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Slide 1 

Hello and welcome to this ISIS Europe training video. I'm glad you've joined us for this. My name is 

Lucy Wilmot, and I'll be hosting this session. 
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Before we begin, a quick legal notice. All rights are retained by the original copyright holders. If you 

would like to reuse any part of this presentation, Please ensure you seek explicit permission. Thank 

you for your understanding. 
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This training video is part of a broader training initiative by ISIS Europe, which spans 9 domains of 

expertise. You can access all training videos on the ISIS Europe website. This training video is part of 

the domain of expertise #2 Fundamentals of environmental chemistry and (eco)toxicology. 
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This domain of expertise is split into two training videos. Module 1 focuses on toxicology and is 

covered in a separate training video. This training covers module 2, which focuses on environmental 

toxicology. 
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Module 2 is entitled Fundamentals of Environmental Chemistry and Ecotoxicology. 
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It is my pleasure to introduce Chris Hughes, who will be presenting the content of this training video. 

Chris is the founder of Embark Chemical Consulting, which was established in 2024. He has 

significant expertise in environmental hazard and risk assessment, particularly biodegradation and 

persistence, substances that are difficult to test and of complex composition, and the regulatory 

areas of EU reach and CLP, Chris also chairs the SETAC Persistent Science Interest Group. 

Chris has previously worked for the consultancy Ricardo as well as for Shell, and holds an MSc in 

Chemistry and is a Fellow of the Royal Society of Chemistry. 

So I am pleased to now hand over to Chris to take us from here. Chris, please go ahead. 
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Hello everyone and thanks very much Lucy for that introduction and for the opportunity to present 

to you today on fundamentals of environmental chemistry and ecotoxicology. I also want to thank 

Lucy for her support in preparing the slides for this lecture. 

And yeah, looking forward to talking you through some of these aspects. So a little bit about the 

lecture, the idea of this is to provide an introductory framework with simplified topics for ease of 

understanding. And I also would like to draw your attention towards the disclaimer that is on the 

screen for this lecture. 
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So in terms of our learning objectives, we have 5 learning objectives for this. We would like to explain 

the principles of environmental hazard assessment, including concentration response curves and 

deriving threshold limit values or safe exposure levels. I also want to explain the principles of 

environmental fate assessment, and we're also going to briefly define the purpose and key aspects 

of classification and labelling for environmental hazards and also for PBT assessment, which stands 

for persistence, bioaccumulation and toxicity assessments. And then we'll also give briefly some 

insights into non animal methods that are used for ecotoxicology and bioaccumulation. 
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So we'll divide the content of this lecture up into seven parts, introduction, environmental hazard 

Information identification, assessment of Environmental Fate classification and labelling, PBT 

assessment, new approach methodologies and then summary and conclusion. 

So first for the introduction. 

For this, I'll introduce each of the concepts in turn. Before we go into more detail in the subsequent 

sections.  
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So first of all, what is ecotoxicology? We can define ecotoxicology as the scientific study of adverse 

effects, which are caused by substances on the constituents of ecosystems, and these can be animals, 

plants or microbial communities. The key aspects of ecotoxicology are the examination of 

mechanisms of toxicity and also concentrations of which potential harm could occur, and it 

integrates disciplines like ecology and chemistry. 

The purpose of ecotoxicology is to safeguard ecosystems by assessing and managing the effects of 

substances. 

 

Slide 11 

Next, what is environmental fate? Environmental fate is the study of the fate of a substance once it 

enters the natural environment. And it examines aspects such as the partitioning and the 

transformation of a substance in different media and environmental compartments. 

And in this case, it's integrating disciplines like physical chemistry and microbiology, and the purpose 

of this is to understand how chemicals behave when they're in the environment, which enables us 

to assess and manage the fate of these chemicals and address their exposure. 
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In terms of types of agents, the ISES is interested across chemical agents, biological agents, and 

physical agents. Typically in this domain, we are looking at chemical agents, and there are many 

chemicals which we use in commerce that can all potentially enter the environment during either 

the manufacture, the use or the waste stage of a chemicals life cycle, and so that is a major focus of 

this particular area. However, increasingly biological agents are becoming important, for example in 

crop protection applications, and these can also be considered in an environmental chemistry and 

toxicological perspective. 
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This is an overarching paradigm for risk assessment. You can see a broad divide between the risk 

assessment side and the risk management side.  

