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Introduction

The syllabus is meant to offer an opportunity fandidates that may not have prior knowledge of
science, to study a range of environmental issues fa scientific perspective. Although other
dimensions (such as social, cultural, economical pnlitical aspects) may be considered, the
programme primarily seeks to provide scientific Wedge and understanding enabling the candidate
to review environmental issues more objectivelyisMould enable them to assess the dimension of
the issue and to consider alternative strategietsfoesolution. The programme seeks to providadia
environmental literacy for candidates who wouletgtursue a wide variety of careers but it is also
meant to encourage and provide basic knowledgé¢hierowho would opt for careers directly related
to the environmental field.

To promote a more holistic framework of environnagtigsues, the approach adopted must necessarily
be interdisciplinary, involving inputs from variotdields related to the issues being studied. While
ensuring that the programme provides a global getsfe, candidates should also be familiarised with
the local and regional dimensions of the environiaeasues being studied.

Aims

The programme seeks to help candidates to:

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

develop a deeper understanding of environmentaésby relating scientific knowledge with
other perspectives,

acquire the necessary problem-solving skills thatilel enable them to examine and propose
alternatives to a variety of environmental problems

develop pro-environmental values and attitudesftser environmental responsibility, and
critically evaluate their attitudes, behaviour amalues and consequently adopt a more
sustainable lifestyle.

Scheme of Assessment

The syllabus will be examined by a one three-hcapep. The paper will consist of two sections.
Section A will comprise a number of short answeegsjions. This section carries 80 marks. Section B
carries 40 marks and will contain six structuresiégstype questions. Candidates are expected to
answer all questions from Section A and to choasedquestions from Section B.
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Grade descriptions

Grade A

Grade C

Grade E

The candidate demonstrates over
above average ability in dealing
with environmental situations.

More specifically, candidates are
likely to be able to demonstrate th
ability to:

allhe candidate demonstrates
average ability in dealing with the
environmental situations presentej

More specifically, candidates are
elikely to be able to demonstrate th
ability to:

The candidate demonstrates very
limited ability in handling the
denvironmental situations presente|

More specifically, candidates are
elikely to be able to demonstrate th
ability to:

=

1. master all the scientific facts
and principles related to the
environmental issues tackled kb
the syllabus.

1. master most of the scientific
facts and principles related to
the environmental issues
tackled by the syllabus.

y

1. understand only the very basig
scientific facts and principles
related to the environmental
issues tackled by the syllabus.

al

2. recall a wide range of scientifi¢ 2. recall a good number of 2. recall the basic scientific facts
facts and principles and shows scientific facts and principles and principles and have a
that s/he understands their and handle satisfactorily most limited ability in using this
significance in dealing with of the environmental problems knowledge to solve
environmental problems. presented. environmental problems.

3. demonstrate above average | 3. demonstrate average ability aff 3. very weakly interpret scientific
ability at interpreting correctly interpreting scientific data data related to an environment
any scientific information related to an environmental problem.
presented about an problem.
environmental situation.

4. fully recognise the extent of an 4. recognise the extent of an 4. recognise the extent of the
environmental problem and environmental problem environmental problem
suggest a wide variety of presented and present at least presented but cannot offer any
feasible alternatives in its some feasible alternative for it  alternative for its resolution.
resolution. resolution.

5. very evidently show that s/he is5. show that s/he is reasonably | 5. show very poor or limited
very well informed about informed about current interest and knowledge about
current environmental issues environmental issues and how current environmental issues
and how the local and global the local and global community and about how the local and
community is reacting to the is reacting to the situation. global community is reacting tq
situation. the situation.

6. show above average ability in| 6. show average ability in skills | 6. show very limited ability in

skills related to presentation of
ideas particularly in essay
writing.

related to presentation of ideag
particularly in essay writing.

skills related to presentation of
ideas particularly in essay
writing.
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Subject Content
Part A. BASIC SCIENTIFIC CONCEPTS

Basic Scientific Concepts are introduced at a letrglt will make it possible for candidates to
understand and follow the subject matter preseirtatis syllabus. These concepts will not be diyect
examinable, but the candidate’s understanding ef dpplicability of the scientific principles listed

will be tested through questions set on the otlagtspof the syllabus.

Topic

Subject Content

Knowledge expected

Nature and
organisation of
matter

States of matter and the
dependence on
temperature.

rMatter can exist in the solid, liquid and gas fand that these
three states are interchangeable as a result n§eban
temperature. Matter is made up of elements, congand
mixtures.

Atomic nature of matter.

The main atomic constituents are protons, neutrods a
electrons. An understanding of the relationshipvieen atomic
particles, atomic mass and atomic number.

Unstable atoms and
radioactivity.

Atoms of some elements are unstable and as rdghkio
instability they break down and release energphéiform of
radioactivity. The positive use of radioactivityas energy
source.

Formation of compound

5 Elements are able to combine and form compoundsdwting

together.

The importance and
profusion of the
molecules of carbon.

The main organic chemicals, including naturally adog
materials. Candidates should be able to explaipnpetisation
and the formation of large molecules (e.g. protaigleic
acids polysaccharides and synthetic substances)yreae
importance of organic compounds.

Chemical changes and
conservation of matter.

A chemical change takes place when compounds aretb

Elements that combine to form compounds have nat bee
destroyed, but are conserved in another form. Clates are
expected to be able to use and balance chemicatieqs in

representing chemical change in a qualitative arahtitative
manner in order to understand the concept of ceaten of

matter and the concept of the Mole.

