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Introduction

Environmental toxicology provides the foundation for understanding how chemicals and other
toxic substances interact with living systems and the environment. Every day, humans are
exposed to a variety of agents through air, water, food, and occupational activities. Some of these
exposures are harmless, while others can cause significant harm to cells, organs, and entire
ecosystems. This Series sets the stage for your learning journey by introducing the essential
principles and concepts that underpin the study of toxicology, helping you to appreciate its
relevance in safeguarding public and environmental health.

The aim of this Series is to equip you with a clear understanding of the basic principles of
toxicology, including its definitions, classifications, and importance in public health. It intends to
build a strong conceptual foundation that will support your learning in subsequent Series.

We shall commence this Series by exploring the meaning of toxicoelogy and environmental
toxicology, together with key terms such as toxicodynamics, toxicokinetics, LD50, LC50, and
dose response. Next, we will examine the classification and types of toxicology, highlighting the
distinctions between medical, environmental, and forénsic branches. Following that, we will
consider the principles of toxicology in public health, focusing on its importance in policy,
regulation, and health standards. Finally, we will wrap up by discussing dose response concepts,
including LD and LC, dose response curves, and the basics of probit analysis. This sequential
flow will provide you with a solid grounding in the principles and foundations of environmental
toxicology.

Series Learning QOutcomes
Upon completing this Series, you should be able to:

o define toxicology and environmental toxicology, including key terms such as
toxicodynamics, toxicokinetics, LD50, LC50, and dose response,

o explain the scopeand relevance of toxicology in environmental health care,

 classify the different types of toxicology, including medical, environmental, forensic, and
other specialised branches,

« outline the principles of toxicology in public health, with emphasis on policy, regulation,
and health standards, analyse dose response relationships by interpreting LD and LC
concepts, dose response curves, and the basics of probit analysis.
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Part 1 Introduction To Toxicology
1.1 Definition of Toxicology and Environmental Toxicology

Toxicology is the scientific study of the adverse effects of chemical, physical, or biological
agents on living organisms and the environment. It examines how these agents cause harm, the
conditions under which harm occurs, and the mechanisms involved. Environmental toxicelogy
is a branch of toxicology that focuses specifically on the effects of toxic substances on
ecosystems, wildlife, and human populations through environmental exposure.

To put it simply, toxicology helps us answer questions such as: What makes a substance
harmful? How much exposure is too much?

Fill in the blank: Toxicology is the study of the effects of agents on living organisms.

Figure 1.1 Relationship between
Toxtolology and Environmental Toxiolology
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1.2 Scope and Relevance of Toxicology in Environmental Health

The scope of toxicology is broad, covering medical, environmental, forensic, industrial, and food
toxicology. Its relevance lies in protecting public health by identifying harmful substances,
setting exposure limits, and guiding policies for safe environments. For example, toxicology
informs regulations on pesticide use, air quality standards, and permissible levels of heavy
metals in drinking water.

Environmental health relies heavily on toxicology to evaluate risks, prevent poisoning, and
design interventions. Without toxicology, it would be difficult to determine whether pollutants in
air, water, or soil are safe or hazardous.

Fill in the blank: Toxicology helps establish limits for substances to protect public
health.

Box 1.1: Selected Applications of Toxicology in Environmental Health

Toxicology plays a critical role in protecting both human health and.the natural environment by
providing the scientific data necessary to manage chemical risks. Key applications include:

Setting Safe Exposure Limits: Establishing threshold values, such as Acceptable Daily Intake
(ADI) or Occupational Exposure Limits (OELs), to ensure that chemical levels in air, water, or
food do not cause adverse health effects:

Evaluating Risks of Industrial Pollutants: Assessing the toxicity and persistence of industrial
by-products (like heavy metals or PEAS) to understand their impact on local ecosystems and
downstream populations.

Guiding Public Health Interventions: Informing medical and governmental responses to
contamination events, such as advising on fish consumption or identifying the source of a local
disease cluster.

Supporting Environmental Regulations: Providing the evidence base for laws and standards,
such as the Clean Air Act or REACH, which restrict the use of hazardous substances to prevent
long-term environmental degradation.

1.3 Key Terminologies: Toxicodynamics, Toxicokinetics, LD50, LC50, Dose Response

Toxicodynamics refers to the study of the effects of toxic substances on biological targets, such
as.cells, tissues, or organs. It explains what the toxicant does to the body.

Toxicokinetics is the study of how the body absorbs, distributes, metabolises, and eliminates
toxic substances. It explains what the body does to the toxicant.

LD50 (Lethal Dose 50) is the dose of a substance that kills 50 percent of a test population,
usually animals, under controlled conditions. LC50 (Lethal Concentration 50) is the
concentration of a substance in air or water that kills 50 percent of a test population. Both are
measures of toxicity and are used to compare the relative danger of substances.

)
She-e) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Dose response describes the relationship between the amount of exposure to a toxicant and the
severity of the effect. It is often represented by a curve showing how increasing doses lead to
increasing effects.

Fill in the blank: The term that describes what the body does to a toxicant is

Figure 1.2 Relationship between
Toxicokhintics and Toxicodnamics
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Pilot questions 1

1. Which branch of toxicology focuses on the effects of toxic substances on ecosystems and
human populations?

What is the main role of toxicology in environmental health?

Define toxicodynamics in one sentence.

What does LD50 measure?

Fill in the blank: The relationship between exposure amount and effect severity is called

ol

Part 2 Classification And Types Of Toxicology
2.1 Medical Toxicology

Medical toxicology is the branch of toxicology concerned with diagnosing, managing, and
preventing poisoning in humans. It focuses‘on the €linical aspects of toxic exposure, including
drug overdoses, adverse drug reactions; and poisoning from household or industrial chemicals.
Medical toxicologists often work in hospitals, emergency departments, and poison control
centres.

Fill in the blank: Medical toxicology 1s primarily concerned with the aspects of toxic
exposure.

TOCTILOLOGY y
PROTOCOL - ACTIVATED

§OaOER

-

e LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



2.2 Environmental Toxicology

Environmental toxicology examines the effects of toxic substances on ecosystems, wildlife, and
human populations through environmental exposure. It investigates pollutants in air, water, and
soil, and assesses their impact on biodiversity and public health. For example, studies on
pesticide residues in rivers or heavy metals in soil fall under this branch.

Fill in the blank: Environmental toxicology focuses on the effects of toxic substances.on
and human populations.

Figure 1.3
Pathways of Environmental Toxicants
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2.3 Forensic Toxicology

Forensic toxicology applies toxicological knowledge to legal investigations. It involves
detecting and interpreting the presence of drugs, poisons, or chemicals in biological samples
such as blood, urine, or tissues. Forensic toxicologists play a crucial role in criminal cases,
workplace investigations, and post-mortem analyses.

Fill in the blank: Forensic toxicology is often applied in investigations.
Box 1.2: Examples of Forensic Toxicology Applications

Forensic toxicology applies the principles of toxicology to cases where the results have
administrative, civil, or criminal legal consequences. Key applications include:

Criminal Investigations Involving Poisoning: Analyzing biological samples (such as blood,
hair, or tissue) to detect the presence of toxins, drugs, or poisons used in the commission of a
crime, such as assault or homicide.

Workplace Drug Testing: Evaluating samples from employees orjob applicants to ensure
safety and compliance with organizational policies, particularly in high-risk industries like
transportation or construction.

Post-Mortem Analysis in Suspicious Deaths: Assisting medical examiners and coroners by
identifying whether drugs or toxic substances contributed to a person's death, helping to
determine the cause and manner of death.

2.4 Other Branches Of Toxicology
Beyond medical, environmental, and forensic toxicology, there are several specialised branches:

o Industrial toxicelogy: studies the effects of chemicals used in workplaces.

o Food texicology: examines natural and artificial substances in food that may cause harm.

o Ecotoxicology: focuses on the impact of toxicants on ecosystems and species
interactions.

These branches highlight the diverse applications of toxicology in everyday life and professional
practice:

Fill in the blank: The branch of toxicology that studies the effects of chemicals in workplaces is
called toxicology.

Pilot questions 2

1. Which branch of toxicology deals with diagnosing and managing poisoning in humans?
2. What does environmental toxicology investigate?
3. In which type of investigation is forensic toxicology most commonly applied?
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4. Name one specialised branch of toxicology other than medical, environmental, or
forensic.
5. Fill in the blank: Toxicology that focuses on ecosystems and species interactions is called

Part 3 Principles Of Toxicology In Public Health
3.1 Importance Of Toxicology In Environmental Health Care

Toxicology plays a vital role in protecting communities from harmful exposures. By studying
how toxicants affect living systems, toxicology provides evidence for setting safety standards
and guiding interventions. For example, toxicological research helps determine permissible
levels of lead in drinking water and acceptable pesticide residues in food. These measures
safeguard both individual health and the wider environment.

Fill in the blank: Toxicology provides evidence for setting standards and guiding
interventions.

Box 1.3: Importance of Toxicology in Public Health

Toxicology is a cornerstone of public health, providing the scientific evidence needed to protect
communities from the harmful effects-of chemical, physical, and biological agents. Its key roles
include:

Establishing Safe Exposure Limits: Determining the levels at which chemicals in our food,
water, and air are unlikely to cause harm. This includes setting standards like the Acceptable
Daily Intake (ADI).

Informing Environmental Regulations: Providing data to help governments create laws that
limit industrial emissions and waste disposal, ensuring a cleaner environment for all.
Supporting Disease Prevention Strategies: Identifying toxic triggers for chronic conditions
like cancer or respiratory diseases, allowing for proactive interventions to reduce community
exposure.

Protecting Vulnerable Populations: Assessing how toxins specifically affect high-risk groups,
suchias children, the elderly, or pregnant women, to ensure safety standards account for those
most at risk.

3.2 Role Of Toxicology In Policy And Regulation

Toxicology informs national and international policies by providing scientific data on risks
associated with chemicals and pollutants. Regulatory agencies rely on toxicological studies to
develop guidelines, such as occupational exposure limits and air quality standards. These policies
ensure that industries, households, and communities operate within safe boundaries.
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Fill in the blank: Regulatory agencies rely on

studies to develop guidelines for safe

exposure.
Regulation Toxicant Primary Purpose
Protect neurological health: Prevents
Lead in Drinking Lead (SPb$) cognitive impairment, developmental
Water Standards delays, and behavioral issues, particularly

in infants and children.

Pesticide Residue
Limits (MRLs)

Various Pesticides

Ensure food safety: Establishes
"Maximum Residue Limits" to prevent
chronic toxieity or endocrine disruption
from cumulative dietary exposure.

National Ambient

Prevent respiratory diseases: Reduces

Air Quality Nitrogen Oxides the incidence of asthma, bronchitis, and
Standards ($NO_x9) lung inflammation caused by traffic and
(NAAQS) industrial emissions.
Water Act (PFAS polyfluotoalkyl ) posure to \
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Limits) substances )

and decreased vaccine response.

Permissible Ensure occupational safety: Sets legal

Exposure Limits
(PELs)

Industrial Solvents
(e.g., Benzene)

limits on airborne concentrations in
workplaces to prevent leukemia and other
blood disorders.

3.3 Standards And Health Implications

Standards are established limits for exposure to toxicants, designed to protect public health.
They are based on toxicological evidence and often vary depending on the population at risk. For
instance, children may have stricter standards due to their vulnerability. The health implications
of failing to meet these standards include increased risk of poisoning, chronic diseases, and
environmental degradation.

Fill in the blank: Standards are established limits for
public health.
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Figure 1.4 Relationship between Toxicolgical Standards, Exposure,
and Health Implications
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Pilot questions 3

What 1s one way toxicology contributes to environmental health care?

Which type of studies do regulatory agencies rely on to set exposure guidelines?
Define standards in toxicology.

Give one example of a toxicology-based regulation.

Fill in the blank: The health implications of failing to meet toxicological standards
include increased risk of
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Part 4 Dose Response And Toxicological Concepts
4.1 Concept Of LD And LC

The Lethal Dose (LD) refers to the amount of a substance required to cause death in a living
organism. It is usually expressed relative to body weight, for example milligrams of substance
per kilogram of body weight. The most common measure is LD50, which indicates the dose that
kills 50 percent of a test population.

The Lethal Concentration (LC) refers to the concentration of a substance in air or water that
causes death in exposed organisms. The most common measure is LC50, which indicates the
concentration that kills 50 percent of a test population.

Fill in the blank: The dose of a substance that kills 50 percentof a test population is called

Parameter Lethal Dose (LD) Lethal Concentration (LC)

The total amount of a substance The concentration of a substance in
Definition that enters the body (ingested, the surrounding medium (air or

injected, or absorbed through the water) that causes death over a

skin) and causes/death: specific period of exposure.
Pl;r(.::::ry Oral, Dermaly or Intravenous. Inhalation (air) or Aquatic (water).
Common SLD {50}$: The single dose SLC_{50}$: The concentration in

required to kill 50% of a test the medium required to kill 50% of a
Measure . .

population. test population.

Milligrams per liter (mg/L),
milligrams per cubic meter (mg/m?),
or parts per million (ppm).

Milligrams per kilogram of body

Unig weight (mg/kg).

Highly dependent on the duration
of exposure (e.g., a 4-hour

SLC {50}$).

Contextual Normalized by the weight of the
Factors individual subject.

4.2 Dose Response Curves

A dose response curve is a graphical representation showing the relationship between the dose
of a toxicant and the magnitude of its effect. At low doses, there may be little or no effect, but as
the dose increases, the effect becomes more pronounced until it reaches a maximum.

o

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Dose response curves are important because they help toxicologists determine safe exposure
levels and identify thresholds beyond which harmful effects occur.

Fill in the blank: A graph showing the relationship between dose and effect is called a
curve.

Figure 1.5 Typical Dose-Response Curve
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4.3 Probit Analysis Basics

Probit analysis is a statistical method used in toxicology to analyse dose response data. It
converts percentage responses (such as mortality rates) into probability units, allowing
toxicologists to estimate lethal doses or concentrations more accurately. Probit analysis is
particularly useful when comparing the toxicity of different substances.
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Fill in the blank: Probit analysis converts percentage responses into units for statistical
evaluation.

Box 1.4: Key Features of Probit Analysis

Probit analysis is a specialized statistical method used in toxicology to analyze dose-response
data, particularly when the response is binary (e.g., survival vs. death). Its key features.include:

Converts Percentage Responses into Probability Units: It transforms the typical"'S-shaped"
(sigmoidal) dose-response curve into a linear relationship by converting response percentages
into probits (probability units). This linearization makes it much easier to analyze and interpret
the data mathematically.

Estimates Lethal Doses or Concentrations: It is the standard tool for calculating values like the
SLD_ {50}$ or SLC_{50}$. By using the linear regression of the probit units against the log of
the dose, toxicologists can precisely predict the dose at which a specific percentage of the
population will respond.

Useful for Comparing Toxicity of Substances: Because it provides a standardized linear slope,
probit analysis allows researchers to directly compare the potency of different chemicals or the
sensitivity of different species under the same conditions.

Pilot questions 4

What does LD50 represent in toxicology?

Define LC50 in one sentence.

What is the purpose of a dose response curve?

Which statistical methodis used to analyse dose response data?

Fill in the blank: Probit analysis is useful for comparing the of different
substances.

Nk W=

Series Summary

This Series has introduced you to the principles and foundations of environmental toxicology,
providing the essential background needed to appreciate its role in protecting public and
environmental health. The purpose was to build a strong conceptual base by clarifying
definitions; classifications, and the importance of toxicology in public health practice.

