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SUMMARY

The process of risk assessment of substances aims at safeguarding the integrity of complex
environments and ecosystems. In this context, a No-Effect Concentration for environmental
organisms needs to be predicted (= PNEC) on the basis of a limited amount of ecological and
ecotoxicological data available. Most of the substance-specific data have been generated on single
species under laboratory conditions, and empirically-derived assessment factors are currently used for
the extrapolation to the real environment. It is the purpose of this report to explore in detail the value
of aquatic model ecosystem studies in predicting the effect of substances in the "real world"
ecosystem.

The relevant scientific literature was thoroughly screened and the various types of studies found were
described separately for the three broad groups of studies, i.e., static freshwater, flowing freshwater
and marine systems. Large differences exist among the reported studies concerning the test
conditions chosen, particularly location, duration, size and complexity. The Task Force concluded that
it seems inappropriate at this stage, to recommend a single standard test design or a set of designs.
Each study should be tailored to address the specific issues or data requirements that have arisen
from earlier stages of testing.

To enable safe concentrations to be forecast by means of assessment factors backed up by sound
scientific data, a two-step procedure was followed:

m prediction from chronic single-species No-Observed-Effect-Concentrations (NOECs) to model
ecosystem NOECs;

m prediction from model ecosystem NOECs to field NOECs (=PNECs).

To establish the potential usefulness and the role of model ecosystems in risk assessment, NOECs
obtained from well-designed model ecosystem studies were compared with NOECs obtained from
laboratory single-species tests on the one hand and with field studies on the other.

A database has been assembled containing high quality published information on the toxicity of
substances in ecosystem studies and those from chronic single-species tests. Those ecosystem
studies which provided values for both NOECs as well as the corresponding Lowest-Observed-Effect-
Concentrations (LOECs) were selected following a critical review of the literature. From a total of 1108
data points only 248 studies fulfilled this criterion. They covered 34 substances. The data from single-
species tests were extracted from the ECETOC Aquatic Toxicity (EAT) database, complemented with

company and additional literature data of comparable quality.
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The ratios between the most sensitive single-species NOECs and the most sensitive multi-species
NOECs were compared, irrespective of ecological relevance. This was considered to be a reasonably
conservative approach for the derivation of assessment factors. In the evaluation of model ecosystem
studies for a particular substance, however, it is necessary to select, from the various endpoints
recorded, the lowest one which is ecologically significant. Such evaluations, performed with three
substances in this report, also demonstrate the high degree of conservatism of the above assessment
factor.

For the prediction from chronic single-species NOECs to model ecosystem NOECs, the median value
for the ratios (which ranged from 0.02-77.5 with log-normal distribution) was found to be 1.45 with a
90%ile value of 8.14. This suggests that an assessment factor of about 8 for the extrapolation from

the lowest chronic single-species NOEC-value to a NOEC-value in a model ecosystem would be safe.

For the second step a comparison was made between results from model ecosystems and results
from field studies. The conclusion was that results from the model ecosystem studies of sufficient
complexity could be considered as realistic for the real world situation.

This means that an assessment factor of 8 is equally suitable for the prediction of a safe
environmental concentration (PNEC) on the basis of chronic single-species NOECs.
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1. INTRODUCTION

The environmental risk assessment of a substance is generally based on a comparison of its
Predicted Environmental Concentration (PEC) with the Predicted No-Effect Concentration (PNEC).
PNEC values are typically calculated from single-species acute or chronic laboratory toxicity tests
using an appropriate assessment factor (US-EPA, 1984; OECD 1992; EEC 1996). It is assumed that
where the PEC exceeds the PNEC (i.e., PEC/PNEC >1), there could be a potential for environmental
effects. The process allows for, where necessary, a stepwise refinement of both the PEC and/or the
PNEC independently from each other (ECETOC, 1993a; EEC, 1996). When the PEC/PNEC ratio
exceeds unity and there appears to be a necessity of refining the PNEC, ecosystem studies are
considered to be a suitable instrument for the derivation of a more realistic PNEC.

The principal purpose of model ecosystem studies in ecotoxicology is to provide data on the effects,
and sometimes also fate, of substances under conditions which are more representative of the 'real
world' than single-species laboratory tests. This is expressed in terms of greater realism concerning
for example, exposure conditions and in the variety of data that can be collected, such as effects on
several taxa examined in the same test. Furthermore, model ecosystem studies allow the
examination of effects on endpoints based on functional or structural aspects at the ecosystem level.
Thus these studies provide the opportunity to gain further insight into the ecological significance of the
effects seen.

To explore in detail the value of the various model ecosystem studies in predicting the effect of
substances in the environment, ECETOC established a Task Force with the following Terms of
Reference:

m collate and critically evaluate the existing literature on biocoenosis studies;

m describe the techniques involved in biocoenosis studies;

m compare the test results obtained from experiments using biocoenosis and single-species
approaches;

m evaluate the value and the consequences of using biocoenosis approaches to ecotoxicology
testing.

This report is one of a series of ECETOC Technical Reports published in recent years that deals with
the general and specific aspects of environmental risk assessment (ECETOC 1993a; 1993b: 1994a:
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1994b; 1996). It considers the value of aquatic model ecosystem studies in the environmental risk
assessment process, describing the various types of studies and their uses (Section 3), reviewing the
possible extrapolation of results from chronic single-species studies to model ecosystems and from
model ecosystems to the 'real world' (Section 4) and finally presents conclusions and

recommendations (Section 5).



The Value of Aquatic Model Ecosystem Studies in Ecotoxicology 5

2. BACKGROUND

Various workshops were held and guidance documents were issued within recent years discussing
test design and interpretation of results for freshwater model ecosystem studies (SETAC Europe,
1991; SETAC-RESOLVE, 1992; Graney et al, 1994; Hill et al, 1994). The results of these workshops
were considered by the Task Force along with other relevant scientific literature.

The literature on model ecosystem studies was collected by electronic and manual searches. In view
of the limited number of suitable terrestrial studies available in the open literature the report has been
confined to a review of aquatic studies. The papers on aquatic studies were subdivided into three

broad groups, i.e., flowing freshwater, static freshwater and marine systems.

Initially some 1108 literature references (Step 1 in Figure 1) were reviewed. These publications
provided the basis for the analysis of the different test designs which have been developed for model
ecosystem studies. The results of this analysis are summarised in Section 3 and reported in detail in
Appendix A.

Figure 1: Process of Data Selection

1108 Number of total entries

Exclude entries not providing
NOEC and LOEC

248 Number of entries with full data set

Selection of lowest NOEC
Jor each individual substance

34 Number of substances used for evaluation

For the quantitative analysis of the results of model ecosystem studies with those of single-species

tests, however, the studies were in general only considered further if:

m they were well documented, published in peer-reviewed journals or in comprehensive, widely
respected reviews;

E the data were supported by adequate chemical analysis;
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m they reported both Lowest Observed Effect Concentrations (LOEC) and No Observed Effect
Concentrations (NOEC);

m they were judged to be scientifically sound in design and execution (expert judgement).

Only 248 of the 1108 single model ecosystem studies fulfilled these criteria and were included in the
database. For nine out of the 248 entries no reliable single-species values could be found. The
remaining 239 entries comprised 34 different chemicals.

For the 34 chemicals identified above, chronic single-species toxicity NOEC values were extracted
either from the ECETOC Aquatic Toxicity (EAT) data base (ECETOC 1993b) which has well-defined
quality criteria for data acceptance or from other sources which were individually assessed for quality
using criteria broadly in line with those of the EAT data base.

In some cases, where no chronic NOEC values were available, acute LCs/ECs, values were taken
and a factor of 10 was used to extrapolate from acute to chronic data (see Appendix D for detail). The
approach was considered justified because of the generic aspect of this study and the additional

conservatism in respect to the calculation of the NOEC ratios.

The relationship between the relative sensitivity of endpoints from single-species chronic toxicity tests,
model ecosystem studies and field monitoring has been analysed in order to provide information on
the extent to which the results of model ecosystem studies can be used to refine a PNEC derived by
applying an assessment factor to the results of single-species tests. Ideally, such a comparison of the
data of single-species tests to those of multi-species tests should be performed on the basis of
threshold concentrations. Because test design normally does not allow the determination of a precise
threshold concentration, comparisons are made on the basis of the NOECs.

Since the cost and effort involved in mounting model ecosystem studies usually limits the number of
concentrations employed, dilution factors applied to most ecosystem studies range from 3 to 10 rather
than from V2 to 2 as usually applied in single-species tests. Consequently the difference between the
NOEC and the actual (unknown) threshold is generally greater in ecosystem studies than is the case
for single-species tests. This potentially greater internal safety margin may provide for an additional
factor of up to 8 in comparison to that of single-species tests. Hence the approach chosen resulted in

additional conservatism.

All results refer to the substance itself; in the case of heavy metals the results are calculated on the
basis of the cationic species.
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A number of terms is used consistently throughout the report: The term biocoenosis is defined as an
assemblage of organisms (plants, animals and bacteria) inhabiting a single biotope which interact with
each other and their abiotic environment. It is synonymous with community. An ecosystem is defined
as a natural unit consisting of a biocoenosis and its abiotic environment interacting to produce a stable
system. Model ecosystem is part of the (natural) ecosystem comprising the main structural and
functional parts of a real-world ecosystem but in a man-made structure. It is the last term which
describes best the kind of studies which are reviewed in this report.
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3. AQUATIC MODEL ECOSYSTEMS AND THEIR USE

3.1 GENERAL ASPECTS

The principal purpose of model ecosystem studies in ecotoxicology is to provide data on the fate
and/or effects of substances under conditions which are more representative of the ‘real world' than
single-species laboratory tests. This is expressed in terms of greater realism concerning e.g.,
exposure conditions and in the variety of data that can be collected, e.g., effects on several taxa can

be examined in the same test.

The choice of the test system (i.e., type of ecosystem to be used for testing) and the test design (i.e.,
location, size, duration and biological complexity) must be tailored for each study based on the existing
knowledge of the fate and effects of the substance. It is therefore not possible, nor desirable, to
define in advance details of the test systems or test design to be used. It is however, possible to
indicate a number of more general aspects of test system and test design which should be considered
when determining the type of study to be undertaken.

Three broad groups of model ecosystem studies can be identified: static freshwater, flowing
freshwater and marine (usually static or with relatively-long replacement times). The variety of model
ecosystem studies that have been used to assess the effects of substances within each of these three
broad groups is large. Sections 3.2, 3.3 and 3.4 indicate the range and variety of these different

model ecosystem studies and a more comprehensive description of them is given in Appendix A.

The principal aim of this report is to assess the value of model ecosystem studies in predicting the
effects of substances in the environment. However, these studies can also provide useful information
on aspects of exposure. Model ecosystem studies will, by their very nature, ensure that exposure is

more realistic than in experiments carried out in less-complex systems.

