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Abstract: Predicted-no-effect concentrations (PNECs) and environmental quality standards (EQSs) are derived in a large number of
legal frameworks worldwide. When deriving these safe concentrations, it is necessary to evaluate the reliability and relevance of
ecotoxicity studies. Such evaluation is often subject to expert judgment, which may introduce bias and decrease consistency when risk
assessors evaluate the same study. The Criteria for Reporting and Evaluating Ecotoxicity Data (CRED) project attempts to address this
problem. It aims to improve the reproducibility, transparency, and consistency of reliability and relevance evaluations of aquatic
ecotoxicity studies among regulatory frameworks, countries, institutes, and individual assessors. In the present study, the CRED
evaluation method is presented. It includes a set of 20 reliability and 13 relevance criteria, accompanied by extensive guidance. Risk
assessors who participated in the CRED ring test evaluated the CRED evaluation method to be more accurate, applicable, consistent, and
transparent than the often-used Klimisch method. The CRED evaluation method is accompanied by reporting recommendations for
aquatic ecotoxicity studies, with 50 specific criteria divided into 6 categories: general information, test design, test substance, test
organism, exposure conditions, and statistical design and biological response. An ecotoxicity study in which all important information is
reported is more likely to be considered for regulatory use, and proper reporting may also help in the peer-review process. Environ
Toxicol Chem 2016;35:1297–1309. # 2015 The Authors. Environmental Toxicology and Chemistry Published by Wiley Periodicals,
Inc. on behalf of SETAC.
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INTRODUCTION

Ecotoxicity studies published in peer-reviewed literature
contribute knowledge to the research community but also can be
useful for regulatory purposes, such as for deriving predicted-
no-effect concentrations (PNECs) for marketing authorizations
or environmental quality standards (EQSs) to monitor environ-
mental quality. However, evaluations of the reliability and
relevance of (eco)toxicity studies often are subject to expert
judgment. Even with an identical set of studies, risk assessors
may not arrive at the same final list of reliable and relevant
studies [1,2]. In hazard and risk assessment, a transparent
evaluation process is needed, and clear documentation helps
with understanding regulatory decisions. The use of ecotoxicity
studies in regulatory risk assessments can be improved with the
use of evaluation methods that guide risk assessors in
performing unbiased, transparent, and detailed evaluations
and with the use of reporting recommendations that guide
researchers in performing and reporting studies that fulfill
regulatory requirements. The present study addresses both
issues.

Several chemical frameworks have recommended using the
method of Klimisch et al. [3] for study evaluation, even though it
has been found to be unspecific, to lack essential criteria and

guidance for both reliability and relevance evaluations, and to
leave considerable room for interpretation [4]. The Klimisch
method has also been criticized for being biased toward interests
of industry and for promoting use of guideline studies
performed according to good laboratory practices (GLP) [5].
Altogether, this could result in a situation inwhich risk assessors
arrive at different conclusions regarding the reliability and
relevance of a study and whether it could be included in a
specific regulatory process. Several improved evaluation
methods exist [6,7], but none has replaced the Klimisch method
in the European Union regulatory frameworks. The US
Environmental Protection Agency (USEPA) has developed its
own evaluation guidelines [8].

Regulatory assessments are often hampered by a lack of
reliable (eco)toxicity studies, such as for nanoparticles [9,10],
pharmaceuticals [11], and industrial chemicals [12–14]. More-
over, evaluations of recently published (eco)toxicity studies
show incomplete and inadequate reporting, regarding both
description of methodology and presentation of results [4,15].
Promotion of proper reporting by scientific journals has been
suggested as a solution to this problem [16]. In several other
research areas, systematic reporting recommendations have
been developed to guide researchers, reviewers, and editors
during the publication process, for instance, the STROBE
statement in the field of epidemiology [17], the ARRIVE
guideline for in vivo toxicity studies [18], Nature’s reporting
checklist for life sciences articles [19], and the MIAME
reporting standard for microarray experiments [20]. To our
knowledge, no peer-reviewed journals currently use reporting
recommendations for ecotoxicity studies. Implementation of
reporting recommendations within the field of ecotoxicology
may improve the reliability and reproducibility of studies and
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streamline the publication process by ensuring that all essential
information is provided.

CRED project: Criteria for reporting and evaluating ecotoxicity
data

The CRED project aims to improve the reproducibility,
consistency, and transparency of reliability and relevance
evaluations of ecotoxicity studies, both within and between
regulatory frameworks, countries, institutes, and individual
assessors. Additional aims are to improve the usability of peer-
reviewed literature for regulatory purposes and to facilitate the
exchange of assessments between frameworks. Furthermore,
the CRED project aims to improve the reporting of ecotoxicity
studies by providing recommendations for reporting methodo-
logical details and results. The present study describes the
CRED evaluationmethod, including extensive guidance on how
to use the reliability and relevance criteria and it describes the
CRED recommendations for reporting of ecotoxicity studies.
The CRED project addresses aquatic ecotoxicity studies but can
be adapted to other types of ecotoxicity studies.

METHOD

Within the CRED project, a ring test was performed in which
the method of Klimisch et al. [3] was compared with the CRED
evaluationmethod. Ring test participants were asked to evaluate
2 ecotoxicity studies each, selected from a total of 8 studies,
using the Klimischmethod (phase 1) and another 2 studies using
the CRED evaluation method (phase 2). Ring test participants
represented various institutions (industry, academia, consul-
tancy, and governmental institutions) and geographical areas
(Asia, Europe, and North America), and the majority had more
than 5 yr of experience in study evaluation. More information
about the ring test methodology and results can be found in the
Supplemental Data, Appendix A, and in Kase et al. [21]. The
CRED evaluation method was drafted based on existing
evaluation and reporting methods [3,6,7,22–26] and on expert
knowledge from the authors’ respective institutions and ring test
participants (after completing phase 1). The method was
designed to fit to a broad range of aquatic ecotoxicity tests, from
acute to chronic, with a variety of test organisms and test
substances. After completing phase 2 of the ring test, the CRED
evaluation method was fine-tuned using the participants’
evaluation results and comments and input from discussions
within 2 European risk assessment expert groups. For this fine-
tuning process, focus was mainly on rewriting those evaluation
criteria where the answers of the participants differed the most.

The CRED reporting recommendations were developed
from the CRED evaluation method to facilitate reporting of
studies with high reliability and reproducibility. The recom-
mendations can serve as a template for supplemental data to
peer-reviewed studies.

Excel files were created to facilitate the use of the CRED
evaluation method and the CRED reporting recommendations
by risk assessors and authors (Supplemental Data, Appendix B).

CRED EVALUATION METHOD

Reliability and relevance

Reliability and relevance are defined as follows [26]:
“Reliability—evaluating the inherent quality of a test report
or publication relating to preferably standardized methodology
and the way the experimental procedure and results are
described to give evidence of the clarity and plausibility of

the findings”; “Relevance—covering the extent to which data
and tests are appropriate for a particular hazard identification or
risk characterization.” From these definitions, it can be deduced
that reliability concerns the intrinsic scientific quality of the
study, regardless of the purpose for which it is assessed. On the
other hand, relevance depends on the purpose of the assessment
and concerns the way the study will be used for a specific
purpose. Thus, a reliable study can be very relevant for one
assessment but not relevant for another. Comments by ring test
participants showed that relevance and reliability are used
interchangeably and considered to be connected: “Can an
unreliable study be relevant?” “A study must be reliable;
otherwise, it cannot be relevant.” “Is it necessary to assess
relevance for an invalid study?” Care should be taken to avoid
this mix-up, because reliability and relevance are 2 different
aspects to be considered in the evaluation process.

Already when the literature is screened for ecotoxicity
studies a rough assessment of the relevance of each study is
performed based on title and abstract; for example, terrestrial
ecotoxicity studies would be disregarded when an aquatic
assessment is performed. The relevance evaluation described in
the present study is primarily meant for a more in-depth
evaluation, which takes place after the first selection of studies.