We began by defining toxicology and environmental toxicology, together with key terms such as
toxicodynamics, toxicokinetics, LD50, LC50, and dose response. Then we examined the
classification and types of toxicology, including medical, environmental, forensic, and
specialised branches. Following that, we explored the principles of toxicology in public health,
highlighting its importance in policy, regulation, and standards. Finally, we considered dose
response concepts, including LD and LC measures, dose response curves, and the basics of
probit analysis. By completing this Series, you should now be able to define key toxicological
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terms, explain the relevance of toxicology in environmental health care, classify the different
types of toxicology, outline its principles in public health, and analyse dose response
relationships using appropriate concepts and tools.

Concept Check Questions
Objective Questions

1. Which branch of toxicology focuses on the effects of toxic substances on ecosystems and
human populations?

2. LD50 refers to the dose of a substance that kills what percentage of a test population?
3. Which branch of toxicology applies toxicological knowledge to legal investigations?
4. Toxicokinetics describes what the does to the toxicant.

5. Standards in toxicology are established limits for to toxicants.

Short-Answer Questions

6. Define environmental toxicology in one sentence.

7. Explain one way toxicology contributes to public health policy.

8. Distinguish between LD50 and LC50.in terms of measurement units.

9. Identify one specialised branch of toxicology other than medical, environmental, or forensic.
10. What is the purpose of a dose response curve?

Long-Answer Questions

11. Analyse the importance of toxicology in environmental health care, giving examples of its
applications in public health. (Linked to SLO 1.2 and SLO 1.4)

12. Evaluate the role of probit analysis in toxicology, explaining how it supports decision-
making in comparing toxicants. (Linked to SLO 1.5)

Answers to Concept Check Questions

Objective Questions

1. ~Environmental toxicology.
2. 50 percent.

3. Forensic toxicology.

4. Body.

5. Exposure.

Short-Answer Questions

6. Environmental toxicology is the study of the effects of toxic substances on ecosystems,
wildlife, and human populations through environmental exposure.

7. Toxicology contributes to public health policy by providing evidence for setting exposure
limits, such as permissible levels of lead in drinking water.

8. LD50 is expressed in mg/kg body weight, while LC50 is expressed in mg/L or ppm.
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9. Examples include industrial toxicology, food toxicology, or ecotoxicology.
10. A dose response curve shows the relationship between the amount of exposure to a toxicant
and the severity of its effect.

Long-Answer Questions

11. Basic response: Toxicology is important in environmental health care because it helps
identify harmful substances, set safe exposure limits, and guide interventions. For example,
toxicological studies inform regulations on pesticide residues in food and air quality standards.
Value-added response: Beyond these basics, toxicology also supports risk assessment models,
contributes to international agreements on chemical safety, and protects vulnerable populations
such as children and workers in hazardous industries. It plays a role in monitoring emerging
pollutants like plastics and nanomaterials, ensuring that public health policies remain responsive
to new challenges.

12 Basic response: Probit analysis is a statistical method that converts percentage responses
into probability units, allowing toxicologists to estimate lethal doses or concentrations more
accurately.

Value-added response: In addition to its basic function, probit analysis supports
comparative studies of toxicants, helps regulators establish safety margins, and is widely
used in pesticide evaluation and pharmaceutical testing. It provides a robust framework for
decision-making when dealing with complex dose response data, ensuring consistency
across different studies and substances.

Answers to Pilot Questions
Answers to Pilot Questions 1

1. Environmental toxicology.
. Toxicology helps establish safe exposure limits for substances to protect public health.
3. Toxicodynamics is the study of the effects of toxic substances on biological targets such
as cells, tissues, or organs.
4. LDS50 measures the dose of a substance that kills 50 percent of a test population.
Dose response.

W

Answers to Pilot Questions 2

1.. Medical toxicology.

Environmental toxicology investigates pollutants in air, water, and soil, and their effects
on ecosystems and human health.

Forensic toxicology is most commonly applied in criminal investigations.

Industrial toxicology, food toxicology, or ecotoxicology.

5. Ecotoxicology.

> %

-

Do)

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Answers to Pilot Questions 3

1. Toxicology contributes to environmental health care by identifying harmful substances
and guiding interventions.

2. Regulatory agencies rely on toxicological studies to set exposure guidelines.

3. Standards in toxicology are established limits for exposure to toxicants, designed to
protect public health.

4. Examples include lead limits in drinking water, pesticide residue limits in food, and air
quality standards for nitrogen oxides.

5. Disease.

Answers to Pilot Questions 4

1. LD50 represents the dose of a substance that kills 50 percent of a test population.
LC50 is the concentration of a substance in air or watet that kills 50 percent of a test

population.

3. A dose response curve helps determine safe exposure levels and thresholds for harmful
effects.

4. Probit analysis.

5. Toxicity.

)
She-e) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Series 2 Chemical Pathology, Toxicodynamics, and Toxicokinetics in Public Health

Part 1 Introduction to Chemical Pathology

e 1.1 Definition and scope of chemical pathology
e 1.2 Principles of chemical pathology in toxicology
e 1.3 Role of chemical pathology in environmental health

Part 2 Toxicodynamics: Effects of Toxicants on Biological Systems

e 2.1 Mechanisms of toxicant action at the cellular level
e 2.2 Organ and system-level toxicological effects
e 2.3 Case examples of toxicodynamic processes

Part 3 Toxicokinetics: Movement of Toxicants in the Body

e 3.1 Absorption pathways (skin, inhalation, ingestion)
e 3.2 Distribution of toxicants in tissues and Organs

e 3.3 Metabolism and biotransformation of toxicants

e 3.4 Elimination routes and half-life concepts

Part 4 Public Health Implications of Toxicological Processes

e 4.1 Importance of toxicodynamics and toxicokinetics in risk assessment
e 4.2 Applications in prevention and control of environmental poisons
e 4.3 Standards and regulatory perspectives

Introduction

In the last Series, we explored the foundations and principles of environmental toxicology,
focusing on definitions; classifications, and dose response concepts. Building on that knowledge,
thisSeries takes us deeper into the processes that explain how toxicants interact with the body
and how the body responds to them. These processes are central to understanding the
mechanisms of poisoning and the scientific basis for prevention and control in public health.

The aim of this Series is to introduce you to the principles of chemical pathology and to equip
you with the knowledge of toxicodynamics and toxicokinetics, so that you can explain how
toxicants act on biological systems and how they move through the body. This will enable you to
connect toxicological processes with their implications for public health practice.

We shall commence this Series by examining the meaning and scope of chemical pathology,
highlighting its role in toxicology and environmental health. Next, we will explore
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toxicodynamics, focusing on how toxicants act at the cellular, organ, and system levels.
Following that, we will move on to toxicokinetics, where we shall study absorption, distribution,
metabolism, and elimination of toxicants. Finally, we will wrap up by considering the public
health implications of these processes, including their importance in risk assessment, prevention,
and regulation. This sequential flow will provide you with a clear understanding of how
toxicological science supports public health decision-making.

Series Learning QOutcomes
Upon completing this Series, you should be able to:

e define chemical pathology and explain its scope within toxicology and environmental
health,

o describe the principles of chemical pathology and its role in assessing toxicant effects,

e analyse toxicodynamic mechanisms at the cellular, organ, and system levels,

o illustrate examples of toxicodynamic processes using relevant case studies,

e explain toxicokinetic processes including absorption, distribution, metabolism, and
elimination of toxicants,

e apply toxicokinetic concepts such as half-life and biotransformation to evaluate toxicant
behaviour in the body, and

o cvaluate the public health implications of toxicodynamics and toxicokinetics in risk
assessment, prevention, and regulation.

Part 1 Introduction To Chemical Pathology
1.1 Definition and scope of chemical pathology

Chemical pathology is the branch of pathology that studies the chemical changes in the body
associated with disease: It involves the measurement and interpretation of biochemical
substances in blood, urine, and tissues to understand how diseases and toxicants affect normal
physioloegical processes. In toxicology, chemical pathology provides insight into how toxic
substances disrupt metabolic pathways and alter biochemical markers.

Chemical pathology is broad in scope, covering areas such as clinical biochemistry, toxicological
screening, and monitoring of organ function. It is essential for detecting abnormalities caused by
toxicants and for guiding treatment strategies.

Fill in the blank: Chemical pathology studies the changes in the body associated with
disease.
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Figure 2.1 Relationship between Chemical
Pathology, and Public Health
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1.2 Principles of chemical pathology in toxicology

The principles of chemical pathology in toxicology revolve around identifying biochemical
markers that indicate exposure to toxicants. These markers may include elevated enzyme levels,
abnormal metabolites, or changes in blood chemistry. For example, liver enzymes such as ALT
and AST may rise in cases of pesticide poisoning, while abnormal levels of creatinine may signal
kidney damage due to heavy metals.

Chemical pathology also emphasises the importance of laboratory methods in detecting
toxicants. Techniques such as spectrophotometry, chromatography, and immunoassays are
commonly used to measure biochemical changes.

)
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Fill in the blank: Elevated levels of liver enzymes such as
toxicant-induced damage.

and AST may indicate

Marker Associated Toxicant Indication / Clinical Significance
pesicids Sovens | Lver damags 15 el
ALT & AST (e.g., Carbon ) patocy
. . (liver cells) have been injured or
(Aminotransferases) Tetrachloride), .
Alcohol ruptured, leaking these enzymes

into circulation.

Creatinine & Urea

Heavy metals (Lead,
Cadmium, Mercury),
NSAIDs

Kidney damage: Elevated levels
suggest a decrease in the
Glomerular Filtration Rate (GFR),
meaning the kidneys are failing to
clear waste products effectively.

Impaired oxygen transport:
Formed when $CO$ binds to

%(l;lﬁ);)y haemoglobin ggl())o&g mof@ide hemoglobin with higher affinity
than oxygen, leading to tissue
hypoxia (oxygen deprivation).
Neurotoxicity: Inhibition of this

Cholinesterase Organophosphate & enzyme leads t.o an :

(AChE) Qarbamate pesticides overgccumulat'lon of ‘acetylchohne,
causing overstimulation of the
nervous system.

Cardiac injury: Presence of these

Troponins Cardiotoxic drugs, proteins in the blood indicates

Carbon Monoxide

damage to the heart muscle fibers
(myocardium).

1.3 Role of chemical pathology in environmental health

Chemical pathology plays a crucial role in environmental health by linking toxic exposures to
measurable biochemical effects. It enables health professionals to monitor populations exposed
to pollutants, assess risks, and design interventions. For instance, monitoring blood lead levels in
children living near mining sites provides evidence for public health action.

In addition, chemical pathology supports preventive strategies by identifying early biochemical
changes before clinical symptoms appear. This makes it a valuable tool for risk assessment and
for setting environmental standards.

)
She-e) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Fill in the blank: Monitoring blood levels in children near mining sites provides evidence
for public health action.

Box 2.1: Applications of Chemical Pathology in Environmental Health

Chemical pathology provides the analytical tools needed to bridge the gap between
environmental exposure and clinical disease. By examining changes in body chemistry, it serves
several vital functions:

Monitoring Biochemical Markers in Exposed Populations: Conducting large-scale
"biomonitoring" to measure the internal dose of pollutants (like lead in blood ot mercury in hair)
within a community to assess the extent of environmental contaminations

Supporting Risk Assessment and Regulation: Providing the physiological data necessary to
determine "safe" levels of exposure. Chemical pathology helps regulators understand at what
point a chemical begins to disrupt normal biological functions.

Detecting Early Changes Before Symptoms Appear: Identifymg "sub-clinical" markers—
changes in enzymes or metabolites that signal toxicity long before@ patient feels ill. This allows
for early intervention and the prevention of permanent organ damage.

Guiding Interventions and Treatment Strategies: Enabling clinicians to monitor the
effectiveness of treatments (such as chelation therapy for heavy metal poisoning) by tracking the
decline of toxic substances or the recovery of nermal biochemical levels.

Pilot questions 1

Define chemical pathology in one sentence.

What is the scope of chemical pathology in toxicology?

Name one biochemical marker that indicates liver damage due to toxicants.

Which laboratory methods are commonly used in chemical pathology for detecting
toxicants?

5. Fill in the blank: Chemical pathology supports preventive strategies by detecting
changes before symptoms appear.

b=

Part 2 Toxicodynamics: Effects Of Toxicants On Biological Systems
2.1 Mechanisms of toxicant action at the cellular level

Toxicodynamics refers to the study of the effects of toxicants on biological targets such as cells,
tissues, and organs. It explains what the toxicant does to the body. At the cellular level, toxicants
may interfere with enzyme activity, disrupt cell membranes, alter genetic material, or block
essential biochemical pathways. For example, cyanide inhibits cytochrome oxidase, preventing
cells from using oxygen effectively.
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Fill in the blank: Cyanide inhibits the enzyme oxidase, preventing cells from using
oxygen.

Figure 2.2 Cellular Mechanisms of Toxicant Action
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2.2 Organ and system-level toxicological effects

At the organ and system level, toxicants can cause damage to specific structures depending on
their target. For instance, lead affects the nervous system, mercury damages the kidneys, and
carbon monoxide impairs the cardiovascular system by reducing oxygen transport. These effects
are often dose-dependent and may vary between individuals due to genetic or environmental
factors.

Fill in the blank: Carbon monoxide impairs the cardiovascular system by reducing
transport.
o
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Toxicant Target Organ / Primary Pathological Effect
System
Neurotoxicity: Interferes with neurotransmitter
release and synapse formation; in children, it
Lead (SPbS) Nervous System leads to permanent cognitive deficits and
behavioral issues.
Mercury Kidneys (Renal Renal Damage; Inorganic mercury specifically
($Hg$) System) targets t'he proximal tubules, leading to
nephrotic syndrome or acute tubular necrosis.
Reduced Oxygen Transport: Competes with
Carbon . . . .
Monoxide Cardiovascular oxygen for hemoglobin binding sites, causing
System systemic hypoxia:and placing immense strain
($CO9)
on the heart.
Osteotoxicity: Interferes with calcium
Cadmium metabolism, leading to bone softening
($CdS) Skeletal System (osteomalacia) and increased fracture risk (e.g.,
Itai-itai disease).
Hematotoxicity: Disturbs blood cell
Bone Marrow . X : .
Benzene (Hematopoietic) production, which can lead to aplastic anemia
P or acute myeloid leukemia (AML).
Pulmonary Fibrosis: Causes scarring of lung
Lungs . . . . ;
. tissue (asbestosis) and is a primary driver of
Asbestos (Respiratory . .
mesothelioma (cancer of the lining of the
System)
lungs).

2.3 Case examples of toxicodynamic processes

Case studies provide practical illustrations of toxicodynamic processes. For example, pesticide
poisoning often results in overstimulation of the nervous system due to inhibition of

acetylcholinesterase. Another example is alcohol toxicity, which affects the liver by causing fatty

changes and cirrhosis over time. These cases highlight how toxicants act on specific biological
systems.and demonstrate the importance of toxicodynamics in clinical and environmental

contexts.

Fill in the blank: Pesticide poisoning often results in overstimulation of the nervous system due

to inhibition of

Box 2.2: Case Examples of Toxicodynamic Processes

-
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Toxicodynamics describes the specific molecular, biochemical, and physiological interactions of
a toxicant with a biological target that result in an adverse effect. The following cases illustrate
different mechanisms of action:

Pesticide Poisoning (Organophosphates): These chemicals act by the inhibition of
acetylcholinesterase, an enzyme responsible for breaking down the neurotransmitter
acetylcholine. When this enzyme is blocked, acetylcholine accumulates in the synapses, leading
to continuous overstimulation of muscles and the nervous system (cholinergic crisis).

Alcohol Toxicity (Ethanol): Chronic exposure leads to liver damage and cirrhosis. The
toxicodynamics involve the production of reactive oxygen species during metabolism and the
induction of inflammatory pathways, which trigger the replacement of healthy liver tissue with
non-functional scar tissue (fibrosis).

Cyanide Poisoning: This is a classic example of the inhibition of cellular respiration. Cyanide
binds with high affinity to the iron within cytochrome c oxidase in the mitochondria. This "short-
circuits" the electron transport chain, preventing the cell from using oxygen to-create ATP,
leading to rapid cellular and systemic asphyxiation.