Candidates are also expected to be able to workimyie
calculations on reacting masses using Moles.

Important chemical
processes.

The different types of chemical processes (combiuistio
precipitation and neutralisation)

Energy changes
accompanying chemical
reactions.

Formation and breakdown of compounds by chemicaitiens
is accompanied by energy changes, which might bthermic
or endothermic.

Acidity and the pH scale

Chemicals are either acidic, alkaline or neutrak Tke of the
pH scale to measure the acidity, alkalinity or naity of a
substance. (The mechanics and actual meaning ohitel-
14 is not required).

Important elements and
compounds

The chemical formulae of the following: Lead Pb; Oagygas
O,. Nitrogen gas ¥ Mercury Hg; Methane CH Sulphur
Dioxide SQ; Nitrogen Dioxide N@; Ozone @Q; Silicon
Dioxide SiQ; Water HO; Carbon Dioxide C& Glucose
CsH1205; Ammonia NH; Carbon Dioxide CQ Calcium
Carbonate CaCf)Sodium Chloride NacCl.




Energy and
energy flow
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Forms of energy

Different forms of energy: potential (chemical, tear, and
gravitational), solar, kinetic and heat.

Energy and power and
their units.

Energy as the ability to do work and measured joulds).
Power as the rate of energy use and measured Wahtg) or
Js' (Joules per second). How energy consumption isured
in KWH.

Energy and its
transformation.

The sun as the major source of energy. Photosysthesi
process through which light energy is transfornmed food
energy which is taken up by animals.

Energy transformations that must take place in cese the
energy stored in fossil and nuclear fuels. Compari® the
efficiency and losses of the different types of poplants
(nuclear, fossil fuel, and solar). Candidates ¢se expected to
be able to work out simple calculations on energy
transformations applying the following formulae:

PE=mgh
KE =% m
Efficiency = Outputx 100

Input

Electromagnetic
spectrum.

The relationship between wavelength and frequencgdifition
(V =f ). The electromagnetic spectrum as a continuougeran
of radiation ranging from low energy waves to higtergy
waves. Candidates must also understand that abésvaave
similar properties and travel at the same speedtaidhe
difference is only in the frequency and wavelength.

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

The cell as the basic uni
of living things.

I Differences between prokaryotic and eukaryoticscdlhe great
complexity of a cell. The presence of organelletha
cytoplasm and the role of the main organelles guslcell
membrane, cell wall, and chloroplasts). Differenicesveen
plant and animal cells.

Cell differentiation to
cater for specialisation

Awareness of the presence of different cells th&grcfor
different functions

Presence of chromosom
in cells. DNA as the
blueprint of life.

eDNA as a double-helix shaped molecule containingmounds
that act as codes which determine all bodily fuordi DNA's
ability to replicate itself leading to transmissioingenetic
material. (Details of replicating process are rextassary.)
DNA's proneness to mutations - bringing about deration of
the genetic code (with beneficial, bad or neutfi@ats).

Cell division — Important]
differences between
Mitosis and Meiosis

Mitosis takes place in somatic cells and produdeatical cells
resulting in growth or cell replacement. Meiosisguces cells
that will develop into reproductive gametes witlf tiae
number of chromosomes of parent cells. Detailedeece of
events which take place during these two processglbf
divisions are not required.

Types of variation:
inherited and
environmental.

Variations that provide an advantage to organisves the
pressures of the environment bring about an ealatiy
process resulting in a variety of life.

Classification

The five kingdom system of classification and themfieatures
exhibited by organisms from each kingdom. Cand&late also,
expected to be familiar with the main groupingeath

kingdom.
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Part B. THE PHYSICAL ENVIRONMENT

Topic

Subject Content

Knowledge expected

The Lithosphere

Introducing Earth

The Earth’s place in Space: the Earth as one of ®fdan
orbiting the Sun, the Sun as a star in a galaxygtiaxies
forming the Universe.

Earth’s internal structure
- Inner and outer core;
the mantle and
convective currents in it;
the lithosphere as a thin
and shifting crust
floating over the
asthenosphere.

Converging, diverging and conservative plate botiedaand
the evidence for sea-floor spreading. Knowledgaitibo
paleomagnetism is not required.

Plate tectonics and
continental drift, sea-
floor spreading and
subduction.

Earthquakes and earthquake belts in relation te plat
boundaries. Candidates should be familiar withfetlewing
terms: epicentre, focus, magnitude and intensiyanthquakes.

Rocks and minerals

The difference between rocks and minerals. Classifin of
rocks as igneous, sedimentary and metamorphic.

The rock cycle.

An understanding of the rock cycle in terms of Weaing,
erosion, transport and sedimentation, volcanisioggction and
metamorphism.

Biogenic sedimentation

Biogenic sedimentatioexemplified by the formation of
Maltese sedimentary rocks.

Solil - its formation,
composition and soil
type classification based
on particle size.

Soil horizons (A, B, C) in relation to stratificati, water
percolation, mineral content and root penetration.

Soil type as exemplified by clay soil, sandy soitldoam soil.
Detailed descriptions of these soil types are Rpeeted.

The carbon cycle

Treatment should include fossil fuels as an integoahponent
of the carbon cycle.

The nitrogen cycle

Treatment should include the anthropogenic inputsitofgen
compounds to the soil.

The
Hydrosphere

The hydrologic cycle.

The hydrologic cycle in terms of precipitation, irteption,
infiltration, ground water, run-off and evaporatidgogether
with the energy components of the cycle - solamataxh and
gravitational force.

