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Introduction

The syllabus is meant to offer an opportunity for candidates that may not have prior knoeledge
science, to study a range of environmental issues from a scientific perspective. Although other
dimensions (such as social, cultural, economical and political aspects) may be considered, the
programme primarily seeks to provide scientific knowledge and understanding enabling the candidate
to review environmental issues more objectively. This would enable them to assess the dimension of
the issue and to consider alternative strategies for its resolution. The programme seeks to provide basic
environmental literacy for candidates who would later pursue a wide variety of careers but it is also
meant to encourage and provide basic knowledge to others who would opt for careers directly related
to the environmental field.

To promote a more holistic framework of environmental issues, the approach adopted must necessarily
be interdisciplinary, involving inputs from various fields related to the issues being studidé. Wh
ensuring that the programme provides a global perspective, candidates should also be familiarised with
the local and regional dimensions of the environmental issues being studied.

Aims

The programme seeks to help candidates to:

e acquire and apply scientific knowledge about environmental issues so as to understand the
underlying scientific concepts,

» develop a deeper understanding of environmental issues by relating scientific knowledge with
other perspectives,

* acquire the necessary problem-solving skills that would enable them to examine and propose
alternatives to a variety of environmental problems,

< develop pro-environmental values and attitudes that foster environmental responsibility, and
» critically evaluate their attitudes, behaviour and values and consequently adopt a more
sustainable lifesty.

Scheme ofAssessment

The syllabus will be examined by a one three-hour paper. The paper will consist of two sections.
Section A will comprise a number of short answer questions. This section carries 80 marks. Section B
carries 40 marks and will contain six structured/essay type questions. Candidates are expected to
answer all questions from Section A and to choose two questions from Section B.

Gradedescriptions

Grade A Grade C Grade E

The candidate demonstrateserall | The candidatelemonstrates The candidate demonstratesry

above average ability idealing
with environmentalsituations.

More specifically, candidateare
likely to be able to demonstrathe
ability to:

averageability in dealing withthe
environmental situationpresented.

More specifically, candidateare
likely to be able to demonstratbe
ability to:

limited ability in handlingthe
environmental situationpresented.

More specifically, candidateare
likely to be able to demonstratbe
ability to:
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1. master all the scientifitacts 1. master most of thecientific 1. understand only the vebasic
andprinciples related tthe facts and principles related scientific facts angbrinciples
environmental issues tackled by the environmentalssues related to theenvironmental
the syllabus. tackled by thesyllabus. issues tackled by thsyllabus.

2. recall a wide range atientific | 2. recall a good number of 2. recall the basic scientifiacts
facts and principles arshows scientific facts angbrinciples and principles and have
that s/he understandkeir and handle satisfactorilgnost limited ability in usingthis
significance in dealingvith of the environmentaproblems knowledge tcsolve
environmental poblems. presented. environmentalproblems.

3. demonstrate abowverae 3. demonstrate average abilay 3. very weakly interprescientific
ability at interpretingcorrectly interpreting scientificdata data related to aanvironmental
any scientificinformation related to arenvironmental problem.
presented abown problem.

environmentalsituation.

4. fully recognise the extent ah | 4. recognise the extent ah 4. recognise the extent tife
environmental problenand environmentalproblem environmentalproblem
suggest a wide variety of presented and presentleast presented but cannot offany
feasible alternatives iits some feasible alternative fis alternative for itgesolution.
resolution. resolution.

5. very evidently show that s/i@ | 5. show that s/he i®asonahl 5. show very poor dimited
very well informedabout informed abouturrent interest and knowledgabout
current environmentalssues environmental issues anaWw current environmentalssues
and how the local andlobal the local and globatommunity andabout how the locadnd
community is reacting tthe is reacting to theituation. global community is reactintp
situation. the situation.

6. show above average ability 6. show average ability iskills 6. show very limited abilityn
skills related to presentation of] related to presentation afeas skills related to presentation of]
ideas particularly iressg particularly in essayvriting. ideas particularly iressay
writing. writing.

SubjectContent

Sustainable development is a cross-cutting theme throughout this syllabus. It is defined as
“development that meets the needs of the present without compromising the ahitityeof
generations to meet their own need@Brundtland Report, 1987) and evidences an increasing
interest and concern about the management of environmental resources worldwide. Whereas
sustainable development remains an almost abstract concept that is never straightforward to
implement, it is broadly described in terms of striking the right balance between economic
growth, improved social welfare and environmental protection. A greater understanding of the
themes outlined in this syllabus requires an appreciation of sustainable development
principles.

Part A. BASIC SCIENTIFIC CONCEPTS

Basic Scientific Concepts are introduced at a level that will make it possible for candaates
understand and follow the subject matter presented irstfiabus.

These concepts will not be directly examinable._ but the candidate’s understandingheof
applicability of the scientific principles listed will be tested through questions set on the qthes

of the syllabus.
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Topic

SubjectContent

Knowledgeexpectel

Nature and
organisation of
matter

States of matter anitheir
dependence oremperature.

Matter can exist in the solid, liquid and gas foand
that these three states are interchangeableresult
of changes in temperature. Matter is made up of
elements, compounds angixtures.

Atomic nature ofmatter.

The main atomic constituents are protamsutrons
and electrons. An understanding of teéationshp

between atomic particles, atomic mass atwmic

number.

Unstable atoms anchdioactivity.

Atoms of some elements are unstable and as resu
their instability they break down and releasgegy

in the form of radioactivity. The positive use of
radioactivity as an energgource.

Formation ofcompounds

Elements are able to combine and fawampounds
by reactingtogether.

The importance and profusion of
the molecules o€arbon.

