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Abstract

The environmental persistence of a substance plays a key role in determining its exposure to humans and other organisms, making this
an important component in the risk assessment and management of chemicals. Regulatory persistence assessments generally involve a
comparison of degradation half-lives against threshold criteria for different environmental compartments, typically water, sediment,
and soil. Half-lives are commonly determined using OECD guideline biodegradation simulation tests. Other information may be consid-
ered relevant to persistence assessments, such as results from biodegradation screening tests, quantitative structure-activity relation-
ships, field studies, monitoring data, and nonstandard laboratory experiments. All available relevant information should be considered
together in a weight-of-evidence approach, but clear guidance is currently lacking both for evaluating the quality of individual studies
and for combining these in a single weight-of-evidence determination. Here, we propose a systematic methodology to collate, evaluate,
and integrate relevant information to reach robust, transparent, and consistent conclusions for persistence assessments. First, the qual-
ity (reliability and relevance) of individual studies within each information category, or “line of evidence,” is evaluated using a novel
scoring methodology. Then, information from different studies is combined to determine outcomes for each line of evidence. Finally, a
stepwise weight-of-evidence approach is applied to integrate outcomes from different lines of evidence to reach an overall conclusion
for the persistence assessment. Consistency of information is evaluated at various stages in line with weight-of-evidence best practice.
The methodology has been developed in accordance with principles of the European Union Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH) regulatory framework, test guidelines, and guidance, while being flexible to accommodate different
regulatory practices. The methodology has been implemented in a freely available Excel-based software tool, the Persistence
Assessment Tool (PAT), and is demonstrated using a case study substance hexabromocyclododecane.

Keywords: persistence; biodegradation; weight-of-evidence; persistent, bioaccumulative and toxic or very persistent, very
bioaccumulative (PBT/vPvB) assessment; persistent, mobile and toxic or very persistent, very mobile (PMT/vPvM) assessment

concept of persistence in combination with mobility has been in-
troduced as a means to identify substances that may pose a threat
to drinking water, with so-called persistent, mobile, and toxic, and
very persistent, very mobile (PMT/vPvM) hazard classes being in-
troduced under EU regulatory frameworks (Hale et al., 2022; Mohr
et al,, 2024). In 2023, PBT/vPvB and PMT/vPVM were also intro-

Introduction

Persistence assessment is a regulatory process to evaluate the
potential of a substance to resist degradation processes in the en-
vironment. Persistent substances are associated with increased
and potentially poorly reversible exposure, and hence greater

risks, to humans and the environment (Boethling et al., 2009;
Cousins et al., 2019; Mackay et al., 2014). Historically, persistence
in combination with bioaccumulation and toxicity has led to sub-
stances being prioritized for regulatory action as part of so-called
persistent, bioaccumulative, and toxic, very persistent, very bio-
accumulative (PBT/vPvB), and persistent organic pollutant (POP)
assessment frameworks (Matthies et al., 2016). More recently, the

duced as new hazard classes into the EU’s Classification, Labelling
and Packaging (CLP) regulation (EC, 2008).

Under established persistence assessment frameworks, sub-
stances are typically assessed by comparing their degradation
half-lives in the environmental compartments water, sediment,
and soil against fixed cut-off criteria (Moermond et al., 2012). The
OECD guideline biodegradation simulation tests are typically
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used to generate degradation half-lives for this purpose, with
OECD 307 (Aerobic and Anaerobic Transformation in Soil), 308
(Aerobic and Anaerobic Transformation in Aquatic Sediment
Systems), and 309 (Aerobic Mineralisation in Surface Water—
Simulation Biodegradation Test) supplying half-lives for soil, sed-
iment, and water compartments, respectively (OECD, 2004,
2025a, 2025b).

Observable degradation half-lives of substances are inher-
ently highly variable due to numerous environmental (e.g., con-
centration and diversity of degrading organisms, matrix
characteristics, presence of oxygen or other electron acceptors,
nutrients, pH, organic carbon, and mineral fractions) and experi-
mental (e.g., test substance concentration and dosing, inoculum
handling, test setup and system dimensions, aeration, agitation,
temperature, light conditions, sampling, and analysis) factors
(Boethling et al., 2009; Hughes et al., 2020; Hughes, Griffiths, &
Swansborough, 2022; Mackay et al., 2014; Tian et al., 2024).
Substances with difficult test properties (e.g., poor water solubil-
ity, high volatility or sorption) or complex composition can also
present challenges in their testing and assessment (Birch et al.,
2023; Davenport et al., 2022; Hughes, Griffiths, & Brown, 2022;
Hughes, Griffiths, & Pemberton, 2022; Hughes, Griffiths, &
Swansborough, 2022). Other types of information may be consid-
ered relevant when assessing persistence in addition to degrada-
tion half-lives. These include biodegradation screening tests
(ready, inherent, enhanced ready), quantitative structure—
activity relationship (QSAR) predictions, monitoring data, field
studies, and nonstandard degradation experiments.

The EU framework for evaluating the persistence of industrial
chemicals, biocides, and pharmaceuticals is laid out in Annex
XIII of the REACH (Registration, Evaluation, Authorisation and
Restriction of Chemicals) regulation, and detailed in European
Chemicals Agency (ECHA) guidance (EC, 2006; ECHA, 20234,
2023b). The guidance describes an Integrated Assessment and
Testing Strategy (ITS) by which relevant information on persis-
tence should be collated and analyzed to reach conclusions for a
substance (Figure 1). Annex XIII of REACH requires that persis-
tence assessments follow a “weight-of-evidence determination,”
considering all available relevant information together in a single
determination.

Recent efforts have helped to improve the conceptual under-
standing and application of weight-of-evidence (WoE) in regula-
tory assessments (ECHA, 2017; European Food Safety Authority
[EFSA], 2017; OECD, 2019; Suter et al., 2020). Approaches to evalu-
ate the quality of individual studies and to weigh and combine
these to reach overall conclusions are important elements of
WOoE, with substantial progress being made to support ecotoxicity
and bioaccumulation assessments (Arnot et al., 2023; Moermond
et al.,, 2016). Similar needs have been identified for persistence
assessments, with guidance currently lacking both for evaluating
the quality of individual studies and for combining these in a sin-
gle WoE determination (Davis et al., 2024; Hughes, Griffiths, &
Swansborough, 2022; Redman et al., 2022).

