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Meet Today’s Presenter: Wasma Al-Husainy

• LANXESS (2022–Present): Toxicologist and Risk Assessor. Product Safety for biocides used in consumer 
products (cosmetics and household products). Regulatory compliance under BPR regulation.

• Previous Roles:

• IFF (2020–2022): Toxicologist and Risk assessor. Product safety for biocides used in consumer products (cosmetics 
and household products) and enzymes for food and feed.

• Shell (2014–2020): Toxicologist and Risk assessor. Product Safety and Regulatory compliance under REACH 
Regulation.

• Wageningen University & Nestlé Research Centre: Research in toxicology and molecular mechanisms.
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• PhD, Toxicology (2013) & MSc, Food Toxicology (2008), Wageningen University.

• Certification: European Registered Toxicologist (ERT).
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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

• Identify and classify various health hazards

• Explain the principles of ADME (Absorption, Distribution, Metabolism, 
and Elimination)

• Evaluate and characterize adverse effects of substances

• Analyse and apply the principles of dose-response relationships

• Determine and establish Threshold Limit Values (TLVs)
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What is Toxicology

Definition:
Toxicology is the scientific study of adverse effects of agents on living organisms 
and the ecosystem.

Key Aspects:

• Examines mechanisms of toxicity, and potential harm.

• Aims to identify safe exposure levels and develop strategies to prevent or manage toxic effects.

• Integrates disciplines like biology, chemistry, pharmacology, and medicine to understand and 
mitigate risks.

Purpose:

To safeguard human health and the environment by assessing and managing the effects of toxins.



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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Applications of Toxicology

➢ Clinical Toxicology: Diagnosis and treatment of poisoning and toxic exposures.

➢ Forensic Toxicology: Analysis for legal cases involving substance abuse, poisoning, or crimes.

➢ Occupational Toxicology: Worker safety: exposure limits, and hazardous material handling.

➢ Food Toxicology: Safety of food additives, contaminants, enzymes, and natural toxins like mycotoxins.

➢ Chemical Toxicology: Toxic effects of industrial chemicals, biocides, and pesticides on health and the 
environment.

Intersections with related fields:
• Epidemiology:  Investigates the links between chemical exposures and health outcomes in 

populations (→ DoE 9).
• Ecotoxicology: Studies the impact of toxins on ecosystems (→ Module 2).



Health Hazard Identification 

Outcome of Toxicological Studies: 

→ Investigate the mechanisms by which chemicals produce adverse effects in biological systems and assess the 
probability of their occurrence.

→ Results guide the classification and labelling of substances and the derivation of thresholds limit values.

Classification and labelling frameworks:
• GHS (Globally Harmonized System): Sets criteria for hazard classification
• CLP (Classification, Labelling, and Packaging): Aligns EU rules with GHS standards

Thresholds limit values:
• Derived from toxicological data to establish safe exposure limits
• Key parameters include:

o NOAEL: No Observed Adverse Effect Level
o LOAEL: Lowest Observed Adverse Effect Level
o Safety Margins: Applied to account for uncertainties
o Assessment Factors: Extrapolate from one species to another or within a species
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Health Hazard Identification 

Hazard: Inherent capacity to cause an adverse effect by a substance

Key Toxicological Endpoints:
• Local Effects: Sensitization, irritation, corrosion

• Acute Toxicity: Single-exposure effects

• Repeated Dose Toxicity: Long-term/chronic exposure effects

• Neurotoxicity: Nervous system damage

• Carcinogenicity & Mutagenicity: Cancer and genetic mutations

• Reproductive & Developmental Toxicity: Effects on reproduction and fetal 
development

• Endocrine Disruption: Hormonal system interference, potentially affecting 
metabolism, growth, behaviour, and more



Health Hazard Identification 

Standards:

• OECD Guidelines

• GLP Principles

Approaches to Hazard Identification Examples

Humans Observational, epidemiology

In vivo Lab animal studies

In vitro Cell cultures

In silico (QSAR) Computational modelling



Human Studies

Purpose: To assess the real-world impact of hazard agents on human health

Types of studies:

• Case Studies: Detailed reports on specific instances of exposure and effects

• Clinical Studies: Controlled trials or observations under specific conditions

• Epidemiological Studies: Examines exposure patterns and health outcomes in populations

• Occupational Health Surveillance: Medical findings and trends observed in workplace settings

Challenges:

• Ethical constraints

• Expensive

• Difficulty isolating variables in complex environments
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In vivo Testing

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

Key features:
• Conducted in lab animals (e.g., rodents)
• Provides insights into systemic effects, dose-response relationships, and chronic toxicity

Examples of endpoints:
• Local effects
• Acute and repeated dose toxicity
• Carcinogenicity and mutagenicity
• Reproductive and developmental toxicity
• Neurotoxicity

Challenges:
• Ethical Constraints: Compliance with the 3Rs (Replacement, Reduction, Refinement)
• Expensive
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New Approach Methods (NAMs)

Definition: Innovative non-animal testing approaches, including in vitro and in silico methods, designed 
to replace traditional in vivo systems.

Advantages:
• Ethically preferable by avoiding animal testing
• Faster, cost-effective, and scalable for screening chemicals
• Provides advanced mechanistic insights through modern technologies (e.g., organ-on-a-chip, AI-

based models)

Support by the European Commission:
• Strong endorsement for NAMs to comply with animal welfare standards and reduce reliance on in 

vivo systems
• Promotion through funding and regulatory initiatives
• Alignment with the 3Rs (Reduction, Replacement and Refinement) Principles and global ethical 

standards



In vitro Testing

Purpose: To study cellular and molecular effects of hazardous agents using isolated cells or tissues

Key features:
• Conducted outside living organisms (e.g., cell cultures)
• Provides mechanistic insights into toxicity pathways
• Reduces reliance on animal models

Advantages:
• Ethical alternative to animal tests (see e.g. skin and eye irritation)
• Cost-effective and faster than in vivo methods

Challenges:
• May not fully replicate complex organismal responses

• Regulatory acceptance
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In silico Testing

Purpose: To predict toxicity using computational models and databases

Key features:
• Utilizes QSAR (Quantitative Structure-Activity Relationships), machine learning, and databases
• Models 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

• Regulatory acceptance
Designed by Freepik
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ADME: Key Processes in Toxicology

• Absorption:
How an agent enters the body

• Distribution:
How an agent spreads within the body

• Metabolism:
How an agent is broken down into metabolites

• Excretion:
How an agent and its metabolites are removed from the body

Each process influences the overall toxicity of an agent, determining its potential health 
impacts



Absorption

Transfer of a chemical from site of exposure into the systemic circulation

Primary exposure routes:

• Inhalation: Through the lungs

• Oral: Through the digestive tract

• Dermal: Through the skin

• Injection: Intravenous, intramuscular, or intraperitoneal

 

Effectiveness of absorption by route:
IV > Inhalation > IP > IM > Oral > Dermal

Inhalation Oral 

Dermal 
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Absorption

Key Requirement for Toxicity: 

An agent must reach its target site in an active form to cause harm

Body’s Defense Mechanisms:

• Membrane Barriers: Restrict chemical entry

• Biotransformation Enzymes & Antioxidants: Detoxify and neutralize 
agents

• Elimination Mechanisms: Remove agents via excretion



Absorption

Mechanism of absorption:

• Agents cross cell membranes to enter the bloodstream

• First-order process: Absorption rate typically depends on the chemical’s 
concentration

Factors Affecting Absorption:
• Molecular size & conformation: Smaller, well-shaped molecules absorb more easily

• Lipid/water solubility: Influences membrane permeability

• Polarity: Ionization and functional groups affect transport

• Similarity to endogenous chemicals: Mimics natural substrates for transport mechanisms