Pilot questions 2

Define toxicodynamics in one sentence.

Which enzyme does cyanide inhibit at the cellular level?

Name one toxicant and its target organ.

What is the effect of carbon monoxide on the cardiovascular system?

Fill in the blank: Pesticide poisoning results.in overstimulation of the nervous system due
to inhibition of

M

Part 3 Toxicokinetics: Movement Of Toxicants In The Body
3.1 Absorption pathways (skininhalation, ingestion)

Toxicokineties refers to the study of how the body absorbs, distributes, metabolises, and
eliminates toxicants. It €xplains what the body does to the toxicant. Absorption is the first step,
and.toxicants can enter the body through several pathways. The skin allows entry of substances
such as pesticides and solvents, the respiratory tract absorbs gases and vapours like carbon
monoxide, and the digestive tract absorbs toxicants from contaminated food or water.

Fill in the blank: The respiratory tract absorbs gases and vapours such as
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Figure 2.3 Absorption Pathways of Toxicants
T e

2. Inhalation
1. Skin (Dermal) Absorption
Absorption

Systemic Circulation
(Bloodbream)
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(Gastorsomital)
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3.2 Distribution of toxicants in tissues and organs

Once absorbed, toxicants are distributed throughout the body via the bloodstream. Distribution
depends on factors such as solubility, blood flow, and binding to proteins. Lipid-soluble
toxicants often accumulate in fatty tissues, while others may concentrate in specific organs such
as the liver or kidneys. This selective distribution explains why certain organs are more
vulnerable to toxicant damage.

Fill in the blank: Lipid-soluble toxicants often accumulate in tissues.
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Toxicant

Primary Site of

Clinical & Biological Effect

Accumulation
Long-term storage: Lead mimics calcium
Bones and and is integrated into the bone matrix. It can
Lead ($PbS) Teeth be slowly released back into the bloodstream
years later, especially during pregnancy or
menopause, causing delayed.toxicity.
Renal damage: Inorganic mercury.
Kidneys (and accumulates in the renal cortex, particularly in
Mercury ($Hg$) Brain) the proximal tubule cells, leading to cellular
necrosis and kidney failure.
Persistent toxicity: Because they are highly
. lipophilic (fat-soluble), dioxins remain in the
Dioxins (POPs) ??SISI:;S: (Fatty) body for decades. They are linked to

endocrine disruption, reproductive issues, and
chloracne.

Bioaccumulation: These substances stay in

Organochlorines Adipose Tissues the fat stores and can be released during
(e.g., DDT) periods of rapid weight loss or lactation,
potentially affecting nursing infants.
Skeletal Fluorosis: Excess accumulation in
. bone tissue can lead to increased bone density
Fluoride Skeletal System

but extreme brittleness, resulting in joint pain
and fractures.

3.3 Metabolism and biotransformation of toxicants

Metabolism or biotransformation refers to the chemical modification of toxicants within the
body, usually in the liver. The process often occurs in two phases: Phase I reactions (such as
oxidation, reduction, or hydrolysis) and Phase II reactions (such as conjugation). These reactions
may detoxify the toxicant or, in some cases, convert it into a more harmful compound.

Fill in the blank: Phase I metabolic reactions include oxidation, reduction, or
Box 2.3: Phases of Toxicant Metabolism (Biotransformation)
)
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Biotransformation is the process by which the body modifies foreign chemicals (xenobiotics) to
make them more water-soluble and easier to excrete. This process occurs primarily in the liver,
though the kidneys and lungs also play a role.

Phase I: Modification

Processes: Oxidation, reduction, and hydrolysis.

Goal: To introduce or uncover a functional group (such as $-OH$, $-NH 283, or $-SHS).
Key Enzyme System: The Cytochrome P450 (CYP450) enzyme family is the most critical
player in this phase.

Note: Sometimes Phase I can make a chemical more toxic (bioactivation) before it reaches Phase
I1.

Phase II: Conjugation

Processes: Glucuronidation, sulphation, glutathione conjugation, and acetylation.

Goal: To attach a large, polar endogenous molecule to the toxicant.

Result: This dramatically increases water solubility, rendering the substance less biologically
active and preparing it for rapid excretion via urine or bile.

3.4 Elimination routes and half-life concepts

Elimination is the final stage of toxicokinetics, where toxicants are removed from the body.
Common routes include urine, faeces, sweat, and exhaled air. The half-life of a toxicant refers to
the time required for its concentration in the body to reduce by half. Toxicants with long half-
lives, such as dioxins, remain in the body for extended periods and pose greater risks.

Fill in the blank: The time required for a toxicant’s concentration in the body to reduce by half is
called its
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Figure 2.4 Elimination Curve of a Toxicant
IHllustrating First-Order Kintetics & Half-Life
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Pilot questions 3

Define toxicokinetics in one sentence.

Name one pathway through which toxicants can enter the body.

Which tissues do lipid=soluble toxicants often accumulate in?

What is the main site of toxicant metabolism?

Fill in the blank: The time required for a toxicant’s concentration to reduce by half is
called its

Nk W=

Part 4 Public Health Implications Of Toxicological Processes
4.1 Importance of toxicodynamics and toxicokinetics in risk assessment

Toxicodynamics and toxicokinetics together provide the foundation for risk assessment, which
is the process of evaluating the likelihood and severity of harm from exposure to toxicants.
Toxicodynamics explains what the toxicant does to the body, while toxicokinetics explains what
the body does to the toxicant. When combined, they allow scientists and public health
professionals to predict outcomes, set safe exposure limits, and design effective interventions.

Fill in the blank: Toxicodynamics explains what the toxicant does to the , while
toxicokinetics explains what the body does to the toxicant.
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Figure 2.5 Integration of Toxiconamics and
Toxicoknantics in Risk Assesment
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4.2 Applications in prevention and control of environmental poisons

Public health relies on toxicological processes to prevent and control environmental poisoning.
For example, monitoring pesticide residues in food, setting occupational exposure limits for
industrial chemicals, and regulating emissions from factories all depend on toxicological
evidence. These applications protect vulnerable populations such as children, workers, and
communities living near industrial sites.

Fill in the blank: Monitoring pesticide residues in is an example of applying
toxicological processes in public health.

Box 2.4: Applications of Toxicological Processes in Public Health
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Toxicology provides the scientific foundation for public health policies and interventions. By
understanding how chemicals move through the body (toxicokinetics) and cause harm
(toxicodynamics), health authorities can implement strategies to reduce disease burden across
populations.

Monitoring Pesticide Residues in Food: Using data on chronic toxicity and metabolic
breakdown to establish Maximum Residue Limits (MRLs). This ensures that trace amounts of
pesticides remaining on produce do not pose a health risk to consumers over a lifetime.

Setting Occupational Exposure Limits (OELSs): Determining the concentration.of airborne
substances (like silica dust or solvent vapors) that workers can be exposed to daily without
adverse effects. This application is vital for preventing "industrial diseases" like silicosis or
occupational asthma.

Regulating Industrial Emissions: Applying toxicological data to set "stack limits" for factories.
By understanding how pollutants like sulfur dioxide or heavy metals dispetse and affect the
respiratory and cardiovascular systems, regulators can prevent community-wide health crises.
Protecting Vulnerable Populations: Identifying groups—such as.infants, the elderly, or
pregnant women—who may be more susceptible to toxicants due to differences in metabolism or
developing organ systems. This leads to stricter protective standards, such as those for lead or
mercury.

4.3 Standards and regulatory perspectives

Standards are established limits for exposure to toxicants, designed to protect public health.
They are informed by toxicokinetic and toxicodynamic data, ensuring that exposure levels
remain below harmful thresholds. Regulatory agencies such as the World Health Organization
(WHO) and national environmental bodies use these standards to guide policies and enforce
compliance.

Fill in the blank: Standards are established limits for to toxicants, designed to protect
public health.
Standard Type Toxicant Primary Purpose
. Protect neurological health: Specifically
Mg A designed to prevent cognitive impairment and
Contaminant Lead ($Pb$) & p ENIHVE TP
developmental neurotoxicity in children and
Level (MCL) .
infants.
Prevent cancer risk: Aims to minimize the
Occupational risk of developing leukemia and other
Exposure Limit Benzene hematologic (blood-related) disorders in
(OEL) industrial workers exposed over a 40-year
career.
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Standard Type Toxicant Primary Purpose

Reduce respiratory diseases: Establishes
thresholds to prevent acute
bronchoconstriction and chronic obstructive
pulmonary disease (COPD) in vulnerable
populations.

Air Quality Sulphur Dioxide
Guideline (AQG) ($SO_2%)

Protect endocrine health: Limits daily

Tolerable Daily Bisphenol A ingestion to levels that avoid interference with
Intake (TDI) (BPA) hormonal signaling and reproductive
development.

Protect fetal development: Provides a safety
Reference Dose Methylmercury threshold for dietary intake (often via fish) to
(RfD) prevent damage to.the developing central
nervous system.of a fetus.

Pilot questions 4

How do toxicodynamics and toxicokinetics contribute to risk assessment?
Give one example of applying toxicological processes in public health.
Define standards in toxicology.

Which international organisation uses toxicological data to guide policies?
Fill in the blank: Standards are established limits for to toxicants.

M

Series Summary

This Series has focused on chemical pathology and the processes of toxicodynamics and
toxicokinetics, highlighting their importance in public health. Its purpose was to build on the
foundational concepts from the previous Series by showing how toxicants act on biological
systems and how the body responds to them. These insights are essential for risk assessment,
prevention, and regulation in environmental health.

We began by introducing chemical pathology, defining its scope and role in toxicology. Then we
examined toxicodynamics, exploring mechanisms of toxicant action at the cellular, organ, and
system levels, supported by case examples. Following that, we studied toxicokinetics, covering
absorption, distribution, metabolism, and elimination of toxicants, including the concept of half-
life. Finally, we considered the public health implications of these processes, linking them to risk
assessment, prevention, and regulatory standards. By completing this Series, you should now be
able to define chemical patholog, describe its principles, analyse toxicodynamic mechanisms,
illustrate case examples, explain toxicokinetic processes, apply concepts such as half-life and
biotransformation, and evaluate their public health implications.
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Concept Check Questions
Objective Questions

1. Chemical pathology studies the changes in the body associated with disease.
Elevated levels of ALT and AST are markers of toxicant-induced damage in which
organ?

Toxicodynamics explains what the toxicant does to the

Lipid-soluble toxicants often accumulate in which type of tissue?

5. The time required for a toxicant’s concentration in the body to reduce by half is called its

W

Short-Answer Questions

6. Define chemical pathology in one sentence.

7. Explain one principle of chemical pathology in toxicology.

8. Identify one toxicant and its target organ, stating the effect.

9. Distinguish between Phase I and Phase Il metabolism of toxicants.
10. State one application of toxicological processes in public health.

Long-Answer Questions

11. Analyse toxicodynamic mechanisms at the cellular and organ levels, using examples to
illustrate their effects.

12. Evaluate the importance of toxicokinetics in risk assessment, prevention, and regulation in
public health.

Answers to Concept Check Questions

Objective Questions

1. Chemical.
2. Liver.

3. Body.

4. <Fatty tissues.
5. Half-life.

Short-Answer Questions

6. Chemical pathology is the branch of pathology that studies chemical changes in the body
associated with disease.

7. One principle of chemical pathology in toxicology is identifying biochemical markers, such as
elevated liver enzymes, that indicate toxicant exposure.

8. Lead targets the nervous system, causing neurotoxicity.

9. Phase I metabolism involves oxidation, reduction, or hydrolysis, while Phase II metabolism
involves conjugation reactions such as glucuronidation or sulphation.
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10. Monitoring pesticide residues in food is an application of toxicological processes in public
health.

Long-Answer Questions

11. Basic response: Toxicodynamic mechanisms at the cellular level include enzyme inhibition
and membrane disruption, while at the organ level toxicants may damage specific systems..For
example, cyanide inhibits cytochrome oxidase in cells, and lead causes neurotoxicity in the
nervous system.

Value-added response: Beyond these basics, toxicodynamics also considers genetic
susceptibility, synergistic effects of multiple toxicants, and long-term consequences such as
carcinogenesis. Case studies such as pesticide poisoning (acetylcholinesterase inhibition) and
alcohol toxicity (liver cirrhosis) illustrate how toxicants act on different biological systems.

12 Basic response: Toxicokinetics is important in public health because it explains how
toxicants are absorbed, distributed, metabolised, and eliminated, helping to-predict exposure
risks.

Value-added response: In addition, toxicokinetics supports regulatory decisions by
providing data for setting exposure limits, informs medical treatment strategies such as
antidote administration, and helps identify vulnerable populations. It also plays a role in
emerging areas such as biomonitoringand environmental risk modelling, ensuring that
prevention and regulation remain evidence-based.

Answers to Pilot Questions
Answers to Pilot Questions 1

e Chemical changes.

o It covers clinical biochemistry, toxicological screening, and monitoring of organ
function.

e ALT.

e Spectrophotometry, chromatography, and immunoassays.

o Early biochemical changes.

Answers to Pilot Questions 2

o - Toxicodynamics is the study of the effects of toxicants on biological targets such as cells,
tissues, or organs.

e Cytochrome oxidase.

e Lead —nervous system.

e Reduced oxygen transport.

e Acetylcholinesterase.
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Answers to Pilot Questions 3

o Toxicokinetics is the study of how the body absorbs, distributes, metabolises, and
eliminates toxicants.

e Skin, inhalation, or ingestion.

o Fatty tissues.

e Liver.

o Half-life.

Answers to Pilot Questions 4

o Toxicodynamics explains what the toxicant does to the body, while toxicokinetics
explains what the body does to the toxicant.

e Monitoring pesticide residues in food.

o Standards are established limits for exposure to toxicants, designed to protect public
health.

e World Health Organization (WHO).

e Exposure.
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Series 3 Environmental and Medical Toxicants: Sources, Exposure, and
Pathophysiology

Part 1 Sources of Environmental and Medical Toxicants

e 1.1 Natural sources (e.g., plants, microbes, minerals)
e 1.2 Anthropogenic sources (e.g., industrial, agricultural, pharmaceutical)
e 1.3 Classification of toxicants by origin

Part 2 Exposure Pathways and Routes

e 2.1 Inhalation exposure (air pollutants, gases, vapours)
e 2.2 Ingestion exposure (food, water, drugs)

e 2.3 Dermal exposure (skin contact with chemicals)

e 2.4 Occupational and accidental exposures

Part 3 Pathophysiology of Environmental Toxicants

e 3.1 Mechanisms of toxicity at organ level (liver, kidney, nervous system)
e 3.2 Acute versus chronic toxicological effects
e 3.3 Case examples of environmental poisoning

Part 4 Pathophysiology of Medical Toxicants

e 4.1 Drug-induced toxicity (e.g., paracetamol overdose, chemotherapy agents)
e 4.2 Adverse drug reactions and iatrogenic effects
e 4.3 Case examples of medical toxicants in public health

Part S Public Health Perspectives on Toxicant Exposure

e 5.1 Risk assessment and vulnerable populations
e 5.2 Preventive strategies and interventions
¢ 5.3 Regulatory and policy frameworks

Introduction

In the previous Series, we examined chemical pathology alongside toxicodynamics and
toxicokinetics, focusing on how toxicants act on biological systems and how the body responds
to them. Building on that foundation, this Series shifts attention to the toxicants themselves,
exploring their sources, pathways of exposure, and the pathophysiological changes they cause.
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This perspective is crucial because it connects the science of toxicology directly to the everyday
realities of environmental and medical hazards that affect public health.