This work aimed to develop a transparent and systematic
WOoE methodology for persistence assessments, including a scor-
ing methodology for the quality evaluation of individual studies,
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Figure 1. Simplified illustration of the Integrated Assessment and Testing Strategy (ITS) for persistence assessments under EU REACH (European Union
Registration, Evaluation, Authorisation and Restriction of Chemicals), adapted from Hughes et al. (2020) under Creative Commons licence CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/). P/vP = persistent or very persistent; QSAR = quantitative structure-activity relationship.
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and a clear, stepwise approach for combining information and
arriving at robust overall conclusions. The methodology has been
implemented in a freely available software tool, the Persistence
Assessment Tool (PAT v01.04; see online supplementary material
3). The methodology has been designed in accordance with the
principles of the EU REACH regulatory framework, test guide-
lines, and guidance while being flexible to accommodate differ-
ent regulatory practices. The study quality evaluation and WoE
methodology represents a first attempt to codify various rules
and principles applied in regulatory persistence assessments into
a systematic approach, and further discussion and testing is en-
visaged to refine and build consensus around this. The methodol-
ogy is presented herein and demonstrated using a case study
substance hexabromocyclododecane (HBCDD).

Persistence assessment methodology
Overview of the method

The development of a persistence assessment methodology was
informed by several previous detailed reviews, covering WoE
(Hughes, Griffiths, & Swansborough, 2022), difficult substances
(Hughes, Griffiths, & Brown, 2022), and complex substances
(Hughes, Griffiths, & Pemberton, 2022). It is based upon the EU
REACH Annex XIII framework and associated guidance for PBT/
vPvB assessment (ECHA, 2023a, 2023b). The persistence assess-
ment methodology utilizes various information on substance
identity, physicochemical properties, degradation studies, and
other information relevant to the assessment (see Table 1).

The methodology follows a sequential approach (see Figure 2)
and should begin after all available, relevant information has
been gathered. Studies are first organized into information cate-
gories, or lines of evidence (LoE). Individual studies are then
scored for quality considering both reliability and relevance, us-
ing criteria specific to the LoE. Reliability and relevance are de-
fined here as

* Reliability: robustness of methodologies to arrive at reliable,
reproducible results. Experimental observations are in line
with methodological principles and quality/validity criteria.

* Relevance: experimental conditions used relative to those
that are considered most relevant in the regulatory context.

Once all studies within an LoE have been quality scored, the
information is evaluated at the level of the LoE, taking into ac-
count the strength and indication of the various individual stud-
ies as well as specific rules relevant to that particular LoE.
Finally, an overall conclusion on the persistence of a substance is
determined, considering the ECHA ITS and weightings applied to
each LoE. An assessment of the consistency of information is in-
cluded for each LoE and for the overall assessment, in line with
WOE principles (OECD, 2019).

The various elements of the persistence assessment methodol-
ogy that have been developed are presented and discussed in the
following sections. More detailed information, including specific
criteria, rulesets, and calculations, are in the online supplemen-
tary material (see online supplementary material 1).

Substance identity and
physicochemical properties

Information on the substance identity and physicochemical
properties may be relevant to the assessment of persistence. A
list of fields and criteria have been developed to capture this in-
formation and determine whether there are any implications for
the assessment, in particular, whether the substance properties
are likely to present challenges with testing or assessment and
whether the substance has a complex composition. Information
on the substance identity and various physicochemical proper-
ties are collected (see online supplementary material 1-1.1).
Relevant physicochemical properties include molecular weight,
water solubility, vapor pressure, Henry’'s Law constant, octanol-
water partition coefficient (log Kow or log Do), Organic carbon
normalized soil sorption coefficient (log Kec), and acid dissocia-
tion constant (pKa). In addition, it should be determined whether

Table 1. Overview of information considered in the persistence assessment methodology.

Information type Description

Substance identity

Information related to the identity of the substance, including chemical name, CAS number, EC

number, and whether the substance is a monoconstituent, multiconstituent, or

UVCB substance.
Physicochemical properties

Properties of the substance that may be relevant to its environmental fate and persistence, in-

cluding molecular weight, water solubility, vapor pressure, Henry's Law constant, octanol-water
partition coefficient (log Koy or log Do), Organic carbon normalized soil-water partition coeffi-
cient (log Ko(), and acid dissociation constant (pKa).

Screening tests

Biodegradation screening tests include ready (OECD 301 A-F, OECD 310, and OECD 306), en-

hanced ready (modified using increased test durations or vessel volumes), or inherent (OECD
302 A-C) biodegradability tests. These are standardized, relatively inexpensive tests providing in-
formation on the intrinsic potential for a substance to undergo biodegradation under a range of

environmental conditions.
Biodegradation simulation tests in surface water (OECD 309), water—-sediment systems (OECD

Simulation tests

308), and soil (OECD 307) are used to provide definitive information for the assessment of persis-
tence in the form of degradation half-lives at low, environmentally relevant concentrations.
These tests also provide information on the formation of transformation products. In addition to
guideline simulation tests, other nonstandard studies may provide similar relevant information
for consideration in a persistence assessment.

QSAR In silico tools that predict substance properties based on chemical structure.

Monitoring data

Evidence of the occurrence of a substance in the environment can, under certain circumstances,

be used in the assessment of persistence.

Other WoE

All other evidence that may be relevant to a persistence assessment, such as hydrolysis and

photodegradation studies, field and mesocosm studies, other simulation tests, investigations
with individual microbial strains, etc.

Note. QSAR = quantitative structure-activity relationship; WoE = weight-of-evidence; UVCB = substance of unknown or variable composition, complex reaction

products or biological materials.
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Information gathering:

- Relevant studies

Study quality evaluation:

* Reliability scoring
* Relevance scoring
- Quality-evaluated studies

-

Line of evidence (LoE) evaluation:

* Study quality scores
* LoErules
- LoE P/vP outcome, strength, consistencyj

Weight-of-evidence (WoE) determination:

* [TSrules
* LoE weighting
- Overall P/vP conclusion and consistencyj

Figure 2. [llustration of the sequential approach applied in the persistence assessment weight-of-evidence methodology. LoE = line of evidence; P/vP =
persistent or very persistent; WoE = weight-of-evidence; ITS = Integrated Assessment and Testing Strategy.

the substance has particular characteristics that may complicate
its assessment, including being unstable, complexing, chiral, or
toxic to microorganisms.

Substance information is used to identify whether the sub-
stance possesses so-called difficult substance properties (Table 2;
online supplementary material 1-2.1). Properties that are antici-
pated to cause challenges with persistence assessment include
being volatile, poorly soluble, sorbing, ionizable, unstable, com-
plexing, chiral, toxic to microorganisms, and being composed of
more than one constituent (Hughes, Griffiths, & Brown, 2022;
Hughes, Griffiths, & Pemberton, 2022). The methodology is
intended to alert the assessor to one or more properties of the
substance that may complicate the assessment of persistence.
Certain difficult substance properties are also considered in rule-
sets for the quality evaluation of studies within specific LoEs.

