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Module 1: Fundamentals of Toxicology

Transcript Notice:

This transcript was automatically generated and enhanced using Al tools. While efforts were made
to improve accuracy, the content may still contain errors or misinterpretations. This text should not
be considered a fully reliable record of the lecture.

0:00: Host: Hello, everyone. Welcome to today's session in the ISES training series. This presentation
falls under Domain of Expertise 2: Fundamentals of Environmental Chemistry and (Eco)toxicology.
I'm glad you have joined us for this session.

0:27: Host: Next slide, please.

0:39: Host: 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. Next slide.

1:08: Host: The presentation is part of a broader training initiative by ISES Europe, which includes
nine Domains of Expertise in total, ranging from basic principles in exposure science to topics like
risk communication, sustainability, and legislation. You can access all training videos on our website,
ises-europe.org. Next slide.

1:36: Host: Today we focus on Domain of Expertise 2: Fundamentals of Environmental Chemistry
and (Eco)toxicology. This domain is split into two submodules: Module one, which we will cover
today, focuses on fundamentals of toxicology; Module two will explore environmental chemistry and
ecotoxicology in greater detail.

1:49: Host: Next slide. Module one is entitled Fundamentals of Toxicology, and I'm delighted to
introduce today's presenter. Next slide.

2:23: Host: Please join me in welcoming today's presenter, Wasma Alhusainy. Wasma is currently a
toxicologist and risk assessor at Lanxess, where she focuses on product safety for biocides used in
consumer products, including cosmetics and household products. She brings rich experience from
her previous roles at IFF and Shell, where she specialized in risk assessment under both BPR and
REACH legislation.
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2:59: Host: Wasma’s academic background includes a PhD and MSc in toxicology from Wageningen
University and she is a certified European Registered Toxicologist. We are truly fortunate to have her
here to share her experience with us today.

3:19: Presenter: Thank you, Gerald, thank you very much. I'm really delighted to deliver this module
on the fundamentals of toxicology, which is aimed to be an introductory level with a simplified
understanding of toxicology without further complex details.

3:34: Presenter: The learning objectives from this module are to identify and classify various health
hazards; to explain the principles of the so-called ADME process — absorption, distribution,
metabolism, and elimination of a chemical; to evaluate and characterize different adverse effects of
substances; and to analyse and apply those principles especially in setting dose-response
relationships and establishing threshold limit values.

4:17: Presenter: These will be further explained in the next slides.

4:21: Presenter: What is toxicology? The general definition is the scientific study of adverse effects
caused by an agent, which can be a chemical, on living organisms and ecosystems. Now, there are
key aspects to consider.

4:54: Presenter: Toxicology aims at examining the mechanism of toxicity and the potential harm a
chemical may cause. It identifies safe exposure levels below which adversity is not expected, and
develops strategies to prevent or manage toxic effects.

5:27: Presenter: Toxicology is multidisciplinary, integrating biology, chemistry, pharmacology, and
medicine to understand and mitigate risks. Ultimately, the purpose is to safeguard human health
and the environment by assessing and managing toxin effects.

5:56: Presenter: When we talk about agents and their toxic effects, they can be divided into three
types: chemical agents — now we have over thirty thousand commonly used chemicals like
pesticides, solvents, food additives, pharmaceuticals, preservatives, and contaminants; biological
agents — from organisms such as bacteria, viruses, fungi, and also biological materials excreted by
these organisms like endotoxins, mycotoxins, and enzymes; and physical agents such as noise, heat,
radiation, and many others.

6:40: Presenter: Toxicology applies in many domains and branches. For example, clinical toxicology
deals with diagnosis and treatment of poisoning and toxic exposures; forensic toxicology analyzes
substances for legal cases including abuse and crimes; occupational toxicology focuses on worker
safety, exposure limits, and hazardous materials in the workplace.