Absorption: Inhalation

Process: 
Agent enters the lungs via the nose or mouth

Key Considerations:

• Can cause local lung effects (e.g., irritation, fibrosis from asbestos)

• Allows rapid systemic absorption (e.g., nicotine)

• Absorption depends on particle size and chemical properties

Designed by Freepik



Absorption: Ingestion

Designed by Freepik

Process: 
Agent enters the body through the mouth and travel

through the gastrointestinal (GI) tract (e.g., via food

or drinking water)

Key Considerations:
• Even within the GI tract, the agent is considered 

outside the body cavity until absorbed into 

the bloodstream



Process: 
Agent is absorbed through the skin

Key Considerations:

• Important exposure route for some agents, causing severe reactions (e.g., 
petrol, chemical cleaners)

• Molecular size is typically important—smaller molecules tend to penetrate 
more easily

Absorption: Dermal exposure

Designed by Freepik



Distribution

The process by which an agent is transported via blood to sites of action, storage, 
transformation, and elimination

Factors Affecting Distribution:

• Blood Flow: Rate of blood flow to organs/tissues

• Toxicant Characteristics: Affinity for tissues and partition coefficient

• Redistribution: Effects like enterohepatic recirculation

Designed by Freepik



Metabolism

Metabolism involves converting a substance into metabolites, which are often less 
toxic or easier to excrete

 ➔ This process is known as detoxification or biotransformation

Key Organs in Biotransformation:

• Liver: Primary organ for metabolism (high activity)

• Lung, Kidney, Intestine: Medium activity

• Other Organs: Low activity



Excretion

The process by which an agent is removed from the body:        

• Urinary Excretion: Water-soluble compounds filtered by the kidneys 
and excreted in urine

• Lungs: Volatile compounds are exhaled during breathing, 
solids via mucociliary clearance

• Biliary & faecal excretion: Compounds extracted by the liver, 
excreted into bile, and eliminated via faeces

• Other routes: Milk, sweat, saliva

All figures designed by Freepik
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Mechanisms of Toxicity/
Mode of Action

Delivery to the 

exposure target

Reaction of the 

toxicant with the 

target molecule

Cellular 

dysfunction and 

resultant toxicity

Repair of 

dysrepair

Effect depends on:
• Phsy-chem properties of the substance (state, solubility, etc.)
• Hazardous properties of the substance
• Exposure (dose, duration, …)
• Organism (sex, age, condition,…)

External 

dose

Toxicokinetics Toxicodynamics/Adverse Outcome Pathway



Adverse Outcome Pathway

Molecular 

interaction
Organelle 

response

Cellular 

response

Tissue 

response

Organ 

response

Organism 

response

Key events (KEs)

Adverse 

Outcome 

(AO)

Molecular 

Initiating 

Event (MIE)

Stressor

KER KER KER KER KER

Example of KE:

• Gene activation 

• Protein production

• Altered signalling

• Cell-cell interaction

Example of MIE:

• Receptor/ligand 
interaction

• DNA binding

• Protein oxidation

Example of AO:

• Disease 

• Impaired development

• Impaired reproduction

Example of KE:

• Altered tissue 
development 

• Altered tissue 
function

KER - Key Event Relationship



Dose-Response Relationship

Describes the relationship between the dose of a substance and the observed 
effect

Key Concept:

• Threshold dose: The lowest dose at which a measurable effect is observed

• Toxic effects: Occur once the dose reaches the threshold dose

• Effect intensity: The severity of the effect increases with the dose beyond the threshold

     ➔ Dose-response relationships help determine the doses at which adverse 

           effects occur or do not occur



Dose-Response Curves

→ S-shaped (sigmoidal) for most substances, indicating different intensities of 

response based on dose levels

Key Parameters:
• NOAEL: No observed adverse 

effect level

• LOAEL: Lowest observed 
adverse effect level

• Lethal dose 50% (ED50): Dose 
that causes a lethal effect in 
50% of a population
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Types of Hazards
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Point of Departure (POD)

POD: Starting point for threshold determination

• Data Source: Animal studies (in vivo), human 
studies, or in vitro data

• Common Metrics: NOAEL, LOAEL, BMD10*  

*BMD10 is the Benchmark-dose (BMD) associated with a 10% 
response and calculated using a statistical approach 
considering the shape of the dose-response curve



Extrapolation Factors

Used to convert a Point of Departure (PoD) from toxicological studies into a safe exposure level for humans.

