use a range of test concentrations

in the biodegradation test, or to carry out further toxicity testing to define
more accurately the non-toxic test levels.

At EC50 levels of less than 20 mg/1, acclimatisation of the inoculum, or the use

of C14-1abe11ed materials, 1is recommended. ATternative]y, strictly limited

data may be obtained by using the stringent and sensitive Closed Bottle test.

. Because it is apparent that accurate assessment of toxicity and its effects on

biodegradation testing remains insufficiently understood, further research in
this field is required.
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TABLE 1
Toxicity Tests Conducted by Participating Laboratories

Laboratory number 1 2 3 4

Test

BOD5 glucose/glutamic acid
BOD5 fatty alcohol ethoxylate

Activated sludge respiration rate + +
Nitrifying culture +
Growth inhibition +

MICROTOX - enzyme inhibition
Repetitive die-way (RDA)

- degradability, sodium acetate
- degradability, FA/8EO
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TABLE 2

Chemicals Tested by Each Laboratory and Biodegradability Tests Used

Laboratory 1 2 3 4 5
Test* number
OECD 301B CT, CTAB,
(st) BDMDAC, CA,
CcC
OECD 301C CT, CTAB, CTAB, BDMDAC,
(UKM) BDMDAC, CA NP
OECD 301D CTAB, BDMDAC
(CB) CA, CT, CC,
NP
OECD 301E CT, CTAB, CT, CTAB, CTAR, BDMDAC,
(MS) BDMDAC, CA, CA NP
CC
RDA CT, CTAB,
BDMDAC, CA,
cC, NP

* TEST PROCEDURES

St : Sturm (OECD-301B): with 15 mg
SS preconditioned activated sludge/1.
UKM : UK-MITI (OECD-301C): with 30 mg SS

preconditioned activated sludge/1.

CB ¢ Closed Bottle (OECD-301D):
with 1 drop filtered effluent/1.
MS : Modified Screen (OECD-301E) : with 15 mg

SS preconditioned activated sludge/l.
RDA : With single addition 30 mg SS

preconditioned activated sludge/l.
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TABLE 4
Biodegradation Test Results

Compound  Lab Test Test % Biodegradation on day Biodegra-
no. procedure*® substance dation
mg/1 3 5 7 14 21 25 28 Category ©*
CTAB 3 CB 2.0 - - - - ~ 0 I
5 CB 3.2 0 0 0 20 75 - - IIT
3 CB 5.0 - - - - - - 0 I
2 MS 8.0 2 31 50 60 66 - 63 I11
2 St 8.0 = 14 38 85 103 - - I1I
5 CB 10.0 0 0 0 0 0 - - I
5 UKM 10.0 36 40 56 60 65 65 65 IT11
1 RDA 13.0 = - 0 35 79 - 94 I1I
2 St 16.0 - 9 11 15 20 - - I
2 MS 16.0 0 0 2 71 75 - 74 I11
2 St 32.0 - 7 10 11 13 14 - I
2 MS 32,0 1 2 0 0 0 0 0 I
5 UKM 32,0 0 by 56 77 89 89 89 I1I
4 UKM 37.8 - - 0 5 83 # 95 I11
4 MS 40,5 - - 41 50 57 = 63 ITII
1 RDA 63.0 - - 0 0 0 - 0 I
4 UKM 75.6 - - 0 0 36 - 45 I1
5 UKM 100.0 - - - - - 4 4 I
BDMDAC 3 CB 2.0 - m - - = - 43 II
5 CB 3.2 0 0 0 0 5 23 - I
3 UKM 5.0 - - = = = - 87  IIITI
3 CB 5.0 = - - - - - 36 IT
2 St 6.8 0 75 75 89 100+ - - IITII
2 MS 6.8 - - 74 69 88 95+ - IIIII
5 UKM 10.0 13 15 29 50 56 62 62 IT1I
5 CB 10.0 0 0 0 0 0 0 - I
1 RDA 12.0 = - 27 60 70 - B4 111
2 St 13.5 - 7 38 77 92 - - ITT
2 MS 13.5 2 26 55 88 - - - 11T
2 St 27.0 - 6 8 10 12 12 - I
2 MS 27.0 3 51 72 72 - - - I11
5 UKM 32.0 0 18 23 32 60 65 65 ITI
1 RDA 56,0 - - - I
5 UKM 100.0 0 0 0 0 0 0 0 I
* TEST PROCEDURES #*% BIODEGRADATION CATEGORIES
CB : Closed Bottle (OECD-301D): I Little or no biodegradation
with 1 drop filtered effluent/1. II Long delay/partial biodegradation
St : Sturm (OECD-301B): with 15 mg III  Variable delay/complete biodegradation
SS preconditioned activated sludge/l. ITIIT Slow but virtually complete biodegradation
MS : Modified Screen (OECD-301E): with 15 mg ITIII Rapid and complete biodegradation

