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CHAPTER 2
Ecological hazards

2.1 Overview
2.1.1 Introduction
The World Health Organization defines an ecological hazard as an interaction between living organisms or
between living organisms and their environment that could have a negative effect. Ecological hazards are
substances or activities that place people, habitats or an environment at risk of illness, injury, damage or
disruption. This includes negative social and economic impact, as well as physical harm.

In this topic you will examine different types of ecological hazards and the zones in which they are most
likely to occur. This includes examining the different factors that affect the onset and severity of a specific
ecological hazard, and the potential ways of managing the different challenges they present.

You will also explore both biological and anthropogenic (human-generated) causes for hazards, and con-
sider why some hazards pose more of a threat than others. This involves analysing vulnerability data and
explaining strategies for hazard preparedness, mitigation and response.

As part of this unit of work, you will examine case studies of ecological hazards, make evidence-based
observations about the impacts of specific hazards, and suggest effective strategies to reduce risk.

FIGURE 2.1 Oil spill clean-up operations in Thailand,
2013

2.1.2 Key questions
• What is an ecological hazard?
• Where do ecological hazards occur and why?
• What biological and anthropogenic factors influence a community’s vulnerability to specific ecological

hazards?
• What factors affect the severity of impacts of an ecological hazard?
• What actions can be taken to reduce risk?
• What factors affect a community’s response to an ecological hazard?
• How are people in developed and developing communities affected differently by ecological hazards?
• Why might different communities seek different solutions to the challenges of ecological hazards?
• How does climate change affect the impact of some ecological hazards?
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2.2 Ecological hazards
2.2.1 Types of ecological hazards

FIGURE 2.2 Biohazards are an ecological hazard.Ecology is a field of study that deals with the
relationships of organisms to one another and to
their non-living surroundings. Usually, different
species and their communities are studied in their
natural environments and habitats, rather than in
laboratories.

In our everyday lives, there will be times when
people are exposed to ecological hazards, either
intentionally or by accident. For example, you may
have a conversation with a sick person who coughs
and sneezes frequently, or a veterinary surgeon may
be attending to a sick fruit bat that has lyssavirus.
These circumstances have an element of risk of
the spread of pathogens, organisms like bacteria or
viruses that can cause disease. Because these are
living things that can be risky for people to have
contact with, they are considered to be hazards.

This means that ecological hazards are sources
of danger or harm to people and environments.
Ecological hazards are potentially dangerous phe-
nomena, substances, human activities or conditions
that may cause loss of life, injury or other health
impacts, property damage, loss of livelihoods and
services, social and economic disruption, or envi-
ronmental damage.

FIGURE 2.3 A journalist checks radiation levels in the
Fukushima region in Japan, where a tsunami led to a nuclear
power plant meltdown in 2011.

Ecological hazards are the result of
biological and anthropogenic processes.
Biological processes are processes that are
vital for organisms to live, for example,
the process of photosynthesis. Anthro-
pogenic processes involve human activ-
ity, for example, the burning of fossil
fuels to produce electricity. Ecological
hazards involve human interactions with
living organisms and the environment, or
interactions between living organisms that
have the potential to adversely affect the
social and economic wellbeing of people.
Ecological hazards might also include sub-
stances or activities that pose a threat to
a habitat or an environment, such as acid
rain caused by air pollution, toxic chemi-
cals released by industry into waterways or
high levels of radiation caused by nuclear
accidents.
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The specific areas, spaces or places at risk of experiencing an ecological hazard are known as
ecological hazard zones. At a local scale, it is possible that even schools might be at risk of becoming an
ecological hazard zone. A school may be severely affected by influenza outbreaks during the ‘flu season’, and
be forced to close when the risk of the spread of disease becomes too great.

FIGURE 2.4 Ebola warning signs in Congo Africa, 2017
Diseases, both infectious diseases such as

influenza and vector-borne diseases such as
malaria (see section 2.8), are one type of eco-
logical hazard. In this case, the hazard is a result
of human exposure to living organisms, such
as bacteria, viruses and parasites, and has an
impact on human health and wellbeing. While
infectious diseases are an outcome of biologi-
cal processes, human activities may contribute
to their outbreak, spread and severity.

TABLE 2.1 Examples of hazardous diseases

Infectious diseases Vector-borne diseases

influenza malaria

measles dengue fever

cholera Ebola

hepatitis yellow fever

HIV/AIDS Lyme disease

TABLE 2.2 Examples of invasive plants and
animals in Australia

Invasive plants Invasive animals

lantana cane toad

groundsel fox

rubber vine rabbit

prickly pear carp

Paterson’s curse feral pig

FIGURE 2.5 Invasive rubber vine
Other ecological hazards may have an impact

on the physical environment as well as on peo-
ple. Such hazards include environmental plant
and animal invasions, (see section 2.3), and
pollutants of the lithosphere, atmosphere and
hydrosphere (see section 2.4). Often, these eco-
logical hazards are a result of people’s activities,
that is, of anthropogenic processes. People are
responsible for many cases of plant and animal
invasions, where the invasive species has been
deliberately introduced, as were rabbits and the
cane toad in Australia.
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FIGURE 2.6 Pollution near the Panama Canal in South
America

Pollution of the biophysical environment
is frequently a result of human activities.
For example, motor vehicles are a common
source of air pollution in large cities, rising
carbon dioxide levels in the atmosphere are
contributing to climate change, and there is
an increasing concern with the amount of
plastic waste washing into our waterways
and into the world’s oceans. As the world’s
human population has grown and spread,
and as economies have expanded, so too
has the pollution associated with people’s
activities.

TABLE 2.3 Examples of environmental pollutants

Lithosphere Atmosphere Hydrosphere Biosphere

salt carbon dioxide salt herbicides

radiation spills sulfur dioxide plastics pesticides

oil spills nitrogen oxides heavy metals plastics

farm chemicals particulates fertilisers oil spills

Activity 2.2a: Ecological hazards
How much do you know about ecological hazards? Reflect on your own experience and knowledge to answer
these questions.
1. What ecological hazards commonly occur in Australia? Are they generally triggered by human or natural

causes? Consider hazards in the physical environment (such a pollution) and hazards that are health-related
(such as diseases).

2. Which ecological hazards present a risk where you live? Are there patterns that you can identify for when and
where these hazards occur? (For example, is there typical flu season? Is there a time of year when a specific
weed is more likely to affect crops?)

3. What kinds of ecological hazards present less of a risk in Australia, but are a significant risk in other parts of
the world? Why might Australia be at less risk from these types of hazards?

4. What ecological hazards might affect people living in developing communities that might not be as
significant in developed communities?

5. What factors might affect the way that different communities manage the following ecological hazards:
(a) the introduction of a plant disease that damages important crops
(b) the accumulation of plastics on beaches
(c) the spread of a dangerous new strain of influenza (the flu).

2.2.2 Risk management
Risk is the chance that any hazard will cause harm to people or the environment. It is the probability of harmful
consequences or expected losses (deaths, injuries, damage to property, damage to the environment, etc.), from
ecological (and natural) hazards. Risk is closely associated with the vulnerability of particular people and
places to hazards. Chapter 1 explained how the risk posed by a hazard might be mitigated by reducing the
level of exposure and/or vulnerability.
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Some places and people are more vulnerable to ecological hazards than others. For example, cholera, a
water-borne infectious disease, rarely affects people in wealthier countries where treated water is the norm.
People in poorer countries, where sanitation and water treatment may be inadequate, are much more vulnera-
ble to outbreaks of cholera. Managing the impacts of ecological hazards involves actions that aim to prevent
or reduce the damage or harm caused by the hazard.