There are various levels of biological organisation at which endpoints can be determined in an
ecosystem. They range from effects on cells or organs of a test organism (i.e., sub-individual effects)
via effects on individuals and on populations up to effects on community function and structure. The
nature of the effects data required can be used to guide the choice of the test system and
experimental design. The expectation is that as Fhe size, duration and biological complexity of the test
system increases so will the likelihood of detecting effects at the higher levels of biological
organisation. Of course, there will be limits beyond which increasing size, duration and complexity do
not bring concomitant rewards. In practice very large systems may reduce the chance to detect

effects due to the difficulty of controlling variability between replicates as complexity of the test system
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and duration of the study increase. As size and duration of the studies increase costs are also likely to
rise. This should not be confused, however, with the enhanced predictive and explanatory power of
large test systems. Due to their size these systems can accommodate fish and become excellent
surrogates for natural systems.

Selection of the appropriate test system and experimental design must be based on a thorough
knowledge of the capabilities of the various systems and the data requirements. Maximum value is
likely to come from studies where relatively stable ecological communities are established in a
replicated form and effects are examined based on population, community functional and structural
endpoints. Figures 2, 3 and 4 illustrate the relationships between size, location, duration, type of
community and biological complexity for static freshwater, flowing freshwater and marine model
ecosystem studies reviewed.

One important element of all model ecosystem studies is the mode of application of the test
substance. In general, it is desirable that this should reflect what occurs in the real world in terms of
the rate, frequency and nature of application.

General chemicals and metals typically enter natural waters as components of effluent discharges
(treated or untreated). Three exposure scenarios can be distinguished:

m short-duration spikes of contamination, for instance caused by accidental releases;

m intermittent contamination for example, by effluents from industrial plants with batch processes;

m continuous discharges, which is the case for most industrial and domestic sewage effluents.

Inland effluents are generally discharged into flowing fresh waters; model stream ecosystems have
therefore often been used to examine their potential effects.

Discharges to the marine environment have been studied by both single additions to static systems

and by continuous additions to model ecosystems with rather long residence times.

Pesticides under normal conditions of use may enter the aquatic environment by spray-drift or run-off
following commercial applications to the land, though in some instances they will be deliberately
applied to water (e.g., aquatic herbicides). Commercial applications of pesticides are typically of short
duration, a maximum of hours, as single or intermittent events, and seasonal. Static freshwater model
ecosystems have been most widely used to study the effects of pesticides.
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Where spray-drift is the route of entry to be simulated it is desirable that the frequency and rate of
application to the model ecosystem should be representative of commercial use. Typically model
ecosystem studies of spray-drift have involved single or repeat "oversprays" of the model ecosystem
at application rates extending from the commercial rate to rates that might represent the spray-drift

onto a waterbody from an application to a crop some distance away.

Run-off following application of pesticides is a complex phenomenon. The duration and the nature of
episodes vary depending upon rates of application, frequency of application, soil conditions, weather
etc. In view of this complexity it is not possible 1o indicate in advance what might be the appropriate
method of application of a pesticide in a particular study. Applications may range from single or repeat
treatments with a slurry of soil-adsorbed pesticide to a static water model ecosystem (e.g., a pond),
representing the result of a run-off event induced by heavy rain after a crop treatment, to a more or
less continuous application of low concentrations of dissolved pesticide to a flowing water model

ecosystem (e.g., streams) representing an input from tile drains.

When effects on non-target organisms of deliberate applications to aquatic systems are to be
assessed it is important that the conditions of the study follow those recommended for commercial
applications.

Dosing of the test substance into the model ecosystem should, as far as possible, simulate the 'real
world' discharges/releases in terms of concentration, duration and other factors that may be relevant

(e.g., presence of suspended solids and other dissolved organic matter).

An important element in correctly applying a substance in any model ecosystem study is to ensure, as
far as is practicable, that once in the test system the substance has the same bioavailability as it would
have in the real world.

Bioavailability can be influenced by many factors for example, water quality (e.g., pH, concentrations
of suspended solids and dissoived organic matter) and the possible routes of uptake (e.g., via the
water only, or via food and water). Many substances enter fresh and marine waters via waste water
treatment plant effluents. In these situations tests should ideally be carried out under conditions that
simulate the presence of the test substance in a treated effluent. However, in practice this can be
difficult or impossible.

Model ecosystem studies will by their nature ensure that exposure is more realistic than will have been
the case in experiments carried out in less-complex systems, but positive efforts should be made to
maximise the realism of exposure. This enhanced realism, for example, in a plankton study should
mean that exposure is carried out in the presence of realistic concentrations of dissolved organic
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carbon and suspended solids and not in 'clean' water. In more complex tests, where for example, a
sediment phase is present, it should mean that there is the opportunity for uptake from the sediment to
take place if this is relevant.

It is apparent that more realistic exposures will result in more realistic effects than those seen in, or
predicted from, laboratory single-species tests. It is also clear that in some instances realistic
exposures in model ecosystems will result in increased toxic effects (e.g., where additional routes of
exposure are present (Hermanutz, 1992)) and in others reduced effects (e.g., where availability is
reduced by complexation with organic matter (McCarthy and Jiminez, 1985)). These more realistic
model ecosystem studies also provide a better basis for judging the ecological significance of effects
than do laboratory single-species tests.

3.2 STATIC FRESHWATER MODEL ECOSYSTEM STUDIES

Static freshwater model ecosystem studies have ranged from simple experiments in small indoor
tanks containing a small number of pelagic species to studies in large outdoor ponds that closely
resemble many aspects of a natural lake or pond.

The smallest scale systems, often less than 1m® contain either a natural species assemblage to
assess effects in the laboratory or in the field, or an ‘artificial' community for testing in the laboratory.
However, the size and limited biological complexity in these studies with small model ecosystems
often limit their ability to predict effects in the real world, especially regarding functional and indirect
effects.

As the size of model ecosystems increases there is a greater tendency for them to be outdoors; e.g.,
ponds and limnocorrals (enclosures within lakes). These outdoor systems range from 1 m3 to over
1,000 m® and have been constructed in variety of ways. They usually contain natural sediment and
some include a littoral compartment incorporating aquatic macrophytes. The larger systems are
generally more difficult to replicate but overcome many problems of scale and limited biological
complexity that small systems may present. In addition, they are often able to sustain studies for
several weeks or months and can therefore better assess both the direct and indirect impact of
toxicants on a community and, if required, recovery after treatment. Static freshwater model
ecosystems have been most widely used to examine the fate and effects of pesticides, particularly
effects following single or repeated discrete applications.
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Figure 2 schematically summarises the relationship between size (x-axis) and test location, duration,
type of community and biological complexity. The width of the bars represents the relative number of

studies published.

A more-detailed description of static freshwater model ecosystems that have been used to study the

effects of chemicals is given in Appendix A.1.
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3.3 FLOWING FRESHWATER MODEL ECOSYSTEM STUDIES

Various flowing freshwater model ecosystems have been developed for use in ecotoxicology including
re-circulating throughs, once-through channels, in-stream flumes and large outdoor systems. Test
systems described in the literature range from 0.33 to over 500 m in length (Figure 3). Typically, great
care has been taken to develop complex and realistic benthic assemblages for testing. The size of the
test system dictates the number of trophic levels included and whether the communities include
plankton and pelagic (i.e., fish) species. Highly complex microbial ecosystems are attainable in
systems <1m in size. Invertebrate communities are often the focus of flowing freshwater studies with
emphasis on sensitive taxa such as mayflies, stoneflies and caddisflies. Most test systems have been
between 1 and 10 m in length; however, some of the more-striking examples of comparative model
ecosystem ecotoxicology are with smaller (2 m in size or less) systems. The duration of tests covers a
wide range depending on the objectives of the investigation. Small systems (< 1 m) which appear to
be less internally sustainable, are often assessed for less than one month. Study length increases as
system size and the ability to maintain ever more-complex communities increases. Not surprisingly,
small systems are primarily used under indoor laboratory conditions whereas large systems tend to be
outdoor.

Figure 3 schematically summarises the relationship between size (x-axis) and test location, duration,
type of community and biological complexity. The width of the bars represents the number of studies
published.

A detailed summary is given in Appendix A.2. A more-detailed analysis and the corresponding
literature are provided in Appendix B.
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Figure 3: Relationship between Length and Several Descriptors for
Flowing Freshwater Model Ecosystems
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3.4 MARINE MODEL ECOSYSTEM STUDIES

Marine model ecosystems can be conveniently divided into indoor and outdoor systems.

Indoor systems are usually smali flow-through systems, often designed to study sediment-water
interactions of the microbial, benthic macro-invertebrate or periphyton communities. Consequently,
the average size of indoor systems is between 0.01 and 0.2 mé. The duration of tests in indoor
systems is variable and depends on the purpose of the studies.

Outdoor systems are generally larger than indoor systems. The typical size range is between 1 and
150 m?® with a few systems as large as 1,400 m3. Outdoor systems have frequently been used to
study effects on plankion communities and in some cases on the broader pelagic system. The
duration of the tests ranges from a few days up to several months and is related to the size and the
complexity of the systems (Appendix A.3).

Two basic types of marine outdoor model ecosystems are described in the literature:

m constructed outdoor systems which typically consist of moored tanks that contain water,
organisms and in some cases a sediment layer. Usually unfiltered sea water is pumped

continuously into the microcosms.

B in situ enclosures are frequently floating plastic bags enclosing a portion of the water column.
Optimum dimensions of enclosures have been suggested for ecotoxicological experiments,
excluding fish and other large carnivores, to be about 2 to 10 m? (depending on the degree of
oligotrophy of the system). The optimal duration of the tests is recommended to be less than 4
to 6 weeks, because with time the plankton community diverges more and more from the

natural situation.

In marine model ecosystems, as with others, the degree of similarity with the natural environment and
the stability of the community tends to increase with the dimensions of the system. Figure 4

summarises some key aspects of marine model ecosystems that are described in the literature.
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The majority of model ecosystem studies with benthic communities have been performed in systems
of > 1 m® and with plankton communities in systems ranging from 1 to 80 m3. On a few occasions
very large systems have been used to study effects on the whole of the pelagic community (i.e.,
including higher carnivores). The duration of the tests reported is variable but generally the larger
systems have been used for longer periods. Also, the complexity of the biocoenosis generally
increases with the volume of the test system, up to a volume of about 10 to 20 m8. Thereafter, the
complexity only increases when the systems are large enough to support higher carnivores (i.e., >
1,000 m?).

Marine model ecosystems can help to characterise the effects of substances in the marine
environment if the studies are focused on key structural or functional endpoints. However, well-
designed model ecosystem studies can be very costly and have only been used by relatively few
laboratories located near a natural marine environment. Their use is therefore likely to be limited to
special situations that cannot be evaluated in conventional laboratory studies or more cost-effective
model ecosystem studies.