General approach to evaluating information
related to persistence

Study information capture

Different types of information, or LoEs, are considered in the per-
sistence assessment. These include biodegradation screening
tests, simulation tests, QSARs, monitoring data, and other rele-
vant information not fitting within these LoEs (“‘other WoE”),
such as information from hydrolysis and photodegradation stud-
ies, field and mesocosm studies, investigations with individual
microbial strains, etc. Templates to capture details of studies rel-
evant to the persistence assessment have been developed
across the various identified LoEs (see online supplementary
material 1-1.2-1-1.8). These provide a systematic means of

documenting and evaluating the available, relevant information
pertaining to the persistence assessment of a substance.

Common information captured across LoEs includes study
identifiers (e.g., author, year, description), method (e.g., guideline,
Good Laboratory Practice [GLP] status, quality of reporting, where
relevant) and test substance. Various additional study details are
also captured, depending on the specific LoE (see Further details of
methodology for specific LoEs).

Quality scoring of individual studies
Rules and criteria specific to each LoE have been developed to
evaluate the quality of individual studies (see Figure 3; see online
supplementary material 1-1.2-1-1.8) using similar principles to
those of other methodologies developed for aquatic toxicity and
bioaccumulation studies (Arnot et al., 2023; Moermond et al.,
2016). Conditions, reporting requirements, and validity criteria of
related OECD test guidelines have been taken into account, as
well as EU REACH regulatory guidance. Fields under reliability
and relevance are further divided into subcategories, such as
method, test system, test substance, inoculum, and kinetics,
depending on the specific LoE. Individual fields are scored nu-
merically (either 0, 5, or 10) according to specific criteria, and
study quality scores are calculated sequentially based on aver-
ages for each subcategory, then for reliability and relevance, and
finally for the study overall. Scoring criteria for some fields are
considered “critical fails” and lead to a score of zero for reliability
and/or relevance. Numerical scores are assigned qualitative rat-
ings of low (L), medium (M), or high (H) to aid with interpretation.
The quality of experimental studies is evaluated according to
some general criteria. Studies that are not conducted in
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Table 2. Characteristics of substances and associated criteria that can lead to challenges for persistence assessments.

Characteristic Criteria Implications
Poorly soluble * Water solubility <1 mg/L ¢ Challenges with dosing and bioavailabil-
ity of test substance
Volatile * Henry's Law constant >1Pa m?/mol * Loss of test substance from sys-
* Vapor pressure >1Pa tem/medium
¢ Challenges with dosing, sampling
and analysis
¢ Affecting calculation of degrada-
tion kinetics
Sorbing * n-Octanol/water partition coefficient (log ¢ Loss of test substance from sys-
Koy) or distribution coefficient (log tem/medium
Dow) >4 * Bioavailability and nonextractable resi-
* Organic carbon normalized soil sorption due (NER) formation
coefficient (log Koc) >3
* Highest base dissociation constant
(PKa) >4
Ionizable * Lowest acid dissociation constant * Speciation of test substance potentially
(pKa) <9 impacting degradation
* Highest base dissociation constant
(PKa) >4
Unstable * Abiotic transformation (e.g., hydrolysis, * Multiple potential transforma-
oxidation, photodegradation) at pH 4-9 tion processes
¢ Influence of matrix compo-
nents/conditions
¢ Potentially different transforma-
tion products
Complexing * Chelating agent * Bioavailability and influence of ma-
trix components
Chiral * One or more chiral centers * Potential stereoselective degradation

Toxic to microorganisms

More than one constituent Multiconstituent or UVCB

e.g., experimental setup, aeration, agitation,
system dimensions, temperature, light
conditions, test duration, sampling method
and time points, acclimation period

e.g., identity, radiolabelling, test
concentration, application method, use of

Test system
organic solvents or surfactants

Test substance

e.g., characterisation, sampling,
storage and pre-treatment, evidence
of pre-exposure to test substance

Inoculum

Study results

e.g., endpoint, pass criteria, kinetic
model, model fit, treatment of lag phase,
non-extractable residues (NER) and/or
volatile fraction

Evidence of microbial toxicity

(O]VF:1114Y

Scoring

Potential inhibition of biodegradation

Assessment should account for all rele-
vant constituents

e.g., Good Laboratory Practice
(GLP), OECD test guideline,
sufficiently documented

e.g., background respiration, temperature,
PpH, oxygen concentration, redox conditions,
dissolved organic carbon (DOC)

Method

Parameter measurements

e.g., reference compound degradation,

inoculum blank respiration, inter-replicate
variability, appropriate controls, complete
mass balance, suitable analytical method

_Quality/validity criteria
QSAR

e.g., valid model, substance is within
applicability domain, adequate
prediction and documentation

Additional considerations

e.g., NER determination, transformation products,
volatile losses, anoxic conditions, nutrient addition

Figure 3. Overview of the study quality scoring methodology detailing aspects that are considered in evaluating study quality across various
information categories connected to reliability and relevance (e.g., test system, test substance, inoculum, etc.). The precise information fields, criteria,
and impact on study quality scoring are specific to the type of study (line of evidence) and are detailed in the online supplementary material (see online
supplementary material 1-1.2-1-1.8). NER = nonextractable residues; QSAR = quantitative structure-activity relationship.

accordance with an appropriate OECD test guideline, GLP, or that
are insufficiently reported (based on a subjective assessment) will
have a cap placed on their maximum quality score. If a test sub-
stance contains more than one constituent, or is part of a com-
posed mixture, the quality of the study is affected. Further, the use
of nonadapted inocula is considered as a key principle for the qual-
ity evaluation of studies (ECHA, 2023a, 2023b). Details of the study
quality scoring methodology for specific LoEs are further presented
below (see Further details of methodology for specific LoES).

LoE evaluation

Specific rulesets have been developed to evaluate individually
scored studies at the level of the LoE (see Figure 4; online supple-
mentary material 1-2.1 and 1-2.2). These rulesets have been de-
veloped taking account of the specifics of each LoE and their
interpretation in the regulatory context. They take various ele-
ments into account, such as the quality, quantity, strength, and
consistency of the evidence. The details of these evaluations for
specific LoEs are discussed in the following sections.
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Strength of evidence
A

Temperature Representative

half-life

correction determination

Simulation tests only Simulation tests only
Half-lives may be
adjusted to a reference
temperature using the
Arrhenius equation

Representative half-
lives for each
compartment are
derived using worst-
case or geometric mean

Quality and

quantity of
data

The number of H and/or
M quality studies are
considered for each LoE

Magnitude/
strength of
indication

Consistency

Relative exceedance of

criteria (simulation tests)

or strength of indication
(QSAR) is evaluated

Consistency of results
within each LoE is
assessed (excluding
monitoring data)

Figure 4. Overview of the different elements of the methodology for evaluating lines of evidence (LoE). Temperature correction and representative half-
life determination are conducted for simulation tests only. The strength of the evidence within a particular LoE is then evaluated considering a
combination of quality and quantity of data, the magnitude or strength of any indication, and the consistency of the evidence. H = high; M = medium;

QSAR = quantitative structure-activity relationship.