Reliability is determined by an assessment of the design,
performance, and analysis of the experiment. A study may, for
example, be considered less reliable because of an inadequate
experimental design (e.g., too few replicates), poor performance
(e.g., mortality is too high in the controls), or insufficient data
analysis (e.g., inadequate statistics). An ecotoxicity study may
contain several results (e.g., for mortality, reproduction, blood
parameters) that may be obtained at different exposure
scenarios. Within this single study, some results may be
reliable and/or relevant, while others are not. In addition, a study
with lower reliability and/or relevance may still be used in
regulatory risk assessment as supporting evidence, depending
on the reason for lowering the reliability/relevance. The
following 3 examples illustrate the relation between reliability
and relevance.

Example 1: A reliable toxicity study with a soil organism
(e.g., Collembola) is not relevant for the derivation of water
quality standards but may be relevant to derive soil quality
standards or to assess the risk of a veterinary medicinal product
for the terrestrial environment.

Example 2: An acute mortality study with fish may be
reliable but not relevant for use in risk assessment of an
endocrine disruptor because the mode of action of endocrine
disruptors usually concerns chronic effects, which are not
addressed in an acute toxicity study.

Example 3: A poster presenting study results on a sensitive
test organism may not present enough information to determine
its reliability. However, the results may be very relevant for a
specific purpose and may serve as supporting evidence for
regulatory decisions.

CRED reliability evaluation

The CRED evaluation method uses 4 reliability categories,
similar to the Klimisch et al. scores [3]: reliable without
restrictions (R1), reliable with restrictions (R2), not reliable
(R3), and not assignable (R4). A more detailed description of
these categories is provided in Table 1. The CRED reliability
criteria are presented in Table 2.

In general, a study should only be assigned to be “reliable
without restrictions” (R1) when all important information is
provided and the study has no critical flaws in experimental
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design and results. In contrast, “reliable with restrictions” (R2)
can be assigned to studies in which not all details are given, raw
data are not provided, or there are some minor flaws in
experimental design, but for which it can still be assumed with
reasonable certainty that the results are reliable.

It should be noted that assignment to “reliable without
restrictions” (R1) and “reliable with restrictions” (R2) is not
restricted to guideline and/or GLP studies. A properly
performed and reported peer-reviewed study (whether GLP or
not) may be evaluated as “reliable without restrictions” (R1),
just as a poorly designed or performed guideline and/or GLP
study should be assigned as “not reliable” (R3). “Not
assignable” (R4) should be assigned if a study lacks the details

necessary to evaluate reliability but is not per se “not reliable”
(R3). In practice, however, guideline and/or GLP studies often
contain all details necessary to evaluate reliability and will not
be assigned to be “not assignable” as often as studies reported in
peer-reviewed literature. A prerequisite to enable a thorough
evaluation is proper reporting of the methods used and the
results obtained. However, transparent reporting is not in itself
critical for evaluating reliability but does allow for fast and easy
review of the data. Thus, a study should be evaluated based on
the details provided rather than how well the report is written,
unless the writing is so poor that the methods are not clear.
Providing only a statement that a study was performed
according to a certain guideline is not detailed enough, because

Table 2. CRED reliability criteriaa

Number Criterion

General information
Before evaluating the test, check the physicochemical characteristics of your compound (handbooks/general sources). What is the
solubility, log KOW, or pKa? Is the compound volatile? Does it hydrolyze, photolyze, etc.?

Test setup
1 Is a guideline method (e.g., OECD/ISO) or modified guideline used?b

2 Is the test performed under GLP conditions?b

3 If applicable, are validity criteria fulfilled (e.g., control survival, growth)?
4 Are appropriate controls performed (e.g., solvent control, negative and positive control)?

Test compound
5 Is the test substance identified with name or CAS number? Are test results reported for the appropriate compound?
6 Is the purity of the test substance reported? Or, is the source of the test substance trustworthy?
7 If a formulation is used or if impurities are present: Do, other ingredients in the formulation exert an effect? Is the amount of test

substance in the formulation known?
Test organism
8 Are the organisms well described (e.g., scientific name, weight, length, growth, age/life stage, strain/clone, gender if appropriate)?
9 Are the test organisms from a trustworthy source and acclimatized to test conditions? Have the organisms not been pre-exposed to test

compound or other unintended stressors?
Exposure conditions
10 Is the experimental system appropriate for the test substance, taking into account its physicochemical characteristics?
11 Is the experimental system appropriate for the test organism (e.g., choice of medium or test water, feeding, water characteristics,

temperature, light/dark conditions, pH, oxygen content)? Have conditions been stable during the test?
12 Were exposure concentrations below the limit of water solubility (taking the use of a solvent into account)? If a solvent is used, is the

solvent within the appropriate range and is a solvent control included?
13 Is correct spacing between exposure concentrations applied?
14 Is the exposure duration defined?
15 Are chemical analyses adequate to verify concentrations of the test substance over the duration of the study?
16 Is the biomass loading of the organisms in the test system within the appropriate range (e.g., <1 g/L)?

Statistical design and biological response
17 Is a sufficient number of replicates used? Is a sufficient number of organisms per replicate used for all controls and test

concentrations?
18 Are appropriate statistical methods used?
19 Is a concentration–response curve observed? Is the response statistically significant?
20 Are sufficient data available to check the calculation of endpoints and (if applicable) validity criteria (e.g., control data, concentration–

response curves)?

aSee main text for further explanation of the criteria and explanatory guidance text on how to interpret the criteria. Please note that most criteria are not per se
critical for the reliability of a study and that this depends strongly on the compound and/or species tested.
bThese criteria are of minor importance for study reliability but may support study evaluation.
CRED¼ criteria for reporting and evaluating ecotoxicity data; ISO¼ International Organization for Standardization; GLP¼ good laboratory practice;
CAS¼Chemical Abstracts Service; KOW¼ octanol–water partition coefficient; OECD¼Organisation for Economic Co-operation and Development;
pKa¼ dissociation constant.

Table 1. Reliability categoriesa

Score Description

R1 Reliable without restrictions: All critical reliability criteria for this study are fulfilled. The study is well designed and performed, and it does not
contain flaws that affect the reliability of the study.

R2 Reliable with restrictions: The study is generally well designed and performed, but some minor flaws in the documentation or setup may be present.
R3 Not reliable: Not all critical reliability criteria for this study are fulfilled. The study has clear flaws in study design and/or how it was performed.
R4 Not assignable: Information needed to make an assessment of the study is missing. This concerns studies that do not give sufficient experimental

details and that are only listed in abstracts or secondary literature (books, reviews, etc.) or studies of which the documentation is not sufficient for
assessment of reliability for one or more vital parameters.

aAdapted from Klimisch et al. [3].
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specific information on the experimental design is necessary to
decide if the performed test is suitable for the substance and
organisms tested. Thus, a study that was carried out in a
scientifically soundwaymay be assigned to be “unassignable” if
the description of the method lacks details (e.g., experimental
setup is given as a reference to another report that cannot be
retrieved) or if criteria that are considered important for
interpretation of the test results cannot be evaluated (e.g.,
temperature data are not given) and these data have not been
retrieved by the assessor [15,24]. If necessary and possible, the
authors of a specific study can be asked to provide the details
needed. However, when there are clear flaws in the study setup
or the results, additional information about the study will not
remove these flaws and the study should be assigned to “not
reliable” (R3). The CRED ring test showed that the categories
“not reliable” (R3) and “not assignable” (R4) were often mixed
up; ring test participants misunderstood R4 and wrongly
assigned the R3 category to studies when information was
missing but no flaws in the design and performance were
apparent. Care should be taken to avoid this misinterpretation.