SS preconditioned activated sludge/1.
RDA : With single addition 30 mg SS

preconditioned activated sludge/1.
UKM : UK-MITI (OECD-301C): with 30 mg SS

preconditioned activated sludge/1.
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TABLE 4 (cont./2)

Compound  Lab Test Test % Biodegradation on day Bilodegra-
no. procedure* substance dation
mg/1 3 5 7 14 21 25 28 Category *F
CA 3 CB 2.0 - - - - - - I
3 CB 5.0 - - - - - - I
2 MS 9.0 17 33 42 55 71 75 - ITII
1 RDA 14.0 - - 0 0 0 - 0 I
2 MS 18.0 13 22 28 55 67 68 - ITTT
2 MS 36.0 8 18 23 35 49 56 - II
4 MS 39.3 0 0 - 0 30 > 35 I1
4 UKM 47,5 0 - 0 0 40 - 89 IT1
1 RDA 67.0 - - 0 0 0 - 0 I
4 UKM 95.1 0 - 0 5 34 - 58 11
cC 3 CB 5.0 - - - - - - 0 I
2 MS 8.5 7 14 20 21 29 22 - 11
1 RDA 12,0 - - 0 0 0 - 0 I
2 MS 17.0 0 10 13 10 98 94 101 III
2 MS 34,0 11 16 17 16 18 17 - I
1 RDA 55.0 = - 0 0 0 - 0 I
CT 3 CB 5.0 ~ - - - - - 0 I
2 MS 16.8 7 15 19 77 87 86 - I1I
1 RDA 27.4 - & 0 0 14 - 37 11
2 MS 33.5 0 4 0 0 0 0 - 1
4 UKM 65.0 0 0 0 0 120 - - I1I
2 MS 67.0 1 8 1 1 0 0 - I
4 MS 90.3 - - 4 7 10 - 12 I
4 UKM 130.0 0 = 0 0 60 - 82 11T
1 RDA 131.0 - - 0 0 0 = 0 I
NP 5 CB 3.2 0 0 16 19 19 69 - 111
2 St 9.7 = 48 65 90 - - - ITIIII
5 CB 10.0 0 0 0 >39 - - - I1I
5 UKM 10.0 10 35 45 60 70 70 70 IITI
1 RDA 15.0 - - 75 107 115 119 - IITIT
2 St 19.3 - 12 39 90 96 - - IT1Y
5 UKM 32.0 2 35 42 55 55 55 55 11
2 St 38.6 = 4 10 71 100 103 - 11T
1 RDA 72,0 - - 77 90 94 - 97 IITIII
5 UKM 100.0 0 25 - 40 40 55 - I
* TEST PROCEDURES ** BIODEGRADATION CATEGORIES
CB~ : Closed Bottle (OECD-301D): £t Little or no biodegradation
with 1 drop filtered effluent/1, II Long delay/partial bilodegradation
St : Sturm (OECD-301B): with 15 mg III Variable delay/complete bilodegradation
SS preconditioned activated sludge/l. IIII Slow but virtually complete biodegradation
MS : Modified Screen (OECD-301E): with 15 mg IIITI Rapid and complete biodegradation
SS preconditioned activated sludge/1.
RDA : With single addition 30 mg SS
preconditioned activated sludge/1.
UKM : UK-MITI (OECD-301C): with 30 mg SS

preconditioned activated sludge/l.
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TABLE 6
Ratio Between Ecsofand EC, for Test Chemicals

