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Suggested Outline of Parts and Sub-Parts
Part 1.1 Introduction to Ecology

¢ 1.1.1 Definition of ecology

e 1.1.2 Scope and importance of ecology

e 1.1.3 Branches of ecology (population, community, microbial, human)
Part 1.2 Environmental Management Concepts

¢ 1.2.1 Definition and scope of environmental management

e 1.2.2 Principles of sustainable management

¢ 1.2.3 Relationship between ecology and environmental management
Part 1.3 Nature of the Environment

¢ 1.3.1 Components of thecenvironment: physical, chemical, biological

« 1.3.2Theearth systems: atmosphere, biosphere, stratosphere

e 1.3.3Interactions among environmental components

Introduction — Series 1: Foundations of Ecology and Environmental Management

Background Ecology and environmental management form the bedrock of understanding
how living organisms interact with their surroundings and how humans can responsibly
manage these interactions. Ecology, derived from the Greek word oikos meaning "house"
or"environment", is the study of relationships between organisms and their environment.
Environmental management, on the other hand, refers to the structured approach of
planning, monitoring, and controlling human activities to minimise negative impacts on the
environment. Together, these fields provide the scientific and practical framework for
addressing local and global environmental challenges.
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Aim The aim of this Series is to introduce learners to the fundamental concepts of ecology
and environmental management. It will establish a clear understanding of definitions,
scope, and importance, while also highlighting the interconnections between ecological
principles and management practices.

Sequential synopsis This Series begins with an exploration of the meaning and scope of
ecology, including its branches and relevance to health and sustainability. It then moves
into environmental management, examining its definition, scope, and principles. Finally, it
considers the nature of the environment, focusing on its physical, chemical,.and biological
components, as well as the earth systems such as the atmosphere and biosphere. By
progressing through these Parts, learners will build a strong foundation for subsequent
Series that deal with ecological processes, pollution, and management systems.

Series Learning Outcomes - Series 1: Foundations of Ecology and Environmental
Management

By the end of this Series, learners should be able to:
e SLO 1.1: Define ecology and explain its scope, importance, and branches.

e SLO 1.2: Describe the concept of environmental management, including its scope,
principles, and relationship with.ecology.

e SLO 1.3: Analyse the nature of the environment by identifying its physical,
chemical, and biological components, and explain how these interact within earth
systems such as the atmosphere and biosphere.

These outcomes align directly with the three Parts outlined for Series 1, ensuring learners
progress from foundational definitions, through management concepts, into
environmental components and interactions.

1.1 Introductionto Ecology
1.1.1 Definition of ecology

Ecology is the scientific study of the relationships between living organisms and their
environment. It examines how plants, animals, and microorganisms interact with each
other and with physical and chemical elements such as air, water, and soil. Ecology helps
us to understand the balance of natural systems and the consequences of human
activities.

Filtin'the blank: The scientific study of the relationships between living organisms and their
environment is called
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ECOLOGICAL SYSTEMS:

Organisms, Environment, and Interomecctedness

AIR / ATMOSPHERE SOIL / EARTH WATER / AQUATIC

LIVING
1T  ORGANISMS )

THE WEB OF LIFE: EVERYTHING IS CONNECTED $

Figure 1.1 Placeholder: Diagram showing organisms interacting with air, water, and soil.
Caption: Basic concept of ecology.

1.1.2 Scope and importance of ecology

The scope of ecology ranges from the study of individual organisms to entire ecosystems.
Itincludes:

e Autecology: study of individual species.
e Synecology: study of groups of organisms in relation to their environment.

e Applied ecology: use of ecological principles to solve environmental problems.

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



Ecology is important because it explains how ecosystems function, supports biodiversity
conservation, and guides sustainable resource use.

Fillin the blank: The study of individual species in relation to their environment is called

Branch Scale of Study Primary Goal

To map the "survival envelope" of an

Autecology Species/Individual .
organism.

To understand the "balance of nature" and

Synecology Community/Population competition;

Applied
Ecology

To.repair damage or manage resources

Ecosystem/Landscape sustainably.

Box 1.1 Placeholder: Text box listing autecology, synecology, and applied ecology.
Caption: Scope of ecology.

1.1.3 Branches of ecology
Ecology has several branches that focus on specific aspects:
e Population ecology: studies the dynamics of species populations.
o Community ecology: examines interactions among species in a community.
e Microbial ecology: investigates microorganisms in their environments.
¢ Human ecology: explores relationships between humans and their environment.

Fillin'the blank: The branch of ecology that studies species populations is called
ecology.
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Ecological

Primary Scale

Key Focus Area

Practical Application

population fluctuations.

Branch
i : . Birth/death rates, Managing endangered
Population Asingle speciesin a carrying capacity, and species or controllin
Ecology specific area. ying capacity, p g

invasive pests.

Community

Multiple interacting

Symbiosis, predation,
competition, and food

Understanding how a
ﬁorest recovers after

sustainability.

Ecology Species. web structures. a wildfire.
. . Microorganisms Nutrient cycling Improving soil fertility
Microbial . . . .
(bacteria, fungi, (nitrogen/carbon) and or understanding
Ecology . - :
viruses). the microbiome. human gut health.
Human Humans and their Urbamzatl.on, resource Dfa.3|g|'1'|ng Green .
. . consumption, and Cities" and managing
Ecology built environment.

waste systems.

Table 1.1 Placeholder: Table linking branches of ecology to their focus areas. Caption:
Branches of ecology.

Pilot questions 1.1

1. The scientific study ofithe relationships between living organisms and their
environmentis called

Y 4aly A

environment?

Name one reason why ecology is important.

The branch of ecology that studies species populations is called

1.2 Environmental Management Concepts

1.2.1 Definition and scope of environmental management

-
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ecology.

Which branch of ecology explores relationships between humans and their




Environmental management refers to the process of planning, monitoring, and
controlling human activities to minimise negative impacts on the environment and
promote sustainability. Its scope includes pollution control, conservation of natural
resources, and ensuring that development activities are environmentally sound.

Fillin the blank: The process of planning, monitoring, and controlling human activities to
minimise environmental impacts is called

ENVIRONMENTAL MANAGEMENT CYCLE

A Continuous Loop for a Sustainable Future

4. REVIEW & ADAPTATION —1 il ™ 1. PLANNING & POLICY

Evaluate Results, Set Goals, Assess Risks,
Identify Non-Compliance, Develop Strategies,
Learn frovise Policies 4 o Create Action Plans,
' Legal Compliance

&

SUSTAIABILITY

Continuous Improvement

3. CONTROL & 2. MONITORING &
IMPLEMENTATION MEASUREMENT

Execute Plans, Reduce Pollution, Collect Data, Track Performance,
Improve Efficiency, Waste Reduction, —J L Audits & Inspections,
Emergency Response Report Emissions, Resource Use

FROM COMMITMENT TO ACTION: PROTECTING OUR PLANET

Figure 1.2 Placeholder: Diagram showing the cycle of environmental management
(planning > monitoring > controlling > sustainability). Caption: The environmental
management cycle.

1.2.2 Principles of sustainable management
il
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Environmental management is guided by principles that ensure long-term sustainability:

 Precautionary principle: act to prevent harm even if scientific evidence is not
complete.

+ Polluter pays principle: those who cause pollution bear the cost of managing it.

e Sustainability principle: meet present needs without compromising future
generations.

Fillin the blank: The principle that requires those who cause pollution to bear the cost of

managing itis called the principle.
Principle Primary Focus Motto
Precautionary |Risk Management "Caution first, proof later."

Polluter Pays [Financial Responsibility ['You breakiit, you buy it."

Sustainability [Future Viability "Enough for everyone, forever."

Box 1.2 Placeholder: Text box listing precautionary, polluter pays, and sustainability
principles. Caption: Principlesof environmental management.

1.2.3 Relationship between ecology and environmental management

Ecology provides the scientific foundation for environmental management. By
understanding how organisms interact with their environment, managers can design
policies and interventions that protect ecosystems and human health. For example,
ecological studies of water quality inform management strategies for pollution control.

Fillin the blank: Ecology provides the foundation for environmental management.

Ecological Scientific Focus Management

Concept Application Real-World Strategy

Setting fishing quotas

The maximum Sustainable Yield [to prevent a population
($K$) population an collapse.

Carrying Capacity
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matures over time.

Ecological Scientific Focus Manafgen?ent Real-World Strategy
Concept Application
environment can
sustain.
Ecological How an ecosystem Restoration Replajmtmg natlve. .
. changes and species after a wildfire
Succession Ecology

to speed up recovery.

Trophic Levels

The flow of energy
from producers to
apex predators.

Biomanagement

Protecting "Keystone
Species" (like wolves)
to balance the entire
food web.

Nutrient Cycling

The movement of
Carbon, Nitrogen,
and Phosphorus.

Waste
Management

Using composting and
"Green Manure" to
restore soil fertility.

Bioaccumulation

The buildup of
toxins.in an
organismover its
lifespan.

Environmental
Monitoring

Testing "Sentinel
Species" (like fish or
birds) for heavy metal
levels.

Table 1.2 Placeholder;Table linking ecological concepts (ecosystem interactions,
biodiversity; energy flow) to management applications (pollution control, conservation,
sustainable development). Caption: Relationship between ecology and environmental

management.

Pilot questions 1.2

1., The process of planning, monitoring, and controlling human activities to minimise
environmental impacts is called

2. Name one principle of environmental management.

3. The principle that requires those who cause pollution to bear the cost of managing it

is called the

F)

Do)
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4. Ecology provides the foundation for environmental management.

5. Why s the relationship between ecology and environmental management
important?

1.3 Nature of the Environment
1.3.1 Components of the environment: physical, chemical, biological
The environment is made up of three main components:

« Physical components: such as landforms, climate, and water bodies.

e Chemical components: including gases in the atmosphere, nutrients in soil, and
pollutants.

e Biological components: living organisms such as plants, animals, and
microorganisms.

These components interact continuously to shape ecosystems. For example, soil
chemistry influences plant growth, which inturn supports animal populations.

Fillin the blank: Living organisms such as plants, animals, and microorganisms are
part of the components of the environment.
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COMPONENTS OF THE ENVIRONMENT

Interomcected Elements of Our World

1. PHYSICAL / ABIOTIC 2. CHEMICAL / ABIOTIC 3. BIOLOGICAL / BIOTIC

\
Chimate ('

{ Weather

Nutrisnts Ninerale /
(N, 19, X) Salimity

Politants

Flera / PL
(Heraay Merals) ks

Fangl

Molecular
composition of matter

KEY FACT: KEY FACT:
Non-living resources that All living organisms and
shape habitats @ their intaractions

ECOSSTEN
INTRRACTIONS

THE FOUNDATION OF ECOLOGY: EVERYTHING IS INTERLINKED

Figure 1.3 Placeholder: Diagram showing physical, chemical, and biological
components of the environment. Caption: Components of the environment.

1.3.2 The earth systems: atmosphere, biosphere, stratosphere
Theearth is organised into interconnected systems:

o . Atmosphere: the layer of gases surrounding the earth, essential for climate
regulation and life.

e« Biosphere: the zone of life on earth, including all ecosystems.

o Stratosphere: a layer of the atmosphere containing the ozone layer, which protects
life from harmful ultraviolet radiation.
il
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Fillin the blank: The layer of the atmosphere that contains the ozone layer is the

Component Category Main Characteristic
Atmosphere Gas Regulates global climate and weather.
Biosphere Life Includes every living thing on the planet.
Stratosphere Layer Is-ltztlzzzit:e ozone layer; very dry and

Box 1.3 Placeholder: Text box listing atmosphere, biosphere, and stratosphere with
short definitions. Caption: Earth systems.

1.3.3 Interactions among environmental components

Environmental components do not existin.isolation. They interact to maintain
balance:

¢ Climate (physical) affects soil chemistry (chemical), which influences plant growth
(biological).

e Human activities can disrupt these interactions, leading to pollution or ecological
imbalance:

¢ Understanding these interactions is crucial for effective environmental

management.
Fillin'the blank: Climate affects soil chemistry, which influences growth.
Interaction Driver (The Affected Real-World
Type Cause) Component Example
) UV light
;:lr)ilsrl\i::row Solar Atmospheri breaks down
g . Radiation c Gases $0_2$
$ Chemical molecules to
form the
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Interaction
Type

Driver (The
Cause)

Affected
Component

Real-World
Example

Ozone Layer
($0_39) in the
stratosphere.

Chemical
$\rightarrow
$ Biological

Nutrient
Runoff
(Nitrogen)

Aquatic Life

Excess
fertilizer
enters a lake,
causing an
Algal Bloom
that
suffocates
fish.

Biological
$\rightarrow
$ Physical

Forest Growth

Local
Climate

Trees release
water vapor
(transpiration
), which leads
to Cloud
Formation
and rainfall.