The main organic chemicals, includimgturally
occurring materials. Candidates should be éble
explain polymerisation and the formationlafge
molecules (e.g. proteins, nucleacids
polysaccharides and synthetic substances).dfbat
importance of organicompounds.

Chemical changes ammbnservation
of matter.

A chemical change takes place when compouargs
formed. Elements that combine to fomompounds
have not been destroyed, but are conservexhdther
form. Candidates are expected to be able tcande
balance chemical equations in representhgmical
change in a qualitative and quantitative maniner
order to understand the concept of conservation o
matter and the concept of tMole.

Candidates are also expected to be able to watk
simple calculations on reacting masses usitaes.

Important chemicaprocesses.

The different types of chemicg@rocesses
(combustion, precipitation amkeutralisatbn)

Energy changeaccompaging
chemicalreactions.

Formation and breakdown of compounds by
chemicalreactions is accompanied bpergy
changes, which might be exothermicemrdothermic.

Acidity and the pHscale.

Chemicals are either acidic, alkaline or neutfidle
use of the pH scale to measure the aciditigalinity
or neutrality of a substance. (The mecharansl
actual meaning of the units 1- 14 is metuired).

Important elements antcbmpounds

The chemical formulae of the following: Le#b;
Oxygen gas @ Nitrogen gas B Mercury Hg;
Methane CH; Sulphur Dioxide S@ Nitrogen
Dioxide NO,; Ozone @; Silicon Dioxide SiO;
WaterH,O; Carbon Dioxide C§ GlucoseCgH1,0g;
Ammonia NH; Carbon Dioxide Cg Calcium
Carbonate CaCg) Sodium ChlorideNaCl.

Energy and
energy flow

Forms ofenegy

Different forms of energy: potentigthemical,
nuclear, and gravitational), solar, kinetic dmeht.

Energy and power and theinits.

Energy as the ability to do work and measured in
(joules). Power as the rate of energy ase
measured in W (Watts) or'JgJoules pesecond).
How energy consumption is measureckifvH.

t of
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Topic SubjectContent Knowledgeexpectel

Energy and Energy and itéransformation. The sun as the major sourceeufergy.

energy flow Photosynthesis as a process through whgdht
(cont...) energy is transformed into food energy whish

taken up byanimals.

Energy transformations that must take placeriher
to use the energy stored in fossil and nuclesid.
Comparison of the efficiency and lossestla$
different types of power plants (nuclear, fosail,
and solar). Candidates are also expected to bet@b
work out simple calculations cenergy
transformations applying the followinfprmulae:

PE=mgh
KE =% mV
Efficiency = Output x 100

Input
g=ma ( orq=mcAT)

Electromagneticspectrum.

The relationship between wavelength dretjuency
of radiation (V = fA). The electromagnetispectrum
as a continuous range of radiation ranging flom
energy waves to high energy waves. Candidatest
also understand that all waves have similapgrties
and travel at the same speed and that the differieng
only in the frequency andavelength.

The cellular basis
of life. Cells and
types ofcells.
DNA and
heredity.

The cell as the basic unit bf/ing
things.

Differences between prokaryotic aedkaryotic
cells. The great complexity of a cell. The presence
organelles in the cytoplasm and the role ofrirean
organelles (nucleus, cell membrane, cell warid
chloroplasts). Differences between plant andmal
cells.

Cell differentiation to cater for
specialisation

Awareness of the presence of different cells tadéer
for different functions

Presence of chromosome dells.

DNA as the blueprint diife.

DNA as a double-helix shaped molecualentaining
compounds that act as codes which deternaithe
bodily functions. DNA'’s ability to replicatéself
leading to transmission of genetic materi@etails
of replicating process are not necessaBlNA's
proneness to mutations - bringing aboutatteration
of the genetic code (with beneficial, badnautral
effects).

Cell division — mportant
differences between Mitosiand
Meiosis

Mitosis takes place in somatic cells gobduces
identical cells resulting in growth or cetplacement,
Meiosis produces cells that will develapto
reproductive gametes with half the number of
chromosomes of parent cells. Detailed sequences
events which take place during these fvocesses
of cell division are notequired.

Types of variation: inheritednd
environmental.

Variations that provide an advantageotganisms
over the pressures of the environment bring alaout

evolutionary process resulting in a varietyliéé.

of
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Part B. THE PHYSICAL ENVIRONMENT

Topic

SubjectContent

Knowledgeexpectel

The Lithosphere

Introducing Earth

The Earth’s place in Space: the Earth as one of 8
planets orbiting the Sun, the Sun as a stargalaxy,
the galaxies forming the Universe. The formation g
the solarsystem.

Earth’s internalstructure

Inner and outer core; the mantle arahvective
currents in it; the lithosphere as a thin afifting
crust floating over thasthenosphere.

Platetectonics

Converging, diverging and conservatipéate
boundaries. Knowledge about paleomagnetismots
required.

Earthquakes and earthquake belisicanism,
mountain formation, ocean trenches anidl-ocean
ridges as a process of plagrbnics.

Candidates should be familiar with thdléeving
terms: epicentre, focus, magnitude and intensity of
earthquakes.

Rocks andminerals

The difference between rocks aminerals.
Classification of rocks as igneous, sedimentangt
metamorphic.

The rockcycle.

An understanding of the rock cycle in terms of
weathering, erosion, transport aselddimentation,
volcanism, subduction amdetamorphism.

Biogenic sedimentation

Biogenic sedimentation exemplified by tfigmation
of Maltese sedimentargocks.

Soil

Soil formation, composition and saifpe
classification based on partickize.

Soil horizons (A, B, C) in relation tstratification,
water percolation, mineral content arabt
penetration.

Soil type as exemplified by clay soil, sandy swid
loam soil.