The oceans — their
composition and
stratification.

Relation of ocean stratification to temperaturdatam with
depth and the presence of a thermocline. The vamiati light
intensity with depth and the importance of the hoone.

Tides

Simple understanding of tides in terms of the meon’
gravitational pull.

Freshwater resources.

Strategies for providing adequate freshwater sappticluding
surface and aquifer storage, and desalination slamt
elementary treatment of reverse osmosis is expether
effects of overuse and contamination of surface and
groundwater.

Groundwater use in
Malta.

The use of groundwater in Malta in terms of a sinmpélel of
the Maltese groundwater dynamics, to include theeup
(perched) and lower (mean sea level) aquifers.




IM Syllabus (2008-2010): Environmental Science

The Atmosphere | Structure and The physical and chemical nature of the atmosplheyérs,
composition of the especially the troposphere and stratosphere. Ontief
atmosphere. awareness of mesosphere and thermosphere is expecte

Candidates should be acquainted with, but not miseyathe
various heights and temperatures associated witbsgtheric

stratification.
Interactions of solar The wavelength, frequency and intensity of radiatibthe
radiation with the outer limits of the atmosphere and at the Earthrfasa.

atmosphere. The effects
of ionising radiation on
gases in the atmosphereg
and living organisms.

Albedo, reflection and | The greenhouse effect as a natural phenomenon.
scattering of radiation.
The influence of gases
and water vapour on re-
radiated energy.

The Earth’s overall The total energy received by the Earth from the Swegual to

radiation budget. that ultimately emitted back into space. Candiddteaot have
to memorise actual values.

The formation and Simple chemical equations for ozone formation agstrdiction.

shielding effect of the Candidates should understand that these two pexessceed

ozonosphere. at equal rates in nature.

Weather and climate. Seasonal and diurnal vangtiio insolation.

Global circulation with | The relation between the major circulation pattenmd biome
reference to Hadley cell§ development. A simple qualitative treatment of @w#iolis
and the Coriolis force. | force as a result of the Earth’s spin.

Causes and rates of The Milankovitch cycle, solar activity and volcaictivity.
natural climate change.

Part C: THE BIOSPHERE

Any coherent study of the natural environment nexpua sound knowledge of the ground rules, which
regulate the varying abundances of organisms wiltahitats. At the end of this module, candidates
should be familiar with the basic processes tharafe in all natural environments. Candidates are
expected to be capable of applying facts and ppiesi learnt in this module to the resolution of
situations with which they may be unfamiliar.

This module adopts a bottom-up approach, proceedtiogn the dynamics of populations through
communities to ecosystems and biomes. Particutantbn is to be paid to the recent dynamics of the
human population. The inherent complexity of theaen in all of the units listed necessitates a
superficial treatment of each. Candidates would entieless be expected to have developed an
appreciation of how the functional units of the urat environment are interrelated. As far as
possible, candidates should also be able to citallp occurring organisms and environmental issues.
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Unit 1: The dynamics of biological populations

Topic Subject Content Knowledge expected
Factors Natality Awareness that, in nature, population sizes arergdy in a
governing Mortality state of stable equilibrium mediated by interactietween
population size ) ] various factors.

Immigration

Emigration

Recruitment

Crude birth and death
rates

The use of crude birth rate, crude death rate antlohgy time
in simple calculations is expected.

Approximate doubling
time of an exponentially
increasing population

t=70/G (where G is growth rate as a percentage &nd
doubling time). The derivation of the relationsbigtween
doubling time and growth rate of an exponentiallgreasing
population is not required. Candidates should apare why
birth and death rates calculated in this way amede’.

Limitations to
population
growth

Environmental resistanc
Carrying capacity

Density-dependence angl

density-independence in
control of population
growth

p An appreciation of these concepts is requiredrftarpretation
of the population models which are to be preseatedlater
stage. No mathematical treatment of these congepegjuired.

Selected models
of population
growth

Linear growth
Exponential growth
Sigmoid growth
Irruptive growth

Treatment should be mostly qualitative, Nevertheless
candidates would be expected to handle simple legicns
concerning linear growth and exponential growth. @hity to
interpret population cycles from all four modelsiso
expected.

Unit 2: The dynamics of the human populat

ion

Topic

Subject Content

Knowledge expected

Patterns of
growth of the
human
population

Growth patterns:

- during the Palaeolithic
period

- during the Neolithic
period

- throughout recorded
history up to the
Industrial Revolution

- following the
Industrial revolution

Basic overview of changes throughout human hisaoiy
prehistory. No elaborate details of human histagyraquired,
although candidates should be acquainted with drqpatterns
throughout the Palaeolithic period (500000 BP -QIDBP),
Neolithic period (from 10000 BP) and following thredustrial
revolution. In all cases, candidates should be ewhthe main
limitations on the growth of the human populatigre@ting in
each period of time. Candidates should be familigln recent
patterns of population growth but are not expetbetiemorise
any dates or landmark sizes of the population.

Present patterns
of human
population
growth

Population growth in les
developed countries
(LDCs)

Population growth in
more developed
countries (MDCs)

5 Candidates are expected to be aware of the ditfeaées of
growth in MDCs and LDCs and should also be capable
suggesting reasons as to why this is so. The imitaof a
high population growth rate on food supply and o t
exploitation of land should also be stressed.