Explanation of the reliability criteria (criteria numbers from
Table 2)

Physicochemical parameters. Knowledge on physicochem-
ical parameters of the substance under investigation and its
behavior in relevant environmental compartments is essential
when deciding on the reliability of a study setup. For instance,
solubility in water should not be exceeded, different exposure
conditions are needed for volatile substances than for
hydrophobic substances, and the possible occurrence of
hydrolysis should be taken into account. These parameters do
not need to be given in the study, since often they can be found in
chemical handbooks, pesticide manuals, and so forth.

1. Is a guideline method (e.g., Organisation for Economic
Co-operation and Development [OECD], International Orga-
nization for Standardization [ISO]) or modified guideline used?
Use of a guideline method (OECD, ISO, USEPA, or
comparable) does not necessary reflect the reliability of a
study, and it should therefore never be a critical criterion. A
guideline study may be unreliable if there are flaws in the
design, conduct, and/or (statistical) interpretation or if results
give rise to doubt. This may occur when, for instance, exposure
conditions are not suitable for the substance under investigation,
control mortality is too high or other validity criteria are not met,
or when presumed outliers are left out of consideration without
proper justification. The criterion is included in the CRED
evaluation method to aid with transparent evaluation. Studies
using nonguideline methods may be equally reliable as
guideline studies, provided enough details on the experimental
design and results are presented to assess its reliability.

2. Is the test performed under GLP conditions? Good
laboratory practice is a data quality system that requires
adequate documentation of the experimental process. Labora-
tories working under GLP often use standardized methods, both
for performing the test and for documenting the results. Good
laboratory practice does not, however, reflect the actual
reliability of a study and should therefore never be a critical
criterion. It is included in the CRED evaluation method to aid
with transparent evaluation.

3. If applicable, are validity criteria fulfilled (e.g., control
survival, growth)? In most test guidelines, validity criteria are
provided to determine the validity of the test results. For
instance, OECD guideline 201 on algal toxicity requires
exponential growth in the controls and specifies criteria for

the variation in growth rate within and between control
replicates. For the Daphnia acute toxicity study, the validity
criteria in theOECD202 guideline include control mortality and
oxygen concentrations. Besides this, control organisms should
be from the same population as the treatment group(s),
variability in the controls should fall within the same range
as historical data, and attention should be given to natural
fluctuations in results, such as fluctuations attributable to age of
the animals or seasonal influences. If a nonguideline test is
performedwith a guideline species, validity criteria as described
in the relevant guideline should be met. If nonguideline species
are used, expert judgment is needed to assess whether the test
organism resembles the guideline test species enough to apply
guideline validity criteria. Otherwise, expert judgment is needed
to decide if control survival and/or other parameters arewithin the
rangeofwhat is normal for the species and that other confounding
(stress) factors can be ruled out. For guideline test species,
however, complying with guideline criteria for validity (e.g.,
control survival, growth) is critical for a study to be reliable.

4. Are appropriate controls performed (e.g., solvent control,
negative and positive controls)? The decision of which controls
to use depends on the test substance and/or the guideline
applied. Next to the “normal” negative controls (no solvent, no
test substance), solvent controls need to be tested in all cases
where a solvent is used. The concentration of solvent in the
solvent control should be the same as the highest concentration
used in the test treatments, and mortality in the solvent controls
should preferably not differ significantly from that in the
nonsolvent controls. The study is “not reliable” (R3) if, for
instance, a solvent is used but no solvent control is tested or
the solvent concentration in the control treatment is too low. If
the mortality in the solvent control is higher than that in the
nonsolvent control, statistics should be based on the solvent
control. Expert judgment is needed to decide when the mortality
in the solvent control is too high, especially when it is still within
the validity criteria of the test.

In some cases, a positive control (with a reference substance)
is tested. The lack of a positive control decreases the reliability
of a study only if a positive control is requested in the test
guideline. On the other side, use of a positive control might
increase confidence regarding the reliability of study results.

5. Is the test substance identified clearly with name or
Chemical Abstracts Service (CAS) number? Are test results
reported for the appropriate substance? It is essential to know
which substance was tested. If a salt was tested, for example,
information on the type of salt and how results are reported (e.g.,
as salt or as its positively or negatively charged ions, including
or excluding waters of hydration as �H2O) is needed. The only
exception for this is when results are expressed in molarities
instead of grams per liter. In that case, it does notmatter if results
are expressed as salt or base; although it remains necessary to
know which salt is tested, because different counter-ions may
give different results, or if a salt contains more than one of the
same ion. The lack of a CAS number does not decrease the
reliability of the study since it can often be retrieved easily from
the Internet or other sources if the tested substance is clearly
identified. If a formulation is tested, it is necessary to know all
the relevant components of the formulation (see also criterion
no. 7).

Example 4: A test with metformin hydrochloride is
performed. Values for the no-observed-effect concentration
(NOEC) and 50% effect concentration (EC50) are tabulated for
“metformin,” but it is not specifically mentioned if results are
reported for the metformin base or the salt. If metformin
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hydrochloride was the tested substance, the toxicity values for
metformin base would be lower. This decreases the reliability of
the study, although results may still be used as supporting
evidence in risk assessment.

6. Is the purity of the test substance reported? Or, is the
source of the test substance trustworthy? The purity of the
substance and/or the source of the substance should be reported
and reliable (e.g., a known supplier). Generally, a substance
should have a purity of 80% or higher, unless it is known that the
impurities do not cause toxic effects and do not influence the
toxicity of the substance of interest. When the purity of the
substance is<90%, the nominal test results should be corrected
for purity [27]. Although the OECD guidelines only refer to a
“suitable purity,” the overall reliability of a study that uses a
low-purity substance should be lowered. However, when the
purity is not known but actual test concentrations are measured,
this criterion becomes less important.

7. If a formulation is used or if impurities are present: Do,
other ingredients in the formulation exert an effect? Is the
amount of test substance in the formulation known? If a
formulation is used for testing a specific compound (e.g., when
testing plant protection products), the other constituents of the
formulation should be known and/or it should be clear that these
other constituents have no ecotoxicological effects. For a study
to be reliable, the amount of active substance in the formulation
should be known, and it should be clear that the results are (or
can be) expressed in terms of active substance. It should be
taken into account that certain “inert” ingredients of formula-
tions can exert biological effects, because coformulants and
solvents in formulations may significantly increase or decrease
the toxicity of the active substance and there is some difficulty in
predicting which type of formulations are critical in terms of
such interactions [28]. However, this information might be
confidential and, for that reason, not known. If this is the case,
the reliability should be lowered. In contrast to this, when the
formulation itself (and not the active ingredient only) is
evaluated for hazard or risk assessment, it may be enough
information to have the exact name of the formulation,
including formulation strength, and results may be expressed
in amounts of formulation.

8. Are the organisms well described (e.g., scientific name,
sex, weight, length, growth, age/life stage, strain/clone, gender,
if appropriate)? When assessing reliability, it is essential to
know which organisms were used in the test. At a minimum, the
name and information on age or life stage should be known for a
study to be reliable. Other information such as weight, length, or
strain/clone is in most cases not essential for the reliability
assessment, but it may increase the confidence in the study.
When examining hormonal substances, the sex of the organisms
(e.g., when testing fish) may influence the results, and this
information should thus be known.

Example 5: When performing a test with fish, larvae and
juveniles are often more sensitive than adults. Thus, when
evaluating the test or when comparing results from different
tests, knowledge on the life stages tested may be important.

