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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 

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 

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
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, 2023a, 
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 
WoE, 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 
WoE methodology for persistence assessments, including a scor
ing methodology for the quality evaluation of individual studies, 

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 ¼ persistent or very persistent; QSAR ¼ 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 Dow), organic carbon 
normalized soil sorption coefficient (log Koc), 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 Kow or log Dow), organic carbon normalized soil–water partition coeffi
cient (log Koc), 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.

Simulation tests Biodegradation simulation tests in surface water (OECD 309), water–sediment systems (OECD 
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 ¼ quantitative structure–activity relationship; WoE ¼ weight-of-evidence; UVCB ¼ substance of unknown or variable composition, complex reaction 
products or biological materials.
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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 

Figure 2. Illustration of the sequential approach applied in the persistence assessment weight-of-evidence methodology. LoE ¼ line of evidence; P/vP ¼
persistent or very persistent; WoE ¼ weight-of-evidence; ITS ¼ Integrated Assessment and Testing Strategy.
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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.

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 >1 Pa m3/mol 
� Vapor pressure >1 Pa 

� Loss of test substance from sys
tem/medium 

� Challenges with dosing, sampling 
and analysis 

� Affecting calculation of degrada
tion kinetics 

Sorbing � n-Octanol/water partition coefficient (log 
Kow) or distribution coefficient (log 
Dow) >4 

� Organic carbon normalized soil sorption 
coefficient (log Koc) >3 

� Highest base dissociation constant 
(pKa) >4 

� Loss of test substance from sys
tem/medium 

� Bioavailability and nonextractable resi
due (NER) formation 

Ionizable � Lowest acid dissociation constant 
(pKa) <9 

� Highest base dissociation constant 
(pKa) >4 

� Speciation of test substance potentially 
impacting degradation 

Unstable � Abiotic transformation (e.g., hydrolysis, 
oxidation, photodegradation) at pH 4–9 

� Multiple potential transforma
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 � Evidence of microbial toxicity � Potential inhibition of biodegradation 

More than one constituent � Multiconstituent or UVCB � Assessment should account for all rele
vant constituents 

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 ¼ nonextractable residues; QSAR ¼ quantitative structure–activity relationship.
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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 
(seven days 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 

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 ¼ high; M ¼medium; 
QSAR ¼ quantitative structure–activity relationship.
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persistence at the screening level (ECHA, 2023a). Possible 
enhancements include extended test durations of up to 60 days 
(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., >20 days) 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; Sch€affer 
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; Sch€affer 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).

WoE 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 qWoE 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 
(α-HBCDD, CAS No. 134237-50-6; β-HBCDD, CAS No. 134237-51-7; 
and γ-HBCDD, CAS No. 134237-52-8). The substance HBCDD is a 
common brominated flame retardant and was selected owing to 
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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, γ-HBCDD was detected in a remote region, in 
freshwater sediment cores in Svalbard, with the α- and β-diaster
eomers below the analytical limit of detection (Christensen 
et al., 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% α-, 19.3% β-, and 

74.9% γ-HBCDD), generating a half-life of 63 days at 20 �C for 
γ-HBCDD; the other diastereomers were not followed. Davis et al. 
(2004) conducted an OECD 307 soil simulation study, but no deg
radation of 14C-HBCDD (8.7% α-, 6.1% β- and 85.2% γ-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 γ-HBCDD 
of 11 and 32 days in two different sediments at 20 �C. A half-life 
for total HBCDD of 101 days 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 

Figure 5. Scheme for determining persistence assessment conclusions following the weight-of-evidence (WoE) methodology. LoE ¼ line of evidence; 
qWoE ¼ quantitative weight-of-evidence.

Integrated Environmental Assessment and Management, 2026, Vol. 00, No. 00 | 9  
D

ow
nloaded from

 https://academ
ic.oup.com

/ieam
/advance-article/doi/10.1093/inteam

/vjaf139/8317254 by guest on 22 January 2026

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


T
ab

le
 3

. S
u

m
m

ar
y 

of
 s

tu
d

ie
s 

av
ai

la
b

le
 f

or
 h

ex
ab

ro
m

oc
yc

lo
d

od
ec

an
e 

(H
B

C
D

D
) w

it
h

 t
h

ei
r 

as
so

ci
at

ed
 q

u
al

it
y 

ev
al

u
at

io
n

, r
es

u
lt

s,
 a

n
d

 p
er

si
st

en
ce

 in
d

ic
at

io
n

s.

Lo
E

R
ef

er
en

ce
D

es
cr

ip
ti

on
T

es
t 

m
at

er
ia

l
R

el
ia

b
il

it
y 

sc
or

e
R

el
ev

an
ce

 s
co

re
O

ve
ra

ll
 q

u
al

it
y 

sc
or

e 
(a

n
d

 r
at

in
g)

R
es

u
lt

In
d

ic
at

io
n

S
cr

ee
n

in
g

Sc
h

ae
fe

r 
an

d
 

H
ab

er
le

in
 (1

99
6)

R
ea

d
y 

b
io

d
eg

ra
d

at
io

n
H

B
C

D
D

 (C
A

S 
N

o.
 