The Value of Aquatic Model Ecosystem Studies in Ecotoxicology 19

4. RESULTS

4.1 CHRONIC SINGLE-SPECIES TO MODEL ECOSYSTEM EXTRAPOLATIONS

To establish the potential usefulness and role of model ecosystems in risk assessment, it is necessary
to compare the sensitivity of NOECs obtained from well-designed model ecosystem studies with
NOECs obtained from laboratory single-species chronic toxicity tests on the one hand and to field
monitoring studies on the other. These comparisons which are performed in this and the following
section will provide information on possible extrapolations from single-species tests to model
ecosystems and to the real world. They will also provide information to what extent the results of
model ecosystem studies can be used to refine a PNEC derived by applying an assessment factor to

the results of single-species tests.

4.1.1 Description of the Database

To compare the effects observed in model ecosystem studies with those from single-species tests,
only those endpoints where a NOEC and a LOEC value were given, or could be derived from the
publication, were used. Through this selection a total number of 248 entries of the original 1108
entries could be used. These data covered for 34 chemicals (Fig. 1). The majority of these were from
flowing freshwater systems (Table 1).

Table 1: Number of Chemicals for which Modei Ecosystem NOECs and LOECs were available

All Test Systems Marine Static Fresh-water Flowing Fresh-water

34 3 5 26

For these 34 chemicals, chronic single-species NOECs for fish, invertebrates and algae were
extracted from the EAT database (ECETOC, 1993b), the Pesticide Manual (Tomlin, 1994), company
information or from peer reviewed publications. Where no chronic data were available, acute data
divided by 10 were taken instead. This is indicated in Appendix C in the column "Remarks" for each

individual case.
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4.1.2 Comparison of NOECs from Single-species and Model Ecosystem Tests

The 34 single-species NOECs included 17 substances for which fish, invertebrate and algal single-
species NOECs were available. Another 14 had at least two single-species NOECs (Table 2). The
ratios of single-species NOECs to model ecosystem NOECs were then calculated and assigned to
ranges (Table 3). Appendix C gives all the details including the ratios of lowest single-species chronic
NOEC to the lowest NOEC from a model ecosystem test on the same substance. Combining the
ratios for all chemical classes suggests a log-normal distribution (see Fig. 5). Whilst the number of
ratios for substances tested in specific types of test system (i.e., marine, static or flowing freshwater) is
too small to draw clear conclusions (Table 4) it appears that there is a log-normal distribution in all
systems. In the following discussion different types of model ecosystem are therefore considered

together.

Figure 5: Ratios of Single-species NOECs to Model Ecosystem NOECs
for all Chemical Classes
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The median ratio of single-species NOEC : model ecosystem NOEC for all 34 chemicals was 1.45
with a 90th percentile of 8.14. This indicates that the most sensitive single-species NOEC is not more
than 8.14 times less sensitive than the most-sensitive endpoint observed in a model ecosystem study
for 90% of the cases. This suggests that the assessment factor of 10 applied in the EU, and in a
somewhat different way in the US, risk assessment schemes to the lowest single-species NOEC (of
fish, Daphnia and algae) to estimate the PNEC appears reasonable, assuming that the model
ecosystems have a sensitivity to chemicals similar to that of natural ecosystems. The 90th percentile
ratio of 8.14 is also comparable to the assessment factor of five proposed by ECETOC (1993a) which

was derived from a review of 13 industrial and agricultural chemicals.
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Table 2: Number of Substances with Single-species NOECs available

Taxonomic Groups Total
Fish + Fish + Fish + | Inverts + Fish Inverts | Algae
inverts + Inverts Algae Algae only only only

Algae
all NOECs 13 8 1 1 0 1 1 25
measured
at least one 4 4 0 0 0 1 0 9
NOEC
calculated
Total 17 12 1 1 0 2 1 34

If the single-species NOEC: model ecosystem NOEC ratios for the pesticides are compared to those
for the other chemicals it is apparent that, whilst there is little difference in the 90th percentiles of the
ratios, the median for pesticides is lower than the median for the non-pesticides (0.75 and 1.76,
respectively). The range of the ratios for the pesticides covers more than three orders of magnitude
but the range for the non-pesticides is two orders of magnitude. The distribution of the ratios around
the equivalence point is also different. 54% of the pesticides have a ratio less than 1 (i.e., the
sensitivity of the single-species test was higher) but only 29% of the non-pesticides fall into this
category. This may reflect differences in the fate of the two groups of substances in the aquatic
environment.  For example, some species may not be consistently exposed to poorly soluble
pesticides in the environment because of partitioning processes whereas in a laboratory test
continuous exposure is likely to be more easily achieved. It may also be due to the fact that in the
course of the development of pesticides numerous possible specific target organisms as well as non-
target organisms which may also be impaired are usually tested individually for their response.
Therefore the likelihood of getting a more-sensitive response from a wide array of additional species in
a multi-species test is rather small.
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Consideration of the ends of the range of the data set containing the single-species NOEC: model
ecosystem NOEC ratios (ratios <1.0 and ratios >10) of all the substances provides a useful

comparison with the assessment factors used in risk assessment schemes.

13 of the 34 ratios (38%) are less than 1. There are three probable explanations for an experimental
ecosystem test to give a less-sensitive response to a substance than a chronic laboratory test with
fish, Daphnia or algae.

Table 4: Ratio of the Most Sensitive Single-species NOEC to the Most Sensitive Model
Ecosystem NOEC (Analysed by Test System)

Range All Test Marine Static Fresh- Flowing Fresh-water
Systems water

<0.01 0 0 0 0
0.01-<0.03 1 0 1 0
0.03-<0.1 3 0 0 3
0.1-<0.3 3 0 1 2
0.3-<1 6 0 2 4
1-<3 12 0 1 11
3-<10 6 3 0 3
10-<30 2 0 0 2
30-<100 1 0 0 1

=100 0 0 0 0
TOTAL 34 3 5 26
Average 4.92 3.65 0.61 5.90
Std. Dev. 13.54 0.78 0.59 15.39
Median 1.45 3.20 0.66 1.55

90%-percentile 8.14 4.28 1.20 10.00
Max. Value 77.50 4.55 1.50 77.50
Min. Value 0.020 3.200 0.020 0.050
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1. The most sensitive taxonomic group tested as a single-species was not present in the experimental
ecosystem test.

2. The substance tested was less bioavailable in the model ecosystem test than in the single-species
tests. This means that although the measured concentration of the test substance may have been
similar in both single-species and model ecosystem tests, a smaller fraction of the substance in the
model ecosystem test was available in a toxic form than in the respective single-species tests.
This is possible since the model ecosystem tests are likely to have been conducted with natural
water containing dissolved organic substances and suspended solids that might associate with the
test substance thereby reducing its toxic effects, as in the case of several heavy metals, for
example. The single-species tests, however, are more likely to have been conducted in a water
with a lower capacity to complex test substances.

3. Laboratory species are more sensitive than the environmental species for the given material.

In this database all these explanations are likely to apply although more than half of the ratios <1
represent tests in which the most-sensitive taxonomic group in the single-species test was also
present in the model ecosystem test, suggesting that bioavailability and sensitivity differences were

more likely to be responsible factors.

The potential for a given concentration of a substance to evoke reduced toxic effects under more
natural test conditions is an important reason for using results of model ecosystem tests in risk

assessment, particularly when the single-species NOECs indicate the possibility of effects.

This report develops a generic assessment factor based on single-species chronic NOEC: model
ecosystem NOEC ratios. This conservative approach used the most sensitive single-species endpoint
and the lowest NOEC generated for any endpoint in the model ecosystem for the same substance.
The model ecosystem NOEC, as used above is not necessarily ecologically relevant and the effect
observed may not even be an adverse effect. in order to best utilise model ecosystem studies in risk
assessment the design, interpretation and ultimate conclusions drawn from them must be considered
on a case-by-case basis. This conclusion has been drawn by, and reinforced in, numerous scientific
fora involving regulators, academia and the private sector (SETAC Europe, 1991; SETAC-RESOLVE,
1992; Graney et al, 1994; Hill et al, 1994).

The following three model ecosystem assessments of dodecyl alkyl sulphate, copper, and
terbuthyiazine are taken as examples to demonstrate the use of the conservative generic assessment

factor approach in comparison with the case-by-case evaluations of results.
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Alkyl Sulphate (AS)

Dodecyl sulphate was evaluated in a 12 m model stream ecosystem in a once-through exposuyre
design receiving river water. Exposures were carried out for 56 d at 6 concentrations. The lowest
NOEC in the model ecosystem test was for auto- and heterotrophic microbial lipid class partitioning at
0.02 mg/L. During exposure the bacterial community underwent a structural change (measured using
lipid profiles) as certain populations used AS as an energy substrate. The NOEC value of 0.02 mg/L
is not the most ecologically relevant to assess toxicity because the alterations in lipid profiles are a
direct result of acclimation to AS biodegradation (Guckert et al, 1996) which should be considered an
environmentally desirable response. Belanger et al (1995b) and Guckert et al (1996) clearly
demonstrated relevant toxic effects to sensitive mayflies and other invertebrates at 0.582 mg/L
(LOEC) with a NOEC of 0.224 mg/L based on reduced abundance and biomass. The ecologically
relevant NOEC for this model ecosystem test was 0.224 mg/L, and not the 0.02 mg/L NOEC used to
develop the generic assessment factor of 8.14 in this report. This NOEC compares favourably with
the most-sensitive species, an invertebrate (clam, Corbicula fluminea) which had a NOEC of 0.418
mg/L. If the single-species chronic NOEC is divided by 8.14, the result is a PNEC of 0.051 mg/L.
Considering the ecologically relevant NOEC of 0.224 mg/L for the model ecosystem study the PNEC

derived from the single-species assessment is conservative by a factor of 4.4 (0.224/0.051).

Copper

Copper (Cu) is an essential trace element for living organisms but high concentrations could cause
detrimental effects. It was studied extensively in single-species laboratory tests and model
ecosystems. The lowest single-species NOEC in the data base is 0.0013 mg/L (ECETOC, 1993b).
Assuming only single-species toxicity data were available, a PNEC derived from the application of the
single-species: model ecosystem assessment factor (8.14) to this lowest NOEC would be 0.00016
mg/L. Since the assessment factor itself was derived from the lowest of any endpoint measured
irrespective of its ecological relevance, its application to a single-species NOEC is expected to give a

conservative estimate of the PNEC.

Comparison of the PNEC for Cu with available model ecosystem NOECs indicates that this is the
case. The lowest model ecosystem NOEC (0.0025 mg/L) found in the literature was derived from
several invertebrate endpoints including drift, abundance, and richness (Leland, 1989). In this case
the lowest NOECs are also considered to be ecologically relevant. Considering the NOEC of 0.0025
mg/L for the model ecosystem study, the PNEC derived from the single-species assessment is
conservative by a factor of 15.6 (0.0025/0.00016).
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Of course, since several model ecosystem studies on Cu are available, they should be considered, on
a case-by-case basis in the derivation of the PNEC.