9. Are the test organisms from a trustworthy source and
acclimatized to test conditions? Have the organisms not been
pre-exposed to the test substance or other unintended stressors?
The source of the test organisms should be known and trusted,
and the place of origin should be described for field-collected
organisms. Test organisms should be healthy and acclimatized
to test conditions (e.g., water type, temperature) to avoid any
unintentional stress caused by a change in conditions. In
addition, organisms should not be stressed by test conditions

(except when this is part of the research question) or by other
(unintended) stressors. When such stress is reflected in high
control mortality, the study becomes unreliable. Results of
toxicity tests with field-collected test organisms may be biased
because of community adaptation to toxic stress if pre-exposure
to the test substance has occurred [29]. If this is the case, the
study becomes unreliable.

10. Is the experimental system appropriate for the test
substance, taking into account its physicochemical character-
istics? Most test guidelines prescribe or give recommendations
for the experimental system but allow for flexibility with respect
to the actual design. Some requirements depend on the
substance and/or organism used. The demands of the appropri-
ate test guidelines should be followed as closely as possible, also
for nonguideline test organisms. For instance, the test vessel
should preferably be made of glass, but this demand is more
important for some substances than for others. When
hydrophobic substances are tested in paper cups or plastic
containers, for example, the study becomes unreliable because
of sorption of the substance to the test vessel.

Static systems may be appropriate for short-term tests with
stable substances. However, static systems are usually not
appropriate for long-term exposure. Open systems may be used
for most substances, but volatile substances need to be tested in
a closed test system for the study to be reliable, unless chemical
analyses show that volatilization has not occurred during the
experiment. Regular analysis of test concentrations can confirm
maintenance of exposure concentrations during the test or be
used to calculate actual exposure if concentrations declined. If
test concentrations have not been stable during the test or no
measurements were performed, it should be clear from the study
report that all possible measures have been taken to avoid loss. If
this is the case, the study can still be reliable. If not, the study is
“not reliable” (R3); or, if not enough details are provided, the
study is “not assignable” (R4). As indicated before, this criterion
may not be applicable to substances that are known to be stable
in solution.

Example 6: Unfiltered natural water is used for an acute
Daphnia toxicity study to test a substance with log octanol–
water partition coefficient (KOW) of 4.2. Exposure concen-
trations are measured in unfiltered water. No information is
provided on the amount of particulate matter in the water.
Because of the high sorption of the substance, it can be assumed
that a significant amount of the substance sorbs to the particulate
matter. For many substances, it is assumed that the toxicological
effect is caused by the dissolved fraction. Thus, the actual
exposure concentration is not known, and the study is less
reliable. In contrast, if dissolved concentrations are measured
and the total organic carbon is below 2mg/L (OECD 202
requirement), the study is reliable.

11. Is the experimental system appropriate for the test
organism (e.g., choice of medium or test water, feeding, water
characteristics, temperature, light/dark conditions, pH, oxygen
content)? Have conditions been stable during the test? The
experimental system should be appropriate for the test
organisms; for instance, freshwater species should not be tested
in salt water. However, which test conditions are considered to
be appropriate depends on the organism tested, and no specific
guidance can be given. When testing a photodegradable
substance, for example, the experiment may be performed
under dark conditions for fish and daphnids, but algae will need
light to grow. Temperature, pH, and oxygen should preferably
be stable and within the appropriate range for the organism and
the substance. If there is a large variability among the controls or
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the control performance is not good (e.g., high mortality), this
may indicate that the test conditions were not appropriate and
the study is not reliable.

Feeding is not allowed in acute toxicity studies because of
interference with the test substance. For chronic studies,
however, feeding is often necessary to keep the animals alive.
Feeding should then follow the requirements of the guideline (if
applicable), and all excess food should be carefully removed
shortly after feeding to avoid decreased bioavailability of the
test substance.

Sometimes modified exposure studies with sediment are
performed with species that are normally tested in water-only
systems. Endpoints from these studies will mostly be considered
unreliable, especially when hydrophobic substances are tested,
unless concentrations in the water phase are adequately
monitored and reported. For aquatic insects that need some
kind of substrate when tested chronically, inert substrates such
as quartz sand or glass beads may be an appropriate alternative
according to OECD guideline 233.

Example 7: An ecotoxicity study with a freshwater fish is
performed in 3 different media: distilled water, reconstituted
water, and water with different salinities. The controls show
high mortality in the tests performed in distilled water and high
salinity but no mortality in the tests performed in reconstituted
water and low salinity. This implies that the endpoints from the
tests in distilled water and high salinity are not reliable because
of the stress these test media caused. However, the endpoints
from the tests in reconstituted water and low salinity, where the
fish only experienced the stress from the substance under
investigation, are reliable.

12. Were exposure conditions below the limit of water
solubility (taking the use of a solvent into account)? If a solvent
is used, is the solvent within the appropriate range and is a
solvent control included? If substances are tested at concen-
trations below the water solubility, the test can be assumed to
be reliable. Depending on the uncertainty in the estimate of the
water solubility, results of tests performed above the estimated
water solubility may be reliable as well. Expert judgment
should be used here. Reports of precipitates may indicate
that the solubility was exceeded. In this case, test results are less
reliable since actual concentrations do not equal nominal
concentrations.

Results from a test in which a substance was tested at
nominal concentrations 10 times higher than the solubility
should normally be regarded as “not reliable” (R3) [24]. For
tests where this is not the case, the reliability should be subject to
expert judgment.

Solvents may be used to prepare stock solutions. It is,
however, usually not advised that solvents be added directly to
the test vessels to enhance solubility. Solvents should not be
toxic to the tested species at the tested concentrations [26].
According to several OECD guidelines, the concentration of
solvents should not exceed 0.01%. The highest solvent
concentration used should be reflected in a solvent control
(see also criterion number 5).

13. Is correct spacing between exposure concentrations
applied?When spacing between test concentrations is too large,
the results are not reliable, especially when deriving a NOEC
value. A scaling factor of 3.2 (¼√10) is often recommended.
As a rule of thumb, a maximum scaling factor of 10 should
be applied. Performing a range-finding test may help in
determining the right exposure concentrations, and as a result
the necessary spacing between exposure concentrations may
be reduced.

Example 8: A limit study is performed at 2 concentrations:
0.01mg/L and 1mg/L. No effect was observed at 0.01mg/L,
and all organisms were dead at 1mg/L. The NOEC value could
thus have been 0.01mg/L but also 0.1mg/L or 0.25mg/L.
Because of this large spacing between the 2 concentrations and
the low number of concentrations tested, it is not known what
the actual effect concentration is. Thus, no reliable NOEC,
EC50, or lowest-observed-effect concentration values can be
derived from this study. However, the study may be used as
supportive evidence, for example, to demonstrate the (in)
sensitivity of the particular species in relation to other data.

14. Is the exposure duration defined? The exposure duration
should be defined for a study to be reliable. Especially when
results from different studies with the same test species are
compared, it is necessary to know if the exposure durations were
similar. The ideal test duration depends on the test organism
used and the endpoint under investigation. Sometimes the
exposure is very short (e.g., 1 d), whereas effects are not
observed until days or weeks after exposure (delayed effects).
Results should then be expressed in terms of the actual exposure
duration and not in terms of the duration of the entire
experiment, although the delay of the effects should be clearly
mentioned when summarizing the results to enable comparison
with other studies in which the observation of effects was
stopped immediately after exposure.

