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EDITOR'S NOTE:
This article is part of the special series “Criteria for Reporting and Evaluating Exposure Datasets (CREED).” The papers,

developed through a SETAC Technical Workshop, present a tested methodology to evaluate the reliability and relevance of
measured chemical data for use in estimating exposure in environmental assessments. Specifically, these papers deliver a
method to consistently and transparently evaluate whether a chemical dataset is fit for a specific assessment purpose, as not
all measured chemical data are fit for all purposes; to identify limitations of the dataset that may qualify or constrain the use
of the data; and to provide guidance to data generators on critical study characteristics that should be reported to ensure
that their data are useful to the widest possible range of assessment types.

Abstract
Environmental exposure data are a key component of chemical and ecological assessments, supporting and guiding envi-

ronmental management decisions and regulations. Measures taken to protect the environment based on exposure data can
have social and economic implications. Flawed information may lead to measures being taken in the wrong place or to
important action not being taken. Although the advantages of harmonizing evaluation methods have been demonstrated for
hazard information, no comparable approach is established for exposure data evaluation. The goal of Criteria for Reporting
and Evaluating Exposure Datasets (CREED) is to improve the transparency and consistency with which exposure data are
evaluated regarding usability in environmental assessments. Here, we describe the synthesis of the CREED process, and
propose methods and tools to summarize and interpret the outcomes of the data usability evaluation in support of decision‐
making and communication. The CREED outcome includes a summary that reports any key gaps or shortcomings in the
reliability (data quality) and relevance (fitness for purpose) of the data being considered. The approach has been implemented
in a workbook template (provided as Supporting Information), for assessors to readily follow the workflow and create a report
card for any given dataset. The report card communicates the outcome of the CREED evaluation and summarizes important
dataset attributes, providing a concise reference pertaining to the dataset usability for a specified purpose and documenting
data limitations that may restrict data use or increase environmental assessment uncertainty. The application of CREED is
demonstrated through three case studies, which also were used during beta testing of the methodology. As experience with
the CREED approach application develops, further improvements may be identified and incorporated into the framework. Such
development is to be encouraged in the interest of better science and decision‐making, and to make environmental mon-
itoring and assessment more cost‐effective. Integr Environ Assess Manag 2024;00:1–16. © 2024 SETAC

KEYWORDS: CREED; Environmental assessment; Exposure data usability; Reliability and relevance evaluation; Reporting
and evaluating criteria

INTRODUCTION
measuredEnvironmental exposure data are a key compo-

nent of chemical and ecological assessments, supporting
and guiding management and regulations. Datasets of
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concentrations of chemicals in environmental matrices are
routinely used (together with ecotoxicity data) for different
risk assessment purposes. Practitioners, however, are often
faced with uncertainties arising from dataset quality issues
and/or data reporting gaps. Furthermore, the evaluation of
the quality and relevance of hazard and exposure data is
often hampered by the subjectivity inherent in expert judg-
ment. Aiming for best practice, frameworks to determine the
suitability of ecotoxicity data for specific purposes have been
developed (European Commission, 2018; Kase et al., 2016;
Klimisch et al., 1997; Moermond et al., 2017; Warne
et al., 2018). One example is Criteria for Reporting and
Evaluating Ecotoxicity Data (CRED), which supports evalua-
tions of ecotoxicity data for reliability, relevance, and re-
porting (Moermond et al., 2016).
As reviewed in the accompanying article by Merrington

et al. (forthcoming), previous initiatives have addressed issues
that arise when chemical monitoring data are used in ex-
posure assessment (e.g., OECD, 2013). Nonetheless, an ap-
proach for the harmonized assessment and reporting of
exposure data for environmental purposes is lacking. Regu-
latory guidance for determining the suitability of exposure
datasets for specific objectives is limited across jurisdictions,
with considerable gaps and minimal instructions on how to
process and evaluate exposure datasets. For example, risk
assessment guidance from Europe and the United States
(ECHA European Chemicals Agency, 2016; USEPA, 2015)
typically mentions “quality of dataset” criteria, albeit at a rel-
atively high level, but rarely includes criteria by which to de-
termine the relevance of data for a given purpose.
Consequently, the evaluation of exposure datasets is likely to
be subject to inconsistencies of professional judgment, par-
ticularly when faced with ambiguous or incomplete in-
formation. This may include difficulties in dealing with
nondetects (also called censored data), inadequate spatial
and temporal coverage, a lack of analytical quality control
information (as can be encountered with ecotoxicity datasets),
and so forth. In addition, there is minimal guidance on how
uncertainties can be effectively quantified and communicated,
leading to uncertainty in whether the dataset is usable for a
given assessment purpose.
To improve the transparency of, and the confidence in,

environmental assessments that use chemical monitoring
data to represent exposure, it is important to evaluate the
underlying monitoring datasets for both their reliability and
their relevance for the specific assessment purpose. Reli-
ability refers to the inherent quality of a given dataset, based
on sample collection methods, chemical analysis methods,
and data processing and statistics. Relevance refers to the
degree of suitability or appropriateness of a dataset to ad-
dress a specific purpose or to answer the questions that have
been defined by the assessor. There would be a clear prac-
tical benefit to assessors if systematic and transparent criteria
were available to use in evaluating monitoring datasets for
both reliability and relevance, including guidance on how to
combine datasets from different sources, consider data rep-
resentativity, and express uncertainty.