Physical
$\rightarrow
$ Biological

Temperature
Rise

Species
Distribution

Warming
climates
force
mountain
animals to
move to
higher, cooler
altitudes to
survive.
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Interaction Driver (The Affected Real-World
Type Cause) Component Example
Plants take in
$C0.2$ and
Biological , _ release
$\rightarrow Photosynthesi Atmospheri $0_ 2%,
. s c Balance maintaining
$ Chemical .
the air's
chemical
composition.
These
molecules
Chemical Greenhouse Global :Lip heatin
$\rightarrow Gases($CH_4, Temperatur
$ Physical CO_29) e atmosphere,
- leading to
Global
Warming.

Table 1.3 Placeholder: Table showing examples of interactions among physical,
chemical, and biological components. Caption: Interactions among environmental
components.

Pilot questions 1.3

1. Livingorganisms such as plants, animals, and microorganisms are part of the
components of the environment.

The layer of the atmosphere that contains the ozone layer is the
Name one physical component of the environment.

Climate affects soil chemistry, which influences growth.

4 A AN

Why is it important to understand interactions among environmental components?

Series 1 Summary - Foundations of Ecology and Environmental Management

In this Series, we established the basic principles of ecology and environmental
management.
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¢ We began by defining ecology as the study of relationships between organisms and
their environment, exploring its scope through autecology, synecology, and applied
ecology, and identifying its branches such as population, community, microbial,
and human ecology.

e We then examined environmental management, defined as the process of
planning, monitoring, and controlling human activities to minimise environmental
impacts. We discussed guiding principles including the precautionary principle, the
polluter pays principle, and sustainability.

e Finally, we analysed the nature of the environment, identifying its physical,
chemical, and biological components, and describing earth systems such as the
atmosphere, biosphere, and stratosphere. We highlighted how these components
interact to maintain ecological balance and how human activities canidisrupt this
balance.

By completing this Series, learners should now be able to define ecology and
environmental management, describe their scope and impartance, and analyse the
components and systems of the environment. These foundations will support
deeper exploration in later Series, such as ecological processes, pollution, and
management systems.

Glossary of Terms - Series 1: Foundations of Ecology and Environmental
Management

o Ecology: The scientific study of the relationships between living organisms and their
environment.

¢ Autecology: The study of individual species in relation to their environment.

¢ Synecology: The study of groups of organisms and their interactions with the
environment.

e Applied ecology: The use of ecological principles to solve environmental problems.

e _Population ecology: The branch of ecology that studies the dynamics of species
populations.

e Community ecology: The branch of ecology that examines interactions among
species in a community.

e Microbial ecology: The study of microorganisms in their environments.

¢ Human ecology: The study of relationships between humans and their
environment.

 Environmental management: The process of planning, monitoring, and controlling
human activities to minimise environmental impacts and promote sustainability.
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e Precautionary principle: Acting to prevent environmental harm even when
scientific evidence is incomplete.

o Polluter pays principle: The principle that those who cause pollution bear the cost
of managing it.

e Sustainability principle: Meeting present needs without compromising the ability
of future generations to meet theirs.

e Environment: The sum of physical, chemical, and biological components that
surround and influence living organisms.

¢ Atmosphere: The layer of gases surrounding the earth, essential for climate
regulation and life.

« Biosphere: The zone of life on earth, including all ecosystems.

o Stratosphere: A layer of the atmosphere containing the ozone layer, which protects
life from harmful ultraviolet radiation.

Concept Check Questions —Series 1: Foundations of Ecology and
Environmental Management

Objective questions (linked to SLOs 1.1-1.3)

1. The scientific study of the relationships between living organisms and their
environment is called

2. The study of individual species in relation to their environment is known as

3. The principle that requires those who cause pollution to bear the cost of managing it
is called the principle.

4. The layer of the atmosphere that contains the ozone layer is the

5. Living organisms such as plants, animals, and microorganisms are part of the
components of the environment.

Short-answer questions (linked to SLOs 1.1-1.3)

6. Explain why ecology is important for biodiversity conservation.

74 List two guiding principles of environmental management.

8. Give one example of how ecological knowledge supports environmental
management.

9. Identify one physical and one chemical component of the environment.

10. Why is it important to understand interactions among environmental components?
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Long-answer questions (linked to SLOs 1.1-1.3)

11. Discuss the scope of ecology, highlighting autecology, synecology, and applied
ecology, and explain their relevance to environmental studies.

12. Evaluate the role of environmental management in promoting sustainability, using
examples of the precautionary principle and polluter pays principle.

13. Analyse the earth systems (atmosphere, biosphere, stratosphere) and explain how
they interact to support life.

14. Assess the relationship between ecology and environmental management,
providing examples of how ecological studies inform management practices.

15. Examine how physical, chemical, and biological components of the environment
interact, and discuss the implications of human activities on these interactions.

Answers to Pilot Questions - Series 1: Foundations of Ecology and
Environmental Management

Pilot questions 1.1 (Introduction.to Ecology)

1. Ecology

2. Autecology

3. Itexplains how ecosystems function and supports biodiversity conservation
4. Population ecology

5. Human ecology

Pilot questions 1.2 (Environmental Management Concepts)
1. Environmental management
Precautionary principle, polluter pays principle, or sustainability principle
Polluter pays principle

Scientific foundation

Y sl

Because ecological knowledge guides policies and interventions that protect
ecosystems and human health

Pilot questions 1.3 (Nature of the Environment)
1. Biological
2. Stratosphere
3. Climate or landforms (examples of physical components)
ol
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4. Plant

5. Because it helps in maintaining ecological balance and informs effective
environmental management

References and Attributions — Series 1: Foundations of Ecology and
Environmental Management

Generalreferences

e Course content adapted from EHS 204: Ecology and Environmental Management (1
Unit).

¢ Explanations of concepts are based on standard ecology and environmental
management literature and open educational resources (OERS).

Figures

e Figure 1.1: Basic concept of ecology — Al prompt: “Generate.a diagram showing
organisms interacting with air, water, and soil to illustrate ecology.”

e Figure 1.2: The environmental management cycle —Al prompt: “Generate a diagram
showing the environmental management cycle: planning, monitoring, controlling,
and sustainability.”

e Figure 1.3: Components of the.environment—Al prompt: “Generate a diagram
showing physical, chemical, and biological components of the environment with
examples.”

Boxes

e Box 1.1: Scope of ecology — Al prompt: “Create a text box listing autecology,
synecology, and applied ecology with short definitions.”

e Box 1.2: Principles of eénvironmental management — Al prompt: “Create a text box
listing precautionary, polluter pays, and sustainability principles with short
explanations.”

e | Box 1.3: Earth systems — Al prompt: “Create a text box listing atmosphere,
biosphere, and stratosphere with short definitions.”

Tables

e Table 1.1: Branches of ecology — Al prompt: “Generate a table linking population,
community, microbial, and human ecology to their focus areas.”

e Table 1.2: Relationship between ecology and environmental management — Al
prompt: “Generate a table linking ecological concepts to environmental
management applications.”
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e Table 1.3: Interactions among environmental components — Al prompt: “Generate a
table showing examples of interactions among physical, chemical, and biological
components.”

Suggested Outline of Parts and Sub-Parts - Series 2: Environmental Components and
Biogeochemical Cycles

Since the course is 1-credit, each Series must contain 1 to 3 main Parts. Here is a
structured outline that fits the guideline and covers the relevant content:

Part 2.1 Physical, Chemical, and Biological Components of the Environment

¢ 2.1.1 Physical factors: climate, landforms, water bodies

e 2.1.2 Chemical factors: gases, nutrients, pollutants

¢ 2.1.3 Biological factors: plants, animals, microorganisms
Part 2.2 Biogeochemical Cycles

e 2.2.1Thecarboncycle

e 2.2.2The nitrogen cycle

¢ 2.2.3The hydrological cycle

e 2.2.4Importance of biogeochemicalcycles in sustaining life
Part 2.3 Global Environmental Health Issues

e 2.3.1 Climate change and its impacts

e 2.3.2 Pollution and resource depletion

o 2.3.3 Biodiversity loss and ecological imbalance

Introduction — Series 2: Environmental Components and Biogeochemical Cycles

Background The environment is a complex system made up of physical, chemical, and
biological components that interact to sustain life. These components are linked through
natural cycles known as biogeochemical cycles, which recycle essential elements such
as carbon, nitrogen, and water. Understanding these cycles is crucial because they
maintain ecological balance and support the survival of organisms. At the same time,
global environmental health issues such as climate change, pollution, and biodiversity
loss are disrupting these natural processes, creating challenges for both ecosystems and
human societies.
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Aim The aim of this Series is to help learners explore the components of the environment,
understand the functioning of biogeochemical cycles, and analyse global environmental

health issues. This knowledge will provide a scientific foundation for later discussions on
ecological succession, pollution control, and environmental management systems.

Sequential synopsis This Series begins by examining the physical, chemical, and
biological components of the environment, highlighting their roles and interactions. It then
introduces the major biogeochemical cycles, explaining how carbon, nitrogen, and water
circulate through ecosystems to sustain life. Finally, it addresses global environmental
health issues, focusing on climate change, pollution, and biodiversity loss, and linking
these challenges to the disruption of natural cycles and environmental components.

Series Learning Outcomes - Series 2: Environmental Components and
Biogeochemical Cycles

By the end of this Series, learners should be able to:

e SLO 2.1: Identify and describe the physical, chemical, and biological components
of the environment.

e SLO 2.2: Explain the processes and significance of major biogeochemical cycles,
including carbon, nitrogen, and hydrological cycles.

e SLO 2.3: Analyse global environmental health issues such as climate change,
pollution, and biodiversity loss, and evaluate their impacts on ecosystems and
human societies.

These outcomes align directly with the three Parts outlined for Series 2, ensuring learners
progress from recognising environmental components, through understanding natural
cycles, to critically examining global challenges.

2.1 Physical, Chemical, and Biological Components of the Environment
2.1.1 Physical factors: climate, landforms, water bodies

Physical factors are non-living elements of the environment that influence living
organisms. Theyinclude:

o . Climate: temperature, rainfall, wind, and seasonal variations.
¢ Landforms: mountains, valleys, plains, and soil types.
e Water bodies: rivers, lakes, oceans, and groundwater.

These factors determine the distribution of species and the productivity of ecosystems.
For example, rainfall patterns influence vegetation types, which in turn support different
animal populations.

F)

Do)
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Fillin the blank: Temperature, rainfall, wind, and seasonal variations are examples of

PHYSICAL FACTORS OF THE ENVIRONMENT

Shaping Habitats & Ecoystems Worldwide

@

ECOSSTEM
INTRACTIONS

A

1. CLIMATE / 3. WATER BODIES /
ATMOSHERE i HYDROSPHERE

RG] [R6] \SRC

Precipiitation ~ Temperature Elevation & Geology & Freswarr Saltwater
& Wind Toporaphy Soil Type (Rivers, Lakes) (Oceans, Seas)

Essential for all life;
regulates climate

Drives weather patterns &

global heat distribution Determines physical

structure & habitats

THE FOUNDATION OF ECOLOGY: INTERLINKED SYSTEMS *

Figure 2.1 Placeholder: Diagram showing climate, landforms, and water bodies as
physical factors. Caption: Physical factors of the environment.

2.1.2 Chemical factors: gases, nutrients, pollutants

Chemical factors are substances that regulate environmental quality and ecosystem
functioning. They include:

¢ Gases: oxygen, carbon dioxide, nitrogen.
e Nutrients: minerals in soil and water that support plant growth.
)
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e Pollutants: harmful substances such as heavy metals, pesticides, and industrial
waste.

These factors influence processes such as photosynthesis, respiration, and nutrient
cycling. Forinstance, carbon dioxide is essential for photosynthesis, but excessive
amounts contribute to climate change.

Fillin the blank: Oxygen, carbon dioxide, and nitrogen are examples of factors in the
environment.

Component Status Primary Function / Impact

Gases Foundational [Climate regulation and respiration.

Nutrients Essential Biomass production and cellular health.

Pollutants |Disruptive Toxicity, habitat loss, and climate change.

Box 2.1 Placeholder: Text box listing gases, nutrients, and pollutants with short
explanations. Caption: Chemical factors of the environment.

2.1.3 Biological factors: plants, animals, microorganisms
Biological factors are living components of the environment. They include:
e Plants: producers that convert solar energy into food.
e Animals: consumers that depend on plants and other animals for energy.
e Microorganisms: decomposers that recycle nutrients back into ecosystems.

These factors interactwith physical and chemical components to maintain ecological
balance. Forexample, microorganisms break down organic matter, releasing nutrients
that plants use for growth.

Fillin the blank: Decomposers that recycle nutrients back into ecosystems are called

)
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Organism

Primary

Group Ecological Role Energy Level Key Function
Convert solar energy into
Producers .
Plants (Autotrophs) Base Level chemical energy (glucose)
P via Photosynthesis.
Regulate populations of
Animals Consumers Intermediate/To other species and move
(Heterotrophs) P nutrients through the food
web.
Brealkk down dead organic
Microorganisms Decomposers Recyclers matter into inorganic
(Saprotrophs)

nutrients for plants to reuse.

Table 2.1 Placeholder: Table showing plants, animals, and microorganisms with their
ecological roles. Caption: Biological factors of the environment.

Pilot questions 2.1

1. Temperature, rainfall, wind, and seasonal variations are examples of

2. Oxygen, carbon dioxide, and nitrogen are examples of

environment.