15. Are chemical analyses adequate to verify concentrations
of the test substance over the duration of the study? It is
important to know the actual exposure concentrations, and it
should be clear if the reported concentrations are initial or final
concentrations, whether they are mean or geometric mean
concentrations, and which of these concentrations are used to
calculate the effect concentrations. In some cases, such as acute
toxicity tests or semistatic (renewal) chronic tests with a stable
substance, nominal concentrations without measurements can
be acceptable. A static or semistatic acute study with a stable
substance (information on stability should then be available
from other experimental work or from physicochemical
characteristics) may be reliable if no measurements are
performed; but in all other cases, the exposure concentrations
should be verified by analytical measurements. Analysis of the
concentration at the beginning of the test may be enough,
depending on the substance and the test system, but measure-
ments usually should be performed at least at the beginning and
the end of the experiment. There should be no major loss as a
result of degradation, photolysis, volatilization, hydrolysis, or
adsorption to glass or other equipment. During the experiment,
the test concentration should be close to nominal (80–120%),
especially when possible lossmechanisms are unknown, and the
test design should be adequate to maintain this concentration. If
the loss of test substance is higher than 20%, it should be
investigated whether this is caused by insufficient performance
of the test (in which case the reliability is reduced) or by other
loss processes. Since these loss processes may be caused by the
intrinsic properties of a substance, it may be impossible to avoid
them. In case hydrolysis may have occurred, calculations could
be performed by a quantitative structure–activity relationship
specialist if experimental data on hydrolysis are missing. If test
concentrations deviate more than 20% from nominal, it should
be clear that all possible measures have been taken to maintain
test concentrations (e.g., renewal, flow-through system). In this
case, when the experiment is assessed to have been performed in
a technically adequate way, the test could be considered
“reliable with restrictions” (R2) [24]. Reported test results
should then be based on measured concentrations, preferably as
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time-weighted averages. However, it should be noted if
metabolites were present, and expert judgment is needed to
decide whether or not it is most suitable to express effects using
the concentrations of the parent substance.

The method used to perform chemical analyses should
preferably be reported. If the limit of detection and recovery
efficiency of the method used are reported, the reliability of the
study increases. However, lack of information on recovery and
limit of detection does not make the study unreliable.

16. Is the biomass loading of the organisms in the test system
within the appropriate range (e.g., <1 g/L)? Especially for
hydrophobic substances, organism loading should be taken
into account to avoid loss of the test substance by sorption to
biota. This is mainly relevant for studies with larger organisms,
like fish and macrophytes. Sorption to biota may become
relevant when testing substances with log KOW values >3. In
addition, density stress may interfere with the effects of
the chemical substance. The OECD guideline for acute fish
toxicity tests recommends a maximum loading of 1.0 g fish/L
for static and semistatic tests. For flow-through systems, higher
biomass loadings may be acceptable if this does not cause a
decrease in concentration of the test substance due to sorption to
biomass.

Example 9. An experiment is performed using 30-L aquaria
containing 40 fish of 1.5 g each (biomass loading of 2 g/L). If the
experiment is static, the biomass loading would be too high.
However, when a flow-through study is performed with a
renewal rate of, for example, 90 L/d, the biomass loading would
be acceptable.

17. Is a sufficient number of replicates used? Is a sufficient
number of organisms per replicate used for all controls and test
concentrations? In general, the guideline requirements for
number of replicates should be used.When a nonguideline study
is evaluated, expert judgment is needed to assess whether the
study design is appropriate to obtain statistically reliable results.
Statistically significant results do not automatically mean that
the study is reliable, especially when there have been flaws in
the study setup or in the performance of the study. For example,
the use of pseudoreplicates (see example 10) lowers the
reliability.

Example 10: An experiment is performed with 4 different
concentrations and a control. For this experiment, 5 aquaria are
used (1 per concentration). Within the aquaria, 3 compartments
are made to separate groups of animals. These 3 groups of
animals are considered to be pseudoreplicates (they have the
same container, water, light, and temperature conditions and
could experience the same stress). Thus, because the test is
performed with pseudoreplicates only, the reliability is lowered.

18. Are appropriate statistical methods used? In general, the
guideline requirements for statistics should be followed and a
description of the statistics is needed to assess the reliability of
an endpoint. When a nonguideline study is evaluated, expert
judgment may be needed.

If effect values are missing, concentration–response data
reported in tables or graphs can be used to calculate them. For
example, the concentration at which 10% effect is observed
(EC10) can usually be calculated when a concentration–
response curve is available, and computer programs are
available to translate graphs into individual data points (e.g.,
Techdig). However, effect values should be determined by
interpolation and not by extrapolation, and they should
preferably not exceed or be lower than the tested concentrations.
A calculated EC10 value that is more than 3 times lower than the
lowest tested concentration is less reliable. An NOEC value

should be determined using an appropriate statistical method
and should not be determined by visual inspection of the graphs
or other estimation without statistical significance being
determined.

19. Is a concentration–response curve observed? Is the
response statistically significant? The requirement for a
concentration–response relationship depends on the objective
of the study. If an effect needs to be demonstrated, a
concentration–response relationship is needed. However,
when the study has been performed to verify that there is no
effect at a certain dose, a concentration–response relationship is
not necessarily needed to derive an NOEC value. Generally, if
no monotonic concentration–response curve is observed, it is
difficult to obtain reliable endpoints. Exceptions occur, for
instance when increased growth is observed at low concen-
trations and a toxic effect is observed at high concentrations.
The concentration–response curve can then be difficult to
calculate, and a calculation model that allows for these effects is
needed. When limit tests (with just 1 or 2 concentrations) are
performed, no concentration–response curve can be observed.
However, a properly designed limit test based on range-finding
data and conducted at the limit of solubility is reliable, as long
as no adverse effects are observed. If adverse effects do occur,
then the study alone cannot be used to calculate a safe
concentration.

If tables or graphs (which can be transformed back into
numbers) with concentration–response data are available, effect
values may be calculated. However, calculating a statistically
significant NOEC value will not be possible if raw data or
standard errors are missing. Nevertheless, it may then be
possible to calculate an EC10 value, with statistical significance
values, using programs such as GraphPad Prism. If endpoints
with their statistical method are provided but no concentration-
response graph or table is reported, the study can still be
assigned to be “reliable with restrictions” (R2).

20. Are sufficient data available to check the calculation of
endpoints and (if applicable) validity criteria (e.g., control data,
concentration–response curves)? The availability of raw data is
not a prerequisite for a study to be reliable. However, where
“reliable with restrictions” (R2) can be assigned if raw data are
not reported, “reliable without restrictions” (R1) can only be
assigned when raw data are provided. By “raw data” we mean
the data needed to assess the statistics and variability in the
controls, recalculate the reported endpoints, and calculate
alternative endpoints. These data may be presented in the form
of tables or graphs, in the publication itself, or, in case of peer-
reviewed papers, in the supplemental data.

Relevance evaluation

In contrast to reliability, relevance does not concern the
inherent quality of the study but mainly depends on the purpose
of the assessment or regulatory framework for which it is
evaluated. Thus, relevance may change depending on the use of
the study. For instance, a sediment toxicity study can be
irrelevant for aquatic EQS or PNEC derivation but very relevant
for risk assessment for sediment. This implies that most
relevance aspects can be evaluated only if the framework and
the purpose for the risk assessment are known.

Similar to the criteria for reliability, a distinction can bemade
between relevant and nonrelevant studies. The CRED evalua-
tion method uses 4 relevance categories: relevant without
restrictions (C1), relevant with restrictions (C2), not relevant
(C3), and not assignable (C4). A more detailed description of
these categories is provided in Table 3. A similar assignment of
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these categories can be applied as explained for reliability. The
relevance criteria are summarized in Table 4. Each criterion is
further explained below.

1. Is the species tested relevant for the compartment under
evaluation? The species tested should be relevant for the
compartment under evaluation. For aquatic ecotoxicity studies,
the test species should be relevant for the aquatic compartment.
For instance, soil organisms such as nematodes, even when
tested in aqueous medium, have lower relevance for aquatic risk
assessments. Likewise, terrestrial plants could give information
on the sensitivity of plants to a substance but would be of lower
relevance in aquatic risk assessments. Depending on the
substance and the framework, saltwater species may or may
not be relevant for a freshwater assessment and vice versa.