7:16: Presenter: There is also food toxicology, which ensures safety of food additives, contaminants
entering the food chain, enzymes used in the food industry, and natural toxins like mycotoxins.
Chemical toxicology, my domain, deals with toxic effects of industrial chemicals like biocides and
pesticides and their impact on human health and the environment.
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7:58: Presenter: These areas intersect with other fields like epidemiology, which investigates the link
between chemical exposure and health outcomes on a population level. For more on this, you can
refer to lectures in domain nine.

8:25: Presenter: We also have ecotoxicology, which studies the impact of toxins on ecosystems; this
will be covered in module two.

8:53: Presenter: When we talk about toxicology, we begin with health hazard identification. The aim
is to investigate mechanisms by which chemicals produce adverse effects in biological systems and
assess the probability of such effects occurring. This is what we mean by hazard, and it guides
classification, labelling, and derivation of threshold limit values, which we will explain further.

9:42: Presenter: Identifying chemical hazards also helps in regulatory classification and labelling
under frameworks like the Globally Harmonized System (GHS) and the EU Classification, Labelling,
and Packaging (CLP) regulation, which aligns with GHS standards.

10:12: Presenter: Related to hazard identification is the setting of threshold limits derived from
toxicological data to establish safe exposure limits below which adversity is not expected. These
include the No Observed Adverse Effect Level (NOAEL) — a point at which no adverse effect is
observed.

10:50: Presenter: Sometimes setting NOAEL values is difficult, so we use the Lowest Observed
Adverse Effect Level (LOAEL), which is the lowest point on the curve where adversity is observed.

11:10: Presenter: Safety margins are needed to account for uncertainties, as data from animals
cannot be directly extrapolated to humans. Assessment factors are used to apply safety margins and
extrapolate between species or within species. This will be explained more in upcoming slides.

11:54: Presenter: This slide presents the general paradigm for risk assessment, a methodology used
in toxicology to assess chemical risks. It involves several steps, starting with hazard identification —
the intrinsic toxicity of a chemical.

12:22: Presenter: Next, we establish a dose-response curve showing the relationship between
chemical dose and adverse response.

12:41: Presenter: Then, comparing dose-response data to human exposure levels in risk
characterization allows us to determine if exposure exceeds safe limits.

13:02: Presenter: If exposure is higher than safe limits, risk management actions are taken, involving
stakeholder engagement and risk communication.

13:19: Presenter: For more information on these steps, refer to domain of expertise lectures.

13:26: Presenter: Now, let’s discuss hazard further. A hazard is the inherent capacity of a chemical
or substance to cause adverse effects.

13:40: Presenter: Hazards can be local effects occurring at the exposure site such as skin sensitization,
irritation, or corrosion.
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13:53: Presenter: Effects are also classified by exposure duration: acute toxicity occurs after single
exposure, while chronic toxicity results from repeated long-term exposure.

14:15: Presenter: Depending on the hazard, chemicals can target various endpoints like the nervous
system (neurotoxicity), cause carcinogenicity, mutagenicity, reproductive toxicity, developmental
toxicity, or affect the hormonal system impacting metabolism, growth, and behaviour.

14:56: Presenter: Each chemical may affect one or multiple endpoints, but not all simultaneously.

15:08: Presenter: Relevant approaches to hazard identification include epidemiology, which looks at
population-level adversity, and toxicology, which mainly deals with individual-level effects using in
vivo experiments in lab animals, mostly rodents.

15:33: Presenter: We also use in vitro methods in cell cultures isolated from humans or animals, and
in silico QSAR models, which are computational tools predicting toxicity.

15:58: Presenter: Standardized methodologies such as OECD guidelines are followed, conducted
under good laboratory practice principles.

16:10: Presenter: Now, talking about the human studies. The purpose of these studies is to assess
the real-world impact of hazardous agents on human health, and they can be of different types. For
example, we have case studies, where you can find in the literature detailed reports on specific
instances where a human got poisoned. These reports include explanations of the exposure, the
substance, and the symptoms. So those are individual and separate case studies.

