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Context and Disclaimers

About This Lecture

This lecture provides an introductory framework, with some topics simplified for 
ease of understanding.

Disclaimer
• The content presented herein does not necessarily reflect the opinions, views, or positions of the 

presenters' employer or any affiliated organizations.

• References to specific organizations, tools, or entities are for illustrative purposes only and do not 
imply endorsement or critique. 

• While every effort has been made to ensure the accuracy of the information presented, errors or 
omissions may occur.



Learning Objectives

1. Explain the principles of environmental hazard assessment, including concentration-

response curves and derivation of threshold limit values (safe exposure levels) 

2. Explain the principles of environmental fate assessment

3. Briefly define the purpose and key aspects of classification and labelling for 

environmental hazards

4. Briefly define the purpose and key aspects, including criteria, of PBT assessment

5. Give some insights into the status of non-animal methods for ecotoxicology and 

bioaccumulation
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What is Ecotoxicology

Definition:
Ecotoxicology is the scientific study of adverse effects caused by substances 
on the constituents of ecosystems (animal, plant and microbial).

Key Aspects:

• Examines mechanisms of toxicity and concentrations at which potential harm could 
occur.

• Integrates disciplines like ecology and chemistry.

Purpose:

To safeguard ecosystems by assessing and managing the effects of substances.



What is Environmental Fate

Definition:
Environmental fate is the scientific study of the fate of a substance once it 
enters the natural environment.

Key Aspects:
• Examines partitioning and transformation of a substance in different environmental 

media and compartments.
• Integrates disciplines like physico-chemistry and microbiology.

Purpose:
To safeguard ecosystems by assessing and managing the fate of, and associated exposure 
to, substances.



Types of Agents

• Chemical agents:
Over 30,000 chemicals in common use (e.g., pesticides, solvents, 
food additives, pharmaceuticals, preservatives, contaminants)

• Biological agents:
Organisms (bacteria, viruses, fungi, etc.) and biological materials 
(endotoxins, mycotoxins, enzymes, etc.)

• Physical agents:
Noise, heat, radiation, etc.
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Environmental Hazard Identification

Purpose: To investigate: 1. the types of adverse effects on the constituents of ecosystems (animal, plant and 

microbial); and 2. the concentrations at which the adverse effects occur. 

Key applications:

Information on environmental hazard guides:

• Derivation of threshold limit values - Derived from ecotoxicological data to establish safe concentration limits in 

a particular ecosystem (or environmental compartment) or for a particular taxonomic group

• Classification and labelling – Providing relevant parameters to conclude on classification and labelling

• PBT assessment – Providing relevant parameters to conclude on PBT assessment

Key effects covered:

• Acute Effects: E.g. mortality

• Chronic Effects: E.g. reproduction, growth and survival of offspring

• Specific modes of action: E.g. endocrine disruption 
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Environmental Hazard Identification

Key ecosystems considered:

• Surface water and sediment organisms (freshwater and marine), including 

predators potentially exposed via the food chain

• Soil organisms, including predators potentially exposed via the food chain

• Biological sewage treatment plant organisms

• Air-breathing organisms [hazard assessment usually not made]

➔ Ecotoxicological testing carried out on a range of species considered as representative per ecosystem 
or per taxonomic group, also considering whether exposure to that ecosystem/taxonomic group is a 
possibility.
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Environmental Hazard Identification

Standards:

• Organisation for Economic Co-operation and Development (OECD) Test Guidelines

• Good laboratory practice (GLP) Principles

Approaches to Hazard Identification Examples

In vivo Lab animal studies – single species

In vitro Cell cultures, embryos

In silico QSAR

Grouping and read-across Analogue and category read-across 

Field data – Less often used as resource 

intensive and can be challenging to interpret

Model ecosystems, such as mesocosms - multi-

species 



In vivo Testing in Hazard Identification

Purpose: To study the effects of substances on living organisms under controlled conditions

Key features:

• Conducted in lab animals, usually single species (e.g., fish, invertebrate, etc.)

• Provide insights into acute and chronic effects, depending on exposure duration

• Results are based on external concentrations in test media

Examples of endpoints:

• Acute Effects: E.g. mortality 

• Chronic Effects: E.g. reproduction, growth and survival of offspring

• Specific modes of action: E.g. endocrine disruption

Challenges:

• Ethical constraints: Compliance with the 3Rs (Replacement, Reduction, Refinement)

• Expensive

• Can be challenging to conduct and interpret 

• Do not usually provide mechanistic information

• Relevance to ecosystem
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In vitro Testing in Hazard Identification

Purpose: To study cellular and molecular effects of substances using isolated cells or tissues.

