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OECD GUIDELINESFOR THE TESTING OF CHEMICALS
PROPOSAL FOR A NEW GUIDELINE

Bioaccumulation in Sediment-dwelling Benthic Oligochaetes

INTRODUCTION

1 Sediment-ingesting endobenthic animals may be exposed to sediment bound substances (1).

Among these sediment-ingesters, aquatic oligochaetes play an important role in the bottoms of the aquatic
systems. They live in the sediment and often represent the most abundant species especially in habitats
with environmental conditions adverse to other animals. By bioturbation of the sediment and by serving as
prey these animals can have a strong influence on the bioavailability of such substances to other organisms,
e.g. benthivorous fish. In contrast to epibenthic organisms, endobenthic aquatic oligochaetes burrow in the
sediment, and ingest sediment particles below the sediment surface. Because of that, these organisms are
exposed to chemicals via many uptake routes including contact with, ingestion of contaminated sediment
particles, porewater and overlying water. Some species of benthic oligochaetes that are currently used in
ecotoxicological testing are described in Annex 6.

2. The parameters which characterise the bioaccumulation of a substance include first of al the
bioaccumulation factor (BAF), the sediment uptake rate constant (ks) and the elimination rate constant (Ke).
Detailed definitions of these parameters are provided in Annex 1.

3. To assess the bioaccumulation potentiad of chemicals in general, and to investigate the
bioaccumulation of substances which tend to partition into or onto the sediments, a compartment-specific
test method is needed (1) (2) (3) (4).

4, This Test Guideline is designed to assess bioaccumulation of sediment-associated chemicals in
endobenthic oligochaete worms. The test substance is spiked into the sediment. Using spiked sediment is
intended to simulate a contaminated sediment.

5. This guideline is based on existing sediment toxicity and bioaccumulation test methods (1) (4) (5)
(7) (8) (9) (10). Other useful documents are: the discussions and results of an international workshop (12),
and the outcome of an international ring test (62).

6. This test applies to stable, neutral organic chemicals, which tend to associate with sediments.
Bioaccumulation of sediment-associated, stable metallo-organic compounds can aso be measured with this
method (13). It is not applicable to metals and other trace elements (12).

PREREQUISITE AND INFORMATION ON TEST SUBSTANCE

7. There are only a few well established Quantitative Structure-Activity Relationships (QSAR)
concerning bioaccumulation processes presently available (14). The most widely used relationship is the
correlation between the lipophilicity of stable organic substances (expressed as log Ko,; see Annex 1 for
definition) and their bioaccumulation and bioconcentration, respectively, which has been developed for the
description of a substance partitioning between water and fish. Correlations for the sediment compartment
have aso been established using this relationship (15) (16) (17) (18). The use of log Ky,-log BCF
correlation as a major QSAR is recommended for a preliminary estimation of the bioaccumulation
potential of sediment-associated chemicals.
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8. Thistest is applicableto:

stable, organic substances having log Kow values between 3.0 and 6.0 (5) (19);

superlipophilic substances that show alog Kow of more than 6.0 (5);

substances which belong to a class of organic substances known for their bioaccumulation
potential in living organisms, e.g. surfactants or highly adsorptive substances

9. Information on the test substance such as safety precautions, proper storage conditions and
analytical methods should be obtained before beginning the study. Guidance for testing substances with
physical-chemical properties that make them difficult to test is provided in (21). Before carrying out a test
for bioaccumulation with aquatic oligochaetes, the following information about the test compound should
be known:

common name, chemical name (preferably IUPAC name), structural formula, CAS registry
number, purity;

solubility in water [Guideline 105; (22)];

octanol-water partition coefficient, K,,, [Guiddines 107, 117; (22)];
sediment-water partition coefficient, expressed as K. [Guideline 121 (22)];
hydrolysis[Guideline 111; (22)];

phototransformation in water [(23)];

vapour pressure [Guideline 104; (22)];

ready biodegradability [Guidelines 301 A to F; (22)];

surface tension [Guiddline 115; (22)];

critical micelles concentration (24).

10. Radiolabelled test substances can facilitate the anaysis of water, sediment and biologica
samples, and may be used to determine whether metabolites identification and quantification should be
made. The method described here was validated in an international ring test (62) for **C-labelled
compounds. If total radioactive residues are measured the bioaccumulation factor (BAF) is based on the
parent compound including any retained metabolites. It is aso possible to combine a metabolism study
with a bioaccumulation study by analysis and quantification of the percentage of parent compound and its
metabolites in samples taken at the end of the uptake phase or at the peak level of biocaccumulation. In any
case, it is recommended that BAF calculation be based on the concentration of the parent compound in the
organisms and not only on total radioactive residues.

11. In addition to the properties of the test substance, other information required is the toxicity to the
oligochaetes species to be used in the test, preferably an LC50 for the time necessary for the uptake phase.
Preference should be given to toxicity values derived from long-term studies on subletha endpoints. If
such data are not available, an acute toxicity test under conditions identical with the bioaccumulation test
conditions may provide useful information.

12. An appropriate analytical method of known accuracy, precision, and senstivity for the
guantification of the substance in the test solutions, in the sediment, and in the biological material must be
available, together with details of sample preparation and storage as well as material safety data sheets.
Analytical detection limits of the test substance in water, sediment, and worm tissue should also be known.
If a “C-labelled test substance is used, the specific radioactivity (i.e. Bq mol™) and the percentage of
radioactivity associated with impurities must also be known. The specific radioactivity of the test
compound should be as high as possible in order to detect test concentrations as low as possible (12).
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13. Information on characteristics of the sediment to be used (e.g. origin of sediment or its
constituents, pH and ammonia of the pore water (field sediments), organic carbon content (TOC), particle
size distribution (percent sand, silt, and clay), and percent dry weight) should be available (7).

PRINCIPLE OF THE TEST

14. The test consists of two phases; the uptake (exposure) phase and the elimination (post-exposure)
phase. During the uptake phase, worms are exposed to sediment spiked with the test substance, topped with
reconstituted water and equilibrated as appropriate (12). Groups of control worms are held under identical
conditions without the test substance.

15. For the dimination phase the worms are transferred to a sediment-water-system free of test
substance. An elimination phase is necessary to gain information on the rate at which the test substance is
excreted by the test organisms (19) (20). An elimination phase is always required unless uptake of the test
substance during the exposure phase has been insignificant (e.g. there is no statistical difference between
the concentration of the test substance in test and control worms). If a steady state has not been reached
during the uptake phase. In this case, determination of the kinetic results — BAF, uptake and elimination
rate constant(s) — may be done using the results of the elimination phase. Change of the body burden (i.e.
the concentration of the test substance in/on the worms) is monitored throughout both phases of the test.

16. During the uptake phase, measurements are made until BAF has reached a plateau or steady state.
By default, the duration of the uptake phase should be 28 days. Practical experience has shown that a 12 to
14 day uptake phase is sufficient for several stable, neutral organic substances to reach steady-state (7) (9)
(10).

17. However, if the steady state is not reached within 28 d, the eimination phase is started by
transferring exposed oligochaetes to vessels containing the same medium without the test substance. The
elimination phase is terminated when either the 10% level of steady state concentration or of the
concentration measured on day 28 in the worms is reached, or after a maximum duration of 10 d. The
residue level in the worms at the end of the elimination phase is reported as endpoint, e.g. as Non-
eliminated residues (NER). The bioaccumulation factor (BAF) is calculated preferably both as the ratio of
concentration in worms (C;) and in the sediment (C;) at apparent steady state, and as a kinetic
bioaccumulation factor, BAF¢ as the ratio of the rate constant of uptake from sediment (ks) and the
elimination rate constant (ke) assuming first-order kinetics. If first-order kinetics are not applicable, more
complex models should be employed (Annex 1 and reference (26).

18. If a steady state is not achieved within 28 days, the uptake phase may be extended subjecting
groups of exposed worms — if available — to further measurements until steady state is reached; the
elimination phase should be started on day 28. If a steady state is not reached within 28 days, calculate
BAF from the uptake rate and elimination rate constant(s). For calculation see Annex 2.

19. The uptake rate constant, the elimination rate constant (or constants, where more complex models
are involved), the kinetic bioaccumulation factor (BAF), and where possible, the confidence limits of each
of these parameters are calculated from computerised model equations (see Annex 2 for models). The
goodness of fit of any model is determined from e.g., the correlation coefficient or the coefficient of
determination.

20. To reduce variability in test results for organic substances with high lipophilicity,
bioaccumulation factors should be expressed additionally in relation to the lipid content of the test
organisms (in kg sediment OC kg™ worm lipid content). This approach is based on experiences and
theoretical correlations for the aguatic compartment, where — for some chemical classes — there is a clear



Draft 20 August 2007

relationship between the potential of a substance to bioaccumulate and its lipophilicity, which has been
well established for fish as model organisms (14) (26) (27). There is also arelationship between the lipid
content of the test fish and the observed bioaccumulation of such substances. For benthic organisms,
similar correlations have been found (14) (15) (16) (17)). If sufficient worm tissue is available, the lipid
content of the test animals may be determined on the same biological material as the one used to determine
the concentration of the test substance. However, it is practical to use acclimatised control animals at least
at start or — preferably — at the end of the uptake phase to measure the lipid content, which can then be used
to normalise the BAF values.

VALIDITY OF THE TEST

21. For atest to be valid the following conditions apply:

— The cumulative mortality of the worms (controls and treatments) until the end of the test should not
exceed 20% of the initial number.

— In addition, it should be demonstrated that the worms burrow in the sediment to allow for maximum
exposure.

DESCRIPTION OF THE METHOD

Test species
22. Several species of aguatic oligochagetes can be used for the test. The most commonly used species

arelisted in Annex 6.

23. Toxicity tests (96 h, in water only) should be conducted at regular intervals (e.g. every month)
with a reference toxicant such as potassium chloride (KCl) or copper sulfate (CuSO,) (1) to demonstrate
the health conditions of the test animals (1) (7). If reference toxicity tests are not conducted at regular
intervals, the batch of organisms to be used in a sediment bioaccumulation test should be checked using a
reference toxicant. Measurement of the lipid content might also provide useful information on the
condition of the animals.

Cultureof thetest organisms

24, In order to have a sufficient number of worms for conducting bioaccumulation tests the worms
may have to be kept in permanent single-species laboratory culture. Laboratory culture methods for the
selected test species are summarised in Annex 6. For details see references (9) (10) (18) (37) (38) (39) (40)
(42).