25
63

7-
99

-4
)

10
10

10
 (H

)
0%

 b
io

d
eg

ra
d

at
io

n
 

at
 2

8
d

ay
s

Po
te

n
ti

al
ly

 P

S
oi

l 
si

m
u

la
ti

on
D

av
is

 e
t 

al
. (

20
03

b
)

So
il

 s
tu

d
y 

1
H

B
C

D
D

 c
on

si
st

in
g 

of
 

5.
8%

 α
-H

B
C

D
D

, 1
9.

3%
 

β-
H

B
C

D
D

 a
n

d
 

74
.9

%
 γ

-H
B

C
D

D
. 

O
n

ly
 t

h
e 

d
is

ap
p

ea
r

an
ce

 o
f 

th
e 
γ-

d
ia

st
e

re
om

er
 w

as
 f

ol
lo

w
ed

. 

7.
5

6.
6

7.
0 

(H
)

γ-
H

B
C

D
D

 d
is

si
p

at
io

n
 

h
al

f-
li

fe
: 6

3
d

ay
s 

at
 

20
�
C

 (1
34

d
ay

s 
w

h
en

 
n

or
m

al
iz

ed
 t

o 
12

 �
C

)

P

S
oi

l 
si

m
u

la
ti

on
D

av
is

 e
t 

al
. (

20
04

)
So

il
 s

tu
d

y 
2

H
B

C
D

D
 c

on
si

st
in

g 
of

 
8.

7%
 α

-H
B

C
D

D
, 6

.1
%

 
β-

H
B

C
D

D
 a

n
d

 
85

.2
%

 γ
-H

B
C

D
D

9.
4

6.
3

7.
9 

(H
)

N
o 

d
eg

ra
d

at
io

n
 

ob
se

rv
ed

 d
u

ri
n

g 
th

e 
11

2-
d

ay
 s

tu
d

y.
  

H
al

f-
li

fe
 e

n
te

re
d

 a
s 

11
2

d
ay

s 
at

 2
0
�
C

 
(2

38
d

ay
s 

w
h

en
 

n
or

m
al

iz
ed

 t
o 

12
�
C

)

vP

S
ed

im
en

t 
si

m
u

la
ti

on
D

av
is

 e
t 

al
. (

20
03

a)
A

er
ob

ic
 f

re
sh

w
at

er
 

se
d

im
en

t 
st

u
d

y 
1 

(S
ch

u
yl

ki
ll

)

H
B

C
D

D
 c

on
si

st
in

g 
of

 
5.

8%
 α

-H
B

C
D

D
, 1

9.
3%

 
β-

H
B

C
D

D
 a

n
d

, 
74

.9
%

 γ
-H

B
C

D
D

. 
O

n
ly

 t
h

e 
d

is
ap

p
ea

r
an

ce
 o

f 
th

e 
γ-

d
ia

st
e

re
om

er
 w

as
 f

ol
lo

w
ed

. 

5.
2

5.
4

5.
3 

(M
)

γ-
H

B
C

D
D

 d
is

si
p

at
io

n
 

h
al

f-
li

fe
: 1

1
d

ay
s 

at
 

20
�
C

 (2
3

d
ay

s 
w

h
en

 
n

or
m

al
iz

ed
 t

o 
12
�
C

)

N
ot

 P
/v

P

S
ed

im
en

t 
si

m
u

la
ti

on
D

av
is

 (2
00

3a
)

A
er

ob
ic

 f
re

sh
w

at
er

 
se

d
im

en
t 

st
u

d
y 

1 
(N

es
h

am
in

y)

6.
2

0
0 

(L
) 

C
ri

ti
ca

l f
ai

l d
u

e 
to

 
ev

id
en

ce
 o

f 
 

p
re

-e
xp

os
u

re
 t

o 
te

st
 s

u
b

st
an

ce
 

γ-
H

B
C

D
D

 d
is

si
p

at
io

n
 

h
al

f-
li

fe
: 3

2
d

ay
s 

at
 

20
�
C

 (6
8

d
ay

s 
w

h
en

 
n

or
m

al
iz

ed
 t

o 
12
�
C

)

N
ot

 P
/v

P

S
ed

im
en

t 
si

m
u

la
ti

on
D

av
is

 e
t 

al
. (

20
04

)
A

er
ob

ic
 f

re
sh

w
at

er
 

se
d

im
en

t 
st

u
d

y 
2

H
B

C
D

D
 c

on
si

st
in

g 
of

 
8.