Criteria for Reporting and Evaluating Exposure Datasets
(CREED) was initiated as a Society of Environmental Tox-
icology and Chemistry (SETAC)‐supported activity to de-
velop a framework and criteria for assessing the reliability,
relevance, and usability of measured environmental ex-
posure (monitoring) data, aiming to improve the trans-
parency and consistency with which exposure data are
evaluated for use in environmental assessments. The goal is
to provide a framework through which expert judgment is
guided and documented, making exposure data‐use deci-
sions transparent and systematic, and facilitating con-
sistency from assessor to assessor. Following an initial
stakeholder analysis, the approach was built, beta‐tested,
and refined to be applicable across jurisdictions and for a
variety of assessor‐defined purposes and is intended to
provide a harmonized set of “best practices” for risk asses-
sors. It can also be used by those generating data as a guide
to the parameters that are important to collect and report,
and by database owners as a guide for which data fields are
considered important for use in environmental assessments,
ultimately supporting the development of reporting stand-
ards for environmental monitoring data.

Not all measured environmental data are fit for all po-
tential assessment purposes (such as trends assessment or
compliance assessment). How monitoring data are treated
and processed can have a considerable bearing upon how
they can be used. The CREED approach provides best
practice for evaluating monitoring data for reliability and
relevance (toward a specified assessment purpose) to pro-
mote robust and consistent data use by and between en-
vironmental assessors (Merrington et al., forthcoming). The
components of this framework are presented in the four
papers in the CREED series, which, respectively, review the
need for CREED, document existing guidance relating to
environmental exposure data, and describe the develop-
ment of CREED (Merrington et al., forthcoming), present
reliability (Hladik et al., forthcoming) and relevance criteria
(Peters et al., forthcoming) for evaluating and reporting
environmental concentration data, and describe stand-
ardized approaches for scoring and summarizing data to
facilitate “fit for purpose” data usage (this article).

Here, we describe the CREED framework and its im-
plementation, and provide tools designed to summarize the
outcomes of a CREED evaluation and interpret the overall
usability of exposure data in a transparent way. We present a
procedure for scoring datasets at two usability levels (Silver
and Gold), each considering the specific assessment pur-
pose, and provide a tool (presented as a workbook template
in Supporting Information) that automates scoring of a da-
taset based on reliability and relevance criteria ratings as
entered by the assessor. We also present a purpose‐specific
report card, which summarizes the CREED evaluation results
in support of decision‐making. Three case studies, repre-
senting different datasets and assessment purposes, were
used in a beta test to demonstrate and refine the application
of the CREED framework, and scoring worksheets are
provided for the three case studies to illustrate CREED
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implementation. It is hoped that the CREED framework will
be improved in the future, incorporating the practical expe-
rience and knowledge gained through its application by
experts in multiple exposure data evaluations.

METHODS
The CREED framework was developed by a diverse group of

government, industry, and academic scientists and/or analysts
over a two‐year period (2021–2023), with much of the break-
through work occurring during and after a SETAC technical
workshop held in Copenhagen, Denmark, in May 2022
(Merrington et al., forthcoming). Development of the CREED
framework, with intended applicability across jurisdictions and
for a diverse array of assessment types, was necessarily an
iterative process. The development of CREED entailed consid-
eration of the relevant professional groups through a stake-
holder analysis, and selection of effective summary and
visualization tools for representing and communicating assess-
ment findings. A first version of the framework was beta‐tested
by experts invited through an open‐access SETAC webinar
(https://www.setac.org/discover-events/webinars.html) and re-
fined afterward. The approach was then implemented into a
workbook template for assessors to easily follow the procedures
and communicate findings, and demonstrated through its ap-
plication to three case studies.

THE CREED APPROACH
The CREED framework includes

1. Purpose statement—the assessor defines the assessment
purpose, clearly describing how the dataset is proposed
to be used.

2. Gateway criteria—minimum requirements that a dataset
or study must meet to warrant CREED evaluation. (If one
or more of the gateway criteria are not met, the dataset

or study should not be evaluated by the CREED ap-
proach unless the missing information can be provided.)

3. Reliability criteria—19 criteria across six classes: media,
spatial, temporal, analytical, data handling and statistics,
and supporting parameters.

4. Relevance criteria—11 criteria across the same six classes
as above.

5. Data usability score and report card, which are both
purpose‐specific.

The general framework (Figure 1) describes how data
usability is evaluated relative to a specified risk assessment
purpose. Each component of the CREED workflow is de-
scribed below, and in the final report card, which summa-
rizes the outcomes of the CREED evaluation.

Assessment purpose

A clear definition of the specific assessment purpose for
which the to‐be‐evaluated dataset is to be used is a pre-
requisite first step in the CREED procedure, because it is
essential for the evaluation of data relevance (Peters
et al., forthcoming). The CREED approach has been devel-
oped to allow the criteria for reliability and relevance to be
applied generically (i.e., for any type of environmental as-
sessment purpose), provided that the assessment purpose is
sufficiently well‐defined. This eliminates the need for di-
verging sets of criteria for different purposes. The assess-
ment purpose is defined by the assessor at the outset and a
clear description (i.e., the purpose statement) is included in
the report card. Ideally, the purpose statement will specify
the minimum information that is required for a relevance
criterion to be “fully met” by the dataset and may also in-
clude the information required for a criterion to be “partly
met,” as appropriate. For additional guidance on how to
construct an effective purpose statement, please refer to

Integr Environ Assess Manag 2024:1–16 © 2024 SETACDOI: 10.1002/ieam.4909

FIGURE 1 The CREED approach workflow
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Peters et al. (forthcoming). If the assessor develops a well‐
defined purpose statement, then dataset evaluation should
be straightforward for each criterion—resulting in systematic
and consistent dataset evaluations, even by multiple
assessors.