The aim of this Series is to familiarise you with the origins of environmental and medical
toxicants, explain how they enter and affect the body, and highlight the pathophysiological
consequences of exposure. By doing so, the Series intends to equip you with the knowledge
needed to assess risks, recognise toxicant-related health problems, and appreciate the importance
of preventive and regulatory measures.

We shall commence this Series by exploring the sources of environmental and medical toxicants,
considering both natural and human-made origins. Next, we will examine the pathways and
routes of exposure, including inhalation, ingestion, dermal contact, and occupational risks.
Following that, we will study the pathophysiology of environmental toxicants, focusing on
organ-level mechanisms and case examples. Subsequently, we will move on to the
pathophysiology of medical toxicants, looking at drug-induced toxicity and adverse reactions.
Finally, we will conclude with public health perspectives, whetre we will discuss risk assessment,
preventive strategies, and regulatory frameworks. This structured flow will help you connect
toxicant sources and exposures to their health effects and public health implications

Series Learning Outcomes
Upon completing this Series, you should be able to:

e define environmental and medical toxicants and classify them according to their sources,

e explain natural and anthropogenic origins of toxicants and their relevance to public
health,

o describe major exposure pathways including inhalation, ingestion, dermal contact, and
occupational routes,

« analyse the pathophysiological effects of environmental toxicants at organ and system
levels,

o illustrate case examples of environmental poisoning and their clinical implications,

o explain drug-induced toxicity and adverse reactions associated with medical toxicants,

o evaluate the public health perspectives of toxicant exposure, including risk assessment,
prevention, and regulation.

Part 1 Sources Of Environmental And Medical Toxicants
1.1 Natural sources
Natural sources of toxicants are those that originate from the environment without human

intervention. These include plants that produce toxic compounds (such as alkaloids in
nightshade), microbes that generate toxins (like botulinum toxin), and minerals that release

-
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harmful substances (such as arsenic in groundwater). Natural toxicants often serve ecological
functions, such as defence mechanisms in plants, but they can pose serious risks to human health
when exposure occurs.

Fill in the blank: Arsenic in is an example of a naturally occurring toxicant.

Figure 3.1 Natural Sources of Toxicants
Toxins from the Environment

A\
Bacterial Toxins
(e.g, Botulinum,
(eg, Saxitoxin,
. in shellfeff)

* Alkolalds (e g., Atropine) Heavy Metals
* Glycusides (eg, Cyanide) (eg, Lead, Mercury

Natura | Radon (Radictoive gas)
Fungal Toxids. (eg,

(Contamated water)

* Mycotoxins (eg, Aflatoxin,

from molds on plants) Toxicants

Human & Ecological Exposure
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1.2 Anthropogenic sources

Anthropogenic sources are toxicants introduced into the environment through human activities.
Examples include industrial chemicals such as benzene, agricultural pesticides, pharmaceutical
drugs, and pollutants from combustion processes. These toxicants are often widespread due to
industrialisation and urbanisation, making them a major concern for public health.

-
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Fill in the blank: Benzene released from processes is an example of an anthropogenic
toxicant.

Source Toxicant Example Pathological Effect

Carcinogenic effects: Long-term
exposure is strongly linked to the
development of leukemia and other
cancers of the blood-forming organs.

Industry Benzene

Neurological damage: Inhibits essential
Pesticides (e.g., enzymes in the nervous system, leading to
Organophosphates) tremors, paralysis, or cognitive
impairment.

Agriculture

Organ toxicity: While designed to kill
cancer cells; these drugs can cause
Pharmaceuticals Chemotherapy drugs secondary damage to the heart
(cardiotoxicity) or kidneys
(nephrotoxicity).

Impaired oxygen transport: Displaces
Carbon Monoxide oxygen from hemoglobin, leading to tissue
($CO9) hypoxia and, in high concentrations, death
by asphyxiation.

Combustion

Endocrine disruption: These persistent
Waste o . organic pollutants (POPs) interfere with
Dioxins . :
Management hormone signaling and can cause
reproductive and developmental issues.

1.3 Classification of toxicants by origin

Toxicants can be classified by their origin into environmental toxicants and medical toxicants.
Environmental toxicants include pollutants, pesticides, and naturally occurring substances, while
medical toxicants are drugs or therapeutic agents that cause harm when misused or overdosed.

This classification helps in identifying the source of exposure and tailoring preventive strategies.

Fill in the blank: Toxicants can be classified by origin into environmental toxicants and
toxicants.

)
She-e) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Box 3.1: Classification of Toxicants by Origin

Understanding the origin of a toxicant is the first step in determining the likely route of exposure
and the appropriate regulatory or clinical response. Toxicants are generally classified into two
broad categories:

Environmental Toxicants: These are substances found in the air, water,$oil, or food supply.
They can be naturally occurring or the result of human activity.

Pollutants: Industrial chemicals (e.g., PCBs), heavy metals from mining, and air pellutants like
$SO 28 or particulate matter.

Pesticides: Chemicals used in agriculture and vector control (e:g.;herbicides, insecticides).
Natural Substances: Toxins produced by plants (phytotoxins), fungi (mycotoxins), or minerals
like arsenic leaching into groundwater.

Medical Toxicants: These are substances specifically designed for human or animal use that
produce harmful effects due to overdose, misuse, or inherent side effects.

Drugs & Therapeutic Agents: Prescription and over-the-counter medications that may have a
narrow therapeutic index (e.g., warfarin, digoxin):

Adverse Reactions: Unexpected or excessive biological responses to a standard dose of a
medication (e.g., drug-induced liver injury).

Iatrogenic Toxicity: Toxicity resulting from medical treatment or diagnostic procedures (e.g.,
contrast dye-induced nephropathy).

Pilot questions 1

Define natural sources of toxicants with one example.

Give tworexamples of anthropogenic sources of toxicants.

What is the difference between environmental toxicants and medical toxicants?

Fill in'the blank: Arsenic in is an example of a naturally occurring toxicant.

Fill in the blank: Toxicants can be classified by origin into environmental toxicants and
toxicants.

Nk W=

Part2 Exposure Pathways And Routes

2.1 Inhalation exposure

FW
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Inhalation exposure occurs when toxicants enter the body through breathing. Air pollutants
such as sulphur dioxide, carbon monoxide, and particulate matter are common examples. Gases
and vapours can quickly reach the bloodstream via the lungs, making inhalation one of the fastest
and most dangerous routes of exposure.

Fill in the blank: monoxide is a toxicant that enters the body through inhalation and
impairs oxygen transport.

Figure 3.2 Inhalation Exposure Pathway
Toxicants Entering the Body Through the Respiratory Tract

Target
Organs

Systemic Circulation
(Bloodstream)

Open Healthy Resources

2.2 Ingestion exposure

Ingestion exposure occurs when toxicants are swallowed through contaminated food, water, or
drugs. Examples include pesticide residues in crops, heavy metals in drinking water, and

)
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overdoses of pharmaceuticals. The digestive tract absorbs these substances, which then pass into
the bloodstream and affect organs such as the liver and kidneys.

Fill in the blank: Heavy metals such as in drinking water are examples of ingestion
exposure.
Source Toxicant Primary Pathological Effect

Neurological damage: Chroni¢ ingestion can

Food Pesticide residues lead to cognitive impairments and
(e.g., Chlorpyrifos) developmental neurotoxieity, particularly in

children.
Developmental disorders: Ingestion of lead

Water Lead ($PbS) from old pipes-or.contaminated grgundwater
can cause permanent 1Q 10ss, hearing
impairment, and stunted growth.
Liver toxicity: In overdose, the liver's

Druss Paracetamol metabolic pathways become saturated, leading

g (Acetaminophen) to the aceumulation of the toxic metabolite

NAPQI, which causes acute liver failure.

Neurotoxicity: Bioaccumulates in fish;
Seafood Methylmercury ingestion by pregnant women can disrupt fetal
brain development (Minamata Disease).

Hepatocarcinogenesis: Produced by

Contaminated Aflatoxins (Fungal Aspergillus molds on stored crops; long-term
Grains toxins) ingestion is a major risk factor for liver
cancer.

2.3 Dermal exposure

Dermal exposure occurs when toxicants penetrate the skin. Chemicals such as solvents,
pesticides, and industrial agents can be absorbed through direct contact. The skin acts as a
barrier, but prolonged or repeated exposure can allow toxicants to enter the bloodstream.

Fill in the blank: Dermal exposure occurs when toxicants penetrate the
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2.4 Occupational and aceidental exposures

Occupational exposure refers to toxicants encountered in workplaces such as factories, farms, or
hospitals. Accidental exposure occurs when toxicants are released unexpectedly, for example
during chemical spills or explosions. Both types of exposure can be severe and require
preventive measures such as protective equipment, training, and emergency response systems.

Fill'in the blank: Occupational exposure refers to toxicants encountered in such as
factories or farms.
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Setting / Primary Toxicant Health Impacts & Risks

Population Exposure
Acute: Dizziness, euphoria, and
headaches.

Industrial Organic Solvents (e.g.,

Workers Benzene, Toluene)
Chronic: Neurotoxicity (solvent-induced
encephalopathy), liver/kidney damage,
and increased leukemia risk.
Acute: Nausea, tremors, and respiratory
distress.

Agricultural Pesticides (e.g.;

Workers Organophosphates)
Chronic: Linked to Parkinson’s disease,
non-Hodgkin lymphoma, and
reproductive issues.
Risks: Secondary organ toxicity, DNA

Healthcare Antineoplastic damage, and infertility. Exposure often

Staff (Chemotherapy) Drugs occurs via drug preparation,
administration, or handling patient waste.
Acute: Chemical burns, respiratory
failure, and mass fatalities.

Affected Chemical Spills &

. Leaks (e.g., Bhopal
Communities .
disaster)

Chronic: Long-term environmental
contamination of soil/water and persistent
health issues in survivors.

Pilot questions 2

1. Define inhalation exposure with one example.

2. Give two examples of ingestion exposure.

-
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Fill in the blank: Dermal exposure occurs when toxicants penetrate the

What is the difference between occupational and accidental exposure?

5. Fill in the blank: Occupational exposure refers to toxicants encountered in such
as factories or farms.

R

Part 3 Pathophysiology Of Environmental Toxicants
3.1 Mechanisms of toxicity at organ level

Environmental toxicants exert their harmful effects by targeting specific organs. For example,
lead damages the nervous system, arsenic affects the skin and liver, and mercury impairs
kidney function. These toxicants interfere with normal biochemical and physiological processes,
leading to organ dysfunction. The severity of damage often depends on the dose; duration of
exposure, and individual susceptibility.

Fill in the blank: is an environmental toxicant that primarily damages the nervous
system.

Figure 3.3 Organ-leval Effects of
Environmental Toxicants
Common Target Organs & Pathologies

1. Nervous System 2. Liver S 3. Kidneys
(Neurotoxixity) (Hepatoxixity) (Nephtoxixity)

Lead, Mercury, Pesticides Alcohol, Paratcamol, Heavy Metals. NSAIDS
Cogntive Impaiment, Fatty Liver Disease, Acute Kidney Injury,
Peripheral Nousptohy, Cirnohis, Chronic Kidey Diseae,
Developmentl Issues Liver Cancer Tubuliar Necressis

- Open Healthy Resources

3.2 Acute versus chronic toxicological effects

Toxicants can produce acute effects, which occur shortly after exposure, or chronic effects,
which develop over a longer period. Acute effects may include headaches, nausea, or respiratory
distress, while chronic effects may involve cancer, organ failure, or developmental disorders.
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Understanding the difference between acute and chronic effects is essential for designing
preventive strategies and treatment plans.

Fill in the blank: Cancer and developmental disorders are examples of toxicological
effects.
Type of . Examples of .
Effect Characteristics Symptoms/Outcomes Time Frame
Occurs shortly after a
single or short-term
high-dose exposure. Headache, nausea, Short-term:
Acute Effects are often dizziness, chemical burns, Immediate
reversible if treated respiratory distress, or (seconds/minutes)
quickly, though seizure. to 24-48 hours.
severe cases can be
fatal.
Results from repeated
or continuous low- Cancer (carcinogenesis),
. . Lo Long-term:
level exposure over a cirrhosis, chronic kidney
. . . . Months, years, or
Chronic long period. Effects disease, organ failure, and
. ) even decades
are often irreversible permanent developmental (prolonged)
and may remain latent || or neurological disorders. P £ed).
for years.

3.3 Case examples of environmental poisoning

Case studies illustrate how environmental toxicants affect human health. For instance,
Minamata disease in Japan was caused by mercury contamination in seafood, leading to
neurological damage. Anothere€xample is arsenic poisoning from contaminated groundwater in
Bangladesh, whichresulted in skin lesions and cancers. These cases highlight the importance of
monitoring environmental exposures and implementing public health interventions.

Fill‘in the blank: Minamata disease was caused by contamination of seafood with

-
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Toxicant

Case Study Involved Source & Pathway Primary Health Impact
Industrial
wastewater Severe Neurological
Minamata discharged into Damage: Ataxia,
Disease Methvimercur Minamata Bay; numbness in hands/feet,
(Japan, y y bioaccumulated in muscle weakness, and
1950s) seafood consumed congenital disabilities in
by the local infants.
population.
Naturally occurring Chromc T0x1ct‘y: Skin
. . .\ lesions (keratosis),
Arsenic . arsenic leaching into . :
L Inorganic hyperpigmentation, and
Poisoning . shallow tube wells Al .
Arsenic oy significantly increased
(Bangladesh) used for drinking .
.. S risk of bladder, lung, and
water and irrigation. :
skin cancers.
Acute Lethality &
Accidental release Chronic Respiratory
Bhopal Methyl of 40 tons of toxic Illness: Thousands died
Disaster Isocyanate gas from a pesticide instantly from pulmonary
(India, 1984) (MIC) Gas plant due to safety edema; survivors suffer

system failures.

from chronic lung and
eye disease.

Pilot questions 3

1. Name one environmental toxicant and the organ it primarily affects.
What is the difference between acute and chronic toxicological effects?

3. Fill in the blank: Cancer and developmental disorders are examples of
toxicological effects.

4. Give one case example of environmental poisoning.

>
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Fill in the blank: Minamata disease was caused by contamination of seafood with




Part 4 Pathophysiology Of Medical Toxicants
4.1 Drug-induced toxicity

Drug-induced toxicity occurs when therapeutic agents cause harm, either through overdose or
unintended side effects. For example, paracetamol overdose can lead to severe liver damage,
while chemotherapy drugs may cause bone marrow suppression. These toxic effects highlight the
importance of dosage regulation and monitoring in medical practice.

Fill in the blank: Paracetamol overdose can lead to severe damage.
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Figure 3.4 Drug-induced Toxicity Examples
Target Organs & Specific Pathologies

y £
Paracalemol 2. Liver Chemoroary Drugs
(Actephtoxixity) (Hepatoxixity) (e.gl. Vincrisin,
Cypclchtoxixity)
Hepatbnxixity: Bone Marrov
Liver Cell Necrosis & Suppression:
Acute Liver Failure Myelosiupon, Anemia,
(typically due overdose) Immunssoprroan

OER

- Open Healthy Resources
4.2 Adverse drug reactions and iatrogenic effects

Adverse drug reactions (ADRSs) are harmful or unintended responses to drugs at normal doses.
They may range from mild allergic reactions to severe organ damage. Iatrogenic effects are
illnesses or injuries caused by medical treatment itself, including drug administration errors or
inappropriate prescriptions. Both ADRs and iatrogenic effects are significant concerns in public
health because they increase morbidity and healthcare costs.