Terbuthylazine

Terbuthylazine (TBA) is a herbicide with a specific mode of action involving inhibition of photosynthesis
by blocking electron transport. Several toxicological endpoints were used in a pond mesocosm study
including a number of chlorophyta, phytoplankton diversity and primary production (Huber, 1995b).
Primary production, an ecologically relevant endpoint, exhibited the lowest NOEC cited in the pond
study (0.005 mg/L). The most sensitive single-species NOEC, also algae, was 0.0033 mg.
Application of the single-species:model ecosystem assessment factor of 8.14 to the most sensitive
single-species data (0.0033/8.14) results in a PNEC of 0.00041 mg/L in the absence of model
ecosystem data. The ratio of the predicted PNEC based on model ecosystem versus single-species
data (0.005/0.00041) is approximately 12 and suggests again that the single-species extrapolation is

indeed conservative when using the single-species: model ecosystem assessment factor.

4.2 MODEL ECOSYSTEM TO FIELD EXTRAPOLATIONS

There is a body of evidence that indicates that well-designed model ecosystems can be considered to
represent natural systems sufficiently well. Effects of chemical treatments in the model ecosystems
will therefore closely relate to effects likely to be seen in natural ecosystems. The evidence on which

this is based includes:

1. direct experimental dosing of natural systems with singie chemicals to allow comparisons with
single-species and model ecosystem data;

2. simultanecus assessments of single chemicals and effluents dosed into model ecosystems
compared with natural systems perturbed and dominated by the same chemical as part of an
effluent;

3. comparisons of consistency of results collected from different tests and mode! ecosystem types
for the same chemical; and,

4. evaluation of model ecosystem complexity compared to natural systems.

4.2.1 Direct Experimental Dosing of Natural Systems

The few examples of direct experimental dosing of chemicals into natural systems show that natural

systems are as, or less, easily perturbed by chemicals than model ecosystems.
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Geckler et al (1976) dosed a small calcareous stream (hardness as CaCO; ranged from 226-310
mg/L) with 0.12 mg/L Cu for 33 months. The stream possessed a diverse flora and fauna of 34 fish
species, 109 invertebrate taxa (both from Geckler et al 1976), and approximately 100 algal taxa
(Weber and McFarland, 1981). Fish populations survived and reproduced in stream reaches when
copper was < 0.035 mg/L. Sensitive insect taxa were found at control abundances in reaches with
0.017 to 0.058 mg/L. Algal community composition followed a similar pattern. A large battery of
single-species acute and chronic tests in laboratory and site waters showed a high degree of
correspondence (within a factor of 2) between the field experiment and laboratory toxicity test results.

Lewis et al (1986) and Woltering and Bishop (1989) summarised the effects of dodecyl trimethyl
ammonium chloride (DTMAC) exposure on a small stream. As with the above copper study, tests
were combined with extensive single-species and lentic and lotic model ecosystem assessments
(Belanger, 1994). The test material was found to be equally toxic to algae and invertebrates in single-
species tests and significantly less toxic to fish; therefore, the stream dosing studies concentrated on
the former. DTMAC was dosed in a stream for 3 weeks 1,000 m below a wastewater treatment plant
at 0.25 mg/L. Fate and effects were followed for 3,760 m downstream as DTMAC was biodegraded.

There were no effects on periphyton, macroinvertebrates and fish when concentrations were at or
below 0.25 mg/L in the stream. Daphnia magna held in cages at the stream site for 7 days had
reduced survival at concentrations greater than or equal to 0.115 mg/L. These results are within a
factor of 2 of NOECs (NOEC range of 0.185-0.234 mg/L) derived from model stream ecosystem
studies summarised by Belanger (1992, 1994).

Borthwick ef al (1985) and Clark et al (1987) compared laboratory-generated toxicity data with
responses of estuarine shrimp and sheepshead minnows exposed in areas oversprayed by the
insecticide fenthion. Field effects were predicted by laboratory toxicity tests if the applications in the
laboratory were "pulsed" as in the field. Field observations of mortality of >40% occurred when the

laboratory LC5y was exceeded.

4.2.2 Model Ecosystem Studies of Effluents and Single Chemical Impacts

The responses of model ecosystems and communities to effluents under field conditions has been
compared in a few studies. Niederlehner et al (1990) and Pontasch and Cairns {(1991) simultaneously
assessed the response of protozoans on artificial substrates in static 7.5L systems and
macroinvertebrates in 1.7m recirculating model streams with protozoans and invertebrates in a
receiving stream exposed to a complex effluent. The effluent constituents included chlorides,
ammonia, phenols and lead. Laboratory model ecosystems were affected at simitar concentrations to
those that caused effects in the field. NOECs for protozoan community structure ranged from 0.3 to
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1% effluent whereas for invertebrate community structure the NOEC was 0.1 to 1% effluent. Fieid
observations of protozoan and invertebrate population and community effects were consistent with
these observations, with field NOECs in the range of 1.1 to 4.1% effluent. The lower NOEC from the
invertebrate model ecosystem study should be cautiously interpreted as a dilution factor of 10 was
used in the study (100, 10, 1, 0.1% effluent plus control treatments), whereas a dilution factor of 3 was

used in the protozoan studies.

An extensive assessment of the impacts of copper from cooling tower blowdown on the Clinch River,
Virginia, was made by Farris et al (1988; 1991), Clements et a/ (1989) and Belanger et a/ (1990). This
included 16 single-species laboratory chronic tests, model stream ecosystem studies with cooling
tower and site water, caged in situ bioassays, and invertebrate field surveys over a four-year period.
Information derived from model stream ecosystems resulted in a NOEC of <0.012 mg/L, but site water
(upstream control) consistently contained some 0.001-0.005 mg/L of copper. Field responses were
entirely consistent with model ecosystem studies. At sites downstream of the copper-dominated
effluent full recovery did not occur until copper concentrations were <0.012 mg/L. Single-species tests
with endemic molluscs, insects and fish also showed the most sensitive species (all unionid and
corbiculiid bivalves) had chronic NOECs of 0.012 mg/L. Caged clams exposed in the river were
affected when concentrations of copper exceeded 0.015 mg/L.

4.2.3 Comparison of Results from Different Model Ecosystems

Confidence in the effects assessment of a chemical should increase if results from different model
ecosystems provide the same or similar result. This would be most likely if the test systems were
each mimicking fundamental properties of natural systems. On occasion researchers have attempted
to corroborate results by conducting tests with the same chemical under different conditions.

Pratt et al (1989) evaluated protistan community responses to phenol using the same experimental
system design in two different locations (Kentucky and Virginia, USA). The model ecosystem NOECs
were 3.0 and 1.2 mg/lL, respectively, based on measured concentrations with the nominal
concentrations both being 3.0 mg/L. LOECs were 11 and 7.7 mg/L, respectively. The results were
equivalent. Differences in the final NOEC were mostly due to the choice of test concentrations.

In a study of selenium toxicity, Pratt and Bowers (1990) evaluated communities in model ecosystems
under laboratory conditions and compared them to protistan community responses in a large model
stream. They concluded that responses under the two very different conditions were similar. Using
the same model ecosystem design, Clements et al (1989) determined the responses of aquatic

macroinvertebrates to copper at two different field sites. Invertebrates were more affected by copper



The Value of Aquatic Model Ecosystem Studies in Ecotoxicology 29

in softer water. NOECs were <0.006 and <0.012 mg Cu/L at hardnesses of 60 and 153 mg/L,

respectively. The slope of the exposure-response curve was similar under both conditions.

Belanger (1992) determined the effects of dodecyl trimethyl ammonium chloride (DTMAC) on model
stream ecosystems. NOECs in summer/fall and winter/spring conditions were 0.235 and 0.185 mg/L,
respectively. Woltering and Bishop (1989) and Lewis et al (1986) reported a series of NOECs for the
effects of DTMAC on periphyton communities developed on glass slides and exposed in the field and
in an indoor stream. NOECs ranged from 0.110-0.250 mg/L, entirely consistent with the findings of
Belanger (1992).

4.2.4 Model Ecosystem and Natural Ecosystem Complexity

Comparison of the biological complexity of model ecosystems to that of natural systems provides an
indication of how well experiments in model ecosystems might predict responses in natural systems
to exposure to chemicals. For example, Pontasch and Cairns (1991) found 35 macroinvertebrate taxa
present in the model stream ecosystems compared to 27 in the natural system being evaluated.
Belanger et al (1995a) and Cuffney et al (1990) showed invertebrate community similarity, as
measured by Jaccard's coefficient of community or Stander's SIMI, exceeded 0.7 for model stream

ecosystems in southwest Ohio compared to the source river from which the test facility drew water.

Some researchers have quantified the degree to which variance in biological complexity can be
controlled in model ecosystem studies and under field conditions. Pratt and Bowers (1990)
summarised over one dozen community metrics used in small model ecosystem studies and found
coefficients of variation in laboratory model ecosystems ranging from 5-30%. The same range (5-
30%) approximates coefficients of variation for field based studies using the same metrics. Guhl
(1994) presented a summary of 10 years of research on aquatic staircase model ecosystems (a flow
through model) in comparison to aquatic assemblages in the field (Guhl, 1987; Scholz and Muller,
1992). Comparisons of algae, protozoan, and small metazoan species present in the model
ecosystems with those of the upper and lower River Rhine showed 69% and 86% community
similarity, respectively. Investigations of successional changes and the influence of river discharge in
both the field and model ecosystems demonstrated a high degree of similarity. Diatom maxima in late
fall and end of winter were observed in both situations (Mauch, 1988). When model ecosystems were
constructed to simulate the flow rate in the river, the community compositions in the field and model

systems were comparable.
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5. CONCLUSIONS AND RECOMMENDATIONS

. There is considerable experience in the use of static and flowing freshwater model ecosystems,

and to a lesser extent of marine systems, to assess the impact of a wide variety of chemicals.

It is not desirable to recommend a standard, or set of standard, test procedures for model
ecosystem studies; each study should be designed to address the specific issues/data
requirements that have arisen from earlier stages of testing.

A comparison of the most sensitive NOECs from single-species chronic toxicity tests with those
from model ecosystem studies for 34 chemicals gave a median ratio of 1.45 with a 90th percentile
of 8.14. This indicates that an assessment factor of about eight used on the most sensitive single-
species NOEC would be protective of the most sensitive endpoints in model ecosystem studies for
90 percent of cases. This value is in close agreement to the assessment factor of five previously
proposed by ECETOC (1993a).

For the majority of chemicals and effluents reliable risk assessments can be carried out without the
need for model ecosystem studies, assuming that sufficient data exist from single-species tests.
However, model ecosystem studies may provide valuable additional information if the PEC/PNEC
ratio approaches or exceeds unity, particularly if the physico-chemical properties of the chemical
suggest the possibility of reduced bioavailability in the real world situation.

The evidence from experiments indicates that well-designed model ecosystems can represent
many of the most important features of real-world ecosystems. These experiments include studies
in natural systems, effluent studies, comparison of the biological complexity of model ecosystems
with that of natural systems, and studies of different model ecosystems dosed with the same
toxicant. Additionally the results indicate model ecosystem NOECs to be similar to NOECs
determined from experiments in natural systems.