16:47: Presenter: However, we also have clinical studies, which are more controlled trials or
observations in which we observe the effect of a chemical under controlled situations. We also have
epidemiological studies, which examine the exposure pattern at the population level.

17:12: Presenter: Additionally, we have occupational health surveillance, which consists of the
medical findings and trends observed in the workplace and any adverse effects or toxicities workers
may be experiencing.

17:29: Presenter: However, when it comes to human studies, there are different challenges, mainly
ethical constraints. Because you are dealing with humans, you cannot, for example, intentionally
expose a human to a toxicant. They are also expensive, and it's difficult to isolate the different
variables or confounding factors. It's a very complex system, so you don’t always know if the toxic
effect is attributed to the substance or to other factors, such as the lifestyle of the individual.

18:07: Presenter: However, when it comes to in vivo testing or animal testing, where we study the
effects of hazardous agents on living organisms under controlled conditions and according to
standardized methodologies, these are generally easier. Typically, we conduct them in rodents or
other animals like dogs, and they help give more insight into systemic effects and the dose-response
relationship, including effects that may manifest after repeated exposure, known as chronic toxicity.

18:57: Presenter: In those studies, we can investigate local effects, acute and repeated dose toxicity,
and other toxicity endpoints like carcinogenicity, mutagenicity, neurotoxicity, reproductive, and
developmental toxicity. All of these have standardized methodologies.
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19:22: Presenter: Again, there are ethical constraints because we must comply with the so-called
three Rs: Replacement, Reduction, and Refinement. You need to justify why you're doing an in vivo
test and whether you could achieve the same outcome with an alternative method. It’s not an easy
go-to—you must justify that no alternative method can provide the same meaningful or reliable
outcome in order to proceed. And of course, in vivo tests are expensive; they can cost millions of
dollars or euros, especially high-tier toxicity tests like carcinogenicity testing.

20:16: Presenter: Therefore, we develop new approach methodologies—the so-called NAMs. These
are innovative, non-animal testing approaches and include both in vitro and in silico methods. The
aim is to replace traditional in vivo systems.

20:44: Presenter: The advantages are that they are ethically preferable because they avoid animal
testing. They're faster, cheaper—so they’re cost-effective—and can be scaled up if you have many
chemicals to screen. They also provide advanced mechanistic insights. For example, if you want to
study the mechanism by which a chemical acts, these systems can offer that.

21:22: Presenter: Examples include organ-on-a-chip models and increasingly, Al-based models.
These NAMs are supported at the European Commission level. There is strong endorsement to use
them to comply with animal welfare standards and reduce reliance on animal testing. There is
funding to support initiatives to develop more and more NAMs, and we now have regulatory
initiatives and frameworks to regulate these alternatives.

22:06: Presenter: These alternative methods must also comply with the three Rs: replacement,
reduction, and refinement—for ethical reasons.

22:19: Presenter: An example of a NAM is in vitro testing, which aims to study the cellular and
molecular effects of hazardous agents using isolated cells or tissues from animals or humans. It's
conducted outside of a living organism.

22:42: Presenter: It provides mechanistic insights into toxicity. If you want to study, for example, the
metabolism of a chemical, this is an ideal system. It also reduces the reliance on animal models—it's
a valid alternative.

23:04: Presenter: For example, we now use validated in vitro skin and eye models to test for irritation.
These tests are accepted and validated as alternatives to in vivo methods—even by regulatory
bodies. They're cost-effective and much cheaper than in vivo tests.

23:29: Presenter: However, generally speaking, they cannot fully replace a complete, complex
organism. For example, there are endpoints like carcinogenicity that you cannot assess using only
one or two in vitro methods. Not all are accepted by regulators, and many require a long time to be
fully validated.

24:05: Presenter: We also have in silico testing, which relies on computational models and large
databases to predict the toxicity of chemicals. One example is QSAR—quantitative structure-activity
relationships—which predict toxicity based on the structure and resemblance to other chemicals for
which we already have data.
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24:43: Presenter: These models enable the screening of large chemical libraries. Instead of testing a
few chemicals, you can predict toxicity for many. The advantages are that they are non-invasive,
computer-based, and completely animal-free. They rely on existing data—both in vivo and in vitro—
and are fast, scalable, and suited for high-throughput analysis.