7%
 α

-H
B

C
D

D
, 6

.1
%

 
β-

H
B

C
D

D
 a

n
d

 
85

.2
%

 γ
-H

B
C

D
D

8.
1

8.
3

8.
2 

(H
)

T
ot

al
 H

B
C

D
D

 
d

eg
ra

d
at

io
n

 h
al

f-
li

fe
: 

10
1

d
ay

s 
at

 2
0
�
C

 
(2

14
d

ay
s 

w
h

en
 

n
or

m
al

iz
ed

 t
o 

12
�
C

)

vP

M
on

it
or

in
g

C
h

ri
st

en
se

n
 

et
 a

l.
 (2

00
4)

A
rc

ti
c 

fr
es

h
w

at
er

 
se

d
im

en
t 

co
re

 la
ye

r 
co

rr
es

p
on

d
in

g 
to

 
19

73
-1

98
7

γ-
H

B
C

D
D

. 
α-

 a
n

d
 β

-H
B

C
D

D
 w

er
e 

b
el

ow
 L

O
D

. 

O
K

N
ot

 c
on

si
d

er
ed

O
K

 
Sa

m
p

li
n

g 
an

d
 

an
al

yt
ic

al
 m

et
h

od
 

ar
e 

co
n

si
d

er
ed

  
re

li
ab

le
 

γ-
H

B
C

D
D

 d
et

ec
te

d
 a

t 
3.

8
n

g/
g 

d
ry

 w
ei

gh
t

P/
vP

O
th

er
 W

oE
D

av
is

 e
t 

al
. (

20
04

)
A

n
ae

ro
b

ic
 f

re
sh

w
a

te
r 

se
d

im
en

t
H

B
C

D
D

 c
on

si
st

in
g 

of
 

8.
7%

 α
-H

B
C

D
D

, 6
.1

%
 

β-
H

B
C

D
D

 a
n

d
 

85
.2

%
 γ

-H
B

C
D

D

H
L

L A
n

ae
ro

b
ic

 c
on

d
it

io
n

s 
n

ot
 d

ir
ec

tl
y 

co
m

p
ar

ab
le

 t
o 

 
P/

vP
 c

ri
te

ri
a 

T
ot

al
 H

B
C

D
D

 
d

eg
ra

d
at

io
n

 h
al

f-
 

li
fe

: 1
25

d
ay

s 
at

 1
2
�
C

P/
vP

N
ot

e.
 H

 ¼
h

ig
h

; M
 ¼

m
ed

iu
m

; L
 ¼

lo
w

; P
/v

P 
¼

p
er

si
st

en
t/

ve
ry

 p
er

si
st

en
t;

 L
O

D
 ¼

li
m

it
 o

f 
d

et
ec

ti
on

.

10 | Hughes et al.  

D
ow

nloaded from
 https://academ

ic.oup.com
/ieam

/advance-article/doi/10.1093/inteam
/vjaf139/8317254 by guest on 22 January 2026



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 α/β/γ-HBCDD mixture and γ-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 (POV) to be calculated for a range of emission scenarios 
(Hollander et al., 2016; van de Meent et al., 2023). The POV 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.

Supplementary material
Supplementary material is available online at Integrated 
Environmental Assessment and Management.

Data availability
Data, associated metadata and calculation tools are available in 
the online supplementary material. A preprint of this article is 
published at https://doi.org/10.26434/chemrxiv-2025-g1jpg.

Author contributions
Christopher Hughes (Conceptualization, Methodology, Software, 
Writing—original draft, Writing—review & editing), Megan 
Griffiths (Data curation, Methodology, Software, Writing—origi
nal draft, Writing—review & editing), Simon Cook (Data curation, 
Software), Dik van de Meent (Conceptualization, Software), John 
Parsons (Conceptualization, Methodology), Delina Lyon 
(Conceptualization, Writing—review & editing), and Amelie Ott 
(Conceptualization, Writing—review & editing)

Funding
This work was funded jointly by Concawe and the International 
Collaboration on Cosmetics Safety (ICCS), with in-kind support 
provided by Cefic-LRI and ECETOC.

Conflicts of interest
The following authors work for consulting companies providing 
services in chemical regulatory assessment and compliance, in
cluding work related to the topics discussed in this article: C.B.H., 
M.G., and S.C.

The following authors work for scientific organizations that 
sponsored this work, and that are funded by companies that 
manufacture or supply substances that may be subject to regula
tory assessments such as those discussed in this paper: D.L., A.O.

The remaining authors declare no conflicts of interest.

Acknowledgments
This publication is dedicated to Dr John Parsons, who passed 
away on November 12, 2024. The PAT project team would like to 
express their gratitude to John for his support and friendly collab
oration on this project and recognize his contribution to the 
broader field of environmental persistence. We acknowledge 
Alan McCullough, Mike Jones, and Andy Gilbert for their contri
bution to the PAT software development and the project 

monitoring team for their oversight, helpful comments, and sup
port with user testing. We acknowledge Stefan Hahn, Michael 
Klein, Judith Klein, Dieter Hennecke, David Brown, Chesney 
Swansborough, Emma Pemberton, and Graham Whale for their 
contributions to the Cefic-LRI ECO52 project, which provided an 
important foundation for the development of the methodology 
presented in this article. Finally, we thank Cefic-LRI for funding 
the ECO52 project and ECETOC for supporting the coordination 
of ECO52 and the present work.