3. Name one physical factor of the environment.

factorsin the

4. Decomposers that recycle nutrients back into ecosystems are called

5./Why.are biological factors important for maintaining ecological balance?

2.2 Biogeochemical Cycles

2.2.1 The carbon cycle

The carbon cycle describes how carbon moves between the atmosphere, biosphere,
oceans, and geosphere. Plants absorb carbon dioxide during photosynthesis, animals
consume plants, and carbon returns to the atmosphere through respiration and
decomposition. Human activities such as burning fossil fuels add excess carbon dioxide,
contributing to climate change.

F)

Do)
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Fillin the blank: Plants absorb during photosynthesis as part of the carbon cycle.

THE GLOBAL CARBON CYCLE

Movement of Carbon Through Earth's Systems

Photostthesis ;.': W 4 : 3 Respiration
/ Absorption

m EMISSIONS /
COMBUSTION

FosSILFUELs | (Human Activity)

:, (GEOSPHERE)
e ——
CLIMATE REGULATION S £\

Burial / Heat
& Extraction

Decompistion / i
== Sedientation x>
Burial / Docoomption

Heat &
Pressure

Combustion
Sedientation
Respiration

THE EARTH'S NATURAL BALANCE... AND THE HUMAN IMPACT

Figure 2.2 Placeholder: Diagram showing carbon movement through atmosphere, plants,
animals, and fossil fuels. Caption: The carbon cycle.

2.2.2 The nitrogen cycle

The nitrogen cycle explains how nitrogen circulates between the atmosphere, soil, and
living organisms. Nitrogen fixation by bacteria converts atmospheric nitrogen into forms
usable by plants. Animals obtain nitrogen by consuming plants, and decomposers return
nitrogen to the soil. Excess fertiliser use disrupts this cycle, leading to water pollution.

Fillin the blank: The process by which bacteria convert atmospheric nitrogen into usable
forms is called nitrogen
il
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Process Biological Agent | Starting Form Ending Form Environment
Fixation N|trog¢.en-f|xmg $N_2$ (Gas) SNH_3$ . Aerobic / Root
bacteria (Ammonia) nodules
Nitrification N|tr|fy|.ng SNH_4 -|:$ $Np_3 -$ Ateroblc(Oxygen-
bacteria (Ammonium) (Nitrate) rich)
o me L. Denitrifying $SNO_3"-$ Anaerobic
Denitrification bacteria (Nitrate) N_28 (Gas) (Oxygen-poor)

Box 2.2 Placeholder: Text box summarising nitrogen fixation, nitrification, and
denitrification. Caption: Key processes in the nitrogen cycle.

2.2.3 The hydrological cycle

The hydrological cycle, also known as the water cycle, describes the continuous
movement of water through evaporation, condensation, precipitation, infiltration, and
runoff. This cycle regulates climate, supports ecosystems, and provides freshwater
resources. Human activities such as deforestation and urbanisation alter water flow and
availability.

Fillin the blank: The continuous movement of water through evaporation, condensation,
and precipitation.is called the cycle.
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THE GLOBAL WATER CYCLE

(Movement, Storage & Purification of Earth's Water)

TRANSPIRATION /
HUMAN ACTIVITY
- EVAPRATION

PRECISIPATION PRECSIPATION

INFILTRATION / -+ |
PERCOOLON .~

SURFACE RUOU @ GROUNDWATER
STORAGE

Ocean

EARTH'S NATURAL DISTILLATION & RECYCLING SYSTEM | {

—— \

Figure 2.3 Placeholder: Diagram showing evaporation, condensation, precipitation,
infiltration, and runoff. Caption: The hydrological cycle.

2.2.4 Importance of biogeochemical cycles in sustaining life

Biogeochemical cycles recycle essential elements, ensuring that ecosystems remain
productive and balanced. They:

¢ Maintain nutrient availability for plants and animals.
e Regulate climate and environmental stability.

e Support biodiversity and ecosystem resilience.

)
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Fillin the blank: Biogeochemical cycles recycle essential

remain productive and balanced.

, ensuring ecosystems

Combustion,
Decomposition.

Fossil Fuels.

Primary .
Cycle Key Processes Reservoir Ecological Importance
Reopration, | fmosphere 18 RSO
Carbon Cycle P ’ ($CO_2$) & P

provides the backbone of
all organic molecules.

Fixation, Nitrification,

Provides the essential

Infiltration.

. e Atmosphere building blocks for DNA,
Nitrogen Cycle [Assimilation, .
o ($N_2$ gas). RNA, and proteins in all
Denitrification. . A .
living things.
. /Acts as the universal
Evaporation, .
. R Oceans, solvent for chemical
Hydrological Condensation, . .
(Water) Cycle |Precipitation Glaciers, & reactions and transports
y P ( Groundwater. nutrients through

ecosystems.

Table 2.2 Placeholder: Table showing carbon, nitrogen, and hydrological cycles with their
ecological importance. Caption: Importance of biogeochemical cycles.

Pilot questions 2.2

1. Plants absorb

during photosynthesis as part of the carbon cycle.

2./The process by which bacteria convert atmospheric nitrogen into usable forms is
called nitrogen

3. The continuous movement of water through evaporation, condensation, and

precipitation is called the

4. Name one human activity that disrupts the carbon cycle.

cycle.

5. Why are biogeochemical cycles important for sustaining life?

2.3 Global Environmental Health Issues

F)
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2.3.1 Climate change and its impacts

Climate change refers to long-term shifts in temperature, precipitation, and weather
patterns, largely driven by human activities such as burning fossil fuels and deforestation.
Its impacts include rising sea levels, increased frequency of extreme weather events, and
disruption of ecosystems.

Fillin the blank: Long-term shifts in temperature, precipitation, and weather patterns are
referred to as

CLIMATE CHANGE:
CAUSES, IMPACTS & THE GLOBAL CHALLENGE

1. CAUEES / DRIVERS

FOSSIL FUELS Z 0 DEFORESTATION
& INDUSTRY ' an & AGRICULTURE

& \ )| B\

Burning Coal, 0il, Gas

Greenehose Gas Emissions U Land-Use Change .
$C0,, CH,) g Reduced 6, Absorption

GLOBAL WARMING /
ENHANCED GREENHOUSE
EFFECT

"

RISING SEA LEVELS EXTREME WEATHER [ ECOYYSTEM DISRUPTION HUMAN HEALTH &
DISPLICEMENT

> -

| 2. IMPACTS / CONSEQUENCES

Glacior/Ice Cap Melt Heatwaves, Droughts Habitat Loss Disease Spread
Thermal Expansion Heavy Rainfall Species Extinction Food/Water Scarity
Coastal Flooding Intense Storms Ocean Acidfcation Climate Refureges

THE URGENT NEED FOR MITIGATION & ADAPTATION

Figure 2.4 Placeholder: Diagram showing causes and impacts of climate change (fossil
fuels, deforestation, rising sea levels, extreme weather). Caption: Causes and impacts of
climate change.
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2.3.2 Pollution and resource depletion

Pollution is the introduction of harmful substances into the environment, while resource
depletion refers to the exhaustion of natural resources due to overuse. Examples include
air pollution from industrial emissions, water pollution from agricultural runoff, and
depletion of forests through logging. These issues reduce environmental quality and
threaten human health.

Fillin the blank: The exhaustion of natural resources due to overuse is called resource

Type /
Categor Examples of Impact
gory Resource P P
. . Emissions of $CO_2$, sulfur dioxide, and particulate
Pollution Air . $C0_23, . ) P
matter leading to smog and climate change.
\Water Chemicalrunoff, plastic waste, and untreated sewage
contaminating oceans and rivers.
. Pesticides, heavy metals, and industrial waste
Soil . - .
reducing land fertility and enters the food chain.
Resource Deforestation for agriculture or timber, leading to
. Forests . .
Depletion habitat loss and reduced carbon sequestration.
. Extraction of non-renewable ores like copper, gold,
Minerals .
and rare earth elements for electronics.
Over-extraction of groundwater from aquifers for
Freshwater L
irrigation, faster than natural recharge rates.

Box 2.3 Placeholder: Text box listing types of pollution (air, water, soil) and examples of
resource depletion (forests, minerals, freshwater). Caption: Pollution and resource

depletion.

2.3.3 Biodiversity loss and ecological imbalance

F)
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Biodiversity loss occurs when species become extinct or populations decline drastically,
often due to habitat destruction, pollution, or climate change. This leads to ecological
imbalance, where ecosystems cannot function properly. For example, the loss of
pollinators affects food production, while the extinction of predators can cause prey
populations to increase uncontrollably.

Fillin the blank: The disappearance of species from ecosystems is referred to as
biodiversity

Primary Cause Description Ecological Consequence

. Fragmentation: Isolated
. Conversion of natural .
Habitat populations become more

] landscapes for agriculture . :
Destruction P g . . ’ vulnerable to extinction and lose
urban sprawl, and mining. . N .

genetic diversity.

Introduction of non-native Ecosystem Displacement: Loss of
Invasive Species |[species that outcompete or  |native species and the collapse of
prey upon local wildlife. specialized local food webs.

Trophic Cascades: Removal of
"Keystone Species" causes a
domino effect throughout the
ecosystem.

Unsustainable hunting,
Overexploitation [fishing, and logging faster
than species can recover.

Shifting temperatures and Phenological Mismatch: Timing of

. weather patterns that migrations or flowering no longer
Climate Change e e . .
outpace species' ability to aligns with food sources or
adapt. pollinators.

Bioaccumulation: Toxins travel up
the food chain, causing
reproductive failure in apex
predators.

Chemical, plastic, and
Pollution nutrient contamination of
air, water, and soil.

Table 2.3 Placeholder: Table showing causes of biodiversity loss and their ecological
consequences. Caption: Causes and consequences of biodiversity loss.

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



Pilot questions 2.3

1. Long-term shifts in temperature, precipitation, and weather patterns are referred to
as

The exhaustion of natural resources due to overuse is called resource

Name one example of pollution.

The disappearance of species from ecosystems is referred to as biodiversity

o & 0D

Why does biodiversity loss lead to ecological imbalance?

Series 2 Summary - Environmental Components and Biogeochemical Cycles

In this Series, we explored the essential components of the environment and the natural
cycles that sustain life, while also examining pressing global.environmental health issues.

o We began with the physical, chemical, and biological components of the
environment, identifying how climate, landforms, gases, nutrients, and living
organisms interact to shape ecosystems.

¢ We then studied the biogeochemical cycles, including the carbon, nitrogen, and
hydrological cycles. These cycles recycle essential elements, regulate climate, and
maintain ecological balance. We also noted how human activities such as burning
fossil fuels, fertiliser use, and deforestation disrupt these cycles.

« Finally, we analysed global environmental health issues, focusing on climate
change, pollution, resource depletion, and biodiversity loss. We highlighted how
these challenges disrupt environmental components and cycles, leading to
ecological imbalance and threats to human well-being.

By completing this Series, learners should now be able to identify environmental
components, explain the functioning of biogeochemical cycles, and analyse global
environmental health issues. These insights provide a strong foundation for later Series
that will address-ecological processes, pollution control, and environmental management
systems.

Glossary of Terms - Series 2: Environmental Components and Biogeochemical Cycles

¢ Physical factors: Non-living elements of the environment such as climate,
landforms, and water bodies.

¢ Chemical factors: Substances that regulate environmental quality, including
gases, nutrients, and pollutants.

e Biological factors: Living components of the environment, including plants,
animals, and microorganisms.
F)
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e Carbon cycle: The circulation of carbon among the atmosphere, biosphere,
oceans, and geosphere.

¢ Nitrogen cycle: The circulation of nitrogen between the atmosphere, soil, and living
organisms, involving processes such as nitrogen fixation, nitrification, and
denitrification.

¢ Nitrogen fixation: The process by which bacteria convert atmospheric nitrogen into
forms usable by plants.

e Hydrological cycle (water cycle): The continuous movement of water through
evaporation, condensation, precipitation, infiltration, and runoff.

o Biogeochemical cycles: Natural processes that recycle essential elements
(carbon, nitrogen, water) to sustain ecosystems.

+« Climate change: Long-term shifts in temperature, precipitation, and weather
patterns, often driven by human activities.

e Pollution: The introduction of harmful substances into the environment.
« Resource depletion: The exhaustion of natural resources due to overuse.
+ Biodiversity loss: The decline or disappearance of species from ecosystems.

o Ecological imbalance: A disruption.in ecosystem functioning caused by
biodiversity loss, pollution, orother factors.

Concept Check Questions - Series 2: Environmental Components and
Biogeochemical Cycles

Objective questions (linked to SLOs 2.1-2.3)

1. Temperature, rainfall,;-and landforms are examples of factors of the
environment.

2. Oxygen, carbon dioxide, and nitrogen are examples of factors.

3. The process by which bacteria convert atmospheric nitrogen into usable forms is
called nitrogen

4. The continuous movement of water through evaporation, condensation, and
precipitation is called the cycle.

5. Long-term shifts in temperature and weather patterns are referred to as
Short-answer questions (linked to SLOs 2.1-2.3)
6. List one physical, one chemical, and one biological component of the environment.