Types of Maltese soils: Terrarossa; CarborRésv
Soil (ash grey soil)Xerorendzinas.

Detailed descriptions of these soil types ao¢
expected.

The carborcycle

Treatment should include fossil fuels asiategral
component of the carboeycle.

The nitrogencycle

Treatment should include the anthropogenic inputs
nitrogen compounds to trsmil.

The
Hydrosphere

The hydrologiccycle.

The hydrologic cycle in terms girecipitation,
interception, infiltration, ground water, run-aihd
evaporation, together with the energy components
the cycle - solar radiation and gravitatioriatce.

The oceans — their compositi@and
stratification.

Relation of ocean stratification temperature
variation with depth and the presenceaof
thermocline. The variation of light intensityith
depth and the importance of the phatane.

Candidates are expected to be familiar wvtita
meaning of the following terms: coastal zoopgen

sea, photic zone, bathyal zone and abyssate.

of
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Topic

SubjectContent

Knowledgeexpectel

The
Hydrosphere
(Cont...)

Tides

Simple understanding of tides in terms of theon’s
gravitational pull.

Freshwater esources.

Strategies for providing adequate freshwatepplies
including surface and aquifer storaged
desalinatiorplants. An elementary treatment of
reverse osmosis is expected. The effectevefruse
and contamination of surface ancdgndwater.

Groundwater use iMalta.

The use of groundwater in Malta in terms cimple
model of the Maltese groundwater dynamits,
include the upper (perched) and lower (msea
level) aquifers.

The Atmosphere

Structure and composition tfe
atmosphere.

The physical and chemical nature of #tenospheric
layers, especially the troposphere atiditosphere.
Only a brief awareness of mesosphdtermosphere
and exosphere is expected. Candidates shoeild
acquainted with, but not memorise, terious
heights and temperatures associated aithospheric
stratification.

Interactions of solar radiatiowith
the atmosphere. The effects of
ionising radiation on gases the
atmosphere and livingrganisms.

The wavelength, frequency and intensityradliation
at the outer limits of the atmosphere anthat
Earth’s surface.

Albedo, reflection and scattering o

radiation. The influence afases
and water vapour ore-radiatel
energ.

f The greenhouse effect as a natyshénomeon.

The Earth’s overaltadiation
budget.

The total energy received by the Earth from S
is equal to that ultimately emitted back irsjpace.
Candidates do not have to memorise actadlies.

The formation and shieldingffect
of the ozondayer.

Simple chemical equations for ozone formatamd
destruction. Candidates should understand ttiege
two processes proceed at equal ratesaiture.

Weather andlimate.

Seasonal and diurnal variationsimsolation.

Global circulation with referencto
global convectioncells

The relation between the major circulatipatterns:
polar cells, Ferrel cells and Hadleglls.
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Part C: THE BIOSPHERE

Any coherent study of the natural environment requires a sound knowledge of the groundhigles,
regulate the varying abundances of organisms within habitats. At the end of this nuathd&jates
should be familiar with the basic processes that operate in all natural environments. Candidates
expected to be capable of applying facts and principles learnt in this module to the resofution
situations with which they may hefamiliar.

This module adopts a bottom-up approach, proceeding from the dynamics of populatorgh
communities to ecosystems and biomes. Particular attention is to be paid to the recent dyntics of
human population. The inherent complexity of the material in all of the units listed necessitates
superficial treatment of each. Candidates would nevertheless be expected to have deaeloped
appreciation of how the functional units of the natural environment are interrelated. As far

possible, candidates should also be able to cite locally occurring organisms and environigsrgal

Unit 1: The dynamics of biological populations

Topic SubjectContent Knowledgeexpectel
Factors Natality Awareness that, in nature, population siaes
governing Mortality generally in a state of stable equilibrium mediated by
population size Immigration interaction between variodactors.

Emigration

Recruitment

Limitations to
population
growth

Environmentalresistance
Carrying capaciy
Density-dependence amtnsit/-
independence in control of
population gowth

An appreciation of these concepts is required for
interpretation of the population models which tre
be presented at a later stage. iNathematical
treatment of these conceptsrégjuired.

Selectedmodels | Linear gowth Treatment should be mostly qualitativdevertheless
of population Exponentialgrowth candidates would be expected to harsifeple
growth Sigmoid growth calculations concerning linear growgnd

Irruptive growth

exponential growth. The ability toterpret
population cycles from all four models asso
expected.

Unit 2: The dynamics of the humanpopulation

Topic

SubjectContent

Knowledgeexpectel

Patterns of
growth of the
human
population

Growth patterns:

- during the Palaeolithiperiod

- during the Neolithigoeriod

- throughout recorded history up
the IndustrialRevolution

- following thelndustrial
revolution

Basic overview of changes throughout huntéstory
and prehistory. No elaborate details of hunhastory
are required, although candidates shdagd
acquaintedvith growth patterns throughothe
Palaeolithic period (500000 BP - 100B@),
Neolithic period (from 10000 BP) and followinthe
Industrial revolution. In all cases, candidasésuld
be aware of the main limitations on the growththa
human population operating in each periodimfe.
Candidates should be familiar with recent patterns
population growth but are not expectedmemorise
any dates or landmark sizes of fepulation.