Given that effects in well-designed model ecosystem studies closely relate to those seen in natural
ecosystems, assessment factors for NOECs from such studies to "real-world" ecosystems should
in general be one, or close to one.
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APPENDIX A. DESCRIPTION OF TEST SYSTEMS

A.1 STATIC FRESHWATER SYSTEMS

This chapter gives an overview of the types of system that are used to study biocoenoses with emphasis
on those that have been used to study the effects of chemical stressors. It is not intended to give a
comprehensive review of experimental lentic freshwater multispecies tests because there are several
recent reviews which provide a wealth of information about these systems (SETAC Europe, 1991;
Crossland et al, 1992a; Cairns and Cherry, 1993; Rosenberg and Resh, 1993; Graney et al, 1994).

Man-made systems range from small simple indoor tanks to large-scale outdoor ponds that are arguably
indistinguishable from natural ponds. Natural whole lakes have also been used by a few investigators.
Some of the advantages and disadvantages of the general types of system are discussed below along
with an overview of the different designs.

A.1.1 Small Microcosms

Two approaches have been used to study multispecies effects in small microcosms that attempt to
represent specific compartments of static freshwater. The first method is to contain a natural
assemblage of organisms in a small volume and assess effects in the laboratory or in the field (Clements
et al, 1989, Stay et al, 1989). This procedure can be relatively well standardised (Leffler, 1981). Field
deployed microcosms can be used to study the short-term behaviour of populations in a local area but
have limited value in indicating changes in communities in whole ecosystems (Barton and Smith, 1984).
The major limitations of such microcosms is that only certain aspects of the aquatic ecosystem are
represented. For example, key species may be absent and environmental conditions may quickly

diverge from those of a natural environment.

The second approach uses artificial (gnotobiotic) assemblages in the laboratory. This approach has the
same types of limitations as microcosms with natural assemblages but differ in that they have been
designed to achieve a higher level of biological control. These microcosms have been developed over
many years and have been reported to be suitable for standardisation. They typically consist of a
relatively-small test vessel, for example containing 3 litres of chemically-defined medium and sometimes
sediment. The organisms are selected and introduced as a standard species list. The "Taub
microcosm" includes 10 algal and 5 animal species to represent primary and secondary procedures and
primary consumers. The small scale of the test vessels and the simple community structure allow for a
high degree of replication, typically 6 at each of 4 treatment levels. Each control vessel is expected to
follow a predictable biological succession so that both direct and indirect effects can be observed in
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treated vessels. The reproducibility and repeatability of the standardised aquatic microcosm has been
reported as being good for a range of chemicals (Taub et al, 1986).

A.1.2 Small Indoor Mesocosms and Larger Microcosms

These systems can be considered to be more complex, less standardised and somewhat larger in scale
than the Taub type microcosm. They include a wide range of designs still with emphasis on a high
degree of control and similarity whilst aiming to model more closely specific aspects of static freshwater
ecosystems. Typical examples are small (< 1 m® and often < 100 litres) indoor vessels, usually glass,
occasionally containing sediment. The vessels are often filled with lake or pond water so that suitable
organisms are also introduced. Additional introduction of specific groups of invertebrates is often
involved. However, because of the limited volume the biological complexity is usually limited to
phytoplankton, zooplankton and benthic invertebrates if sediment is included. Some facilities have all of
the test vessels interconnected and circulate water through all of them during a colonisation period so
that biological development occurs similarly in all. Fish are not usually included because of the
inadequate size of the systems. A small number of designs have a sloping sediment leading to a
terrestrial compartment (Cole and Metcalf, 1980). These systems have been designed primarily to
investigate chemical transport through food chains rather than to model components of a natural
ecosystem and consequently have not been used to study wider biological interactions at the community

level.

The limited realism of these indoor systems can be considered as a disadvantage compared to more
complex systems. For example, some environmental factors such as weather, mixing or thermal
stratification can not be simulated, and water chemistry processes may not accurately represent a large
natural system. Edge effects may have a significant influence if the ratio of water volume to wall surface
area is not sufficiently large. Species richness and abundance are more likely to differ from a natural

ecosystem in small systems than in those of larger scale.

Indoor systems can be much cheaper to build and manage and may more easily achieve control of
abiotic and biotic factors. This is particularly useful for experiments with statistical designs requiring a
high number of replicates. Despite the limited complexity and realism of such designs they have been
used successfully in assessing the fate and direct effects of agricultural chemicals (Dortland, 1980). The
larger and more-complex examples have also demonstrated indirect effects such as predator - prey and

competition interactions.
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A.1.3 Outdoor Microcosms

Field mesocosms have often been used to study basic ecological questions such as species succession
and nutrient cycling however they are becoming widely used to assess the effects of chemical stressors.
There are 2 basic types of system, enclosures and experimental ponds. It is notable that herbicides and
insecticides have been the most frequently tested chemicals in both types of system (SETAC, 1991;
Crossland et al, 1992a; Cairns and Cherry, 1993; Rosenberg and Resh, 1993; Graney et al, 1994). To a
large extent this reflects the requirements for ecosystem effects data in the regulation of pesticides.

Enclosures

This category represents a wide range of devices that are designed to enclose specific compartments of
natural ponds or lakes. The simplest are small-scale bags or cylinders that isolate a relatively small
number of species in a limited habitat. For example clear polythene bags have been filled in situ with
pond or lake water containing phytoplankton in order to monitor the effects of chemicals on
photosynthesis under natural conditions. Although these experiments will sometimes have little
predictive value other than for the compartment studied, they can be useful in comparisons with

laboratory tests or more-complex field studies.

Larger-scale bag enclosures for example, 1 m diameter, 2.5 m deep, have been used successfully to
assess the effect of agricultural chemicals on phytoplankton communities in lakes (Yasuno et al, 1988;
Havens, 1994). Experimental designs have included both floating bags and sealed bags that are
suspended in the water column from floating buoys. Studies have varied from short-term experiments
lasting a few days to assess the rapid response of phytoplankton to chemical stress, to long-term studies
that include a pre-treatment period, an exposure phase and a subsequent period to monitor recovery that

may take several months.

One of the main disadvantages of these bags appears to be their low physical strength which may not
withstand wave action and can not support a sediment layer. They have the clear advantage of being

relatively inexpensive compared to other replicated mesocosms.

The most widely used enclosure design is the limnocorral. These are usually cylindrical structures
(although other shapes have been used) that isolate a natural assemblage of organisms between the
water surface and the sediment. There are a range of materials used to achieve this purpose. The more
frequently used are (i) rigid fibreglass or plastic tubes that can be imbedded into the sediment and
stabilised by tethers and (ii) plastic or vinyl liners that are fixed to the sediment and maintained in position
by various floating devices. As is often done in smaller scale test systems, limnocorrals are occasionally

interconnected to promote similar biological content and complexity in all replicates before treatment.



34 ECETOC Technical Report No 73

Limnocorrals cover a great range of volumes, surface areas and depths. Small enclosures may contain
1 m® of water in the littoral zone of large (deep) lakes or of shallow lakes or ponds. The largest contain in
excess of 100 m®. These larger limnocorrals are often used for the more complex long-term experiments
which frequently include assessments of the impact of chemicals and subsequent recovery. Such large
systems can support the inclusion of caged organisms such as fish, to assess the effects on single-
species without significantly influencing other aspects of the study. Free-swimming (uncaged) fish have
been introduced and have bred in limnocorrals with volumes of about 40 m® or less (Siefert et al, 1989).
However, some authors suggest that much larger volumes are required {(Uhlmann, 1985) or simply that
fish reproduction can not be adequately studied even in large scale mesocosms (Crossland et al 1992a).

There are a few examples of enclosures that include a section of the littoral environment as well as the
water column and sediment (Siefert et al, 1989; Giddings, 1986). These facilities are designed to
investigate effects of chemicals in environments normally dominated by emergent aquatic plants.
Because of the relatively-high surface area of the biomass, the bioavailability of chemicals and their
distribution in different micro environments are often quite different to that in open water (Siefert et al,
1989). This is particularly relevant for chemicals with high adsorptive properties such as some
pesticides.

The number of replicates and treatment levels used in limnocorral studies is highly variable reflecting in
part the wide range of statistical designs but also the often limited resources available to manage the

study.

Experimental Ponds

As with all types of mesocosms, there is a larger range of structural designs of experimental ponds.
They fall into 2 main types, those excavated in the ground and those that are walled.

The shape and dimensions of experimental ponds cover a considerable range. Most are of a regular
shape and contain 10 m® to 1,000 m®, The larger ponds have minimal wall effects. Depths of the larger
ponds do not usually exceed 2 m and smaller ponds are 1 m deep. The sides of ponds may be vertical
or of varying slope. Most artificial systems are either built in concrete or are lined with an inert liner to
prevent water loss. In both cases a sediment is usually introduced. Facilities typically include a series of
6 to 12 units that are sometimes interconnected to uniformly distribute organisms and water (Crossland,
1988a; Heimbach et al, 1992).

Prior to a study a period of several months may be required to establish a suitable flora and fauna. The
length of this colonisation period depends on how the ponds are initially prepared. For example, if they

are filled with a natural pond water or tap water, and whether they are inoculated with macroinvertebrates
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and insects or allowed to colonise naturally. Typical biological communities in the colonised systems
include a wide range of phytoplankton, aquatic plants, zooplankton, benthic macroinvertebrates and
emergent insect larvae. In many studies free swimming (uncaged) fish are also introduced however, as
for the limnocorrals, there are several reports indicating that inclusion of zooplanktivorous fish in
particular requires careful study design to ensure that their impact on the community can be adequately
interpreted (Crossland et al, 1992a). Piscivorous fish have been introduced in some studies to prevent
devastation of the zooplankters population (Macek et al, 1972; Deutsch et al, 1992).

The realism, biological complexity and scale of most experimental ponds enables a great variety of
investigations to be undertaken. In addition to the direct effects of chemicals on individual species it is
usual to assess aspects of community function such as total respiration and primary productivity. Indirect
effects such as predator - prey and competition are often observed, and since most of the experiments

are designed to assess single or intermittent exposure, recovery is also monitored.

In general, the larger outdoor mesocosms overcome many of the limitations of microcosms or smaller
mesocosms. For example, they can support a similar biological heterogeneity to that found in the whole
ecosystem although this has its own problems of increased inherent variability. This and other key
advantages and disadvantages of mesocosms are discussed in several reviews (SETAC, 1991;
Crossland et al, 1992a; Cairns and Cherry, 1993; Graney et al, 1994).