These actions usually include:
• identifying the hazard
• if possible, putting in place measures to prevent the hazard
• where prevention is not possible, preparing for the hazard, including the use of hazard mitigation to

control the risk.
Risk management of ecological hazards will depend on the nature of the hazard. Risk management for

an invasive plant will be different from managing the risk of a disease outbreak. It may be possible to
detect early outbreaks of potentially invasive weeds and to eradicate them before control mechanisms are
needed. An outbreak of influenza may be impossible to prevent, although the use of vaccinations may mitigate
the risk.

2.2.3 Factors affecting the severity of impact
Just as with natural hazards, the severity of an ecological hazard’s impact will depend on a range of different
factors.

Speed of onset
Hazards, both natural and ecological, can occur rapidly or develop over a longer period – that is, they may
be rapid onset or slow onset hazards. The collapse of the Samarco iron ore mine tailings dam in Brazil in
November 2015 is an example of a rapid onset hazard. Heavy-metal laden mud from the dam inundated the
surrounding area, and contaminated community water supplies and the Doce River basin.

There is often a close link between the speed of onset of a hazard and its predictability. Rapid onset hazards
may be difficult to predict. Communities are often more vulnerable to the impacts of hazards when there is
little or no time to prepare. Because slow onset hazards tend to be much more predictable, there is generally
more time to prepare for and manage the impact of the hazard, for example by evacuating people at risk.

Magnitude
Magnitude is a measure of the strength or extent of a hazard. A similar type of ecologically hazardous event
may be more or less severe, depending on its magnitude. An oil spill from a recreational boat, for example,
is of much smaller magnitude and therefore less severe than an oil spill from a large tanker.

Frequency
Frequency refers to how often a hazardous event occurs; it is the return interval of hazards of certain sizes.
In most cases, smaller hazardous events tend to be more frequent than large-scale events and are usually
less severe. For example, small outbreaks of influenza tend to occur frequently. However, an outbreak of
a particularly virulent type of the flu is much rarer and much more severe in its impact. For example, the
1918–19 influenza pandemic killed more people than WWI because no one knew how to treat it.

Duration
Duration is the length of time that a hazard lasts. Usually, the longer the hazard lasts the greater the impact is
likely to be, although this is not always the case. Some infectious diseases may have their most serious effects
early in an outbreak when the most vulnerable people are at greatest risk and strategies to prevent spread have
not been implemented yet. This was the case during an outbreak of cholera following the Haiti earthquake
in 2010.
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Temporal spacing
Temporal spacing refers to the sequencing and seasonality of events, i.e. whether the event is random or
regular. Many diseases, such as influenza, tend to be seasonal, while others, such as measles, are much more
irregular.

Mobility and location
The mobility and areal extent (the area affected) of a hazard can also have an impact on its severity. For
example, a disease outbreak affecting just a single, isolated village is much less severe than an outbreak of
disease in a large city or over several countries. Some invasive animal species are very mobile and adaptable,
and can cover large distances in short periods of time, such as rabbits. Others may have limited ability to move
to different locations because they require very specific conditions to survive.

Climate change
Climate change may affect the severity and incidence of some ecological hazards and increase risk. For exam-
ple, climate change may increase the range of habitats available to disease-carrying insects such as mosquitoes,
and therefore increase the areal extent and the risk of outbreaks of mosquito-borne diseases.

Climate change might also increase the range of invasive plants and animals and their associated risks. It
might also be possible for the incidence of some types of pollutants to increase with a changing climate.

Activity 2.2b: Assessing the impact of hazards
Considering the different factors that affect the impact of an ecological hazard, answer the following questions.

Explain the features of hazards
1. Explain why influenza would be considered an ecological hazard. List three human processes or actions that

might help an outbreak of influenza to spread.
2. Choose one hazard to research from each of tables 2.1, 2.2 and 2.3. Create a table to compare the

ecological hazards based on their typical speed of onset, magnitude, frequency, duration, temporal spacing,
and mobility and areal extent.

3. Vulnerability to an ecological hazard is affected by a range of physical, social, economic and environmental
factors and processes. Choose three ecological hazards that might affect your community (such as measles,
plastic pollution and feral pigs). Complete a table like the one below to demonstrate how people might be
vulnerable to the risk of each hazardous event, based these factors.

Factor or process Invasive species Pollutant Disease

Physical

Social

Economic

Environmental

 

Water extraction from the Murray–Darling Basin
The Murray–Darling Basin is Australia’s largest river catchment. The basin extends into four states, as well
as the ACT, and covers an area of more than one million square kilometres, equal to about 14 per cent of
Australia’s total land area.

The Basin contains some of Australia’s most productive land. Ever since parts of the catchment were settled
by graziers in the 1800s, it has consistently been a significant agricultural region. However, the system is also
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vulnerable to the risk of unsustainable or unregulated water extraction. Communities closer to the mouth of
the Murray River in South Australia are particularly vulnerable to the impacts of this hazard.

FIGURE 2.7 The Murray–Darling Basin is Australia’s largest river
catchment.
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Hydrologists have calculated that the
annual inflow of water into the Murray–
Darling is about 24 gigalitres (GL). Of
this, an estimated 13 GL reaches the
ocean, 11.6 GL is extracted for irriga-
tion and water supplies for communi-
ties, 1.4 GL is lost through evaporation
and 6.9 GL is lost through seepage and
leakage. Most rain that feeds into the
Murray comes in winter and spring,
whereas the Darling receives most of its
inflow from summer rains in the north.
There is a seasonal imbalance between
water inflow and water outflow. This
is offset by the construction of several
dams, weirs, barrages and diversion
ponds from which water is taken from
the river.

Factors affecting the severity
of impact
Water extraction is not just a hazard
because it lowers the levels of water
available for use in the Basin sys-
tem. In conjunction with the increase
in chemical-laden farming runoff, the
potential for damaging algal growth in
the system also increases with lower
water levels. Blooms of blue-green
algae, or cyanobacteria, not only pro-
duce toxins in the water, but also cause
the river to become discoloured and
smelly due to the unsightly scums that
form on the surface. The algae can be
harmful to humans and animals if it is
ingested and can irritate the skin. This
hazard poses specific challenges for
communities who obtain their drink-
ing water from rivers prone to algae
blooms.

FIGURE 2.8 Irrigated canola crops near Lake Hume on the Murray
River in rural NSW

Algae also consumes large amounts of oxygen from the water, which can damage already fragile environ-
ments and be harmful to river-dwelling animals. In 1991, the media attention received by a 1000-kilometre
long algal bloom in the Darling River caused the New South Wales government to declare a state of emergency.
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Reducing the risk from water extraction
The Murray–Darling Basin Plan (2014–2026) was passed by the federal government in 2012. This plan sets
out how much water can be taken from the river system based on a long-term average of what is sustainable
for key environmental sites and the river system. It also outlines strategies to ensure extractions levels are
managed to protect water quality, reduce excessive water use, provide access to safe drinking water, and
monitor water allocations and planning processes.

FIGURE 2.9 Weirs, such as the Mildura Weir, provide a stable pool
for water diversion into nearby farming areas for extraction.