They account for:

• Uncertainty and knowledge gaps in the data

• Biological variability within the human population (intraspecies differences)

• Differences between test species and humans (interspecies differences)

Example calculation for a common Extrapolation Factor:

Extrapolation Factor: 100 – Fold

Inter-species differences 

10 –  Fold

Inter-individual differences 

10 –  Fold

Toxicodynamics 

2.5 –  Fold (100.4)

Toxicokinetics 

4.0 –  Fold (100.6)

Toxicodynamics 

3.16 –  Fold (100.5)

Toxicokinetics 

3.16 –  Fold (100.5)



Derivation of a TLV

A Threshold Limit Value (TLV) is calculated by dividing the point of departure (e.g., chronic NOAEL or 
BMD10) by the corresponding Safety Margins:

𝑻𝑳𝑽 =
𝑷𝒐𝒊𝒏𝒕 𝒐𝒇 𝑫𝒆𝒑𝒂𝒕𝒖𝒓𝒆 𝑷𝑶𝑫 [𝑴𝒐𝒅𝒊𝒇𝒊𝒄𝒂𝒕𝒊𝒐𝒏 𝒊𝒇 𝒏𝒆𝒄𝒂𝒔𝒔𝒂𝒓𝒚]

ς 𝑬𝒙𝒕𝒓𝒂𝒑𝒐𝒍𝒂𝒕𝒊𝒐𝒏 𝑭𝒂𝒄𝒕𝒐𝒓𝒔 ∗ 𝑴𝒐𝒅𝒊𝒇𝒚𝒊𝒏𝒈 𝑭𝒂𝒄𝒕𝒐𝒓 (𝑴𝑭)

The lowest NOAEL is selected as the Point of Departure when multiple values are available

Modification Factor (MF): Adjust PoD for differences in:
• Exposure Routes (oral, inhalation, dermal)
• Bioavailability (absorption differences across species and routes)
• Exposure Conditions (rat vs. human work hours, activity levels)



Non-threshold Substances

• Typically, carcinogens and mutagens

• A linear dose-effect relationship is assumed, with no safe exposure limit

• The benchmark dose aims to reduce adverse effects to below certain thresholds, e.g.

o <1:10,000 for workers exposed over a lifetime of employment

o <1:1,000,000 for consumers exposed over a lifetime 

• If the substance is naturally occurring, the background concentration may be used to inform the 
benchmark setting
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Summary: Key Takeaways

• Hazard identification:

Identify chemical, biological, and physical hazards

• ADME principles:

Understand how absorption, distribution, metabolism, and excretion shape toxicity

• Adverse effects:

Characterize toxicity using Mode of Action (MoA) and Adverse Outcome Pathways (AOP) to connect 
molecular mechanisms to organism-level effects

• Dose-response relationships:

Grasp the link between dose and effect, including key parameters

• Threshold Limit Values (TLVs):

Use dose-response data to set exposure limits



Consequent Modules

Module 2:

• Explores the environmental fate of agents and their ecotoxicity in 
greater detail

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

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 

Appendix to Chapter R.8: Guidance for preparing a scientific report for health-based exposure limits at the workplace

European Chemical Agency (ECHA)

https://echa.europa.eu/documents/10162/2324906/ircsa_r8_appendix_oels_en.pdf/f1d45aca-193b-a7f5-55ce-032b3a13f9d8
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