Crude birth and deattates

The use of crude birth rate, crude death eaie
doubling time in simple calculations éxpected.
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Topic

SubjectContent

Knowledgeexpectel

Patterns of
growth of the

Approximate doubling time adn
exponentially increasingopulatbn

t=70/G (where G is growth rate as a percentaget and
is doubling time). The derivation of thielationship

=)

=

human between doubling time and growth rateaof
population exponentially increasing population is meguired.
(Cont...) Candidates should appreciate why birth dedth
rates calculated in this way ai@ude’.
Present patterns | Population growth iess Candidates are expected to be aware ofitfferent
of human developed countried DCs) rates of growth in MDCs and LDCs and shoaldo
population Population growth imore be capable of suggesting reasons as to why tlsig.is
growth developed countrie@MDCs) The implications of a high population growth rate g
food supply and on the exploitation of lasdould
also bestressed.
The Stage 1 (high birth rate ardgh A brief overview of the probable changes
demographic deathrate) population growth patterns with increasirgonomic
transition Stage 2 (high birth rate ardlling development. Candidates should be capable of
deathrate) drawing and/or interpreting data, either graphical g
Stage 3 (falling birth rate arldw in tabulated form pertaining todemographic
deathrate) transition.
Stage 4 (low birth rate ardeath
rate)
Stage 5 (death rate higher thainth
rate)
Age-gender Construction and interpretation of | Awareness of the age structure ajrawing
structure of age-gendediagrams population, a stable population andieninishing
populations population. Comparison between age structures of

LDCs andMDCs.

Use of age-gender diagrams for
predictions of futurgpopulatian
sizes and future needs af
population.

Candidates should be capable of projectingftiere
growth of a hypothetical population usiage-gender
diagrams. Incidental reference to timain
implicationsof various patterns of populatiagrowth
is alsoexpectel.

History of population growth ithe
Maltese Islands from thieeginning
of the 20" centuy.

Candidates should be acquainted with patterns of
population growth in the Maltese Islands afuld
be capable of interpreting age-gender diagrams fo
the population of the Maltese Islandé.ge-gender
diagrams for the Maltese Islands maydieained
from theDemographicReview.

Unit 3: Properties

of biological communities

Topic

SubjectContent

Knowledgeexpectel

Interactions
betweenspecies

Competition.

Interspecific andntraspecific
competition

Outcome ofcompetition:
coexistence ocompetitive
exclusion

Treatment of competition should beither
mathematical nor elaborate. Neverthelessndidates
should be capable of interpreting hypothetiaatl
real-life situations in order to distinguidietween
different modes otompetition.

Predaton

Predation is defined as removal of preyaosigms
from their population. Candidates are expedizd
illustrate their accounts witbxamples.
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Topic SubjectContent Knowledgeexpectel

Interactions Parasitism Treatment of parasitism should be baand

betweenspecies qualitative. Candidates should be familiar wikte

(Cont...) general process of parasitism and with tkeegyal
characteristics of endoparasites autoparasites.
Candidates are expected to illustrate tlagicounts
with examples.

Mutualism Treatment of mutualism should not be elaboratee

general dynamics and evolutionary advantages of
mutualism. Candidates are expected to illustthesr
accounts withexamples.

Amensalism an€Commensalism

Basic definition of these interactions. Candidates
expected to illustrate their accounts witkamples.

Ecological Niche

Concept of ecologicahiche.
Fundamental niche amealisel
niche. Effect of competition on
niche breadth. Ecologicaklease.
Relative niche breadths of
generalist and specialispecies

Definition and scope. The niche as the rafel
relationships of an organism within t®mmunity
Definition of ecological release. Relatiegvantages
and disadvantages of specialist species ambiglist
species.

5 of

Biological Speciesrichness Treatment of biological diversity need rm
Diversity Geneticdiversity mathematical, but should stress théative
Habitat diversity importance of species richness asbociated
Landscapdiversity evenness of species in a community. Other aspect
Patterns in speciaschness diversity should also be presented in ortter
familiarise candidates with different forms driety
in biological communities. Candidates would ats®
expected to have a very basic understandinthef
increasing trend of species diversity from pades
towards theequator,
Ecological Mechanism ofcological The treatment is qualitative and shouldilbgstrated
succession succession. by examples of a terrestrial example (successiom ff

grassland to woodland)r a transition froman
aquatic ecosystem to a terrestrégbsystem.
Familiarity with the following terms imequired:
pioneer community, pioneer specieimax
community, sere, seratage.

Forms ofsuccessin.

Primary and secondary succession. Autoganit
allogenic successin.

Effects of disturbance afuccession

Brief treatment of the role of disturbanceraverting
a succession to an earlier sestdge.

Unit 4: Ecosystems

Topic SubjectContent Knowledgeexpectel
Definition of Scope ofdefinition Different implications of the terffecosystem”.
ecosystem Candidates should be familiar with the scopehef

term, from large-scale ecosystems to vemyall-scale
ecosystems.

Transitional ecosystemi@&cotones)

Candidates should be aware that the borders of
ecosystems are seldom well-defined andthezebre
characterised by ecotone developmenliere
biological diversity is often higher than adjacent

(“parent”) ecosystems.

10
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Topic

SubjectContent

Knowledgeexpectel

Food chainsand
food webs

Food chains and foodebs.
Relative stability of food chainand
food webs. Keystonspecies

Elementary introduction to food chains and food
webs. Distinction between grazer food chaamsl
decomposer food chains. Candidates shadd
capable of interpreting simple food webs atbuld
also be capable of predicting the possibhgplication
of removing or adding species from or to gystem
in order to demonstrate the levelstability.
Awareness of the unequal role of iiganisms
within a food web; keystone species asamigms
exerting significant effect on the other components
the food web without necessarily being presant
high abundance.

Energy flow in
ecosystems

Trophic levels

Candidates should be aware of the basiphic
structure of food webs and are expected téelnailiar
with the following terms: produceprimary
consumer, secondary consumer and higtug,
carnivore,decomposer.

Transfer of energy acrossophic
levels

Treatment of energy transfer across trodbiels
should familiarise candidates with the concept of
ecological efficiency. This would bsupplemented
by realisations as to why food webs do not have
large number of trophic levels and why organisas
the top of the food chain arare.