7. Explain why the carbon cycle is important for ecosystems.
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8. Give one example of human activity that disrupts the nitrogen cycle.
9. Identify two impacts of climate change on ecosystems.

10. Why does biodiversity loss lead to ecological imbalance?
Long-answer questions (linked to SLOs 2.1-2.3)

11. Discuss the roles of physical, chemical, and biological components in shaping
ecosystems, with examples.

12. Analyse the carbon, nitrogen, and hydrological cycles, explaining their processes
and ecological importance.

13. Evaluate how human activities such as deforestation, fossil fuel use, and fertiliser
application disrupt biogeochemical cycles.

14. Examine the causes and consequences of pollution-and resource depletion, linking
them to environmental health.

15. Assess the impacts of biodiversity loss on ecological balance and human societies,
using specific examples.

Answers to Pilot Questions - Series 2: Environmental Components and
Biogeochemical Cycles

Pilot questions 2.1 (Physical, Chemical, and Biological Components)
1. Climate
2. Chemical
3. Climate, landforms, or water bodies (any one example)
4. Microorganisms (decomposers)
5

Because they maintain ecological balance by producing food, consuming energy,
and recycling nutrients

Pilot questions 2.2 (Biogeochemical Cycles)

1." Carbondioxide

2. Nitrogen fixation

3. Hydrological (water) cycle

4. Burning fossil fuels (other valid examples: deforestation, industrial emissions)

5. Because theyrecycle essential elements, regulate climate, and sustain ecosystems
Pilot questions 2.3 (Global Environmental Health Issues)
o
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1. Climate change
Depletion
Air pollution, water pollution, or soil pollution (any one example)

Loss

a s~ 0B

Because ecosystems cannot function properly when species disappear, leading to
disruptions such as reduced pollination or uncontrolled prey populations

References and Attributions — Series 2: Environmental Components and
Biogeochemical Cycles

General references

e Course content adapted from EHS 204: Ecology and.Environmental Management (1
Unit).

¢ Explanations of concepts are based on standard ecology and environmental
science literature and open educational resources (OERs).

Figures

o Figure 2.1: Physical factors of the environment—Al prompt: “Generate a diagram
showing climate, landforms, and water bodies as physical factors of the
environment.”

e Figure 2.2: The carbon cycle - Al prompt: “Generate a diagram showing carbon
movement throughatmosphere, plants, animals, and fossil fuels.”

o Figure 2.3:. The hydrological cycle — Al prompt: “Generate a diagram showing
evaporation, condensation, precipitation, infiltration, and runoff.”

o Figure 2.4: Causes and impacts of climate change — Al prompt: “Generate a diagram
showing causes and impacts of climate change, including fossil fuels,
deforestation, rising sea levels, and extreme weather.”

Boxes

e  Box2.1:Chemical factors of the environment — Al prompt: “Create a text box listing
gases, nutrients, and pollutants with short explanations.”

e Box2.2: Keyprocesses in the nitrogen cycle — Al prompt: “Create a text box
summarising nitrogen fixation, nitrification, and denitrification.”

e Box2.3: Pollution and resource depletion — Al prompt: “Create a text box listing
types of pollution and examples of resource depletion.”

Tables
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e Table 2.1: Biological factors of the environment — Al prompt: “Generate a table
showing plants, animals, and microorganisms with their ecological roles.”

e Table 2.2: Importance of biogeochemical cycles — Al prompt: “Generate a table
showing carbon, nitrogen, and hydrological cycles with their ecological
importance.”

e Table 2.3: Causes and consequences of biodiversity loss — Al prompt: “Generate a
table showing causes of biodiversity loss and their ecological consequences.”

Suggested Outline of Parts and Sub-Parts — Series 3: Ecological Concepts,
Communities, and Succession

For a 1-credit Series, we’ll structure this into three Parts to balance depth and clarity:
Part 3.1 Ecological Concepts
e 3.1.1 Habitat and niche
e 3.1.2 Species interactions (competition, predation, symbiosis)
¢ 3.1.3 Energy flow and trophic levels
Part 3.2 Ecological Communities
e 3.2.1 Structure and composition of communities
e 3.2.2 Community dynamics and stability
e 3.2.3 Biodiversity and its measurement
Part 3.3 Ecological Succession
e 3.3.1 Primary succession
e 3.3.2Secondary succession

¢ [ 3.3.3Importance of succession in ecosystem development

Introduction - Series 3: Ecological Concepts, Communities, and Succession

Background Ecology is not only about individual organisms and their environments but
also about how species interact, form communities, and change over time. Ecological
concepts such as habitat, niche, and energy flow provide the foundation for understanding
ecosystems. Communities represent the structure and diversity of life in a given area,
while succession explains how ecosystems evolve, recover, and stabilize after
disturbances.

)
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Aim The aim of this Series is to help learners understand fundamental ecological
concepts, explore the structure and dynamics of ecological communities, and analyse
succession processes that drive ecosystem development. This knowledge builds on earlier
Series and prepares learners to study pollution control, environmental management
systems, and sustainability strategies.

Sequential synopsis This Series begins with ecological concepts, introducing habitat,
niche, species interactions, and energy flow. It then examines ecological communities,
focusing on their composition, dynamics, and biodiversity. Finally, it explores-ecological
succession, distinguishing between primary and secondary succession and highlighting
their importance in ecosystem development and resilience.

Series Learning Outcomes - Series 3: Ecological Concepts, Communities; and
Succession

By the end of this Series, learners should be able to:

e SLO 3.1: Explain fundamental ecological concepts such as'habitat, niche, species
interactions, and energy flow.

e SLO 3.2: Describe the structure, composition, and dynamics of ecological
communities, including biodiversity and stability.

e SLO 3.3: Analyse ecological succession, distinguishing between primary and
secondary succession, andevaluate itsimportance in ecosystem development and
resilience.

These outcomes align directly with the three Parts outlined for Series 3, ensuring learners
progress from understanding basic ecological concepts, through community dynamics,
to succession processes that explain ecosystem change over time.

3.1 EcologicalConcepts
3.1.1 Habitat and niche

e ( Habitat: The physical environment where an organism lives (e.g., forest, desert,
river).

¢ Niche: The role or function of an organism within its ecosystem, including how it
obtains food, interacts with other species, and contributes to energy flow.

Fill in the blank: The physical environment where an organism lives is called its

F)
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/a HABITAT _ NICHE
| Forest Ecoystem

1. Consume Fruit

>T= ) — (2. Internal
! Digestion

3. Disperse &
Plant Seeds

Ecological Role: Seed Disperser

THE INTERCONNEECTED WEB OF LIFE

Figure 3.1 Placeholder: Diagram showing a bird’s habitat (forest) and its niche (seed
disperser). Caption: Habitat and niche.

3.1.2 Species interactions (competition, predation, symbiosis)

o  Competition: When two species compete for the same resources (e.g., food,
space).

¢ Predation: One species (predator) feeds on another (prey).

¢ Symbiosis: Close relationships between species, including mutualism (both
benefit), commensalism (one benefits, the other unaffected), and parasitism (one
benefits, the other harmed).

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



Fillin the blank: When two species compete for the same resources, the interaction is

called

Interaction Species A |Species B Example
Competition Harmed (-) [Harmed (-) |Plants competing for sunlight.
Predation Benefit (+) [Harmed (-) Wolf hunting a moose.
Mutualism Benefit (+) [Benefit(+) |Mycorrhizal fungi on plant roots.
Commensalism [Benefit(+) |[Neutral (0) |Birds nestingin atree.
Parasitism Benefit (+) [Harmed (-) [Tapeworms in a mammal.

Box 3.1 Placeholder: Text box listing competition, predation, and symbiosis with examples.
Caption: Types of species interactions.

3.1.3 Energy flow and trophic levels
Energy flows through ecosystemsiin a food chain or food web:
¢ Producers: Plants and algae that convert solar energy into food.

¢ Consumers: Herbivores, carnivores, and omnivores that feed on producers or other
consumers.

¢ Decomposers: Microorganisms that recycle nutrients back into the ecosystem.

Energy decreases at each trophic level due to loss as heat, meaning food chains rarely
exceed 4-5 levels.

Fillin the blank: Organisms that convert solar energy into food are called
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Group Biological Role Energy Source Key Examples

Create organic

Producers food (glucose) Sunlight . Green plants, algae,
. . (Photosynthesis) or phytoplankton, and
(Autotrophs) from inorganic . .
Chemicals. cyanobacteria.
sources.
Eat other Herbivor r
Consumers atothe Consuming producers erbivores (deer),

organisms to Carnivores (lions), and

Heterotrophs . or other consumers. .
( phs) obtain energy. Omnivores (humans).
Break down dead |Dead plants, animal Fungi (mushrooms),
Decomposers . .
organic matter carcasses;and waste _|bacteria, and
(Saprotrophs)
and waste. products. earthworms.

Table 3.1 Placeholder: Table showing producers, consumers, and decomposers with
examples. Caption: Energy flow and trophic levels.

Pilot questions 3.1
1. The physical environment where an organism livesis calledits __
2. When two species'compete forthe same resources, the interaction is called
3. Name one type of symbiotic relationship.
4. Organisms that convert solar energy into food are called
5. Why does energy decrease at each trophic level in a food chain?
3.2 Ecological Communities
3.2:1 Structure and composition of communities

An ecological community is a group of interacting species living in the same area. Its
structure is defined by:

¢ | Species composition: the variety of species present.
¢ Abundance: the number of individuals of each species.
e Spatial distribution: how species are arranged in the environment.

Communities can be simple (few species, low diversity) or complex (many species, high
diversity).
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Fillin the blank: A group of interacting species living in the same areais called an
ecological

FOREST COMMUNITY: THE WEB OF LIFE

INTERNOREECTED SPECIES & ENERGY FLOW

INSECTS

= "’lﬁ&&*& s e &Mw SRS

DEUUMPUSERS

EACH PLAYS A VITAL ROLE IN ECOGYYSTEM BALANCE

Figure 3.2 Placeholder: Diagram showing a forest community with trees, birds, insects,
and mammals. Caption: Structure and composition of a community.

3.2.2 Community dynamics and stability

Communities are dynamic, meaning they change over time due to factors such as
disturbances, succession, and species interactions.

o Stability: the ability of a community to resist change and recover after
disturbances.
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¢ Resilience: the speed and capacity of recovery after disruption.

+ Disturbances: events like fire, flood, or human activity that alter community
structure.

Fillin the blank: The ability of a community to resist change and recover after disturbances
is called

Concept Focus Question it Answers
Stability Resistance ['How well can it stay the same?"
Resilience |Recovery ['How fast can it heal after damage?"
Disturbance [Change "What event caused the damage?"

Box 3.2 Placeholder: Text box defining stability, resilience, and disturbance with examples.
Caption: Community dynamics and stability.

3.2.3 Biodiversity and its measurement
Biodiversity refers to the variety of life within a community. It can be measured by:

e Speciesrichness:the number of different species present.

e Species evenness: how evenly individuals are distributed among species.

¢ Indices: mathematical measures such as the Shannon index or Simpson’s index.
High biodiversity generally indicates a healthy, stable ecosystem.

Fillin the blank: The number of different species presentin a community is called species

Metric Definition Focus High Value Indicates...
. The total number of different /A large variety of
Species species presentina Quantit different types of
Richness P p 4 . P
community. organisms.

-
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Metric Definition Focus High Value Indicates...

/A measure of the relative
/A balanced ecosystem

Species abundance of the different e . .
. . . Distribution [where no single
Evenness species making up the richness . [
species dominates.
of an area.

Mathematical formulas (like
Biodiversity [Shannon-Wiener or Simpson’s)
Indices that combine richness and
evenness.

A stable, resilient
Complexity |environment less
likely to collapse.

Table 3.2 Placeholder: Table comparing species richness, species.evenness, and
biodiversity indices. Caption: Measures of biodiversity.

Pilot questions 3.2
1. Agroup of interacting species living inthe same area is called an ecological

2. The ability of a community to resist change and recover after disturbances is called

3. Name one factor that can disturb a community.
4. The number of different species presentin a community is called species

5. Why is high biodiversity important for ecosystem stability?

3.3 Ecological Succession
3.3.1 Primary succession

Primary succession occurs in areas where no life previously existed, such as bare rock
surfaces formed by volcanic eruptions or retreating glaciers. Pioneer species like lichens
and mosses colonize first, breaking down rock and forming soil. Over time, grasses,
shrubs, and trees establish, leading to a stable climax community.