The key strategy of the plan is
to mitigate the risk of extraction by
limiting the amount of water that can
be taken or diverted from the system.
It outlines caps on water extraction
levels for industry, agriculture and
community needs. Diversion and
extraction levels are allocated based
on estimates of what is sustainable for
the system in the long term: 10 873
gigalitres per year (GL/y). The plan
also includes limits for groundwater
extraction, offers a buy-back system
for the voluntary reduction of water
allocations, and other strategies to mit-
igate the range of hazards the Basin
faces.

The implementation of the plan,
however, has not been entirely smooth.
In 2017, claims of significant illegal water extraction, especially in the upper reaches of the Basin, brought
the Plan and its administration to the attention of the media.

The impact of climate change
The Basin Plan also considers the likely impact of climate change. While periods of drought and variable
conditions do affect the flow of water, the plan allows for the conditions of water use from the Basin to be
altered to ensure that water is available for ‘critical human needs’ such as drinking water. It also has a legally
mandated 10-year cycle of review to ensure that current practices can manage the Basin in the event of greater
climate change-induced hazards, and also places the responsibility on the states to put plans in place for
managing extreme dry periods and other potential challenges.

While the Basin itself is very large and covers many climates and land uses, it is estimated that climate
change will cause the Basin to be drier overall, but will increase the likelihood of extremes in flooding and
drought conditions in certain areas. Current models suggest that a global temperature rise of only 1 per cent
would reduce rainfall across the Basin by up to 9 per cent. This will result in an estimated reduction in the
amount of surface water available in the system of about 10 per cent by the year 2030.

These reduced levels will also need to be taken into consideration in the management of extraction lev-
els. Businesses and communities relying on water from the river will be more vulnerable to changes in the
catchment system. These longer-term changes may reduce the viability of farming and other industries along
the river. The types of farming activities and industry in areas relying on the Basin for water may change or
existing land use may no longer be viable, and people may be forced to relocate.
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Activity 2.2c: Water extraction from the Murray–Darling Basin
Considering the different factors that affect the impact of water extraction on the Murray–Darling Basin, answer
the following questions.

Comprehend and explain the impacts of water extraction
1. Create a chart or mind map to demonstrate the primary, secondary and tertiary impacts of water extraction

from the Murray–Darling basin.
2. Which states are at risk from the hazards of excess water extraction from the Murray–Darling Basin?
3. What strategies have Australian governments put in place to prevent unsustainable water extraction?

Analyse the data and apply your knowledge
4. What impacts might climate change have on communities that rely on the health of the Murray–Darling

Basin? Write one paragraph about each of the following groups, explaining why they rely on the Basin and
how they might be impacted by climate change.
(a) Residents of Adelaide
(b) Cotton farmers in the Bourke region
(c) Fruit growers in the Berri region
(d) Eco-tourism operators in the north of Victoria.

5. What might the potential impacts be for Australia if the water in the Murray–Darling Basin dries up or the
water quality becomes unsuitable for its current uses? Suggest what impacts this might have on Australia as
a country socially, economically, politically and environmentally. What solutions might you propose to prevent
this from happening?

Weblink: The Murray–Darling Basin Plan

Weblink: The science behind the Murray–Darling Basin plan

Weblink: Pumped: Who’s benefitting from the billions spent on the Murray–Darling? (2017)

Weblink: Climate change impacts

Weblink: Travel the length of the Murray–Darling system

Video eLesson: SkillBuilder: Read and describe basic choropleth maps (eles-1706)

Interactivity: SkillBuilder: Read and describe basic choropleth maps (int-3286)

2.3 Plant and animal invasions
2.3.1 Types of plant and animal hazards
An invasive plant or animal is defined by the Australian Department of Environment and Energy as ‘a species
occurring, as a result of human activities, beyond its accepted normal distribution and which threatens valued
environmental, agricultural or other social resources by the damage it causes.’

Invasive plants and animals have three characteristics.
• They are not indigenous (native) to the area in which they are found (they are exotic or alien species).
• They are a consequence of anthropogenic activities (they have been introduced, either accidentally or

deliberately, through the actions of people).
• They pose a threat to the environment and to people and their activities, i.e. they are hazards.
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FIGURE 2.10 Rabbits were introduced to Australia by the British.
Since British settlement, many

exotic plants and animals have been
introduced to Australia, either delib-
erately or accidentally. Some were
brought for economic reasons, for
example as crops or farm and work
animals. Others, such as cats, were
brought as pets. Many garden plants
and animals were introduced by
acclimatisation societies in the 1800s
to make Australia more like Europe.
Domesticated species, such as lan-
tana and donkeys, also became wild.
These are known as feral plants or
animals.

TABLE 2.4 Some of Australia’s most noxious weeds

alligator weed European blackberry fireweed

gamba grass mimosa athel pine

prickly pear African boxthorn prickly acacia

bitou bush Chilean needle grass mesquite

Unfortunately, many of Australia’s introduced
species have caused much environmental and eco-
nomic harm. Foxes, feral cats, rabbits and feral pigs
are among the worst of Australia’s invasive animal
species, while around half of our introduced plants
have invaded native vegetation and around a quarter
are regarded as, or have the potential to become, seri-
ous environmental weeds. These include the rubber
vine, lantana, groundsel and water hyacinth. Scien-
tists have identified 32 weeds of national significance based on an assessment of their invasiveness, potential
for spread and environmental, social and economic impact.

FIGURE 2.11 Invasive water hyacinth
Invasive plants and animals will

have many or all the following char-
acteristics.

• They grow and mature rapidly,
producing large numbers of
seeds or offspring.

• They are highly successful at
spreading to and colonising
new areas.

• They can thrive in different
types of habitats.

• They can outcompete native
species and have few or no nat-
ural enemies.

• They are very costly or difficult
to remove or control.

2.3.2 The impact of invasive plants and animals
Invasive plants and animals have environmental, economic and social impacts. Table 2.5 provides an example
of the possible costs of a several of Australia’s invasive animal species, as estimated from analysis by the
Cooperative Research Centre for Pest Animal Control. Even though impact of these species in some criteria
could not be quantified, the costs that were measured indicate the huge impact that these species do have on
Australia.
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TABLE 2.5 Annual impact of pest species (in order of total cost)*

Total Economic impact
(costs of control
measures such as
bait or fencing)

Environmental
impact (cost to

preserve biodiversity
or repair damage)

Social

$m Impact $m Impact $m Impact $m

Foxes 227.5 © 37.5 © 190.0 © nq

Feral cats 146.0 © 2.0 © 144.0 © nq

Rabbits 113.1 © 113.1 © nq © nq

Feral pigs 106.5 © 106.5 © nq © nq

Dogs 66.3 © 66.3 © nq © nq

Mice 35.6 © 35.6 © nq © nq

Carp 15.8 © 4.0 © 11.8 © nq

Feral goats 7.7 © 7.7 © nq © nq

Cane toads 0.5 © 0.5 © nq © nq

Wild horses 0.5 © 0.5 © nq © nq

Camels 0.2 © 0.2 © nq © nq

Total 719.7 373.9 345.8

*Key: nq = not quantified © = bigger impact © = smaller impact
Source: McLeod, R. 2004 Counting the Cost: Impact of Invasive Animals in Australia 2004. Cooperative Research Centre for Pest Animal
Control. Canberra.