Pyramids of number and pymids
of biomass

Treatment of pyramids of number and pyramids of
biomass is expected to eéementay.

Stability of
ecosystems

Resistance and resilience of
ecosystems

Candidates should be aware of the mearing
significance of resistance and resilierine
determining the dynamics of ecosysterméie
implications of resistance and resilience shdugd
illustrated by examples. No elaborate treatmisnt
necessaf.

Unit 5: Biomes

Topic SubjectContent Knowledgeexpectel

Physical, Tundra The influence of precipitation and temperature on
climatic and Desert biome development should be stressed as shbeld
biological Temperate frests role of dominant vegetation in definimgajor
characteristics Grassland terrestrial biomes. Discussion of each of thajor

of the main Mediterraneanscrublanl biomes is not expected to be exhaustrnather,
terrestrial Tropical rainforest candidates would be expected to acqaine

biomes appreciation of a broad spectrumegfoystems

which may be compared with one another in terms
vegetation and climate. Candidates wobél
expected to be familiar with the climatiatterns,
dominant vegetation (in terms of lifeform, tno
species) and adaptations of organisms in eatheof
biomes that shall beate.

11
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Part D: HUMAN ACTIVITIES AND THE ENVIRONMENT

Human activities have significantly altered the state of the natural environment and possiblpfsome
the processes that sustain it. The following themes are meant to help candidates dexsekapess,
knowledge and understanding of local and global environmental issues that are relatedmpalce

of humankind on the environment due to emissions of substances from human activities ant/'or due
the alteration of the environment and the natural processes that slifain

The major themes discussed in this section are: 1. Pollution of the Environment; 2. Degra&ation
Depletion of Natural Resources & Utilisation of Land. Each theme focuses on a numiejoof
issues, which in turn relate to some of the basic concepts in Environmental Science. Theatbemes
complementary to each other and are mainly intended to (a) help candidates viearitles
perspectives of human environmental impacts, (b) promote an objective and, pobside,
gquantitative study of the environment, (c) lllustrate ways how people can managentieimment
through the use of scientific knowledge, and (d) address the main targets and priordiestadhiable
development which relate to the environmental issues liiete.

Theme 1: Pollution of theEnvironment

Unit 1: Basic concepts aboufPollution

Topic SubjectContent Knowledgeexpectel
Nature of i) Pollution Candidates are expected to be familiar wita
pollutants i) Pollutant following definitions:

* Pollution: The release of energy or matter itite
environment with the potential to cauadverse
changes to an ecosystem (ecospherbiasphere).

« Pollutant: A substance or form of energy thdten
released into the environment may (directly | or
indirectly) have adverse effects on thiesphere.

General i) Mobility Candidates are expected to be familiar vifta
characteristics i) Persistence following terms and processes (definitiamd
of pollutants iii) Synergistic action explanation of eackerm).

iv) Bioaccumulatbn
v) Biomagnification
vi) Primary & secondary glutants

General i) Natural andanthropogenic Candidates are expected to be familiar vifta
characteristics ii) Point or diffusesource following terms and processes (definitiamd
of sources of i) Stationary or mobilesource explanation of eackerm).

pollution

Unit 2: Atmospheric Pollution

The release of ‘wastes’, from human activities, that interfere with the dynamic processes occutig in

atmosphere causing problems beyond their source area (long-range transboundary pol@tiosgquently,
atmospheric pollution must include reference to problems caused on a local, regional as well asadbdal

Topic SubjectContent Knowledgeexpectel

Acid Rain The major acid raiproducirg Candidates are expected to be familiar wita
substances: sources of these gases and with singhlemical
a. Nitrous oxidesNOXx reactions that explain how these react to givetose
b. Sulphur oxideSOx acidity in theervironment.

Only a qualitative treatment is requirelnowledge
of the intermediate chemical transformationsacitl
rain will not beassessed.

A comparison with natural rainfall acidityighlights
the seriousness of thegislem

12
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Topic SubjectContent Knowledgeexpectel
Acid Rain The direct andndirect Candidates should become aware of the type of
(Cont...) consequences of acidin: damage caused by acid rain and the repercussions

a. Phytotoxicity and damage
vegetaton

b. Respiratorydiseases

c. Depletion of plantutrients

d. Acidity in fields, acidification of
soils and damage tmicrobial
communities

e. Damage to aquatic ecosyste&s
organisms

f. Corrosion of certairbuilding
stones (especiallliimestone),
materials & metalge.qg.
Aluminium roofs)

these damages on the environment and on hdifean

Global climate
change

Causes and rates of natucdimate
change.

The Milankovitch cycle, solar activity anglcanic
activity.

Global climate change a&s
consequence atmospheric
pollution Greenhousgases:
a.CFCs

b. Methane

c. WaterVapour

d. Carbondioxide

e. Tropospherimzone

f. Nitrous oxide

Comparison of this phenomenon with #rehanced
greenhouse effect due to human activibandidates
are expected to be familiar with tocbemical
composition of the greenhouse gasesative
importance to the greenhouse effect asldtive
quantities expelled into the atmosphe@andidates
should also understand and be able to expldiat
makes these gases greenhogases.

