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• Introduction to the hazard of persistence, bioaccumulation and toxicity (PBT)

• Bioaccumulation assessment

• Why do we need NAMs for bioaccumulation assessment?

• Overcoming the challenges in developing NAMs for B assessment

• NAMs as lines of evidence relevant to the B-endpoint – Research and initiatives
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Overview
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Persistent, Bioaccumulative & Toxic Chemicals

*This includes toxicity to both wildlife and people.
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e.g. hazard relevant to EU, 
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The protection goal of PBT

To protect the environment and humans from substances that are likely to 
contaminate food chains and exert toxic effects through accumulation in 
organisms
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Global Evolution of Persistence Bioaccumulation & Toxicity Assessment
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Great Lakes 
Binational 

Strategy 
(GLBNS)

1997

Stockholm 
Convention 

(POPS)

2001

EU REACH

2006

Other 
nations

2013 - 2024

Great Lakes
Water 

Quality
Agreement 

(GLWQA)

1972

Toxic 
Substances
Control Act 

(TSCA)

1998/1999

Canada/USA UN EU Korea

Japan

UK

Australia

New 

Zealand 

Canada/USA USA

Oslo-Paris
Convention 

(OSPAR)

2001

EU

The Rouge River fire (1969) 

caused public outcry for the 

environment.

The GLWQA marks a 

commitment to improve the 

waters of the Great Lakes

Goal of virtual elimination of 

PBT substances resulting from 

human activity in the Great 

Lakes Basin to protect the 

Great Lakes ecosystem

Implemented in 1976, the goal 

is to protect the public from 

"unreasonable risk of injury to 

health or the environment“. 

Guidelines for assessment 

(category for PBT) produced.

An international environmental 

treaty that aims to eliminate or 

restrict the production/use of 

POPs (PBT factors)

OSPAR established a List of 

Substances of Possible 

Concern and revised the List of 

Chemicals for Priority Action. 

Selection was based on PBT 

properties.

PBT/vPvB assessment is 

required for a substance’s 

chemical safety assessment 

(required when manufactured/ 

imported >10 tonnes per year) 

EU CLP UN GHS?

2024

EU UN

?

PBT and vPvB added as new 

hazard classes based on the 

Annex 13 criteria of EU 

REACH

PBT and vPvB proposed as 

new hazard classes for UN 

GHS.

Threshold criteria and evaluation vary globally
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Zooming in on Bioaccumulation
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Zooming in on Bioaccumulation
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Bioaccumulation assessment – UK REACH - Annex 13 criteria*
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Biota Screening information Potentially B

Aquatic 
organisms n-octanol water Log KOW ≥ 4.5

Air-breathing 
organisms

n-octanol air
n-octanol water

Log KOA
Log KOW

≥ 5
≥ 2

B Criteria vB Criteria
BCF > 2000 BCF > 5000

Screening criteria 

Definitive B threshold criteria for Aquatic Organisms

Under UK REACH Annex 13 sets out the legal thresholds for identification of substances of very high 
concern (SVHC) – at a global and legislative level bioaccumulation screening and definitive metrics 
vary



Bioaccumulation assessment – weight of evidence approach

Toxicokinetic 
data

ADME data

Field data

Estimated data 
(QSARs)

Non-standard 
study data

Laboratory data

Read-across 
data

Physico-
chemical data



Why do we need NAMs for bioaccumulation assessment?

Current 
criteria = 

1970’s – 1990’s 
science of 

NLOCs

OECD 305 
(Fish BCF test)

Ethics: Uses large number of vertebrates
Logistics: time-consuming, expensive
Representation: accumulation in air-

breathers versus water-breathers

Complex chemical universe: 
Applicability domain 

Accumulation in different tissues



Overcoming the challenges in developing NAMs for B assessment

Regulatory and 
organisation 

barriers

Validation and 
standardisation

Biological 
complexity

Species 
diversity



NAMs and lines of evidence relevant to the B-endpoint – UK Research

Figure adapted from - Mitchell, C.A et al., (2023), New Approach Methodologies for the Endocrine Activity Toolbox: 
Environmental Assessment for Fish and Amphibians. Environ Toxicol Chem, 42: 757-777. https://doi.org/10.1002/etc.5584

Biopartitioning
Toxicokinetics

Biotransformation

https://doi.org/10.1002/etc.5584


NAMs and lines of evidence relevant to the B-endpoint – UK Research

Figure adapted from - Mitchell, C.A et al., (2023), New Approach Methodologies for the Endocrine Activity Toolbox: 
Environmental Assessment for Fish and Amphibians. Environ Toxicol Chem, 42: 757-777. https://doi.org/10.1002/etc.5584

Biopartitioning
Toxicokinetics

Biotransformation

Scoping the uncertainty in screening for bioaccumulation potential of 
substances for which octanol is not a reasonable simple surrogate for 
partitioning; including an assessment of alternative surrogates and 
toxicokinetic methods

https://doi.org/10.1002/etc.5584


NAMs and lines of evidence relevant to the B-endpoint - UK Research

Biopartitioning (surrogate screening)
Review protein and phospholipid surrogates as alternatives to octanol for partition 

coefficient screening

Globular proteins are the 
most representative of 

whole-body 
biopartitioning and 
bioaccumulation 

potential

Galectins and carbonic 
anhydrase

- Unilamellar liposomes
- Immobilised artificial membranes and 

solid supported lipid membranes

Non-specific 
binding

Specific 
binding

Proteins Phospholipids



NAMs and lines of evidence relevant to the B-endpoint - UK Research

Biopartitioning (toxicokinetics)
Review toxicokinetic methods for biopartitioning and 

biotransformation, and their use in bioaccumulation screening

Bioaccumulation 
Estimation tool (BET) 

versus Opera and 
BCFWIN in predicting 

laboratory BCFs shows 
better performance of 

BET.