2. Are the organisms tested relevant for the tested substance?
Because the purpose of most assessments is to evaluate the
potential risks of a substance to sensitive nontarget organisms,
care should be given to the representativeness of test species; for
example, an insecticide should preferably also be tested on
insects, and an antimicrobial substance on cyanobacteria. For a
study to be relevant, the test organisms do not necessarily have
to be a test species for which an accepted test guideline is
available. Information from nonsensitive species can also be
relevant, especially when enough data are available to perform a
species sensitivity distribution or for hazard assessments. When
endocrine-disrupting substances are tested, effects might differ
between males and females; for example, one substance mainly
affects egg production, and another substance only affects
sperm viability and fertility. Thus, a distinction between data on

male and female organisms should be made for these kinds of
compounds since the relevance of study results could differ
between sexes.

Example 11: An insecticide is tested on algae. Although
these are not a potentially sensitive species group for this
substance, algal growth inhibition is still relevant for PNEC or
EQS derivation and is needed for the “base set” of algae,
invertebrates, and fish that is required in most regulatory
frameworks.

3. Are the reported endpoints appropriate for the regulatory
purpose? For PNEC and EQS derivation, studies on bio-
accumulation may not be relevant. For the determination of an
acute EQS, chronic data may be less relevant and vice versa.

4. Are the reported endpoints appropriate for the investi-
gated effects or the mode of action of the test substance?When a
risk assessment is performed for substances with a specific
mode of action or a known adverse outcome pathway, studies
that assess this particular mode of action or adverse outcome
pathway are most relevant. For example, fish biomarkers,
vitellogenin concentrations, secondary sex characteristics, and
sex ratio are considered to indicate endocrine-disrupting
chemicals interfering with estrogens, androgens, and steroido-
genesis pathways [30]. These biomarkers, however, are not
useful for indicating other modes of action such as the
glucocorticoid receptor pathway. However, even if the use of
a biomarker is not (yet) accepted for use in EQS derivation [31],
studies on this biomarker can still be listed as supporting
information in dossiers, to show the concentration range in
which effects may occur.

Table 3. Relevance categories

Score Description

C1 Relevant without restrictions: The study is relevant for the purpose for which it is evaluated.
C2 Relevant with restrictions: The study has limited relevance for the purpose for which it is evaluated.
C3 Not relevant: The study is not relevant for the purpose for which it is evaluated.
C4 Not assignable: Studies that do not give sufficient details since the result is presented in abstracts or secondary literature (books, reviews, etc.) or

studies of which the documentation is not sufficient for assessment of relevance for one or more vital parameters.

Table 4. CRED relevance criteriaa

Number Criterion

General
Before evaluating the test for relevance, indicate why you are evaluating this study. The relevance of the study might be different for
different purposes (e.g., environmental quality criteria derivation, PBT assessment, dossier evaluation for marketing authorization),
also depending on the framework for which the evaluation is requested.

Biological relevance
1 Is the species tested relevant for the compartment under evaluation?
2 Are the organisms tested relevant for the tested compound?
3 Are the reported endpoints appropriate for the regulatory purpose?
4 Are the reported endpoints appropriate for the investigated effects or the mode of action of the test substance?
5 Is the effect relevant on a population level?
6 Is the magnitude of effect statistically significant and biologically relevant for the regulatory purpose (e.g., EC10, EC50)?
7 Are appropriate life stages studied?
8 Are the experimental conditions relevant for the tested species?
9 Is the exposure duration relevant and appropriate for the studied endpoints and species?
10 If recovery is studied, is this relevant for the framework for which the study is evaluated?

Exposure relevance
11 In case of a formulation, other mixture, salts, or transformation products, is the substance tested representative and relevant for the

substance being assessed?
12 Is the tested exposure scenario relevant for the substance?
13 Is the tested exposure scenario relevant for the species?

aSee main text for further explanation of the criteria and explanatory guidance text on how to interpret the criteria.
CRED¼ criteria for reporting and evaluating ecotoxicity data; PBT¼ persistent, bioaccumulative, and toxic; EC10/EC50¼ 10% and 50% effect concentrations.
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5. Is the effect relevant on a population level? Most
frameworks consider only traditional test endpoints, such as
mortality, growth, and reproduction, which are assumed to be
linked to population sustainability. However, nonguideline tests
may also report nonguideline or nonstandard endpoints that
could be relevant, such as filtration rate and behavioral
endpoints. The discussion on which endpoints are population-
relevant is ongoing and differs between frameworks. Examples
of debated endpoints include blood parameters, general
behavior, swimming speed, gene expression, vitellogenin
concentrations, in vitro tests, and coloration.

6. Is the magnitude of effect statistically significant and
biologically relevant for the regulatory purpose (e.g., EC10,
EC50)? In a standardized test system with relatively little
control variation, minor changes may be statistically significant
without necessarily being considered ecologically relevant.
Expert judgment is needed to decide if the observed effect is
caused by the chemical under investigation, especially when no
concentration–response relationship is observed. Please note
that if enough data are presented in tables or graphs, additional
endpointsmay be calculated by the assessor if not reported in the
study.

For the derivation of chronic risk limits, EC10 and NOEC
values are the preferred type of effect values. However, EC50
values can be used if EC10 or NOEC values are missing. If in a
certain data set an EC50 value from an acute study is lower than
the lowest NOEC value from chronic studies, this information is
relevant for the risk assessment. For the derivation of acute risk
limits in the European Union, EC50 values are preferred and
NOEC/EC10 values derived from acute studies are less
relevant.

Example 12: An NOEC value is available from an acute
toxicity study with Gammarus sp. This NOEC value is well
below the lowest available EC50 values for other species and,
thus, indicates that Gammarus sp. is a very sensitive species.
Although in the European Union, EQSs or PNECs for acute
toxicity are not based on NOECs, depending on the regulatory
framework this information might be used to adjust the
assessment factor. In contrast, if the acute NOEC value were
higher than EC50 values for other species, this would indicate
that Gammarus sp. is not sensitive to this substance.

7. Are appropriate life stages studied? The studied life stage
should be appropriate for the experimental design and the
purpose of the study. For instance, an early life stage test with
fish embryos or larvae is relevant for investigations of
developmental effects but not relevant for investigating effects
on reproduction.

8. Are the experimental conditions relevant for the tested
species?Not only the species (criterion 1) but also the exposure
route and conditions should reflect the compartment under
investigation. For instance, freshwater species should be tested
in freshwater, and saltwater species should be tested in salt
water. If this is not the case, the result may not be relevant. If
organisms are exposed throughwater (e.g.,Chironomus sp.) and
sediment is only needed to provide hiding space or as substrate
for eggs, inert alternatives such as glass beads, silica sand, and
cotton sheets may be used to prevent interference with the
substance in the water phase.

9. Is the exposure duration relevant and appropriate for the
studied endpoints and species? The exposure time should be in
line with the endpoints and the test organism under investiga-
tion. For algae, themaximum exposure time is usually 3 d to 4 d;
but depending on the test species, 7-d exposure may also be
used. Although most guidelines recommend exposure for 96 h

for an acute toxicity tests on fish, this does not mean that a 5-d or
10-d test is not relevant. Expert judgment is needed to decide
whether a test should be considered acute or chronic. When
studying chronic effects, sensitive life stages should be included
or a whole life cycle should be studied.

10. If recovery is studied, is this relevant for the framework
for which the study is evaluated? Recovery is not taken into
account in most frameworks, the exception being the European
authorization of plant protection products, where results based
on recovery are relevant for risk assessments.

11. In case of a formulation, other mixture, salts, or
transformation products, is the substance tested representative
and relevant for the substance being assessed?A substancemay
be tested as a pure active substance or in a formulation. Tests
performed with formulations may be of lower relevance for
EQS derivation within the Water Framework Directive and of
higher relevance for assessments within the Plant Protection
Product framework. For pharmaceuticals, the metabolite
excreted by humans or livestock may be more relevant for
risk assessment than the parent substance. For unstable
substances, it should be known if transformation products are
formed and if these transformation products are toxic. If the
substance causing the effect is not the substance under
investigation, expert judgment is needed to decide on how to
deal with the results of the study and the resulting risk
assessment.