 

Slide 14 

And if we consider the content of this module, this domain of expertise, we're in this top left hand 

corner of this risk assessment paradigm with hazard identification and dose response assessment, 

which feeds into the process of risk characterization, which also takes into consideration the 

exposure assessment. 
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And you'll see also that environmental fate is included here. Environmental fate informs both the 

Hazard identification, because the properties of the fate properties of chemicals can either be used 

to derive hazard classifications or themselves directly inform hazard classifications. But also the 

same information is used as part of exposure assessment along with information like tonnages and 

use patterns. 

 

Slide 15 

So we'll now look at the Environmental Hazard Identification component. 

 

Slide 16 

The purpose of environmental hazard identification is to investigate, first of all, the types of adverse 

effects on the constituents of ecosystems, which includes animals, plants and microbial communities, 

and two, the concentrations at which these adverse effects may occur. 

And Environmental Hazard identification informs aspects such as deriving threshold limit values to 

establish safe concentration limits in a particular ecosystem, or an environmental compartment, or 

for a particular taxonomic group. 

And it also informs classification and labelling by providing relevant information to conclude on these 

classifications, and the PBT assessment. 

 

There are different kinds of effects that are covered, so we look at different time scales and we call 

these acute and chronic effects. Chronic effects being more long term, often sub lethal effects such 

as reproduction, growth and survival, whereas acute effects are typically more related to mortality. 

And we can also look at specific modes of action, such as the various means of endocrine disruption. 

 

Slide 17 

There are various different ecosystems that are considered in environmental hazard identification. 

So first of all, commonly we're looking at surface water. Most commonly I would say, and this can be 

either freshwater and marine water, and we typically look at algae, invertebrates, and fish, so 

covering 3 different trophic levels. When we look at aquatic hazard assessment we can also look at 

the organisms within the sediment compartment of an aquatic system as well. 

We also need to consider top predators that might be exposed by the food chain. 

There's also hazard identification for the terrestrial or the soil environment, and in this we'll consider 

invertebrates, plants and also microorganisms. 
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We can we also look at the biological sewage treatment plant because this is an important function 

and a barrier of chemicals to the environment. So it's important to understand whether a chemical 

has the potential to impact the microbial community within a sewage treatment plant. 

And we also consider the hazards to air breathing organisms, although we're rarely conducting tests 

on these kinds of organisms due to the ethical considerations involved.  

 

And we carry out ecotoxicological testing on a range of different species that are considered 

representative for each ecosystem or taxonomic group, and we can also take into consideration 

whether there is significant exposure to a particular ecosystem or taxonomic group in making that 

assessment, for example, when performing regulatory assessments.  
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And we have different approaches to hazard identification. So most commonly we're looking at in 

vivo tests which use laboratory animals, single species. However, we can also do what are called in 

vitro tests, which may rely on cell cultures, organs on chips or embryos. 

And also in silico methods or computational tools are important tools for carrying out environmental 

hazard assessment. So here we typically call these quantitative structure-activity relationships, or 

QSARs. 

We can also use an approach called grouping or read across, which is where we will take data for 

one substance and make reasoned inferences as to whether that data is also representative of a 

related substance. And we can do that using either an analogue approach, which is a one to one 

read across, or we can use a category approach whereby we group a larger number of substances 

together and read the data for certain substances within that group across to others. 

It's also possible to perform field studies or higher tiered ecotoxicological studies that use more 

complex experimental designs and multiple species, such as mesocosm studies. However, these are 

typically less common, quite often used in the plant protection sector but not elsewhere due to their 

costs, their complexity, and they can be also quite challenging to interpret as well. 