Gateway criteria

As an efficiency step, six gateway criteria (Figure 1;
Table 1) were identified for determining whether there is
sufficient information available in or about the dataset to
even start a CREED evaluation (i.e., these define the min-
imum set of information required to assess the dataset's
reliability, relevance, and usability). The gateway criteria
address type of media and/or matrix (sampling medium),
analyte identity, sampling site location, sampling date, units
of measurement, and citation (source of data for trace-
ability). If the dataset fails one or more gateway criteria, the
dataset should not be evaluated in its current form under
CREED. For example, if the gateway criterion on the analyte
identity is not met (i.e., #2: Does the study specify which
unique analyte is measured?), there is no point in doing a
detailed evaluation for reliability (i.e., #6: Was/were the an-
alyte(s) of interest suitably and definitively identified?) or
relevance (i.e., #8: Was/were the reported analyte(s) ap-
propriate for the given purpose?). Further details of gateway
criteria are described by Hladik et al. (forthcoming). Failure
at the gateway criteria step could prompt the assessor to
search for the missing information. In any case, the gateway
criteria pass/fail are communicated on the report card, in
line with the goal of transparency for decision‐making.

Detailed (reliability and relevance) criteria

Datasets that have passed the gateway criteria are eval-
uated for reliability and relevance in the context of the as-
sessment purpose. There are 19 reliability criteria and 11
relevance criteria (Table 2), as detailed in the accompanying
papers by Hladik et al. (forthcoming) and Peters et al.
(forthcoming), respectively. Individual criteria are grouped
into six classes of criteria, namely, medium (e.g., water, soil,
etc.), spatial, temporal, analytical, data handling and sta-
tistics, and supporting parameters. Prospective users of the
CREED procedure are encouraged to consult Hladik et al.
(forthcoming) for details and examples pertaining to

reliability criteria and Peters et al. (forthcoming) for details
and examples on assessment purpose and relevance
criteria.

For all reliability and relevance criteria, the assessor
evaluates the dataset relative to the previously defined as-
sessment purpose, assigning a rating to each criterion that
reflects the extent to which the dataset satisfies that specific
criterion. For each individual criterion, the dataset is rated
with one of the five possible ratings (defined in Table 3):
“fully met,” “partly met,” “not met/inappropriate,” “not re-
ported,” and (only for circumstance‐specific criteria, and
only when the circumstances described by the criterion do
not apply to the dataset) “not applicable.” CREED calls for
the assessor to record any data limitations (i.e., reasons for
assigning a rating other than “fully met”) identified during
the evaluation process, for transparency.

Each individual reliability or relevance criteria is des-
ignated as either required or recommended (Table 2). This
distinction underpins the two levels at which datasets are
simultaneously scored under CREED, in that only required
criteria are scored at the Silver level, whereas all criteria
(required plus recommended) are scored at the Gold level.

There is a substantial overlap between CREED criteria
(especially for reliability) and OECD's (2013) metadata re-
quirements to support monitoring data. Although OECD
(2013) asks some relevance‐related questions (e.g., the
objectives of the program, the proximity of sources, and
discharge emissions), CREED differs by calling for the
evaluation of 11 relevance criteria in relation to the specific
purpose of the assessment. However, the combined suite
of CREED required criteria have a similar function to
OECD's (2013) minimum dataset for exposure assessment,
and the suite of all CREED criteria (required plus recom-
mended) are analogous in function to OECD's ideal
dataset.

CREED two‐level scoring approach

The rating of the individual reliability and relevance cri-
teria by the assessor will automatically direct the assignment
of the dataset into reliability and relevance categories,
respectively—each at both Silver and Gold levels (Table 4).
At the Silver level, only the required criteria determine the
category and/or score assignment, whereas all criteria

Integr Environ Assess Manag 2024:1–16 © 2024 SETACwileyonlinelibrary.com/journal/ieam

TABLE 1 Gateway criteria

No. Title Gateway criterion

1 Sampling medium/matrix Does the study specify which medium/matrix is sampled?

2 Analyte Does the study specify which unique analyte is measured?

3 Spatial location Does the study specify where samples were collected? At a minimum, the country is specified.

4 Year Does the study indicate when samples were collected? At a minimum, the sampling year is reported.

5 Units Does the study specify units of measurement?

6 Data source/citation Does the study cite the source of data and/or is a suitable bibliographic reference available
for the study?

4 Integr Environ Assess Manag 00, 2024—DI PAOLO ET AL.
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equired plus recommended) determine the category and/or
score at the Gold level. Thus, the Silver level is less ambi-
tious than the Gold level, which represents an ideal dataset
where all criteria contribute to the category and/or score.
This two‐level scoring system was developed recognizing

that “perfect” (Gold standard) datasets are not common,
while potentially usable datasets (i.e., those that meet basic
criteria) are frequently encountered and should therefore be
within the scope of CREED applicability for the framework to
be of practical use. For example, some data characteristics
are commonly not reported, such as sample handling
method, field quality control procedures, or hydrologic
conditions during sampling; because these are designated
by CREED as recommended criteria (and not as required),
datasets may still be usable at the Silver level even if these
attributes are not provided. By documenting the limitations
of a given dataset, the two‐level scoring system allows the
assessor to identify why a dataset might be less than ideal,
but still usable for a given purpose.
Based on the ratings assigned by the assessor for the reli-

ability and relevance criteria, the dataset is then automatically
assigned (by predefined rules) to the appropriate overall re-
liability and relevance categories at both the Silver and Gold
levels (Table 4). The overall categories available for reliability
are “reliable without restrictions,” “reliable with restrictions,”
“not reliable,” or “not assignable.” The categories available for
relevance are “relevant without restrictions,” “relevant with
restrictions,” “not relevant,” or “not assignable.”