Environmental impacts
Perhaps the most significant impact of invasive species is on Australia’s biodiversity. Australia is one of
the most biodiverse places in the world, one of 17 ‘megadiverse’ countries. However, this biodiversity is
under threat. Around 1700 species of plants and animals are listed by the Australian government as at risk of
extinction. Already, 30 native mammals have become extinct since European settlement.

While land clearing and fire are in part responsible for the extinction threat, the most significant causes
involve invasive species: predation by feral cats and foxes; habitat destruction by feral herbivores such as
pigs, goats and rabbits; and the spread of invasive weeds. Invasive species threaten natural ecosystems and
biodiversity. Frequently, they crowd out and replace natural species because they can outcompete, prey on
or poison native species or may carry diseases. Invasive species also alter habitats and cause land and water
degradation, making it difficult for native species to survive.

Economic impacts
Invasive plants and animals have both direct and indirect economic costs. There are the direct costs of mon-
itoring and controlling pest species, including the physical removal of pests, baiting, poisoning, fencing and
research. Indirect costs occur when agricultural production is reduced through damage done to fences and
crops, degradation of soils and water, herbivore competition with farm animals and reduction in fish stock in
marine environments.

Social impacts
The social impact of invasive species may include the loss of amenity in national parks, impact on Indigenous
peoples and their way of life and traditional practices, health impacts and reduction in recreational fishing.
Ecological hazards such as mouse plagues can also have a considerable social impact. For farmers who have to
manage the impact on their crops, mice can take a significant toll on their wellbeing by infesting and reducing
their yield.

82 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Third Edition

UNCORRECTED PAGE PROOFS



i
i

“c02EcologicalHazardZones_print” — 2018/10/15 — 3:59 — page 83 — #12 i
i

i
i

i
i

2.3.3 Invasive plant and animal hazard zones
As figure 2.12 shows, every continent, other than Antarctica, is currently threatened by plant and animal
invasions. Australia and New Zealand are especially vulnerable to the risk of invasion. As table 2.6 shows,
island countries are over-represented among countries with the highest numbers of invasive species – six
out of the top ten countries are islands. A recent study of the world’s alien species hotspots identified the
Hawaiian Islands, the north island of New Zealand and the Lesser Sunda Islands of Indonesia as the places
with the highest numbers of established alien species. In fact, about half of New Zealand’s plant life consists
of invasive species.

FIGURE 2.12 The global spread of invasive species
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In addition, all ten countries in table 2.6 have been European colonies. European settlers – in these cases

the British, French, Spanish and Dutch – introduced alien invasive species to the countries they colonised,
sometimes deliberately, such as the rabbit in Australia, and sometimes accidentally, such as the mouse.

TABLE 2.6 Countries with the highest number of invasive alien species

Country Number of species Density of species (species per 100 000 km2)

1. USA 523 5.7

2. New Zealand 329 124.9

3. Australia 322 4.2

4. Cuba 318 298.8

5. South Africa 208 17.1

6. French Polynesia 190 5191.3

7. New Caledonia 183 1001.1

8. Reunion 173 6889.7

9. Fiji 167 914.1

10. Canada 166 1.8

Source: Department of Environment, Land, Water and Planning
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However, invasive plant and animal hazard zones are often not country wide. Like most species, invasive
species are usually adapted to particular physical environments in their place of origin. They pose the greatest
threat to similar environments in the invaded country. Many of Australia’s invasive plant species are tropical,
so mostly threaten the northern parts of Australia. Some invasive species are adapted to coastal environments,
so predominantly threaten those environments. As the climate changes, the areas potentially susceptible to
invasion also change.

Activity 2.3a: Invasive species hazard zones
Refer to figure 2.12 and table 2.6 to complete these questions.

Explain and analyse invasive species hazard zones.
1. Describe the global pattern of alien invasive species numbers illustrated in figure 2.12. Refer to continents in

your answer, and identify which continents have the most and least invasive species.
2. Identify the two countries that show the greatest difference to the overall pattern of their continent. Suggest

features, trends or strategies that might have led to these countries having more or fewer invasive species.
3. Use the map key in figure 2.12 to complete column 1 of the following table. Add the names of three or four

countries at each interval to column 2 of the table.

Number of alien invasive species (range) Country examples

4. Create a new table, based on table 2.6, which re-ranks countries according to the density of alien species.
(a) Describe how Australia’s ranking changed compared with its overall numbers rank.
(b) Make a list of factors that might influence the density of invasive species in these ten countries.

Suggest which of these factors might apply specifically to Australia.
(c) Digitally construct a multiple column or bar graph to illustrate the economic costs and total costs

of the invasive species listed in table 2.6.
5. Identify the only invasive fish species in table 2.6. Suggest some of the possible environmental and

economic risks that an invasive fish species might pose to Australia?
6. Suggest reasons why rabbits and feral pigs are responsible for the highest economic costs to Australia.
7. Suggest reasons for the high costs to Australia’s natural environment of foxes and feral cats.
8. Which of the invasive species has the greatest social impact? Explain why this might this be the case.
9. Explain why the social impact of invasive species might be so difficult to quantify.

Video eLesson: SkillBuilder: Creating and reading compound bar graphs (eles-1705)

Interactivity: SkillBuilder: Creating and reading compound bar graphs (int-3285)

2.3.4 Reducing the risk of plant and animal invasions
The best way to mitigate the risk of plant and animal invasions is prevention: keep the invaders out. In Aus-
tralia, we now have strict biosecurity measures to reduce the risk of alien species being introduced. Anyone
entering Australia from overseas is required to complete customs declaration forms. These declarations are
part of our management of the risk of introduced species, and considerable penalties apply to people who
illegally bring in banned products or do not declare them.
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These rules are governed by the Biosecurity Act (2015), which requires people bringing goods into
Australia, bringing vehicles (such as planes or boats) into Australia or Australian waters, or selling goods
to people in Australia, to declare any prohibited or potentially prohibited goods, such as food, animal prod-
ucts or plant materials. It is also prohibited to take some kinds of food into some areas of Australia to prevent
the spread of invasive species from one part of the country to another.

FIGURE 2.13 Parts of Australia enforce quaran-
tine regulations to prevent the spread of invasive
species.

A second step in the management process involves
the early control and eradication of any invasive species.
It may be possible to completely eradicate invaders if
they are detected early enough. If that proves impossible,
early detection and control may be able to keep the num-
bers of the invaders at reasonably low levels. The ongo-
ing attempt to keep invasive fire ants confined to small
areas in south-east Queensland is an example of this,
although success is proving difficult and expensive (see
page xx). Once invasive species are established, there are
three possible control methods: chemical, mechanical
and biological.

Weblink: Australia’s Biosecurity Act

Weblink: Interstate quarantine in Australia

Chemical control

FIGURE 2.14 Chemical removal of invasive
weeds

Chemical control involves the use of herbicides and pes-
ticides to kill invaders. Chemicals can be an effective
management technique, but there may also be negative
consequences. In addition to killing the targeted invader,
chemicals may also kill non-target species, including
native species. They may also be expensive, and can
lead to pollution of soil and water. Over time, some inva-
sive species may also develop resistance to the chemicals
used.