25:21: Presenter: But there are challenges. Data quality and availability can be issues. Not all
chemicals have available data. Also, a chemical's structure might not fall within the scope of a model.
So, these models are not fully accepted on a regulatory level on their own, but they can contribute
to the weight of evidence alongside other methods.

25:57: Presenter: Now, moving to the third topic of this module, which is toxicokinetics.

26:05: Presenter: Toxicokinetics deals with everything that happens to a chemical after exposure—
how it is absorbed, distributed, metabolized, and excreted. Each of these processes influences
overall toxicity and potential health impact.

26:27: Presenter: Absorption refers to how a substance enters the body. Distribution is how it
spreads. Metabolism is how it is broken down into metabolites. Excretion is how the chemical or its
metabolites are removed.

26:46: Presenter: All of these stages affect toxicity. Let’s look more closely at absorption.

26:55: Presenter: Absorption is the transfer of a chemical from the site of exposure into systemic
circulation—into the blood. We can be exposed through inhalation (lungs), orally (digestive tract),
dermally (through the skin), or via injection (intravenous, intramuscular, or intraperitoneal).

27:30: Presenter: Regardless of the route, once the chemical reaches the bloodstream, that’s what
we refer to as absorption.

27:41: Presenter: Among the different routes, intravenous is the most effective because it goes
directly into the blood. Then comes inhalation, followed by intraperitoneal injection, intramuscular
injection, oral exposure, and finally dermal exposure, which is the least effective.

28:07: Presenter: For a chemical to cause a toxic effect, it must reach its target site. However, the
body has defence mechanisms. For example, membrane barriers like the blood-brain barrier restrict
entry. Enzymes and antioxidants can metabolize or neutralize chemicals, transforming them into
non-toxic forms. Elimination mechanisms also remove chemicals through excretion.

28:43: Presenter: Chemicals can cross cell membranes and reach the bloodstream through various
mechanisms. This usually follows a first-order process, meaning the absorption rate depends on the
chemical concentration—it moves from areas of high to low concentration.

29:06: Presenter: Several factors affect absorption: molecular size (smaller molecules absorb more
easily), conformation (well-shaped molecules may fit receptors better), solubility (lipid vs. water-
soluble), and polarity (whether it can ionize, depending on functional groups).
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29:27: Presenter: Also, similarity to endogenous chemicals plays a role. The more a chemical
resembles natural substances, the more easily it may be absorbed and transported to the
bloodstream.

29:44: Presenter: As mentioned earlier, one route of absorption is inhalation, where the agent enters
the lungs via the nose or mouth. In this case, local effects may occur—such as irritation or fibrosis
from substances like asbestos.

30:08: Presenter: But systemic effects can also occur—for example, from substances like nicotine.
30:15: Presenter: The extent of absorption depends on the particle size and chemical properties.

30:22: Presenter: Another route is ingestion, where the substance enters the body through the
mouth and travels through the gastrointestinal tract—via food or water.

33:28: Presenter: Interestingly, even within the Gl tract, the agent is still considered outside the body.
We only consider it absorbed when it passes from the Gl tract into the bloodstream.

34:28: Presenter: We also have the dermal route of exposure, in which the agent is absorbed through
the skin, like when we apply, for example, cosmetics or topical agents. It is an important exposure
route for some agents. It is considered to be the least effective; however, some agents can have a
very high exposure value through the skin. It can cause severe reactions like petrochemicals or
chemical cleaners, where you see irritation, sensitization, or even corrosion and destruction of the
dermis.

35:06: Presenter: However, how much of this chemical penetrates or goes through the skin depends
on the molecular size. Usually, smaller molecules tend to penetrate more easily. This is a general rule.