Fill in the blank: Succession that begins on bare rock surfaces where no life previously
existed is called succession.
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PRIMARY SUCCESSION: BUILDING LIFE FROM ROCK
The Stages of Ecological Recovery & Habitat Creation

/ﬂ Time Scale: Hundreds to Thousands of Years
Volcanic Activit : . D: . osa
,mm',‘keti;a{ Key Drivers: Pioneeer Speccien, Competition /\

1 BireRock 2. Early Seral Stage: |l 3. Mid-Seral Stage: [N\ S IrIBSEr (R 5. Climax Community:
‘ Grasses & Ferns Shrubs & Young Trees & Young Trees Mature Forest

i [FENA | Q5 P9 By ; . g
B AR, 4 v A o
Y = | ¥ .
3 < 0
> G / ~ 4 S Td
5

Sz, Rich Soil,

W) Wl

Q& ﬁ\h} ” N\l Biodivissity,
: Chemical Weatherin Nicresced Bi & ] 4 S
Lickens & Moss Soil Formation ¢ @ S;Ir??:matliz':ass lyrarnic EquilbAium Dynamic Equihbfizm

THE GRADUAL TRANSFORMATION FROM STERILE STERILE
LANDSCAPE TO THRIVING ECOSSTEM

Figure 3.3 Placeholder: Diagram showing stages of primary succession from bare rock >
lichens > grasses > shrubs > forest. Caption: Stages of primary succession.

3.3.2 Secondary succession

Secondary succession occurs in areas where life previously existed but was disturbed or
destroyed, such as farmland left abandoned, forests after fire, or areas cleared by human
activity. Since soil is already present, succession is faster than primary succession.

Fillin the blank: Succession that occurs in areas where soil is already present after
disturbance is called succession.
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Feature Primary Succession Secondary Succession

Starting Bare rock or sterile substrate (no Pre-existing soil remains
Point soil). intact.
P|one.er Lichens and mosses (soil builders). Grasses, fems, and
Species herbaceous plants.
Timeframe Very Slow (hundreds to thousands of Faster (decades to centuries).
lyears).
Volcanic eruptions, retreating - . .
Cause glaciers, or newly formed sand Wildfires, hurricanes, logging,

or abandoned farmland.
dunes.

Box 3.3 Placeholder: Text box comparing primary and secondary succession. Caption:
Differences between primary and secondary succession.

3.3.3 Importance of successionin ecosystem development
Succession is vital because it:
o Restores ecosystems after disturbances.
¢ Increases biodiversity and habitat complexity.
¢ Leads to stable climax communities that support long-term ecological balance.

Fillin the blank: Succession leads to stable communities that support long-term
ecological balance:

Benefit How Succession Achieves It Ecological Outcome

Pioneer species break down rock
and add organic matter (humus) to
the earth.

Soil
Restoration

Increases soil fertility, depth,
and water-holding capacity.
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Benefit How Succession Achieves It Ecological Outcome
Biodiversit New "niches" are created as the Provides homes for a wider
y physical structure of the habitat \variety of insects, birds, and
Increase
grows taller and denser. mammals.
Nutrient Decomposers and complex root Prevents nutrient leaching and
Cvelin systems develop, trapping minerals [creates a "self-fertilizing"
ycling in the biomass. system.
. Increasing plant biomass captures (|Acts as a carbon sink and
Climate - . "
. $CO_2$ and regulates local creates a cooler "microclimate
Regulation ..
humidity/temp. under the canopy.
Ecosvstem Overlapping food webs ensure that. (Increases resistance to pests,
.y. the loss of one species doesn't diseases, and minor
Stability . .
collapse the system. environmental shifts.

Table 3.3 Placeholder: Table showing ecological benefits of succession (restoration,
biodiversity, stability). Caption: Importance of succession in ecosystem development.

Pilot questions 3.3

1. Succession that begins on bare rock surfaces where no life previously existed is
called succession.

2. Successionthatoccursin areas where soil is already present after disturbance is
called succession.

3. Name one pioneer species in primary succession.

4. Succession leads to stable communities that support long-term ecological
balance.

5./ Why is succession important for ecosystem development?
Series 3 Summary - Ecological Concepts, Communities, and Succession
ol
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In this Series, we examined how organisms interact with each other and their environment,
how communities are structured and maintained, and how ecosystems change over time
through succession.

e We began with ecological concepts, introducing habitat and niche, species
interactions (competition, predation, symbiosis), and energy flow through trophic
levels. These concepts form the foundation of ecological understanding.

e Wethen explored ecological communities, focusing on their structure,
composition, dynamics, and stability. We highlighted the importance of
biodiversity, species richness, and evenness in maintaining healthy ecosystems.

o Finally, we studied ecological succession, distinguishing between primary.
succession (on bare rock or new surfaces) and secondary succession (in areas with
existing soil after disturbance). We emphasized how successionrestores
ecosystems, increases biodiversity, and leads to stable climax communities.

By completing this Series, learners should now be able to explain ecological concepts,
describe community structure and dynamics, and analyse succession processes. These
insights prepare learners for later Series on pollution control, environmental management
systems, and sustainability strategies.

Glossary of Terms - Series 3: Ecological Concepts, Communities, and Succession
e Habitat: The physical environment where an organism lives.
¢ Niche: The role or function of an organism within its ecosystem.
¢ Competition: An interaction where two species compete for the same resources.
¢ Predation: Aninteraction where one species (predator) feeds on another (prey).

e Symbiosis: Aclose relationship between species, including mutualism,
commensalism, and parasitism.

e Producers: Organisms (such as plants and algae) that convert solar energy into
food.

e Consumers: Organisms that feed on producers or other consumers.
o Decomposers: Microorganisms that recycle nutrients back into ecosystems.
e Ecological community: A group of interacting species living in the same area.

¢ Stability: The ability of a community to resist change and recover after
disturbances.

¢ Resilience: The speed and capacity of recovery after disruption.

e« Disturbance: An event (natural or human-induced) that alters community

structure.
)
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e Biodiversity: The variety of life within a community.
e Speciesrichness: The number of different species present in a community.
e Species evenness: How evenly individuals are distributed among species.

¢ Primary succession: Succession that begins in areas where no life previously
existed (e.g., bare rock).

e Secondary succession: Succession that occurs in areas where soil is already
present after disturbance.

¢ Climax community: A stable, mature community that develops at the end of
succession.

Concept Check Questions - Series 3: Ecological Concepts, Communities, and
Succession

Objective questions (linked to SLOs 3.1-3.3)
1. The physical environment where an organism lives is called its
2. When one species feeds on another, the interactionis called __
3. Organisms that convert solar energy into food are called
4. Agroup of interacting species living in the same area is called an ecological
5

. Succession that begins on bare rock surfaces where no life previously existed is
called succession.

Short-answer questions (linked to SLOs 3.1-3.3)

6. Differentiate between habitat and niche with examples.

7. Name and briefly explain one type of symbiotic relationship.

8. Whatiis the difference between stability and resilience in ecological communities?
9. Explain why species richness and species evenness are important measures of
biodiversity.

10. Give one example each of primary and secondary succession.

Long-answer questions (linked to SLOs 3.1-3.3)

11. Discuss the roles of producers, consumers, and decomposers in energy flow
through ecosystems.

12. Analyse the structure and dynamics of ecological communities, highlighting factors
that influence stability.
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13. Evaluate the importance of biodiversity in maintaining ecosystem health and
resilience.
14. Compare and contrast primary and secondary succession, explaining their

processes and ecological significance.

15.

Assess the importance of succession in ecosystem development, restoration, and

long-term ecological balance.

Answers to Pilot Questions - Series 3: Ecological Concepts, Communities, and
Succession

Pilot questions 3.1 (Ecological Concepts)

1.

2
3
4.
5

Habitat

Competition

Mutualism, commensalism, or parasitism (any one type)
Producers

Because energy is lost as heat ateach trophic level, leaving less available for higher
levels

Pilot questions 3.2 (Ecological Communities)

1.

2
3
4.
5

Community

Stability

Fire, flood, or human activity (any one example)
Richness

Because itincreases resilience, supports ecosystem functions, and helps maintain
balance

Pilot questions 3.3 (Ecological Succession)

1.

2
3
4.
5

Primary succession

Secondary succession

Lichens or mosses (any one pioneer species)
Climax

Because it restores ecosystems, increases biodiversity, and leads to long-term
ecological balance

References and Attributions — Series 3: Ecological Concepts, Communities, and
Succession

-
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General references

e Course content adapted from EHS 204: Ecology and Environmental Management (1
Unit).

e Explanations of concepts are based on standard ecology and environmental
science literature and open educational resources (OERs).

Figures

o Figure 3.1: Habitat and niche — Al prompt: “Generate a diagram showing a bird’s
habitat in a forest and its niche as a seed disperser.”

e Figure 3.2: Structure and composition of a community — Al prompt: “Generate a
diagram showing a forest community with trees, birds, insects, and mammals.”

e Figure 3.3: Stages of primary succession — Al prompt: “Generate a diagram showing
stages of primary succession from bare rock to climax forest.”

Boxes

e Box3.1: Types of species interactions — Al prompt: “Create a text box listing
competition, predation, and symbiosis with examples.”

e Box 3.2: Community dynamics and stability — Al prompt: “Create a text box defining
stability, resilience, and disturbance with examples.”

e Box3.3: Primary vs. secondary succession — Al prompt: “Create a text box
comparing primary and secondary succession with examples.”

Tables

e Table 3.1: Energy flow and trophic levels — Al prompt: “Generate a table showing
producers, consumers, and decomposers with examples.”

e Table 3.2: Measures of biodiversity — Al prompt: “Generate a table comparing
species richness, species evenness, and biodiversity indices.”

e Table 3.3: Importance of succession in ecosystem development — Al prompt:
“Generate atable showing ecological benefits of succession such as restoration,
biodiversity, and stability.”
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Suggested Outline of Parts and Sub-Parts - Series 4: Environmental Pollution and
Control

For a 1-credit Series, we’ll structure this into three Parts, each with clear sub-sections:
Part 4.1 Environmental Pollution

e 4.1.1 Definition and types of pollution

e 4.1.2 Sources of pollution (natural and anthropogenic)

e 4.1.3 Effects of pollution on ecosystems and human health
Part 4.2 Major Forms of Pollution

e 4.2.1 Air pollution (causes, effects, control measures)

e 4.2.2Water pollution (causes, effects, control measures)

e 4.2.3 Soil pollution (causes, effects, control measures)

e 4.2.4 Noise pollution (causes, effects, control. measures)
Part 4.3 Pollution Control and Management

e 4.3.1 Principles of pollution control

e 4.3.2 Preventive and corrective measures

o 4.3.3 Role of legislation, policies, and environmental agencies

e 4.3.4 Sustainable practices for pollution reduction

Introduction - Series 4: Environmental Pollution and Control

Background Pollution.is one of the most pressing environmental challenges of our time. It

arises when harmful substances or energy are introduced into the environment, disrupting
natural processes and threatening human health. From industrial emissions to agricultural
runoff, pollution‘affects air, water, soil, and even soundscapes. Understanding its sources,
types;andimpacts isessential for designing effective control measures.

Aim The aim of this Series is to equip learners with knowledge of environmental pollution,
its major forms, and strategies for control and management. This builds on earlier Series
about ecological processes and prepares learners to engage with environmental
management systems and sustainability practices.

Sequential synopsis This Series begins with Part 4.1, defining pollution, its types,
sources, and effects. It then examines Part 4.2, which explores major forms of pollution—
air, water, soil, and noise—highlighting their causes, impacts, and control measures.
Finally, Part 4.3 focuses on pollution control and management, discussing principles,
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preventive and corrective measures, legislation, and sustainable practices for reducing
pollution.

Series Learning Outcomes - Series 4: Environmental Pollution and Control
By the end of this Series, learners should be able to:

o SLO 4.1: Define environmental pollution, identify its types, sources, and explain its
effects on ecosystems and human health.

e SLO 4.2: Describe major forms of pollution (air, water, soil, noise), including their
causes, impacts, and control measures.

e SLO 4.3: Analyse pollution control and management strategies;.including
preventive and corrective measures, legislation, and sustainable practices.

These outcomes align directly with the three Parts outlined for Series 4, ensuring learners
progress from understanding pollution, through examining its major forms, to exploring
control and management strategies.

4.1 Environmental Pollution
4.1.1 Definition and types of pollution

e Pollution: The introduction of harmful substances or energy into the environment,
causing adverse effects on living organisms and ecosystems.

¢ Types of pollution:
e Airpollution
¢ Water pollution
e /Soil'pollution
¢ Noise pollution
e Thermal pollution
o Radioactive pollution

Fillinthe blank: The introduction of harmful substances or energy into the environment is
called

)
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TYPES OF POLLUTION

AIR POLLUTION WATER POLLUTION SOIL POLLUTION NOISE POLLUTION

* Smog, Factory * Plastic Waste, * Pesiictias, * Traffic,
* Emissions * Chemical Runfof * E-Waste * Construction

¢ A THREAT TO ECOCCYSTEM HEALTH ¢

Figure4.1 Placeholder: Diagram showing different types of pollution (air, water, soil,
noise). Caption: Types of environmental pollution.

4.1.2 Sources of pollution (natural and anthropogenic)
o  Natural sources: Volcanic eruptions, forest fires, dust storms.

e ~ Anthropogenic sources: Industrial emissions, agricultural runoff, vehicle exhaust,
improper waste disposal.

Fillin the blank: Pollution caused by human activities is referred to as sources of
pollution.