Further details of methodology for
specific LoEs

Screening tests

Biodegradation screening tests, such as ready biodegradability
tests (OECD 301 A-F, OECD 310, and OECD 306), enhanced ready
biodegradability tests (modified using increased test durations or
vessel volumes), or inherent biodegradability tests (OECD 302 A-
C), are standardized, relatively inexpensive tests designed to pro-
vide information on the intrinsic potential for a substance to un-
dergo biodegradation under a range of environmental conditions
(ECHA, 2023a; OECD, 2006). They are generally used in regulatory
persistence assessments as screening tools, with positive results
providing evidence of nonpersistence.

Biodegradation screening tests use relatively well-defined ex-
perimental systems, with specific requirements around inocu-
lum source and concentration, test substance concentration, and
mineral medium, as well as strict requirements on experimental
controls and validity criteria. Despite this, their remaining
degrees of freedom and biological inoculum are sources of vari-
ability in test outcomes, which are well documented (Davenport
et al., 2022; ECHA, 2023a; Hughes, Griffiths, & Swansborough,
2022). This is one reason why the tests are generally used as posi-
tive screens, with negative results pointing to the need for further
investigation rather than definitive conclusions of persistence.
The tests generally measure biodegradation using nonspecific
techniques, such as dissolved organic carbon (DOC) removal, car-
bon dioxide evolution, or biological oxygen demand; however,
they can also incorporate targeted analysis to provide indications
of primary degradation.

The persistence assessment methodology provides the same
template for collecting information for different types of biodeg-
radation screening test (see online supplementary material 1-
1.2). This includes information on the test method, test system
(e.g., study duration, test concentration, test volume, use of bio-
availability improvement methods), inoculum (e.g., source, con-
centration, evidence of preexposure), controls, compliance with
validity criteria, and results.

Quality scoring of biodegradation screening test data under
the persistence assessment methodology is based on their adher-
ence to the conditions detailed in the test guidelines and regula-
tory guidance. Studies that do not comply with these explicit
conditions or validity criteria generally receive critical fails for re-
liability and/or relevance. Separate evaluation rules are applied

for each type of test, reflecting differences in regulatory
interpretation.

Ready biodegradability tests are stringent tests and generally
considered a first-tier screen in persistence assessments. As
such, these tests are generally the most widely available and
have a special status within the EU REACH persistence assess-
ment framework (ECHA, 2023b). In ready biodegradability tests,
the extent of biodegradation over 28 days is assessed, with a pass
criterion of 70% or 60%, depending on whether biodegradation is
measured based on DOC or by respirometric techniques (biologi-
cal oxygen demand or carbon dioxide evolution), respectively.
For the test substance to be considered “readily biodegradable,”
this extent of degradation should normally be achieved within a
“10-day window” following the lag phase (time to 10% degrada-
tion). However, for persistence assessment, the 10-day window is
not considered (ECHA, 2023b).

Inherent biodegradability tests are another type of biodegra-
dation screening test intended to provide a subsequent tier of
testing under less stringent conditions. These are generally in the
form of higher inoculum concentrations and lower test sub-
stance concentrations compared with ready biodegradability
tests. However, they may also include preexposure of the inocu-
lum (such as in OECD 302 A: Modified SCAS Test), which is gener-
ally not permitted in persistence assessments. Results of
inherent biodegradability tests are subject to different interpreta-
tion than ready biodegradability tests. While using similar test
durations and pass criteria in terms of extent of biodegradation,
the timepoints by which these pass criteria must be achieved
(sevendays in OECD 302 B and 14 days in OECD 302 C) are notably
shorter than in ready biodegradability tests. The lag phase in in-
herent tests must also not exceed three days for positive results
to be valid for use in persistence assessments. The specific rea-
sons for these additional constraints placed on inherent biode-
gradability tests are not fully clear; presumably, to counteract
the more favorable conditions. However, they would seem to
somewhat limit the usefulness of this test, because few substan-
ces failing the ready biodegradability test might be expected to
pass these stricter requirements. A further specific aspect to the
interpretation of inherent tests is that a result of <20% biodegra-
dation may be considered as evidence that the substance fulfils
the criteria for persistence.

A third type of biodegradation screening test is the enhanced
ready biodegradability test. These are a relatively recent concept,
intended to provide an additional option for assessing
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persistence at the screening level (ECHA, 2023a). Possible
enhancements include extended test durations of up to 60days
(for poorly soluble substances), and increased vessel sizes.
Enhanced ready biodegradability tests utilize the same pass crite-
ria as regular ready biodegradability tests. However, very long lag
phases (e.g., >20days) followed by fast degradation are consid-
ered signs of microbial adaptation and are not considered ade-
quate for P/vP assessment.

Once all biodegradation screening studies have been evalu-
ated individually for quality, they are evaluated at the level of
LoE (see online supplementary material 1-2.2). For this purpose,
ready biodegradability tests are evaluated separately from inher-
ent and enhanced ready biodegradability tests, which are evalu-
ated as a single LoE. Individual pass/fail outcomes of tests
assessed to be of sufficient quality are used to determine the
overall conclusion for the LoE. Positive outcomes correspond to a
conclusion of “not P/vP,” whereas negative outcomes correspond
to “potentially P/vP.”

Ready biodegradability tests are regarded as stringent tests,
and therefore positive results are generally considered to super-
sede negative results under most circumstances (ECHA, 2023a;
OECD, 2006). For purposes of the persistence assessment meth-
odology, the same principle is applied for evaluating inherent
and enhanced ready biodegradability tests. For each LoE, an as-
sessment of strength and consistency is performed, with strength
being based on the number of studies of sufficient quality that
are available.