Apparatus
25. Care should be taken to avoid the use of materials for all parts of the equipment that can dissolve,

absorb test substances or leach other substances and have an adverse effect on the test animals. Standard
rectangular or cylindrical chambers, made of chemicaly inert materia and of suitable capacity in
compliance with the loading rate, i.e. the number of test worms can be used. The use of soft plastic tubing
for administering water or air should be avoided. Teflon®, stainless steel and/or glass should be used for
any equipment having contact with the test media. For substances with high adsorption coefficients, such
as synthetic pyrethroids, silanised glass may be required. In these situations the equipment will have to be
discarded after use (5). For radiolabelled test substances, and for volatile chemicals, care should be taken to
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avoid stripping and escaping of stripped test substance. Traps (e.g. glass gas washing bottles) containing
suitable absorbents to retain any residues evaporating from the test chambers should be employed (12).

Water

26. The overlying water must be of a quality that will allow the survival of the test species for the
duration of the acclimation and test periods without them showing any abnormal appearance or behaviour.
Recongtituted water according to the OECD Test Guideline 203 (25) is recommended for use as overlying
water in the tests as well as in the laboratory cultures of the worms. It has been demonstrated that several
test species can survive, grow, and reproduce in this water (9), and maximum standardisation of test and
culture conditions is provided. The water should be characterised at least by pH, conductivity and
hardness. Anaysis of the water for micro-pollutants prior to use might provide useful information
(Annex 4).

27. The water should be of constant quality during the period of atest. The pH of the overlying water
should be between 6 and 9. The total hardness should be between 90 and 400 mg CaCO; per litre at the
start of the test (8). Ranges for pH and hardness in the mentioned reconstituted water are given in OECD
Guideline 203 (25). If there is an interaction suspected between hardness ions and the test substance, lower
hardness water should be used. Annex 3 summarises additional criteria of an acceptable dilution water
according to OECD Guideline 210 (28).

Sediment

28. The sediment must be of a quality that will allow the survival and preferably the reproduction of
the test organisms for the duration of the acclimation and test periods without them showing any abnormal
appearance or behaviour. The worms should burrow into the sediment. Additional information on sediment
ingestion can be obtained by using methods described in (29) (30) (30) (33), which specify sediment
ingestion or particle selection in the test organisms. If observable, at least the presence or absence of feca
pellets on the sediment surface, which indicate sediment ingestion by the worms, should be recorded and
considered for the interpretation of the test results with respect to exposure pathways. If possible, sediment
avoidance should a so be recorded.

29. An artificial sediment based on the artificia soil described in the OECD Guideline 207 (34) is
recommended for use in both the tests and the laboratory cultures of the worms, since natural sediments of
appropriate quality may not be available throughout the year. In addition, indigenous organisms as well as
the possible presence of micropollutants might influence the test. Several test species can survive, grow,
and reproduce in the artificial sediment (9).

30. The artificia sediment should be characterised at least by origin of the constituents, grain size
distribution (percent sand, silt, and clay), organic carbon content (TOC), water content, and pH.
Measurement of redox potential is optional. However, natural sediments from unpolluted sites may serve
as test and/or culture sediment (1). Natura sediments should be characterised at least by origin (collection
site), pH and ammonia of the pore water, organic carbon content (TOC), particle size distribution (percent
sand, silt, and clay), and percent water content (7). It is recommended that, before it is spiked with the test
substance, the natural sediment be conditioned for seven days under the same conditions which prevail in
the subsequent test, if ammonia development is expected. At the end of this conditioning period, the
overlying water should be removed and discarded. Analysis of the sediment or its congtituents for micro-
pollutants prior to use might provide useful information.
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Preparation

31 Handling of natural sediments prior to their use in the laboratory is described in (1) (6) (7). The
preparation of the artificial sediment is described in Annex 4.

Storage

32. The storage of natural sediments in the laboratory should be as short as possible. U.S. EPA (7)
recommends a maximum storage period of 8 weeks at 4 + 2°C in the dark. There should be no headspace
above the sediment in the storage containers. Recommendations for the storage of artificial sediment are
givenin Annex 4.

Application of thetest substance

33. The sediment is spiked with the test substance. The spiking procedure involves coating of one or
more of the sediment constituents with the test substance. For example, the quartz sand, or a portion
thereof (e.g. 10 g of quartz sand per test vessdl), can be soaked with a solution of the test substance in a
suitable solvent, which is then slowly evaporated to dryness. The coated fraction can then be mixed into
the wet sediment. The amount of sand provided by the test-substance-and-sand mixture has to be taken into
account when preparing the sediment, i.e. the sediment should thus be prepared with less sand (7).

34. With a natural sediment, the test substance may be added by spiking a dried portion of the
sediment as described above for the artificial sediment, or by stirring the test substance into the wet
sediment, with subsequent evaporating of any solubilising agent used. Suitable solvents for spiking wet
sediment are ethanol, methanol, ethylene glycol monomethyl ether, ethylene glycol dimethyl ether,
dimethylformamide and triethylene glycol (5) (28). Toxicity and volatility of the solvent, and the solubility
of the test substance in the chosen solvent should be the main criteria for the selection of a suitable
solubilising agent. Additional guidance on spiking procedures is given in Environment Canada (1995) (35).
Care should be taken to ensure that the test chemical added to sediment is thoroughly and evenly
distributed within the sediment. Replicated sub-samples of the spiked sediment should be analysed to
check the concentrations of the test substance in the sediment, and to determine the degree of homogeneity
of test substance distribution.

35. Once the spiked sediment with overlying water has been prepared, it is desirable to alow
partitioning of the test substance between the sediment and the agueous phase. This should preferably be
done under the conditions of temperature and aeration used in the test. Appropriate equilibration time is
sediment and chemical specific, and can be in the order of hours to days and in rare cases up to severa
weeks (4-5 weeks) (36) (37). In thistest, equilibrium is not awaited but an equilibration period of 48 hours
to 7 days is recommended. Depending on the purpose of the study, e.g., when environmental conditions are
to be mimicked, the spiked sediment may be equilibrated or aged for alonger period (12).

PERFORMANCE OF THE TEST

Preliminary test

36. It may be useful to conduct a preliminary experiment in order to optimise the test conditions of
the definitive test, eg. selection of test substance concentration(s) and duration of the uptake and
elimination phases. The behaviour of worms, for example sediment avoidance, i.e. the worms escape from
the sediment which may be caused by the test chemical and/or by the sediment itself, should be observed
and recorded during a preliminary test. Sediment avoidance may also be used as a sub-lethal parameter in a
preliminary test for estimating the test substance concentration(s) to be used in a bioaccumulation test.
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Exposur e conditions

Duration of the uptake phase

37. The test organisms are exposed to the test substance during the uptake phase. The uptake phase
should be run for up to 28 days (1) (7) (12) unlessit can be demonstrated that equilibrium has been reached
earlier. The steady state occurs when: (i) a plot of the bioaccumulation factors at each sampling period
against time is parallél to the time axis; (ii) three successive analyses of BAF made on samples taken at
intervals of at least two days vary no more than + 20% of each other; and (iii) there are no significant
differences between the three sampling periods (based on statistical comparisons e.g. analysis of variance
and regression anaysis). If the steady state has not been reached by 28 days, the uptake phase may be
ended by starting the elimination phase, and the BAFy can be calculated from the uptake and elimination
rate constants.

Duration of the elimination phase

38. The first sample should be taken between 4 and 24 h after start of elimination phase, since during
the initial period, rapid changes in tissue residue may occur. It is recommended to terminate the
elimination phase either when the concentration of test substance is less than 10% of steady-state
concentration, or after a maximum duration of 10 days. The residue level in the worms at the end of the
elimination phase is reported as a secondary endpoint. The period may, however, be governed by the
period over which the concentration of the test substance in the worms remains above the analytical
detection limit.

Test organisms

Number s of test worms

39. The number of worms per sample must provide a mass of worm tissue such that the mass of test
substance per sample at the beginning of the uptake phase and at the end of the dimination phase,
respectively, is significantly higher than the detection limit for the test substance in biological materia. In
the mentioned stages of uptake and elimination phases the concentration in the test animals is usually
relatively low (7) (9) (18). Since the individual weight in many species of aquatic oligochaetes is very low
(5-10 mg wet weight per individual for Lumbriculus variegatus and Tubifex tubifex), the worms of a given
replicate test chamber may be pooled for weighing and test substance analysis. For test species with higher
individual weight (e.g. Branchiura sowerbyi) replicates containing one individual may be used, but in such
cases the number of replicates should be increased to five per sampling point (12). It should however be
noted that B. sowerbyi was not included in the ring test (62), and is therefore not recommended as a
preferable species in the draft guideline.

40. Worms of similar size should be used (for L. variegatus see Annex 6). They should come from
the same source, and should be adult animals of the same age class (see Annex 6). The weight and age of
an anima may have a significant effect on the BAF-values (e.g. due to different lipid content and/or
presence of eggs); these parameters should be recorded accurately. To measure the mean wet and dry
weight a sub-sample of worms should be weighed before starting the test.

41. With Tubifex tubifex and Lumbriculus variegatus, reproduction is expected during the test period.
A lack of reproduction in a bioaccumulation test should be recorded, and considered when interpreting the
test results.
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Loading

42 High sediment-to-worm and water-to-worm ratios should be used in order to minimise the
reduction of test substance concentration in the sediment during the uptake phase, and to avoid decreasesin
dissolved oxygen concentration. The chosen loading rate should aso correspond to naturally occurring
population densities of the chosen species (42). For example, for Tubifex tubifex, aloading rate of 1-4 mg
of worm tissue (wet weight) per gram of wet sediment is recommended (9) (12). References (1) and (7)
recommend a loading rate of <1g dry weight of worm tissue per 50 g sediment organic carbon for
L. variegatus.

43. The worms to be used in a test are removed from the culture by sieving the culture sediment.
Adult animals are transferred to glass dishes (e.g. petri dishes) containing clean water. If the test conditions
differ from the culture conditions, an acclimation phase of 24 h should be sufficient. Prior to weighing,
excess water should be removed from the worms. This can be done by gently placing the worms on a pre-
moistened paper tissue. It is not recommended to use absorbing paper to dry the worms as this may cause
stress or damage to the worms. Brunson et al. (1998) recommend using non-blotted worms of
approximately 1.33 times the target biomass. These additional 33% correspond to the difference between
blotted and non-blotted worms (37).