Fill in the blank: Illnesses or injuries caused by medical treatment itself are called
effects.
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Category Specific Example Pathological Outcome
Adverse Hypersensitivity: Ranges from mild skin rashes
Drug Penicillin Allergy to life-threatening anaphylaxis (systemic
Reaction immune response).
Adverse NSAIDs (e.g.. Gastric Ulc.era.tlon: Inhlbltlon.of protect{ve
Drug Tbuprofen) prostaglandins in the stomach lining, leading to
Reaction p erosion and potential bleeding.
Immunosuppression: Significant reduction in
Iatrogenic white blood cell counts (neutropenia), making
Effect Chemotherapy the patient highly susceptible to opportunistic
infections.
. Wrong Acute Organ Damage: Toxicity resulting from
Iatrogenic T . .9 .
Effect Prescription/Dose medication errors, such as hepatotoxicity from
Error an accidental double-dose of a prescribed drug.
. . Post-operative Infection: Harm introduced
Iatrogenic Surgical . )
Effect Complications Qurlng the process of a medical procedure
intended to be therapeutic.

4.3 Case examples of medical toxicants in public health

Case studies illustrate the impact of medical toxicants. For instance, paracetamol overdose is a
leading cause of acute liver failure worldwide. Another example is thalidomide, which caused
birth defects when prescribed to pregnant women in the 1960s. These cases emphasise the need
for strict regulation, careful prescribing, and patient education to prevent medical toxicant-
related harm.

Fill in the blank: Thalidomide caused severe defects when prescribed to pregnant women
in the 1960s.
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Case Stud Toxicant Mechanism of Public Health
y Involved Toxicity Outcome
Saturation of Acute Liver Failure:
glutathione pathways One of the leading
Paracetamol Acetaminophen leads to the buildup causes of emergency
Overdose (NAPQI of a reactive liver transplants
metabolite) intermediate that worldwide; led to
causes centrilobular regulations onpack
necrosis of the liver. sizes.
Bone Marrow
Targeted destruction Suppression: Leads to
Cytostatic Drugs of rapidly dividing anemia, leukopenia
gr;;ndztherapy (e.g., cells; unfortunately (low WBC), and
y Doxorubicin) affects healthy cells increased infection
in the bene marrow. risk, requiring strict
clinical monitoring.
ﬁ;:li igg?(iﬂgmauy Phocomelia (Birth
. ) Defects): Resulted in
morning sickness .
. . thousands of babies
Thalidomide . . that acts as a .
Thalidomide . . born with shortened
Tragedy teratogen, disrupting o ..
. limbs; revolutionized
limb bud .
. global drug testing and
development during
safety protocols.
pregnancy.

Pilot questions 4

1./ Define drug=induced toxicity with one example.
What are adverse drug reactions?

3. Fill in the blank: Illnesses or injuries caused by medical treatment itself are called

effects.
4. Give one case example of medical toxicants in public health.

5. Fill in the blank: Thalidomide caused severe defects when prescribed to pregnant

women in the 1960s.
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Part S Public Health Perspectives On Toxicant Exposure

5.1 Risk assessment and vulnerable populations

Risk assessment is the process of evaluating the likelihood and severity of harm from toxicant
exposure. It involves identifying hazards, estimating exposure levels, and determining potential
health outcomes. Vulnerable populations such as children, pregnant women, the elderly, and
workers in high-risk occupations are often more susceptible to toxicant effects due to

physiological or environmental factors.

Fill in the blank: populations such as children and workers in high-risk occupations are
more susceptible to toxicant effects.

Figure 3.5 Risk Assessment and Vulnertable
Populations: A Public Health Framework

1 Hazard 2. Exposure 3. Risk Characteriation
Identification Assesment & Outcome Evaluation

e Qualttival analysis = Source & pathway - Likellelog & severity
= Toxicology studies (ivntro, animal, * Dose-response . « Quantirzatle risk estimation
o » Measured/Estimated intake
Nl O"“ereh&‘ Suscepmb//ty a@’@z
» +
& £
< - <
G Vunerable Populations: Q.
= Increased Suscetitiblity S
So %)
& %)
3 =
e o
fsy
&

Infants & Children: Pregnant Individuals: Elderly & Il
(e.g. Lead, Pesticides) (e.g. Mercury, Alcohol (e.g., Polyphamacy,
Organ Dyfngistion
0
OER

- Open Healthy Resources
5.2 Preventive strategies and interventions

Preventive strategies aim to reduce toxicant exposure before harm occurs. These include
promoting safe agricultural practices, improving industrial hygiene, ensuring clean water
supplies, and educating communities about toxicant risks. Interventions may involve medical
treatment, environmental clean-up, or policy enforcement. Together, prevention and intervention

safeguard public health.
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Fill in the blank: Preventive strategies aim to reduce toxicant

before harm occurs.

Strategy Focus Area Intervention Examples
Safe Integrated Pest Management (IPM) to reduce
Agricultural Food & Soil chemical use; mandatory "withdrawal periods"
Practices before harvesting crops treated with pesticides.
Industrial Implementation of local exhaust ventilation,
Hygiene Workplace substitution of toxic solvents with water-based
Measures alternatives, and mandatory use of PPE.
Installation of arsenic-removal filters inhigh-risk
Clean Water . .
e . Environment zones and centralized water treatment to remove
Initiatives
heavy metals and pathogens.
Community Public Public awareness campaigns regarding the dangers
. of lead paint, proper storage of household
Education Health . I . .
chemicals, and nutrition to reduce toxin absorption.
. Development of antidotes (e.g., N-acetylcysteine
Medical & - " "
. . Treatment for paracetamol); environmental "Superfund" clean-
Remedial Action . . o
up of contaminated industrial sites.

5.3 Regulatory and policy frameworks

Regulatory frameworks establish standards and laws to control toxicant exposure. International
organisations such as the World Health Organization (WHO) and national agencies set
permissible limits for pollutants, chemicals, and drugs. Policies also guide monitoring,
enforcement, and penalties for violations. Effective regulation ensures that toxicological
evidence translates into public health protection.

Fill in the blank: International organisations such as the

pollutants and chemicals.

set permissible limits for

Organisation / . Example Standard or
Primary Focus .
Agency Regulation
Global Health: Setting Alr Quality Gu1dellne§ (AQG)'
World Health . . Recommended global limits for
.. international benchmarks for .
Organization health safety and disease particulate matter
(WHO) arety ($PM_{2.5}$), ozone, and
prevention. : S
nitrogen dioxide.
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Organisation /
Agency

Primary Focus

Example Standard or
Regulation

US Environmental
Protection Agency
(EPA)

Environmental Protection:

Regulating pollutants in air,
water, and soil within the
United States.

National Primary Drinking
Water Regulations:
Enforceable Maximum
Contaminant Levels (MCLs) for
lead, arsenic, and nitrates.

Pharmaceuticals: Ensuring

Drug Safety Regulations:

National Drug Requirements for clinical trial
. the safety, efficacy, and .
Agencies (e.g., litv of h d phases and post-marketing
FDA, EMA) quality of human an surveillance to identify adverse
’ veterinary medicines. reactions
. Permissible' Exposure Limits
Occupational ggtre lzgl;l;znsa;fg;);es from (PELs): Legal limits on the
Admin (OSHA) | Phvieal and chemical wsbestos or sl worker can
hazards during their labor.
be exposed to.
. ) REACH (Registration,
European Chenpcal Managgment. Evaluation, Authorisation and
Chemicals Agency Oversi ghigfiREemIy Restriction of Chemicals): A
(ECHA) substagelg maiQeturg or "no data, no market" framework

imported into the EU.

for industrial chemicals.

Pilot questions 5

What is risk assessment in toxicology?

Name two vulnerable populations more susceptible to toxicant effects.

Fill in the blank: Preventive strategies aim to reduce toxicant before harm occurs.
Give one example of a preventive strategy.

Fill'in the blank: International organisations such as the
pollutants and chemicals.

NhAWDN =

set permissible limits for

Series Summary

This Series has explored environmental and medical toxicants, focusing on their sources,
pathways of exposure, and the pathophysiological changes they cause. Its purpose was to
connect the science of toxicology with real-world hazards that affect public health, showing how
toxicants originate, how they enter the body, and the health consequences that follow.
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We began by examining natural and anthropogenic sources of toxicants, then moved on to
exposure pathways such as inhalation, ingestion, dermal contact, and occupational risks. We
studied the pathophysiology of environmental toxicants, distinguishing between acute and
chronic effects and reviewing case examples like Minamata disease and arsenic poisoning. We
then explored medical toxicants, including drug-induced toxicity, adverse drug reactions, and
iatrogenic effects, supported by case studies such as paracetamol overdose and thalidomide:
Finally, we considered public health perspectives, including risk assessment, preventive
strategies, and regulatory frameworks. By completing this Series, you should now be able to
define and classify toxicant, explain their sources, describe exposure pathways, analyse
environmental toxicant effects, illustrate case examples, explain medical toxicant impacts, and
evaluate public health perspectives on toxicant exposure.

Concept Check Questions

Objective Questions

1. Environmental toxicants can originate from sources such as plants, microbes, and
minerals.

2. Benzene released from industrial processes is‘an example of an toxicant.

3. Minamata disease was caused by contamination of seafood with

4. Thalidomide caused severe defects when prescribed to pregnant women in the
1960s.

Short-Answer Questions

6. Define environmental toxicants and give one example.

7. Explain one anthropogenic source of toxicants and its public health relevance.
8. Describe one pathway of toxicant exposure and its mechanism.

9. Distinguish between acute and chronic toxicological effects with examples.
10. State one preventive strategy for reducing toxicant exposure in communities.

Long-Answer Questions

11. Analyse thepathophysiological effects of environmental toxicants at organ and system
levels, using case examples to illustrate.

12. Evaluate the importance of public health perspectives in managing toxicant exposure,
including risk assessment, preventive strategies, and regulatory frameworks.

Answers to Concept Check Questions
Objective Questions

1. Natural.
2. Anthropogenic.
3. Fatty.
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4. Mercury.
5. Birth.

Short-Answer Questions

6. Environmental toxicants are harmful substances from the environment that affect health;
example: arsenic in groundwater.

7. Industrial processes release benzene, which is carcinogenic and poses significant risks to
workers and nearby communities.

8. Inhalation exposure occurs when toxicants such as carbon monoxide enter the lungs and
quickly reach the bloodstream.

9. Acute effects occur shortly after exposure, e.g., headaches or nausea, while chronic effects
develop over time, e.g., cancer or organ failure.

10. Ensuring clean water supplies is one preventive strategy for reducing toxicant exposure in
communities.

Long-Answer Questions

11. Basic response: Environmental toxicants damage organs such as the nervous system (lead),
liver (arsenic), and kidneys (mercury). Acute effects may include nausea or respiratory distress,
while chronic effects include cancer and developmental disorders. Case examples include
Minamata disease (mercury poisoning) and-arsenic poisoning.in Bangladesh.

Value-added response: Beyond these basics, environmental toxicants may act synergistically,
interact with genetic predispositions, and contribute to long-term public health crises. For
example, the Bhopal disaster illustrates accidental exposure, while persistent pollutants like
dioxins show how chronic low-level exposure can accumulate and cause systemic effects.

12. Basic response: Public health perspectives are important because they use toxicological
evidence to assess risks, prevent exposure, and regulate toxicants. Strategies include risk
assessment, preventive measures, and regulatory standards.

Value-added response: Outstanding learners may highlight how public health perspectives
integrate global frameworks (WHO guidelines), community education, occupational safety,
and environmental monitoring. They may also discuss emerging challenges such as climate
change increasing exposure risks, and the role of biomonitoring in identifying vulnerable
populations.

Answers to Pilot Questions
Answers to Pilot Questions 1

e Arsenic in groundwater.

e Industry and agriculture.

o Environmental toxicants are pollutants, pesticides, or natural substances, while medical
toxicants are drugs or therapeutic agents.

e Groundwater.

-
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e Medical.
Answers to Pilot Questions 2

o Inhalation exposure occurs when toxicants enter the body through breathing; example:
carbon monoxide.

e Pesticide residues in food and lead in drinking water.

e Skin.

e Occupational exposure is routine contact with toxicants in workplaces, while accidental
exposure results from unexpected releases such as spills.

e Workplaces.

Answers to Pilot Questions 3

e Lead — nervous system.
e Acute effects occur shortly after exposure, while chronic effects develop over time.

e Chronic.
e Arsenic poisoning in Bangladesh.
e Mercury.

Answers to Pilot Questions 4

e Drug-induced toxicity is harm caused by therapeutic agents; example: paracetamol
overdose leading to liver damage.

o Adverse drug reactions are harmful or unintended responses to drugs at normal doses.

o Jatrogenic.

e Thalidomide causing birth defects.

e Birth.

Answers to Pilot Questions 5

o Risk assessment is the process of evaluating the likelihood and severity of harm from
toxicant exposure.

e Children and pregnant women.

o ~Exposure.

e Clean water supply initiatives.

o World Health Organization (WHO).
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Series 4 Poisoning, Prevention, Control, and Forensic Applications in Toxicology

Part 1 Types and Mechanisms of Poisoning

e 1.1 Classification of poisoning (acute, chronic, accidental, intentional)
e 1.2 Mechanisms of poisoning at cellular and systemic levels
e 1.3 Case examples of poisoning incidents

Part 2 Prevention and Control Strategies

e 2.1 Primary prevention (education, safe practices, regulation)
e 2.2 Secondary prevention (early detection, antidotes, medical intervention)
e 2.3 Control measures in occupational and community.settings

Part 3 Forensic Applications in Toxicology

e 3.1 Role of toxicology in forensic investigations
e 3.2 Analytical techniques for detecting poisons
e 3.3 Legal and ethical considerations in forensic toxicology

Part 4 Public Health and Policy Perspectives

e 4.1 Poison control centres and emergency response systems
e 4.2 National and international regulatory frameworks
e 4.3 Integration of toxicology into public health policy

Introduction

In the previous Series, we examined environmental and medical toxicants, their sources,
exposure pathways, and the pathophysiological changes they cause. Building on that foundation,
thisSeries turns to the practical and applied dimensions of toxicology, focusing on poisoning, its
prevention and control, and the forensic applications that link toxicology to law, medicine, and
public health.

The aim of this Series is to equip you with the knowledge and skills to recognise different types
of poisoning, understand their mechanisms, and apply strategies for prevention and control. It
also introduces the forensic role of toxicology, showing how toxicological evidence is used in
investigations, legal proceedings, and policy development.

We shall begin by studying the types and mechanisms of poisoning, including acute, chronic,
accidental, and intentional forms. Next, we will explore prevention and control strategies,
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ranging from education and regulation to antidote use and occupational safety. We will then
examine forensic applications, focusing on analytical techniques, investigative roles, and ethical
considerations. Finally, we will conclude with public health and policy perspectives, highlighting
poison control centres, emergency response systems, and regulatory frameworks. This structured
flow will help you connect the science of toxicology with its practical applications in
safeguarding health and supporting justice.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

e define the main types of poisoning, including acute, chronic, accidental, and intentional
forms,

o explain the mechanisms of poisoning at cellular and systemic levels,

o analyse case examples of poisoning incidents and their health implications,

o describe primary prevention strategies such as education, safe practices, and regulation,

o demonstrate secondary prevention measures including early detection and antidote use,

o evaluate control measures for poisoning in‘occupational and community settings,

o explain the role of toxicology in forensic investigations,

o identify analytical techniques used for detecting poisons in forensic toxicology,

o discuss legal and ethical considerations in forensic toxicology,

o describe the functions of poison-control centres and emergency response systems,

o evaluate national and international regulatory frameworks for managing poisoning risks,

o appraise the integration of toxicology into public health policy.

Part 1 Types And Mechanisms Of Poisoning
1.1 Classification of poisoning
Poisoning can be ¢classified into several categories based on intent, duration, and exposure:

e Acute poisoning: occurs suddenly, often from a single large dose (e.g., pesticide
ingestion).

o Chronic poisoning: results from repeated or continuous exposure over time (e.g., lead
accumulation).

e  Accidental poisoning: unintentional, often involving children or workplace mishaps.

o - Intentional poisoning: deliberate, either for self-harm or criminal purposes.