Simulation tests

Biodegradation simulation tests are used to provide definitive in-
formation for the assessment of persistence in the form of degra-
dation half-lives at low, environmentally relevant concentrations
(ECHA, 2023b). Degradation half-lives are compared to P and vP
cut-offs for the environmental compartments water, sediment,
and soil to determine whether a substance meets the criteria for
persistence. According to established persistence assessment
frameworks, a substance needs only to fulfil the criteria in one of
these environmental compartments to be concluded as persis-
tent. The OECD test guidelines 307 (Aerobic and Anaerobic
Transformation in Soil), 308 (Aerobic and Anaerobic
Transformation in Aquatic Sediment Systems), and 309 (Aerobic
Mineralisation in Surface Water—Simulation Biodegradation
Test) are typically used to generate degradation half-lives on sub-
stances and are considered the most relevant information under
the EU REACH framework (ECHA, 2023b). These tests are com-
plex and technically challenging, particularly for difficult sub-
stances, and require care in the evaluation of their overall
quality (reliability and relevance).

In addition to guideline simulation tests, other nonstandard
studies may provide information on degradation half-lives of
substances and be relevant for consideration in a persistence as-
sessment. An approach is therefore needed to evaluate informa-
tion from these types of studies and determine their reliability
and relevance for the assessment.

Guidance for evaluating the quality of simulation tests (and
other studies producing degradation half-lives) has so far been
lacking in the regulatory context, which can be a source of confu-
sion and disagreement between assessors, and is problematic for
applying robust and consistent WoE determinations (Hughes
et al., 2020; Hughes, Griffiths, & Swansborough, 2022; Schaffer
et al,, 2022; Shrestha et al., 2023; Wassenaar & Verbruggen,
2021). The persistence assessment methodology herein addresses
this issue by providing a systematic basis for the quality evalua-
tion of such information. This approach is based on the principle

discussed above, that OECD guideline simulation tests represent
the most reliable and relevant information under the EU REACH
regulatory framework. This principle has been used to define in-
formation fields and rulesets for determining the reliability and
relevance of individual studies.

Separate templates have been developed for capturing infor-
mation on water, sediment, and soil simulation tests (see online
supplementary material 1-1.3-1.1.5). Each template follows a
similar approach of capturing information on method, test sys-
tem, test substance, inoculum, parameter measurements/quality
criteria, kinetics, and transformation products.

Test system fields consider aspects related to the experimen-
tal design, such as whether the system is aerobic or anaerobic
and open or closed (sealed). Experimental conditions such as
temperature, light conditions, duration, and sampling frequency
are captured. For water tests, the vessel volume, sampling
method, and test concentration(s) are also considered. For sedi-
ment tests, additional inoculum-specific system parameters are
recorded, as these are influenced by the sediment selection and
are important to the determination of study quality. These in-
clude the water-sediment ratio, height of sediment layer,
amount of sediment, and acclimation period.

The use of radiolabeled substances in simulation tests is con-
sidered important in persistence assessments and necessary to
measure key aspects such as mass balances, transformation
products, carbon dioxide, and nonextractable residues (NERs;
ECHA, 2023b). Therefore, studies using nonlabeled test materials
receive lower reliability and relevance scores. Information on the
dosing of the substance is important in simulation tests, such as
the application method, whether an organic solvent was used
(and how much), and whether a homogenous distribution of the
substance was achieved.

The inoculum is important in determining the outcome of
simulation tests, and hence, various aspects are captured. These
include those related to sampling, such as sampling date and lo-
cation, sampling depth, and whether the inoculum is freshwater
or marine water (for aquatic tests), as well inoculum parameters
such as pH, organic carbon content, nutrient and suspended
solids content (water tests), texture (sediment and soil tests),
sampling temperature, and oxygen concentration (aquatic tests).
In addition, inoculum preparation and storage conditions
are recorded.

All tests include quality criteria for mass balance and a suit-
able analytical method. In addition, aqueous tests include pa-
rameter measurements for oxygen concentration, pH, DOC, and
sediment redox potential (sediment tests only).

Degradation kinetics from each type of simulation test are
captured. For soil and sediment tests, fields determining the ki-
netic model selection and acceptability of model fits are based on
FOCUS guidance (FOCUS, 2014). In addition, fields are included to
address inclusion and interpretation of NERs in the determina-
tion of the half-life, in line with recent guidance developments
(ECHA, 2023b; Schaffer et al., 2018). In the case of water tests, a
degradation half-life based on either parent compound removal
or mineralization is assessed based on pseudo first-order kinet-
ics, and may or may not include a lag phase (OECD, 2004). In
all cases, detection of transformation products at concentrations
>10% of initially applied radioactivity or continuously increasing
during the study is an indication of potentially persistent trans-
formation products that should be investigated further. Finally,
the addition of supplementary nutrients or surfactants/emulsi-
fiers is included as additional quality indicators, based on experi-
ence with nonstandard experimental methods.
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Each simulation test type is evaluated for quality (reliability
and relevance) in accordance with its specific quality evaluation
scheme, based on the principles discussed above. Critical fail cri-
teria are defined to address circumstances likely to cause major
reliability issues or deviations from relevant conditions. These in-
clude anaerobic conditions, use of suspended sediment systems
(water tests only), volatile losses, preadapted inocula, use of ex-
cessive amounts of organic solvents, persistent mass balance
issues, or lack of a suitable analytical method.

Degradation half-lives from simulation tests are evaluated in
one of five LoEs (freshwater, marine water, freshwater sediment,
marine sediment, soil) (Figure 4; see online supplementary mate-
rial 1-2.3). First, individual half-lives are temperature-corrected
to a standard reference temperature (12 °C for soil and freshwa-
ter; 9°C for marine and estuarine water) using the Arrhenius
equation in accordance with regulatory guidance (ECHA, 2023a).
A representative half-life is then determined for each LoE. This
will consider the number and quality of half-life values available,
with a geometric mean being calculated where greater than four
half-lives of sufficient quality are available; otherwise, the worst-
case half-life is used. The strength of evidence within a simula-
tion test LoE considers the quality and quantity of half-life data,
the magnitude of the representative half-life (i.e., by how much
the half-life exceeds P/vP criteria), and the consistency of corre-
sponding P/vP conclusions between half-lives.

Monitoring data

Under certain circumstances, monitoring data can provide evi-
dence that a substance fulfils the criteria for persistence.
Specifically, these are where a substance is detected in remote
areas far away from populated areas and known point sources or
in situations where there is a clear indication that a substance is
fulfilling the P/vP criteria with a sufficient understanding of sub-
stance emissions, distribution, and transport behavior such that
uncertainties are adequately addressed (ECHA, 2023b). The qual-
ity evaluation of monitoring data concerns whether or not sam-
pling and analytical methods are considered reliable (see online
supplementary material 1-1.7). The LoE evaluation of monitoring
data considers the strength of evidence, with evidence from three
or more independent studies being considered indicative of high
strength (see online supplementary material 1-2.2).