44, At the start of the uptake phase (day O of the test), the test organisms are removed from the
acclimatisation chamber and distributed randomly to vessels (e.g. petri dishes) containing reconstituted
water by adding groups of two worms to each vessel, until each vessel contains ten worms. Each of these
groups of worms are then randomly transferred to separate test vessels, e.g. using soft steel forceps. The
test vessels are subsequently incubated under test conditions.

Feeding

45, In view of the low nutrient content of the artificial sediment, the sediment should be amended
with a food source. In order not to underestimate the exposure of the test organisms, e.g. by selectively
feeding uncontaminated food, the food necessary for reproduction and growth of the test organisms should
be added to the sediment once before or during application of the test substance (see Annex 5).

Sediment-water ratio

46. The recommended sediment-water ratio is 1:4. This ratio allows to maintain oxygen
concentration and avoid the build-up of ammonia in the overlying water (12). The oxygen content in the
overlying water should be maintained at > 40% saturation.

Light and temperature

47. The photoperiod in the culture and the test is 16 hours (1) (7). Light intensity should be kept at
about 500-1000 Ix; these values mimic natural conditions at the sediment surface. Temperature should be
20 + 2°C throughout the test.

Test concentrations

48. One test concentration (as low as possible) is used for determination of the uptake kinetics, but a
second (higher) concentration may be used. In that case, samples are taken and analysed at steady state or
after 28 d to confirm the BAF measured at the lower concentration (12). The higher concentration should
be selected so that adverse effects can be excluded (e.g. by choosing approximately 1% of the lowest
known chronic effect concentration EC, as derived from relevant chronic toxicity studies). The lower test
concentration should be significantly higher than the detection limit in sediment and biological samples by
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the analytical method used. If the effect concentration of the test substance is close to the analytica
detection limit, the use of radiolabelled test substance with high specific radioactivity is recommended.

Treated and Control Replicates

49, The minimum number of treated replicates for kinetic measurements should be three per
sampling point (12) throughout uptake and elimination phase. Additiona replicates should be employed
e.g. for optional additional sampling dates. For the elimination phase, a matching number of replicates is
prepared with non-spiked sediment and overlying water, so that worms can be transferred at the end of the
uptake phase from designated treated vessals to non-treated vessels. The total number of treated replicates
should be sufficient for both uptake and elimination phase.

50. Alternatively, the worms designated for sampling during the elimination phase may be exposed
in one large container containing spiked sediment of the same batch as used for uptake kinetics. It should
be demonstrated that the test conditions (e.g. sediment depth, sediment water ratio, loading, temperature,
water quality) are comparable to the replicates designated for the uptake phase. At the end of the uptake
phase, water, sediment and worm samples should be taken from this container for analysis, and the worms
should be removed carefully and transferred to the replicates prepared for the elimination phase.

51. If no solvent other than water is used, at least 9 replicates of a negative control (at least 3 sampled
at start, 3 at end of uptake and 3 at end of elimination) should be provided for biologica and background
analysis. If any solubilising agent is used for application of the test substance, a solvent control should be
run (at least 3 replicates should be sampled at start, 3 at the end of the uptake phase, and 3 at the end of the
elimination phase). In this case, at least 4 replicates of a negative control (no solvent) should be provided
for sampling at the end of the uptake phase. These replicates can be compared biologically with the solvent
control in order to gain information on possible influence of the solvent on the test organisms. Details are
givenin Annex 3.

Frequency of water quality measur ements

52. As a minimum, the following water quality parameters should be measured in the overlying
water:
o Temperature in one treated vessel of each treatment level per sampling date, and in one

control vessel once per week and at the start and the end of the uptake and
elimination period; temperature in the surrounding medium (ambient air
or water bath) may also be recorded e.g. in hourly intervals;

e Dissolved oxygen content in one treated vessel of each treatment level per sampling date, and in one
control vessel once per week and at the start and the end of the uptake and
elimination period; expressed as mg/L and % ASV (air saturation value);

o Air supply controlled at least once per day (workdays) and adjusted if needed;

e pH in one treated vessel of each treatment level per sampling date, and in one
control vessel once per week and at the start and the end of the uptake and
elimination period;

e Total water hardness at least in one treated vessel and one control test vessel at the start and the
end of the uptake and elimination period, expressed as mg/L CaCOg;

e Tota ammonia content at least in one treated vessel and one control test vessel at the start and the
end of the uptake and elimination period; expressed as mg/L NH," or NH;
or total ammonia-N.
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Sampling and analysis of wor ms, sediment, and water

Sampling Schedule

53. Examples of sampling schedules for a 28-day uptake phase and a 10-day elimination phase are
givenin Annex 3.

54. Sample the water and sediment from the test chambers for determination of test substance
concentration before adding the worms, and during both uptake and elimination phases. During the test the
concentrations of test substance are determined in the worms, sediment, and water in order to monitor the
distribution of the test substance in the compartments of the test system.

55. Sample the worms, sediment, and water on at least six occasions during the uptake as well as the
elimination phase.

56. Continue sampling until a plateau (steady state) has been established (see Annex 1) or for
28 days. If the plateau has not been reached within 28 days, begin the elimination phase. When beginning
the elimination phase, transfer the designated worms to replicate chambers containing untreated sediment
and water.

Sampling and sample preparation

57. Obtain water samples by decanting, siphoning or pipetting a volume sufficient for measuring the
guantity of the test substance in the sample.

58. The remaining overlying water is carefully decanted or siphoned from the test chamber(s).
Sediment sampl es should be taken carefully, causing minimal disturbance of the worms.

59. Remove the worms from the test replicate at the sampling time by suspending the sediment with
overlying water and spreading the contents of each replicate on a shalow tray and picking the worms using
soft steel forceps. Rinse them quickly with water in a shallow glass or steel tray. Remove the excess water.
Transfer the worms carefully to a pre-weighed vessel and weigh them. Kill the worms by freezing at -
20 + 2°C. The presence and number of cocoons and/or juveniles should be recorded.

60. In general, the worms should be weighed and killed immediately after sampling without a gut
purging phase to obtain a conservative BAF which includes contaminated gut content, and to avoid losses
of body residues during any gut-purging period in water only (9). Compounds with log K, above 5 are not
expected to be eliminated significantly during any gut-purging period in water only, while chemicals with
log Kow lower than 4 may be lost in notable amounts (44).

61. During the elimination phase, the worms purge their gut in clean sediment. This means,
measurements immediately before the eimination phase include contaminated gut sediment, while after
the initial 4-24 h of the elimination phase, most of the contaminated gut content is assumed to be replaced
by clean sediment (12) (44). The concentration in the worms of this sample may then be considered as the
tissue concentration after gut purge. To account for dilution of the test substance concentration by
uncontaminated sediment during the elimination phase, the weight of the gut content may be estimated
from worm wet weight/worm ash weight or worm dry weight/worm ash weight ratios.

62. If the purpose of a specific study is to measure the bioavailability and true tissue residues in the
test organisms, then at least a sub-sample of test animals, preferably sampled during steady state, should be
weighed, purged in clean water for a period of 6 hours (44), and weighed again before analysis. Data on
worm weight and body concentration of this sub-sample can then be compared to values obtained from un-

10
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purged worms. The worms designated for measurement of elimination should not be purged before the
transfer to clean sediment to minimise additional stress for the animals.

63. Preferably analyse the water, sediment, and worm samples immediately (i.e. within 1-2 d) after
remova in order to prevent degradation or other losses and to calculate the approximate uptake and
elimination rates as the test proceeds. Immediate analysis also avoids delay in determining when a plateau
has been reached.

64. Failing immediate analysis, the samples should be stored under appropriate conditions. Obtain
information on the proper storage conditions for the particular test substance before beginning the study,
(e.g. duration and temperature of storage, extraction procedures, etc.).

Quiality of analytical method

65. Since the whole procedure is governed essentially by the accuracy, precision and sensitivity of
the anayticad method used for the test substance, check experimentaly that the precison and
reproducibility of the chemical analysis, as well as the recovery of the test substance from water, sediment
and worm samples are satisfactory for the particular method. Also, check that the test substance is not
detectable in the control chambers in concentrations higher than background. If necessary, correct the
values of C,, Cs and C, for the recoveries and background values of controls. Handle all samples
throughout the test in such a manner so that contamination and loss are minimised (e.g. resulting from
adsorption of the test substance on the sampling device).

66. The overal recovery and the recovery of test substance in worms, sediment, water, and, if
employed, in traps containing absorbents to retain evaporated test substance, should be recorded and
reported.

67. Since the use of radiolabelled substances is recommended, it is possible to analyse for tota
radioactivity (i.e. parent and metabolites). However, if analytically feasible, quantification of parent
compound and metabolites at steady state or at the end of the uptake phase can provide important
information. The samples should then be cleaned so that the parent compound can be quantified separately.

68. Due to low individual biomass, it is often not possible to determine the concentration of test
substance in each individual worm, unless Branchiura sowerbyi (40-50 mg wet weight per worm) is used
as test species (12). Therefore, pooling of the individuals sampled from a given test vessel is acceptable,
but it does redtrict the gtatistical procedures which can be applied to the data. If a specific gatistical
procedure and power are important considerations, then an adequate number of test animals and/or
replicate test chambers to accommodate the desired pooling, procedure and power, should be included in
the test.

69. It is recommended that the BAF is expressed both as a function of total wet weight, tota dry
weight, and, when required (i.e. for highly lipophilic substances) as a function of the lipid content. Suitable
methods should be used for determination of lipid content (45) (46). The chloroform/methanol extraction
technique may be recommended as standard method (45). However, to avoid the use of chlorinated
solvents, a ring-tested modification of the Bligh & Dyer method (47) (48) as described in (48) might be
used. Since the various methods do not give identical values (45), it isimportant to detail the method used.
When possible, i.e. if sufficient worm tissue is available, the lipid content is measured in the same sample
or extract as that produced for analysis for the test substance, since the lipids often have to be removed
from the extract before it is analysed by chromatography (5). However, it is practical to use acclimatised
control animals at least at start or - preferably - at the end of the uptake phase to measure the lipid content,
e.g. in three samples.