Fill in the blank: Repeated or continuous exposure to toxicants over time leads to
poisoning.
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Figure 4.1 Classification of Poisoning: A Toxicological Framework
Catgenoring Exposure Type & Intent

Acute Poisoning

+ Single high-dose exposure
+ Immediate severe synptoms
+ EG, Medication overdose,
Chemical spill

Chronic Poisoning

* Repeated low-dose exposure

« Gradual onsst of symstoms
+ E4, Heavy metal accunulation,
Long-tem solvent exposure

Time Course Poisoning

Accidenal Poisoning Intentional Poisoning

« Uninilentional ingestion/exposure + Deliberate self-harm
+ Common in chiidren, occupational + Homicidal intent
« EG, Child eats berries, + EG, Suicide attempng toxins

Industrial leak

Circumstance/Intent
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ill in the blank: Cyanide poisoning inhibits cellular , preventing energy production.
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Level Mechanism Exafnple Pathological Effect
Toxicant
Blocks Respiration: Binds to
Enzvme Cvanide cytochrome c oxidase in
Cellular ym J N mitochondria, preventing the cell from
Inhibition ($CN~-$) . .
using oxygen to produce ATP, leading
to "cellular suffocation."
Cell Lysis: Dissolves the lipid bilayer
Detergents or .
Membrane . of the cell membrane; causing the cell
Cellular Organic . ' .
Damage to losedts structural integrity and leak
Solvents .
its contents.
Genotoxicity: Forms adducts with
AflatdXins of DNA, leading to mutations that can
Cellular DNA Damage . trigger programmed cell death
UV Radiation .
(apoptosis) or uncontrolled growth
(cancer).
Hypoxia: Competes with oxygen for
Oxygen Carbon binding sites on hemoglobin, forming
Systemic Transport Monoxide carboxyhemoglobin, which reduces
Interference ($COS) the blood's capacity to deliver oxygen
to tissues.
Neurological & Renal Damage:
Accumulates in specific organs like
Systemic |[[ Organ Toxicity || Lead ($Pb$) the brain (disrupting
neurotransmission) and kidneys
(causing tubule damage).
Central Respiratory Failure: Depresses the
Svstemic Nervous Opioids or brain's respiratory center, leading to a
y System Barbiturates dangerous decrease in breathing rate
Depression and potential cardiac arrest.

1.3 Case examples of poisoning incidents

Real-world cases illustrate the impact of poisoning. The Bhopal disaster in India (1984)
involved accidental release of methyl isocyanate gas, causing thousands of deaths and chronic
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illnesses. Another example is carbon monoxide poisoning, often occurring in poorly ventilated
homes. These cases highlight the need for prevention, rapid response, and forensic investigation.

Fill in the blank: The Bhopal disaster involved accidental release of gas in India in 1984.
Inc1de1?t / Primary Toxicant Route of Exposure Impact & Lesson
Scenario Learned

Mass/Acute

Poisoning: Caused
thousands of deaths
and hundreds of
thousands of
injuries: It led to the
creation of the
"Right to Know"
laws regarding
industrial chemicals.

B!lopal Methyl Isocyanate Inhalation: Magswe
Disaster (MIC) leak from a pesticide
(1984) plant in India.

The "Silent
Killer": Odorless
Inhalation: Faulty and colorless gas
Domestic CO Carbon Monoxide hegters, blocked that causes systemic
Poisoning (CO) chlmneys, or car h}{pox‘la. ‘
exhaust in enclosed Highlighted the life-
spaces. saving importance
of home CO
detectors.
Acute Cholinergic
Crisis: Common in
Ingestion/Dermal: rural areas;
Agricultural Accidental ingestion emphasizes the need
Pesticide Organophosphates due to improper for child-resistant
Misuse storage or lack of PPE packaging and
during spraying. color-coded labeling
of agricultural
chemicals.

Pilot questions 1

Define acute poisoning with one example.

What is the difference between chronic and accidental poisoning?
Fill in the blank: Cyanide poisoning inhibits cellular

Name one systemic mechanism of poisoning and its effect.

el S
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5. Fill in the blank: The Bhopal disaster involved accidental release of gas in India
in 1984.

Part 2 Prevention And Control Strategies
2.1 Primary prevention

Primary prevention aims to stop poisoning before it occurs. This includes public education
campaigns, safe agricultural practices, proper labelling of chemicals, and strict regulation of
hazardous substances. For example, teaching communities about safe pesticide use reduces
accidental ingestion.

Fill in the blank: Primary prevention aims to stop poisoning before it

Figure 4.2 Primary Prevention Strategies:
Breaking the Chain of Poisoning
Stopping Poisoning Before It Happens

1. Education & 2. Regulation & Policy

Awareness - . e
Prevention Strict chemical bans,
child-reistant paclaegny,
workplace safety laws,
air/water quality quality

I standards

Public health campaigns,
clear labeling,school school
programs, first aid training

3. Safe Practices &
Engineering Controls

Ventiaation systems,
proper PPE use, storage,
lead-free )
infrasticcture “/fw

OER

2.2 Secondary prevention

Secondary prevention focuses on early detection and prompt intervention to minimise harm.
This includes medical screening, use of antidotes, and rapid emergency response. For instance,
administering activated charcoal in cases of drug overdose can prevent absorption of toxicants.

-
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Fill in the blank: Secondary prevention focuses on early and prompt intervention to
minimise harm.

Measure Specific Example Effect & Clinical Benefit
Early Detection: Identifies asymptomatic
Medical Blood Lead exposure in high-risk populations (e.g.,
. Level (BLL) children in old housing), allowing for
Screening . . 27
Testing environmental remediation before permanent
neurological damage occurs.
Prevents Absorption: Administered after
Adsorption Activated ingestion to bind toxicants in therGI tract,
preventing them from entering the
Therapy Charcoal : .
bloodstream«Mest effective when given
within one hour of ingestion.
Rapid Intervention: Provides immediate,
Emergency Poison Control expert guldange to caregivers or clinicians,
. reducing the time to treatment and
Response Helplines : "
preventing unnecessary or harmful "home
remedies."
Occupational Safety: Monitors farm
Biomonitorin Cholinesterase workers exposed to organophosphate
g Testing pesticides to detect subclinical toxicity and
mandate a removal from further exposure.
Physical Removal: Uses polyethylene
Gastric Whole Bowel glycol to flush the GI tract; typically
Decontamination Irrigation reserved for "body packers" or ingestion of
sustained-release medications.

2.3 Control measures in occupational and community settings

Control measures reduce poisoning risks in workplaces and communities. These include
protective equipment (gloves, masks), safe storage of chemicals, ventilation systems, and
community monitoring programmes. Occupational safety laws also enforce standards to protect
workers from toxicant exposure.

Fill in the blank: Control measures in workplaces include protective such as gloves and
masks.
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. Control . .
Setting Measure Description & Purpose
. Use of specialized gloves, N95 or chemical
Protective . . :
. . respirators (masks), and eye protection to provide
Occupational Equipment . . . . s
(PPE) a physical barrier against dermal and inhalation
exposure.
e Implementation of local exhaust ventilation (LEV)
. Ventilation .
Occupational or fume hoods to remove toxic vapars, dusts, and
Systems .
gases from the breathing zone of workers.
. Safe Chemical Ut111"21ng secondar'}'/ containment, clearflabeling,
Occupational and "lock-and-key" systems for hazardous
Storage . s
substances to preventspills or unauthorized access.
Routine testing of public water supplies and
Communit Monitoring ambient air quality to detect toxicant levels
y Programmes before they reach dangerous thresholds for the
general population.
. Education & P.ubl.lc h§alth campaigns on le?ad paint safety, the
Community . distribution of carbon monoxide detectors, and
Policy A, . . . .
legislation regarding child-resistant packaging.

Pilot questions 2

1. Define primary prevention with one example.

Fill in the blank: Secondary prevention focuses on early and prompt intervention

to minimise harm.

Name two control measures used in occupational settings.

What is the difference between primary and secondary prevention?

5. Fill in the blank: Control measures in workplaces include protective such as
gloves and masks.

P w

Part 3 Forensic Applications In Toxicology
3.1 Role of toxicology in forensic investigations

Forensic toxicology applies toxicological knowledge to legal and investigative contexts. It helps
determine whether poisoning contributed to death, impairment, or criminal activity.
Toxicologists work with law enforcement, medical examiners, and courts to provide evidence on
toxicant presence and effects.

o

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Fill in the blank: Forensic toxicology applies toxicological knowledge to and
investigative contexts.

Figure 4.3 Role of Toxilology in Forensic Investigations
Connecting Crime Scene to Courtroom Evidence

Informs further
investigation

Laboratory
Analysis &
Identification

Interpetation &
Courtoom
Evidence

1. Crime Scene &
Sample
Collection

* Discovery of substances * Chain of custody « Expert toxicologist temstony
* Biological samples * Analytical Techniques « Effect on behavior/impiarment
(blood, urine, tissue) (e.gl, GC-MS, LC-MS) « Cause on behavior/impiment
* Toxicant identification & » Cause of death determinaion
+ Non-biological samples quantification Drug-facilitated crimes
* Non-biological samples « Metolaite detection

(pills, powders, food)
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3.2 Analytical techniques for detecting poisons

Forensic toxicologists use analytical techniques to detect and quantify toxicants. Common
methods include:

e Chromatography (e.g., gas chromatography, liquid chromatography)
e Spectroscopy (e.g., mass spectrometry, infrared spectroscopy)
o Immunoassays for drug screening
These techniques allow precise identification of toxicants in biological samples such as
blood, urine, and tissues.
o
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Fill in the blank: chromatography and mass spectrometry are common techniques used in
forensic toxicology.

Technique Example Application in Forensics

Rapid Drug Screening: Used as/a

ELISA (Enzyme- preliminary test to detect the presence
Immunoassay Linked Immunosorbent of specific drug classes (e.g., opiates,
Assay) cannabinoids) in a large aumber of
samples quickly.
Separation of Compounds:
Gas Chromatography Physically separates complex mixtures
Chromatography (GC) or Liquid into individual components based on
Chromatography (LC) their chemical properties as they pass

through a column.

Identification'& Quantification:
Provides a "molecular fingerprint" of a
Mass Spectrometry substance. It is the "gold standard" for
(MS) confirming the exact identity of a
toxicant and measuring its
concentration.

Spectroscopy

Confirmatory Testing: Combines the
separation power of chromatography
GC-MS or LC-MS/MS with the identification power of mass
spectrometry to provide legally
defensible evidence.

Hyphenated
Techniques

3.3 Legal andethical considerations in forensic toxicology

Forensic toxicology must adhere to strict legal and ethical standards. Evidence must be collected,
analysed, and reported with accuracy and integrity. Ethical considerations include
confidentiality, impartiality, and avoidance of bias. Legally, toxicological evidence must meet
admissibility standards in court, such as reliability and relevance.

Fill in the blank: Forensic toxicology evidence must meet standards in court, such as
reliability and relevance.
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Key Legal and Ethical Pillars:

o Confidentiality: Strict protection of sensitive medical and personal data
belonging to patients, victims, and suspects. Disclosure is limited only to
authorized legal parties to prevent unauthorized leaks and protect due process.

o Impartiality: Maintaining an objective, "evidence-first" approach regardless of
whether the work is commissioned by the prosecution or the defense. The goal is
to provide scientific truth, not to support a specific legal narrative.

o Reliability and Relevance: Ensuring that all evidence is backed by a documented
Chain of Custody and validated methodology. Results must be interpreted in a
way that is relevant to the case (e.g., distinguishing between mere presence of a
drug and actual impairment).

o Admissibility Standards: Adherence to legal benchmarks for scientific evidence
(such as the Daubert or Frye standards). This ensures that only peer-reviewed,
generally accepted, and accurately measured scientific data is presented in a court
of law.

Pilot questions 3

1. Define forensic toxicology withrone example of its application.

Fill in the blank: chromatography and mass spectrometry are common techniques
used in forensic toxicology.

Name two analytical techniques-used in forensic toxicology.

What legal and ethical considerations must forensic toxicologists follow?

Fill in the blank: Forensic toxicology evidence must meet standards in court, such
as reliability and relevance.

whw

Part 4 Public Health And Policy Perspectives
4.1 Poison control centres and emergency response systems

Poison control centres provide immediate advice and support in cases of poisoning. They
operate helplines, guide first responders, and coordinate with hospitals. Emergency response
systems ensure rapid intervention during poisoning outbreaks or accidents, reducing morbidity
and mortality.

Fill in the blank: Poison control centres provide immediate advice and support in cases of
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Figure 4.4 Poison Control Centres and
Emergency Response Systems:
A Lifsaving Network

g
Hospital
Coordination
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2. Triage support
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4.2 National and international regulatory frameworks

Regulatory frameworks establish standards to minimise poisoning risks. National agencies (e.g.,
NAFDAC in Nigeria, US EPA) regulate chemicals, drugs, and pollutants. International
organisations such as WHO set global guidelines for safe exposure limits. These frameworks
ensure consistency, safety, and accountability in toxicology practice.

Fill'in the blank: International organisations such as the set global guidelines for safe
exposure limits.
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Organisation /
Agency

Focus Area

Example Standard or
Regulation

NAFDAC (National

Agency for Food and
Drug Administration
and Control, Nigeria)

Drug and Food Safety:
Regulating the
manufacture, distribution,
and sale of food, drugs,
and chemicals within
Nigeria.

Pharmaceutical Regulation:
Enforcing strict compliance with
Good Manufacturing Practices
(GMP) and monitoring for
counterfeit or-substandard
medications.

US EPA
(Environmental
Protection Agency,
United States)

Environmental
Protection: Monitoring
and setting limits for
pollutants in the air,
water, and soil to protect
human health.

Safe Drinking Water Act
(SDWA): Setting Maximum
Contaminant Levels (MCLs) for
substances like lead, nitrates, and
volatile organic compounds in
public water systems.

Global Health: Providing
leadership on critical

Air Quality Guidelines (AQG):
Providing evidence-based

WHO (World Health recommendations for limits on
S health matters and :

Organization) monitorine elobal health particulate matter (SPM_{2.5}$

trends an dgr?s ks and $PM_{10}$), ozone ($O_39),
’ and nitrogen dioxide (SNO_2$).

Chemical Safety: REA.CH Regulation: :
Managing the technical Requ.l rement for comp anies to

ECHA (European and administrative aspects identify and manage the risks

Chemicals Agency) p linked to the substances they

of chemical registration in
the European Union.

manufacture and market in the
EU.

4.3 Integration of toxicology into public health policy

Toxicology informs public health policy by providing evidence on risks, exposures, and
interventions. Policies may include banning hazardous substances, mandating safety labelling, or
funding poison control centres. Integration ensures that toxicological knowledge translates into
effective health protection strategies.

Fill in the blank: Toxicology informs public health policy by providing evidence on risks,
exposures, and .
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Policy Action

Toxicological Foundation

Public Health Impact

Eliminates the primary source of

Banning Identification of high toxicity :
. . exposure, leading to a long-term

Hazardous or carcinogenicity (e.g., Lead .. =

. . decline in chronic illnesses and
Substances in paint, Asbestos). :

developmental issues.

Risk assessment and Empowers consumers and workers
Mandating communication of hazardous to handle chemicals/safely,
Safety Labelling properties (e.g., GHS significantly reducing accidental

pictograms). ingestion or dermal contact.

Provides a 24/7 safety net for rapid
triage, reducing hospital admission
ratesrand preventing deaths from
acute poisoning.

Funding Poison
Control Centres

Clinical toxicology and
emergency response data.

Determination of Threshold Protects the workforce from long-

Occupational Limit Values (TLVs) and term disability and acute injury
Safety . . . .

Permissible Exposure Limits through engineering controls and
Programmes

(PELs). mandatory monitoring.