A.1.4 Whole Ponds and Lakes

Natural ponds and lakes have been used to assess the fate and effects of various stressors, mainly
acidification and nutrient enrichment (Schindler, 1985). These experiments can last many years in order
to gain sufficient understanding of the system to discern the effects of the stressor from the inherent
variability of the lake or pond. Paleoecological methods have been used to gain information on the
history of lakes because of the long time scales of whole lake change. The inability to apply all but the
minimal control on natural system is the key disadvantage of such experiments. Mesocosms have a
clear advantage in this respect since they can be built in appropriate locations to model specific types of
natural system, and replication and testing of a range of concentrations can give the necessary statistical
power to discriminate the magnitude of effects. In general, the pond experiments were good predictors
of effects in the natural system. Such comparative information is useful in calibrating the mesocosm.
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A.2 FLOWING FRESHWATER SYSTEMS

Several reviews have been published in recent years on the use of flowing freshwater streams in
ecotoxicological research. The focus of most reviews has been on physical stream design,
experimental design, ecological applications and interpretation of direct or indirect effects. Systematic
reviews of ecotoxicological conclusions (NOECs and/or ECs) from flowing freshwater stream studies
have not been published.

A.2.1 Test System Designs
A large variety of test system designs have been used ranging from small laboratory re-circulating
channels to large-scale outdoor streams. The general categories of flowing freshwater systems, in
terms of physical structure, can be categorised as:

m re-circulating troughs;

m once-through channels;

m in-stream flumes;

m large scale outdoor.
The test systems can be qualified in at least four physical dimensions - length, width, depth, and
volume. Each dimension has an effect on test system suitability and ease of control. The most
familiar dimension, test system length, ranged from 0.33 - 540 m. Other dimensions were often less
well described in research reports and may be problematic for summarisation purposes. Other
physical factors such as inflow rate and water velocity, have not been included in this review, but are
important in considering the climax community obtained in any given system.
A.2.2 Model Ecosystems
The development of the ecosystem found in flowing freshwater models depends on several factors:

m source of biota: the development of communities of bacteria, algae, protozoa and small

invertebrates is normally autochthonous. Higher invertebrates and vertebrates are

autochthonous in some studies but can be experimentally introduced as well. In these

communities introduced organisms would be allochthonous;
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m system size: in small laboratory models, ecosystems with small invertebrates are easier to
maintain; however, maintenance of communities with several trophic levels including higher

invertebrates is possible;

m length of study: development of climax communities containing organisms with relatively-long
life histories is possible in larger systems or in smaller systems wherein key biological and

physical structure is maintained.

All of these model ecosystems can potentially include several different trophic levels even in small
laboratory models. Depending on the represented biological complexity, model ecosystems in flowing

freshwater models may be partial to relatively complete representatives for natural environments.

A.2.3 Duration of flowing freshwater studies

Study length was broken down into pre-treatment or colonisation, treatment, and recovery phases.
Three types of model ecosystem studies were identified:

m  a "typical’ colonisation and treatment experiment that may or may not have included a recovery

phase. Duration of treatment was usually days to months;

m pulse-exposure experiments where the treatment phase was 1 day or less with a considerable

emphasis on post-treatment recovery of the biocoenosis;

m colonisation experiments where barren substrates were placed in the test system at the
beginning of the initiation of exposure. The ability of organisms to colonise and maintain

populations were often emphasised.

Each experimental approach is a legitimate method to answer specific hypotheses. Ultimately, the
prediction of chronic effects at the indicated levels will depend on the study length. The data were
probed to determine study lengths for each of the types of studies (typical, pulse, colonisation). Most
studies were of the typical type with pre-treatment (28 d median), exposure (30 d median), and
recovery (45 d median, ignoring studies in which recovery was not measured). Pulse-exposure
studies were rare and were limited to exposures to simulate a brief pesticide application. Colonisation

studies were relatively common.
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A.2.4 Size of test systems

The dimensions of the test systems described in the literature are summarised in Table A.1. It was
felt, however, that the simple univariate statistics of mean, standard deviation (SD) and median
incompletely described the types of test systems. A log-frequency distribution was used to obtain an
impression of the distribution. Log intervals for length, width, depth, and volume are given in
Table A.2. The majority of systems had lengths and widths in intervals 3-5 (0.5-4.0 m long and 0.1-0.8

m wide).

Depth and volume-interval distributions were more spread out than those for width and length. The
Monticello Ecological Research Station studies stand out at the tails of the distributions being the
physically largest site with approximately 10 chemicals and physical disturbances studied over the past

20 years.

In summary, the "average" system tends to be rather large and, thus, physically capable of possessing
complex biological communities. This is not surprising as researchers recognised the need to

establish larger physical structures to maintain sufficient model ecosystems for testing.

Table A.1: Average and Median Characteristics for Flowing Freshwater Model Ecosystem
Studies Considered in this Report

Length (m) Width (m) Depth (m) Volume (L)

Summarised by Test System

n 43 43 38 40
mean 50.13 0.58 0.22 38,242
sSD 110.32 0.70 0.20 140,395
median 6.10 0.30 0.16 254

Summarised by Test Chemicals Used Across all Systems

n 108 108 102 105
mean 72.47 0.59 0.21 88,545
SD 159.93 0.65 0.17 238,754

median 4,20 0.33 0.15 61
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Table A.2: Log-frequency Intervals Used to Describe the Distribution of Test System Physical
Characteristics

Interval Length Range (m) Width Range (m) Depth Range (m) Volume Range (L)
1 0-0.25 0-0.05 0-0.01 0-2.5
2 0.25-0.5 0.051-0.10 0.011-0.02 2.5-5.0
3 0.51-1.0 0.111-0.20 0.021-0.04 5.1-10.0
4 1.1-2.0 0.21-0.40 0.041-0.08 10.1-20.0
5 2.1-4.0 0.41-0.80 0.081-0.16 20.1-40.0
6 4.1-8.0 0.81-1.60 0.161-0.32 40.1-80.0
7 8.1-16.0 1.61-3.20 0.321-0.64 80.1-160
8 16.1-32.0 3.21-6.40 0.641-1.28 161-320
9 32.1-64.0 1.281-2.56 321-640
10 64.1-128.0 2.561-5.12 641-1,280
11 128.1-256.0 1,281-2,560
12 256.1-512.0 2,561-5,120
13 512.1-1024 5,121-10,240
14 10,241-20,480
15 20,481-40,960
16 40,961-81,920
17 81,921-163,840
18 > 163,840
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Table A.3: Numbers of Test Systems (Flowing Freshwater Model Ecosystem Studies) Found
for Each Interval

Interval Length Interval Width Interval Depth Interval Volume Interval
1 15 0 2 3
2 2 1 0 1
3 21 28 5 1
4 16 45 3 23
5 17 11 55 11
6 4 11 21 14
7 6 10 13 1
8 3 1 3 9
9 11 11
10 1 5
11 2 1
12 12 4
13 10 0
14 5
15 1
16 0
17 3
18 12

A.2.5 Substances Evaluated in Flowing Freshwater Studies

Organic compounds and metals accounted for the majority of studies in flowing freshwater systems.
Effluent studies were commonly evaluated, and a distinct goal of many biocoenosis studies was to
determine chemical - chemical or chemical - biota interactions. Surfactants, as a class, were studied
very frequently. Zinc and copper were most frequently studied of the heavy metals. The herbicide
atrazine was among the most studied organics other than surfactants. Studies with different chemical
classes were relatively-well distributed amongst the different test systems.
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Table A.4: Number of Studies Reported for Various Groups of Substances

Substance Group

Number of Studies Reported

1-5 6-10 11-20 >20

Metals

Aluminium X

Cadmium X

Chromium X

Cobalt X

Copper X

Mercury X

Selenium X

Zinc X
Inorganics

Chlorine X

Nitrate X

Phosphate X

Ammonia X
Organics

Pesticides X

Surfactants X

Other organics X
Effluents X

Interactions/Mixtures
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Table A.5: Summary of Chemicals Represented in Flowing Freshwater Biocoenosis Studies

Chemical Class Sub-class Studies in Sub-class Studies in Class

Physical Factors heat 5

pH (acid and alkaline) 6

sediment 2

UV-radiation 1 14
Metals aluminium 4

cadmium 3

chromium 3

cobalt 1

copper 21

mercury 1

selenium 2

zinc 12 47
Inorganics ammonia 3

chlorine 9

nitrate 2

phosphate 2

sodium chlorate 1 17
Organic Compounds anthracene 3

atrazine 8

chlorphoxim 1

chlorpyrifos 2

dextrose 1

diazinon 1

dichloroanline 1
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Table A.5 (cont.): Summary of Chemicals Represented in Flowing Freshwater Biocoenosis

Studies
Chemical Class Sub-class Studies in Sub-class Studies in Class

Organic  Compounds | diflubenzuron 1
(cont.)

fenvalerate 1

hexachlorobiphenyl 1

lindane 1

MSMA 1

p-cresol 1

paraquat 1

pentachlorophenol 1

phenol 1

sucrose 2

surfactants 19

temephos 1

trifluralin 1

trifluoromethylnitrophenol 3 52
Effluents acid mine drainage 1

coal leachate 1

complex industrial 2

contaminated river water 1

JP-4 water soluble 1

municipal sewage 2

kraft mill effluent 3

oil shale refinery 1

paper mill effluent 1

petrochemical 1 14
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Table A.5 (cont.): Summary of Chemicals Represented in Flowing Freshwater Biocoenosis

Studies
Chemical Class Sub-class Studies in Sub-class Studies in Class
Interactions aluminium-pH 2
ammonia-chlorine 2
cadmium-zinc 1
cadmium-copper-zinc 1
chlorine-graser intensity 2
cobalt-copper-zinc 1
copper-manganese-chromium 1
copper-zinc 1
pesticide-sediment 1
pH-zinc 2
sewage-surfactants 2 16

Note the sum of all studies exceeds that of the number of flowing freshwater studies cited in Table
A.1. Studies involving interactive or multiple stressors may be counted as additional studies if

designed as two-factor with interaction investigation.

A.2.6 Ecotoxicological endpoints in flowing freshwater model ecosystem studies

Not only are test design and climax communities different in studies with flowing freshwater model
ecosystems, but so are the chosen ecotoxicological endpoints used for assessing effects. Each
endpoint can be a legitimate method to answer specific hypotheses. For the most important goal of
model ecosystem studies, that of protecting the environment, it is important to know the influence of a

substance to the entire community.

Some of the reviewed studies did not show specific data which drives the stated conclusion. In these
limited cases, EC5, or NOECs may be quoted for selected population, community structure, or
community function measurements. Many studies provided holistic assessments of the entire
community contained in the model.
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A.3 MARINE SYSTEMS

Ecological research in marine micro- and mesocosms started in the early sixties, where ecologists
used large plastic enclosures to isolate portions of the pelagial to measure phytoplankton dynamics
(McAllister et al, 1961; Antia ef al, 1963). Beside this large in situ experiments, other investigators
used constructed outdoor tanks to study phyto- and zooplankton dynamics (Strickland and Terhune,
1961). Odum et al (1963) used outdoor microcosms containing pelagic and benthic communities to
include benthic processes and nutrient cycling. The smallest microcosms cited in the literature of this
period are static indoor microcosms to study microbial sediment - water interactions (Abbott, 1966).