The
demographic
transition

Stage 1 (high birth rate
and high death rate)

Stage 2 (high birth rate
and falling death rate)

A brief overview of the probable changes in popalagrowth
patterns with increasing economic development. Ciabels
should be capable of drawing and/or interpreting daither
graphical or in tabulated form pertaining to a dgraphic
transition.

Stage 3 (Falling birth
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rate and low death rate)

Stage 4 (low birth rate
and death rate)

Age-gender
structure of
populations

Construction and
interpretation of age-
gender diagrams

Awareness of the age structure of a growing pojmuiaga stable
population and a diminishing population. Comparibetween
age structures of LDCs and MDCs.

Use of age-gender
diagrams for predictions
of future population size
and future needs of a
population.

Candidates should be capable of projecting thedujuwowth of
a hypothetical population using age-gender diagramegiental
5 reference to the main implications of various pageof
population growth is also expected.

Recent history of

population growth in the
Maltese Islands as giver]
by age-gender diagramg

Candidates should be acquainted with recent pattgrn
population growth in the Maltese Islands and shbald¢apable
of interpreting age-gender diagrams for the poputadf the

. Maltese Islands. (Age-gender diagrams for the Mallslands

may be obtained from tH@emographic Review

Unit 3: Properties of biological communities

Topic

Subject Content

Knowledge expected

Interactions
between species

Competition.
Interspecific and
intraspecific competition

Outcome of competition
coexistence or
competitive exclusion

Treatment of competition should be neither matherahtior
elaborate. Nevertheless, candidates should be leapib
interpreting hypothetical and real-life situatianrder to
distinguish between different modes of competition.

Predation

Predation is defined as removal of prey organigom their
population. Candidates are expected to illusttad& iccounts
with examples.

Parasitism

Treatment of parasitism should be basic and quaktat
Candidates should be familiar with the general @ssmf
parasitism and with the general characteristienofoparasites
and ectoparasites. Candidates are expected toaliesheir
accounts with examples.

Mutualism

Treatment of mutualism should not be elaborate. Emeigl
dynamics and evolutionary advantages of mutualism.
Candidates are expected to illustrate their accowith
examples.

Amensalism and
Commensalism

Basic definition of these interactions. Candidaesexpected
to illustrate their accounts with examples.

Ecological Niche

Concept of ecological
niche. Fundamental

niche and realised niche
Effect of competition on
niche breadth. Ecologicad
release. Relative niche
breadths of generalist

and specialist species

Definition and scope. The niche as the role araticiships of
an organism within its community. Definition of dagical
release. Relative advantages and disadvantagescfbst
species and generalist species.

Biological
Diversity

Species richness
Genetic diversity
Habitat diversity
Landscape diversity

Treatment of biological diversity need not be mathtecal, but
should stress the relative importance of specamess and
associated evenness of species in a communityr @spects of
diversity should also be presented in order to liarse
candidates with different forms of variety in bigical
communities. Candidates would also be expecteave h very

Patterns in species
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richness

basic understanding of the increasingltoéispecies diversity
from the poles towards the equator,

Ecological
succession

Mechanism of ecologica|
succession.

The treatment is qualitative and should be illustidiy
examples of a terrestrial example (succession ffassland to
woodland)or a transition from an aquatic ecosystem to a
terrestrial ecosystem. Familiarity with the followgiterms in
required: pioneer community, pioneer species, oima
community, sere, seral stage.

Forms of succession.

Primary and secondary succession. Autogenic angdeatic
succession.

Effects of disturbance of
succession

Brief treatment of the role of disturbance in réwvey a
succession to an earlier seral stage.

Unit 4: Ecosystems

Topic Subject Content Knowledge expected
Definition of Scope of definition Different implications of the term “ecosystem”. Ciéghates
ecosystem should be familiar with the scope of the term, friamge-scale

ecosystems to very small-scale ecosystems.

Transitional ecosystems
(ecotones)

Candidates should be aware that the borders of/steras are
seldom well-defined and are therefore charactefigegcotone
development, where biological diversity is oftegher than in
adjacent (“parent”) ecosystems.

Food chains and
food webs

Food chains and food
webs. Relative stability
of food chains and food
webs. Keystone species|

Elementary introduction to food chains and food webs
Distinction between grazer food chains and decompio®d
chains. Candidates should be capable of intergystmple
food webs and should also be capable of predittiagpossible
implication of removing or adding species from @the system
in order to demonstrate the level of stability. Aergess of the
unequal role of the organisms within a food welyskene
species as organisms exerting significant effecherother
components of the food web without necessarily dppiesent
in high abundance.

Energy flow in

Trophic levels

Candidates should be aware of the basic trophictstre of

ecosystems food webs and are expected to be familiar withftfiewing
terms: producer, primary consumer, secondary coesamd
higher, top carnivore, decomposer.
Transfer of energy acrogsTreatment of energy transfer across trophic leveisiisl
trophic levels familiarise candidates with the concept of ecolabefficiency.
This would be supplemented by realisations as to fatg
webs do not have a large number of trophic levetsvehy
organisms at the top of the food chain are rare.
Pyramids of number and Treatment of pyramids of number and pyramids of issris
pyramids of biomass expected to be elementary.
Stability of Resistance and resiliengeCandidates should be aware of the meaning andismmie of
ecosystems of ecosystems resistance and resilience in determining the dyosoi

ecosystems. The implications of resistance andersé should
be illustrated by examples. No elaborate treatrisemécessary.