When we're performing tests, we're typically following international standards, and the OECD test 

guidelines are the typical test guidelines that are used in these kinds of assessments and generally 

it's expected that the tests will also be performed to good laboratory practise, or GLP. 
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If we look at in vivo testing in hazard identification, the purpose of this is to study the effects of 

substances on living organisms under controlled conditions and as key features we conduct these on 

laboratory animals, usually single species, as I mentioned. In aquatic toxicity, we're looking at fish, 

invertebrates and algae to cover the three taxonomic groups. And we're getting insights into the 
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acute or the chronic effects depending on things like the duration of exposure and the experimental 

design and the observations that we are taking. And we express the results of these tests in terms 

of the concentration of substance in the environmental media. 

So the endpoints can include mortality, reproduction, growth, survival of offspring, or endocrine 

disruption.  

And in terms of challenges, there are some ethical concerns to in vivo testing, especially when we're 

using vertebrate animals. 

And so it's important to consider the three Rs when carrying out such tests, replacement, reduction 

and refinement. Another thing is the expense in terms of costs and resource that can be inhibitory. 

And there can often be challenges to conducting and interpreting these tests, especially if we're 

working with substances that have difficult test properties such as low water solubility, volatility, 

ionizability and various others, or if they have a complex composition and there are various guidance 

documents available dealing with these kinds of substances. For example, the OECD guidance 

document 23 which provides some best practise to dealing with these kinds of substances. 

We also don't usually get mechanistic information from these tests. We're typically making the 

observations on the whole Organism. However, it's useful, obviously, to have some insights as to 

mechanisms when trying to interpret these tests. And there's also a question around the relevance 

of these tests to an ecosystem, or a population level effect. And there's various publications which 

explore these aspects. So do the effects that you observe in a particular laboratory test have an 

effect on the organisms in the field, at the population level, is an important consideration. 
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If we look at in vitro testing, so this is to study cellular and molecular effects of substances using 

isolated cells or tissues. So we typically conduct these outside of living organisms using cell cultures, 

usually on single species. The advantages of this are that we have an ethical alternative to 

performing tests on vertebrates animals and , or we can inform from these tests more mechanistic 

insights into ecotoxicity pathways, and they're often more cost effective and faster to perform than 

in vivo methods. 

However, they often don't give a full picture, so it's one of the discussion points around these tests 

is that they're not a like for like replacement of an animal test, and they may not fully replicate the 

response of an organism to a particular chemical and there's also issues around the regulatory 

acceptance of these methods, which is a really hot topic at the moment as we drive towards using 

fewer animals in our regulatory systems. An example of this is the fish cell line, acute toxicity test or 

the OECD test guideline 249, but there are various others. 
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If we look at in silico data, the aim here is to predict toxicity using computational models and 

databases. So here we're utilising these QSARs as I've mentioned, which we train on databases. So 

we typically have a training set of data and a validation set of data to train a QSAR on and that will 

then inform the sort of defined applicability domain of that QSAR that we can then use to predict 

toxicity properties of another substance with unknown toxicity. 

And more recently, with the advent of artificial intelligence and machine learning, there have been 

some really interesting developments in use of machine learning techniques to train these kinds of 

models. And within in silico tools, we can also model the chemical interactions at molecular levels. 

And one of the advantages of in silico approaches are that it enables the screening of larger numbers 

of substances, which is an important challenge when we're dealing with many, many substances that 

are used in commerce. And another important point is that many substances actually have a complex 

composition and we need these tools to give us insights as to the how different constituents within 

a complex substance may contribute to toxicity.  

 

As advantages, they're non-invasive and animal free, and they're fast and scalable for a high 

throughput analysis. But in terms of challenges, the data quality and the availability of data are 

important challenges and as I mentioned, these tools have an applicability domain which is informed 

by what they've been trained on and the domain of applicability may be limited and not usable for 

your particular substance that you're investigating. And then regulatory acceptance is a big challenge. 

So the OECD recently released what's called the QSAR Assessment Framework, which provides a 

framework to go through the full process of demonstrating the reliability of your QSAR, the reliability 

of your prediction and providing the justification that supports using these data, which can help a 

lot in in getting regulatory acceptance of the predictions. 

 

And as examples, there are several ecotox QSARs in EPISuite and also within the OECD QSAR toolbox.  