In the seventies, ecotoxicologists started to use micro- and mesocosms to test the effects of chronic
pollution and eutrophication on marine pelagic systems. Since then, several comprehensive reviews
have been published, focusing on the use of marine micro- and mesocosms for fundamental and
applied ecological research and on the evaluation of micro- and mesocosms for assessing
contaminant effects in marine systems (Grice and Reeve, 1982; Adams and Giddings, 1982; Odum,
1984; Clark and Cripe, 1993; Clark and Noles, 1994). Therefore, the following description of test
systems will be limited to some representative test designs, where effect concentrations for a number
of chemicals were measured. For more-detailed information on the wide range of other test designs,
readers are referred to the reviews cited above.

The experimental test systems can be categorised as indoor and outdoor systems, respectively.

Indoor systems are usually small flow-through systems, designed to study sediment-water
interactions of the microbial biocoenosis or benthic macroinvertebrate or periphyton communities.
Consequently, the average size of indoor systems is between 0.01 and 0.2 m®. Only very few systems
are of greater dimensions and designed to study the processes in the water column. The duration of
tests in indoor systems is very variable and depends on the purpose of the studies (Figure 4).

One of the best-evaluated indoor systems are the benthic tanks of the EPA Environmental Research
Laboratory at Gulf Breeze (Tagatz and Ivey, 1981). The authors used sand-filled laboratory boxes of
about 30 x 30 cm that were colonised for a period of 8 weeks by settling of planktonic larvae entrained
in continuously-supplied unfiltered seawater from the nearby sea. An other test design was to use
sand filled boxes located by scuba divers in 3 meter depth for colonisation by naturally occurring
animals. Thereafter the boxes were transferred in the laboratory and continuously supplied with
unfiltered seawater. Both systems were used to study the reproducibility of the measurements and the
effects of a number of chemicals on the benthic macroinvertebrate population. For this purpose, the

test chemicals were metered by pump to the incoming sea water to give the desired test
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concentrations during the defined exposure period. The perturbation period usually lasted about one

to two weeks. Thereafter the benthic cores were sampled and the biological composition evaluated.

A total number of 21 chemicals was tested in the different indoor systems reviewed for this chapter.

The major chemical classes tested were:

B general chemicals ~ 40 %
m pesticides ~30%
B heavy metals ~10%

About 20 % of the studies were performed without any perturbator or with variable abiotic factors of

ecological relevance.

Outdoor systems generally are of greater dimensions compared to indoor systems. The typical size
range is between 1 and 150 m*>. Some few systems have extensions up to 1,400 m*. The typical use
of outdoor systems is to study the ecological effects on plankton communities and in some cases on
the marine pelagic system. The duration of the tests ranged from some few days up to several
months and is correlated to the size and the complexity of the systems (Figure 4).

Two basic types of marine outdoor microcosms are described in the literature:
B constructed outdoor systems;
B /n situ enclosures.

Constructed outdoor systems typically consist of moored tanks that contain water, organisms and
in some cases a sediment layer. Usually unfiltered sea water is pumped continuously into the
microcosms. A good example for such systems are the flow-through experimental tanks of the
Marine Ecosystem Research Laboratory of the University of Rhode Island (Vargo et al, 1982). The
test system consists of a group of 13 m® cylinders constructed on the shore of Narragansett Bay,
containing water, sediment and a biocoenosis that mimics the biocoenosis of the bay. Waterbody and
plankton are continuously exchanged between the cylinders and the sea. To perform the experiments,
the cylinders are separated and the test substance continuously added with the flow-through water into
the tanks. The reproducibility and the general ecological properties of the systems are described by
Oviatt et a/ (1981). The average duration.of the tests was about three months.
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In situ enclosures are isolated portions of the pelagial. The majority of these systems are floating
plastic bags, placed by scuba divers into the water column. Probably the most famous experiments
using this design are the floating mesocosms of the Controlled Ecosystem Pollution Experiment
(CEPEX) in British Columbia (Menzel and Case, 1977). The used plastic containers contained about
1300 m® and extended below the photic zone. They contained three major trophic levels and were
used to test the effects of chronic pollution and eutrophication on the marine pelagic biocoenosis.
However, due to the large extension, these CEPEX systems are not applicable for the ‘routine’
ecotoxicological testing of chemicals. Much smaller systems of 1.5 m® capacity were described by
Kuiper (1977) from the TNO Laboratory for Applied Marine Research in the Netherlands who also
published the reproducibility of the experiments. Thereafter a series of different chemicals was tested,
and in 1982 he compared the results of laboratory single-species tests with the results in the
microcosms (Kuiper, 1982a). He concluded that the optimum dimensions of enclosures for
ecotoxicological experiments excluding fish and other large carnivores might be about 2 to 10 m®
(depending on the oligotrophy of the system). The optimal duration of the tests should not be longer
than 4 to 6 weeks, because with time the plankton community diverges more and more from the

natural situation.

A total number of 39 chemicals was tested in the different outdoor systems reviewed for this chapter.

The major chemical classes tested were:

m general chemicals ~ 35 %
B pesticides ~5%
B heavy metals ~30 %

About 30 % of the studies were performed without any perturbator or with variable abiotic factors of

ecological relevance.

A great number of other experimental systems are described in the literature. However, only a few of
these systems are of appropriate dimension and design for the use in ecotoxicological research.
Appropriately designed studies, focusing on the investigation of dose-response relationships for
individual and community levels in microcosms, require the reproducibility of the tests and a stable
biocoenosis over a suitable testing period. Small systems are usually easier to handle and the
composition of the biocoenosis is easier to reproduce. Unfortunately, the degree of similarity with the
natural environment and the stability of the community in the microcosms increases with the
dimensions of the system. Summarising the literature search (Figure 4), the majority of

ecotoxicological studies with benthic communities are performed in systems of < 1 m® and with
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plankton communities in systems ranging from 1 to 80 m®. Only a few systems are of appropriate
dimensions to study portions of the pelagial. The duration of the tests is variable but generally the
greater systems can be used for longer testing periods. Finally, the complexity of the biocoenosis
increased with the volume of the different test systems. However, up to a volume of about 10 to 20 m®
the increase of complexity was significant. Thereafter, the complexity of the systems only increased

with the presence of some fish and other large carnivores.

In conclusion, marine microcosms can contribute to characterise the effects of xenobiotics to the
marine environment if the studies are focused on key structural or functional endpoints. However, well-
designed microcosm studies that can be used to measure these endpoints are extremely cost
intensive, and their performance is limited to few laboratories located near a natural marine
environment. Therefore, their use in the routine ecotoxicological research might not be appropriate. In
special situations, if the risk evaluation of a chemical require such tests, they should clearly be focused
on those endpoints that can not be evaluated in conventional laboratory studies.
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APPENDIX B. AVAILABLE FLOWING FRESHWATER
MODEL ECOSYSTEM STUDIES

This appendix provides a summary of the available freshwater model ecosystem studies together with
the literature references in tabular form (Table B.1). The table is divided into four categories of study
design, i.e. in-stream flumes, re-circulating through systems, once-through systems and large outdoor
systems.

The order of studies in each category is according to the size of the test system used. The
dimensions (L = length, W = width, D = depth) are given in metres; for those studies where details of
one or more of the dimensions were not provided the volume (Vol) in litres is given if this was reported.
In some study reports only data for length and width were provided.

The column "SS Studies" indicates whether single-species toxicity studies were perfomed for
comparison purposes in the frame of the model ecosystem study cited.
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APPENDIX C. TOTAL DATABASE EVALUATED IN SINGLE-SPECIES

No. | Test | Location Duration [d] Substance MS Test,
type Endpoint
pre- treatment post- Name CAS-No. ECETOC Description
treatment treatment Classification
e B
—————— —————
1 FF outdoor 30 30 15 alcohol 68951-67-7 |surfactant, invertebrate,
ethoxylate nonionic simuliidae
(A45-EQ7) abundance
2 FF outdoor 30 30 15 68951-67-7 |surfactant, fish, fathead
nonionic minnow egg
production
3 FF outdoor 30 30 15 68951-67-7 [surfactant, fish, fathead
nonionic minnow
survival
4 FF outdoor 30 30 15 68951-67-7 |surfactant, fish, fathead
nonionic minnow tarval
survival
5 FF outdoor 21 30 15 alcohol 68439-46-3 [surfactant, fish, fathead
ethoxylate nonionic minnow egg
(A91-EO6) production
6 FF outdoor 21 30 15 68439-46-3 |surfactant, fish, fathead
nonionic minnow larval
survival
7 FF outdoor 21 30 15 68439-46-3 |surfactant, fish, fathead
nonionic minnow
behaviour
8 FF outdoor 21 30 15 68439-46-3 |surfactant, fish, fathead
nonionic minnow
survival
9 FF outdoor 21 30 15 68439-46-3 |surfactant, invertebrate,
nonionic Hyallela
azteca survival
10 FF outdoor 21 30 15 68439-46-3 |surfactant, invertebrate,
nonionic copepod drift
11 FF outdoor 21 30 15 68439-46-3 |surfactant, invertebrate,
nonionic cladocera drift
12 FF outdoor 21 30 15 68439-46-3 |surfactant, invertebrate,
nonionic drift
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MS Test, Effect SS Values Evaluation Ref.
Concentration