35:25: Presenter: Now we come to the second step in administration, which is distribution. This is
the process by which an agent is transported via the blood to different sites of action. It can be
stored, transformed, or eliminated.

35:48: Presenter: Factors that affect distribution include blood flow because each organ and tissue
has a different rate of blood flow. We also consider toxicant characteristics such as affinity for tissue
and the partition coefficient.

36:12: Presenter: Depending on whether the tissue is more lipid-rich or has low fat content, this is
described by the partition coefficient of a tissue. This also determines whether the chemical will
move to a particular organ or not.

36:31: Presenter: Redistribution is another factor, such as the enterohepatic circulation, where a
chemical gets reabsorbed through the gastrointestinal tract back into the bloodstream and then
enters the liver again. All of this is described as the distribution of a chemical or agent.

36:57: Presenter: Next is metabolism, which involves converting a substance into different chemicals,
called metabolites. These metabolites are usually less toxic than the parent compound. The body
aims to metabolize toxic materials into forms that can be easily excreted. This process is known as
detoxification or biotransformation.
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37:29: Presenter: The key organs active in detoxification or biotransformation include the liver, which
is the primary organ with the highest activity, followed by the lungs, kidneys, and intestines, which
have medium activity. Other organs like the skin have lower activity but can be considered organs of
metabolism as well.

37:54: Presenter: Finally, excretion is the process by which an agent is removed or cleared from the
body. There are different routes of excretion: via urine for water-soluble compounds filtered by the
kidneys, via the lungs for volatile compounds exhaled during breathing, or for solid substances via
mucociliary clearance.

38:25: Presenter: Mucociliary clearance works by attaching substances to mucus, and when we
cough or sneeze, they exit through the nose or mouth. We also have biliary and fecal excretion,
related to compounds extracted by the liver that go to the bile and are eliminated via feces.

38:52: Presenter: Other routes of elimination include mother’s milk, sweat, and saliva.

39:03: Presenter: Now, moving on to the topic of mechanisms of toxicity, which concerns how a
chemical can ultimately result in adverse effects, or the so-called mode of action for a chemical to
cause toxicity or adversity.

39:27: Presenter: This is usually divided into two main stages: first, the toxicokinetic stage and then
the toxicodynamic stage.

39:40: Presenter: The first stage, toxicokinetics, which we explained in detail, involves absorption,
distribution, and metabolism of a substance.

39:54: Presenter: For this to occur, we need an external dose of the substance that is transferred to
the target organ where the chemical can exert toxicity.

40:10: Presenter: After toxicokinetics, when the substance is metabolized into metabolites, the
reaction of this toxicant at the molecular level and all the escalations from molecular to cellular and
tissue levels is called toxicodynamics.

40:32: Presenter: Toxicodynamics can ultimately result in dysfunction at the organ or tissue level and
lead to what is called an adverse outcome pathway.

40:45: Presenter: Of course, any adversity can be repaired or may remain unrepaired. These are all
possibilities.

40:56: Presenter: Whether adversity happens depends on many factors: physical and chemical
properties of the substance, like solubility and partition coefficient, as well as hazardous properties.
Every substance has different intrinsic capacity; some cause neurotoxicity, some are hepatotoxic, etc.

41:32: Presenter: Exposure factors matter too, such as concentration—whether it is high or low—
and duration of exposure—whether it is short or long.

41:48: Presenter: Organism factors also affect toxicity, including differences among genders, age
groups, and various living conditions.
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42:06: Presenter: All these factors influence the toxicity of a chemical and the ultimate adversity on
the living organism.

42:18: Presenter: To explain the adverse outcome pathway and how it leads to adversity, it always
starts with a stressor, which can be a chemical.

42:33: Presenter: That chemical initiates what we call a molecular initiating event, such as binding
to a receptor on a membrane.

42:48: Presenter: This interaction activates a molecular mechanism. It could be binding to DNA or to
a protein. This first step is called the molecular initiating event.

43:01: Presenter: Then follows a cascade of key events happening from the organelle to the cellular
level, up to tissue and organ response levels, to show toxicity.