Sources of greenhougmses

a. Landfills

b. Deforestation/fires

c. Methane psduction

d. Combustion of fossiluels

e. Propellant, refrigerantages

f. Gut fermentation inntensive
livestock poduction

Candidates should be familiar with theocesses
which lead to the formation of these gases fthm
sources mentioned (E.g. Deforestation Cx=@0,)

Consequences of globalarming:

a. Salinization

b. Rising sedevels

c. Flooding of low-lyingland

d. Species migration argktinction

e. Increasedvaporation,
precipitation &storms

f. Change in global climatpatterns

A discussion about consequences of glakaiming
should lead candidates to acquire knowledgd
understanding about the possilsieenarios
projections which might develop on Earth in thext
half century or so. (Since these predictionay
change from time to time a specific list woldéd
inappropriate)

Stratospheric
Ozone Layer

Ozone depletingases:

a.NO,
b.CFCs

Candidates are expected to be familiar wita
sourceof these gases and with simmgkemical
reactions that explain how these react vattone
reducing the ozone shield. Candidates shéad
capable of comparing stratospheric ozone witbne
in the troposphere as a dangerous polluterived
from photochemical reactions pfimary/secondary
pollutants (NQ) and causing serious damagedeath
to humans and plants (Impaired lufumction;
Eye/nose inflammation; Leaf lesionisnpaired

photognthesis).
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Topic

SubjectContent

Knowledgeexpectel

Smog

Smog formation andomposition:

a. Formation of smog enhanced b
topographic features sucs
basins or valleys surrounded by
highlands.

b. The phenomenon témperature
inversion and static amasses.

c. Suspended particulataatter
from deforestationand
incomplete combustion obgsil
fuels and organienatter.

d. Photochemical smogesulting
from formation ofsecondary
pollutants, NOx, VOCs andther
hydrocarbons. No detailsof
chemical reactions arexpectell

Candidates should become aware of damagesed
by smog as well as the chemical reactions that teal
its formation and harmfuéffects.

Damages caused lsynog:

a. Corrosion obuildings.

b. Leaf symptoms & reductiom
the photosynthetiefficiency.

c. Respiratory diseases r@duced
lung functions.

d. Impacted urban areagducton
in visibility, damages twehicles.

A short discussion about the serious probleragsed
by smog in some major citiesd
highways/motorways. Candidates should dso
aware of abnormal reactions such asffreergistic
behaviour of ozone and sulphdioxide.

Reduction &
Control of Air
Pollution

Methods ofcontrol:

a.Biofuels

b. Catalyticconverters

c. Flue gas desulphurisationlug
gasscrubbig)

d. Reduced energyonsumption

e. Efficiency of energyonverson,
improved engines

f. Electrostaticprecipitators

g. Legislation &enforcement

For each method of pollution control, reduction or
elimination discussed, candidates should be aware
how the mechanism works (qualitatively) aitsl
majorapplications. However, candidates arpectel
to be familiar with basic equations BGD.
Candidateshould link the contromechanisms
mentioned with specific pollutants (elglectrostatic
precipitators folSPM).

Since effective controls require legislatién
enforcement of law, candidates should be awarat o
least one example of an international treaty trest
significantly helped to reduce pollution. El§yoto
Protocol, Montreal Protocol, Convention on
Transboundary Air Pollution.Knhowledge othe
actual content of theonvention/protocol iNOT
expected hejeCandidates may alsaclude
examples from the local context. eMRT.

Unit 3: Water pollution

Topic

SubjectContent

Knowledgeexpectel

Water Pollution

The main bodies of water tme
included herare:

a) Theoceans

b) Subsurfacevater

c) Coastalwaters

d) Lakes &rivers

e) Enclosed & semi-encloseskas

Candidates are expected to know examplewaikr
pollutants and how these end up in #eks
mentioned. Particular attention should be givetht®
pollution of subsurface and coastal waters aditied
sinks for pollutants. (To the pollutants originatiag
sea, land pollutants must be added due to run-off)
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Topic

SubjectContent

Knowledgeexpectel

Water Pollution
(Cont...)

General properties and dynamics
water pollutants:

a) Dispersal

b) Biodegradatn

c) Photodegradatin

d) Size ofemissions

e) Volume of waterconsidered

f) Residence time ofvater/pollutant

pfThe relative mobility of pollutants in watend
factors influencing their concentration addrability
in the watercolumn.

Specific water
pollution issues

Thermal pollution:

a) Ecologicalconsequences

b) Temperature dependencegafs
solubility in water

c¢) Increased rates chemical
reactions at highelemperature

Candidates are expected to become awalowof
thermal pollution alters the habitats’ y#ical
conditions thus disturbing natural systerfibe
discussion should be purely qualitative. The use o
cooling towers to lower water temperature shdodd
briefly discussed.

Acid drainage, mines and adcidin:

a) Tolerance range of organisne
pH

b) Increased solubility dbxic
metals at lowpH

¢) Use of pumps, and tteadition
of lime to contain th@roblem

Candidates are expected to become awalowf
acidity disrupts natural systems. Candidatbsul
also become aware of at least one technigugoof
to reduce acidity in watdvodies.

Toxic metalpollution:

a) Biomagnification via food
chains.

b) Small tolerance range ofost
organisms to toxienetals.

c) Acid water due to release of
acidic compounds fromvaste,
slag andpiping.

d) Bioaccumulation to toxitevels
e.g. physiological effects of
mercury andead

e) Control of pH taeduce
solubility of themetals.

Candidates are expected to be able to undergtend
consequences of toxic metal pollution, the issues (
biomagnification and bioaccumulation beisgy
important due to their multiplying effect up food
chains and food webs. Candidates are expectée tg
able to handle a quantitative treatment of thissaes.

The metals and compounds to be treated asze
Zinc, Lead, Copper, Arsenic, Mercury, Cadmiwand
Tributyltin (TBT).

Nitrate, phosphate amarganic

pollution:

a) Ground water nitratpollution

b) Biological, pathogeniorganisms
contaminatbn

c¢) Eutrophication, algal bloomand
problems of toxirrelease

d) BOD & COD, oxygensag

e) Sewagdreatment

Candidates are expected to understtrel
importanceof ground water, that it may alde
polluted and that its recovery from pollution canabe
very slow praess.