The dataset reliability and relevance categories are then
combined to determine the overall usability of the dataset for
the given purpose. The usability categories are (i) “usable
without restrictions”; (ii) “usable with restrictions”; and (iii) “not
usable.” The assigned categories of reliability, relevance, and
usability are captured in the report card, along with the as-
sessment purpose; these category assignments are always
purpose‐dependent. Importantly, the report card also lists the
data limitations that the assessor specified during the reli-
ability and relevance evaluations. If a dataset is scored as “not
assignable” due to information having been not reported, the
assessor might use the list of data limitations to identify ad-
ditional supporting documentation, and attempt to fill the
related information gap(s) to allow a more conclusive reeval-
uation of the dataset. In theory, an assessor might elect to use
a dataset scored by CREED as “not usable,” such as in the
absence of other available datasets; in such a case, the data
limitations (including missing information) that caused the “not
usable” CREED score will be included in the CREED report
card and can function as a list of unsupported assumptions,
analogous to a warning label, regarding the use of that da-
taset for the assessment purpose.

Scoring workbook and report card

CREED has been implemented in a Microsoft Excel
workbook template (File S1) so that assessors can readily
follow the workflow (Figure 1). Copies of the template can
be downloaded and used by assessors as a scoring tool to

Integr Environ Assess Manag 2024:1–16 © 2024 SETACwileyonlinelibrary.com/journal/ieam

TABLE 3 System of ratings for individual criteria

Rating Definition

Fully met All conditions of the criterion are satisfied by the study or dataset.

Partly met Some of the conditions of the criterion are met for either part or all of the dataset, or
all conditions are met by part of the dataset.

Not met/inappropriate The data or approach were flawed or inappropriate for the analyte or assessment purpose.

Not reported Insufficient information was provided to evaluate the criterion.

Not applicable The circumstances required for the criterion do not apply to the dataset.

TABLE 4 Overall reliability and relevance category definitions

Category Description

Reliable without restrictions/relevant
without restrictions

All reliability or relevance criteria (at the Gold level) or all required criteria (at the Silver
level) for this study were met. The study is well designed and performed, and it does
not contain flaws that affect the reliability of the study.

Reliable with restrictions/relevant
with restrictions

Some required (at the Silver level) and/or recommended (at the Gold level) reliability or
relevance information is only partly addressed. The study is generally well designed
and performed, based on the information reported for this study. Some characteristics
of the study will limit the applicability of the data.

Not reliable/not relevant Not all reliability or relevance required criteria (at the Silver level) or all criteria (at the
Gold level) criteria were met. The study has flaws in design or performance.

Not assignable Information that is needed to evaluate the study is missing. This includes studies that do
not give sufficient experimental details and that are only listed in abstracts or
secondary literature (books, reviews, databases, etc.) or studies of which the
documentation is not sufficient to evaluate reliability for one or more critical aspects.
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evaluate their chosen datasets and generate a CREED re-
port card for each dataset.
When using the workbook template to evaluate a dataset,

the assessor should step through the tabs from left to right
or click on the appropriate level of workflow described in the
“CREED Workflow” tab. First, the assessor should enter an
appropriate description of the assessment purpose on the
“Purpose Statement” tab, and then enter dataset details on
the “Dataset Details” tab. The purpose of entering the da-
taset details is simply to summarize basic characteristics of
the dataset for inclusion in the report card. Defining the
“Purpose Statement” is critical, as a clear statement will
make the rating process simpler, more systematic, and (if
multiple studies are being evaluated and/or multiple asses-
sors are evaluating studies for the same assessment pur-
pose) more consistent. Ideally, the purpose statement will
specify both the optimum and minimum information
thresholds required to meet the assessment purpose, as il-
lustrated in the Supporting Information for the three case
studies (Files S2–S5).
Next, the assessor should evaluate the gateway criteria on

the “Gateway Criteria” tab, followed (if all gateway criteria are
met) by both the reliability and relevance criteria on the “Re-
liability Criteria” and “Relevance Criteria” tabs, respectively.
For any of the detailed reliability and relevance criteria that
are less than “fully met,” the CREED procedure calls for the
assessor to specify in writing any data limitations for that cri-
terion. Based on the criteria ratings and limitations entered in
the worksheets by the assessor, the tool will automatically
assign the dataset to reliability, relevance, and usability cat-
egories at both Gold and Silver levels and create a report card
that summarizes the findings and data limitations.
The “Report” tab of the workbook provides a summary of

the usability evaluation at the two scoring levels, which, as
explained above, are intended to represent dataset quality
relative to required criteria only (Silver) and to required plus
recommended criteria (Gold). Therefore, a score at the Gold
level is determined using all CREED criteria and a score at
the Silver level is determined using only those criteria that
datasets must meet for most assessment purposes.
Finally, the CREED workbook template offers the option

to extract the full evaluation outcomes as a downloadable
report card. This includes the dataset details; the assess-
ment purpose statement and thresholds for meeting in-
dividual criteria; the gateway criteria pass/fail result; Silver‐
and Gold‐level scores for data reliability, relevance, and
usability (relative to the assessment purpose); and any da-
taset limitations.

CREED refinement and application—Beta test and case
studies

Using an early version of CREED, two datasets were
evaluated in a beta test of the methodology. The two da-
tasets were obtained from the French “EauFrance” database
(source: Naïades database website, url: http://www.naiades.
eaufrance.fr/france-entiere#/), based on surface freshwater
data in the Occitanie region of France during 2017–2021.