43:19: Presenter: Examples of these key events include gene activation, protein production, altered
signalling, or different interactions leading to altered tissue development or function.

43:37: Presenter: This cascade of key events can ultimately cause an organ response at the organism
level, which we call an adverse effect.

43:53: Presenter: An example of an adverse effect can be disease, such as disease in the liver or
kidneys, or impairment in reproductive organs resulting in infertility, or developmental issues in the
foetus.

44:10: Presenter: So, it is a cascade starting from the molecular level at DNA or protein level all the
way up to the living organism.

44:26: Presenter: Essential in establishing this relationship between a chemical and an effect is the
dose-response relationship, which describes how the dose or concentration of a substance relates
to the observed effect or adversity.

44:54: Presenter: Key aspects in this relationship include the threshold dose, which is the lowest
dose at which we see measurable effects. For example, what is the lowest concentration that causes
a measurable effect on the liver?

45:22: Presenter: Toxic effects are seen once the concentration or dose reaches this threshold.
Above this threshold, toxic effects are expected; below it, effects are not expected.

45:41: Presenter: The severity of effects usually increases with dose. The higher the dose above the
threshold, the more severe the adversity.

45:58: Presenter: This dose-response relationship helps determine doses at which adverse effects
occur or do not occur, which is critical in risk assessment, as | will explain in the next slides.

46:21: Presenter: In this slide, you see a curve demonstrating the relationship between dose (X-axis)
and response (which can be adversity or toxicity at the organism level).

46:42: Presenter: The curve follows an S-shape or sigmoidal shape, typical for most substances.
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46:56: Presenter: On this curve, you can identify the lowest measured toxicity point, called the
lowest observed adverse effect level (LOAEL).

47:11: Presenter: We can also identify a point where no effect is observed, called the no observed
adverse effect level (NOAEL).

47:25: Presenter: In acute studies, we can define a point on the curve where there is 50% lethality,
called the lethal dose 50 (LD50), which is the dose causing lethal effects in 50% of the animals.

47:45: Presenter: Establishing these threshold values is important because they help in risk
assessment to determine a safe dose for humans.

48:21: Presenter: Okay, so how do we go from this curve to derive the threshold limit value that we
will use in the risk assessment? Usually, we have two types of hazards.

48:37: Presenter: Most substances follow the sigmoidal model shape, meaning there is a threshold
that we can identify below which there is no adversity and above which there is adversity. We call
this threshold effects, like liver toxicity or kidney toxicity.

48:57: Presenter: However, there are some endpoints that do not follow a threshold. You cannot
define such a threshold, like in the cases of mutagenicity, because in principle one molecule can
result in a mutation and result in a genetic disorder.

49:18: Presenter: Those follow more a linear shape because there is no threshold.

49:25: Presenter: Now, once we have this curve which establishes the relationship between the dose
and the response, we can derive a point of departure, which is a starting point for the threshold.

49:44: Presenter: This point of departure can either be a NOAEL, it can also be a benchmark dose.
The benchmark dose is again another type of point of departure, which is associated basically with
a ten percent response, calculated using a certain statistical approach.

50:04: Presenter: Now, what's the difference? Usually, it's more accurate than the NOAEL value. So,
it's preferable to derive a benchmark dose. However, in most toxicity testing, especially used in the
chemical industry, we use the NOAEL as the point of departure to derive safe limits.

50:39: Presenter: Now, how do we move from this point of departure or safe limit in animal
experiments to safe limits in humans? Because humans are different than rats.

50:55: Presenter: In order to convert this point of departure, which we got from these toxicological
studies, into meaningful safe exposure levels for humans, we need to take into account different
factors. For example, we do have uncertainty that can be in the data itself.

51:16: Presenter: There can be some knowledge gaps in the data. So altogether we term it as
uncertainty. We also have biological variability, so rodents are not humans. There are interspecies
differences, but there are also differences among the same species. Among humans themselves.