NOEC | LOEC |[Fish NOEC| Inverts | Daph. | Algae | Remarks | Most sens. | Most sens. | Most sens.
[mag/1] | [mg/l] [mg/l] NOEC | NOEC | NOEC SS SS NOEC | SS NOEC/
(mg/l] | [mgN] | [mgA] MS NOEC
_—
0.0800 |0.1600 |0.3700 0.7900 fish 0.37 4.63 1)
0.1100 | 0.2800 |0.3700 0.7900 fish 0.37 3.36 1)
0.1600 | 0.3300 |0.3700 0.7900 fish 0.37 2.31 1)
0.2800 |0.5500  |0.3700 0.7900 fish 0.37 1.32 1)
0.7300 |2.0400 1.0100 2.8000 fish 1.01 1.38 2)
0.7300 |2.0400 [1.0100 2.8000 fish 1.01 1.38 2)
0.7300 |2.0400 |1.0100 2.8000 fish 1.01 1.38 2)
2.0400 |4.3500 |1.0100 2.8000 fish 1.01 0.50 2)
2.0400 |4.3500 [1.0100 2.8000 fish 1.01 0.50 2)
2.0400 |4.3500 |[1.0100 2.8000 fish 1.01 0.50 2)
2.0400 |4.3500 1.0100 2.8000 fish 1.01 0.50 2)
2.0400 |4.3500 |[1.0100 2.8000 fish 1.01 0.50 2)
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APPENDIX C (cont.). TOTAL DATABASE EVALUATED IN SINGLE-SPECIES
No. | Test | Location Duration [d] Substance MS Test,
type Endpoint
pre- treatment post- Name CAS-No. ECETOC Description
treatment treatment Classification
_— e
13 FF outdoor 21 30 15 68439-46-3 |surfactant, invertebrate,
nonionic Hyallela
azteca feeding
rate
14 FF outdoor |21 30 15 68439-46-3 |surfactant, fish, bluegill
nonionic survival
15 FF outdoor 21 30 15 68439-46-3 |surfactant, fish, bluegill
nonionic growth
16 FF outdoor (21 30 15 68439-46-3 |surfactant, algae,
nonionic periphyton
chlorophyll-a
17 FF outdoor |21 30 15 68439-46-3 [surfactant, algae,
nonionic periphyton dry
weight
18 FF outdoor 21 30 15 68439-46-3 |surfactant, algae,
nonionic periphyton
phaeophytin
19 FF outdoor 21 30 15 68439-46-3 [surfactant, algae,
nonionic periphyton
ash-free dry
weight
20 FF outdoor 21 30 15 68439-46-3 [surfactant, algae, species
nonionic composition
21 FF outdoor 21 30 15 68439-46-3 |surfactant, algae,
nonionic periphyton cell
leakage
22 FF indoor 350 28 alkyl 125301-92-0 |surfactant, algae and
ethoxylate anionic bacteria,
sulphate, dissolved
CL=14.5/E oxygen
0=2.16(7) evolution
23 FF indoor 77 56 125301-92-0 [surfactant, algae, density
anionic of 2/11
dominant taxa
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(SS) VERSUS MULTI-SPECIES (MS) COMPARISONS
MS Test, Effect SS Values Evaluation Ref.
Concentration
NOEC | LOEC |Fish NOEC Daph. | Algae | Remarks | Mostsens. | Most sens. | Most sens.
[mg/l] | [ma/] [ma/] NOEC | NOEC SS NOEC | SS NOEC/
[mg/l] | [mgfl] MS NOEC
4.3500 |5.7000 1.0100 2.8000 fish 1.01 0.23 2)
5.7000 |11.24 1.0100 2.8000 fish 1.01 0.18 2)
5.7000 |11.24 1.0100 2.8000 fish 1.01 0.18 2)
5.7000 [11.24 1.0100 2.8000 fish 1.01 0.18 2)
57000 |1t1.24 1.0100 2.8000 fish 1.01 0.18 2)
5.7000 |11.24 1.0100 2.8000 fish 1.01 0.18 2)
5.7000 |11.24 1.0100 2.8000 fish 1.01 0.18 2)
5.7000 |11.24 1.0100 2.8000 fish 1.01 0.18 2)
5.7000 |11.24 1.0100 2.8000 fish 1.01 0.18 2)
0.0540 |0.6080 0.1000 0.2700 fish 0.1 1.85 3)
0.2510 |0.7740 0.1000 0.2700 fish 0.1 0.40 3)
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APPENDIX C (cont.). TOTAL DATABASE EVALUATED IN SINGLE-SPECIES
No. | Test | Location Duration [d] Substance MS Test,
type Endpoint
pre- treatment post- Name CAS-No. ECETOC Description
treatment treatment Classification
_————— ————|
24 FF indoor 77 56 125301-92-0 |surfactant, invertebrate,
anionic corbicula density
25 FF indoor 77 56 125301-92-0 |surfactant, invertebrate,
anionic physa biomass
26 FF indoor 77 56 125301-92-0 |surfactant, invertebrate,
anionic baetis
abundance
27 FF indoor 77 56 125301-92-0 |surfactant, invertebrate,
anionic isonychia
abundance
28 FF indoor 77 56 125301-92-0 |surfactant, invertebrate,
anionic EPT density
29 FF indoor 77 56 125301-92-0 |surfactant, invertebrate,
anionic EPT biomass
30 FF indoor 90 56 alkyl 151-21-3 surfactant, algae and
sulphate, |85711-69-9 [anionic bacteria, lipid
dodecyl class partitioning
31 FF indoor 90 56 151-21-3 surfactant, algae and
85711-69-9 |anionic bacteria, lipid
class profile
32 FF indoor 385 28 151-21-3 surfactant, algae, biovolume
85711-69-9 |anionic of dominant taxa
33 FF indoor 385 28 151-21-3 surfactant, algae, cell
85711-69-9 |anionic density of
dominant taxa
34 FF indoor 90 56 151-21-3 surfactant, algae,
85711-69-9 [anionic abundance of
dominant (2/13)
taxa
35 FF indoor 90 56 151-21-3 surfactant, algae, density on
85711-69-9 [anionic cobble
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(SS) VERSUS MULTI-SPECIES (MS) COMPARISONS

MS Test, Effect SS Values Evaluation Ref.

Concentration

NOEC | LOEC Fish Inverts | Daph. | Algae | Remarks | Most sens. | Most sens. |Most sens. SS

[mg/] | [mg/] NOEC NOEC |NOEC |NOEC Ss SS NOEC NOEC/

[mg/ll | [mg/l |[mg/l]|[mg/] MS NOEC
o 1

0.2510 [0.7740 [0.1000 0.2700 fish 0.1 0.40 3)
0.2510 [0.7740 |0.1000 0.2700 fish 0.1 0.40 3)
0.2510 | 0.7740 [0.1000 0.2700 fish 0.1 0.40 3)
0.2510 [0.7740 (0.1000 0.2700 fish 0.1 0.40 3)
0.2510 | 0.7740 [0.1000 fish 0.1 0.40 3)

0.2700

0.2510 [0.7740 [0.1000 0.2700 fish 0.1 0.40 3)
0.0200 [0.0610 [1.3570 0.4180 |3.0000|0.0200 algae 0.02 1.00 4)
0.0200 [0.0610 [1.3570 0.4180 [3.0000)0.0200 algae 0.02 1.00 4)
0.0550 [0.1110 [1.3570 0.4180 |3.0000 |0.0200 algae 0.02 0.36 5)
0.0550 (0.1110 [1.3570 0.4180 |3.0000/0.0200 algae 0.02 0.36 5)
0.0610 (0.2240 [1.3570 0.4180 [3.0000)0.0200 algae 0.02 0.33 4)
0.0610 [0.2240 |1.3570 0.4180 |3.0000 [0.0200 algae 0.02 0.33 4)
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APPENDIX C (cont.). TOTAL DATABASE EVALUATED IN SINGLE-SPECIES

Test | Location Duration [d] Substance MS Test,
type Endpoint
pre- treatment post- Name CAS-No. ECETOC Description
treatment treatment Classification

FF indoor 90 56 151-21-3 surfactant, algae, biovolume
85711-69-9 |anionic on cobble

FF indoor 90 56 151-21-3 surfactant, algae, diversity
85711-69-9 |anionic on cobble

FF indoor 90 56 151-21-3 surfactant, invertebrate,
85711-69-9 |anionic taxa richness

FF indoor 385 28 151-21-3 surfactant, algae and
85711-69-9 |anionic bacteria,

dissolved

oxygen evolution

FF indoor 90 56 151-21-3 surfactant, invertebrate,
85711-69-9 |anionic oligochaete
abundance
FF indoor 90 56 151-21-3 surfactant, invertebrate,
85711-69-9 [anionic ferrissea
abundance
FF indoor 90 56 151-21-3 surfactant, invertebrate,
85711-69-9 |anionic stenonema
abundance
FF indoor 90 56 151-21-3 surfactant, invertebrate,
85711-69-9 |anionic total abundance
FF indoor 90 56 151-21-3 surfactant, invertebrate,
85711-69-9 |anionic funcitonal group
composition
FF indoor 90 56 151-21-3 surfactant, invertebrate,
85711-69-9 [anionic corbicula
abundance
FF indoor 90 56 151-21-3 surfactant, invertebrate,
85711-69-9 |anionic physa
abundance
FF indoor 90 56 » 151-21-3 surfactant, invertebrate,
85711-69-9 {anionic baetis

abundance
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(SS) VERSUS MULTI-SPECIES (MS) COMPARISONS
MS Test, Effect SS Values Evaluation Ref.
Concentration
NOEC | LOEC Fish Inverts | Daph. | Algae | Remarks Most Most sens. | Most sens.
[ma/l] | [mg/l] NOEC NOEC | NOEC | NOEC sens. SS | SS NOEC SS NOEC/
[mg/l] | [mg/] | [mgh] | [ma/M MS NOEC
0.0610 [0.2240 [1.3570 0.4180 |3.0000 |[0.0200 algae 0.02 0.33 4)
0.0610 | 0.2240 ([1.3570 0.4180 |3.0000 |0.0200 algae 0.02 0.33 4)
0.0610 [0.2240 (1.3570 0.4180 |3.0000 |0.0200 algae 0.02 0.33 4)
0.1110 ]0.2740 |1.3570 0.4180 |3.0000 (0.0200 algae 0.02 0.18 5)
0.2240 ]0.5820 |1.3570 0.4180 |3.0000 [0.0200 algae 0.02 0.09 4)
0.2240 |[0.5820 [1.3570 0.4180 |3.0000 ]0.0200 algae 0.02 0.09 4)
0.2240 [0.5820 [1.3570 0.4180 |3.0000 |0.0200 algae 0.02 0.09 4)
0.2240 |0.5820 |1.3570 0.4180 [3.0000 |[0.0200 algae 0.02 0.09 4)
0.2240 ]0.5820 |1.3570 0.4180 |3.0000 |0.0200 algae 0.02 0.09 4)
0.5820 |[1.5860 |[1.3570 0.4180 |3.0000 (0.0200 algae 0.02 0.03 4)
0.5820 (1.5860 [1.3570 0.4180 |3.0000 |0.0200 algae 0.02 0.03 4)
0.5820 ([1.5860 [1.3570 0.4180 |3.0000 ]0.0200 algae 0.02 0.03 4)
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APPENDIX C (cont.). TOTAL DATABASE EVALUATED IN SINGLE-SPECIES
No. | Test | Location Duration [d] Substance MS Test,
type Endpoint
pre- treatment post- Name CAS-No. ECETOC Description
treatment treatment Classification
48 FF indoor 90 56 161-21-3 surfactant, bacteria, amino
85711-69-9 |anionic acid uptake
49 FF indoor 90 56 151-21-3 surfactant, bacteria, cell
85711-69-9 |anionic density
50 FF indoor 28 28 28 alkyl- 110615-47-9 |surfactant, community
glucoside, anionic similarity
C12/14
51 FF outdoor 548 ammonia [7664-41-7 [inorganic fish, white
sucker growth
52 FF outdoor 548 7664-41-7  |inorganic invertebrate,
sphaerid clam
density
53 FF outdoor 548 7664-41-7  |inorganic fish, walleye
survival
54 FF outdoor 548 7664-41-7  |inorganic fish, white
sucker survival
55 FF outdoor 548 7664-41-7  |inorganic invertebrate,
cladoceran
density
56 FF outdoor 548 7664-41-7  |inorganic fish, channel
catfsih growth
57 FF outdoor 548 7664-41-7  |inorganic fish, rainbow
trout survival
58 FF outdoor 548 7664-41-7  |inorganic fish, walleye
growth
59 FF outdoor 548 7664-41-7  |inorganic fish, bluegill
growth