QSAR

Quantitative structure-activity relationships are in silico tools
that predict substance properties based on chemical structure.
The persistence assessment methodology considers the type of
endpoint predicted (e.g., screening test outcome, degradation
half-life), as well as the environmental compartment (if applica-
ble), and considers the prediction results in terms of the persis-
tence conclusion indicated and the strength of the indication (to
be determined by the assessor) (see online supplementary mate-
rial 1-1.6). The evaluation of the quality of QSAR predictions is
based on the OECD principles of QSAR validation (OECD, 2014).
Predictions are considered high quality if they are (1) based on a
valid QSAR model (considered the case if a QSAR model reporting
format is available or if the QSAR is well-documented following
the OECD principles of QSAR validation), (2) have a defined appli-
cability domain that the substance falls within, and (3) are ade-
quate (i.e., QSAR exhibits adequate performance) for the purpose
of persistence assessment. The QSAR LoE evaluation provides an
overall indication based the results and quality of individual pre-
dictions as well an indication of the strength and consistency of
the evidence (see online supplementary material 1-2.2).

Other WoE

All other evidence that may be relevant to a persistence assess-
ment can be considered under “Other WoE” (see online supple-
mentary material 1-1.8). This LoE utilizes a flexible methodology
to document the type of study and evaluate the reliability and
relevance of the study using expert judgement according to
Klimisch principles (Klimisch et al., 1997). The results of the
study are then assessed according to whether the result provides
quantitative or qualitative (i.e., type of) evidence, the persistence
indication, and the strength of the indication. In doing so, dispa-
rate information relevant to the persistence assessment can be
individually evaluated for quality and their outcomes weighed as
a single LoE. The LoE evaluation determines an overall persis-
tence outcome, considering the quality, type, persistence indica-
tion, and strength of each individual study. The overall strength
and consistency of the LoE is also determined (see online supple-
mentary material 1-2.2).

WOoE determination

To reach overall conclusions for a persistence assessment, a fur-
ther step has been developed to combine all information across
the various LoEs. This step is intended to follow a WoE methodol-
ogy while addressing specific rulesets required as part of the EU
REACH persistence assessment framework.

The overall conclusion of the persistence assessment is
reached following a stepwise workflow in accordance with the
EU REACH Annex XIII framework and ITS (Figure 5; see online
supplementary material 1-3). First, information from simulation
test LoEs is considered, because these are considered to provide
definitive information on persistence. If no definitive P/vP con-
clusion can be drawn based on information from simulation
tests, the ready biodegradability test LoE is considered in a sec-
ond step, with a positive outcome leading to a conclusion of not
P/vP. If no conclusion can be drawn from Steps 1 and 2, a quanti-
tative WoE methodology is used considering all LoEs together
(see online supplementary material 1-3). Individual conclusions
from LoEs are scored and weighed according to their persistence
indication, strength of evidence (based on previous assessments
of quality, quantity, magnitude, and consistency, see online sup-
plementary material 1-2.2 and 1-2.3) and a default weighting co-
efficient. The default weightings are assigned to specific LoEs
based on their overall importance to the assessment (simulation
tests receive a score of 3; screening tests and “other WoE” receive
a score of 2; QSARs and monitoring receive a score of 1).
Persistence indications are assigned a numerical value according
to the specific LoE and outcome and are scored either positively
or negatively depending on whether they indicate a conclusion of
not persistent or persistent, respectively. The sign of the average
of scores determines an overall conclusion of the qWOoE assess-
ment (Step 3). Finally, the consistency of the overall conclusion is
provided in relation to the conclusions of individual LoEs (Step 4).

Case study

The persistence assessment methodology was demonstrated
using data for a case study substance, hexabromocyclododecane
(HBCDD), which is commonly referred to under Chemical
Abstracts Service (CAS) No. 25637-99-4 but is more precisely
defined as 1,2,5,6,9,10-hexabromocyclododecane (CAS No. 3194-
55-6). This substance consists of three diastereoisomers
(a-HBCDD, CAS No. 134237-50-6; B-HBCDD, CAS No. 134237-51-7;
and y-HBCDD, CAS No. 134237-52-8). The substance HBCDD is a
common brominated flame retardant and was selected owing to
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1. Simulation test lines of evidence (LoE)
Consider whether a conclusion can be drawn from simulation test LoEs

NS

2. Ready biodegradability test LoE
Consider whether substance is readily biodegradable

N

Weighting elements (per LoE):

Persistence
indication

Average of LoE weightings:

3. Quantitative weight-of-evidence (QWoE)
If steps 1 and 2 do not result in a conclusion, step 3 is a gWoE considering all LoEs

Strength of evidence
Quality & quantity, magnitude, consistency

Default
weighting

Persistent m Not Persistent

4. Consistency check
Assess consistency of WoE conclusion across individual LoEs

Figure 5. Scheme for determining persistence assessment conclusions following the weight-of-evidence (WoE) methodology. LoE = line of evidence;

gqWOoE = quantitative weight-of-evidence.

its regulatory scrutiny and availability of simulation test data in
different environmental compartments. It is listed on the EU
REACH Authorisation List (Annex XIV) due to its PBT properties,
and in Annex A of the Stockholm Convention on Persistent
Organic Pollutants (UNEP, 2013). The information regarding the
persistence of HBCDD has been evaluated in several authorita-
tive reports. The information used in this case study was
obtained from sources pertaining to the EU REACH regulation,
specifically the substance of very high concern support docu-
ment, risk assessment report, and registration dossier (ECHA,
2008a, 2008b).

Details of the properties and information relevant to the per-
sistence assessment of HBCDD are presented in the supplemen-
tary material (see online supplementary material 2). Based on
the physicochemical properties of the substance, the methodol-
ogy flagged HBCDD as a poorly soluble, sorbing, and chiral sub-
stance. Data for specific diastereoisomers are reported where
relevant. Available studies with quality scoring, results, and per-
sistence indications are summarized in Table 3.

Information from biodegradation screening tests was limited,
with only one reliable ready biodegradation test in which no bio-
degradation was observed (Schaefer & Haberlein, 1996). In one
monitoring study, y-HBCDD was detected in a remote region, in
freshwater sediment cores in Svalbard, with the a- and -diaster-
eomers below the analytical limit of detection (Christensen
etal., 2004).