 

Slide 22 

In terms of read across, we use read across to predict the toxicity of a particular substance using 

data for one or more similar substances. 

This is typically based on structural similarity, but it should be also informed by a read-across 

hypothesis, so a reasoned basis for why the data for one substance are likely to be similar or follow 

a predictable trend that can be applied to another substance. And normally we're using additional 

lines of evidence to support such a hypothesis, such as QSAR predictions or evidence from related 

endpoints 
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And the advantage here is that we can maximise the use of the data that we have, which can be 

either in vivo or in vitro. 

But again, a challenge, a big challenge, is quality and availability of data, and also again the regulatory 

acceptance. I want to draw attention here to the European Chemicals Agency's read across 

Assessment Framework, which provides a structured framework for documenting and justifying the 

use of read across that can help you in gaining regulatory acceptance. 

 

Slide 23 

Another aspect of environmental hazard identification is mode of action analysis, which is used to 

provide a mechanistic understanding of how substances are causing toxicity in organisms. So this 

can describe a series of events along a biological pathway which might start at a cellular level, or 

molecular initiating event, from exposure to a substance which ultimately leads to an adverse effect 

at the organism level. So the AOP or adverse outcome pathway concept can be applicable here. 

 

And the advantages of this is that it can facilitate the use of other tools like in vitro and silico, or read 

across approaches, to assess the hazard and provide a greater understanding of ecotoxicity overall.  

The challenges are that each AOP has to be designed for its own specific purpose, and so we don't 

have complete coverage of all potential adverse outcome pathways or specific scenarios. And these 

are generally not quantitative, so we don't have that insight as to the concentration-effect, typically.  

 

An example of this is the Verhaar scheme, which is a is a fairly old example where chemicals are 

assigned a mode of action based on their polarity and their structural components. 

 

Slide 24 

So when we have our test data, typically what we're looking to derive is a concentration-response 

curve which describes the relationship between the test concentration of the substance in the 

medium and the observed adverse effect. 

So we typically derive this from our in vivo or in vitro studies. And what we generally see is a S shaped 

or sigmoidal curve of concentration versus response. And we plot the data from the results at various 

test concentrations on these plots, and this allows us to calculate an effect concentration, typically 

an EC50 is used for acute endpoints or a NOEC or an EC10 value might be used for the chronic or the 

long term endpoints. And NOEC stands for no observed effect concentration, which is the highest 

test concentration before any effects are observed and the test concentration above that is the LOEC, 

the lowest observed effect concentration. However, more recently the practise of deriving EC10 

values where these can be derived with confidence has been considered more preferable because 

it allows for a more precise determination of that long term endpoint. 



Transcript DoE 2 – Module 2: Fundamentals of Environmental Chemistry and Ecotoxicology 

 
©2026 ISES Europe  Page 9 of 17 

Slide 25 

And then once we have our ecotoxicity data, we will derive a threshold limit value which is a 

concentration in a particular ecosystem or environmental compartment or taxonomic group at 

which no effects are expected to occur. So 

TLV is a common term in exposure science or safe exposure limit, and then from an environmental 

risk assessment point of view, the predicted no effect concentration or PNEC is the common term 

that is used. 

And in order to derive this, we use what are called assessment factors to account for uncertainty 

and extrapolating ecotoxicity information on a limited number of species to the ecosystem level. 

And these assessment factors account for things like intra- and inter-laboratory variation of toxicity 

data, intra- and inter-species variation, as in the biological variation between species, the 

extrapolation between short term and long term toxicity effects, and also the extrapolation from 

laboratory to field. So the idea is to provide a level of safety on top of the effect concentrations that 

are derived within laboratory testing, and these values can range from anything between one and 

10,000, depending on how much data you have available.  

 

Slide 26 

And the way this is derived is quite simple. So we take the effect concentration and we divide this 

by the assessment factor. We're typically using the lowest effect concentration that’s been derived 

from the relevant information to arrive at this TLV or PNEC value. 

 

Slide 27 

And that concludes the points on environmental hazard identification. So the next part of the lecture 

is on assessment of environmental fate. 
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And the purpose of environmental fate assessment is to assess degradation and partitioning of 

substances between environmental compartments once the substance enters the environment.  