Mechanical or physical control

FIGURE 2.15 Mechanical removal of aquatic
weeds

Mechanical control involves the use of machinery and
people to remove the invaders. This is often effective in
small areas, and can reduce local invasive populations.
Physical control includes techniques such as trapping,
shooting and fencing to control numbers of invasive
animal species and weeding of invasive plant species.
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Biological control
FIGURE 2.16 Caterpillar of the
Argentinian moth Cactoblastis
cactorum feeding on prickly pear

Source: Wayne Lawler/Science Photo
Library

Biological control involves the use of an invasive species’ natural
enemy or a disease. Prickly pear cactus was brought under control
in Australia with an introduced cactoblastis moth, whose caterpil-
lar feeds on the cactus. Rabbits have been controlled through the use
of myxomatosis and calici viruses. Other biological control methods
involve genetic engineering and breeding intervention programs.

Figure 2.17 provides an overview of the costs associated with
managing invasive species over time. The first step, prevention (stop-
ping the species from invading), is the most cost-effective way of
dealing with invasive plants and animals. The second step, eradica-
tion, is the complete removal or killing off of a species. Containment
is the third step, and refers to measures taken to prevent the fur-
ther spread of a pest species. The final step, asset-based protection,
involves prioritising the control of a pest species based on the threat
it poses to environmental assets in the area. As any invasion pro-
gresses, management techniques become more expensive and the
benefits compared with the management costs decrease. It is impor-
tant, then, that Australia continues with its program of prevention and
early eradication of any new invasive species.

Activity 2.3b: Managing invasive species
Refer to figure 2.17 to answer the following questions.

FIGURE 2.17 Cost curve for management of invasive species
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Source: Department of Environment, Land, Water and Planning

Note: A ratio of 1 : x indicates that for every $1 spent, the economic return is $x. For example, a
ratio of 1 : 100 means that for every $1 spent in prevention, the return to the economy is $100.
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Investigate and suggest risk management strategies
1. Research what asset-based protective measures are currently being undertaken to manage the invasive

species.
2. Choose one invasive plant and one invasive animal to suggest possible actions that could have been taken

at the first three stages of the management curve for these species.

 
Environmental plant invasion — Lantana

FIGURE 2.18 Lantana (Lantana camara) is one of
Australia’s most damaging invasive plant species.

Source: Department of Environment, Land, Water and Planning

Lantana is one of Australia’s most damaging inva-
sive plant species, and among the top ten worst weeds
worldwide. It was introduced to Australia in 1841
as an ornamental garden plant and quickly became
an aggressive invader of natural ecosystems and of
grazing and farming land. Today, lantana covers over
5 million hectares in Queensland, New South Wales,
Northern Territory and Western Australia. Nearly
80 percent of the area affected by lantana is located
east of the Great Dividing Range in Queensland.

Lantana invasions have a serious environmen-
tal impact. Lantana has toxic effects on other
plants. Mature lantana also forms into dense thickets
2-4 metres in height, and is able to smother and replace
native plant species. It is also capable of climbing trees
and can smother their canopies. Lantana is therefore
responsible for a reduction in Australia’s biodiversity. At least 1400 native plant and animal species are at
risk because of lantana invasions, many of which are already identified as threatened.

Lantana also has a significant economic and social impact. Invasions of grazing and farming land lead to
the costs involved in controlling infestations, the loss of land for grazing and farming, stock poisoning and
reduction in land values. Social costs include the reduction in recreational activities such as camping and
bushwalking and in the aesthetic appeal of natural landscapes.

Lantana was first declared a noxious weed as early as 1920. In order to prevent further introductions in
Queensland, lantana has been classified as a restricted invasive plant species, so cannot be given away, sold
or released into the environment without a permit. Strategies involved in mitigating the impact of lantana
invasions include manual and mechanical removal of the plants, use of herbicides and fire, trampling and
grazing by livestock and biological controls. In most cases, no single method of lantana control is successful
by itself, so an integrated approach using two or more techniques is most effective in managing the invasion.

Activity 2.3c: Lantana invasions

Comprehend and explain distribution patterns
1. Describe the spatial pattern of potential lantana distribution illustrated in figure 2.18. Why might some

locations (in Queensland / Australia) be more susceptible to lantana invasions than others?

Apply your understanding
2. Explain why the use of one method for controlling the spread of lantana might not be effective.
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3. Identify some of the possible positives and negatives of each of the methods used to control lantana
invasions. Draw up a table like the one below to summarise.

Control method Positives Negatives

Manual removal of plants

Mechanical removal of plants

Use of herbicides

Use of fire

Trampling and grazing

Biological controls

Weblink: Lantana distribution and control in Queensland

Mouse plagues
Common house mice are not native to Australia; they arrived by ship during the early days of European
settlement. Australia is one of the few places in the world where mice populations sometimes reach plague pro-
portions. In addition to presenting a risk to human crop production, mice spread diseases such as salmonella,
hantavirus, leptospirosis and even bubonic plague. These diseases can be spread to people or other animals
directly through bites and by the insects that mice carry, such as fleas, lice, mites and ticks. Some diseases
are also spread when people handle or eat food contaminated by mice faeces or urine. Businesses, especially
in food production, are also vulnerable to damage from mice. An estimated 14 per cent of food stores around
the world are destroyed by mice each year. Mice also chew through cables and wires, placing businesses at
risk of fires and power outages.

Mouse plagues, however, are temporally and spatially constrained by environmental conditions, and
eventually the risk passes when food sources or favourable breeding conditions reduce.

Factors affecting severity of impact

FIGURE 2.19 Mouse plagues erupt in the
grain-growing regions of Australia, like the
Darling Downs, causing massive disruption to
communities and losses to farmers.

Source: Grant Singleton

Populations of mice become a hazard because of a com-
bination of biophysical and anthropogenic factors. Mice
breed quickly, especially in a year following a strong
cropping season when there is ample food left in pad-
docks after harvest. One female mouse can produce a lit-
ter of pups every 20 days, with up to 10 pups, on average,
per litter in optimal breeding seasons. Human farming
practices, food production and homes provide mice with
access to the food and shelter that they need to thrive.

Mouse plagues have occurred in urban centres, but
the hazard zones for mice plagues in Australia are pre-
dominantly grain-growing areas where excess production
provides sufficient food for a population explosion. These
areas include the Darling Downs in Queensland, the cen-
tral west and Riverina areas of New South Wales, the
Mallee in Victoria and south-eastern South Australia.
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Fluctuations in crop yields have a significant impact on the risks posed by mouse populations. In years
following low crop yields, mouse populations can increase rapidly. In 2016, Australian wheat farms produced
a record wheat harvest of just over 30 million tonnes. In 2017, crop production fell to about 20 million tonnes,
one of the lowest in recent decades because of drought conditions in some grain-growing areas. In 2018, many
farmers in the Victorian Mallee and the Adelaide plains region of South Australia experienced a mouse plague
(see figure 2.19).

FIGURE 2.20 Mouse population in the Mallee (Vic.) and Adelaide plains (SA) 2012–18
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FIGURE 2.21 Mouse abundance in Australia,
March 2018

Source: Dr Peter R. Brown and CSIRO

Outbreaks also occurred in 2017 and 2018 on the
Eyre and Yorke peninsulas, near Ravensthorpe and
Esperance in Western Australia, in parts of central
New South Wales and on the southern Darling Downs
in Queensland.