11



Draft 20 August 2007

DATA AND REPORTING

Treatment of results

70. The uptake curve of the test substance is obtained by plotting in arithmetic scale the
concentration of test substance in/on the worms during the uptake phase against time. If the curve has
reached a plateau, calculate the steady state BAF

C, at steady state or at day 28 (mean)
C; at steady state or at day 28(mean)

71. Determine the kinetic bioaccumulation factor (BAF) as the ratio kdk.. The elimination constant
(ke) is usually determined from the elimination curve (i.e. a plot of the concentration of the test substance
in the worms during the elimination phase). The uptake rate constant ks is then calculated from the uptake
curve kinetics. The preferred method for obtaining BAF« and the rate constants, ks, and K, is to use non-
linear parameter estimation methods on a computer (see Annex 2). If the elimination is obviously not first-
order, then more complex models should be employed (26) (27) (49).

72. The Biota-Sediment Accumulation Factor (BSAF) is determined by normalising the BAF) for
the worm lipid content and the sediment total organic carbon content.

I nterpretation of results

73. The results should be interpreted with caution where measured concentrations of test
concentrations occur at levels close to the detection limit of the analytical method used.

74. Clearly defined uptake and elimination curves are an indication of good quality bioaccumulation

data. Generally the confidence limits for the BAF values from well-designed studies should not exceed

25% (5).

Test report

75. The test report must include the following information.

Test substance

— physical nature and, physicochemical properties e.g. log K, water solubility;

— substance identification data; source of the test substance, identity and concentration of any solvent
used;

— if radiolabelled, the precise position of the labelled atoms, the specific radioactivity, and the percentage
of radioactivity associated with impurities.

Test species

— scientific name, strain, source, any pre-treatment, acclimation, age, size-range, €tc..

Test conditions

— test procedure used (e.g. static, semi-static or flow-through);
— type and characteristics of illumination used and photoperiod(s);

12
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— test design (e.g. number, material and size of test chambers, water volume, sediment mass and volume,
water volume replacement rate (for flow-through or semi-static procedures), any aeration used before
and during the test, number of replicates, number of worms per replicate, number of test
concentrations, length of uptake and elimination phases, sampling frequency);

— method of test substance preparation and application as well as reasons for choosing a specific method;
— the nominal test concentrations;

— source of the constituents of the artificial water and sediment or - if natural media are used - origin of
the water and the sediment, description of any pre-treatment, results of any demonstration of the ability
of the test animals to live and/or reproduce in the media used, sediment characteristics (pH and
ammonia of the pore water (natura sediments), organic carbon content (TOC), particle size
digtribution (percent sand, silt, and clay), percent water content, and any other measurements made)
and water characteristics (pH, hardness, conductivity, temperature, dissolved oxygen concentration,
residua chlorine levels (if measured), and any other measurements made);

— the nomina and measured dry weight in % of wet weight (or dry weight-to-wet weight ratio) of the
artificial sediment; the measured dry weight in % of wet weight (or dry weight-to-wet weight ratio) for
field sediments;

— water quality within the test chambers as characterised by temperature, pH, ammonium, total hardness,
and dissolved oxygen concentration,;

— detaled information on the treatment of water, sediment, and worm samples, including details of
preparation, storage, spiking procedures, extraction, and analytical procedures (and precision) for the
test substance and lipid content, and recoveries of the test substance.

Results

— mortality of the control worms and the worms in each test chamber and any observed abnormal
behaviour (e.g., sediment avoidance, presence or absence of fecal pellets, lack of reproduction);

— the measured dry weight in % of wet weight (or dry weight-to-wet weight ratio) of the sediment and
the test organisms (useful for normalisation);

— thelipid content of the worms;

— curves showing the uptake and elimination kinetics of the test substance in the worms, and the time to
steady state;

— C, Cs;and C, (with standard deviation and range, if appropriate) for all sampling times (C, expressed
in g kg™ wet and dry weight of whole body, C, expressed in g kg™ wet and dry weight, and C,, inmg L’
Y. If a biota-sediment accumulation factor (BSAF; see Annex 1 for definition) is required (e.g. for
comparison of results from two or more tests performed with animals of differing lipid content), C,

should additionally be expressed as g kg™ lipid content of the organism, and Cs should be expressed as
g kg™ organic carbon (OC) of the sediment;

— BAF (expressed in kg sediment kg™ worm), sediment uptake rate constant ks (expressed in g sediment
g* of worm d™), and elimination rate constant k. (expressed in d*); BSAF (expressed in kg sediment
OC kg™ worm lipid content) may be reported additionally;

— Non-Eliminated Residues (NER) at end of elimination phase;

— if measured: percentages of parent compound, metabolites, and bound residues (i.e. the percentage of
test substance that can not be extracted with common extraction methods) detected in the test animals;

— methods used for statistical analyses of the data.
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Evaluation of results

— compliance of the results with the validity criteria as listed in paragraph 27,

— unexpected or unusual results, e.g. incomplete elimination of the test substance from the test animals;
in such cases results from any preliminary study may provide useful information.
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ANNEX 1

DEFINITIONSAND UNITS

Bioaccumulation is the increase in concentration of the test substance in or on an organism relative to the
concentration of the test substance in the surrounding medium. Bioaccumulation results from both
bioconcentration and biomagnification processes (see below).

Bioconcentration is the increase in concentration of the test substance in or on an organism, resulting
exclusively from uptake via the body surface, relative to the concentration of the test substance in the
surrounding medium.

Biomagnification is the increase in concentration of the test substance in or on an organism, resulting
mainly from uptake from contaminated food or prey, relative to the concentration of the test substance in
the food or prey. Biomagnification can lead to atransfer or accumulation of the test substance within food
webs.

The elimination of atest substance is the loss of this substance from the test organism tissue by active or
passive processes, that occurs independently of presence or absence of the test substance in the
surrounding medium.

The bioaccumulation factor (BAF) at any time during the uptake phase of this bioaccumulation test is the
concentration of test substance in/on the test organism (C. in g g* wet or dry weight) divided by the
concentration of the substance in the surrounding medium (Cs as g kg™* of wet or dry weight of sediment).
In order to refer to the units of C, and Cs, the BAF has the units of kg sediment kg™ worm (15).

The steady state biocaccumulation factor (BAFy) is the BAF at steady state and does not change
significantly over a prolonged period of time, the concentration of the test substance in the surrounding
medium (C, as g kg™ of wet or dry weight of sediment) being constant during this period of time.

The biota-sediment accumulation factor (BSAF) is the lipid-normalised steady state concentration of test
substance in/on the test organism divided by the organic carbon-normalised concentration of the substance
in the sediment at steady state. C, is then expressed as g kg™ lipid content of the organism, and Cs as g kg™
organic content of the sediment.

A plateau or steady state is defined as the equilibrium between the uptake and eimination processes that
occur simultaneoudy during the exposure phase. The steady state is reached in the plot of the BAF at each
sampling period against time when the curve becomes parallel to the time axis and three successive
analyses of BAF made on samples taken at intervals of at least two days are within 20% of each other, and
there are no statistically significant differences among the three sampling periods. For test substances
which are taken up slowly, more appropriate intervals would be seven days (5).
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Bioaccumulation factors calculated directly from the ratio of the sediment uptake rate constant divided by
the elimination constant kinetic rate constants (ks and k., respectively - see below) are termed kinetic
bi oaccumulation factor (BAF).

The organic carbon-water partitioning coefficient (K,) is the ratio of a substance’s concentration in/on the
organic carbon fraction of a sediment and the substance’s concentration in water at equilibrium.

The octanol-water partitioning coefficient (K,y) is the ratio of a substance’s solubility in n-octanol and
water at equilibrium (OECD Guideline 117), also sometimes expressed as P,,. The logarithm of K, (log
Kow) IS used as an indication of a substance’s potential for bioaccumulation by aguatic organisms.

The conditioning period is used to stabilise the microbial component of the sediment and to remove e.g.
ammonia originating from sediment components; it takes place prior to spiking of the sediment with the
test substance. Usudlly, the overlying water is discarded after conditioning.

The equilibration period is used to allow for distribution of the test substance between the solid phase, the
pore water and the overlying water; it takes place after spiking of the sediment with the test substance and
prior to addition of the test organisms.

The uptake or exposure phase is the time during which the test organisms are exposed to the test substance.

The sediment uptake rate constant (ks) is the numerical value defining the rate of increase in the
concentration of the test substance in/on the test organism resulting from uptake from the sediment phase.
ks is expressed in g sediment g™* of worm d™.

The elimination phase is the time, following the transfer of the test organisms from a contaminated
medium to a medium free of the test substance, during which the elimination (or the net loss) of the
substance from the test organismsiis studied.

The dimination rate constant (k) is the numerical value defining the rate of reduction in the concentration
of the test substance in/on the test organism, following the transfer of the test organisms from a medium
containing the test substance to a substance-free medium; k; is expressed in d™.

Artificial sediment, or formulated, recongtituted or synthetic sediment, is a mixture of materials used to
mimic the physical components of a natural sediment.

Spiked sediment is sediment to which test substance has been added.

Overlying water is the water lying on top of the sediment in the test vessel.

Pore water or interstitial water isthe water occupying space between sediment or soil particles.
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ANNEX 2

Calculation of uptake and elimination parameters

Main endpoint of a bioaccumulation test is the bioaccumulation factor, BAF. The BAF can be calculated
by dividing the concentration in the test organism, C,, by the concentration in the sediment, C, at steady
state. If the steady state is not reached during the uptake phase, the BAF is calculated in the same manner
for day 28. However, it should be noted whether the BAF is based on steady state concentrations or not.

The preferred means for obtaining the bioaccumulation factor (BAFk), the sediment uptake rate constant
(ks) and the elimination rate constant (ke) iSto use non-linear parameter estimation methods on a computer.
Given the time series of average accumulation factors (C,, mean values of each sampling date/Cs, mean
values of each sampling date = AF) of the uptake phase based on worm and sediment wet weight, and the
model equation

AF(t) = BAFx(1-e") [equation 1]

where AF(t) is the ratio of concentration in worms and the concentration in sediment in the sediment at any
given time point (t) of the uptake phase, these computer programs calculate values for BAFy, ks and ke.