12. Is the tested exposure scenario relevant for the substance?
The exposure scenario includes duration of exposure, exposure
concentrations, application of the substance, route of adminis-
tration, and the exposure schedule (static, semistatic, renewal,
flow-through, etc.). Some exposure scenarios may not be
relevant for the situation to be assessed within a certain
framework. For plant protection products and veterinary
pharmaceuticals, for example, the application regime determines
the predicted exposure pattern. If the exposure is predicted to
be a single peak that declines quickly, a chronicfish studymay be
less relevant. However, if a substance is present over a longer
period of time, because there is continuous discharge into aquatic
systems and/or the substance disappears slowly from the water
phase, then a chronic fish study may be very relevant.

13. Is the tested exposure scenario relevant for the species?
Depending on the framework and the purpose of assessment, the
exposure scenario may not be relevant for the species tested. For
example, exposure for only a few minutes can be relevant to
study reproductive effects in fish eggs but may not be relevant to
assess acute or chronic effects on adult fish.

CRED REPORTING RECOMMENDATIONS

The CRED reporting recommendations contain 50 specific
criteria divided into 6 categories: general information, test
design, test substance, test organism, exposure conditions, and
statistical design and biological response (Table 5). The
reporting recommendations have been developed to match
the reliability criteria from the CRED evaluation method, and
the guidance accompanying the evaluation method is therefore
also useful for researchers. Researchers performing aquatic
ecotoxicity studies are advised to go through the reporting
recommendations at an early stage of designing their experi-
ments to make sure that all aspects connected to reliability are
considered. Some of the recommendations are critical for
the reliability of a particular study; others will be of less
importance. Often, this will depend on test organism, test
duration, and test substance; for example, it is not relevant to
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report sex of the organism for an algae test, feeding protocols are
not relevant for acute ecotoxicity studies, and the age and sex of
test organisms are essential when testing endocrine-disrupting
substances. When reporting ecotoxicity studies, authors are
encouraged to include as much information as reasonably
possible in a structured manner, using the supplemental data if
necessary. When no information can be provided for one or

several of the reporting recommendations, it is suggested that
authors transparently explain why the information was not
reported. This way, anyone evaluating the study (e.g., peer
reviewer, editor, fellow researcher, risk assessor) can get a clear
picture of experimental design, results, and possible limitations
of a particular study. The possibility that a study is under-
reported and essential information is missing is likely to

Table 5. The CRED reporting recommendations contain 50 specific aspects to consider when reporting aquatic ecotoxicity studiesa

CRED reporting recommendations

1. General information
a. Purpose of study
b. Description of endpoints

2. Test design
a. Performed according to standard/modified standard (e.g., OECD, USEPA)
b. Performed according to good laboratory practices (GLP)
c. Description of control(s): Negative control, solvent control, positive control
d. Control(s) mortality, growth, morbidity, and other observed non-standard effects such as behavior and coloring
e. Comparison to validity criteria (e.g., control survival, growth) from appropriate guideline test method

3. Test compound
a. Identification (e.g., name, CAS number, specify if the salt or the base is tested)
b. Physicochemical characteristics that may influence the behavior of the compound during the study (e.g., solubility, volatility, stability [hydrolysis,

photolysis, degradation], solubility, log KOW, degradability, adsorption)
c. Source
d. Purity percentage
e. Composition of product formulation and presence of impurities

4. Test organism
a. Scientific name
b. Body weight, length
c. Age/life stage
d. Growth/reproductive condition
e. Sex
f. Strain, clone
g. Source, including possible pre-exposure for field-collected organisms
h. Culture handling and acclimation to exposure conditions

5. Exposure conditions
a. Exposure schedule (static, semistatic, flow-through system, other) and flow rate (flow-through systems) or renewal time (semistatic systems)
b. Open or closed system
c. Test medium composition and source of test water (e.g., well water, deionized water, tap water)
d. Temperature and time points for measuring
e. pH and time points for measuring
f. Hardness of water and time points for measuring
g. Conductivity and time points for measuring
h. Dissolved oxygen content and time points for measuring
i. Light intensity and quality (e.g., source, light spectrum, homogeneity), light/dark conditions
j. Feeding protocols, food composition
k. Material and volume of aquarium/container and other equipment in contact with test organisms and test substance
l. Use of sand or sediment and its characteristics (total organic carbon, particle size, etc.)
m. Preparation of stock solutions, including solvent concentrations in test water and controls
n. Nominal concentrations of test substance
o. Measured concentrations of test substance and time points for measuring
p. Analytical method: description of method, including limit of detection and limit of quantification
q. Exposure duration and total test duration
r. Time points of observations for endpoints
s. Results based on nominal or measured concentrations
t. Biomass loading (biomass per liter)

6. Statistical design and biological response
a. Number of replicates for control(s) and test concentrations; setup of replicates (avoid pseudoreplication)
b. Number of organisms, or algal cell concentration, per replicate
c. Treatment design (e.g., block, randomized)
d. Statistical method used
e. Biological response for each concentration
f. Dose–response observed
g. Statistically significant responses noted (e.g., ECx)
h. Significance level for NOEC and LOEC data (0.05 or less)
i. Estimation of variability for LCx and ECx data
j. Availability of raw data: through supporting information, a website, or upon request

aAuthors are encouraged to provide a rationale whenever a reporting recommendation is not met. The CRED reporting recommendations are also available in an
Excel file (see Supplemental Data, Appendix A).
CRED¼ criteria for reporting and evaluating ecotoxicity data; OECD¼Organisation for Economic Co-operation and Development; USEPA¼US
Environmental Protection Agency; KOW¼ octanol–water partition coefficient; ECx¼ x% effect concentration; NOEC¼ no-observed-effect concentraiton;
LOEC¼ lowest-observed-effect concentration; LCx¼ x% lethal concentration.
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decrease if the CRED reporting recommendations are followed.
In addition, a study containing all important information will
probably go through the peer-review process in a more efficient
way.

DISCUSSION

CRED evaluation method

The CRED evaluation method is an adaptation from the
Klimisch et al. method [3] and distinguishes itself mainly
through the use of more detailed criteria in combination with a
clear explanation of these criteria, and by providing criteria for
evaluation of both reliability and relevance. Within the CRED
project, a ring test was performed in which the CRED evaluation
method was compared with the Klimisch method [21]. The ring
test showed that the reliability categorizations using both
methods did not differ significantly for 5 of the 8 studies
assessed. The significant differences between the methods for
the other 3 studies could be attributed to a more in-depth
assessment using the CRED evaluation method; that is, flaws in
the study setup and performance were detected more frequently.
Fine-tuning of the criteria was mainly focused on rewriting
those evaluation criteria for which the answers of the
participants differed the most. The CRED evaluation method
was also perceived to be more accurate, consistent, and
applicable (practical) for routine use compared with the
Klimisch method. Moreover, ring test participants found the
CRED evaluation method to depend less on expert judgment.
An important aspect when implementing a new system is the
time needed for the evaluation. The results of the ring test
showed that, on average, participants did not need more time
using the CRED evaluation method than when using the
Klimisch et al. method (see Supplemental Data), even though
most of the participants were already familiar with the Klimisch
et al. method and not with the CRED evaluation method.

As a result, 80% of the participants felt “very confident” or
“confident” when using the CRED evaluation method for
reliability evaluation, in comparison with 60% using the
Klimisch method. For relevance evaluations, 72% felt “very
confident” or “confident” when using the CRED evaluation
method, compared with 37% using the Klimisch method (see
also Kase et al. [21] for more details). Thus, the CRED
evaluation method is a good replacement of the Klimisch
method. Since the reliability categories are the same (reliable
without restrictions, reliable with restrictions, not reliable, not
assignable), former evaluations using the Klimisch method can
still be used and do not necessarily need to be replaced by an
evaluation using the CREDmethod. However, use of the CRED
evaluation method, with its increased transparency, will
facilitate the exchange of assessments among frameworks.