 

And environmental fate assessment informs things like the derivation of environmental exposure 

levels, or predicted environmental concentrations as they're called, by providing inputs to 

multimedia environmental fate models, which will then predict these concentrations in different 

compartments. It's also used in classification labelling because fate aspects are considered in 

determining the hazard classification of substances, and in the PBT assessment the fate properties 

can actually prove decisive, for example, if you're looking at the vPvB hazard class, very persistent, 
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very bioccumulative, there's no toxicology component to that, it's purely based on environmental 

fate properties.  

 

And there are various key processes covered, so we have degradation, which includes hydrolysis, 

photolysis, and biodegradation. Partitioning properties, such as the octanol-water partition 

coefficient, or Kow, which is a very important parameter in ecotoxicology and environmental fate, 

also the organic carbon-normalised soil-water partition coefficient, or Koc, and also the Henry's law 

constant. There's also bioaccumulation assessment, which considers bioconcentration and 

biomagnification and I'll explain a bit more about what those terms mean in a moment. 
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So if we look at degradation, first of all, this is about looking at the loss, the removal or the 

transformation of a substance in the environment. So when a substance is released into the 

environment, it could enter surface waters, or soils, or the air or it can partition to sediments. And 

in all of these environments there are potential processes that can lead to the transformation of a 

chemical into something else, and ultimately the goal or the aspiration is that chemicals will be 

completely mineralized into carbon dioxide, water and salts, but there's a pathway there towards 

that end state, and there are other processes that can occur and sometimes chemicals can have 

certain steps that are slowest to degrade than others, and this can lead to persistence in the 

environment. So understanding the degradation of chemicals is very important and increasingly so 

in the policy space, environmental persistence is becoming a really hot topic now. 

 

So as key features, degradation can be either abiotic or biotic, and in the case of biotic or 

biodegradation, this can be either in the presence or absence of oxygen, so aerobic or anaerobic 

biodegradation, and it can also be either primary or ultimate. So primary degradation is essentially 

one transformation step to turn the chemical from the parent compound into something closely 

related and then ultimate degradation describes the complete mineralization of the substance, as I 

mentioned.  

 

And we often express the results of degradation in terms of half lives in a certain environmental 

compartment, but depending on the test, sometimes we express degradation in terms of extent of 

degradation over a certain period of time. And the key endpoints include hydrolysis half life, and 

identity of transformation products, photolysis half life, and biodegradation half life. And then we 

can also classify substances based on biodegradability, such as readily biodegradable, if the 

substance is able to pass what's called a ready biodegradability test, which assesses the extent of 

degradation under defined conditions over 28 days. 
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And identifying transformation products is important when we get to these other tests, these sort 

of higher tiered biodegradation hydrolysis and photolysis tests, because we're not only interested in 

the parent compound, but also in what it potentially turns into, particularly if the transformation 

products themselves are not subject to further degradation. 

 

And challenges here are, well there are many challenges, but to highlight here these can be quite 

expensive, especially when we get into these high tiered simulation tests, which often require radio 

label test compounds, they can be challenging to conduct and interpret, especially if we're dealing 

with difficult test substances, as I've mentioned earlier, and also there are question marks over the 

relevance of the tests to the environment. A big question around degradation studies is how well 

are we actually simulating what's happening in the environment, and that's something that's very 

difficult to verify due to the many other processes that are that are ongoing with chemicals in the 

field. 
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So we have various approaches again. So we have standard laboratory studies which are designed 

to measure under control conditions, degradation rates in certain media of relevance to the 

environment. However, we also have in silico methods which include predictive tools such as BIOWIN 

which is in the EPISuite model and SPARC, which can predict hydrolysis. There are also various tools 

available to predict biodegradation pathways. And then there's the option of using grouping and 

read across. Although this is, to be honest, rarely used in degradation assessment, it's something 

that has been recognised as an area to explore further how we can use data for one substance to 

support others, particularly given the costs and challenges associated with generating new data. 