When steady state is reached during the uptake phase (i.e. t = o), equation 1 may be reduced to:

BAF« = —--
Ke [equation 2]

where ks = uptake rate constant in tissue [g sediment g* of worm d™]
ke = elimination rate constant [d™]

Then k/kexCs is an approach to the concentration of the test substance in the worm tissue at steady state
(Cas)-

The Biota-Sediment Accumulation Factor (BSAF) should be calculated as follows:

fOC

BSAF = BAFkx

fIip
where f is the fraction of sediment organic carbon based on dry weight, and fji, is the fraction of worm
lipid, both based either on dry weight, or on wet weight.

Given atime series of concentration values, the elimination kinetics can be modelled using the following
model equations and a computer cal culation based non-linear parameter estimation method.
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The mean measured body residue at the end of the uptake phase is recommended as the default starting
point. The use of the value modelled/estimated from the uptake phase should only be used, e.g. if the
measured value deviates significantly from the modelled body residue. See also paragraph O for aternative
pre-exposure of worms designated for elimination; with this approach, samples of these pre-exposed
worms on day 0 of the elimination phase are thought to provide a redistic body residue to start the
elimination kinetics with.

If the data points plotted against time indicate a constant exponentia decline of the test substance
concentration in the animals, a one-compartment model (equation 4) can be used to describe the time
course of elimination.

Ca(t) =Cass x eKet [equation 3]

Elimination processes sometimes appear to be biphasic, showing a rapid decline of C, during the early
phases, that changes to a slower loss of test substances in the later phases of the elimination (9) (19) (26)).
The two phases can be interpreted by the assumption, that there are two different compartments in the
organism, from which the test substance is lost with different velocity. In these cases specific literature
should be studied (15) (16) (17) (26).

A two-compartment elimination is described e.g. by the following equation (26):

Ca =Axekl+Bxekot [equation 4]
A and B represent the size of the compartments (in percent of overal tissue residue), where A is the
compartment with rapid loss of substance, and B the compartment with slow loss of test substance. The
sum of A and B equals 100% of the whole animal compartment volume at steady state. k, and ki, represent

the corresponding elimination constants [d]. If the two compartment model is fitted to the depuration
data, the uptake rate constant ks may be determined as follows (63) (64):

(Axk, + Bxky,)xBAF

A+B _
[equation 5]

Nevertheless, these model equations should be used with caution, especially when changes in the test
chemical”s bioavailability occur during the test (36).

The Non-Eliminated Residues (NER) should be calculated as a secondary endpoint by multiplying the ratio
of the average concentration in the worms (C;) on day 10 of the dimination phase and the average
concentration in the worms (C,) at steady state (day 28 of uptake phase) by 100:

C, at end of elimination (average) x 100
NER10q4 [%0] =

C, at steady state (average)
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ANNEX 3

Example of a Sampling Schedule for a 28-day Bioaccumulation Test

a) Uptake phase (including a 4 d- equilibration phase)
Day Activities

-6 Preparation of peat suspension for sediment; conditioning of the suspension for 48 h;

-4 Spiking of the sediment or sediment fraction; mixing of all sediment constituents; removing
sediment samples of treated and solvent control sediment for determination of test item
concentration; addition of overlying water; incubation at test conditions (equilibration phase);

-3/-2  Separation of the test organisms from the culture for acclimatisation;

0 Measurement of temperature, pH, oxygen content in the overlying water of the test chambers;
removing replicates for taking samples of water and sediment for determination of test
substance concentration; randomised distribution of the worms to the test chambers; retaining
of sufficient sub-samples of worms for determination of analytical background values;
controlling air supply, if closed test system is used;

1 Removereplicates for sampling; controlling air supply, worm behaviour, pH, temperature
and oxygen content in sampled test chambers; taking water, sediment and worm samples for
determination of test substance concentration;

2 Controlling air supply, worm behaviour and temperature;

3 Sameasday 1;

4-6 Sameasday 2;
7 Sameasday 1; compensate evaporated water if necessary;
8-13 Sameasday 2;
14 Sameasday 1; compensate evaporated water if necessary;
15-20 Sameasday 2;
21 Sameasday 1; compensate evaporated water if necessary;
22-27 Sameasday 2,
28 Sameasday 1; measurement of temperature, pH, oxygen content in the overlying water of

the test chambers; end of uptake phase; retaining of sufficient subsamples of worms for
determination of analytical background values, wet and dry weight, and lipid content; transfer
worms from remaining exposed replicates to vessels containing clean sediment for
elimination phase (no gut-purging); sampling of water, sediment and worms from solvent
controls; sampling of trapping solutions, if installed.

Pre-exposure activities (equilibration phase) should be scheduled taking into account the
properties of the test substance. If required, conditioning of the prepared sediment under
overlying water at 20 + 2°C for 7 days; in this case, earlier preparation of the sediment!

Activities described for day 2 should be performed daily (at least on workdays).
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b) Elimination phase

Day Activities

-6 Preparation of peat suspension for sediment; conditioning of the suspension for 48 h;

-4 Mixing of al sediment constituents; removing sediment samples of treated and solvent control
sediment for determination of test item concentration; addition of overlying water; incubation at
test conditions;

O(day 28 Measurement of temperature, pH, oxygen content in the overlying water of the test chambers;
of uptake transfer worms from remaining exposed replicates to vessels containing clean sediment; after 4
phase) -6 h removing replicates for taking samples of water, sediment and worms for determination of
test substance concentration; randomised distribution of the worms to the test chambers;

1 Remove replicates for sampling; controlling air supply, worm behaviour, pH, temperature and
oxygen content in sampled test chambers; taking water, sediment and worm samples for
determination of test substance concentration;

Controlling air supply, worm behaviour and temperature;
Same as day 1,

Same as day 2;

Same as day 1,

Same as day 2;

Same as day 1; compensate evaporated water if necessary;
Same as day 2;

10 Sameasday 1; end of elimination phase; measurement of temperature, pH, oxygen content in
the overlying water of the test chambers; sampling of water, sediment and worms from solvent
controls; sampling of trapping solutions, if installed.

© N o 0o~ W DN

Preparation of the sediment prior to start of elimination phase should be done in the same
manner as before the uptake phase.

Activities described for day 2 should be performed daily (at least on workdays).
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ANNEX 4

Some Physical-Chemical Characteristics of an Acceptable Dilution Water

SUBSTANCE CONCENTRATIONS
Particular matter <20 mg/L

Total organic carbon < 2ug/L
Unionised ammonia <1lpg/lL
Residual chlorine <10 pg/L

Tota organophosphorous pesticides <50 ng/L

Tota organochlorine pesticides plus polychlorinated biphenyls <50 ng/L

Total organic chlorine <25ng/L

COMPOSITION OF THE RECOMMENDED RECONSTITUTED WATER (25)

@ Calcium chloride solution
Dissolve 11.76 g CaCl, x 2 H,O in deionised water; make up to 1 L with deionised water

(b) Magnesium sul phate solution
Dissolve 4.93 g MgSO, x 7 H,O in deionised water; make up to 1 L with deionised water

(© Sodium bicarbonate solution
Dissolve 2.59 g NaHCO; in deionised water; make up to 1 L with deionised water

(d) Potassium chloride solution
Dissolve 0.23 g KCl in deionised water; make up to 1 L with deionised water

All chemicals must be of analytical grade.
The conductivity of the distilled or deionised water should not exceed 10 uScm'™.

25 ml each of solutions (a) to (d) are mixed and the total volume made up to 1 L with deionised water. The
sum of the calcium and magnesium ionsin this solutionsis 2.5 mmol/L.

The proportion CaMg ions is 4:1 and NakK ions 10:1. The acid capacity K,z of this solution is
0.8 mmol/L.

Aerate the dilution water until oxygen saturation is achieved, then store it for approximately two days
without further aeration before use.

21



Draft 20 August 2007

ANNEX 5

ARTIFICIAL SEDIMENT - PREPARATION AND STORAGE RECOMMENDATIONS

In contrast to the requirements in the OECD Guideline 207 (34) the peat content of the artificial sediment
is recommended to be 2% instead of 10% of dry weight, in order to correspond to a low to moderate
organic content of natural sediments (50).

Percentage of dry constituents of the artificial sediment:

Constituent Characteristics % of dry
sediment

Peat Sphagnum moss peat, degree of decomposition:

“medium”, air dried, no visible plant remains, finely

ground (particle size < 0.5 mm) 2+05
Quartz sand Grain size: <2 mm, but > 50% of the particles should

be in the range of 50-200 um 76
Kaolinite clay Kaolinite content > 30% 22+1
Urtica powder Folia urticae, powdered leaves of Urtica sp. (stinging

nettle), finely ground (particle size < 0.5 mm), or a
mixture of powdered leaves of Urtica sp. with alpha
cellulose (1 : 1); in accordance with pharmacy
standards, for human consumption; in addition to dry

sediment 0.4-0.5%
Calcium carbonate CaCQ;, pulverised, chemically pure, in addition to

dry sediment 0.05-1
Deionised Water Conductivity < 10 pS/cm, in addition to dry sediment 30- 50

If elevated ammonia concentrations are expected, e.g. if the test substance is known to inhibit the
nitrification, it may be useful to replace 50% of the nitrogen-rich urtica powder by cellulose (e.g., a-
Cellulose powder, chemically pure, particle size < 0.5 mm).

Preparation

The peat is air-dried and ground to a fine powder (grain size < 0.5 mm, no visible plant remains). A
suspension of the required amount of peat powder is prepared using a portion of the deionised water to be
added to the dry sediment (awater volume of 11.5 x dry weight of peat has been found useful to produce a
stirrable peat durry (9)) using a high-performance homogenising device.
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The pH of this suspension is adjusted to 5.5 + 0.5 with CaCOs. The suspension is conditioned for at least
two days with gentle stirring at 20 + 2 °C, to stabilise pH and establish a stable microbial component. The
pH is measured again and is adjusted to 6.0 + 0.5 with CaCO; if necessary. Then all of the suspension is
mixed with the other dry constituents, taking into account any portion used for spiking. The remaining
deionised water is added to obtain a homogeneous sediment. The pH is measured again and is adjusted to
6.5 to 7.5 with CaCQO; if necessary. However, if ammonia development is expected, it may be useful to
keep the pH of the sediment below 7.0 (e.g. between 6.0 and 6.5). Samples of the sediment are taken to
determine the dry weight and the organic carbon content. If ammonia development is expected, the
artificial sediment may be conditioned for seven days under the same conditions which prevail in the
subsequent test (e.g. sediment-water ratio 1 : 4, height of sediment layer as in test vessels) before it is
spiked with the test substance, i.e. it should be topped with water, which should be aerated. At the end of
the conditioning period, the overlying water should be removed and discarded. Samples of the sediment are
taken to determine dry weight and total organic carbon (e.g. 3 samples).