Mouse plagues can have a significant impact on
the physical environment, especially in farming and
rural communities, and can also affect human health
and wellbeing. While the risk of mouse plagues can
be mitigated with pest control measures and are gen-
erally short in duration, creating a relatively short-
term primary impact, the magnitude of a plague can
increase the impact of the secondary and tertiary
effects. Financial losses from destroyed crops, the cost
of pest control and the emotional impacts of these costs
can be significant, even though the hazard itself may
only last for a short period of time (see table 2.7).
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Hazard prevention and mitigation strategies
Mouse population reduction and breeding prevention strategies are best implemented at the first signs of larger
than usual mouse populations. Strategies to reduce the risk of mouse populations becoming a hazard generally
rely on early detection and prevention, such as inspecting paddocks regularly for mouse activity; minimising
levels of grass, weeds and ratoon stubble after harvesting seasons; and managing population levels during
sowing with baits and traps. These strategies prevent breeding by reducing available food sources, levels of
protection from predators and the numbers of nesting sites available to mice. In addition to reducing food and
ground cover, traps and baits are an important strategy during planting because they can prevent mice eating
seeds before they can germinate.

TABLE 2.7 Economic, environmental and social impacts of mouse plagues on communities

Economic Environmental Social

• producers lose crops, production
time and equipment

• grain customers may have to find
supply elsewhere at increased
costs

• producers need to purchase
poisons and baits

• additional funds needed for
scientific research to try to
mitigate problem

• soil erosion due to removal of
vegetation and soil disturbance

• increased mice numbers attract
predatory birds (owls, eagles,
falcons, kites, kookaburras,
magpies)

• poisons and residual toxic
chemicals in soil affect insects,
worms and micro-organisms, and
can be ingested by other animals

• financial difficulty creates
emotional stress

• fighting the plague creates
emotional stress and fatigue

• mice reduce wellbeing and quality
of life if they infest homes

• mice spread diseases to humans
and other animals

Weblink: CSIRO ‘Mouse tracker’

Weblink: Infested

Weblink: The bizarre mystery of Australian mouse plagues

 

Activity 2.3d: Mouse plagues
Using the information you have learned about mouse plagues, answer the following questions.

Explain the factors affecting plague patterns
1. Describe the biophysical and anthropogenic processes that contribute to mouse populations becoming a

hazard.
2. What potential implications might a high yield cropping year have for mouse numbers?
3. Categorise the impacts of mouse plagues into primary, secondary and tertiary impacts.
4. Describe the spatial pattern of mouse abundance shown in figure 2.20.
5. What biophysical factors might have contributed to the peaks in mice populations shown in figure 2.19?

Suggest and justify ways to manage the risk
6. MouseAlert data from early 2018 showed increasing numbers of mice being reported in both the Mallee and

Adelaide Plains regions. What rodent risk management steps could farmers implement to control the rising
levels?

7. Propose and justify three strategies that farmers in the Victorian Mallee could implement in 2018 to reduce
the risk of mouse plagues in 2019.
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Fire ants in Australia
Fire ants (Solenopsis invicta) are native to South America and are considered one of the most invasive and
damaging species of insect in the world. These insects are about 2–6 mm in length and form nests that look
like small mounds of disturbed earth, often in open places such as lawns or paddocks.

FIGURE 2.22 The fire ant (Solenopsis invicta)

Source: James H. Robinson/Science Photo Library

In the USA, the red and black variety of fire ant
has taken over about one third of the country and
is one of the most dangerous species. Despite con-
siderable efforts to control them in the USA, fire
ants have invaded more than 1.2 million hectares
of land, particularly in Florida, Texas and other
southern states. For some years, they have been the
dominant pest, not only destroying crops, but also
killing livestock and wildlife.

Fire ants were first noticed in Australia at the
Brisbane shipping port in 2001, but authorities are
uncertain exactly how and when they arrived. It is
thought they may have come in on a shipping con-
tainer from the USA. Now, fire ants are the target
in one of Australia’s biggest biosecurity eradica-
tion programs in its history. In fact, the government has agreed to spend more than $400 million over ten
years to ensure this potentially destructive insect is eliminated.

These small, copper-coloured ants have spread quickly to a small number of coastal locations in Queensland
and New South Wales. Following their initial sighting in Brisbane, further incursions have been identified at
Yarwun, near Gladstone, at Brisbane Airport in 2015, and again at the Port of Brisbane in 2016.

Prompt action and a widespread publicity campaign led to the eradication of colonies at the Port of Bris-
bane, Yarwun and Port Botany in New South Wales. However, the original infestation is thought to have
spread to several areas in southern Queensland and possibly into northern New South Wales. Their nests have
been found in suburbs of Brisbane, Ipswich, Redland, the Lockyer Valley, the Scenic Rim and parts of the
Gold Coast.

The impacts of fire ants
Fire ants have the capacity to spread to most parts of Australia (except the driest deserts, high altitudes and
very cold areas). In humans, their venom causes severe irritation and painful, burning stings that may cause
an adverse reaction in some people. Typically, their bites are not deadly to humans (unless a person has an
insect allergy), but fire ants are hazardous to the natural and human environments in many ways.

Primary impacts of a fire any hazard include reducing plant populations and competing with native fauna
and insects for food – ultimately controling the balance of species within some insect communities. They are
resourceful feeders that consume almost anything. These omnivorous insects scavenge seeds, and prey on
plants, small animals (such as frogs and lizards) and other insects, potentially displacing or eliminating some
native species over time. Colonies of fire ants also breed very rapidly and can create ‘super colonies’ with
numerous queens, a feature of a colony that enables them to accelerate their breeding cycle.

Their mounds and nests damage outdoor lifestyle facilities such as ovals, sports fields and golf courses.
They are attracted to electrical fields or currents, and may damage electrical equipment and infrastructure,
particularly below-ground cables. Consequently, they can also damage power supply and utilities.

Fire ants also have secondary economic impacts in certain agricultural sectors by attacking young animals
and stinging around the eyes, mouth and nose, leading to blindness and suffocation. They can also damage
and kill some lawn and turf species, nursery plants, and fruit and vegetable plants by tunnelling through roots
and stems.

CHAPTER 2 Ecological hazards 91

UNCORRECTED PAGE PROOFS



i
i

“c02EcologicalHazardZones_print” — 2018/10/15 — 3:59 — page 92 — #21 i
i

i
i

i
i

Fire ants also have a social impact, potentially limiting outdoor activities, such as picnics and sporting
events if ovals, parks and playgrounds become infested.

Responding to the hazard of fire ants
Because it is considered technically feasible to eradicate fire ants from south-east Queensland, several
strategies have been put in place.

First, the Biosecurity Act 2014 declared the species noxious and invasive as well as limiting or restricting
the movement of nursery items such as plants, garden bark, potting mixes and agricultural machinery that
could carry fire ants. The initial response was to minimise the spread of ants as best as possible.

Figure 2.23 shows the three fire ant eradication biosecurity areas in which the movement of various organic
materials is restricted to minimise the spread of the existing fire ant hazard zone. For example, material such
as soil, manure, mulch, hay or potted plants cannot be moved between zones unless it is being taken to an
approved waste facility, moved within 24 hours of arriving, moved following specific biosecurity regulations,
or is moved with the permission of a biosecurity inspector.

FIGURE 2.23 Fire ant eradication program biosecurity areas
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Second, a publicity campaign was developed to inform the public about the dangers of fire ants and step up
domestic vigilance throughout the south-east. A task force of inspectors was established to search suburban
areas for nests where ants may be present.