It should be stressed that, despite the detailed guidance given
in the present study, use of expert judgment while evaluating
studies is still necessary. Determining reliability is not a box-
checking exercise, where the number of passed or failed criteria
is determined to obtain a reliability category [32]. Any method
used to assess the reliability and relevance of a study should be
based on sound scientific argumentation, and expert judgment is
essential.

During the ring test, the CRED criteria for reliability and
relevance were categorized as either critical or noncritical.
However, this appeared to create confusion among the ring test
participants since many of them applied these criteria in a very
strict sense, despite the accompanying text explaining possible
exceptions. In most cases, whether a criterion is critical or not is

not a black and white decision but depends on the substance
and/or species tested. For example, a closed system is essential
for volatile substances, the light conditions are essential for algae,
and it is essential that concentrations are measured and a flow-
through or renewal system is used for some unstable substances,
while a static system with nominal concentrations may be good
enough for stable substances. Thus, the division into critical and
noncritical criteria is no longer part of the CRED evaluation
method. Although the CRED evaluationmethod is more detailed
than the Klimisch method, it still does not give a solution for
every possible situation. Formost of the criteria, expert judgment
is needed to decide whether a certain criterion is critical for the
specific study under evaluation.

The CRED ring test provides an illustrative example of how
the same ecotoxicity study can be assessed in various ways.
Ring test participants were asked to evaluate 2 studies that relied
on the same raw data: a contract laboratory study report and a
peer-reviewed publication [21]. When the laboratory study
report was evaluated using the Klimisch method (n¼ 9), it was
assessed to be either “reliable without restrictions” (R1; 44% of
the participants) or “reliable with restrictions” (R2; 56% of the
participants), meaning that it could have been used for
regulatory purposes according to all ring test participants.
However, when the same study was evaluated using the more
detailed CRED evaluation method (n¼ 19), participants had a
more critical look and identified flaws in the study, which
resulted in a reduced reliability: 16% of the participants
evaluated the study to be “reliable without restriction” (R1),
21% evaluated the study to be “reliable with restrictions” (R2),
and 63% came to the conclusion that the studywas “not reliable”
(R3). The difference in assignment of categories was found to be
statistically significant using a chi-squared test (p¼ 0.005). A
possible explanation for this could be that risk assessors are
biased toward laboratory studies performed according to
guideline studies and GLP. Also, when using the Klimisch
method, participants rated the contract laboratory study report
much higher (n¼ 9; 44% R1 and 56% R2) than the peer-
reviewed publication based on the same data set (n¼ 12; 66%
R2 and 33%R3). When the CRED evaluation method was used,
the contract laboratory study report was overall assigned a lower
reliability category (n¼ 19; 16% R1, 21% R2, 63% R3) than
when the Klimisch method was used, but the difference in
assignment of categories for the peer-reviewed study using
CRED (n¼ 13; 46% R2, 31% R3, 23% R4) was not statistically
significant (p¼ 0.321) compared with the Klimisch evaluation.
Thus, a critical view combined with the CRED evaluation
method will prevent an automatic assignment of “not reliable”
(R3) to peer-reviewed publications and “reliable without
restriction” (R1) to contract laboratory study reports. The
CRED evaluation method uses the same reliability and
relevance criteria for guideline studies and peer-reviewed
studies.

In addition to emphasizing the problems with bias among
risk assessors and the importance of having a sufficiently
detailed evaluation method, this example also shows that poorly
performed studies and insufficient reporting are not limited to
the work conducted within the peer-reviewed literature but also
can be found in industry-generated guideline studies performed
according to GLP. In addition, assessors should be aware that
laboratory study reports may still be unreliable even if they
provide all necessary information to evaluate reliability (e.g., if
the test design does not take the physicochemical properties into
account, analytical verification is poor, or solvent controls did
not perform well).
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The CRED evaluation method aids in making the assessors’
decisions more consistent and, moreover, helps with document-
ing the choices made and increases transparency in study
evaluations. However, as stated before, use of the CRED
evaluation method should not be just a box-checking exercise.
When performing evaluations, some flexibility may be required,
especially for older studies since reporting of studies has not
always been done with regulatory use in mind. If the CRED
evaluation method is used in a too strict manner, much data may
get lost and the consequences of this may be severe for data-poor
substances. Although this might be inevitable in the short run,
we hope that with the CRED evaluation method and the CRED
reporting recommendations the reliability of peer-reviewed
articles will improve and nearly all of them can be available for
risk assessment or EQS derivations in the future.

When using the CRED evaluation method, the transparency
of study evaluations increases, which has the potential to also
increase the exchange of assessments between frameworks if
the risk assessors’ evaluations are documented in a structured
manner. To facilitate the documentation, an Excel document is
available as Supplemental Data, Appendix B. To aid transpar-
ency, the reason for fulfillment or nonfulfillment should be
stated for each criterion. The improved guidance in combination
with a more transparent evaluation system also prevents the
often-made mistake of assigning a study to be “not reliable”
(R3) when the only problem is that it lacks sufficient details.
This was shown in the ring test, where a study that lacked the
details for a thorough assessment was frequently assigned to be
“not reliable” (R3) using the Klimisch method but more
frequently assigned to be “not assignable” (R4) using the CRED
evaluation method.

Finally, we stress the following general recommendations
for risk assessors: evaluate reliability and relevance in a
systematic way, such as by using the checklist provided in the
Supplemental Data; document your choices and the rationale
behind them, highlight uncertainties, and stay critical regarding
bias coming from the background of the authors; contact the
authors if more details are needed; derive other effect values
(e.g., EC10) when data are available; make sure all derivations
are consistent; use an expert group for review if possible; and let
an agency from another country review your derivation.

CRED reporting recommendations

Peer-reviewed ecotoxicity studies and contract laboratory
study reports have a similar purpose: to provide the reader with
information about the test and the results. However, the content
and structure of the reports differ. Guided by limited publication
space and word limits, peer-reviewed literature often lacks the
necessary details for a thorough evaluation of the study [4,15].

There are several aspects that affect scientific credibility:
source of funding, conflicts of interests, choice of scientific
method, interpretation of results, unbiased reporting, use of peer
review, and public access to raw data [33–36]. A key issue for all
these aspects is transparency. Transparent reporting of
ecotoxicity studies can be achieved when details about test
design and results are reported in a structured way using
reporting recommendations. The CRED reporting recommen-
dations safeguard that at least a minimum amount of
information regarding the study design and study results is
reported. In addition, the recommendations could simplify the
writing process by serving as a template for authors.
Furthermore, by following the CRED reporting recommenda-
tions when designing experiments, researchers can safeguard
the reliability of ecotoxicity studies. Improved reporting of

ecotoxicity studies could also facilitate the possibility of other
researchers reproducing test results [19,37,38], thus increasing
the credibility of the scientific process as a whole. It also has the
potential to accelerate the publication process by streamlining
editors’ and reviewers’ work. Structured reporting recommen-
dations can also create awareness regarding the requirements set
by regulatory agencies for inclusion of studies in risk assess-
ments [23] and can simplify the evaluation process in regulatory
assessment of chemicals. Finally, researchers should keep in
mind that nonguideline studies, which may or may not be
performed according to GLP, also can be used for regulatory
purposes [26,27]. A concise and complete description of
methods and results (if necessary in the supplemental data) is
essential for the publication process but also for the study to be
used by others and for other purposes.

Supplemental Data—The Supplemental Data are available on the Wiley
Online Library at DOI: 10.1002/etc.3259.
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