And field data can also be used, so there's some very interesting studies looking at river systems or 

lakes where the inputs and the outputs of chemicals are very well understood and also with the use 

of non-degrading benchmark chemicals. You can then start to get a good idea of what is really 

happening in terms of the degradation of your chemical in the field.  

 

And again we're using standards like OECD test guidelines and GLP principles when we run these 

standard tests. 
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Now if you look at partitioning and the other important fate processes around the partitioning of 

the chemical in various compartments and its distribution in the environment, which can include 

within biota organisms and the different compartments of the environment. Conceptually, for 

several decades now, we've been thinking about the environment in terms of these different 

compartments or boxes, which helps us to study environmental fate. But it's important to be mindful 
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that there's not a clear wall between these compartments and that there may be some value in also 

thinking about this more at a system level.  

 

But key features of partitioning are that this can be either permanent or temporary. So we are often 

thinking about how chemicals are equilibrium partitioning between compartments, but sometimes 

chemicals can form what are called non-extractable residues in  soils or sediments for instance, and 

in those cases it's generally more of a permanent sorption process that's going on. 

 

And we typically express these disruption as partition coefficients between different media. So key 

endpoints are absorption/desorption which is typically expressed either as a solid-liquid distribution 

coefficient, Kd, or an organic carbon-water partition coefficient, which is the Kd normalised to the 

fraction of organic carbon present in a soil or sediment, and is expressed as the the Koc. The Koc is 

a is becoming a really important parameter in environmental fate assessment because it's been the 

parameter that's been selected for use in mobility assessments as part of the PMT and vPvM hazard 

classes that were recently introduced into the CLP Regulation. There's also the octanol-water 

partition coefficient, which provides a good proxy for the distribution of chemicals between water 

and fat, so it's useful to inform aspects like bioaccumulation and also adsorption at the screening 

level. And then the Henry's law constant and air-water partitioning describes how likely a chemical 

is to volatilize from surface waters into the air. 
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And again, we have standard laboratory studies for these and we also have in silico tools, such as 

the various predictive tools in EPISuite. And again we can use grouping and read across, potentially. 

And generally, again, we're looking at OECD test guidelines and GLP principles when we're running 

these tests. 
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If we look at bioaccumulation now, the idea here is that a chemical that's bioaccumulative, can 

achieve a higher concentration within an organism relative to its surrounding environment or can 

magnify up a food chain from one organism consuming its prey or it's food.  

So this is an important parameter also to consider because this has been identified as a key driver 

of concern and risk from chemicals, those that have a tendency to bioaccumulate, because you can 

have greatly increased concentrations towards the top of a food chain. And there's also a concern 

for people as well.  
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So this can be either uptake from water or, as I said, the surrounding environments of sediments or 

soils, or via prey or food. And bioaccumulation is generally the net result of absorption, or uptake, 

distribution, metabolism and excretion.  

 

And we have different endpoints for bioaccumulation. The most commonly applied endpoint is the 

BCF, or bioconcentration factor, which is based on water exposures. So an organism like a fish: What 

is the factor of accumulation within the fish tissue relative to the surrounding water? And this is also 

the most commonly used endpoint in regulatory bioaccumulation assessment. However, there's also 

the BMF, the biomagnification factor, which determines the amount of bioaccumulation of a 

chemical from food. So both the BCF and the BMF are typically determined within laboratory studies. 

There's also the BAF, which is the bioaccumulation factor, which is more commonly determined in 

the field, where it's not possible to distinguish between bioaccumulation from water or food, and so 

it's an aggregate of both those processes. And you also have the BSAF, which is the biota-sediment 

or -soil accumulation factor, which is the same process for organisms which live in sediment or soil. 

And there's also something called the TMF, the trophic magnification factor, which aims to model 

the bioaccumulation within a more complex food web. So we end up with a single value which 

describes the gradient of trophic magnification up trophic levels, and that's quite a useful endpoint 

for getting a more holistic picture of bioaccumulation. 

 

In terms of challenges here, we have the normal ethical concerns when using vertebrate animals. 