Candidates should be aware of the importance of
clean water and that water is an excellent veatat
host for some of the most dangerquathogenic
agents orkarth.

A discussion about one major human disecmasel
by contaminatedwvater.

Candidates are expected to be familiar vathmary,
secondary and tertiary sewage treatment; fast
and second classater
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Unit 4: Solid waste and itsmanagement

Solid waste is a general term used for the solid by-products produced by human activities. Mamagingus

quantities of these substances has become a major challenge for today’s society. Scientific knowlbége can

applied to make this task more efficient and successful. On the other hand, mismanagement or accwh
these waste products can become a serious concern since it creates a considerable nemdesnafenta

problems as well as healthahards.

ulation

Topic SubjectContent Knowledgeexpectel

Types and Sources of wastproduction For each source mentioned candidates shbald
sources ofsolid a) Municipal (to includeboth aware of the approximate compositiontioé
waste domestic &commercial) resultantwaste stream and how this impacts fimal

b) Industrial
¢) Agricultural

d) Mining andconstruction

comprehensive volume of waste producedhsy
entire community. (E.g. In Malta the fraction of
wasteoriginating from the constructiomdustry
accounts for a very large proportion of tiog¢al
volume of wasteroducel).

Properties of substances fouimd

the wastestream

a) Mobility

b) Toxicity

c) Degradabiliy

d) Hazardous nature (such a®f
risk & pathogenicnature)

Candidates are expected to be able to claseifgte
items and to distinguish between them according
their nature. The terms toxic, hazardopathogenic
and waste stream should be accurately defaredl
illustrated.

How the durability of itemsthe
introduction of disposable pducts
and over-packing affectwaste
production.

The nature and composition tife
waste stream and whyig
important to monitor it in ordeto
control waste productioand
disposal.

Control of solid
waste

The waste management hierarchy: RedirR&lse
andRegycle

Theimportance of reducing waste productiorand
re-using used items as part of a comprehendiong-
term waste managemeptogramme.

Methods of solid wastaeatment:

a) Incineratobn

b) Encapsulation

¢) Landfill and landraising

d) Recycling (to be treated thetail
later)

Candidates are expectéd:

(a) discuss the advantages and disadvanté&gesnly
economic and environmental) for eachtloé
optionsmentioned

(b) have a wide background of the issui¢h
knowledge from the local as well as thiebal
situation

(c) be aware of the links between wastealt,
standard of living and general conditionslité
found in thecommuni.

(d) be aware that there is no one option which by
itself can be applied to solve theaste
management blem

(e) use their scientific knowledge and theiraluation
and critical skills to come up with concretad
comprehensive proposals on how to resahe
waste management problem in small islatates
like the Maltesdslands.
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Topic

SubjectContent

Knowledgeexpectel

Recycling

Separation of waste at sourceais
indispensable measure fachiesing
efficient wastemanagement.
Recycling is not always theest
option. The nature oivaste,
recycling costs andesultant
environmental impacts have be
considered before recyclingaste
items.

Not all waste is recyclabléd
sizeable volume of solid wasgill
has to balisposel.

Candidates are expected to acknowletiye
advantages (in terms of environmentabtesction,
resource consumption, energy consumptioaste
production and social benefits) and disadvantages
recycling.

Recycling techniqueand
recyclablematerials:

Candidates are expected to know at leastreoycling
techniques (e.g. paper, iron, compostiayminium).

Theme 2: Degradation & Depletion of Natural Resources & Utilisation lahd

Unit 1: Utilisation of Land and itsResources

Topic

SubjectContent

Knowledgeexpectel

Agriculture

Soil erosion &desertification
Major causesa)

Overgrazing b)

Deforestation

¢) Climatechange

d) Over-cultivation

Major impacts:

a) Gullying,

b) Loss of nutrients &op-soil,
c) Water logging &salinization.

Candidates are expected to be aware ofriagr
causes and resultant impacts of ssibsion.
Candidates should appreciate the process of
desertification as a result of loss of arable land
climate change.

Water pollution:

a) Silting of waterbodies

b) Leachates of pesticides
fertilisers

¢) Run-off of particulate & aanic
matter

Candidates should be aware of hagriculture
affects water reservoirs. Discussions should refer
specific examples.

Air pollution:
a) Acid rain

b) Methane

c) Particulates

Candidates should become aware that agricubhae
an adverse effect on aiuglity.

Reduction obiodiversity:

a) Monocropping

b) Clearing ofland

¢) Use ofpesticides

d) Genetically modifieccrops

An explanation on why and how eachtbése
practices endangetsodiversity.

Knowledge of the biotechnological principles of
genetically modified crops wilNOT be included or
assessethere.

Sustainable agriculturgbractices:

a) Soil conservationechniques

b) Biological pestontrol

¢) Reduction in the use pfesticides|
andherbicides

d) Reduction in the use ehemical
fertilisers

e) Improved agriculturapractices
and reduction of arabliend
degradabn

Awareness that sustainable agriculturans
attainable goal making more productive dess
destructive agricultur@ossible.

Treatment of soil conservation techniqussould
include reference to terracingiindbreaks,
multicropping, contour farming, reducimgoughing
and alternation of landse

Organic farming as an example safstainable
agricultural practices.
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Unit 2: Degradation & Depletion of NaturaResources

Introductory principle: The pressure on the environment due to human activities has been greatly edbanced
to the accelerated use and depletion of natural resources. Given the finite nature of all resourcdsméte

aim is to achieve sustainable use of the nataagbital.

Classification of resources: Natural resources are classified into renewable and non-reneesdleces.