-
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Feature Natural Sources Anthropogenic Sources
Frequency |Often episodic (sporadic). Continuous and persistent.
Can be massive (global Cumulative (steady increase in $CO_2$
Scale . .
cooling from volcanoes). since 1850).
Adaptation Ecosystems have evolved Often introduces novel chemicals (e.g.,
P some level of resilience. PFAS) that nature cannot break down.

Box 4.1 Placeholder: Text box listing natural and anthropogenic sources with examples.
Caption: Sources of pollution.

4.1.3 Effects of pollution on ecosystems and human health

¢ Onecosystems: Loss of biodiversity; habitat degradation, disruption of food
chains.

¢ On human health: Respiratory diseases, waterborne illnesses, hearing loss,
cancers.

Fillin the blank: Pollution that causes respiratory diseases in humans is most often
associated with pollution.

Type of Pollution Ecological Impact Human Health Impact

IAcid Rain: Lowers pH in lakes Respiratory Illness: Causes
and damages leaf cuticles, asthma, bronchitis, and
killing fish and forests. increased risk of lung cancer.

Air (Particulates,
$SO_2$, $NO_x$)

\Waterborne Diseases: Leads
to cholera, dysentery, and
nitrate poisoning (Blue Baby
Syndrome).

Eutrophication: Causes algal
blooms that deplete oxygen,
creating "Dead Zones."

Water (Nitrates,
Phosphates)
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Type of Pollution Ecological Impact Human Health Impact

Bioaccumulation: Toxins build [Toxicity: Long-term exposure

Soil (Heavy Metals, up in food chains, causing to Lead or Mercury causes
Pesticides) reproductive failure in neurological damage and
predators. organ failure.
Behavioral Disruption: Physiological Stress: Causes
Noise Interferes with animal hearing loss, hypertension,
(Urban/Industrial) communication, mating calls, |[sleep disturbance, and high
and migration. stress levels.

Table 4.1 Placeholder: Table showing effects of pollution on‘ecosystems and human
health. Caption: Effects of pollution.

Pilot questions 4.1

1. Theintroduction of harmful substances or energy into the environment is called

2. Pollution caused by human‘activities is referred to as sources of pollution.
3. Name one natural source of pollution.

4. Pollution that causes respiratory diseases in humans is most often associated with
pollution.

5. Give one effect of pollution on ecosystems.

4.2 Major Forms of Pollution
4.2.1 Air pollution

o Definition: Contamination of the atmosphere by harmful substances such as
gases, particulates, and chemicals.

e Causes: Industrial emissions, vehicle exhaust, burning of fossil fuels, forest fires.
o - Effects: Respiratory diseases, acid rain, global warming, ozone depletion.

e Control measures: Use of clean energy, emission regulations, afforestation,
improved public transport.

Fillin the blank: Contamination of the atmosphere by harmful substances is called
pollution.
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ANTHROPGFONIC AIR POLLUTION:
MAJOR HUMAN SOURCES

= 54

INDUSTRIAL EMISSIONS VEHICIULAL EXHAUST COMBUSTION & BURNING

* Power Plants » Cars & Trucks * Fossil Fuels (Homes)
* Manufacturing * Aviation * Biomass / Waste
* Chemicals / Heavy Metals * Particulate Matter (PM2.5) « Black Carbon / Methane

Sc IMPACT: RESPIRATORY ILLNESS & CLIMATE CHANGE -2

A
.(’%ﬁs

Figure 4.2 Placeholder: Diagram showing sources of air pollution (factories, cars, burning
fuels). Caption: Sources of air pollution.

4.2.2 Water pollution
o  Definition: Contamination of water bodies by harmful substances.
e  Causes: Industrial discharge, agricultural runoff, sewage, oil spills.
o Effects: Waterborne diseases, loss of aquatic biodiversity, eutrophication.

e Control measures: Wastewater treatment, regulation of industrial discharge,
proper waste disposal, conservation practices.
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Fillin the blank: Contamination of rivers, lakes, and oceans by harmful substances is
called pollution.

Pollutant Type Example Primary Source
Nutrients Nitrates, Phosphates Fertilizers & Sewage
Pathogens E. coli, Cryptosporidium Human/Animal Waste
Heavy Metals Lead, Mercury, Cadmium [Mining & Industry

Organic Chemicals [Pesticides, Oil, Detergents _|[Farms & Urban Runoff

Sediment Silt, Clay, Soil Construction & Deforestation

Box 4.2 Placeholder: Text box listing causes and effects of water pollution. Caption:
Causes and effects of water pollution

4.2.3 Soil pollution
o Definition: Degradation of soil quality due to harmful chemicals and waste.
o Causes: Pesticides, fertilizers, industrial waste, improper disposal of plastics.

o« Effects:Reduced soilfertility, contamination of food crops, disruption of soil
organisms.

e _Control measures: Organic farming, proper waste management, soil conservation
practices.

Fill in'the blank: Degradation of soil quality due to harmful chemicals and waste is called
pollution.
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Feature Description Examples / Details

Agricultural Chemicals: Overuse
of pesticides, herbicides, and
synthetic fertilizers.

Activities that introduce Industrial Waste: Improper
Primary Causes |hazardous substances into the |[disposal of heavy metals and
terrestrial environment. chemical byproducts.

Landfills: Leaching of toxic fluids
(leachate) from poorly managed
waste sites.

Reduced Fertility: Loss of soil
microorganisms and essential
nutrients ($N, P, K$).

The direct and indirect
consequences of soil
degradation.

Ecological &
Health Effects

Biomagnification: Toxins enter the
food chain through crop uptake.

Groundwater Contamination:
Pollutants leaching through soil
layers into aquifers.
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Feature Description Examples / Details

Bioremediation: Using microbes to
"eat" organic pollutants.

Phytoremediation: Using specific

Control & Strategies to prevent and
plants to extract heavy metals.

Remediation clean up contaminated land.

Sustainable Farming: Integrated
Pest Management (IPM) and
organic manuring.

Table 4.2 Placeholder: Table showing causes, effects, and control measures of soil
pollution. Caption: Soil pollution overview.

4.2.4 Noise pollution
o Definition: Excessive or harmful levels of sound in the environment.
e Causes: Traffic, industrial machinery, construction activities, loudspeakers.
o Effects: Hearing loss, stress, reduced productivity, disturbance of wildlife.

o Controlmeasures: Noise regulation laws, use of silencers, urban planning,
awareness.campaigns.

Fill in the blank: Excessive or harmful levels of sound in the environment is called
pollution.
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TRAFFIC INDUSTRIAL ACTIVITY PUBLIC EVENTS

5
&

>

« Cars & Trucks « Heavy Machinery « Concerts & Events
* Horns & Sirens « Manufacturing + Amplified Music
* Road Noise » Construction + Public Addess Systems

IMPACT: STRESS, HEARING LOSS & WILDLIFE DISTURBANCE

Figure 4.3 Placeholder: Illustration showing traffic, factories, and loudspeakers as sources
of noise pollution. Caption: Sources of noise pollution.

Pilot questions 4.2

1. Contamination of the atmosphere by harmful substances is called pollution.
2.. Name one cause of water pollution.
3. Degradation of soil quality due to harmful chemicals and waste is called
pollution.
4. Excessive or harmful levels of sound in the environmentiscalled __ pollution.

5. Give one control measure for air pollution.
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4.3 Pollution Control and Management
4.3.1 Principles of pollution control

o Preventionis better than cure: Avoid generating pollutants rather than dealing
with them afterward.

+ Polluter pays principle: Those who cause pollution should bear the cost of
managing it.

+ Precautionary principle: Take preventive action even if scientific evidence is not
fully established.

e Sustainability principle: Pollution control should align with long-term
environmental protection.

Fillin the blank: The principle that those who cause pollution should bear the cost of

managingitis called the principle.
Principle Primary Goal Focus
Prevention Avoidance Proactive measures to stop damage.

Polluter Pays |Accountability  [Economic responsibility for waste.

Precautionary [Safety Risk management under uncertainty.

Sustainability [Longevity Intergenerational equity and balance.

Box 4.3 Placeholder: Text box listing key principles of pollution control. Caption: Principles
of pollution control.

4.3.2 Preventive and corrective measures

e Preventive measures: Cleaner production, renewable energy, waste minimization,
eco-friendly technologies.

¢ Corrective measures: Treatment plants, recycling, remediation of contaminated
sites, noise barriers.

Fillin the blank: Using renewable energy sources is an example of a measure in
pollution control.
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Feature

Preventive Measures (Source
Reduction)

Corrective Measures
(Remediation)

Timing

Proactive: Occurs before or
during production.

Reactive: Occurs after the
environment is contaminated.

Primary Goal

To minimize or eliminate the
creation of waste.

existing waste.

Cost

Usually lower long-term
costs; integrates into design.

High costs; often requires
specialized technology.

Environmental
Impact

Preserves ecosystem health
and resources:

Attempts to restore a damaged
ecosystem to its baseline.

Table 4.3 Placeholder: Table comparing preventive and corrective measures with
examples. Caption: Preventive vs. corrective measures.

4.3.3 Role of legislation, policies, and environmental agencies

¢ Legislation: Laws such as.emission standards, waste management regulations,
water quality acts.

e Policies: National and international frameworks for pollution reduction.

¢ Agencies: Environmental Protection Agencies (EPAs), ministries of environment,

NGOs.

Fillin the blank: Laws that set limits on emissions and waste are examples of

F)

Do)
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GLOBAL POLLUTION CONTROL: A
A COLLABORATIVE APPROACH

m S

GOVERNMENT ENVIRONMENTAL Ee> NON-PROFIT
BODIES AGENCIES URGI}:{;ZOA,I)IONS

» Advocacy & Activism
« Community Projects
» Global Campaigns

« Policy & Legislation « Monitoring Enforcment
« Funding & Regulation * Research & Data
+ International Treaties + Public Education

&

SHARED GOAL:
AHEALTHIER PLANET

« Reduce Emissions
» Clean Water & Soil
» Protect Biodiievisty

COLLECTIVE ACTION FOR A SUSTAINABLE FUTURE

Figure4.4 Placeholder: Diagram showing government, agencies, and NGOs working
together on pollution control. Caption: Role of legislation and agencies.

4.3.4 Sustainable practices for pollution reduction

o  Examples: Recycling, green energy, sustainable agriculture, eco-friendly transport,
circular economy.

e Benefits: Long-term reduction of pollution, conservation of resources, healthier
ecosystems.

Fillin the blank: Practices such as recycling and green energy are examples of
practices for pollution reduction.
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Practice Primary Pollutant Long-term Benefit
Reduced
. Solid Waste & Conserves natural landscapes and
Recycling
Methane resources.

Green Energy $CO_2$ & Particulates Stabilizes global climate and improves
lung health.

Eco-Transport $NO_x$ & Noise C.:reates f:|f1|eter, cleaner, and more
livable cities.

Susta.mable Nitrates & Pesticides Protects. groundwater and pollinator

Farming populations.

Box 4.4 Placeholder: Text box listing sustainable practices for pollution reduction.
Caption: Sustainable practices.

Pilot questions 4.3

1. The principle that those who cause pollution should bear the cost of managing itis

called the principle.
2. Using renewable energy.sources is an example of a measure in pollution
control.

3. Lawsthat setlimits on emissions and waste are examples of

4. Practices suchias recycling and green energy are examples of practices for
pollution reduction.

5. "Name one environmental agency involved in pollution control.

Series 4 Summary - Environmental Pollution and Control

In this Series, we explored the causes, effects, and management of pollution, building a
comprehensive understanding of how human activities and natural processes impact the
environment.

-
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e We began with Part 4.1, defining pollution, its types, sources (natural and
anthropogenic), and effects on ecosystems and human health.

e InPart4.2, we examined the major forms of pollution—air, water, soil, and noise—
highlighting their causes, impacts, and control measures.

e Finally, Part 4.3 focused on pollution control and management, introducing key
principles (such as the polluter pays principle), preventive and corrective measures;
the role of legislation and agencies, and sustainable practices for long-term
pollution reduction.

By completing this Series, learners should now be able to define pollution and its
sources (SLO 4.1), describe major forms of pollution and their control measures (SLO
4.2), and analyse pollution control strategies, legislation, and sustainable practices
(SLO 4.3).

This knowledge provides a strong foundation for the next Series, which will address
Environmental Management Systems (EMS) and sustainability frameworks, linking
pollution control to broader environmental governance.

Glossary of Terms - Series 4: Environmental Pollution and Control

e Pollution: The introduction of harmful substances or energy into the environment,
causing adverse effects on living organisms and ecosystems.

¢ Air pollution: Contamination of the atmosphere by harmful substances such as
gases, particulates, and chemicals.

¢ Water pollution: Contamination of rivers, lakes, and oceans by harmful
substances.

o Soil pollution: Degradation of soil quality due to harmful chemicals and waste.
¢ Noise pollution: Excessive or harmful levels of sound in the environment.

o Thermal pollution: Increase in water temperature due to industrial processes,
affecting aquatic life.

« Radioactive pollution: Release of radioactive substances into the environment.

o Natural sources of pollution: Pollution caused by natural events such as volcanic
eruptions, forest fires, and dust storms.

e . Anthropogenic sources of pollution: Pollution caused by human activities such as
industrial emissions, vehicle exhaust, and improper waste disposal.