10



IM Syllabus (2008-2010): Environmental Science

Unit 5: Biomes

Topic Subject Content Knowledge expected

Physical, Tundra The influence of precipitation and temperature anis

climatic and Desert development should be stressed as should the frdentinant

biological vegetation in defining major terrestrial biomessdission of

characteristics | Teémperate forests each of the major biomes is not expected to betestive,

of the main Grassland rather, candidates would be expected to acquisgppreciation

terrestrial Mediterranean scrubland of_ a broad spectrum of ecosystems WhiCh may be amr_dp

biomes . ) with one another in terms of vegetation and clim@gndidates

Tropical rainforest would be expected to be familiar with the climatatterns,

dominant vegetation (in terms of lifeform, not sist and
adaptations of organisms in each of the biomesstat be
treated.

Part D: HUMAN ACTIVITIES AND THE ENVIRONMENT

Human activities have significantly altered thetstaf the natural environment and possibly some of
the processes that sustain it. The following thearesmeant to help candidates develop awareness,
knowledge and understanding of local and globaliremmental issues that are related to the impact

of humankind on the environment due to emissiossilastances from human activities and/or due to
the alteration of the environment and the naturalgesses that sustain life.

The major themes discussed in this section ar@allution of the Environment; 2. Degradation &
Depletion of Natural Resources & Ultilisation of lcanEach theme focuses on a number of major
issues, which in turn relate to some of the basitcepts in Environmental Science. The themes are
complementary to each other and are mainly intentteda) help candidates view the various
perspectives of human environmental impacts, (@mote an objective and, where possible,
quantitative study of the environment, (c) llluséravays how people can manage their environment
through the use of scientific knowledge, and (djrass the main targets and priorities of sustaieabl
development which relate to the environmental isdiséed above.

Theme 1: Pollution of the Environment

Throughout this theme, candidates are expecteea familiar with the following terms and processes
- Pollution: The release of energy or matter irite €nvironment with the potential to cause advgrse
changes to an ecosystem (ecosphere or biosphere).
- Pollutant: A substance or form of energy that wheleased into the environment may (directly or
indirectly) have adverse effects on the biosphere.
- General characteristics of pollutang®efinition and explanation of eagh
i) Mobility.
i) Persistence.
iii) Synergistic action.
iv) Bioaccumulation.
v) Biomagnification.
vi) Primary & secondary pollutants.
- General characteristics of sources of polluti@ef{nition and explanation of earh
i) Point or diffuse source.
i) Stationary or mobile source.

11
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Unit 1: Atmospheric Pollution

The release of ‘wastes’, from human activitiest theerfere with the dynamic processes occurringhim
atmosphere causing problems beyond their sourca @oeg-range transboundary pollution). Consequgntl
atmospheric pollution must include reference tolylems caused on a local, regional as well as glaoale.

Topic

Subject Content

Knowledge expected

Acid Rain

The major acid rain
producing substances:

a. Nitrous oxides NOx
b. Sulphur oxides SOx

The major sources of each pollutant and how it giisesto
acidity in the environment.

SG; + HO
Atmosphere

H,SO,
Lithosphere & Hydrosphere

Only a qualitative treatment is required. Knowledg¢he
intermediate chemical transformations of acid wilhnot be
assessed.

A comparison with natural rainfall acidity highlighthe
seriousness of the problem.

The direct and indirect
consequences of acid rain:

a. Phytotoxicity and damags
to vegetation

b. Respiratory diseases

c. Depletion of plant
nutrients

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

e. Damage to aquatic
ecosystems & organisms

f. Corrosion of certain
building stones (especiall
limestone), materials &
metals (e.g. Aluminium
roofs)

Candidates should become aware of the type of damag
caused by acid rain and the repercussions of ttesages on
. the environment and on human life. Candidates gpeaed
to know at least one method how to reduce emissibrach
of these acidity enhancing agents.

Global climate
change as a
consequence of
atmospheric
pollution

Greenhouse gases:

a. CFCs

b. Methane

c. Water Vapour

d. Carbon dioxide

e. Tropospheric ozone

The greenhouse effect as a natural phenomenonsand it
importance for life on Earth. Comparison of this pomenon
with the enhanced greenhouse effect due to huntasityac
Candidates are expected to be familiar with therta!
composition of the greenhouse gases, relative itapoe to
the greenhouse effect and relative quantities éegh@ito the
atmosphere. Candidates should also understandeaablé to
explain what makes these gases greenhouse gases.

Sources of greenhouse gag

a. Landfills

b. Deforestation/fires

c. Methane production

d. Combustion of fossil fuel

e. Propellant, refrigerant
gases

f. Gut fermentation in
intensive livestock
production

e€andidates should be familiar with the processdsiwlead
to the formation of these gases from the sourcegiomed
(E.g. Deforestation C +4= CQO,)

Consequences of global

A discussion about consegaef global warming should

12
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warming:
a. Salinization
b. Rising sea levels

c. Flooding of low-lying
land

d. Species migration and
extinction

e. Increased evaporation,
precipitation & storms

f. Change in global climate
patterns

lead candidates to acquire knowledge and undeiistgatiout
the possible scenarios (predictions) which mighvietsp on
Earth in the next half century or so. (Since thesgliptions
may change from time to time a specific list woliél
inappropriate)

Stratospheric
Ozone Layer

Ozone depleting gases:

a. NQ,
b. CFCs

Candidates are expected to be familiar with thecgsiof
these gases and with simple chemical reactionsitpain
how these react with ozone reducing the ozonedshiel
Candidates should be capable of comparing stragogph
ozone with ozone in the troposphere as a danggalligant
derived from photochemical reactions of primarydsetary
pollutants (NQ) and causing serious damage or death to
humans and plants (Impaired lung function; Eye/nose
inflammation; Leaf lesions; Impaired photosynthesis)