They can also be quite expensive and very challenging to conduct and interpret. You need to use 

what's called a weight of evidence approach to carry out a bio accumulation assessment typically, 

considering all the information together. And that's quite a complex process, and there are there are 

tools available such as the bioaccumulation assessment tool from Arnot research and consulting, 

which will guide you through the data quality evaluation and the weight of evidence process. And 

there remains again the question of the relevance to the ecosystem, in particular for laboratory 

studies. 
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So in the case of bioaccumulation, again we have in vivo, in vitro and in silico approaches. So as well 

as in vivo tests, we can use in vitro cell lines, for instance, to look at biotransformation of chemicals, 

which we can then use to inform biotransformation within an organism. And there are various QSARs 

available, and food chain models, that can help to inform these assessments. Again, grouping and 

read across is relevant, and also field data - so that's where things like the BAF and the trophic 

magnification factor are likely to be derived. 
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Slide 35 

So I'll now briefly talk about classification labelling.  
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So here we're talking about what's called the globally harmonised system of classification and 

labelling of substances and mixtures, which provides a consistent basis to communicate the hazards 

of substances and mixtures around the globe, and within the EU it is the CLP regulation that has 

been implemented and we'll talk a bit more about CLP because there are some additional hazard 

classes that have been introduced as part of the EU chemical strategy for sustainability.  

 

So the different hazards that included are hazards to the aquatic environment, endocrine disruption, 

PBT and PMT. So the latter three, 

as I've said, they've been introduced into the CLP regulation but are not currently under the UN GHS, 

so not adopted in other parts of the world. 
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So in terms of, first of all, the hazard to aquatic environment. This is divided between acute and 

chronic aquatic hazards. For the acute we just have one level, category one, and then for chronic we 

have levels one to four depending on the severity of the toxicity. 

So how we derive these hazard classes is we need aquatic toxicity data and we also need 

environmental fate data, so the log Kow, the BCF, and information on the degradability of substances 

and then based on the rules of the classification scheme we can then derive whether or not the 

substance has one of these classifications, and, if it's severe enough, then it can also include a label 

like the diamond pictogram you can see on the bottom right of the screen. 

But as I've said, there's these new hazard classes that have been introduced under EU CLP and it's 

still a very dynamic situation, we're still seeing how many substances are going to end up with these 

classifications. I don't think so many substances are currently adopting or being classified according 

to these hazards, which is likely due to availability of data and also the workload that's involved in 

carrying out these classifications. But there's a lot of activity going on within the industry to react to 

these new requirements. So in the case of endocrine disruption, we have two categories, which is 

category one, which is known or presumed, and category 2, which is suspected. And this is 

determined based on evidence from three criteria. First of all, the evidence of endocrine activity. 

Secondly, evidence that this leads to an adverse effect in an organism or its offspring, or in future 

generations. 

And third is that there's a biologically plausible link between the endocrine activity and the adverse 

effect. And so when all three of these are met, the category one classification can be assigned. 
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However, if there's not sufficiently convincing evidence, then it may still be that category two is 

applied to the substance. 
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In the case of PBT, so I've already talked about what is PBT and vPvB. This is something that was 

already familiar because it was implemented in the EU REACH Regulation. So it's roughly the same 

assessment as in the REACH Regulation and I'll talk about that in a moment. However, they've also 

added additional criteria for the T component, the toxicity classification. So if a substance meets the 

criteria to be an endocrine disruptor category one, then it's also considered meeting the T criteria 

of PBT and also of PMT. And PMT is persistent, mobile and toxic, or vPvM, very persistent, very 

mobile, which unlike PBT is a fairly new concept which has only just been introduced in the CLP 

Regulation, and that has caused a lot of activity again. 

There's this new property of mobility that needs to be informed, and also the fact that we're now 

looking at more mobile chemicals that have been in the focus before, and so there's a lot of 

questions also about what is the persistence of those mobile chemicals. So this has created a huge 

amount of additional work and additional questions about the chemicals that we're using in 

commerce. And for mobility, the criteria based on the log Koc value, as I said. 