Key features:

• Conducted outside living organisms (e.g., cell cultures), usually on single species 

Advantages:

• Provides an ethical alternative to animal tests

• Provides mechanistic insights into ecotoxicity pathways

• Cost-effective and faster than in vivo methods

Challenges:

• May not fully replicate complex organismal responses

• Regulatory acceptance

Examples:

• Fish Cell Line Acute Toxicity: The RTgill-W1 cell line assay (OECD TG 249)
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In silico Data in Hazard Identification

Purpose: To predict toxicity using computational models and databases

Key features:

• Utilises QSAR (Quantitative Structure-Activity Relationships), machine learning, and databases

• Can model chemical interactions at molecular levels

• Enables screening of large chemical libraries

Advantages:

• Non-invasive and animal-free

• Fast and scalable for high-throughput analysis

Challenges:

• Data quality and availability

• Limited applicability domains of QSARs

• Regulatory acceptance

Examples:

• QSARs for aquatic ecotoxicology include EPISuite Ecosar and OECD QSAR toolbox
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Read-across in Hazard Identification

Purpose: To predict ecotoxicity of a particular substance based on data for one or more similar 

substances

Key features:

• Usually based on structural similarity

• Requires a read-across hypothesis

Advantages:

• Maximises the use of existing in vivo or in vitro data

Challenges:

• Data quality and availability

• Regulatory acceptance
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Mode of Action (MoA) Analysis in Hazard 
Identification
Purpose: To provide mechanistic understanding of the mode of toxic action of substances

Key features:
• MoA describes a series of events along a biological pathway, usually starting at the cellular level, resulting from 

exposure to a substance, which lead to an adverse effect observed in the organism

• Adverse Outcome Pathways (AOPs) may be applied in MoA analysis

Advantages:
• Can facilitate the use of in vitro data, in silico data and read-across
• Provide overall greater understanding of ecotoxicology 

Challenges:

• Existing AOPs provide incomplete coverage of all potential scenarios

• AOPs are usually not quantitative

Examples:

• Classification schemes, e.g. the Verhaar scheme
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Concentration-Response Curves

Describes the relationship between the concentration of a substance in the test medium and the observed 

adverse effect

Key Concepts:

• Derived from in vivo and in vitro studies

• Usually S-shaped, sigmoidal 

• Allow calculation of ECx/LCx and NOEC values. 

Key metrics include:

• LCx (e.g. LC50/LC10): Lethal concentration

• ECx (e.g. EC50/EC10): Effect concentration

• NOEC: No observed effect concentration

• LOEC: Lowest observed effect concentration
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Derivation of the Threshold Limit Value

Ecotoxicology effect metrics are used to derive a concentration in a particular ecosystem (or 

environmental compartment) or taxonomic group at which no effects are expected to occur, also known 

as the threshold limit value, safe exposure limit or predicted no effect concentration. 

Assessment Factors may be applied to account for the uncertainty in extrapolating ecotoxicology 

information on a limited number of species in laboratory studies to the ecosystem level.

Assessment Factors aim to account for:

• Intra- and inter-laboratory variation of toxicity data

• Intra- and inter-species variations (biological variance)

• Short-term to long-term toxicity extrapolation

• Laboratory data to field impact extrapolation

➔ The value of the assessment factor (which can range from 1 to 10 000) depends on the 

ecotoxicological data available, e.g. number of species/trophic levels, types of effects (e.g. short-

term vs long-term) etc.



Derivation of the Threshold Limit Value

The Threshold Limit Value (TLV) is calculated by dividing the effect concentration 

(e.g., EC50, NOEC etc) by the appropriate Assessment Factor:

𝑻𝑳𝑽 =
𝑬𝒇𝒇𝒆𝒄𝒕 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

𝑨𝒔𝒔𝒆𝒔𝒔𝒎𝒆𝒏𝒕 𝑭𝒂𝒄𝒕𝒐𝒓

-> The lowest effect concentration available for the particular environmental 

compartment or taxonomic group is selected when multiple values are available
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Assessment of Environmental Fate

Purpose: To assess the degradation and partitioning between environmental compartments of a substance 

once it enters the environment. 

Key applications:

Information on environmental fate guides:

• Derivation of environmental exposure levels - Providing relevant parameters for input to multimedia 

environmental fate models for predicting concentrations in different environmental compartments

• Classification and labelling – Providing relevant parameters to conclude on classification and labelling

• PBT assessment – Providing relevant parameters to conclude on PBT assessment

Key processes covered:

• Degradation e.g. hydrolysis, photolysis, (bio)degradation

• Partitioning properties e.g. n-octanol/water partition coefficient (KOW), organic carbon-normalised 

soil-water partition coefficient (KOC), Henry’s Law constant

• Bioaccumulation e.g. bioconcentration, biomagnification 
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Assessment of Environmental Fate - 
Degradation
Purpose: To study the loss or transformation of a substance in the environment

Key features:

• Can be abiotic and/or biotic

• Biodegradation can be aerobic or anaerobic, and can be primary or ultimate

• Results are often expressed as half-lives in a certain media of relevance to the environment

Key Endpoints:

• Hydrolysis half-life and identity of transformation product(s)

• Photolysis half-life and identity of transformation product(s) [water, soil or air]

• (Bio)degradation half-life and identity of transformation product(s) [water, sediment or soil] 

• Readily biodegradable (in mineral medium with STP inoculum)

Challenges:

• Expensive, especially simulation studies

• Can be challenging to conduct and interpret, especially simulation studies

• Relevance to environment, especially simulation studies Images designed by Freepik



Assessment of Environmental Fate - 
Degradation

Standards:

• OECD Test Guidelines

• GLP Principles

Approaches to assess 

degradation

Examples

Standard laboratory studies
Studies designed to measure, under controlled conditions, 

degradation rate in a certain media of relevance to the environment

In silico
BIOWIN in EpiSuite (to predict biodegradation) 

SPARC (to predict hydrolysis) 

Grouping and read-across Analogue and category read-across 

Field data Less used as resource intensive and can be challenging to interpret



Assessment of Environmental Fate - 
Partitioning
Purpose: To study the partitioning and distribution of substances in the environment, including in 

biota, and associated environmental fate

Key features:

• Partitioning can be permanent or temporary

• Results are often expressed as partition coefficients between certain media of relevance to 

the environment

Key Endpoints:

• Adsorption/desorption – often expressed as solid/liquid distribution coefficient (Kd) or 

organic carbon-water partition coefficient (Koc)

• n-octanol/water partition coefficient (Kow) 

• Henry’s Law Constant (HLC) and air-water partition coefficient (Kaw)
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Assessment of Environmental Fate - 
Partitioning

Standards:

• OECD Test Guidelines

• GLP Principles

Approaches to assess 

partitioning

Examples

Standard laboratory studies
Studies designed to measure, under controlled conditions, 

partitioning between certain media of relevance to the environment

In silico

KOCWIN in EpiSuite

KOWWIN in EpiSuite

HENRYWIN in EpiSuite

Grouping and read-across Analogue and category read-across 



Assessment of Environmental Fate - 
Bioaccumulation

Purpose: To study the potential for bioaccumulation of a substance in biota within the environment, including humans

Key features:

• May occur via uptake of the substance from water, sediment or soil, or via uptake from prey

• Net result of absorption (uptake), distribution, metabolism and excretion

Key Endpoints:

• BCF (bioconcentration factor), e.g. in fish or Hyalella Azteca

• BMF (biomagnification factor)

• BAF (bioaccumulation factor) / BSAF (biota-sediment/soil accumulation factor) 

Challenges:

• Ethical constraints: Compliance with the 3Rs (Replacement, Reduction, Refinement)

• Expensive

• Can be challenging to conduct and interpret 

• Relevance to ecosystem
Designed by Freepik



Assessment of Environmental Fate - 
Bioaccumulation

Standards:

• OECD Test Guidelines

• GLP Principles

Approaches to assess 

bioaccumulation

Examples

In vivo

Studies designed to measure, under controlled conditions, uptake into and 

depuration from environmental organisms in a relevant exposure medium (e.g., 

water, diet etc.)

In vitro
Determination of in vitro intrinsic clearance using cryopreserved rainbow trout 

hepatocytes or liver S9 sub-cellular fraction (OECD TGs 319A & B) 

In silico

BCFBAF in EpiSuite

VEGA

Food chain models

Grouping and read-

across
Analogue and category read-across 

Field data Seldom used as resource intensive and can be challenging to interpret
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Classification and labelling - Overview
Purpose: Ensure communication of hazards within Europe and globally, facilitate trade and support 

global efforts to protect people and nature from the hazardous effects of chemicals

Key features:

• The EU The CLP Regulation (CLP-Regulation (EC) No 1272/2008) implements the United Nations’ 

Globally Harmonised System of Classification and Labelling of Chemicals (GHS)

• Based on ecotoxicological effect concentrations along with information on degradation, 

partitioning and bioaccumulation.

Classifications for Environmental Hazards:

• Hazardous to the aquatic environment: Category Acute 1 & Categories Chronic 1, 2, 3, and 4

• Endocrine disruption for the environment: Category 1 (known or presumed); Category 2 

(suspected)

• PBT (persistent, bioaccumulative, toxic), vPvB (very persistent, very bioaccumulative)

• PMT (persistent, mobile, toxic), vPvM (very persistent, very mobile)



Classification and labelling - Criteria
• Hazardous to the aquatic environment: The Acute (Category 1) & Chronic (Categories 1, 2, 3 & 4) 

classifications are applied independently based on 

• Cut-off criteria for acute aquatic toxicity data (L(E)C50), or, where available, chronic aquatic 

toxicity data (NOEC or EC10) 

• Combined with - for the chronic categories only - information on degradability and 

bioaccumulation. 