Multiple simulation studies have been conducted using
HBCDD across different environmental compartments. Two aer-
obic simulation studies were reported for soil. The OECD 307
study of Davis et al. (2003b) tested HBCDD (5.8% a-, 19.3% -, and

74.9% y-HBCDD), generating a half-life of 63days at 20°C for
y-HBCDD; the other diastereomers were not followed. Davis et al.
(2004) conducted an OECD 307 soil simulation study, but no deg-
radation of **C-HBCDD (8.7% a-, 6.1% B- and 85.2% y-HBCDD) was
observed during the 112 days of the study at 20°C. A further two
simulation tests exist for HBCDD in freshwater water-sediment
systems. Davis et al. (2003a) determined half-lives for y-HBCDD
of 11 and 32days in two different sediments at 20°C. A half-life
for total HBCDD of 101days at 20°C was determined by Davis
et al. (2004). The study of Davis et al. (2004) also included degra-
dation experiments with anaerobic sediments, which were in-
cluded as other WoE. No water simulation tests were available.
The results of quality scoring and persistence indications of
the available simulation tests for HCBDD are summarized in
Table 3. Results from both sediments in Davis et al. (2003a) indi-
cated a conclusion of not P/vP. The Schuylkill sediment was rated
medium quality (score 5.3) according to the methodology, with
the use of an organic solvent, lack of radiolabeling, insufficient
kinetic information, and absence of a mass balance all contribut-
ing to the reduced score. The Neshaminy sediment, however, re-
ceived a critical fail for relevance due to evidence of preexposure
to the test substance, resulting in an overall quality score of 0.
The Davis et al. (2004) sediment study supported a conclusion of
vP and was scored as high quality (score 8.2) owing to the inclu-
sion of radiolabeling and associated kinetic information gener-
ated. The soil simulation studies by Davis et al. (2003b) and Davis
et al. (2004) both received high-quality scores of 7.0 and 7.9 and
supported persistence conclusions of P and vP, respectively. Both
studies received scores of zero for the “kinetics” relevance cate-
gory due to missing information. Although the 2004 study

920z Aenuer gz uo 1senb Aq G2/ 1 £8/6€ Lielajweaju/es0L 0 L/10p/alo1le-adoueApe/weal/wod dno-ojwapede//:sdjiy woly papeojumoq


https://academic.oup.com/ieam/article-lookup/doi/10.1093/inteam/vjaf139#supplementary-data
https://academic.oup.com/ieam/article-lookup/doi/10.1093/inteam/vjaf139#supplementary-data
https://academic.oup.com/ieam/article-lookup/doi/10.1093/inteam/vjaf139#supplementary-data

Hughes et al.

10

Downloaded from https://academic.oup.com/ieam/advance-article/doi/10.1093/inteam/vjaf139/8317254 by guest on 22 January 2026

"UoTII3P JO NWI| = JOT ‘Yuisisiad A1oa/ usisisiad = da/d ‘Mo = T wnipauwl = )N 'y31y = H 230N

BUIILID dA/d

D.ZT 1B 03 oqeredwod AdDgH-+ %Z'S8
skep g1 9511 Anoa1p jou pue aandgH-9
-JTey uonepeIdsp SUONIPUOD JIqoIseuy %19 ‘AADIH-© %/L'8 JUSWIPSS 13}
daa/d dangH 1e1oL 1 1 H Jo Bunsisuod qaDgH -BMYS31] J1QOIRUY (v002) T8 32 s1ARQ oM IO
S[qera1
pa19pisuod are [861-€/61
poylaul [eO1IATRUR ‘o7 moreq 03 3urpuodsa1102
1yStem A1p 3/3ug’g pue Surdwes a12m ddDgH-9J pue -o 19Ke] 9100 JUSWIPSS (%007) ‘1B 19
da/d 18 P210319p AADgGH-4 SO PaispIsuod 10N S0 ‘aangy-4 I9)BMUSI] DIV UISUISLIYD Sunoyiuo
(Do T 01 paZI[EWLIOU
uaym skep $1¢) aangH-4 %t 'S8
2.0z 18 sAep 10T pue qao4gH-¢
:3J1[-}1eY UoTIBpRISID %19 ‘AaDgH-® %/'8 ¢ £pnis yuswitpas uone[nwis
da adangH [e10L H)z8 €8 18 Jo 3unsisuod qaD9H I9}eMUysal] DIqOIdY (%002) ‘T 39 Ss1ARQ JUSWIPIS
3ouBISqnNs 1591
(Do T 03 pPaZI[EULIOU 01 aansodxa-a1d
usym sAep 89) D.0T JO 30USPIAD ‘POMOT[0] SBM ISUI0T (AutwreysaN) T
1e sAep z¢ BJI-11'Y 01 2Np 18] [E21UD -91se1p-4 2173 JO 20UE Apnas yuswiipas uone[nwis
da/dioN  uonedissip AQDEH-4 (Mo 0 z9 -readdesip a3 A[u0 I91BMUSSIJ D1QOISY (e€007) sined JusWIpas
(Do 21 03 pazifewIou "AADIH+ %67 L
usym skep €z) D, 07 ‘Pue AADgH-¢ (e4nyds) 1
1e sAep TT :dJ11-J[eY %¢'6T ‘AADIH-P %8'S Apnas yuswipas uonenuis
dA/d 10N uonedisstp aDgH-4 ) €5 g 'S J0 3unsIsuod AaOgH I91BMUS3I] DIGOISY (B€007) Te 39 staeQ JUSWIPaS
(Do T 01 paZI[EWLIOU
uaym skep gez)
0,0z 18 skepzIl
Se Pa181ua 3J1[-J[eH AaDgH-+ %Z'S8
“Apnas Kep-z11 pue aadgH-9
9} SULINP PIAISSQO %19 ‘AADIH-P %/'8 uonenuis
daa uonEpeISsp ON H 6L €9 ¥'6 JO BunsIsuod AaD9H ¢ kpras 110s (v007) T8 3° sTEQ 11os
'PIMOT[0] SBM ISUI0S1
-91se1p-4 2173 JO 20UE
-1eaddesip aya U0
(D, 21 01 pazijeuriou "AADIHA %6'¥L
uaym skep$¢1) 0,02 pue aaogH-¢
1e sAep €9 HJI-JBY %¢'6T ‘AADIH-2 %8'S uonernuis
d  uonedssip aDgH-4 (H) 0/ 99 S/ JO Bunsisuod AaD4gH T Apnis [108 (q€007) 1B 12 staeQ I1os
skepgzie (7-66-££95C (966T) uRIqRH
d Arennuaog UonepeI3aPOIq %0 (H) ot o o1 ‘'ON SVD) ddDgH  uonepeidspoiq Apeay DUE I9J9BUDS Surusaing
(8unei pue)
uonedIpul 1nsay a100s fq1fenb [[e19AQ  910ds 9dUEAS[RY 100 AIIqery [eLISleuI 1S9, uondusag EhIEIEIEN | 07T