Determined in Sludge Respiration, Growth and BOD/I Tests

Test Substance EC50/EC0
CTAB 1.5 - 10.0
BDMDAC 3.2 - 10.0
CA 1.0 - 10.0
CC 2.0 - 7.7
CT 1.4 - 6.7

TABLE 7

Biodegradation Test Procedures Ranked for Sensitivity

*
to Test Substance Concentration

Test
substance
Test
procedure CTAB BDMDAC CA cc cT
Closed 1 1 1 1 1
Bottle
Sturm 2 3 - - =
Modified 4 4 3 = 2
screening
RDA 3 2 2 - 3

Single addition

UK MITI 5 5 4 4 4

* 1 most sensitive

5 least sensitive
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FIGURES 1-6
For each curve the test chemical concentration in mg/l is given
and in brackets the number of the test laboratory.

Above each curve is given an estimate of the toxicity range.

KEY

------- R.D.A. (R.D.A. SINGLE ADDITION)
—-0-0-0- 301 B (STURM>

- - - - 301 C (UK MITD

-0-0-0- 301 D (CLOSED BOTTLE)

501 E (MODIFIED SCREEN)
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AFNOR :

BDMDAC :

BOD :

8005 :

BOD/I :

CA :
cC :
CT
CTAB :
DOC :
EC

EC50 :

ECETOC :

EEC :

FA/8EOQ :

G/G1
NP :
OECD :
RDA
SS :
ThoC :
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APPENDICES

APPENDIX 1 : ABBREVIATIONS

Association Frangaise de Normalisation

(French Institute for Normalisation)

Benzyl dimethyldodecylammonium chloride

Biological oxygen demand

Biodegradation test

BOD5 - inhibition test

o-Chloroaniline

o-Chlorocresol

Chloramine T

Cetyl trimethylammonium bromide

Dissolved organic carbon

No effect concentration

Median effective concentration : concentration of test substance
which causes 50% vreduction in the specific measured test
parameter defining inhibition.

European Chemical Industry Ecology and Toxicology Centre
European Economic Communities

Fatty alcohol ethoxylate (8 ethylene oxide)
Glucose/glutamic acid

4-Nitrophenol

Organisation for Economic Co-operation and Development
Repetitive Die Away (test)

Suspended solids

Theoretical oxygen content
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APPENDIX 2 : MEMBERS OF THE TASK FORCE

. BLOK AKZO N.V.
Arnhem

. de MORSIER Ciba Geigy Ltd
Basel

. GERIKE Henkel KGaA
Diisseldorf

. REYNOLDS ICI PLC
Brixham

. WELLENS Hoechst AG
Frankfurt

.J. BONTINCK (Secretary) ECETOC

Brussels
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APPENDIX 3 : MEMBERS OF ECETOC SCIENTIFIC COMMITTEE

. PURCHASE (Chairman), Director, Central
Toxicology Laboratory

. SHARRATT, (Vice-chairman), Senior Toxicologist

. BROECKER, Coordinator, Product-related
Environmental Problems

. CAILLARD, Industrial Toxicological Service

.0. ESSER, Head of Biochemistry, Agricultural
Division

. GELBKE, Head, Department of Toxicology

. KORALLUS, Medical Director

. LUNDBERG, Chief Toxicologist

.G. NOSLER, Head, Coord. Centre
for Environmental Protection
and Consumer Safety

. PAGLTALUNGA, Head of Industrial Toxicology
.L.M. POELS, Envir. Affairs Division

. DE SLOOVER, Head of Medical Department

.F. TORDOIR, Head of Occupational Health and

Toxicology Division

. VERSCHUUREN, Head, Department of Toxicology

ICI
(Alderley Park)

BP
(Sunbury)

HOECHST
(Frankfurt)

RHONE-POULENC
(Paris)

CIBA-GEIGY
(Basel)

BASF
(Ludwigshafen)

BAYER
(Leverkusen)

NOBEL INDUSTRIES
(Karlskoga)

HENKEL
(Diisseldorf)

MONTEDISON
(Novara)

SHELL
(den Haag)

SOLVAY
(Brussels)

SHELL
(den Haag)

DOW CHEMICAL
(Horgen)
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