Smog

Smog formation and
composition:

a. Formation of smog
enhanced by topographic|
features such as basins g
valleys surrounded by
highlands.

b. The phenomenon of

temperature inversion and

static air masses.

c. Suspended particulate
matter from deforestation
and incomplete
combustion of fossil fuels
and organic matter.

d. Photochemical smog
resulting from formation
of secondary pollutants,
NOx, VOCs and other
hydrocarbons.No details
of chemical reactions are
expectejl

Candidates should become aware of damages caussddgy
as well as the chemical reactions that lead tfoiteation and
harmful effects.

=

Damages caused by smog:

a. Corrosion of buildings.
b. Leaf symptoms &
reduction in the
photosynthetic efficiency.
c. Respiratory diseases &
reduced lung functions.
d. Impacted urban areas,
reduction in visibility,
damages to vehicles.

A short discussion about the serious problems chlogesmog
in some major cities and highways/motorways. Caateil
should also be aware of abnormal reactions suteas
synergistic behaviour of ozone and sulphur dioxide.

Reduction &
Control of Air
Pollution

Methods of control:
a. Alternative fuels

For each method of pollution control, reductiorebmination
discussed, candidates should be aware of how thkanism
works (qualitatively) and its major applicationsar@idates

b. Catalytic converters
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c. Desulphurisation of fuel

d. Reduced energy
consumption

e. Efficiency of energy
conversion, improved
engines

f. Electrostatic precipitators
scrubbers

g. Legislation &
enforcement

should link the control mechanisms mentioned witbcsic
pollutants (e.g. Electrostatic precipitators for 9PSince
effective controls require legislation & enforcerehlaw,
candidates should be aware of at least one exarfiple
international treaty that has significantly helpgededuce
pollution. E.g. Kyoto Protocol, Montreal Protocolpiivention
on Transboundary Air PollutionKfowledge of the actual
content of the convention/protocol is NOT expebtrd
Candidates may also include examples from the lomatext.
E.g. VRT.

Unit 2: Water pollution

Topic

Subject Content

Knowledge expected

Water Pollution

The main bodies of water {
be included here are:

a. The oceans

b. Subsurface water

c. Coastal waters

d. Lakes & rivers

e. Enclosed & semi-enclose
seas

oCandidates are expected to know examples of watkitgnts
and how these end up in the sinks mentioned. B&atic
attention should be given to the pollution of subete and
coastal waters as the final sinks for pollutants. the
pollutants originating at sea, land pollutants ninesadded
due to run-off).

d

General properties and
dynamics of water
pollutants:

a. Dispersal

b. Biodegradation

c. Photodegradation

d. Size of emissions

e. Volume of water
considered

f. Residence time of
water/pollutant

The relative mobility of pollutants in water and tiars
influencing their concentration and durability iretwater
column.

Specific water
pollution issues

Thermal pollution:

a. Ecological consequences

b. Temperature dependenc
of gas solubility in water

c. Increased rates of
chemical reactions at
higher temperature

Candidates are expected to become aware of hownaher
pollution alters the habitats’ physical conditionthus
» disturbing natural systems. The discussion shoulgurely
qualitative. The use of cooling towers to lower evdt
temperature should be briefly discussed.

Acid drainage, mines and
acid rain:

a. Tolerance range of
organisms to pH

b. Increased solubility of
heavy metals at low pH

c. Use of pumps, and the
addition of lime to
contain the problem

Candidates are expected to become aware of hovtyacid
disrupts natural systems. Candidates should alsonbe
aware of at least one technique of how to reduimbtyadn
water bodies.

Heavy metal pollution:

a. Biomagnification via food
chains.
b. Small tolerance range of

Candidates are expected to be able to understand th
consequences of heavy metal pollution, the issfies o
biomagnification and bioaccumulation being so intgor due
to their multiplying effect up food chains and fomdbs.
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most organisms to heav
metals.

c. Acid water due to releasg
of acidic compounds
from waste, slag and
piping.

d. Bioaccumulation to toxic
levels e.g. physiological
effects of mercury and
lead

e. Control of pH to reduce
solubility of the metals.

yCandidates are expected to be able to handle dittiae
treatment of these issues.

The metals to be treated here are: Zinc, Lead, Copper,
Arsenic, Mercury and Cadmium.

Nitrate, phosphate and
organic pollution:

a. Ground water nitrate
pollution

b. Biological, pathogenic
organisms contaminatio

c. Eutrophication, algal
blooms and problems of
toxin release

d. BOD & COD, oxygen sag

e. Sewage treatment

Candidates are expected to understand the impertznc
ground water, that it may also be polluted and itisatecovery
from pollution can be a very slow process.

Candidates should be aware of the importance aholeater
and that water is an excellent vector and hostdone of the
nmost dangerous pathogenic agents on Earth.

A discussion about one major human disease caysed b
contaminated water.

Candidates are expected to be familiar with primary
secondary and tertiary sewage treatment; anddfingtsecond
class water

Unit 3: Solid waste and its management

Solid waste is a general term used for the soligptmducts produced by human activities. Managingretous
quantities of these substances has become a mhjlienge for today’s society. Scientific knowledga be
applied to make this task more efficient and swsfaésOn the other hand, mismanagement or accuioulaif
these waste products can become a serious condaere & creates a considerable number of envirortale

problems as well as health hazards.