These two datasets are provided here in Table S1. The
objective of the beta testing was threefold: to evaluate the
consistency of scoring among a tripartite pool of beta
testers, to receive technical feedback to inform refinement
of the approach, and to receive feedback regarding the
utility and feasibility of the approach.
The beta‐test participants received the datasets and pre-

defined assessment purposes for the case studies, as well as
instructions in the form of a Standard Operating Procedure
(SOP). They were asked to take a purpose survey (online
survey containing the technical CREED evaluation), and a
general user perception survey. A total of 90 participants
were invited to participate in the beta test, from across a wide
variety of sectors (academia—21%; consulting—31%;
government—34%; industry—14%), geographic regions
(Oceania—15%; Asia—9%; North America—26%; South
America—5%; Africa—5%; Europe—40%), and scientific roles
(data generators—45%; risk assessors—43%; database
owners—3%; other—9%). Of these, 22 participants re-
sponded to the general beta‐test survey, as detailed in the
Results and discussion section.
Findings of the beta test led to minor technical refine-

ments and shaped the CREED approach as it is presented in
this and the accompanying papers. Lessons learned from
the technical component of the beta test and the perception
survey results of the beta tests are described here. Of par-
ticular note, the beta test revealed the importance of having
a well‐defined purpose statement to improve the con-
sistency of scoring among assessors. The technical survey
results are not presented in detail here because the purpose
statements used in the beta test were simpler than those
recommended in the current CREED approach papers, so
the results are not directly applicable to the current CREED
procedure.
Using the same two datasets considered for the beta test,

three case studies are presented to demonstrate the appli-
cation of CREED and showcase typical outcomes of the
CREED approach. The actual scoring of the case study da-
tasets was performed independently by at least two CREED
panelists. One dataset, focused on atrazine, was used in two
case studies, each one with a different assessment purpose:
case study #1 aimed to evaluate atrazine occurrence in
surface waters, and case study #2 aimed to determine
whether atrazine should be prioritized for regular mon-
itoring, based on comparison with the European Union (EU)
Water Framework Directive's (WFD's) annual average envi-
ronmental quality standard (AA‐EQS). A second dataset,
containing cadmium and hardness data, was used in case
study #3, which aimed to determine whether cadmium was
in compliance with the EU WFD's AA‐EQS (EU, 2008). The
detailed assessment purpose statements are presented in
Peters et al. (forthcoming) and in the completed CREED
scoring and workflow templates in Files S3–S5.

RESULTS AND DISCUSSION
The CREED framework was developed and successfully

tested to improve the transparency of, and the confidence
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in, environmental assessments that use monitoring data to
estimate exposure. The gateway criteria establish minimum
information requirements to be met before a dataset can be
evaluated for reliability and relevance under CREED. CREED
then guides and documents dataset evaluation in relation to
a specified assessment purpose, and communicates the
results in a systematic and transparent manner, ultimately
providing a usability score for that dataset for that assess-
ment purpose. Aspects of CREED's development and
implementation, including lessons learned, are discussed
below.

CREED initial stakeholder analysis

Prior to the development of CREED, the main stake-
holder groups for each specific assessment purpose were
identified and evaluated for their expected degree of in-
terest in and impact on the implementation of CREED for
exposure data assessment. Interest was defined as the
importance that each stakeholder group gives to, or the
extent to which they would be affected by, the CREED
implementation, and impact was defined as each group's
level of influence or power determining the likelihood of
CREED being implemented.
Stakeholder analysis is a tool for practitioners and

decision‐makers to identify and evaluate the main groups
impacted by, and(or) interested in, the specific assessment
purpose and this can be used to direct the subsequent
communication strategy (Figure 2). The use of stakeholder
analysis for environmental decisions has extensively been
reviewed and recommendations are available in the liter-
ature (Bendtsen et al., 2021; Reed, 2008).
The aim of the initial stakeholder analysis was to identify

the main groups and their respective perceived needs and/
or aims regarding exposure data use, to consider how to
involve them during the framework development, and to
define a communication strategy. For this, the workshop
participants (i) identified the main stakeholder groups (i.e.,
data users, data generators, data owners, and the general
community); (ii) rated each group as high‐medium‐or‐low for
their likely interest in CREED and their likely impact on
CREED implementation; and (iii) planned their involvement

during the CREED development and implementation, as
described below. Stakeholders were grouped as follows:

• Data users were defined as the practitioners who retrieve
and evaluate the available datasets and ultimately de-
cide on their usability for different purposes. This group
was considered as having high interest and in general
also high potential impact and/or influence on the
CREED implementation. This finding highlighted the
importance of involving practitioners as active players in
the development of CREED, as achieved by means of the
beta test.

• Data generators included those involved with data pro-
duction steps such as planning and performing sam-
pling, chemical analysis, data handling, and data
reporting. This group was mostly considered as having
medium interest and medium impact, except for those
involved with risk‐based monitoring, who were rated
similarly to data users.

• Data owners are responsible for maintaining and pro-
viding datasets but may not have risk assessment ex-
pertise. These include monitoring scheme owners,
environmental regulators, database owners, policy
owners, and journals. Data owners were identified as
having high impact, owing to their setting requirements
for data entry. On the other hand, they were considered
as having low to medium interest in CREED im-
plementation, requiring succinct communication tools
such as the report card to address their specific needs.

• Community stakeholders include the general public,
special interest groups, nongovernmental organizations,
and so forth. who may be interested in the data quality
and trends over time, for example, in a regional catch-
ment report card (Gladstone Healthy Harbour Partner-
ship Report Card, 2022). Community was considered to
have medium interest but in general low impact on the
CREED implementation.

Beta test—Perception survey and lessons learned

The perception survey response rate was ~25% (22 re-
spondents out of 90 invited participants), with half of the
participants indicating that they had over 10 years of ex-
perience in evaluating environmental exposure data. The
participants included data generators (33%), risk assessors
(50%), database owners (7%), and other groups (10%), which
is well aligned with the “high interest/high impact” quadrant
of the stakeholder analysis outlined in Figure 2.