BAT - ARC Arnot Research & Consulting
Eas-E-Suite - ARC Arnot Research & 
Consulting Source: Environment Agency (2026), currently under completion 

https://arnotresearch.com/bat/
https://arnotresearch.com/bat/
https://arnotresearch.com/bat/
https://arnotresearch.com/eas-e-suite/
https://arnotresearch.com/eas-e-suite/
https://arnotresearch.com/eas-e-suite/
https://arnotresearch.com/eas-e-suite/
https://arnotresearch.com/eas-e-suite/
https://arnotresearch.com/eas-e-suite/
https://arnotresearch.com/eas-e-suite/
https://arnotresearch.com/eas-e-suite/


NAMs and lines of evidence relevant to the B-endpoint - UK Research

Biopartitioning (toxicokinetics)
Review toxicokinetic methods for biopartitioning and 

biotransformation, and their use in bioaccumulation screening

Reasonable agreement 
between predicted and field 

BMF data for air-breathers 
(and correct categorisation).

Effect of including and 
excluding biotransformation 

on the predicted BMF data 
shows the importance of 

characterising 
biotransformation correctly.



NAMs and lines of evidence relevant to the B-endpoint - UK Research

Biotransformation (toxicokinetics)
Review toxicokinetic methods for biopartitioning and 

biotransformation, and their use in bioaccumulation screening

• Collation and integration of biopartitioning data – proteins

• Data base integration with the EAS-E Suite Platform

• Expansion and recalibration of parameters using the integrated database

• Run predictions for ~ 80,000 chemicals replacing the octanol surrogate 
assumptions with the new biopartitioning predictions

• Case studies 
• in vitro (OECD 319 – IVIVE model) / in silico → model validation
• QSAR model scoping for elimination half life in fish for > 20,000 

substances



NAMs and lines of evidence relevant to the B-endpoint - UK Research

Aquatic invertebrates – can they be used to screen for 
bioaccumulation potential?

Daphnia 
magna

Hyalella 
azteca

Figure adapted from - Mitchell, C.A et al., (2023), New Approach Methodologies for the Endocrine Activity Toolbox: 
Environmental Assessment for Fish and Amphibians. Environ Toxicol Chem, 42: 757-777. https://doi.org/10.1002/etc.5584
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https://doi.org/10.1002/etc.5584
https://www.gov.uk/government/publications/the-water-flea-as-an-alternative-to-fish-for-bioaccumulation-testing
https://www.gov.uk/government/publications/the-water-flea-as-an-alternative-to-fish-for-bioaccumulation-testing
https://www.gov.uk/government/publications/the-water-flea-as-an-alternative-to-fish-for-bioaccumulation-testing
https://www.gov.uk/government/publications/the-water-flea-as-an-alternative-to-fish-for-bioaccumulation-testing


NAMs and lines of evidence relevant to the B-endpoint – International projects

Update to the OECD Guidance Document 280



Bioaccumulation IATA – International projects

To bring consistency and transparency to the weight-of-
evidence approach for bioaccumulation assessment.



What next?

• Finalisation of the biopartitioning and biotransformation (toxicokinetic) work 
• Publication in 2026

• Commissioning of further work based on the recommendations

• Empirical data generation to support using Daphnia to screen for bioaccumulation 
potential
• Development of, or amendment to existing test guidelines

• Submission to OECD VMG-ECO and WNT for the GD 280
• Further work by the project has been proposed for additional areas of work

• Collation of laboratory derived BCF/BMF/BAF data from 2009 – current?
• Expansion and recalibration of estimation models

• Improvement of chemical space and applicability domain

• Reduced uncertainty



Final thoughts…….

• To confidently move to alternative methods there are many areas of this complex 
subject where further understanding is needed, and tools need to be improved and 
updated
• Leveraging knowledge and data from different industries

• With the increase in substance complexity - any improvements should go back to 
first principles and protection goals. This cannot be done without examining the 
foundations

• For example, updating in silico tools 
• Collate laboratory BCF/BMF/BAF data from 2009 – current
• Expand and recalibrate of established estimation models
• Improve chemical space and applicability domains
• Reduced uncertainty in outputs
• Improve regulatory confidence?



Thank you………….

• Steph Jones, Richard Gibson & Steve Dungey (Chemical Assessment Unit)
• Defra CPHW for funding the research work
• Michelle Embry (Health and Environmental Sciences Institute, Washington D.C., USA)
• Mark Bonnell (retired, Environment and Climate Change Canada)
• Jon Arnot (ARC Arnot Research & Consulting, Toronto, Canada)
• Kellie Fay (US EPA, Washington D.C., USA)
• Heike Laue (Givaudan, Switzerland)
• Alessandro Sangion (ARC Arnot Research & Consulting, Toronto, Canada)
• Trevor Brown (ARC Arnot Research & Consulting, Toronto, Canada)
• HESI Bioaccumulation Team



Thank you for listening!

Do you have any questions?
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