=)

Topic

Subject Content

Knowledge expected

Types and
sources of solid
waste

Sources of waste productio

a. Municipal (to include botfy @PProximate composition of the resultant wasteastrand

domestic & commercial)
b. Industrial
c. Agricultural
d. Mining and construction

n For each source mentioned candidates should be af/ére

how this impacts the final comprehensive volumevaste
produced by the entire community. (E.g. In Maltaftiaetion
of waste originating from the construction indusincounts
for a very large proportion of the total volumevadste
produced).

Properties of substances
found in the waste stream

a. Mobility

b. Toxicity

c. Degradability

d. Hazardous nature (such
fire risk & pathogenic
nature)

Candidates are expected to be able to classifyeviteshs and
to distinguish between them according to their r@atlihe

termstoxic, hazardous, pathogenic and waste streamahod
be accurately defined and illustrated.

AS

Control of solid
waste

How the durability of items,
the introduction of
disposable products and

Theimportance of reducing waste production ane-using
used items as part of a comprehensive long-ternewas
management programme.

over-packing affects waste
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production.

The nature and compositior]
of the waste stream and wh
it is important to monitor it
in order to control waste
production and disposal.

Methods of solid waste
treatment:

a. Incineration

b. Encapsulation

c. Landfill and land raising

d. Recycling (to be treated i
detail later)

Candidates are expected to:

a. discuss the advantages and disadvantages (reaopmic
and environmental) for each of the options mentione

b. have a wide background of the issue with knogaeitiom
the local as well as the global situation

nc. be aware of the links between waste, wealthdstal of

living and general conditions of life found in the
community.

d. be aware that there is no one optidrich by itself can be
applied to solve the waste management problem

e. use their scientific knowledge and their eviiduaand
critical skills to come up with concrete and contyesive
proposals on how to resolve the waste management
problem in small island states like the Maltesaridk.

Recycling

Separation of waste at
source is an indispensable
measure for achieving
efficient waste managemen

Recycling is not always the
best option. The nature of
waste, recycling costs and
resultant environmental
impacts have to be
considered before recycling
waste items.

Not all waste is recyclable.
A sizeable volume of solid
waste still has to be
disposed.

Candidates are expected to acknowledge the aden(ag

terms of environmental protection, resource congiamp

energy consumption, waste production and sociatfiteh
l.and disadvantages of recycling.

Recycling techniques and
recyclable materials:

a. Recycling of natural
resources including
composting and
recycling of metals

b. Efficient extraction and
use of resources within
manufacturing enterpris|
(e.g. ores & wood)

Candidates are expected to know in detail at kpast
recycling techniques (e.g. paper, iron, composting,
aluminium).

12%

1%
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Theme 2: Degradation & Depletion of Natural Resoures & Utilisation of land

Unit 1: Utilisation of Land and its Resources

Topic

Subject Content

Knowledge expected

Agriculture

Soil erosion &
desertification

Major causes:

a. Overgrazing

b. Deforestation
c. Climate change
d. Over-cultivation

Major impacts:
a. Gullying,

b. Loss of nutrients & topt

soll,
c. Water logging &
salinization.

Agriculture has become one of the major activitidsch
involves the utilisation of vast areas of landsla human
activity that may have adverse effects on the envitent
(short & long-term).

A discussion should allow candidates to investigfa¢e
process of desertification as the result of defitnof arable
land as well as the continuous expansion of exjdeserts.
Candidates are expected to be aware of the majsesaand
resultant impacts of soil erosion.

Soil conservation
techniques:

a. Terracing

b. Windbreaks

c. Multicropping

d. Contour farming

e. Reducing ploughing
f. Alternation of land use

An explanation to demonstrate the basic principles
advantages of each technique to allow candidatkslyo
understand soil conservation..

Water pollution:

a. Silting of water bodies.

b. Leachates of pesticides
fertilisers.

c. Run-off of particulate &
organic matter.

Candidates should be aware of how agriculture eff@ater
reservoirs. Discussions should refer to specifaneles.

&

Air pollution:

a. Acid rain
b. Methane
c. Particulates

Candidates should become aware that agriculturamas
adverse effect on air quality.

Reduction of biodiversity:

a. Monocropping

b. Clearing of land

c. Use of pesticides

d. Genetically modified
crops

An explanation on why and how each of these prastic

endangers biodiversity.

Knowledge of the biotechnological principles of ggcally
modified crops willNOT be included or assessed here.

Sustainable agricultural
practices:

a. Biological pest control.

b. Reduction in the use of
pesticides and herbicides

c¢. Reduction in the use of
chemical fertilisers

d. Improved agricultural
practices and reduction o
arable land degradation

Awareness that sustainable agriculture is an attdéngoal
making more productive and less destructive adricel
possible.

Specific examples of sustainable agricultural pcastshould
be given and explained.
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Unit 2: Degradation & Depletion of Natural Resource

Introductory principle: The pressure on the enviment due to human activities has been greatly ergthdue tg
the accelerated use and depletion of natural resesir Given the finite nature of all resources, ulignate aim is
to achieve sustainable use of the natural capital.