The responses indicated that the majority of beta testers
perceived CREED as both useful and feasible, as follows:
CREED directly addresses a key knowledge gap (~80%
agreement among respondents); the CREED gateway cri-
teria were feasible to use immediately (~90%); and it was
feasible to collect and report most of the information re-
quired to meet all the CREED criteria (70%).

Key results focused on potential for implementation of
CREED in the beta testers' own area of responsibility within

Integr Environ Assess Manag 2024:1–16 © 2024 SETACwileyonlinelibrary.com/journal/ieam

FIGURE 2 A stakeholder analysis was performed during the early stages of
CREED development considering as variables the interest and impact of the
main stakeholder groups in the implementation of the framework
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a particular timeframe: 40% considered it possible to meet
minimum requirements within one year, whereas 30%
thought that it would take more than five years. The vast
majority (95%) agreed that “Wide adoption of CREED and
publications of CREED evaluations would help to highlight
best practice in environmental monitoring,” with 90% also
agreeing that adoption of CREED would enable a common
understanding of potential weaknesses in monitoring study
design, and increase confidence in risk assessment positions
that are based on monitoring data.
One of the most important lessons learned from the

technical survey of the beta test was that the purpose
statement should be defined in detail. It is difficult to judge
the usability of a dataset if the purpose for which that da-
taset is to be used is vague or undefined. Without specificity
in the purpose statement, assessors have to use their own
best professional judgment to decide what is adequate to
meet the criteria; this may result in inconsistencies among
assessors who are evaluating the same dataset, or even by a
single assessor evaluating multiple datasets. Therefore, for
the case studies evaluated in the present CREED papers
(which utilized the same datasets as in the beta test), the
purpose statements were revised to include detailed
thresholds for key criteria. To give one example, relevance
criterion #3 asks if the study area and number of sampling
locations are suitable for the given purpose. In the beta test,
the purpose statement for case study #1 gave no specifics
on the required number or density of sampling sites; on the
basis of the dataset (Table S1) and a map of sampling sites
provided to beta testers (File S2: Figure S1), 78% of beta
testers selected “fully met” and 22% selected “partly met”
because insufficient information was reported on sampling
sites needed for the assessment. The purpose statement for
case study #1 therefore has been improved for this paper
and its companion papers (see File S3) and it now specifies
that the site density should be >1 site per 100 km2 for
relevance criterion #3 to be “fully met” and >1 site per
1000 km2 to be “partly met.” Peters et al. (forthcoming)
provide guidance on developing an effective purpose
statement.
Another lesson learned from the beta test was that certain

technical characteristics of the dataset may require ex-
planation for assessors to be able to successfully evaluate a
dataset for reliability; examples include censored data (an
explanation of what this means and what techniques are
appropriate for handling it) and the limits of quantification
and detection (including where this information can be
found or inferred within a dataset). The reliability discussion
in Hladik et al. (forthcoming) includes technical guidance on
these data characteristics, which should facilitate the appli-
cation of the CREED reliability criteria.
Additional feedback from the beta testers also high-

lighted the need to clarify how to evaluate the dataset
where only some of the data met specific criteria in full. For
example, in case study #3, some samples in the cadmium
dataset included data for the appropriate supporting pa-
rameter required as a toxicity‐modifying factor (i.e.,

hardness), and some did not. Beta testers queried whether
this meant that the dataset overall was usable or not. This
prompted us to clarify possible reasons why individual cri-
teria might be rated as “partly met.”

CREED evaluation of case studies

Case studies #1 and #2 used the same atrazine dataset for
two different assessment purposes and case study #3 used
the cadmium dataset with its own assessment purpose. Both
datasets met the gateway criteria and therefore progressed
through the full CREED evaluation of the detailed reliability
and relevance criteria. Since the reliability of the data does
not typically vary with the assessment purpose, only a single
reliability evaluation was performed for each of the two
(atrazine and cadmium) datasets, independent of the as-
sessment purpose (i.e., case studies #1 and #2 shared the
same reliability evaluation). On the other hand, because the
assessment of relevance and consequently also of usability
are dependent on the specific assessment purpose, two
separate relevance evaluations of the atrazine dataset were
performed for case studies #1 and #2, and the cadmium
dataset was evaluated once for relevance for case study #3.
The findings of the reliability evaluations for the case

studies are described in Hladik et al. (forthcoming). To
summarize, at the Silver level, the atrazine dataset (case
studies #1 and #2) was scored as “reliable without re-
strictions” since all the required reliability criteria were “fully
met.” At the Gold level, the dataset was scored as “not as-
signable” because information was not reported on sample
handling, storage, and transport; there also were data limi-
tations due to incomplete reporting of information on
sample collection methods. The cadmium dataset (case
study #3) was scored as “reliable with restrictions” at the
Silver level (because field quality control results were only
generally reported) and as “not assignable” at the Gold level
(due to incomplete information on sample collection
method and missing information on sample handling,
transport, and storage).
The detailed outcomes of the case study relevance eval-

uations are described in Peters et al. (forthcoming). For case
study #1, on atrazine occurrence, the dataset was consid-
ered as “relevant with restrictions” at both Gold and Silver
levels because the number of sampling locations partly met
the sampling frequency requirement and because there was
insufficient information provided on the rationale for site
selection. For case study #2, on atrazine prioritization for
monitoring, the dataset was considered as “relevant with
restrictions” at both Gold and Silver levels, again because
the number of sampling locations partly met the sampling
frequency requirement. For case study #3, on cadmium
compliance, the dataset was considered as “not assignable”
at both Gold and Silver levels because compliance assess-
ment requires that the number of sampling locations exceed
10% of the number of waterbodies in the region, and the
dataset information did not provide the number of water-
bodies in the region. Other limitations include insufficient
information provided on the rationale for site selection