References
Arnot, J. A., Toose, L., Armitage, J. M., Embry, M., Sangion, A., & 

Hughes, L. (2023). A weight of evidence approach for bioaccumu

lation assessment. Integrated Environmental Assessment and 

Management, 19, 1235–1253. https://doi.org/10.1002/ieam.4583
Birch, H., Hammershøj, R., Møller, M. T., & Mayer, P. (2023). 

Technical guidance on biodegradation testing of difficult sub

stances and mixtures in surface water. MethodsX, 10, 102138. 

https://doi.org/10.1016/j.mex.2023.102138
Boethling, R., Fenner, K., Howard, P., Klecka, G., Madsen, T., Snape, J. 

R., & Whelan, M. J. (2009). Environmental persistence of organic 

pollutants: Guidance for development and review of POP risk pro

files. Integrated Environmental Assessment and Management, 5, 

539–556. https://doi.org/10.1897/ieam_2008-090.1

Christensen, G., Evenset, A., Zaborska, A., Berger, U., & Carroll, J. 

(2004). Datering av sediment og historisk utvikling av miljøgifter i 

Ellasjøen, Bjørnøya. Akvaplan-niva rapport. APN-514.2934.
Cousins, I. T., Ng, C. A., Wang, Z., & Scheringer, M. (2019). Why is 

high persistence alone a major cause of concern? Environmental 

Science: Processes & Impacts, 21, 781–792. https://doi.org/10. 

1039/C8EM00515J
Davenport, R., Curtis-Jackson, P., Dalkmann, P., Davies, J., Fenner, 

K., Hand, L., McDonough, K., Ott, A., Ortega-Calvo, J. J., Parsons, J. 

R., Sch€affer, A., Sweetlove, C., Trapp, S., Wang, N., & Redman, A. 

(2022). Scientific concepts and methods for moving persistence 

assessments into the 21st century. Integrated Environmental 

Assessment and Management, 18, 1454–1487. https://doi.org/10. 

1002/ieam.4575

Davis, C. W., Brown, D. M., Swansborough, C., Hughes, C. B., 

Camenzuli, L., Saunders, L. J., & Lyon, D. Y. (2024). Predicting hy

drocarbon primary biodegradation in soil and sediment systems 

using system parameterization and machine learning. 

Environmental Toxicology and Chemistry, 43, 1352–1363. https://doi. 

org/10.1002/etc.5857
Davis, J. W., Gonsior, S. J., Markham, D. A., & Marty, G. T. (2004). 

Investigation of the biodegradation of 14C-hexabromocyclododecane in 

sludge, sediment and soil. Toxicology and Environmental Research 

and Consulting, DOW Chemical Company.
Davis, J. W., Gonsior, S. J., & Marty, G. T. (2003a). Evaluation of 

aerobic and anaerobic transformation of hexabromocyclododecane 

in aquatic sediment systems. Project Study ID 021081. DOW 

Chemical Company.

Davis, J. W., Gonsior, S. J., & Marty, G. T. (2003b). Evaluation of aerobic 

and anaerobic transformation of hexabromocyclododecane in soil. 

Project Study ID 021082. DOW Chemical Company.
European Commission (EC). (2006). Regulation (EC) No 1907/2006 of 

the European Parliament and of the Council of 18 December 2006 con

cerning the Registration, Evaluation, Authorisation and Restriction of 

Chemicals (REACH), establishing a European Chemicals Agency, 

amending Directive 1999/45/EC and repealing Council Regulation (EEC) 

No 793/93 and Commission Regulation (EC) No 1488/94 as well as 

Council Directive 76/769/EEC and Commission Directives 91/155/EEC, 

12 | Hughes et al.  

D
ow

nloaded from
 https://academ

ic.oup.com
/ieam

/advance-article/doi/10.1093/inteam
/vjaf139/8317254 by guest on 22 January 2026

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://doi.org/10.26434/chemrxiv-2025-g1jpg
https://doi.org/10.1002/ieam.4583
https://doi.org/10.1016/j.mex.2023.102138
https://doi.org/10.1897/ieam_2008-090.1
https://doi.org/10.1039/C8EM00515J
https://doi.org/10.1039/C8EM00515J
https://doi.org/10.1002/ieam.4575
https://doi.org/10.1002/ieam.4575
https://doi.org/10.1002/etc5857
https://doi.org/10.1002/etc5857


93/67/EEC, 93/105/EC and 2000/21/EC. https://eur-lex.europa.eu/ 
eli/reg/2006/1907