Classification of resources: Natural resources al&ssified into renewable and non-renewable resesirc

Topic

Subject Content

Knowledge expected

Exploitation of
natural
resources

Harvesting of biotic
resources:
a. Logging
b. Grazing
. Hunting & fishing
(includes also the trade
of exotic species for
various reasons)
Demand is greater than
supply and the source take
a relatively long time to
replenish itself.
Management of biotic
resources to allow them to
replenish and last longer fo
future availability (Specific
examples to be used
throughout, e.g. reducing
fishing fleets and enforcing
legislation regarding fishing
techniques; aforestation an
wood substitutes)

Candidates are expected to know how these actiptit
pressure on the environment and how depletion sccur

A comparison between sustainable use and irrepadashage
should be made. (It is suggested that the probfem o
decreasing fish stocks be taken as an example).

Candidates should be aware that biotic resourcgsf{gh
stocks) are not infinite and can only withstanéated
amount of pressure from human activities and desand

Extraction and use of abioti
resources:

a. Fossil fuels

b. Mineral resources
(including metal ores
and radioactive
elements)

c. Non-mineral resources
(rocks & aggregates)

Environmental Impacts:

a. Loss of land & habitat

b. Subsidence & flooding

c. Air & water pollution
(including substances
released during
purification processes)

d. Nuclear accidents and
nuclear waste disposal

t The aim of this topic is to illustrate the genenahgiples of
pollution due to resource extraction and purificati
Candidates are NOT expected to be familiar with ifijpec
extraction and purification processes.

Candidates are expected to know the negative immdct
mining and resource extraction including fossill$ue

Candidates should also become aware that toxiadgugots
are produced during purification of minerals anskfbfuels.

Roasting of metal ores should be used as an exdample
explain how the extraction and purification proessdamage
the environment.

The finite nature of physica
resources.

a. Alternative energy
sources.

b. Resource substitution;
wood, metals, organic

Issues considered here refer to practices aimeonserving
resources rather than depleting them as long aksstast.

Examples of energy sources should include solasipas
solar, photovoltaic, solar water heating), windditoy biogas,
biomass and geothermal.
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products (e.g. rubber) by
plastics etc.

Candidates are expected to be capable of illustratiith
examples, how abiotic resources should be usedisabty
within nature’s limit of renewability.

The concept of resource substitution should be dedihere
as an example of strategies to reduce pressuratarah
resources. (Synthetic organic & inorganic compoinds

Unit 3: Conservation biology & Restoration of the ratural environment

Topic Subject Content Knowledge expected
Conservation Basic principles: Candidates should be made aware that ‘ConservBiaagy’
Biology a. Definition of conservatiori 1S @ new branch in science designed to promoteipahc

biology
b. The development of
conservation biology

methods to protect/restore the natural environment.

Reasons for conservation.

a. Aesthetic

b. Ecological

c. Economical
d. Ethical/moral

Candidates should be able to explain that conservat any
resource (biotic/abiotic) is important for a vayief reasons.
Each reason should be accompanied by a brief exjgana

Tools used in
conservation
biology

(This topic should
make candidates
aware that social,
legal, moral and
scientific issues
all interrelate to
produce effective
environmental

Protecting the natural
environment by establishing
protected areas:

a. National Parks

b. Wildlife Reserves

c. Conservation areas

d. Marine protected/marine
conservation areas

Candidates are expected to know one example ofaatkhe
way how each area protects the natural capitalinvith

protecting
mechanisms
Legislative tools: Candidates should be aware that conservation hjigtagst go
a. CITES beyond scientific principles and theory and mushsisted
b. Agenda 21 by a number of socio-political tools.
c. Maltese Environmental | The major principles underlining these programs/eotions
Protection Act and their ultimate aims should be briefly discusseallow
candidates to appreciate their worth as environatent
protecting tools. Knowledge about the actual caneNOT
expected.
Legal aspects should NOT be considered in this@ecti
Restoration Restoring damaged natural| Candidates should investigate how damaged systembec
ecology systems: repaired and how polluted and abandoned land can be

a. Research & restoration.
b. Identification of keystone
species & other key

factors.

c. Reclamation of derelict &
polluted land,
decontamination and

rehabilitated to its original state or to an altdive use.

Candidates should assemble a comprehensive ndtlmwo
the state of the natural environment can be impitove
following specific scientific techniques.

19




IM Syllabus (2008-2010): Environmental Science

bioremediation.

d. Restoring by direct
intervention, restoring by
non-intervention.

Suggested textbooks

The following is a list of suggested books that édats can use during their preparation for theangination:
Azzopardi (1995A New Geography of the Maltese Islanfis Aloysius’ College (Malta)
Baldacchino, A.E. & Schembri, P.J. (199B)a, Blat u Hajja. Malta University Services (Malta)

Cunningham, W.P., Cunningham, M.A. & Saigo, B. @pBnvironmental Science, a Global Concefd"
edition). McGraw-Hill (Boston)

Kemp (1998)The Environment DictionanRoutledge (London)

Montgomery, C. (2005knvironmental GeologyMcGraw-Hill.

Nebel, BJ & Wright, R. (2004gnvironmental Science: Toward a Sustainable FutBrentice-Hall.
Park, C. (2001Yhe Environment: Principles and Applicatiof®utledge

Sultana J. & Falzon, V. (Eds) (200@jildlife of the Maltese Island&nvironment Protection Department,
Malta.

Tyler Miller G. (2005)Living in the Environment: Principles, Connectioaad SolutionsBelmont, Calif.:
Brooks/Cole (1% International student edition)

Wright, R.T. (2005)Environmental Science - toward a Sustainable Fut@®@h International Edition),
Pearson Education International, Prentice Hall Bhbfs.
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