Integr Environ Assess Manag 2024:1–16 © 2024 SETACDOI: 10.1002/ieam.4909

CREED APPROACH IMPLEMENTATION—Integr Environ Assess Manag 00, 2024 11

 15513793, 0, D
ow

nloaded from
 https://setac.onlinelibrary.w

iley.com
/doi/10.1002/ieam

.4909 by G
rand V

alley State U
niversity, W

iley O
nline L

ibrary on [01/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



(Gold level) and only part of the dataset used an analytical
method that was sensitive enough for the purpose (Gold
and Silver levels).
After scoring a dataset for reliability and relevance, the

usability score was determined based on the lower of the
reliability or relevance scores within each of the Silver and
Gold levels (Table 5; Files S3–S5). For example, in case
studies #1 and #2 (atrazine occurrence evaluation and
atrazine prioritization, respectively) at the Silver level, the
relevance score dictated the usability score of “usable with
restrictions” because it was lower (relevant with restrictions)
than the reliability score (reliable without restrictions). For
case studies #1 and #2 at the Gold level, the reliability score
dictated the usability score of “not usable” because it was
lower (not assignable) than the relevance score (relevant
with restrictions). In terms of usability, if either the reliability
or relevance score is not assignable, then it is impossible to
know if the dataset is usable, so the conclusion is “not
usable” because of missing information. For case study #3,
the dataset was “not usable” at both the Silver and Gold
levels.

Two‐level scoring procedure

The CREED two‐level (Gold and Silver) scoring procedure
was designed to accommodate the reality that some in-
formation required to evaluate some criteria is commonly
missing. Ideally, a dataset should at least “partly meet” all
reliability and relevance criteria for the dataset to be usable.
This ideal case is represented by the Gold level. However,
for the CREED procedure to be useful for practitioners in the
near term, a “passing” score must be achievable by a rea-
sonable number of currently existing datasets. Thus, the
Silver level represents a pragmatic compromise, in that it
distinguishes between required and recommended criteria,
and only the required criteria must be at least “partly met”
for the dataset to be categorized as usable, with or without
restrictions, at the Silver level. In practice, the Gold and
Silver levels can be thought of as a mechanism for weighing
certain criteria as more critical than others (e.g., required vs.
recommended) for most purposes. The two‐level scoring
approach is consistent with the aim of CREED not to unduly

penalize or discard data, but instead to highlight in-
formation gaps, enable transparency including possible bias
in any assessments using the dataset being evaluated, and
encourage data generators, users, and managers to fill the
identified gaps in future.

While scores at the Silver and Gold levels are automati-
cally provided after the assessor completes the relevance
and reliability tabs in the CREED workbook, the scores
should be considered together. The combination of Silver
and Gold scores represents a continuum of information that
can provide useful details to the assessor. For example, in
the case studies #1 and #2 developed by CREED, the
atrazine dataset was scored as not usable at the Gold level,
but usable with restrictions at the Silver level, for both as-
sessment purposes. Therefore, the atrazine dataset was
considered as good enough for proceeding with both as-
sessment purposes, even though the assessor and other
stakeholders should be aware that data limitations exist and
should be considered in related decision‐making. Another
example would be a scenario in which a dataset is assessed
as “usable without restrictions” at the Silver level (because all
required criteria are fully met), but “usable with restrictions”
at the Gold level (because one or more recommended cri-
teria are only partly met). In aggregating this dataset with
other datasets, an assessor might decide to restrict the da-
tabase to datasets that were usable at the Silver level, or at
the Gold level—depending on many factors, including the
assessment purpose, data availability, and the assessor's
best professional judgment. Issues that arise when ag-
gregating data are discussed in detail by the companion
papers on reliability (Hladik et al., forthcoming) and rele-
vance (Peters et al., forthcoming).

Data visualization tools and report card development

Visualization tools are routinely applied to facilitate the
communication of data analysis findings to different audi-
ences. CREED explored a number of visualization ap-
proaches that can provide varied levels of detail on the
exposure data evaluation process. These might support
communication strategies aligned with the specific assess-
ment purpose and with the target stakeholder groups.

Integr Environ Assess Manag 2024:1–16 © 2024 SETACwileyonlinelibrary.com/journal/ieam

TABLE 5 Reliability, relevance, and usability scores for each of the three case studies to which the CREED approach was applied

Dataset Reliability (RB) score Purpose Relevance (RV) score Usability (U) score

Atrazine Silver level: reliable without
restrictions

Gold level: not assignable

Case study #1: occurrence Silver level: relevant with
restrictions

Gold level: relevant with
restrictions

Silver level: usable with
restrictions

Gold level: not usable

Case study #2: prioritization Silver level: relevant with
restrictions

Gold level: relevant with
restrictions

Silver level: usable with
restrictions

Gold level: not usable

Cadmium Silver level: reliable with
restrictions

Gold level: not assignable

Case study #3: Compliance Silver level: not assignable
Gold level: not assignable

Silver level: not usable
Gold level: not usable

12 Integr Environ Assess Manag 00, 2024—DI PAOLO ET AL.

 15513793, 0, D
ow

nloaded from
 https://setac.onlinelibrary.w

iley.com
/doi/10.1002/ieam

.4909 by G
rand V

alley State U
niversity, W

iley O
nline L

ibrary on [01/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



CREED developed the report card template to summa-
rize the assessment purpose, data usability, the dataset
attributes, and data limitations. The report card aims to
provide, in an accessible manner, the outcomes of the data
usability evaluation and the key limitations of the datasets,
both of which are important for decision‐making, as they
summarize the usability of the data in support of the spe-
cific assessment purpose. An example of such a report card
summary is given for case study #1 in Figure 3, and the
complete report card is provided in File S6. Scoring
workbooks have been completed for case studies #1–3,
including the resulting report cards (available as
Files S3–S5).
We consider it important to provide a summary report

that would give a short overview of the CREED evaluation
outcome. However, we did not think it appropriate to re-
duce this outcome to a single score or number, so instead
provided a text summary of the usability outcome in the

“Report” worksheet of the scoring workbook (see examples
for case studies in Files S3–S5). A more detailed under-
standing of the outcome can be found by studying the
“Reliability Criteria” and “Relevance Criteria” worksheets in
these scoring workbooks.