EC. (2008). Regulation (EC) No 1272/2008 of the European Parliament and 

of the Council of 16 December 2008 on classification, labelling and pack
aging of substances and mixtures, amending and repealing Directives 
67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 

1907/2006. https://eur-lex.europa.eu/eli/reg/2008/1272
European Chemicals Agency (ECHA). (2008a). Member State committee 

support document for identification of hexabromocyclododecane and all 

major diastereoisomers identified as a Substance of Very High Concern. 
https://echa.europa.eu/documents/10162/1fc837ef-f922-476e-8e0 
0-825ab60213c0

ECHA. (2008b). Risk Assessment Report Hexabromocyclododecane. Final 
Report, May 2008. https://echa.europa.eu/documents/10162/ 
661bff17-dc0a-4475-9758-40bdd6198f82

ECHA. (2017). Weight of Evidence/Uncertainty in Hazard 
Assessment—Background Document and Examples. https://echa.europa. 
eu/documents/10162/992028/wo_eu_uncertainty_background_en. 

docx/4f2b49ab-ade0-6ee3-e977-8abe00c21c23?t=1512032384954
ECHA. (2023a). Guidance on Information Requirements and Chemical 

Safety Assessment. Chapter R.7b: Endpoint specific guidance. Version 

5.0. https://www.echa.europa.eu/documents/10162/17224/informa 
tion_requirements_r7b_en.pdf/1a551efc-bd6a-4d1f-b719-16e0d3a01 
919

ECHA. (2023b). Guidance on Information Requirements and Chemical 
Safety Assessment. Chapter R.11: PBT/vPvB assessment. Version 4.0. 
https://www.echa.europa.eu/documents/10162/17224/informa 

tion_requirements_r11_en.pdf/a8cce23f-a65a-46d2-ac68-92fee1 
f9e54f

European Food Safety Authority (EFSA). (2017). Guidance on the use 

of the weight of evidence approach in scientific assessments. 
EFSA Journal, 15, 4971. https://doi.org/10.2903/j.efsa.2017.4971

FOCUS. (2014). Generic guidance for Estimating Persistence and 

Degradation Kinetics from Environmental Fate Studies on Pesticides in 
EU Registration. Report of the FOCUS Work Group on Degradation 
Kinetics. 18 December 2014. Version 1.1. https://esdac.jrc.ec.eu 

ropa.eu/public_path/projects_data/focus/dk/docs/FOCUSkineticsvc 
1.1Dec2014.pdf

Hale, S. E., Neumann, M., Schliebner, I., Schulze, J., Averbeck, F. S., 

Castell-Exner, C., Collard, M., Drma�c, D., Hartmann, J., Hofman- 
Caris, R., Hollender, J., de Jonge, M., Kullick, T., Lennquist, A., 
Letzel, T., N€odler, K., Pawlowski, S., Reineke, N., Rorije, E., … 

Arp, H. P. H. (2022). Getting in control of persistent, mobile and 
toxic (PMT) and very persistent and very mobile (vPvM) substan
ces to protect water resources: strategies from diverse perspec

tives. Environmental Sciences Europe, 34, 22. https://doi.org/10. 
1186/s12302-022-00604-4

Hollander, A., Schoorl, M., & van de Meent, D. (2016). SimpleBox 4.0: 

Improving the model while keeping it simple … . Chemosphere, 
148, 99–107. https://doi.org/10.1016/j.chemosphere.2016.01.006

Hughes, C., Brown, D. M., Camenzuli, L., Redman, A. D., Arey, J. S., 

Vione, D., Wang, N., & Vaiopoulou, E. (2020). Can a chemical be 
both readily biodegradable AND very persistent (vP)? 
Weight-of-evidence determination demonstrates that phenan

threne is not persistent in the environment. Environmental 
Sciences Europe, 32, 148. https://doi.org/10.1186/s12302-020- 

00427-1
Hughes, C. B., Griffiths, M., & Brown, D. M. (2022). Guidance for the per

sistence assessment of difficult test substances. Report for the 
Cefic-LRI ECO52 project. Ricardo Energy & Environment. https:// 

cefic-lri.org/wp-content/uploads/2022/07/ECO52-WP2A-Difficult- 
Substances-GD-final.pdf

Hughes, C. B., Griffiths, M., & Pemberton, E. (2022). Guidance for the 

persistence assessment of UVCB substances. Report for the Cefic-LRI 

ECO52 project. Ricardo Energy & Environment. https://cefic-lri. 
org/wp-content/uploads/2022/05/ECO52-WP2B-UVCBs-GD-Final.pdf

Hughes, C. B., Griffiths, M., & Swansborough, C. (2022). Framework to 

improve the use of weight of evidence in persistence assessments. 
Report for the Cefic-LRI ECO52 project. Ricardo Energy & 
Environment. https://cefic-lri.org/wp-content/uploads/2022/09/ 