Pilot questions 4

1. What is the role of poison control centres?
Fill in the blank: Intefnational organisations such as the
safe exposure limits.

set global guidelines for

3. Name twomational agencies that regulate toxicants.
4. Give one example of how toxicology informs public health policy.
5. Fill in the blank: Toxicology informs public health policy by providing evidence on risks,

exposures, and

Series Summary

This Series focused on poisoning, its prevention and control, and the forensic applications of
toxicology. Its purpose was to highlight how toxicological knowledge is applied in safeguarding
health and supporting justice, making the content directly relevant to both medical and public
health practice.

We began by examining the types and mechanisms of poisoning, including acute, chronic,
accidental, and intentional forms, before moving on to prevention and control strategies such as
education, antidote use, and occupational safety measures. We then explored forensic
applications, covering the role of toxicology in investigations, analytical techniques, and the
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legal and ethical standards required in practice. Finally, we considered public health and policy
perspectives, including poison control centres, regulatory frameworks, and the integration of
toxicology into health policy. By completing this Series, you should now be able to define and
explain types and mechanisms of poisoning, analyse case examples, describe and demonstrate
prevention and control strategies, explain forensic roles and techniques, and evaluate public
health and policy perspectives.

Concept Check Questions
Objective Questions

1. Acute poisoning occurs after a single large dose, while repeated exposure over time leads
to poisoning.
Cyanide poisoning inhibits cellular , preventing energy production.
The Bhopal disaster involved accidental release of gas in India in 1984.
Primary prevention aims to stop poisoning before it

chromatography and mass spectrometry are common techniques used in forensic
toxicology.

bl

Short-Answer Questions

6. Define chronic poisoning with one example.

7. Explain one systemic mechanism of poisoning and its effect.

8. Describe one secondary prevention measure and its purpose.

9. Identify two control measures used in occupational settings to reduce poisoning risks.
10. State one legal or ethical consideration forensic toxicologists must follow.

11. Name one national agency and one international organisation that regulate toxicants.
12. Give one example of how toxicology informs public health policy.

Long-Answer Questions

13. Analyse the types and mechanisms of poisoning at cellular and systemic levels, using case
examples to illustrate.

14. Evaluate prevention and control strategies for poisoning, distinguishing between primary,
secondary, and occupational/community measures.

15. Discuss the role of forensic toxicology in investigations, including analytical techniques and
legal/ethical considerations.

16. Appraise the importance of poison control centres and regulatory frameworks in public
health, with examples of integration into policy.

Answers to Concept Check Questions
Objective Questions

1. Chronic.
2. Respiration.
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3. Methyl isocyanate.
4. Occurs.
5. QGas.

Short-Answer Questions

6. Chronic poisoning results from repeated or continuous exposure over time; example: lead
accumulation in bones.

7. Carbon monoxide interferes with oxygen transport, leading to hypoxia.

8. Activated charcoal is a secondary prevention measure that prevents absorption.ef toxicants in
overdose cases.

9. Protective equipment (gloves, masks) and safe chemical storage.

10. Forensic toxicologists must maintain impartiality and ensure evidence meets admissibility
standards in court.

11. National agency: NAFDAC (Nigeria); International organisation: WHO.

12. Toxicology informs policy by supporting bans on hazardous substances or mandating safety
labelling.

Long-Answer Questions

13. Basic response: Types of poisoning include acute, chronic, accidental, and intentional.
Mechanisms at the cellular level involve enzyme inhibition (cyanide) and membrane damage,
while systemic mechanisms include oxygen transport interference (carbon monoxide) and organ
toxicity (lead). Case examples include the Bhopal disaster and carbon monoxide poisoning.
Value-added response: Outstanding learners may highlight how chronic poisoning interacts
with genetic predispositions, or how/large-scale disasters like Bhopal illustrate both acute and
chronic effects. They may also discuss how forensic investigations use these mechanisms to
establish cause of death.

14. Basic response: Primary prevention includes education and regulation, secondary
prevention involves early detection and antidotes, and occupational/community measures
include protective equipment and ventilation systems.

Value-added response: Learners may evaluate how prevention strategies differ across
contexts, such as rural agricultural communities versus industrial workplaces, and propose
integrated approaches combining education, regulation, and technology.

15. Basic response: Forensic toxicology determines whether poisoning contributed to death or
crime. Techniques include chromatography, mass spectrometry, and immunoassays. Legal
and ethical considerations involve confidentiality, impartiality, and reliability of evidence.
Value-added response: Learners may discuss challenges such as emerging synthetic drugs,
cross-border forensic collaboration, and the importance of maintaining chain of custody in
evidence handling.

16. Basic response: Poison control centres provide immediate advice and coordinate
emergency responses. Regulatory frameworks, such as WHO guidelines and national
agencies like NAFDAC, set exposure limits and safety standards.

Value-added response: Learners may appraise how poison control centres integrate with
broader health systems, evaluate gaps in regulation across countries, and propose policy
innovations such as biomonitoring programmes or international harmonisation of standards.
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Answers to Pilot Questions
Answers to Pilot Questions 1

e Acute poisoning is sudden and often from a single large dose; example: pesticide
ingestion.

e Chronic poisoning results from repeated exposure over time, while accidental poisoning
is unintentional.

o Respiration.

e Oxygen transport interference by carbon monoxide, leading to hypoxia.

e Methyl isocyanate.

Answers to Pilot Questions 2

e Primary prevention is stopping poisoning before it occurs; example: safe pesticide use
education.

e Detection.

e Protective equipment (gloves, masks) and safe chemical storage.

e Primary prevention prevents oceurrence, while secondary prevention focuses on early
detection and intervention.

e Equipment.

Answers to Pilot Questions 3

» Forensic toxicology applies toxicology to legal investigations; example: detecting drugs
in blood samples.

o Qas.

e Chromatography and immunoassays.

o Confidentiality, impartiality, and ensuring evidence meets admissibility standards.

e Admissibility.

Answers to Pilot Questions 4

e Poison control centres provide immediate advice and coordinate emergency responses in
poisoning cases.

« WHO.

e  NAFDAC (Nigeria) and US EPA.

o  Banning hazardous substances or mandating safety labelling.

o  Interventions.
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Series S Emerging Issues in Toxicology: Nanotoxicology, Xenobiotics, and
Antimicrobial Resistance

Part 1 Nanotoxicology

1.1 Introduction to nanomaterials and their applications
1.2 Mechanisms of nanotoxicity at cellular and systemic levels
1.3 Case examples of nanomaterial-related health risks

Part 2 Xenobiotics

2.1 Definition and classification of xenobiotics
2.2 Metabolism and biotransformation of xenobiotics
2.3 Toxicological effects and case studies

Part 3 Antimicrobial Resistance (AMR)

3.1 Mechanisms of antimicrobial resistance
3.2 Public health implications of AMR
3.3 Strategies for prevention and control

Part 4 Public Health and Policy Perspectives on Emerging Issues

4.1 Global monitoring and surveillance systems
4.2 Regulatory frameworks for emerging toxicants
4.3 Integration of emerging toxicology into health policy

Introduction

In recent years, toxicology has expanded beyond traditional concerns to address new challenges
brought about by technological innovation, environmental change, and global health threats.
Nanomaterials, synthetic chemicals, and resistant microbes are now part of everyday life, and
each presents unique risks to human health and ecosystems. Understanding these emerging
issues is essential for learners of toxicology, as they represent the frontier where science,
medicine, and public health meet.

The aim of this Series is to introduce you to these contemporary topics and to equip you with the
knowledge needed to analyse their mechanisms, assess their impacts, and evaluate strategies for
prevention and control.

We shall commence this Series by exploring nanotoxicology, focusing on the properties of
nanomaterials, their mechanisms of toxicity, and case examples of health risks. Next, we will
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move on to xenobiotics, examining their definition, metabolism, and toxicological effects.
Following that, we will consider antimicrobial resistance, looking at its mechanisms, public
health implications, and strategies for prevention and control. Finally, we will wrap up by
discussing public health and policy perspectives, including global monitoring systems, regulatory
frameworks, and the integration of emerging toxicological concerns into health policy. This
structured flow will help you connect scientific knowledge with practical applications in
addressing modern toxicological challenges.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e define nanomaterials and describe their applications in modern science and technology,

o explain mechanisms of nanotoxicity at cellular and systemic levels,

o analyse case examples of nanomaterial-related health risks;

o define xenobiotics and classify them according to origin‘and type,

e explain the metabolism and biotransformation pathways of xenobiotics,

» evaluate toxicological effects of xenobiotics using case studies,

o describe mechanisms of antimierobial resistance in microorganisms,

o assess the public health implications of antimicrobial resistance,

e propose strategies for prevention and control of antimicrobial resistance,

e describe global monitoring and surveillance systems for emerging toxicological issues,

e cvaluate national and international regulatory frameworks addressing emerging toxicants,
and

e appraise the integration-of emerging toxicology into public health policy.

Part 1 Nanotoxicology
1.1 Introduction to nanomaterials and their applications

Nanomaterials are materials with structures at the nanometre scale (1-100 nm). Their small size
gives them unique properties such as increased reactivity, strength, and electrical conductivity.
They are widely used in medicine (drug delivery, imaging), industry (electronics, coatings), and
consumer products (cosmetics, sunscreens). While these applications are beneficial, they also
raise concerns about potential toxicity.

Fill in the blank: Nanomaterials are materials with structures at the scale (1-100 nm).
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APPLICATIONS OF NANMATERIALS

Figure 5.1 Applications of nanomaterials

MEDICINE INDUSTRY

s oy

A\

Drug Delivery Electronics Sunscreen
& ;
@K
%@ Z= VAN
G\
Tissue Engineering Catalasis Sports Gear
@® /\ TOXICOLOGY & SAFETY
( FACTOR IMPACT ’
Size Lung iritation (asbestos-like)
Surface Charge Protein/Cellular binding
Solublity Persistence/Bioaccuulation

1.2 Mechanisms of nanotoxicity at cellular and systemic levels

Nanomaterials can interact with biological systems in ways that differ from larger particles. At
the cellular level, they may cause oxidative stress, DNA damage, and disruption of membranes.
At the systemic level, they can accumulate in organs such as the lungs, liver, and brain, leading
to inflammation or organ dysfunction. For example, inhaled nanoparticles may penetrate deep
into the lungs and enter the bloodstream.

Fill in the blank: Nanomaterials can cause oxidative stress, DNA damage, and disruption of
at the cellular level.
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Level Mechanism Example . Biological Effect
Nanomaterial
Generation of reactive oxygen
Cellular Oxidative Stress Silver (Ag), Zinc species leads to lipid
(ROS) Oxide (ZnO) peroxidation and protein
oxidation.
Quantum Dots, Direct or indirect/damage to
Cellular Genotoxicity Carbon DNA, leading to mutations or
Nanotubes inhibited replication.
Membrane Cationic Phys1c§11 r}'lpture or "pore
Cellular Polymers, formation" in the lipid bilayer,
Damage . .
Fullerenes causing cell lysis.
Mitochondrial Silica ($SiO_29) \gFrupjgn of the electron
Cellular . . 78 transport chain, reducing ATP
Dysfunction Copper Oxide .
production.
. Inflammatory Titanium Dioxide Activation of cytolgnes and .
Systemic Y macrophages, leading to chronic
Response ($TiO_29) : ; :
tissue inflammation.
- Organ Tron Oxide, Gold Sequestrathn in the 11ver,.
Systemic . spleen, or kidneys, potentially
Accumulation (Au) . .
leading to organ failure.

.| Blood-Brain Gold (Au), Nano- || Lranslocation into the CNS,
Systemic . . causing neuroinflammation or
Barrier Cross plastics L .

oxidative stress in neurons.
Suppression or overactivation of
. .. Carbon :
Systemic Immunotoxicity the immune system
Nanotubes . .
(immunosuppression).

1.3 Case examples of nanomaterial-related health risks

Several case studies highlight the risks of nanomaterials. Workers exposed to carbon nanotubes
have shown lung inflammation similar to asbestos-related disease. Silver nanoparticles used in
consumer products have raised concerns about antimicrobial resistance. Titanium dioxide
nanoparticles in sunscreens may penetrate skin under certain conditions. These examples
illustrate the importance of careful risk assessment.
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Fill in the blank: Workers exposed to carbon nanotubes have shown lung similar to
asbestos-related disease.

Case Example Summary of Health Risk

Studies of occupational exposure show that inhaling multi-walled
Carbon carbon nanotubes (MWCNTs) can lead to lung inflammation,
Nanotubes granuloma formation, and fibrosis. Because of their needle-like
(CNTs) shape, they are often compared to asbestos in terms of their potential

to cause long-term respiratory damage.

Widely used for their antibacterial properties, there is growing

Silver concern that widespread use could contribute to antimicrebial
Nanoparticles resistance (AMR). Prolonged exposure to sub-lethal.doses may
(AgNPs) allow bacteria to develop mechanisms:to."pump out" silver ions,

potentially rendering some treatments less effective.

Commonly found in sunscreens and food additives, research focuses

Titanium on skin penetration. While intact skin 1s generally an effective
Dioxide barrier, particles smaller than.4 nm or exposure on damaged skin
($TiO_29) (cuts, abrasions) may alloew for penetration into deeper epidermal

layers, potentially causing oxidative stress.

Pilot questions 1

1. Define nanomaterials ‘and give one example of their application.

Fill in the blank: Nanomaterials are materials with structures at the scale (1-100
nm).

3. Explain one cellular mechanism of nanotoxicity.

4. Name one systemic effect of nanomaterials.

5. Fill in the blank: Workers exposed to carbon nanotubes have shown lung similar
to asbestos-related disease.

Part 2 Xenobiotics
2 A Definition and classification of xenobiotics

Xenobiotics are chemical substances that are foreign to a living organism. They include drugs,
environmental pollutants, food additives, and industrial chemicals. Classification can be based on
origin (synthetic vs. natural), chemical structure, or intended use. For example, pesticides and
pharmaceuticals are common xenobiotics encountered in daily life.

Fill in the blank: Xenobiotics are chemical substances that are to a living organism.
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Figure 5.2 Classification of Xenobiotics

XENOBIOTICS

DRUGS POLLUANTS FOOD ADDITIVES INDUSTRIAL
Therapletics, Antibiotics, Pesticins, Preservrios, CHEMICALS
Recreetional Heavy Metals Colorants, Solvents,
Microplastics Flavorings Nanonnerials

2.2 Metabolism and biotransformation of xenobiotics

Xenobiotics undergo metabolism in the body to facilitate elimination. This process occurs
mainly in the liver and involves two phases:

o  Phase I reactions: oxidation, reduction, or hydrolysis, often introducing or exposing
functional groups.

o Phase II reactions: conjugation with molecules such as glucuronic acid or sulphate,
making xenobiotics more water-soluble.
These transformations reduce toxicity but sometimes produce reactive intermediates that
can cause harm.

Fill in the blank: Phase I reactions often introduce or expose groups in xenobiotics.
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Phase Reaction Type Primary Enzymes Outcome
Adds or exposes a polar
Phase c Cytochrome P450 functional group (e.g., $-OHS$;
| Oxidation (CYP) $-NH_2$); may activate a
"prodrug."
Adds electrons to the
Phase Reduction Reductases molecule; 1mpprtapt for
I compounds with nitro or azo
groups.
Phase Uses water to break chemical
I Hydrolysis Esterases, Amidases bonds (e.g., breaking aspirin
into salicylic acid).
Phase o UDP-glucurony] Attaches glucurom‘c aqd; the
Glucuronidation most.common conjugation
11 transferases (UGTS)
pathway for drugs.
Attaches a sulfate group;
Phase Sulfation Sulfotransferases significantly increases water
II (SULTSs) solubility and facilitates urine
excretion.
Neutralizes highly reactive or
Phase Glutathione Glutathione S- toxic intermediates
11 Conjugation transferases (GSTs) (electrophiles) to prevent cell
damage.
Adds an acetyl group;
Phase Acetvlation N-acetyltransferases important for the metabolism
11 y (NATS) of caffeine and certain
antibiotics.