Thereafter, the spiked quartz sand is mixed with the sediment for each treatment level, the sediment is
distributed to the replicate test vessels, and topped with the test water (e.g. sediment-water ratio 1 : 4,
height of sediment layer as in test vessdls). The vessdls are then incubated at the same conditions which
prevail in the subsequent test. This is where the equilibration period starts. The overlying water should be
aerated.

The chosen food source should be added prior to or during spiking the sediment with the test substance. It
can be mixed initialy with the peat suspension (see above). However, excessive degradation of the food
source prior to addition of the test organisms - e.g. in case of long equilibration period - can be avoided by
keeping the time period between food addition and start of exposure as short as possible. In order to ensure
that the food is in sufficient contact with the test compound, the food source should be mixed with the
sediment not later than on the day the test substance is spiked to the sediment. Exceptions may be made
where the length of the equilibration period leads to excessive microbial degradation of the food before the
test organisms are added. Samples of the sediment are taken to determine dry weight and total organic
carbon (e.g. 3 samples of spiked or control sediment).

The dry weight of the components (peat, sand, kaolin) should be reported in g and in in per cent of total dry
weight.

The volume of water to be added to the dry components during preparation of the sediment should also be
reported in per cent of total dry weight (e.g. 100% dry weight + 46% water means 1000 g d.w. receive a
total of 460 mL water, which resultsin 1460 g wet sediment).

Storage

The dry constituents of the artificial sediment may be stored in adry, cool place at room temperature. The
prepared, wet sediment may be stored (for further use in the culture only) at 4 + 2°C in the dark for a
period of 2 to 4 weeks from the day of preparation (9).

Sediment spiked with the test substance should be used immediately unless there is information indicating
that the particular sediment can be stored without affecting the toxicity and biocavailability of the test
substance. Samples of spiked sediment may be stored under the conditions recommended for the particular
test substance until analysis.
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ANNEX 6

OLIGOCHAETES SPECIESRECOMMENDED FOR BIOACCUMULATION TESTING

Tubifex tubifex (M UL L ER), Tubificidae, Oligochaeta

The tubificid oligochaete (Tubificidae, Oligochaeta) Tubifex tubifex (Muller) lives in freshwater sediments
in tubes which are lined with mucus. In these tubes the worms dwell head down, ingesting sediment
particles utilising the associated microorganisms and organic debris. The posterior portion usually
undulates in the overlying water for respiration purposes. Although this species inhabits a wide range of
sediment types, Tubifex tubifex prefers relatively fine grain sizes (52). The suitability of this species for
ecotoxicological testing is described for example in (9)(33)(38)(40)(51)(53)(54)(55).

Culture methods

In order to have a sufficient number of Tubifex tubifex for conducting bioaccumulation tests the worms
have to be kept in permanent laboratory culture. A system consisting of artificial sediment based on the
artificial soil according to Guideline 207 (34) and reconstituted water according to OECD Guideline 203
(25) isrecommended for T. tubifex culture (9).

Glass or stainless steel containers with a height of 12 to 20 cm can be used as culture vessels. Each culture
container is loaded with a layer of wet artificial sediment prepared as described in Annex 4. The depth of
the sediment layer should allow for natural burrowing behaviour of the worms (2 cm minimum depth for
T. tubifex). Reconstituted water is added to the system. Care should be taken to minimise disturbing the
sediment. The water body is gently aerated (e.g. 2 bubbles per second) with 0.45 um-filtered air via a
pasteur pipette positioned 2 cm above the sediment surface. The recommended culture temperature is
20+ 2°C.

The worms are added to the culture system with a maximum loading of 20,000 individuals'm? sediment
surface. A higher loading may cause areduction in growth and reproduction rates (42).

In artificial sediment cultures, the worms have to be fed. A diet consisting of finely ground fish food, e.g.
TetraMin® can serve as additional nutrition (9); Klerks 1994, personal communication. The feeding rates
should alow for sufficient growth and reproduction and should keep build-up of ammonia and fungal
growth in the culture at a minimum. Food may be administered twice a week. Practical experience has
shown that application of food suspended in deionised water may facilitate homogeneous food distribution
on the sediment surface in the culture containers.

To avoid accumulation of ammonia, the overlying water should be exchanged using a flow-through
system, or, at least once a week, manually. Sediment should be changed every three months in the stock
cultures.

Sampling of worms from the culture can be done by sieving the culture sediment through a 1 mm sieve if
only adults are required. For retaining cocoons a 0.5 mm mesh, and for juvenile worms a 0.25 mm sieveis
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suitable. The sieves can be placed into reconstituted water after the sediment has passed through. The
worms leave the mesh and can then be picked from the water using a soft steel forceps or a pipette with
fire-polished edges.

Only intact and clearly identified specimens of Tubifex tubifex (e.g. (56)) are used to start a test or new
cultures. Diseased or injured worms as well as cocoons infested with fungal hyphae have to be discarded.

A synchronised culture can provide worms of a specified age in suitable intervals when desired. New
culture vessels are set up in the chosen intervals (e.g. every two weeks), starting with animals of a certain
age (e.g. cocoons). At the culture conditions described here the worms are adult after 8 - 10 weeks. The
cultures can be harvested, when the worms have laid new cocoons, e.g. after ten weeks. The sampled adults
can be used for tests, and new cultures can be started with the cocoons.

Lumbriculus variegatus (M ULLER), Lumbriculidae, Oligochaeta

Lumbriculus variegatus (Lumbriculidae, Oligochaeta) is also an inhabitant of freshwater sediments and is
widely used in ecotoxicological testing . Information on the biology, culture conditions, and sensitivity of
the species can be obtained from (1)(7)(10)(30). Lumbriculus variegatus can also be cultured in the
artificial sediment recommended for T. tubifex according to (9) within certain limitations. Since, in nature
L. variegatus prefers more coarse sediments than T. tubifex (52), laboratory cultures with the artificial
sediment used for T. tubifex may cease after 4 to 6 months. Practical experience has shown that L.
variegatus can be held in a sandy substratum (e.g. quartz sand, fine gravel) in a flow-through system using
fish food as nutritional source over several years without renewing the substratum. A major advantage of
L. variegatus over other aguatic oligochaete species is its quick reproduction, resulting in rapidly
increasing biomass in laboratory cultured populations (1)(7)(10)(11).

Culture methods

Culture conditions for Lumbricul us variegatus are outlined in detail in Phipps et al. (1993) (11), Brunson et
a. (1998) (37), ASTM (2000) (1), U.S. EPA (2000) (7). A short summary of these conditions is given
below.

The worms can be cultured in large aguaria (57 - 80 L) at 23°C with a 16L:8D photoperiod (100 - 1000
lux) using daily renewed natural water (45 - 50 L per aquarium). The substrate is prepared by cutting
unbleached brown paper towels into strips, which may then be blended with culture water for a few
seconds to result in small pieces of paper substrate. This substrate can then directly be used in the
Lumbriculus culture aquaria by covering the bottom area of the tank, or be stored frozen in deionised water
for later use. New substrate in the tank will generally last for about two months.

Each worm culture is started with 500 - 1,000 worms, and fed a 10 mL suspension containing 6 g of trout
starter food 3 times per week under renewal or flow-through conditions. Static or semi-static cultures
should receive lower feeding rates to prevent bacterial and fungal growth. Food and paper substrate should
be analysed for the chemicals to be used in bioaccumulation tests.

Under these conditions the number of individuals in the culture generally doubles in about 10 to 14 d.

Lumbriculus variegatus can be removed from the cultures e.g. by transferring substrate with a fine mesh
net, or organisms using a fire polished wide mouth (about 5 mm diameter) glass pipette, to a separate
beaker. If substrate is co-transferred to this beaker, the beaker containing worms and substrate is left
overnight under flow-through conditions, which will remove the substrate from the beaker, while the
worms remain at the bottom of the vessel. They can then be introduced to newly prepared culture tanks, or
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processed further for the test as outlined in (1) and (7). Injuries or autotomy in the worms should be
prevented, e.g. by using pipettes with fire polished edges, or stainless steel picks for handling these worms.

An issue to be regarded critically when using L. variegatus in sediment bioaccumulation tests is its
reproduction mode (architomy or morphallaxis). This asexual reproduction results in two fragments, which
do not feed for a certain period until the head or tail part is regenerated (e.g., (30)(30)). This means that in
L. variegatus sediment and contaminant uptake via ingestion may not take place continuoudly as in
tubificids, which do not reproduce by fragmentation.

Therefore, a synchronisation should be performed to minimise uncontrolled reproduction and regeneration,
and subsequent high variation in test results. Such variation can occur, when some individuas, which have
fragmented and therefore do not feed for a certain time period, are less exposed to the test substance than other
individuals, which do not fragment during the test, e.g. (32). 10 to 14 days before the start of exposure, the
worms should be artificialy fragmented (synchronisation). Adult worms should be used, which preferably do
not show signs of recent morphallaxis. These worms can be placed onto aglass didein adrop of culture water,
and dissected in the median body region with a scape. Care should be taken that the posterior ends are of
similar size. The pogterior ends should then be I€eft to regenerate new heads in a culture vessel containing the
same substrate as used in the culture and recongtituted water until the start of exposure. Regeneration of new
heads is indicated when the synchronised worms are burrowing in the substrate (presence of regenerated heads
may be confirmed by inspecting a representative subsample under a binocular microscope). The test organisms
are thereafter expected to be in a smilar physologicd sate. This means, that when reproduction by
morphallaxis occurs in synchronised worms during the test, virtualy al animals are expected to be equaly
exposed to the spiked sediment. Feeding of the synchronised worms should be done once as soon as the worms
are starting to burrow in the substrate, or 7 d after dissection. The feeding regimen should be comparable to the
regular cultures, but it may be advisable to feed the synchronised worms with the same food source asisto be
used in the test. The worms should be held at test temperature, at 20 + 2°C. After regenerating, intact complete
worms of smilar size, which are actively swimming or crawling upon a gentle mechanica stimulus, should be
used for the test. Injuries or autotomy in the worms should be prevented, e.g. by using pipettes with fire
polished edges, or stainless stedl picks for handling these worms.