Third, a program was developed to bait nest areas, with follow-up treatment using liquid insecticides and
mound drenches.

The government predicted that spending $38 million a year for ten years would yield a 95 per cent chance
of eradicating the ants from Australia. Of this amount, about $24 million was allocated per year on baiting
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using aircraft and field visits. Pesticide treatments are very expensive. When residual baits are used, there is
the risk of killing other species that compete with fire ants. Precautions are also important to ensure children
and domestic pets are not at risk of inadvertently eating or coming into contact with baits. The remaining
$14 million was allocated for other eradication activities, such as community education, research and training
odour-detection dogs.

Weblink: Biosecurity Queensland Fire Ant Identification

Weblink: Queensland Government fire ant information

Weblink: Fire ants’ aggression

Digital doc: Fire ant hazard risk assessment (doc-29164)

Activity 2.3e: Fire ants in Australia
Using the information you have learnt about fire ants and conducting some research, answer the following
questions.

Explain how fire ants present a hazard
1. Explain the variables that affect the severity of impacts that fire ants have on the environment or people by

completing the following table. (You can find a Word version of this table in the Resources tab.) Give reasons
for your suggestions.

Variable Explanation

Causes

How did fire ants enter Australia?

Frequency and duration

How quickly do infestations develop and spread?

Does it appear as if fire ants will be here for some time or will
they be eradicated?

How do fire ants spread to new areas?

Predictability

Did people predict that it was possible for the species to
arrive in Australia?

Is it possible to predict how fire ants will spread within
Australia?

Controllability and potential for impacts

What control strategies are in place to stop the spread of fire
ants?

What factors will influence whether the strategies will be
successful?

What are the likely impacts of not implementing control
strategies?

Response

Is it too late to eradicate fire ants?
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Analyse the extent of the risk
2. In three paragraphs, explain the economic, environmental and social impact of fire ants and give examples.
3. (a) Choose another introduced animal species and compare its impact with that of the fire ant. Create

a table for your findings that includes the following information about each species:
• Type of animal (insect/mammal/amphibian/reptile)
• Average size
• Place of origin
• Arrival location
• Arrival date
• Reason introduced
• Environmental impacts
• Economic impacts
• Social impacts
• Means of control

(b) Based on the information in your table, suggest which species has the greater potential for
causing long-term damage. Write a paragraph to justify your answer.

Suggest ways to manage the risk
4. In 2017, Australian governments pledged $411.4 million over 10 years to fight fire ants in south-east

Queensland. Do you think the cost is justified? Give reasons to support your decision.
5. Plan, write and edit a proposal for one fire ant eradication strategy. Your proposal should include the

following four sections:
• Introduction (explain the type and extent of the hazard)
• Evidence (including supporting data about impact and vulnerability)
• Elaboration (explain your proposed strategy)
• Conclusion (explain why your strategy will be successful)

 2.4 Pollutants
2.4.1 Types of pollutants
Pollutants are substances introduced into the environment that are potentially harmful to human health and
to the natural environment. While pollution may occur naturally, for example from the ash and gases from
volcanic eruptions, most pollutants are a result of human activity. Virtually every human activity generates
waste and therefore is a potential source of solid, liquid or gaseous pollution.

Anthropogenic pollution can come from a variety of sources, including:
• industrial sources, such as pollutants released from factories into the air or water, or leached into the soil
• transport, such as the exhaust emissions from various types of motor vehicles or spills from transport

accidents
• agricultural sources, such as farm chemicals and animal wastes
• mines and quarries, such as dust and mining wastes
• domestic sources, such as smoke from cooking fires or household waste.
Pollution sources are usually divided into two categories: point sources and non-point sources. Point

sources are particular locations and include an industrial site, a mine or quarry, a sewerage treatment plant
or an oil storage tank. Non-point sources involve broad areas and include runoff from agricultural or urban
areas. Because motor vehicles release pollutants into the air, which can then spread over wide areas, transport
is an example of a non-point source.

There are three broad types of pollution:
• air pollution: the release of chemicals and particulates into the atmosphere
• water pollution: the release of wastes, chemicals and other contaminants into the hydrosphere (surface

and groundwater)
• soil pollution: the release of wastes of various types on or into the lithosphere.
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2.4.2 Reducing the risk of pollutants FIGURE 2.24a Los Angeles blanketed in pollution
There are two broad approaches to reducing the risk
of pollution: prevention and control. Prevention and
control of pollution will vary, depending on the type
of pollutant and the source. Point sources of pollution
are much easier to manage because they can usually
be identified and monitored. Non-point source pollu-
tion often comes from a large number of small sources.
These small sources can build up pollution over a large
area, sometimes to unmanageable levels. Urban air
pollution from motor vehicles is such a case.

FIGURE 2.24b Water pollution from copper mining

The extent to which anthropogenic wastes consti-
tute an ecological hazard depends on a range of fac-
tors. The amount of waste produced is important. Very
small amounts of even potentially harmful chemical
wastes may not be hazardous, while larger concentra-
tions are hazardous. Some wastes biodegrade (break
down through natural processes), so may not pose a
risk to people or the natural environment, but some
pollutants are very persistent and remain hazardous for
long periods of time.

FIGURE 2.24c Oil pollution from pumps near
Baku, Azerbaijan

A further issue for human health is that some pol-
lutants, especially water pollutants, can enter the food
chain in a process known as bioaccumulation. The
pollutant may start by being consumed by plankton,
which are in turn eaten by fish, which are then con-
sumed by humans. If there is a process of biomagni-
fication, pollutants increase in concentration as they
move along the food chain, and this may then increase
the risk for humans at the end of the chain.

Some pollutants also create secondary pollutants.
Acid rain, for example, is a secondary pollutant. It is
produced when sulfur dioxide and nitrogen oxides (the
primary pollutants) react in the atmosphere to produce
sulfuric acid and nitric acid, which are absorbed into
rain water. Sulfur dioxide and nitrogen oxides are pro-
duced when fossil fuels, such as coal and oil, are burnt
in factories, power stations or motor vehicles.

Activity 2.4: Pollution hazard zones

Analyse figure 2.24 to answer the following questions.

Explain and analyse the impact of pollution hazard zones
1. Where do the worst incidences of acid rain generally occur?
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FIGURE 2.25 World pollution map

P
A

C
IF

IC

O
C

E
A

N

A
R

C
T

IC
 O

C
E

A
N

A
T

LA
N

T
IC

O
C

E
A

N

IN
D

IA
N

O
C

E
A

N

Ar
ct

ic
 C

irc
le

Tr
op

ic
 o

f C
an

ce
r

Eq
ua

to
r

Tr
op

ic
 o

f C
ap

ric
or

n

0
25

00
50

00
 k

m

S
ou

rc
e:

 M
A

P
gr

ap
hi

cs

S
ev

er
el

y 
p

ol
lu

te
d

 s
ea

s

Fr
eq

ue
nt

 o
il 

p
ol

lu
tio

n 
b

y 
sh

ip
p

in
g

O
il 

rig
 b

lo
w

-u
p

Ta
nk

er
 a

cc
id

en
t

In
d

us
tr

ia
l w

as
te

 d
um

p

S
ev

er
el

y 
p

ol
lu

te
d

 r
iv

er
 a

nd
 e

st
ua

ry

S
ev

er
e 

in
d

us
tr

ia
l a

cc
id

en
t

P
ol

lu
te

d
 c

ity
 (d

oe
s 

no
t 

m
ee

t 
W

H
O

gu
id

el
in

es
 fo

r 
cl

ea
n 

ai
r)

La
nd

m
in

e 
si

te

Tr
op

ic
al

 fo
re

st
 d

es
tr

uc
tio

n

N
uc

le
ar

 t
es

t 
si

te

H
ig

h 
ris

k 
of

 d
es

er
ti�

ca
tio

n

K
ey

A
ci

d
 r

ai
n 

—
 p

H
 le

ss
 t

ha
n 

4.
3

A
ci

d
 r

ai
n 

—
 p

H
 4

.3
 t

o 
4.