2.3 Toxicological effects and case studies

Xenobiotics can have diverse toxicological effects depending on dose, duration, and metabolism.

Some may cause organ damage, carcinogenesis, or endocrine disruption. Case studies include
benzene exposure leading to leukaemia, and paracetamol overdose causing liver toxicity. These
examples highlight the importance of monitoring xenobiotic exposure.

Fill in the blank: Benzene exposure has been linked to

-
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Case Study Health Risk & Mechanism

Leukaemia: Chronic exposure to benzene, once a common industrial

gfllzi?sliiial solvent, is strongly linked to Acute Myeloid Leukemia (AML). Its
Chemical) metabolites (like hydroquinone) target the bone marrow, causing

genomic instability and DNA damage in hematopoietic stem cells.

Hepatotoxicity: While safe at therapeutic levels, a massive overdose
Paracetamol saturates the body's normal detoxification pathways. This leads.to an
(Drug Overdose) accumulation of the reactive metabolite NAPQI, which depletes
glutathione and causes widespread liver cell death'(necrosis).

Neurotoxicity: Chronic exposure to organophosphates can inhibit

Pesticides acetylcholinesterase, an enzyme essential for nerve signaling. In
(Agricultural agricultural workers, this is linked to-dong-term neurological
Workers) symptoms, including tremors, cognitive impairment, and increased

risk of Parkinson’s disease.

Pilot questions 2

1. Define xenobiotics with one example.

Fill in the blank: Xenobiotics are chemical substances that are to a living
organism.

3. Explain one Phase I reaction in xenobiotic metabolism.

4. Name one Phase II reaction and its outcome.

5. Fill in the blank: Benzene exposure has been linked to in humans.

Part 3 Antimicrobial Resistance (AMR)
3.1 Mechanisms of antimicrobial resistance

Antimicrobial resistance occurs when microorganisms evolve to withstand drugs that once killed
them. Mechanisms include genetic mutations, acquisition of resistance genes, and adaptive
changes such as efflux pumps that expel drugs, enzymatic degradation of antibiotics, and
alteration of drug targets. For example, Staphylococcus aureus can produce enzymes that
inactivate penicillin.

Fill in the blank: Antimicrobial resistance occurs when microorganisms evolve to drugs
that once killed them.
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Figure 5.3
Mechanisms of Antimcmorial Resistance

m Enzymmial Degradation Target Alteration
®
X ﬂ: il
% % D> 2 g > E
' X 4 Y s
o
Pumps drug out of cell Enzymes destroy drug Target site changed

3.2 Public health implications of AMR

AMR poses a major global health threat. Resistant infections lead to longer hospital stays, higher
medical costs, and increased mortality. Common diseases such as pneumonia, tuberculosis, and
urinary tract infeéctions are becoming harder to treat. AMR also undermines medical procedures
like surgery and chemotherapy, which rely on effective antibiotics.

Fill in'the blank: AMR poses a major global threat due to resistant infections.

Implication Example Outcome

Patients with resistant strains often require 18—
Longer Hospital Drug-resistant 24 months of treatment compared to 6 months
Stays TB (MDR-TB) for standard TB, leading to prolonged isolation
and bed occupancy.

Higher Medical MRSA Infections Treatment requires expensive, last-resqrt
Costs intravenous antibiotics (e.g., Vancomycin or
-
Ky
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Implication Example Outcome

Linezolid) and increased costs for specialized
diagnostic testing and protective gear.

Infections caused by carbapenem-resistant
Increased Resistant Klebsiella pneumoniae can have mortality
Mortality Pneumonia rates exceeding 50% because few effective
treatment options remain.

Prophylactic antibiotics are essential for organ
Undermined transplants and joint replacements. Without

Medical fjlllll;eglfll(‘))t,hilra them, the risk of post-operative sepsis becomes
Procedures Py high enough to make these procedures too
dangerous.

. Prolonged illness or permanent disability in
Economic . . A .7
Productivit Sepsis in the the working-age population leads to significant
Loss y workforce losses in global GDP—estimated to reach

$100 trillion by 2050 if left unchecked.

3.3 Strategies for prevention and control

Strategies to combat AMR 'include rational use of antibiotics, infection prevention measures, and
global surveillance. Rational use involves prescribing antibiotics only when necessary and
completing treatment courses. Infection prevention includes hygiene, vaccination, and hospital
infection control. Surveillance systems track resistance patterns to guide policy and
interventions.

Fill in the blank: Rational use of antibiotics involves prescribing them only when

Strategy Key Actions Impact
Implementing "Antimicrobial Reduces the selective
Rational Use of Stewardship" (ASP) to ensure the right pressure that allows
Antibiotics drug is used at the right dose for the resistant "superbugs" to
right duration. This includes avoiding thrive.
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Strategy Key Actions Impact

antibiotics for viral infections (like

colds).

Improving hospital hygiene Directly reduces the total
Infection (handwashing), sterilizing medical volume of antibiotics
Prevention equipment, and increasing vaccination needed, slowing the

coverage to prevent infections from development of

occurring in the first place. resistance.

Utilizing systems like the WHO’s Provides carly warnin

GLASS (Global Antimicrobial o i '?,su i gs,,
Global Resistance and Use Surveillance and allo%v sg%or dIa)lta- &
Surveillance System) to track resistant strains and . .

. e . driven public health
monitor antibiotic consumption N
policies.
patterns.
Limiting the use of medically important Cuts off the transmission
. antibiotics as growth promoters in .

Environmental . : . routes between animals,

livestock and improving wastewater s
& Food Safety . the environment, and

treatment to prevent. drug residues from humans

entering the water supply. '

Pilot questions 3

1. Define antimicrobial resistance with one example.
Fill in the blank: Antimicrobial resistance occurs when microorganisms evolve to
drugs that once killed them.

W

Explain one mechanism of antimicrobial resistance.
Name two public health implications of AMR.

5. Fill in the blank: Rational use of antibiotics involves prescribing them only when

Part 4 Public Health and Policy Perspectives on Emerging Issues

4.1 Global monitoring and surveillance systems

Global monitoring systems track emerging toxicological risks such as nanomaterials,
xenobiotics, and antimicrobial resistance. Organisations like the World Health Organization
(WHO) and Centres for Disease Control (CDC) coordinate surveillance networks to detect
trends, share data, and respond to outbreaks. These systems are vital for early warning and
coordinated international action.
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Fill in the blank: Global monitoring systems provide early of emerging toxicological
risks.

Figure 5.4 Global Monitoring and Surveilance
Systems

~— — o
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Information flows from local to global, informing health policies and emergency actions worldwide.

4.2 Regulatory frameworks for emerging toxicants

National and international regulatory frameworks establish standards to manage risks from
emerging toxicants. Agencies such as NAFDAC (Nigeria), US EPA, and the European
Medicines Agency regulate chemicals, drugs, and nanomaterials. International guidelines from
WHO and OECD promote harmonisation of safety standards. These frameworks ensure
accountability and protect public health.
o
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Fill in the blank: Regulatory frameworks establish to manage risks from emerging
toxicants.

Organisation /

Primary Focus Example Standard or Action
Agency
NAFDAC National drug and Enforces reglstratlon ':dnd quality c'c‘)ntrol for
Lo pharmaceuticals and "value-added" food
(Nigeria) food safety . .
products containing nanomaterials.
US EPA Environmental Uses the Toxic Substances‘Control Act

(TSCA) to require reporting and safety testing

(United States) protection for new chemicals, including carbon:nanotubes.

Medicines Provides specific guidance on the use of
EMA (Europe) nanomedicines and ensures that environmental

regulation risks are part of the medicinal approval process.
Manages the REACH framework, which
ECHA (EU) Chemical safety recently.added specific requirements for
(REACH) companies to define and report "nanoforms" of
substances.
The OECD's Mutual Acceptance of Data
Global health & (MAD) ensures that safety tests done in one
WHO/OECD policy. member country are accepted globally,

preventing duplicative testing.

4.3 Integration of emerging toxicology into health policy

Emerging toxicological issues must be integrated into public health policy to ensure effective
responses. Policies ' may include banning hazardous nanomaterials, regulating xenobiotic
exposure, and implementing antimicrobial stewardship programmes. Integration ensures that
scientific evidence informs health protection strategies and supports sustainable development.

Fill in the blank: Integration of emerging toxicology into health policy ensures scientific
informs health protection strategies.

Policy Area Action & Integration Impact on Public Health
Implementing stricter classification Prevents chronic
Hazardous , . . .
. (e.g., EU's REACH) and banning respiratory diseases and
Nanomaterials . i c " .
specific high-risk "nanoforms" that long-term organ damage in
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Policy Area Action & Integration Impact on Public Health
show persistent bioaccumulation or industrial workers and
asbestos-like lung toxicity. consumers.

Settlng. eYldence-baseq drinking Reduces the risk of
water limits for emerging endocrine disruntion

Xenobiotic contaminants like PFAS (forever developmental Fs sueé atd

Regulation chemicals) and microplastics based cancers linked to ’
on new high-throughput toxicity .
data. environmental pollutants.
Mandating Natlopal Action Plans Preserves the efficacy of

.. . (NAPs) that restrict the use of . ' y. .

Antimicrobial SR life-saving antibiotics and

. human antibiotics in livestock and

Stewardship " " slows the development of
promote the "rational use" of drugs "superbues” oloball
in clinical settings. PEIOUES ™ & 4
Aligning toxicology research with .

Sustainable SDG 3 (Good Health) and SDG 6 E;S“;::Stggzgeﬁgfggr’i";l

Development (Clean Water) by identifying and prog .

e . Y the cost of environmental

Goals (SDGs) mitigating the chemical foetprint of . .
industrial growth. integrity or human health.

Pilot questions 4

1. What is the role of global monitoring systems in toxicology?

Fill in the blank: Regulatory frameworks establish

emerging toxicants.
3. Name one national agency and one international organisation involved in regulating

toxicants.

to manage risks from

4. Give one example of how emerging toxicology can be integrated into health policy.

5. Fill in the blank; Integration of emerging toxicology into health policy ensures scientific
informs health protection strategies.

Series Summary

This Series has focused on emerging issues in toxicology, highlighting the growing importance
of nanomaterials, xenobiotics, and antimicrobial resistance in modern science and public health.
Its purpose was to equip you with the knowledge and skills to analyse these contemporary
challenges, understand their mechanisms, and evaluate strategies for prevention and control.
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We began with nanotoxicology, examining the applications of nanomaterials, their cellular and
systemic effects, and case examples of health risks. We then moved on to xenobiotics,
considering their definition, metabolism, and toxicological impacts through case studies.
Following that, we explored antimicrobial resistance, discussing its mechanisms, public health
implications, and strategies for prevention and control. Finally, we concluded with public health
and policy perspectives, including global monitoring systems, regulatory frameworks, and
integration into health policy. By completing this Series, you should now be able to define and
explain nanomaterials and xenobiotics, analyse antimicrobial resistance and propose control
strategies, and evaluate public health and policy responses to emerging toxicological.issues .

Concept Check Questions
Objective Questions
1. Nanomaterials are materials with structures at the scale (1-100 nm).

At the cellular level, nanomaterials can cause oxidative stress, DNA damage, and
disruption of

3. Benzene exposure has been linked to in humans.

4. Antimicrobial resistance occurs'when microorganisms evolve to drugs that once
killed them.

5. Regulatory frameworks establish to manage risks from emerging toxicants.

Short-Answer Questions

6. Define nanomaterials and give one example of their application.

7. Explain one systemic mechanism of nhanotoxicity.

8. Classify xenobiotics by origin and provide one example for each category.

9. Describe one Phase I reaction in xenobiotic metabolism.

10. State one public health implication of antimicrobial resistance.

11. Identify one strategy for prevention and control of antimicrobial resistance.

12. Name one international organisation involved in regulating emerging toxicants.

13. Give one example of how emerging toxicology can be integrated into health policy.

Long-Answer Questions

14. Analyse the mechanisms of nanotoxicity at cellular and systemic levels, using case examples
to illustrate.

15: Evaluate the metabolism and toxicological effects of xenobiotics, highlighting Phase I and
Phase II reactions with case studies.

16. Discuss the role of antimicrobial resistance in public health, including mechanisms,
implications, and strategies for prevention and control.

17. Appraise global monitoring systems and regulatory frameworks for emerging toxicants,
explaining how they integrate into public health policy.
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Answers to Concept Check Questions

Objective Questions

MRS

Nanometre.
Membranes.
Leukaemia.
Withstand.
Standards.

Short-Answer Questions

6. Nanomaterials are materials with structures at the nanometre scale; example: gold
nanoparticles used in medical imaging.

7. Systemic nanotoxicity may involve accumulation in the liver, causing inflammation and organ
dysfunction.

8. Synthetic xenobiotics: pesticides; natural xenobiotics: plant alkaloids:

9. Phase I oxidation by cytochrome P450 enzymes exposes. functional groups for further
metabolism.

10. AMR increases mortality rates in resistant infections such as tuberculosis.

11. Rational use of antibiotics, prescribing only when necessary.

12. World Health Organization (WHO).

13. Implementing antimicrobial stewardship programmes in hospitals.

Long-Answer Questions

14. Basic response: Nanotoxieity at the cellular level includes oxidative stress and DNA
damage, while systemic effects involve organ accumulation and inflammation. Case examples
include carbon nanotubes causing lung inflammation.

Value-added response: Learners may extend by discussing how nanoparticle size and surface
chemistry influence toxicity, or compare occupational versus consumer exposure risks.

15.

16.

17.

Basic response: Xenobiotics undergo Phase I reactions such as oxidation and hydrolysis,
and Phase ILreactions such as glucuronidation and sulphation. Toxicological effects include
benzene-induced leukaemia and paracetamol-induced liver damage.

Value-added response: Outstanding learners may highlight how genetic polymorphisms in
metabolic enzymes affect susceptibility, or discuss environmental xenobiotics like endocrine
disruptors.

Basic response: AMR arises from mechanisms such as efflux pumps and enzymatic
degradation. Public health implications include longer hospital stays and higher mortality.
Strategies include rational antibiotic use and infection prevention.

Value-added response: Learners may evaluate global surveillance systems, discuss
socioeconomic impacts of AMR, or propose innovative solutions such as phage therapy.
Basic response: Global monitoring systems provide early warning of toxicological risks,
while regulatory frameworks set standards for safety. Integration into policy ensures
evidence-based health protection.
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Value-added response: Learners may appraise gaps in international harmonisation, explore
challenges in regulating nanomaterials, or propose policy innovations such as biomonitoring
programmes.

Answers to Pilot Questions
Answers to Pilot Questions 1

o Nanomaterials are materials with structures at the nanometre scale; example: titanium
dioxide nanoparticles in sunscreens.

o Nanometre.

o Oxidative stress leading to DNA damage.

e Organ accumulation such as in the liver causing inflammation.

e Inflammation.

Answers to Pilot Questions 2

o Xenobiotics are chemical substances foreign to living organisms; example: pesticides.
e Foreign.

e Oxidation by cytochrome P450 enzymes.

e Glucuronidation increases solubility for excretion.

e Leukaemia.

Answers to Pilot Questions 3

e Antimicrobial resistance 1S when microorganisms evolve to withstand drugs; example:
MRSA resistant to penicillin.

e Withstand.

o Efflux pumps expel antibiotics from bacterial cells.

o Longerhospital stays and increased mortality.

o Necessary.

Answers to Pilot Questions 4

e Global monitoring systems provide early warning and coordinated response to
toxicological risks.

e  Standards.

o National agency: US EPA; International organisation: WHO.

o - Implementing antimicrobial stewardship programmes.

e Evidence.
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