The role of best professional judgment in CREED

The aim of the CREED framework, in a complementary
manner to CRED regarding aquatic ecotoxicity data, is to
improve the consistency and transparency of exposure da-
taset evaluation. To achieve consistency in CREED evalua-
tions among datasets and/or among assessors, we seek to
minimize reliance on best professional judgment during the
reliability and relevance criteria‐rating step. As previously
noted, this can be accomplished by setting specific thresh-
olds as part of the purpose statement that define the
ideal or optimal (“fully met”) versus minimum acceptable
(“partly met”) thresholds required for the purpose. This does

Integr Environ Assess Manag 2024:1–16 © 2024 SETACDOI: 10.1002/ieam.4909

FIGURE 3 Report card summary for case study #1. Dataset details, purpose statement, and scored gateway criteria are shown in (A), and overall fit for purpose
summary, scored reliability criteria, and scored relevance criteria are shown in (B). The complete report card (from “PRINT SUMMARY” in CREED scoring tool) is
available in File S6
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not eliminate best professional judgment from CREED, but
rather moves it out of the criteria‐rating step to the earlier
step of purpose‐statement definition. For example, in case
study #1, the decision to require that each sampling location
should have 4–12 samples per year and a minimum of two
years of data (Table S1 in Peters et al., forthcoming) was

made using best professional judgment regarding how
much data would be needed to represent each site within
the desired occurrence assessment. This made the criteria‐
rating step, in which a given dataset would be evaluated as
to whether the number of samples and sampling years were
sufficient, very straightforward.

Integr Environ Assess Manag 2024:1–16 © 2024 SETACwileyonlinelibrary.com/journal/ieam

FIGURE 3 Continued.
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CREED implementation

Transparency of decision‐making is increasingly important
as stakeholders (e.g., citizens, industry, and regulators) seek
to understand how and why decisions are made, especially
where that decision may impact human and environmental
health (Bayer, 2023; PAN Europe, 2022). It is rare to have a
full and exhaustive set of information available before a
decision must be taken. It is possible to direct further in-
vestigations to improve the knowledge base and close sig-
nificant information gaps, but only if the basis on which the
original decision was made is transparent.
CREED aims to support and encourage the different

groups of stakeholders toward closing the information gaps
on exposure data in support of environmental assessments.
The implementation of CREED can be achieved by the
combined efforts and interest of data generators, data users,
and data owners. For data generators, CREED provides
guidance on which parameters and metadata should be re-
ported for their monitoring studies, so that external data
users will be able to use these data in exposure assessment.
For data users, CREED provides guidance on which param-
eters are important and should be looked for, when evalu-
ating whether existing data are reliable and relevant for their
specific assessment purpose. For data owners such as data-
base managers, CREED specifies the types of data fields that
should be included (preferably on a mandatory basis) in the
database, so that data generators have a place to adequately
describe their studies and data users can find the supporting
information that they need to adequately evaluate exposure
datasets for use in environmental assessments.
Ultimately, CREED‐based reporting formats for monitoring

data could be developed, and might serve as valuable input
toward the future development of OECD harmonized tem-
plates for monitoring data. For example, an assessor might re-
quire that all datasets used for a given assessment be usable at
the Silver level. Similarly, database owners might require that all
datasets be usable at the Silver level to be included in large
databases (e.g., Information Platform for Chemical Monitoring
[IPCHEM] [Comero et al., 2020]; NORMAN [Dulio et al., 2020]).
However, as data reporting can be a burdensome process,
particularly when preparing a large dataset derived from many
contributors, database owners may need to find a balance
between achieving minimal acceptable standards and making it
feasible for their data providers to report.
It is anticipated that over time, the de minimis standard

may be raised as good practice becomes standard. We
expect that, as experience with the CREED approach de-
velops, further improvements to CREED may be identified.
Such development is to be encouraged, not only in the in-
terests of better science and decision‐making but also to
make monitoring and assessment more cost‐effective.

CONCLUSION
Measures taken to protect the environment based on

exposure data can have social and economic implications:
Flawed information may lead to suboptimal measures being

taken or to important action not being taken. CREED pro-
vides an approach and tools to improve the transparency
and consistency with which exposure data are evaluated
prior to use in environmental assessments. The identification
and communication of dataset limitations concerning spe-
cific purposes are considered as a core value of the meth-
odology. In this respect, CREED serves also as a data gap
analysis tool, where potential weaknesses of the dataset are
flagged and may suggest possible strategies to overcome
the resulting use limitations. By prioritizing consistency and
transparency of dataset evaluation prior to use in environ-
mental assessments, CREED not only supports informed
decision‐making but can also be very valuable in the plan-
ning of future data collection campaigns. In the interest of
better science and decision‐making, and of the cost‐
effectiveness of environmental monitoring and assessment,
it is encouraged that future improvements be made to
the CREED approach, based on early experience with its
application in exposure assessment.
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