ECO52-WP5-WoE_FINAL.pdf
Klimisch, H. J., Andreae, M., & Tillmann, U. (1997). A systematic ap

proach for evaluating the quality of experimental toxicological 

and ecotoxicological data. Regulatory Toxicology and Pharmacology, 
25, 1–5. https://doi.org/10.1006/rtph.1996.1076

Kuo, D. T. F., & Shih, Y-h (2024). How effective is score-based data 

quality assessment? An illustration with fish BCF data. 
Environmental Research, 262, 119880. https://doi.org/10.1016/j. 
envres.2024.119880

Mackay, D., Hughes, D. M., Romano, M. L., & Bonnell, M. (2014). The 
role of persistence in chemical evaluations. Integrated 
Environmental Assessment and Management, 10, 588–594. https:// 

doi.org/10.1002/ieam.1545
Matthies, M., Solomon, K., Vighi, M., Gilman, A., & Tarazona, J. V. 

(2016). The origin and evolution of assessment criteria for persis

tent, bioaccumulative and toxic (PBT) chemicals and persistent 
organic pollutants (POPs). Environmental Science. Processes & 
Impacts, 18, 1114–1128. https://doi.org/10.1039/c6em00311g

Moermond, C. T., Kase, R., Korkaric, M., & Ågerstrand, M. (2016). 
CRED: Criteria for reporting and evaluating ecotoxicity data. 
Environmental Toxicology and Chemistry, 35, 1297–1309. https://doi. 

org/10.1002/etc.3259
Moermond, C. T. A., Janssen, M. P. M., de Knecht, J. A., Montforts, M. 

H. M. M., Peijnenburg, W. J. G. M., Zweers, P. G. P. C., & Sijm, D. T. 

H. M. (2012). PBT assessment using the revised annex XIII of 
REACH: A comparison with other regulatory frameworks. 

Integrated Environmental Assessment and Management, 8, 359–371. 
https://doi.org/10.1002/ieam.1248

Mohr, T., Schliebner, I., Neumann, M., Oules, L., Arp, H. P. H., & Hale, 

S. E. (2024). Progress in European chemicals policy to support the 
protection of the environment and human health from persis
tent, mobile and toxic and very persistent and very mobile sub

stances. Environmental Sciences Europe, 36, 99. https://doi.org/10. 
1186/s12302-024-00932-7

OECD. (2004). Test No. 309: Aerobic mineralisation in surface 

water—Simulation biodegradation test. OECD Guidelines for the 
Testing of Chemicals, Section 3, OECD Publishing. https://doi. 
org/10.1787/9789264070547-en

OECD. (2006). Revised introduction to the OECD guidelines for testing of chemi
cals, section 3. OECD Guidelines for the Testing of Chemicals, Section 
3, OECD Publishing. https://doi.org/10.1787/9789264030213-en

OECD. (2014). Guidance document on the validation of (Quantitative) 
structure–activity relationship [(Q)SAR] models. OECD Series on 
Testing and Assessment, No. 69, OECD Publishing. https://doi. 

org/10.1787/9789264085442-en
OECD. (2019). Guiding principles and key elements for establishing a 

weight of evidence for chemical assessment. OECD Series on Testing 

and Assessment, No. 311, OECD Publishing. https://doi.org/10. 
1787/f11597f6-en

OECD. (2025a). Test No. 307: Aerobic and Anaerobic transformation in 

soil. OECD Guidelines for the Testing of Chemicals, Section 3, 
OECD Publishing. https://doi.org/10.1787/9789264070509-en

OECD. (2025b). Test No. 308: Aerobic and Anaerobic transformation in 

aquatic sediment systems. OECD Guidelines for the Testing of 
Chemicals, Section 3, OECD Publishing. https://doi.org/10.1787/ 
9789264070523-en

Rauert, C., Friesen, A., Hermann, G., J€ohncke, U., Kehrer, A., Neumann, 
M., Prutz, I., Sch€onfeld, J., Wiemann, A., Willhaus, K., W€oltjen, J., & 

Integrated Environmental Assessment and Management, 2026, Vol. 00, No. 00 | 13  
D