When using Lumbriculus variegatus in the test, due to the specific reproduction mode of this species, an
increase of the number of worms should occur during the test, if conditions are appropriate (7). A lack of
reproduction in a bioaccumulation test with L. variegatus should be recorded, and considered when
interpreting the test results.

Branchiura sowerbyi (BEDDARD), Tubificidae, Oligochaeta (not validated in ring test)

Branchiura sowerbyi inhabits a variety of sediment types of reservoirs, lakes, ponds and rivers. However,
they are more abundant in mud-clay sediments with high organic matter content. Furthermore, the worms
are living in the sediment layer. Even the posterior end of the worms is usually burrowed. This speciesis
easily identified from the gill filaments on their posterior part. The adults can reach alength of 9 - 11 cm
and a wet weight of 40-50 mg. The worms have a high rate of reproduction, show population doubling
times of less than 2 weeks and under the conditions of temperature and feeding described below (Aston et
al., 1982, (57)). B. sowerbyi has been used both in toxicity and bioaccumulation studies (Marchese &
Brinkhurst 1996, (40), Roghair et al. 1996, (60) respectively).

Culture methods

A summary of culture conditions for Branchiura sowerbyi is given below (provided by Mercedes R.
Marchese, INALI, Argentina, and Carla J. Roghair, RIVM, The Netherlands).
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No single technique for culturing the test organisms is required. The organisms can be cultured using
uncontaminated, natural sediment (40). Practical experience showed that a medium consisting of natural
sediment and sand improves the condition of the worms compared to pure natural sediment (41)(60). 3 L-
beakers containing 1,500 mL sediment/water medium, consisting of 375 mL of natural uncontaminated
sediment (about 10 % Total Organic Carbon; about 17% of the particles < 63 um), 375 mL of clean sand
(M32), and 750 mL of reconstituted or dechlorinated tap water can be used for the culture (40)(41)(60).
Paper towels also can be used as a substrate for culturing, but population growth is lower than in natural
sediment. In semi-static systems the water layer in the beaker is slowly aerated, and the overlying water
should be renewed weekly.

Each beaker contains 25 young worms to start with. After two months the adult worms are picked out of
the sediment with a pair of tweezers and are put in a new beaker with freshly made sediment/water
medium. The old beaker also contains cocoons and young worms. Up to 400 young worms per beaker can
be harvested in this way. Adults worms can be used for reproduction for at least one year.

The cultures should be maintained at a temperature of 21 to 25°C. Variation of temperature should be kept
below + 2°C. The time required for embryonic development from an egg being laid until the young leaves
the cocoon is approximately three weeks at 25°C. The egg production obtained per surviving worm in B.
sowerbyi was found to range from 6.36 (40) to 11.2 (39) in mud at 25°C. The number of eggs per cocoon
ranges from 1.8 to 2.8 (57)(59) or up to 8 (58).

Dissolved oxygen, water hardness, temperature, and pH should be measured weekly. Fish food (e.g.
TetraMin®) can be added as suspension two or three times per week ad libitum. The worms can also be fed
with thawed lettuce.

A mgjor advantage of this species is the high individual biomass (up to 40 - 50 mg wet weight per
individual). Therefore this species may be used for testing bioaccumulation of non-radiolabelled test
compounds. It can be exposed in the systems used for T. tubifex or L. variegatus with a single individua
per replicate (12). Replication, however, should then be increased, unless larger test chambers are used
(12).

27



Draft 20 August 2007

LITERATURE

(1) ASTM International (2000). Standard guide for the determination of the bioaccumulation of sediment-
associated contaminants by benthic invertebrates, E 1688-00a. In ASTM International 2004 Annual
Book of Standards. Volume 11.05. Biological Effects and Environmental Fate; Biotechnology;
Pesticides. ASTM International, West Conshohocken, PA.

(2) EC (2003). Technical Guidance Document on Risk Assessment in support of Commission Directive
93/67/EEC on Risk Assessment for new notified substances, Commission Regulation (EC) No 1488/94
on Risk Assessment for existing substances and Directive 98/8/EC of the European Parliament and of
the Council concerning the placing of biocidal products on the market; Part | - IV. Office for Officia
Publications of the EC (European Commission), L uxembourg.

(3) OECD (19923a). Report of the OECD workshop on effects assessment of chemicalsin sediment. OECD
Monographs No. 60. Organisation for Economic Co-operation and Devel opment (OECD), Paris.

(4) Ingersoll, C.G., Ankley, G.T., Benoit D.A., Brunson, E.L., Burton, G.A., Dwyer, F.J., Hoke, RA.,
Landrum, P. F., Norberg-King, T. J. and Winger, P.V. (1995). Toxicity and bioaccumulation of
sediment-associated contaminants using freshwater invertebratess A review of methods and
applications. Environ. Toxicol. Chem. 14, 1885-1894.

(5) OECD (19964). OECD Guidelines for testing of chemicals. Bioconcentration: Flow-through fish test.
Guideline No. 305. OECD, Paris.

(6) ASTM (1998). Standard guide for collection, storage, characterisation, and manipulation of sediment
for toxicological testing. American Society for Testing and Materias, E 1391-94.

(7) U.S. EPA (2000). Methods for measuring the toxicity and bioaccumulation of sediment-associated
contaminants with freshwater invertebrates. Second Edition. EPA 600/R-99/064, U.S. Environmenta
Protection Agency, Duluth, MN, March 2000.

(8 OECD (2004). Guideline for the Testing of Chemicals No. 218: "Sediment-water chironomid
toxicity test using spiked sediment”. OECD, Paris.

(9) Egeler, Ph., Rémbke, J., Méller, M., Knacker, Th., Franke, C., Studinger, G. & Nagel, R. (1997).
Bioaccumulation of lindane and hexachlorobenzene by tubificid dudgeworms (Oligochaeta) under
standardised laboratory conditions. Chemosphere 35, 835-852.

(10) Ingersoll, C.G., Brunson, E.L., Wang N., Dwyer, F.J., Ankley, G.T., Mount D.R., Huckins J., Petty.
J. and Landrum, P. F. (2003). Uptake and depuration of nonionic organic contaminants from sediment
by the oligochaete, Lumbriculus variegatus. Environmental Toxicology and Chemistry 22, 872-885.

(11) Phipps, G.L., Ankley, G.T., Benoit, D.A. and Mattson, V.R. (1993). Use of the aguatic Oligochaete
Lumbriculus variegatus for assessing the toxicity and bioaccumulation of sediment-associated
contaminants. Environ.Toxicol. Chem. 12, 269-279.

(12) Egeler, Ph.,, Rombke, J.,, Knacker, Th., Franke, C. & Studinger, G. (1999). Workshop on
"Bioaccumulation: Sediment test using benthic oligochaetes', 26.-27.04.1999, Hochheim/Main,
Germany. Report on the R+D-project No. 298 67 419, Umweltbundesamt, Berlin.

28



Draft 20 August 2007

(13) Kdly, JR,, Levine, SN., Buttel, L.A., Kelly, A.C., Rudnick, D.T. & Morton, R.D. (1990). Effects
of tributyltin within a Thalassia seagrass ecosystem. Estuaries 13, 301-310.

(14) Nendza, M. (1991). QSARs of biocaccumulation: Validity assessment of log K,./log BCF
correlations. In: R. Nagel and R. Loskill (eds.): Bioaccumulation in aquatic systems. Contributions to
the assessment. Proceedings of an international workshop, Berlin 1990. VCH, Weinheim

(15) Landrum, P.F., Lee Il, H., & Lydy, M.J. (1992). Toxicokinetics in aguatic systems. Model
comparisons and use in hazard assessment. Environ. Toxicol. Chem. 11, 1709-1725.

(16) Markwell, R.D., Connéll, D.W. & Gabric, A.J. (1989). Bioaccumulation of lipophilic compounds
from sediments by oligochaetes. Wat. Res. 23, 1443-1450.

(17) Gabric, A.J,, Connell, D.W. & Bdl, P.R.F. (1990). A kinetic model for bioconcentration of
lipophilic compounds by oligochaetes. Wat. Res. 24, 1225-1231.

(18)  Kukkonen, J. and Landrum, P.F. (1994). Toxicokinetics and toxicity of sediment-associated Pyrene
to Lumbriculus variegatus (Oligochaeta). Environ. Toxicol. Chem. 13, 1457-1468.

(19) Franke, C., Studinger, G., Berger, G., Bohling, S., Bruckmann, U., Cohors-Fresenborg, D. and
Johncke, U. (1994). The assessment of bioaccumulation. Chemosphere 29, 1501-1514.

(20) Beek, B., S. Boehling, U. Bruckmann, C. Franke, U. Joehncke & G. Studinger (2000). The
assessment of bioaccumulation. In Hutzinger, O. (editor), The Handbook of Environmental Chemistry,
Vol. 2 Part J (Vol. editor: B. Beek): Bioaccumulation - New Aspects and Developments. Springer-
Verlag Berlin Heidelberg: 235-276.

(21) OECD (2000). Guidance Document on Aquatic Toxicity Testing of Difficult Substances and
Mixtures. OECD Environment, Health and Safety Publications, Series on Testing and Assessment No.
23.

(22) OECD (1996b). OECD Guidelinesfor the testing of chemicals. OECD, Paris.

(23) OECD (1996c). Direct phototransformation of chemicals in water. Environmental Health and
Safety Guidance Document Series on Testing and Assessment of Chemicals No. 3. OECD, Paris.

(24) Antoine, M.D., Dewanathan, S. & Patonay, G. (1991). Determination of critical micelles
concentration of surfactants using a near-infrared hydrophobicity probe. Microchem. J. 43, 165-172.

(25) OECD (1992b). Guidelines for Testing of Chemicals No. 203. Fish, Acute Toxicity Test. OECD,
Paris.

(26) Spacie, A. & Hamelink, J.L. (1982). Alternative models for describing the bioconcentration of
organicsin fish. Environ. Toxicol. Chem. 1, 309-320.

(27) Hawker, D.W. & Connell, D.W. (1988). Influence of partition coefficient of lipophilic compounds
on bioconcentration kinetics with fish. Wat. Res. 22, 701-707.

(28) OECD (1992c). Guidelines for Testing of Chemicals No. 210. Fish, Early-life Stage Toxicity Test.
OECD, Paris.

(29) Kaster, J.L., Klump, JV., Meyer, J., Krezoski, J. & Smith, M.E. (1984). Comparison of defecation
rates of Limnodrilus hoffmeisteri using two different methods. Hydrobiologia 11, 181-184.