51:36: Presenter: So, we need to take into account all these uncertainties and variabilities to
extrapolate the point of departure from animal studies into humans.
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51:56: Presenter: Usually, it's well established and accepted to use an extrapolation factor of a
hundred-fold. Why a hundred-fold? Ten-fold is to account for interspecies differences, so between
animals and humans, and tenfold is to account for the intra-individual differences.

52:17: Presenter: And if you ask why ten—ten for interspecies differences and ten for intra-individual
differences—this is to account for toxicokinetic and toxicodynamic differences.

52:33: Presenter: These values come from a 2.5 on a log scale: 4 for toxicokinetics and 2.5 for
toxicodynamics.

52:39: Presenter: For intra-individual differences, toxicodynamics is considered 3.16, and
toxicokinetics again the same. On a log scale, multiplying them ends up in a tenfold difference for
both individual and interspecies variation.

53:11: Presenter: So how do we implement this in real cases?

53:14: Presenter: To derive a TLV or threshold limit value, we divide the point of departure—like a
NOEL or benchmark dose—by this extrapolation factor.

53:34: Presenter: So, if the NOAEL is 100, you divide by 100 to account for these differences between
and within species, in terms of toxicokinetics and toxicodynamics.

53:57: Presenter: You could also add other factors—called modifying factors—because sometimes
extra considerations are necessary. For example, if your point of departure comes from an oral study
but you're trying to derive a limit for dermal exposure.

54:17: Presenter: You also need to account for differences in bioavailability due to absorption across
species. A chemical may be absorbed differently in rats compared to humans. Exposure conditions
also vary—think of consumers vs. workers exposed 8 hours a day vs. 24 hours.

54:39: Presenter: All these extra factors need to be accounted for to derive a meaningful TLV.

54:59: Presenter: This applies to threshold substances where a threshold can be established.
However, for carcinogens and mutagens, we can't identify a threshold below which there is zero risk.

55:28: Presenter: In such cases with a linear dose-effect relationship, there's no safe limit. The
approach is to minimize risk to an acceptable level because zero risk doesn't exist.

55:54: Presenter: A benchmark dose is used to reduce adversity below a certain level.

55:57: Presenter: It's generally accepted that the risk should be less than one in ten thousand for
workers exposed over a lifetime.

56:06: Presenter: For consumers, the accepted risk is less than one in a million over a lifetime. But
sometimes the background level of the chemical is already higher than this benchmark.

56:28: Presenter: So, it's not practical to set limits below an already existing environmental
background level.

56:50: Presenter: We come towards the end of this presentation.
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57:05: Presenter: In summary, key takeaways include: being able to identify hazards—chemical,
biological, or physical; understanding ADME principles—absorption, distribution, metabolism, and
excretion.

57:26: Presenter: Also, understanding adversity or adverse effects. Not every hazard leads to
adversity; many factors influence this. It's about characterizing toxicity using mode of action and the
adverse outcome pathway.

57:47: Presenter: This connects the molecular mechanism all the way to observable effects in the
organism. Also important is understanding dose-response relationships and the parameters that
affect them.

58:07: Presenter: From this, we derive meaningful threshold limit values using extrapolation
assessment factors to assess human risk.

58:27: Presenter: With that, thank you very much for your attention. This concludes the module.
58:48: Presenter: Thank you. Back to Gerald.

58:55: Host: Insightful presentation. As mentioned earlier, module two of this domain will explore
environmental fate and ecotoxicity in more detail. Additional specialized training materials might
also be released by ISES Europe in the future. Stay tuned. Next slide.

59:15: Host: And with that, we conclude today’s session.

59:19: Host: We thank you for your attention and participation. Please continue exploring ISES’s
training series for deeper insights into exposure science and risk assessment. All videos are available
on ISES-Europe.org.

59:39: Host: On this last slide, you'll find suggested reading materials for those who wish to explore
environmental toxicology and chemical risk assessment further. We won't go through them now, but
we encourage you to take a look after the session. Thank you and goodbye.
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