ow
nloaded from

 https://academ
ic.oup.com

/ieam
/advance-article/doi/10.1093/inteam

/vjaf139/8317254 by guest on 22 January 2026

https://eur-lex.europa.eu/eli/reg/2006/1907
https://eur-lex.europa.eu/eli/reg/2006/1907
https://eur-lex.europa.eu/eli/reg/2008/1272
https://echa.europa.eu/documents/10162/1fc837ef-f922-476e-8e00-825ab60213c0
https://echa.europa.eu/documents/10162/1fc837ef-f922-476e-8e00-825ab60213c0
https://echa.europa.eu/documents/10162/661bff17-dc0a-4475-9758-40bdd6198f82
https://echa.europa.eu/documents/10162/661bff17-dc0a-4475-9758-40bdd6198f82
https://echa.europa.eu/documents/10162/992028/wo_eu_uncertainty_background_en.docx/4f2b49ab-ade0-6ee3-e977-8abe00c21c23?t=1512032384954
https://echa.europa.eu/documents/10162/992028/wo_eu_uncertainty_background_en.docx/4f2b49ab-ade0-6ee3-e977-8abe00c21c23?t=1512032384954
https://echa.europa.eu/documents/10162/992028/wo_eu_uncertainty_background_en.docx/4f2b49ab-ade0-6ee3-e977-8abe00c21c23?t=1512032384954
https://www.echa.europa.eu/documents/10162/17224/information_requirements_r7b_en.pdf/1a551efc-bd6a-4d1f-b719-16e0d3a01919
https://www.echa.europa.eu/documents/10162/17224/information_requirements_r7b_en.pdf/1a551efc-bd6a-4d1f-b719-16e0d3a01919
https://www.echa.europa.eu/documents/10162/17224/information_requirements_r7b_en.pdf/1a551efc-bd6a-4d1f-b719-16e0d3a01919
https://www.echa.europa.eu/documents/10162/17224/information_requirements_r11_en.pdf/a8cce23f-a65a-46d2-ac68-92fee1f9e54f
https://www.echa.europa.eu/documents/10162/17224/information_requirements_r11_en.pdf/a8cce23f-a65a-46d2-ac68-92fee1f9e54f
https://www.echa.europa.eu/documents/10162/17224/information_requirements_r11_en.pdf/a8cce23f-a65a-46d2-ac68-92fee1f9e54f
https://doi.org/10.2903/j.efsa.2017.4971
https://esdac.jrc.ec.europa.eu/public_path/projects_data/focus/dk/docs/FOCUSkineticsvc1.1Dec2014.pdf
https://esdac.jrc.ec.europa.eu/public_path/projects_data/focus/dk/docs/FOCUSkineticsvc1.1Dec2014.pdf
https://esdac.jrc.ec.europa.eu/public_path/projects_data/focus/dk/docs/FOCUSkineticsvc1.1Dec2014.pdf
https://doi.org/10.1186/s12302-022-00604-4
https://doi.org/10.1186/s12302-022-00604-4
https://doi.org/10.1016/j.chemosphere.2016.01.006
https://doi.org/10.1186/s12302-020-00427-1
https://doi.org/10.1186/s12302-020-00427-1
https://cefic-lri.org/wp-content/uploads/2022/07/ECO52-WP2A-Difficult-Substances-GD-final.pdf
https://cefic-lri.org/wp-content/uploads/2022/07/ECO52-WP2A-Difficult-Substances-GD-final.pdf
https://cefic-lri.org/wp-content/uploads/2022/07/ECO52-WP2A-Difficult-Substances-GD-final.pdf
https://cefic-lri.org/wp-content/uploads/2022/05/ECO52-WP2B-UVCBs-GD-Final.pdf
https://cefic-lri.org/wp-content/uploads/2022/05/ECO52-WP2B-UVCBs-GD-Final.pdf
https://cefic-lri.org/wp-content/uploads/2022/09/ECO52-WP5-WoE_FINAL.pdf
https://cefic-lri.org/wp-content/uploads/2022/09/ECO52-WP5-WoE_FINAL.pdf
https://doi.org/10.1006/rtph.1996.1076
https://doi.org/10.1016/j.envres.2024.119880
https://doi.org/10.1016/j.envres.2024.119880
https://doi.org/10.1002/ieam.1545
https://doi.org/10.1002/ieam.1545
https://doi.org/10.1039/c6em00311g
https://doi.org/10.1002/etc3259
https://doi.org/10.1002/etc3259
https://doi.org/10.1002/ieam.1248
https://doi.org/10.1186/s12302-024-00932-7
https://doi.org/10.1186/s12302-024-00932-7
https://doi.org/10.1787/9789264070547-en
https://doi.org/10.1787/9789264070547-en
https://doi.org/10.1787/9789264030213-en
https://doi.org/10.1787/9789264085442-en
https://doi.org/10.1787/9789264085442-en
https://doi.org/10.1787/f11597f6-en
https://doi.org/10.1787/f11597f6-en
https://doi.org/10.1787/9789264070509-en
https://doi.org/10.1787/9789264070523-en
https://doi.org/10.1787/9789264070523-en


Duquesne, S. (2014). Proposal for a harmonised PBT identification 
across different regulatory frameworks. Environmental Sciences 
Europe, 26, 9. https://doi.org/10.1186/2190-4715-26-9

Redman, A. D., Bietz, J., Davis, J. W., Lyon, D., Maloney, E., Ott, A., 
Otte, J. C., Palais, F., Parsons, J. R., & Wang, N. (2022). Moving per
sistence assessments into the 21st century: A role for 
weight-of-evidence and overall persistence. Integrated 

Environmental Assessment and Management, 18, 868–887. https:// 
doi.org/10.1002/ieam.4548