'SUOT}EDTIPUL 90U)stsiad pue ‘synsal ‘uornienieas £3enb pajerosse 1yl Yam (JDIH) 9Uedoapopo[dAd0uIoIqexay 10} 9[Ge[IEAL SAIPNIS Jo ATeWIWINS *¢ d[qe.L



Integrated Environmental Assessment and Management, 2026, Vol. 00, No. 00 | 11

achieved a higher overall score, it still exhibited quality issues re-
lated to inconsistent compliance with mass balance criteria. The
2003 study scored lower overall due to the use of an organic sol-
vent and the absence of radiolabeling, which also prevented a
mass balance assessment. For all simulation studies, NERs were
either not measured or not included in the determination of deg-
radation kinetics, meaning that half-lives would likely have been
underestimated according to current ECHA guidance (ECHA,
2023b). Based on the available half-lives determined for both the
total a/B/y-HBCDD mixture and y-HBCDD, the predominant dia-
stereoisomer in technical HBCDD, HBCDD can be considered vP
according to the persistence assessment methodology described
herein. The remaining evidence from other LoEs were supportive
of this persistence conclusion. The conclusion reached in this as-
sessment is in line with the regulatory persistence assessments
of HBCDD under EU REACH and the Stockholm Convention.

Discussion

Regulatory persistence assessments require a range of disparate,
relevant information to be considered together in a WoE determi-
nation. As such, they are complex and challenging. The method-
ology proposed herein is intended to support the work of
assessors, leading to increased consistency, transparency, and
robustness in these assessments. The systematic information
capture, quality evaluation, and WoE methodology is designed in
accordance with the EU REACH regulatory framework and
addresses gaps in existing regulatory guidance. The methodology
has been implemented in a freely available software tool, the
PAT;, see online supplementary material 3).

It is important to recognize that the methodology presented is
not intended to replace the role of assessors in evaluating studies
and applying their expert judgement to specific cases. Although
clear rulesets and a structured approach are advantageous to
promote consistent assessments, the nature of WoE assessments
is such that this need for certainty must be balanced with the
flexibility to deviate from a standardized approach according to
the particulars of the situation at hand (Suter et al., 2020).
Further, a key overarching requirement supported by this meth-
odology is that information and assessments are transpar-
ently documented.

The study quality evaluation and WoE methodology repre-
sents a first attempt to codify various rules and principles ap-
plied in regulatory persistence assessments into a systematic
approach. Certain aspects of the methodology are necessarily
based on expert judgement and, although the methodology was
subject to appraisal and testing by an external team of experts
from industry, academia, and regulatory bodies (the project mon-
itoring team), further discussion and testing should be consid-
ered to refine and build consensus around the methodology. The
case study on HBCDD presented in this article is also relatively
noncontentious, and the methodology should be applied to addi-
tional, more borderline cases and cases with varying amounts
and types of data available. Further investigation of such real
(and hypothetical) cases will provide deeper insights into sensi-
tivities and support further refinement and calibration of the
study quality evaluation and WoE methodology. This would
seem particularly important because the effectiveness of similar
score-based data quality assessments has recently been ques-
tioned (Kuo & Shih, 2024). Further, the methodology should be
continuously refined in accordance with ongoing scientific and
policy developments.

It should be borne in mind that the methodology is based on
the EU REACH persistence framework and that assessments may
follow different rules and processes in different regions and/or
regulations. For instance, current assessment practices in the EU
are notably different for the assessment of plant protection prod-
ucts (Hughes, Griffiths, & Swansborough, 2022; Moermond et al.,
2012; Rauert et al., 2014). Potential customization of the method-
ology to account for these differences is envisaged, and several
options are included within the PAT software (see online supple-
mentary material 1-4). These include considerations on NERs
and microbial adaptation, temperature correction of half-lives,
representative half-life determination, half-life cut-offs, mini-
mum study quality scores, and the WoE workflow. The PAT also
includes a multimedia fate model (“SimpleBoxTreat4PAT") based
on SimpleBox v4.0, which enables steady state overall persis-
tence (Poy) to be calculated for a range of emission scenarios
(Hollander et al., 2016; van de Meent et al., 2023). The Poy concept
has been suggested as an option to further refine persistence
assessments that are based on single compartment-specific half-
life thresholds (Redman et al., 2022; Scheringer et al., 2009).

In addition to the need for ongoing testing, refinement, and
consensus-building around the methodology (discussed above),
the following additional limitations are highlighted:

* The methodology relies upon the assumption that assessors
have already compiled all available relevant information per-
taining to the persistence assessment of the substance. If this
is not the case it could lead to meaningful differences in per-
sistence assessment outcomes.

Although the majority of decisions in the methodology are

based on clear and objective criteria, certain inputs remain

somewhat subjective. This is, to some extent, an unavoidable
general feature of such WoE-based environmental assess-

ments. However, it may be possible to further reduce this as a

source of uncertainty through refinements to the methodol-

ogy and supporting information.

¢ The other WoE LoE represents a general “catch-all” category

for all relevant evidence that does not fall under one of the

more well-defined categories. It is therefore necessarily more
generic and subjective than other parts of the methodology.

There is scope to develop additional LoE categories in future

iterations of the methodology.

The methodology follows a substance-by-substance ap-

proach and does not currently consider read-across of data

from related substances.

Aspects of the methodology related to difficult test substan-

ces are somewhat limited and mostly relate to alerting the as-

sessor to potential issues with the available data.

* Substances with complex compositions, such as UVCBs and
polymers, present unique challenges for persistence assess-
ments (Hughes, Griffiths, & Pemberton, 2022). The methodol-
ogy could be further expanded in the future to better support
the assessment of these substances.

Conclusion

Environmental persistence is becoming increasingly important
as an issue of concern for chemicals. Regulatory persistence
frameworks are used to assess and prioritize substances for fur-
ther action. However, the implementation of these frameworks is
challenging due to the need to evaluate complex and disparate
information in a weight-of-evidence determination. In the pre-
sent work, a methodology has been developed to support
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compilation, evaluation, and integration of relevant information
in these assessments. An approach is presented for evaluating
the quality of individual studies and combining these in a step-
wise weight-of-evidence determination, in accordance with the
EU REACH regulatory framework. The approach addresses
several gaps in existing guidance and is anticipated to support
improved consistency, transparency, and robustness in
assessments.

The methodology has been incorporated into a freely available
software tool (the PAT) and has been demonstrated using a
known PBT substance. Further discussion and refinement of the
methodology is envisaged to build consensus, address uncertain-
ties, and support greater regulatory utilization in the future.
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