+ Effects of pollution: Impacts on ecosystems (loss of biodiversity, habitat
degradation) and human health (respiratory diseases, waterborne illnesses, hearing
loss).
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Polluter pays principle: The principle that those who cause pollution should bear
the cost of managing it.

Precautionary principle: Taking preventive action even if scientific evidence is not
fully established.

Preventive measures: Actions taken to avoid pollution, such as renewable energy
use and waste minimization.

Corrective measures: Actions taken to address existing pollution, suchas
treatment plants and remediation.

Legislation: Laws and regulations that set limits on emissions; waste, and
environmental standards.

Sustainable practices: Long-term strategies for reducing pollution, such as
recycling, green energy, and eco-friendly transport.

Concept Check Questions - Series 4: Environmental Pollution and Control

Objective questions (linked to SLOs 4.1-4.3)

1.

The introduction of harmful substances or energy into the environment is called

Contamination of rivers, lakes, and oceans by harmful substances is called
pollution.

Excessive or harmful levels of sound.in the environment is called pollution.

The principle that those who cause pollution should bear the cost of managing itis
called the principle.

Using renewable energy sources is an example of a measure in pollution
control.

Short-answer questions (linked to SLOs 4.1-4.3)

6. Differentiate between natural and anthropogenic sources of pollution with
examples.

7. Name two effects of air pollution on human health and ecosystems.

8. Explain the difference between preventive and corrective measures in pollution
control.

9. Give one example each of legislation and policy aimed at reducing pollution.
10. Why is recycling considered a sustainable practice for pollution reduction?

Long-answer questions (linked to SLOs 4.1-4.3)
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11. Discuss the causes, effects, and control measures of water pollution, using
examples.

12. Analyse the impacts of soil pollution on agriculture and human health, and suggest
strategies for mitigation.

13. Evaluate the role of legislation, policies, and environmental agencies in pollution
control and management.

14. Compare and contrast air, water, soil, and noise pollution in terms of sources,
effects, and control measures.

15. Assess the importance of sustainable practices such as greenenergy, eco-friendly
transport, and circular economy in long-term pollution reduction.

Answers to Pilot Questions - Series 4: Environmental Pollution and.Control
Pilot questions 4.1 (Environmental Pollution)

1. Pollution

2. Anthropogenic

3. Volcanic eruption, forest fire, or dust storm (any one example)
4. Air pollution
5

Loss of biodiversity, habitat degradation, or disruption of food chains (any one
example)

Pilot questions 4.2 (Major Forms of Pollution)
1. Air pollution
2. Industrial discharge, agricultural runoff, sewage, or oil spill (any one example)
3. Soil pollution
4./ Noise pollution
5

Use of clean energy, emission regulations, afforestation, or improved public
transport (any one example)

Pilot questions 4.3 (Pollution Control and Management)
1. Polluter pays principle
2. Preventive
3. Legislation
4. Sustainable
o
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5. Environmental Protection Agency (EPA), Ministry of Environment, or NGOs (any one
example)

References and Attributions — Series 4: Environmental Pollution and Control
General references

e Course content adapted from EHS 204: Ecology and Environmental Management (1
Unit).

e Concepts based on standard environmental science and open educational
resources (OERSs).

Figures

o Figure 4.1: Types of environmental pollution — Al prompt: “Generate a diagram
showing air, water, soil, and noise pollution with simple.icons.”

o Figure 4.2: Sources of air pollution — Al prompt: “Generate a.diagram showing
factories, cars, and burning fuels as sources of air pollution.”

o Figure 4.3: Sources of noise pollution — Al prompt: “Generate an illustration showing
traffic, factories, and loudspeakers as sources of noise pollution.”

o Figure 4.4: Role of legislation and agencies— Al prompt: “Generate a diagram
showing government, agencies; and NGOs working together on pollution control.”

Boxes

e Box4.1: Sources ofpollution = Al prompt: “Create a text box listing natural and
anthropogenic sources of pollution with examples.”

e Box4.2: Causes and effects of water pollution — Al prompt: “Create a text box listing
causes and effects of water pollution.”

e Box4.3: Principles of pollution control— Al prompt: “Create a text box listing
prevention, polluter pays, precautionary, and sustainability principles.”

o | Box4.4: Sustainable practices — Al prompt: “Create a text box listing sustainable
practices for pollution reduction such as recycling, green energy, and eco-friendly
transport.”

Tables

e . Table 4.1: Effects of pollution — Al prompt: “Generate a table showing effects of
pollution on ecosystems and human health.”

e Table 4.2: Soil pollution overview — Al prompt: “Generate a table showing causes,
effects, and control measures of soil pollution.”
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e Table 4.3: Preventive vs. corrective measures — Al prompt: “Generate a table
comparing preventive and corrective pollution control measures with examples.’

H

Suggested Outline of Parts and Sub-Parts - Series 5: Environmental Management
Systems (EMS) and Plans

For a 1-credit Series, we’ll structure this into three Parts, each with clear sub-sections:
Part 5.1 Introduction to Environmental Management Systems (EMS)
e 5.1.1 Definition and purpose of EMS
e 5.1.2 Components of EMS (policy, planning, implementation, monitoring, review)
e 5.1.3 Benefits of EMS for organizations and communities
Part 5.2 EMS Standards and Frameworks
e 5.2.11SO 14001 and other international standards
e 5.2.2 National and regional EMS frameworks
e 5.2.3 Case studies of EMS application iniindustries and institutions
Part 5.3 Environmental Management Plans (EMP)
e 5.3.1 Definition and objectives of EMP

e 5.3.2 Steps in preparingan EMP. (baseline study, impact assessment, mitigation
measures, monitoring)

e 5.3.3Role of EMP in sustainable development and compliance

e 5.3.4 Challenges and opportunities in implementing EMS and EMP

Introduction —Series 5: Environmental Management Systems (EMS) and Plans

Background As environmental challenges intensify, organizations and governments need
structured approaches to manage their impacts. Environmental Management Systems
(EMS) provide a framework for integrating environmental considerations into daily
operations, ensuring compliance with regulations, and promoting sustainability.
Environmental Management Plans (EMP) complement EMS by offering practical, site-
specific strategies for addressing environmental risks and impacts.

Aim The aim of this Series is to equip learners with knowledge of EMS concepts, standards,
and frameworks, as well as the design and application of Environmental Management
Plans. This prepares learners to understand how structured management tools can drive
sustainable development and compliance with environmental laws.
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Sequential synopsis
e Part5.1introduces EMS, its definition, purpose, components, and benefits.

o Part5.2 explores EMS standards and frameworks, including ISO 14001 and
national/regional systems, with case studies of application.

e Part5.3 focuses on Environmental Management Plans, covering their definition,
objectives, preparation steps, role in sustainability, and challenges in
implementation.

Series Learning Outcomes - Series 5: Environmental Management Systems (EMS) and
Plans

By the end of this Series, learners should be able to:

¢ SLO5.1: Define Environmental Management Systems (EMS), explain their purpose,
components, and benefits.

e SLO5.2: Describe EMS standards and frameworks, including ISO 14001 and
national/regional systems, and evaluate case studies of application.

e SLO5.3: Develop and analyse Environmental Management Plans (EMP), outlining
their objectives, preparation steps, role in sustainability, and challenges in
implementation.

These outcomes align directly with the three Parts outlined for Series 5, ensuring learners
progress from understanding EMS concepts, through examining standards and
frameworks, to designing.and applying Environmental Management Plans.

5.1 Introduction to Environmental Management Systems (EMS)
5.1.1 Definition and purpose of EMS

e Definition:/An Environmental Management System (EMS) is a structured framework
that helps organizations manage their environmental impacts systematically.

e Purpose:
¢ Ensure compliance with environmental laws and regulations.
e Improve environmental performance.
¢ Promote sustainability and resource efficiency.

Fillin the blank: A structured framework that helps organizations manage their
environmental impacts systematically is called an
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THE ENVIRONMENTAL MANAGEMENT SYSTEM (EMS CYCLE

1.POLICY

5. MANAGEMENT REVIEW

2. PLANNING
Identify impacts Legal requirements.

Objectives & Targets

4. MONITORING & ~ 3.INPLEMENTATION
MEASUREMENT Q O Taining.C

Track performance. Compliance.
Audits

A FRAMEWORK FOR CONTINUAL ENVIRONNENTAL PERFORMANCE IMPROVMENT

Figure 5.1 Placeholder: Diagram showing EMS cycle (policy » planning > implementation >
mopnitoring > review). Caption: EMS framework cycle

5.1.2 Components of EMS
e  Policy: Commitment to environmental protection.
e _ Planning: Identifying environmental aspects, setting objectives and targets.
« Implementation: Establishing procedures, training, and communication.
e Monitoring and measurement: Tracking performance and compliance.

e Review and improvement: Management review and continual improvement.

-
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Fillin the blank: Identifying environmental aspects and setting objectives is part of the

__ stage of EMS.

Stage PDCA Phase Core Question
Policy & Planning |Plan 'What do we want to achieve and how?
Implementation |Do How do we put the plan into action?
Monitoring Check Are we meeting our goals?
Review Act How can we do better next time?

Box 5.1 Placeholder: Text box listing EMS components with brief explanations. Caption:
Components of EMS.

5.1.3 Benefits of EMS
e Organizational benefits: Compliance, reduced costs, improved efficiency.

o Community benefits: Cleaner environment, reduced pollution, improved public

health.
o Sustainability benefits: Conservation of resources, long-term environmental
protection.
Fillin the blank: One benefit of EMS for organizations is improved efficiency.
Benefit .
Category Focus Primary Advantages
Cost Savings: Reduced waste and energy use.
§Y Efficiency &
Organizational Profit
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Benefit

Category Focus Primary Advantages

Risk Management: Lowered legal and insurance
risks.

Market Access: Improved brand image and
"Green" credentials.

Reduced Pollution: Cleaner local air and water.

Transparency: Better communication through
Community Health & Safety [public reporting.

Safety: Improved emergency response and spill
prevention.

Resource Conservation: Lowering the "Ecological
Footprint."

Sustainability Future & Planet
Climate Action: Significant reduction in $CO_2$

emissions.
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Benefit

Category Focus Primary Advantages

Circular Economy: Higher rates of material reuse
and recycling.

Table 5.1 Placeholder: Table showing organizational, community, and sustainability
benefits of EMS. Caption: Benefits of EMS.

Pilot questions 5.1

1. Astructured framework that helps organizations manage theirenvironmental
impacts systematically is called an

2. ldentifying environmental aspects and setting objectives is part of the stage
of EMS.

3. Name one component of EMS.
4. One benefit of EMS for organizations‘is.improved efficiency.

5. Give one benefit of EMS for communities.

5.2 EMS Standards and Frameworks
5.2.11SO 14001 and other-international standards

e 1S0O 14001: The most widely recognized international standard for EMS, providing
requirements for establishing, implementing, maintaining, and improving an EMS.

e Other standards:
e . EMAS (Eco-Management and Audit Scheme) in the European Union.
e BS 7750 (British Standard, precursor to ISO 14001).
e Industry-specific guidelines (e.g., energy, mining, manufacturing).

Fillin the blank: The most widely recognized international standard for EMS is
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IS0 14001 ENVIRONENTAL MANAGEMENT SYSTEM

THE PLAN-DO-CHECK-ACT (PDCA) CYCLE FOR CONTINUAL IMPROVEMENT

4. ACT 1. PLAN

» Management Review « Environnental Policy
+ Corrective Actions * Aspects & Impacts
« Continual Improvement * Objectives & Targets

3. CHECK 2.00

+ Performance Monitoring * Implementation
« Audits « Training & Awareness
» Non-conformities » Communication

A FRAMEWORK FOR SYSTEMATIC ENVIRONENTAL MANAGEMENT

Figure 5.2 Placeholder: Diagram showing ISO 14001 cycle (Plan > Do > Check > Act).
Caption: 1ISO 14001 framework cycle.

5.2.2 National and regional EMS frameworks
o  Examples:

e Nigeria: National Environmental Standards and Regulations Enforcement
Agency (NESREA).

o United States: Environmental Protection Agency (EPA) guidelines.

e European Union: EMAS framework.

-
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e Purpose: To adapt international standards to local contexts and ensure
compliance with national laws.

Fillin the blank: The agency responsible for enforcing environmental standards in Nigeria is

Framework Scope Nature Key Requirement

ISO 14001 Global Voluntary / Market- |Continual improvement of the

driven system.
EPA/ National Mandatory / Strict adherence to pollutant
NESREA Regulatory discharge limits.
Regional Voluntary./ High- Mandatory public environmental
EMAS .
(EU) level reporting.

Box 5.2 Placeholder: Text box listing national and regional EMS frameworks with examples.
Caption: National and regional EMS frameworks.

5.2.3 Case studies of EMS application

e Manufacturing industry: Adoption of ISO 14001 to reduce emissions and improve
waste management.

o Energy sector: EMS used to monitor resource use and minimize environmental
impacts.

o Educationalinstitutions: Universities implementing EMS to promote sustainability
on campuses.