 

Slide 39 

So then we'll just touch on PBT assessment.  
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So PBT assessment is used to ensure that we identify and manage substances that are persistent, 

biocumulative and toxic, or very persistent and very biocumulative, and these kinds of prioritisation 

schemes are implemented around the globe. So there are some variations in the criteria that are 

used and also in the guidance surrounding them. The EU guidance is really without comparison in 

terms of the level of guidance that's available. Within that guidance there's clear decisions that have 

been made about how data should be generated and interpreted for these kinds of assessments. 

 

The toxicity component relates to both organisms in the environment and also human health, and 

that there's a particular need to give attention to air breathing organisms here as well. 
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So in terms of the persistence assessment here, we're looking at the degradation component and 

we typically look at the half-life of a chemical in different environmental compartments. So the 
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compartments we're looking at are freshwater and estuarine water, marine water, freshwater, and 

estuarine 

sediments, and marine sediments and then also soils. In the case of bioaccumulation assessment, 

the BCF is the decisive endpoint. However, there's also other data that can be used to inform the B 

assessment based on a weight of evidence. 

Similarly for persistence actually I should say that there are many other lines of evidence that might 

be considered in in determining persistence, especially because in many cases information on 

degradation half-lives is generally lacking for chemicals. 

And in the case of toxicity, we're looking at long term or chronic effect concentrations for marine or 

freshwater organisms. And then we're also looking at a range of human-relevant classifications, so 

carcinogenicity, mutagenicity, toxicity to reproduction or specific target organ toxicity. 

 

Slide 42 

So lastly, we'll just touch on new approach methodologies or NAMs as they're called.  
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So we've actually referred to some of these when we talked about in vitro and in silico tools in the 

previous area. These are examples of what are called new approach methodologies and they have 

this terminology because the idea is that we need these methods because there's an ethical need 

for us to continue to bear down on the amount of animals that we're using in these kinds of 

regulatory assessments. So this is a really important topic at the moment and there are new methods 

coming on all the time. There's a real revolution going on in terms of things like microphysiological 

systems, which are more complex tissues that are grown in the lab that can be used to give you more 

insights at what's happening at the organ level with different chemicals. And with the advent of 

artificial intelligence as well that promises to really accelerate the progress here.  

So these are ethically preferable by avoiding animal testing and helping us to align with the three Rs, 

and they're often faster cost effective and scalable for screening, and they help to either provide or 

validate our mechanistic insights about what chemicals are doing to these organisms, what are the 

modes of toxic action, which can give us a more robust understanding of ecotoxicity. And, as well as 

in the human area, ecotoxicology and bioaccumulation is somewhere where NAMs are really rapidly 

advancing, and as I said, it's a hot topic, there's a lot of political focus on this, and hopefully we'll, 

see that turning into real progress in the years ahead. 
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So I'd just like to summarise then.  
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So key takeaways here.  

We've got identification of environmental hazards, which are based on ecotoxicological data for a 

range of environmentally relevant, representative species, and is used to derive threshold limit 

values, or PNECs as they're called, classification and labelling, and PBT assessment. And non animal 

approaches are a rapidly advancing field that are an important component of this whole picture to 

inform environmental hazard.  

In the case of environmental fate, this is based on degradation, partitioning and bioaccumulation of 

chemicals and is used to predict environmental exposure concentrations, which is done through 

exposure assessment models, and also these data are used in classification labelling and the PBT 

assessment. And again, nonanimal approaches for bioaccumulation assessment are a rapidly 

advancing field.  

 

And with that I would like to thank you for your attention. I hope you found this lecture useful and 

interesting, and I'd like to hand you back over to Lucy now. 
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Thank you, Chris. Thanks a lot for providing this excellent and insightful overview of environmental 

chemistry and ecotoxicology. Just to note that more detailed training on these topics may be covered 

in future videos of the ISIS Europe Training Series. So look out for that. 
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And with this, we can conclude this training video. A big thank you to Chris Hughes for delivering 

today's session and sharing his expertise. Thank you for joining us. We hope you found it useful and 

informative. For further learning, please visit the ISIS Europe website where you can access full 

training series and recommended reading materials. Further reading materials for this video are 

linked in the next slide.  

So thank you and goodbye. 
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[No voice over]  

 