Note: Chronic Category 4 is a ‘safety net’ classification for when data do not allow classification against the 

criteria but there are still grounds for concern

• Endocrine disruption for the environment: The Category 1 (known or presumed) and Category 2 

(suspected) classifications are applied based on evidence that all the below three criteria are met:

i. Endocrine activity

ii. Adverse effect in organism or offspring or future generations

iii. Biologically plausible link between endocrine activity and the adverse effect

Where the evidence for i. and ii. above is not sufficiently convincing to classify the substance in  Category 1, then 

Category 2 applies 

Where there is evidence conclusively demonstrating that the adverse effects are not relevant at the population 

level, the substance should not be considered an ED for the environment



Classification and labelling - Criteria

• The PBT (persistent, bioaccumulative, toxic) and vPvB (very persistent, very 

bioaccumulative) classifications are applied using the same criteria as for 

PBT/vPvB assessment (see next section) with the following additional T criteria:

• The substance meets the criteria for classification as endocrine disruptor 

(category 1) for humans or the environment

• The PMT (persistent, mobile, toxic) and vPvM (very persistent, very mobile) 

classifications are applied using the same criteria for P and T as for PBT/vPvB 

assessment (see next section), with the additional T criteria, and the following 

M/vM criteria:

• M/vM criteria: 

• log Koc <3 <2
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PBT assessment - Overview

Purpose: Ensure that substances that are PBT (persistent, bioaccumulative, toxic), vPvB (very 

persistent, very bioaccumulative) are identified and appropriately managed

Key features:

• PBT/vPvB criteria are consistent across regulations relating to chemicals

• T criteria relate to both environmental organisms and human health

• Particular attention may need to be given to air breathing organisms
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PBT assessment - Criteria

• P/vP criteria: 

• Degradation half-life in estuarine water or freshwater >40 days >60 days

• Degradation half-life in marine water >60 days >60 days

• Degradation half-life in estuarine or freshwater sediment >120 days > 180 days

• Degradation half-life in marine sediment > 180 days > 180 days

• Degradation half-life in soil >120 days > 180 days

• B/vB criteria: 

• BCF (aquatic species) > 2000 >5000

• T criteria: 

• Long-term effect concentrations (NOEC/EC10) for marine or freshwater organisms < 0.01 mg/L

• Meets classification for carcinogenic (category 1A or 1B), mutagenic (category 1A or 1B), toxic to 

reproduction (category 1A, 1B, or 2) or specific target organ toxicity after repeated exposure (category 

1 or 2)
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New Approach Methodologies (NAMs)

Definition: Any technology, methodology or approach, including in vitro and in silico methods, that can provide 

information on the hazard and risk of substances without the use of animal testing.

Advantages:

• Ethically preferable by avoiding animal testing - Alignment with the 3Rs Principles and global ethical 

standards

• Faster, cost-effective, and scalable for screening

• Provides mechanistic insights

Status

• NAMs for ecotoxicology and bioaccumulation is a rapidly advancing field

• Strong endorsement, through funding and regulatory initiatives, for NAMs from the European 

Commission
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Summary: Key Takeaways

• Identification of Environmental Hazard:

Based on ecotoxicological data for a range of environmentally-relevant, representative species.

Used for derivation of threshold limit values (safe exposure levels), classification and labelling and PBT 

assessment.

Non-animal approaches for ecotoxicology is a rapidly advancing field, and information on Mode of Action 

(MoA) and Adverse Outcome Pathways (AOP) can support its implementation.

• Environmental Fate Assessment:

Based on information on degradation, partitioning properties and bioaccumulation.

Used for derivation of predicted environmental exposure levels (via multimedia fate models), classification 

and labelling and PBT assessment.

Non-animal approaches for bioaccumulation is a rapidly advancing field.



Consequent Modules

Future training videos:

• Additional details may be covered by ISES Europe in specialized 
training videos.



Thank You!

We appreciate your participation and attention

 

We encourage you to explore other ISES Europe training 
videos for deeper insights and broader understanding

Access all videos via: https://ises-europe.org/



Further Reading

Environmental Toxicology

Kees van Gestel

https://open.umn.edu/opentextbooks/textbooks/940

Element 2: Environmental Fate and Transport

Agency for Toxic Substances and Disease Registry (ATSDR)

https://www.atsdr.cdc.gov/pha-
guidance/conducting_scientific_evaluations/exposure_pathways/environmental_fate_and_transport.html 

Hazard and risk assessment of chemicals – an introduction (Chapter 3)

Swedish Chemical Agency (KEMI)

https://www.kemi.se/download/18.32f4eb311753c0a67fe1cf6/1604653630900/Guidance-Hazard-and-risk-
assessment-an-introduction.pdf 
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