Fillin'the blank: Adoption of ISO 14001 in the manufacturing industry helps reduce
and improve waste management.

Case Study L. Measurable Results /
Sector Key Objectives .
Example Benefits
Toyota

Reduce production Significant reductionin
waste and energy CO, emissions and

Manufacturing (Automotive)
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Case Stud .. Measurable Results /
Sector y Key Objectives .
Example Benefits
intensity across hazardous waste;
global plants. improved brand
reputation as a green
leader.
Discovered "hidden
Implement an A ¢
. savings" through sub-
Freescale energy-specific EMS 3
Energy . . metering; reduced natural
Semiconductor to lower operational .
gas and electrical
costs. .
consumption.
Integrate 20% reductionin
University of sustainability into laboratory hazardous
Education Auckland (New campus operations, |waste;increased student
Zealand) research, and and staff environmental
curriculum. awareness.

Table 5.2 Placeholder: Table showing case studies of EMS application in different sectors.
Caption: EMS case studies.

Pilot questions 5.2

1. The mostwidely recognized international standard for EMSis__
The agency responsible for enforcing environmental standards in Nigeria is
Name one regional EMS framework in the European Union.

Adoption of ISO 14001 in the manufacturing industry helps reduce

P 2P » N

Give one example of EMS application in educational institutions.

5.3 Environmental Management Plans (EMP)
5.3.1 Definition and objectives of EMP

¢ Definition: An Environmental Management Plan (EMP) is a site-specific document
that outlines strategies to mitigate, monitor, and manage environmental impacts of
a project or activity.

F)
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e Objectives:
o Identify potential environmental impacts.
e Provide mitigation measures.
e Ensure compliance with environmental laws.
¢ Promote sustainable development.

Fillin the blank: A site-specific document that outlines strategies to mitigate, monitor, and
manage environmental impacts is called an

THE

1

A STEP A-STEP APPROACH TO MINIMIZING ENVIRONEMETAL HARM v

£,

1. IMPACT
IDENTFICATION

) il

2. MITIGATION &
ENHANCMENT

3. MONITORING &
EVALUATION

&

4. COMPLIANCE
& REVIEW

- Identify Activities - Avoid (Redsign) - Track Performance
- Predict Impacts (es., - Minimize (Controls) - Inspect & Audit
Dust) Inspect & Audit
- Assess Signifiance & Risks - Rehabiiitate (Restore) - Measure Emissions/Dischargé
- Enhance (Benefits) - Report & Document

- Meet Legal Requirements
- Correct No—Conformities

- Management Review
- Continual Improvenent

‘0 A SYSTEM FOR RESPONSIBLE DEVELOPMENT & CONTINUAL IMPROVEMENT Q’

Figure 5.3 Placeholder: Flowchart showing EMP process (impact identification > mitigation
- monitoring > compliance). Caption: EMP process
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5.3.2 Steps in preparing an EMP
 Baseline study: Assess current environmental conditions.
¢ Impact assessment: Identify potential impacts of the project.
+ Mitigation measures: Propose strategies to reduce negative impacts.
¢ Monitoring plan: Establish procedures for tracking impacts and compliance.

Fillin the blank: Assessing current environmental conditions before project

implementation is called a study.

Component Timing Primary Focus
Baseline Study Pre-Project Knowledge: What.is there now?
Impact Assessment |Pre-Project Prediction: What will happen?

Mitigation Measures |Construction/Operation |Action: How do we stop the damage?

Monitoring Plan Ongoing Validation: Is the plan working?

Box 5.3 Placeholder: Text box listing steps in preparing an EMP. Caption: Steps in preparing
an EMP.

5.3.3 Role of EMP in sustainable development and compliance

o Sustainable development: EMP ensures projects balance economic growth with
environmental protection.

¢ | Compliance: EMP helps organizations meet legal and regulatory requirements.

o Community engagement: EMP promotes transparency and stakeholder
participation.

Fill in the blank: EMP helps organizations meet legal and regulatory requirements, ensuring
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Focus Area Primary Role of the EMP Key Outcomes & Benefits

Preservation: Protects local
biodiversity and ensures long-
term resource availability (water,
soil).

Resource Guardship: Translates
Sustainability global goals (like net-zero) into
specific local actions.

Risk Mitigation: Ensures every Legal Safety: Prevents costly

Combliance phase of a project meets fines, project shutdowns, and
P national (NESREA/EPA) and criminal liability for
international standards. "environmental negligence."

Social License to Operate: Acts . [Trust: Reduces conflict by

Community as a transparent "contract" proving that the projectis
Engagement between the developer and local |monitoring noise, dust, and water
residents. quality.

Table 5.3 Placeholder: Table showing role of EMP in sustainability, compliance, and
community engagement. Caption: Role of EMP.

5.3.4 Challenges and opportunities in implementing EMS and EMP
e Challenges: High costs, lack of expertise, resistance to change, weak enforcement.

o Opportunities: Improved efficiency, innovation, enhanced reputation, long-term
sustainability.

Fillin the blank: One challenge in implementing EMS and EMP is lack of .
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CHALLENGES OPPORTUNITIES

Resistance to Change Cost Savings & Efficiency
Employee training & cultural inertia Reduced waste, energy & resource use

High Initial Costs Enhanced Public Image
Upront investment in tech/training Green cradntials & stesource tuse

Data Management Complexity Enhanced credinials &
Collecting & analyzing vast datsets stahehleder & stakeheater trust

Data Management Complexity Innovation & New Markets
Collecting & analyzing vast datsets Eco-friendly products & processes

Lack of Top Management Commitment Regulatiory Compliance
2\ Perceived as low priority Avodlance of fines & legal issues

DRIVING SUSTAINABLE GROWTH & OPERATIONAL EXCELLENCE

Figure 5.4 Placeholder: Diagram showing challenges vs. opportunities in EMS/EMP
implementation. Caption: Challenges and opportunities.

Pilot questions 5.3

1. Asite-specific document that outlines strategies to mitigate, monitor, and manage
environmental impacts is called an

2. Assessing current environmental conditions before project implementation is
called a study.

3. EMP helps organizations meet legal and regulatory requirements, ensuring
4. Name one step in preparing an EMP.

-l
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5. One challenge in implementing EMS and EMP is lack of .

Series 5 Summary - Environmental Management Systems (EMS) and Plans

In this Series, we examined how structured management tools help organizations and
communities address environmental challenges effectively.

e InPart5.1, we introduced EMS, defining it as a structured framework for managing
environmental impacts. We explored its components—policy, planning;
implementation, monitoring, and review—and highlighted its benefits for
organizations, communities, and sustainability.

e InPart5.2, we studied EMS standards and frameworks, focusing on ISO 14001,
EMAS, and national/regional systems such as NESREA in Nigeria and EPA
guidelines in the United States. Case studies demonstrated how EMS is applied in
manufacturing, energy, and educational institutions.

¢ InPart5.3, we turned to Environmental ManagementPlans (EMP), defining their
objectives, outlining preparation steps (baseline study, impact assessment,
mitigation, monitoring), and discussing their role in compliance and sustainable
development. We also considered challenges and opportunities in implementing
EMS and EMP.

By completing this Series, learners should now be able to define EMS and its
components (SLO 5.1), describe EMS standards and frameworks with case studies
(SLO 5.2), and develop and analyse EMPs for sustainability and compliance (SLO 5.3).

This knowledge bridges the gap between understanding pollution (Series 4) and applying
structured systems for environmental governance, preparing learners for advanced topics
in sustainability and environmental policy.

Glossary of Terms — Series 5: Environmental Management Systems (EMS) and Plans

¢ Environmental Management System (EMS): A structured framework that helps
organizations manage their environmental impacts systematically.

¢ [ Policy (EMS component): A formal statement of commitment to environmental
protection.

e Planning (EMS component): Identifying environmental aspects and setting
objectives and targets.

¢  Implementation (EMS component): Establishing procedures, training, and
communication to achieve EMS goals.

e Monitoring and measurement (EMS component): Tracking performance and
compliance with environmental standards.
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¢ Review and improvement (EMS component): Management review and continual
improvement of EMS processes.

e 1S0O 14001: The most widely recognized international standard for EMS, based on
the Plan-Do-Check-Act cycle.

e EMAS (Eco-Management and Audit Scheme): A European Union framework for
environmental management and auditing.

e NESREA: National Environmental Standards and Regulations Enforcement Agency
in Nigeria, responsible for enforcing environmental laws.

e EMP (Environmental Management Plan): A site-specific document outlining
strategies to mitigate, monitor, and manage environmental impacts of a project.

« Baseline study: Assessment of current environmental conditions before project
implementation.

¢ Impact assessment: Identification of potential environmentalimpacts of a project.

+ Mitigation measures: Strategies to reduceor eliminate negative environmental
impacts.

e Monitoring plan: Procedures for tracking impacts and ensuring compliance with
environmental laws.

e Sustainable development: Development that balances economic growth with
environmental protection.and social well-being.

e Compliance: Adherence to environmental laws, regulations, and standards.

¢ Challenges in EMS/EMP implementation: High costs, lack of expertise, resistance
to change; weak enforcement.

e Opportunities in EMS/EMP implementation: Improved efficiency, innovation,
enhanced reputation, and long-term sustainability.

Concept Check Questions - Series 5: Environmental Management Systems (EMS) and
Plans

Objective questions (linked to SLOs 5.1-5.3)

1. A structured framework that helps organizations manage their environmental
impacts systematically is called an

2. The most widely recognized international standard for EMS is
3. The agency responsible for enforcing environmental standards in Nigeria is

4. A site-specific document that outlines strategies to mitigate, monitor, and manage
environmental impacts is called an
F)
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5. Assessing current environmental conditions before project implementation is
called a study.

Short-answer questions (linked to SLOs 5.1-5.3)

6. List the five main components of an EMS.

7. Explain one organizational benefit and one community benefit of EMS.

8. Name two international EMS standards apart from ISO 14001.

9. Describe one case study of EMS application in the energy or education sector.

10. Outline the four steps in preparing an EMP.
Long-answer questions (linked to SLOs 5.1-5.3)

11. Discuss the components of EMS and explain how they contribute to continual
improvement.

12. Compare ISO 14001 and EMAS in terms of scope, application, and benefits.

13. Analyse the role of national and regional EMS frameworks in ensuring compliance
with environmental laws.

14. Evaluate the importance of EMP in sustainable development, giving examples of its
role in compliance and community engagement.

15. Assess the challenges and opportunities.in implementing EMS and EMP, and
suggest strategies to overcome barriers.

Answers to Pilot Questions - Series 5: Environmental Management Systems (EMS) and
Plans

Pilot questions 5.1 (Introduction to EMS)
1. Environmental Management System (EMS)
Planning

2
3.' Policy, Planning, Implementation, Monitoring, or Review (any one component)
4. Resource efficiency

5

. Cleaner environment, reduced pollution, or improved public health (any one
benefit)

Pilot questions 5.2 (EMS Standards and Frameworks)

1. 1SO 14001

2. NESREA (National Environmental Standards and Regulations Enforcement Agency)
ol
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3. EMAS (Eco-Management and Audit Scheme)

4. Emissions

5. Universities implementing EMS to promote sustainability on campuses
Pilot questions 5.3 (Environmental Management Plans)

1. Environmental Management Plan (EMP)

2. Baseline study
3. Compliance
4

Baseline study, impact assessment, mitigation measures, or monitoring plan (any
one step)

5. Expertise

References and Attributions — Series 5: Environmental Management Systems (EMS)
and Plans

General references

e Course content adapted from EHS 204: Ecology and Environmental Management (1
Unit).

e Concepts based on standard environmental science and open educational
resources (OERSs).

Figures

e Figure 5.1: EMS framework cycle — Al prompt: “Generate a diagram showing the
EMS cycle with policy, planning, implementation, monitoring, and review.”

e Figure 5:2:1SO 14001 framework cycle — Al prompt: “Generate a diagram showing
the ISO 14001 cycle with Plan, Do, Check, Act.”

o Figure 5.3: EMP process — Al prompt: “Generate a flowchart showing EMP process:
impact identification, mitigation, monitoring, compliance.”

e  Figure 5.4: Challenges vs. opportunities in EMS/EMP implementation — Al prompt:
“Generate a diagram showing challenges vs. opportunities in EMS/EMP
implementation.”

Boxes

e Box5.1: Components of EMS - Al prompt: “Create a text box listing EMS
components: policy, planning, implementation, monitoring, and review.”
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e Box5.2: National and regional EMS frameworks — Al prompt: “Create a text box
listing national and regional EMS frameworks with examples (NESREA, EPA,
EMAS).”

e Box5.3: Steps in preparing an EMP — Al prompt: “Create a text box listing baseline
study, impact assessment, mitigation measures, and monitoring plan.”

Tables

e Table 5.1: Benefits of EMS - Al prompt: “Generate a table showing organizational,
community, and sustainability benefits of EMS.”

e Table 5.2: EMS case studies — Al prompt: “Generate a table showing EMS case
studies in manufacturing, energy, and education sectors.”

e Table 5.3: Role of EMP — Al prompt: “Generate a table showing role of EMP in
sustainability, compliance, and community engagement.”
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