Schaefer, E. C., & Haberlein, D. (1996). Hexabromocyclododecane (HBCD): 

Closed bottle test. Project No. 439E-102. Wildlife International Ltd. Easton.
Sch€affer, A., Fenner, K., Wang, Z., & Scheringer, M. (2022). To be or 

not to be degraded: In defense of persistence assessment of 

chemicals. Environmental Science. Processes & Impacts, 24, 
1104–1109. https://doi.org/10.1039/D2EM00213B

Sch€affer, A., K€astner, M., & Trapp, S. (2018). A unified approach for 

including non-extractable residues (NER) of chemicals and pesti
cides in the assessment of persistence. Environmental Sciences 
Europe, 30, 51. https://doi.org/10.1186/s12302-018-0181-x

Scheringer, M., Jones, K. C., Matthies, M., Simonich, S., & van de Meent, 

D. (2009). Multimedia partitioning, overall persistence, and 
long-range transport potential in the context of POPs and PBT 
chemical assessments. Integrated Environmental Assessment and 

Management, 5, 557–576. https://doi.org/10.1897/IEAM_2009-007.1
Shrestha, P., Hughes, C. B., Camenzuli, L., Lyon, D., Meisterjahn, B., 

Hennecke, T., Griffiths, M., & Hennecke, D. (2023). Improved 

closed test setup for biodegradation testing of slightly volatile 

substances in water–sediment systems (OECD 308). Chemosphere, 

324, 138294. https://doi.org/10.1016/j.chemosphere.2023.138294
Suter, G., Nichols, J., Lavoie, E., & Cormier, S. (2020). Systematic re

view and weight of evidence are integral to ecological and human 

health assessments: they need an integrated framework. 

Integrated Environmental Assessment and Management, 16, 718–728. 

https://doi.org/10.1002/ieam.4271
Tian, R., Posselt, M., Fenner, K., & McLachlan, M. S. (2024). Variability of 

biodegradation rates of commercial chemicals in rivers in different 

regions of Europe. Environmental Science & Technology, 58, 20201–

20210. https://doi.org/10.1021/acs.est.4c07410
UN Environmental Programme (UNEP). (2013). SC-6/13: Listing of hex

abromocyclododecane. Annex in the Report of the Conference of the 

Parties to the Stockholm Convention on Persistent Organic Pollutants on 

the work of its sixth meeting. UNEP/POPS/COP.6/33, Geneva, 28 

April–10 May 2013. www.pops.int
van de Meent, D., de Zwart, D., Struijs, J., Hermens, J. L. M., van 

Straalen, N. M., den Haan, K. H., Parsons, J. R., de Voogt, P., & van 

Leeuwen, K. (2023). Expected risk as basis for assessment of safe 

use of chemicals. Environmental Sciences Europe, 35, 16. https://doi. 

org/10.1186/s12302-023-00713-8

Wassenaar, P. N. H., & Verbruggen, E. M. J. (2021). Persistence, 

bioaccumulation and toxicity-assessment of petroleum 

UVCBs: A case study on alkylated three-ring PAHs. 

Chemosphere, 276, 130113. https://doi.org/10.1016/j.chemo 

sphere.2021.130113

© The Author(s) 2025. Published by Oxford University Press on behalf of the Society of Environmental Toxicology and Chemistry.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons. 
org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly 
cited. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained 
through our RightsLink service via the Permissions link on the article page on our site—for further information please contact journals. 
permissions@oup.com.
Integrated Environmental Assessment and Management, 2025, 00, 1–14
https://doi.org/10.1093/inteam/vjaf139
Original Article

14 | Hughes et al.  

D
ow

nloaded from
 https://academ

ic.oup.com
/ieam

/advance-article/doi/10.1093/inteam
/vjaf139/8317254 by guest on 22 January 2026

https://doi.org/10.1186/2190-4715-26-9
https://doi.org/10.1002/ieam.4548
https://doi.org/10.1002/ieam.4548
https://doi.org/10.1039/D2EM00213B
https://doi.org/10.1186/s12302-018-0181-x
https://doi.org/10.1897/IEAM_2009-007.1
https://doi.org/10.1016/j.chemosphere.2023.138294
https://doi.org/10.1002/ieam.4271
https://doi.org/10.1021/acs.est.4c07410
http://www.pops.int
https://doi.org/10.1186/s12302-023-00713-8
https://doi.org/10.1186/s12302-023-00713-8
https://doi.org/10.1016/j.chemosphere.2021.130113
https://doi.org/10.1016/j.chemosphere.2021.130113

	Active Content List
	Introduction
	Persistence assessment methodology
	General approach to evaluating information related to persistence
	Further details of methodology for specific LoEs
	Case study
	Discussion
	Conclusion
	Supplementary material
	Data availability
	Author contributions
	Funding
	Conflicts of interest
	Acknowledgments
	References