Knowledgeexpectel

Topic SubjectContent

Exploitation of Harvesting of biotiaesources:
natural a) Logging

resources b) Grazing

¢) Hunting & fishing (includesalso
the trade of exotic species for
variousreasons)
Demand is greater than supgind
the source takes a relativelgng
time to replenishitself.
Management of biotic resourcés
allow them to replenish aridst
longer for futureavailability

Candidates are expected to know how thesévities
put pressure on the environment and hi@pletion
occurs.

A comparison between sustainable asel
irreparabledamage should be made. (Isisggestel
that the problem of decreasing fish stocks be taleern
anexample).

Candidates should be aware that biotic resouteas
fish stocks) are not infinite and can only withstead
limited amount of pressure from human activitesl
demands.

Specific examples to be used throughaug.
reducing fishing fleets and enforcidggislation
regarding fishing techniques; fisarming;
afforestation and woodubstitutes.

Extraction and use abiotic

resources:

a) Fossilfuels

b) Mineral resourcegincluding
metal ores andadioactive
elements)

¢) Non-mineral resources (rocks
aggregates)

EnvironmentalImpacts:

a) Loss of land &habitat

b) Subsidence &ooding

¢) Air & water pollution (including
substances releaseliring
purification processes)

d) Hazards of nuclear energise

The aim of this topic is to illustrate thyeneral
principles of pollution due to resource extractiamd
purification.

Candidates are NOT expected to be familidth
specific extraction and purificatioprocesses.
Candidates are expected to know tiegative
impacts of mining and resource extractimeluding
fossil fuels.

Candidates should also become aware that toxic b
products are produced during purificationnoinerals
and fossilfuels.

Roasting of metal ores should be used asxample
to explain how the extraction andirification
processes damage teevironment.

Brief treatment of nuclear accidents amaclear
wastedisposal.

The finite nature of phsical

resources.

a) Alternative energgources.

b) Resource substitutionyood,
metals, organic product&®.g.
rubber) by plasticetc.

Issues considered here refer to practices aiated
conserving resources rather than depleting them
long as stocksast.

Examples of energy sources should inclsdéar
(passive solar, photovoltaic, solar wateratng),
wind, hydro, biogas, biomass agdothermal.
Candidates are expected to be capablidustrating,
with examples, how abiotic resources shouldubed
sustainably within nature’s limit aenewability.
The concept of resource substitution shaoéd
included here as an example of strategieetiuce
pressure on natural resources. (Synthetic org&nic
inorganiccompounds).
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Unit 3: Conservation biology & Restoration of the naturainvironment

Topic

SubjectContent

Knowledgeexpectel

Conservation
Biology

Basicprinciples:

a) Definition ofconservaibn
biology

b) The development afonservation
biology

Candidates should be made aware tBanservation
Biology’ is a new branch in science desigrted
promote practical methods to protect/resttie
naturalenvironment.

Reasons foconservation
a) Aesthetic

b) Ecological

¢) Economical

d) Ethical/moral

Candidates should be able to expl#iat

conservation of any resource (biotic/abiotis)
important for a variety of reasons. Eagason
should be accompanied by a bréfplanation.

Tools usedin
conservation
biology

(This topicshould
makecandidates
aware thatsocial,
legal, moral and
scientific issues
all interrelate to
produceeffective
environmental
protecting
mechanisms

Protecting the naturanvironment

by establishing protectedreas:

a) NationalParks

b) Wildlife Reserves

c¢) Conservationareas

d) Marine potected/marine
conservationareas

Candidates are expected to know about exemple
from Europe or elsewhere for

(a) Nationalparks

(b) Wildlife reserves
and one example from Malta far

(c) Conservatiorarea

(d) Marine protected/marine conservatiarea

Legislative tools:

a) CITES

b) Agenda 21

c¢) Convention orBiological
Diversity

d) The HabitatDirective

e) Maltese Flora, Fauna ahtural
Protectionregulations

Candidates should be aware thahsewation
biology must go beyond scientific principlesd
theory and must be assisted by a numbesoaifo-
political tools.

The major principles underlininthese
programs/conventions and their ultimate ash®uld
be briefly discussed to allow candidatesafipreciate
their worth as environmental- protectihgpls.
Knowledge about the actual contentN®T
expected.

Legal aspects should NOT be consideredhia
section.

Restoration

Restoring damaged natursystems:

Candidates should investigate how damaggstems

ecology a) Research &estoraton can be repaired and how polluted and abanddaed
b) Identification of keystonespecies| can be rehabilitated to its original state oato
& other keyfactors alternativeuse.
c¢) Reclamation of derelick Candidates should assemble a comprehensdte®m
polluted land,decontaminatio of how the state of the natural environment ban
andbioremediation improved following specific scientifitechniques.
d) Restoring by diredntervention,
restoring bynon-interention
Suggestedtextbooks

The following is a list of suggested books (latest editimmmended):
e Baldacchino, A.E. & Schembri, Pllma, Blat u Hajja. Malta University ServicegMalta)

e Cunningham, W.P., Cunningham, M.A. & Saigo, Bwironmental Science, a Global Concer@ﬁs‘h
edition). McGraw-Hill (Boston)

* Nebel, B.J. & Wright, REnvironmental Science: Toward a Sustainable Fut@mentice-Hall.

« Pedley, M.; Hughes-Clarke, M. and Galealifestone Isles in a crystal sea: the geology ofNtadtese
islands.Publishers Enterprises Grougtalta

e Tyler Miller, G. Living in the Environment: Principles, Connections, and Soluti@&mont, Calif.:

Brooks/Qle

* Wright, R.T. Environmental Science - toward a Sustainable Futifearson Educatiomnternational,
Prentice HallPublishers
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