(30) Leppanen, M.T. & Kukkonen, J.V K. 1998: Factors affecting feeding rate, reproduction and growth
of an oligochaete Lumbriculus variegatus (Mller). Hydrobiologia 377: 183-194.

(31) Leppénen, M.T. & Kukkonen, J.V K. 1998: Relationship between reproduction, sediment type and
feeding activity of Lumbriculus variegatus (Mdller): Implications for sediment toxicity testing.
Environ. Toxicol. Chem. 17: 2196-2202.

29



Draft 20 August 2007

(32) Leppanen M.T. & Kukkonen J.V.K. (1998). Relative importance of ingested sediment and
porewater as hioaccumulation routes for pyrene to oligochaete (Lumbriculus variegatus, Mdller).
Environ. Sci. Toxicol. 32, 1503-1508.

(33) Martinez-Madrid, M., Rodriguez, P., Perez-Iglesias, J.I. & Navarro, E. (1999). Sediment toxicity
bioassays for assessment of contaminated sitesin the Nervion river (Northern Spain). 2. Tubifex tubifex
(Mller) reproduction sediment bioassay. Ecotoxicology 8, 111-124.

(34) OECD (1984). Guidelines for Testing of Chemicals No. 207. Earthworm, Acute Toxicity Test.
OECD, Paris.

(35) Environment Canada (1995). Guidance document on measurement of toxicity test precision using
control sediments spiked with a reference toxicant. Environmental Protection Series Report EPS
1/RM/30.

(36) Landrum, P.F. (1989). Bioavailahility and toxicokinetics of polycyclic aromatic hydrocarbons
sorbed to sediments for the amphipod Pontoporeia hoyi. Environ. Sci. Toxicol. 23, 588-595.

(37) Brunson, E.L., Canfield, T.J, Ingersoll, CJ. & Kemble, N.E. (1998). Assessing the
bioaccumulation of contaminants from sediments of the Upper Mississippi river using field-collected
oligochaetes and laboratory-exposed Lumbriculus variegatus. Arch. Environ. Contam. Toxicol. 35,
191-201.

(38) Reynoldson, T.B., Thompson, S.P. and Bamsey, JL. (1991). A sediment bioassay using the
tubificid oligochaete worm Tubifex tubifex. Environ. Toxicol. Chem. 10, 1061-1072.

(39) Aston, RJ. & Milner, A.G.P. (1981). Conditions for the culture of Branchiura sowerbyi
(Oligochaeta: Tubificidae) in activated sludge. Aquaculture 26, 155-160.

(40) Marchese, M.R. & Brinkhurst, R.O. (1996). A comparison of two tubificid species as candidates
for sublethal bioassay tests relevant to subtropical and tropical regions. Hydrobiologia 334, 163-168.

(41) Roghair, C.J. & Buijze, A. (1994). Development of sediment toxicity tests. IV. A bioassay to
determine the toxicity of field sediments to the oligochaete worm Branchiura sowerbyi. RIVM Report
719102027.

(42) Poddubnaya, T.L. (1980). Life cycles of mass species of Tubificidae (Oligochaeta). In: R.O.
Brinkhurst and D.G. Cook (eds.): Aquatic Oligochaeta Biology, 175-184. Plenum Press, New Y ork.

(43) Franke, C. (1996). How meaningful is the bioconcentration factor for risk assessment?.
Chemosphere 32, 1897-1905.

(449 Mount, D.R., Dawson, T.D. & Burkhard, L.P. (1999). Implications of gut purging for tissue
residues determined in bioaccumulation testing of sediment with Lumbriculus variegatus. Environ.
Toxicol. Chem. 18, 1244-1249.

(45) Randal, R.C., Leell, H., Ozretich, R.J., Lake, JL. & Pruell, R.J. (1991). Evaluation of selected
lipid methods for normalising pollutant bioaccumulation. Environ.Toxicol. Chem. 10, 1431-1436.

(46) Gardner, W.S., Frez, W.A., Cichocki, E.AA. & Parrish, C.C. (1985). Micromethods for lipids in
aguatic invertebrates. Limnology and Oceanography, 30, 1099-1105.

(47) Bligh, E.G. & Dyer, W.J. (1959). A rapid method of total lipid extraction and purification. Can. J.
Biochem. Pysiol. 37, 911-917.

(48) DeBoer, J, Smedes, F., Wells, D. & Allan, A. (1999). Report on the QUASH interlaboratory study
on the determination of total-lipid in fish and shellfish. Round 1 SBT-2. Exercise 1000. EU, Standards,
Measurement and Testing Programme.

30



Draft 20 August 2007

(49) Kristensen, P. (1991). Bioconcentration in fish: comparison of bioconcentration factors derived
from OECD and ASTM testing methods; influence of particulate matter to the bioavailability of
chemicals. Water Quality Institute, Denmark.

(50) Suedel, B.C. and Rodgers, JH. (1993). Development of formulated reference sediments for
freshwater and estuarine sediment testing. Environ. Toxicol. Chem. 13, 1163-1175.

(51) Oliver, B. G. (1987). Biouptake of chlorinated hydrocarbons from laboratory-spiked and field
sediments by oligochaete worms. Environ. Sci. Technal. 21, 785-790.

(52) Woachs, B. (1967). Die Oligochaeten-Fauna der Fliel3gewasser unter besonderer Beriicksichtigung
der Beziehung zwischen der Tubificiden-Besiedlung und dem Substrat. Arch. Hydr. 63, 310-386.

(53) Chapman, P.M., Farrell, M.A. & Brinkhurst, R.O. (1982a). Relative tolerances of selected aquatic
oligochaetes to individua pollutants and environmental factors. Aquatic Toxicology 2, 47-67.

(54) Chapman, P.M., Farrell, M.A. & Brinkhurst, R.O. (1982b). Relative tolerances of selected aquatic
oligochaetes to combinations of pollutants and environmental factors. Aquatic Toxicology 2, 69-78.

(55) Rodriguez, P. & Reynoldson, T.B. (1999). Laboratory methods and criteria for sediment
bioassessment. In: A. Mudroch, J.M. Azcue & P. Mudroch (eds.): Manual of Bioassessment of aquatic
sediment quality. Lewis Publishers, Boca Raton, CRC PressLLC.

(56) Brinkhurst, R.O. (1971). A guide for the identification of British aquatic oligochaeta. Freshw. Bial.
Assoc., Sci. Publ. No. 22.

(57) Aston, RJ., Sadler, K. & Milner, A.G.P. (1982). The effect of temperature on the culture of
Branchiura sowerbyi (Oligochaeta: Tubificidae) on activated sludge. Aquaculture 29, 137-145.

(58) Aston, R.J. (1984). The culture of Branchiura sowerbyi (Tubificidae, Oligochaeta) using cellulose
substrate. Aquaculture 40, 89-94.

(59) Bonacing, C., Pasteris, A., Bonomi, G. & Marzuoli, D. (1994). Quantitative observations on the
population ecology of Branchiura sowerbyi (Oligochaeta, Tubificidae). Hydrobiologia, 278, 267-274

(60) Roghair, C.J., Buijze, A., Huys, M.P.A., Wolters-Balk, M.A.H., Yedema, E.S.E. & Hermens,
J.L.M. (1996). Toxicity and toxicokinetics for benthic organisms; 1I: QSAR for base-line toxicity to
the midge Chironomus riparius and the tubificid oligochaete worm Branchiura sowerbyi. RIVM
Report 719101026.

(61) Egeler, Ph., Mdler, M., Schalnal3, H.J. & Gilberg, D. (2005). Validation of a sediment toxicity test
with the endobenthic aquatic oligochaete Lumbriculus variegatus by an international ring test. In co-
operation with R. Nagel and B. Karaoglan. Report to the Federal Environmental Agency
(Umweltbundesamt Berlin), R&D No.: 202 67 429.

(62) Egeler, Ph., Mdler, M., Schallnal3, H.J. & Gilberg, D. (2006). Validation of a sediment
bicaccumulation test with endobenthic aquatic oligochaetes by an international ring test. Report to the
Federal Environmental Agency (Umweltbundesamt Dessau), R& D No.: 202 67 437.

(63) Zok, S., Gorge, G., Kalsch, W. & Nagel, R. (1991). Bioconcentration, metabolism and toxicity of
substituted anilines in the zebrafish (Brachydanio rerio). Sci. Total Environment 109/110, 411-421

(64) Nage, R. (1988). Umweltchemikalien und Fische - Beitrdge zu einer Bewertung.
Habilitationsschrift, Johannes Gutenberg-Universitdt Mainz, Germany.

31



Attachment 2: ReferencelList of Milestones

Egeler, Ph., Rombke, J., Knacker, Th., Schallnal3, H., Meller, M., Nagel, R. (1997a). Entwicklung und
Erprobung eines Bioakkumulationstests mit endobenthi schen Organismen. F + E-Vorhaben 106 03
106, im Auftrag des Umweltbundesamtes, Februar 1997, 130 p., Report in German.

Egeler, Ph., J. Rémbke, M. Méeller, Th. Knacker, C. Franke, G. Studinger and R. Nagel (1997b).
Bioaccumulation of lindane and hexachloraobenzene by tubificid sludgeworms (Oligochaeta) under
standardised laboratory conditions. Chemosphere 35: 835-852.

Egeler, Ph., Rombke, J., Meller, M., Knacker, Th., & Nagel, R. (19994). Bioaccumulation test with
tubificid sludgewormsin artificial media— development of a standardisable method.
Hydrobiol ogia 406: 271-280.

Egeler Ph. & Rémbke J. (1999b). Workshop on "Bioaccumulation: Sediment test using benthic
oligochaetes", 26.-27.04.1999, Hochheim/Main, Germany. Report. R + D-Project 298 67 419,
Umweltbundesamt, Berlin, Germany.

UBA (1999). Entwicklung und Erprobung eines Bioakkumulationstests mit endobenthischen Organismen.
UBA-Texte 2/99. ISSN 0722-186X.

Egeler, Ph., Mdller, M., Schalnal3, H.J. & Gilberg, D. (2006). Validation of a sediment bioaccumulation
test with endobenthic aquatic oligochaetes by an international ring test. Report to the Federal
Environmental Agency (Umweltbundesamt Dessau), R&D No.: 202 67 437.

32