5

A
ci

d
 r

ai
n 

—
 p

H
 4

.6
 t

o 
5.

1

A
ci

d
 r

ai
n 

b
ec

om
in

g 
a 

p
ro

b
le

m

UNCORRECTED PAGE PROOFS



i
i

“c02EcologicalHazardZones_print” — 2018/10/15 — 3:59 — page 97 — #26 i
i

i
i

i
i

2. Describe and account for the locations where acid rain is becoming a problem. Suggest what factors might
be causing acid rain in these areas.

3. Where are the areas of severely polluted sea located? Suggest why these areas suffer greater pollution.
4. What patterns are evident in areas frequently polluted by oil from shipping?
5. What types of pollution have occurred in Australia? Describe the pattern of sea pollution around Australia.

Suggest reasons for this pattern.
6. Based on your analysis of the figure 2.25, choose one of the areas you have identified as being highly

polluted. Make a list of the social, economic and environmental challenges that might be faced by people
living in that hazard zone because of the pollution levels.

 

2.5 Marine hazard zones
2.5.1 Types of marine ecological hazards
Marine environments are susceptible to a range of ecological hazards. Large-scale anthropogenic hazards,
such as spills from tankers and oil rigs, cause significant damage and present complex challenges for clean-up
crews. Some of the worst examples of anthropomorphic hazards exist in the remote parts of the ocean: floating
garbage patches, largely made of plastic rubbish. The biggest, known as the Great Pacific Garbage Patch (or
Pacific trash vortex), is a conglomeration of waste in the ocean. Estimates of the size of the patch vary from
about 700 000 km2, almost the size of New South Wales, up to more than 1.6 million km2, just smaller than
Queensland. First identified around 1985, the main body of rubbish (the Western Garbage Patch) is located
between 35 and 42 degrees north of Japan. There is also a connected, smaller accumulation of rubbish (the
Eastern Garbage Patch) between Hawaii and California.

This huge collection of rubbish has amassed because most items are non-biodegradable. About 80 per cent
of the rubbish is thought to be plastic bags and bottles, as well as other domestic products. Most originated as
land-based litter from streets and local suburbs, that was washed down drains and creeks after heavy rain. The
remaining 20 per cent is thought to be items dumped at sea or lost from boats, much of which is discarded or
broken fishing nets and equipment.

FIGURE 2.26 Breakdown of types of marine debris

Cigarette butts 28%

Food wrappers 17%

Plastic bottle
caps 10%

Plastic beverage bottles 12%

Straws and
stirrers 6%

Other plastic
bags 6%

Plastic grocery
bags 6%

Glass beverage
bottles 5%

Beverage cans 5%

Plastic cups
and plates 5%

Source: Note: Data is the result of 25 years of surveying debris collected by
volunteers in annual debris clean-ups in over 100 countries
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2.5.2 Factors affecting the severity of impact

FIGURE 2.27 The five main ocean gyres and the Global Ocean
Conveyer Belt
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South Atlantic
Gyre

North Atlantic
Gyre

Indian Ocean
Gyre

20000 4000 km
Warm, less dense water current

Cold, dense water current

Great Ocean Conveyor Belt

Source: Natural Earth Data map by Spatial Vision.

When litter is washed into the sea, it
is picked up by ocean currents and
becomes part of the ocean circulation
system caused by the Coriolis effect.
When two ocean currents meet, they
tend to slow and form gyres (circu-
lar currents). The circular motion of
the gyre captures the debris, which is
trapped towards the middle. Debris in
the ocean is also moved on the Global
Ocean Conveyor Belt by thermoline
circulation (deep currents in the ocean
caused by changes in water density cre-
ated by changes in water salinity and
temperatures).

FIGURE 2.28 Turtles can mistake discarded plastic bags for
jellyfish, one of their sources of food.

As well as creating a form of aes-
thetic pollution much of the plas-
tic breaks increasingly smaller pieces,
known as microplastics (measuring
smaller than 5 mm in diameter) or even
smaller nanoplastics. These nanoplas-
tics and microplastics pose a hazard to
wildlife, which can mistake the small
plastic particles for food.

This process of breaking down plas-
tic objects into small pieces occurs
through exposure to the movement of
the ocean and exposure to the sun and
light, which breaks down the plas-
tic in a process called photodegrada-
tion. Samples taken from several sites
around the world show that each square
kilometre of ocean now contains more
than 5 kg of rubbish.

FIGURE 2.29 At high tide, rubbish from the ocean settles at the
high-water mark.

Images from space do not show a
giant floating rubbish tip as much of
the microplastic is not easily seen,
although there are still large items that
have not broken down, such as contain-
ers, plastic chairs, Styrofoam cups or
thongs. At times, it gives the surface a
dull appearance.

At the surface, and particularly in
the gyres, these plastics are a hazard
for marine creatures and birds. Sea tur-
tles can mistake plastic bags for jelly-
fish, a major food source, dolphins and
rays become entangled in waste fish
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net, and large birds such as albatrosses eat small pieces of plastic after mistaking them for fish eggs, then feed
them to their chicks, which die of starvation.

If too much microplastic floats at the surface, it blocks off sunlight from algae and zooplankton, which
are important food sources for many fish, turtles and baleen whales. Large whale sharks and blue whales
also ingest small pieces of plastic in their food. As well as contaminating food sources, plastics also leach
colourants and other chemicals into the water. Eventually, much of the debris sinks to the ocean depths and
even to the seafloor. Scientists have recently found nanoplastics in some of the deepest parts of the ocean.

Large fishing nets or parts of damaged nets are also lost or jettisoned from boats or from jetties during
stormy weather. Scientists estimate that more than 700 000 tonnes of lost fishing net are floating in the ocean
in various states of decay. These nets are swept to sea in the current, catching fish and other sea life as they
drift, as phenomenon termed ‘ghost fishing’.

Table 2.8 shows the sources of marine debris by region. Land-based debris includes general litter such as
wrappings and food containers discarded on land and washed into the ocean. Ocean-based litter is rubbish
discarded from boats and oil rigs, such as nets, lines from fishing boats or litter from rigs. Smoking-related
litter includes cigarette butts, lighters and packaging. The illegal and legal dumping of waste accounts for
rubbish dumped deliberately into the ocean directly. Medical and personal hygiene waste includes syringes,
disposable nappies and tampons.

TABLE 2.8 Sources of marine debris by region

Source Africa
(%)

North
Amer-
ica
(%)

Central
Amer-
ica
(%)

South
Amer-
ica
(%)

Carib-
bean
(%)

South-
East
Asia
(%)

Western
Asia
(%)

Europe
(%)

Oceania
(%)

Land-based
litter

76.1 55.2 84.9 69.7 82.6 72.4 60.5 60.4 75.2

Ocean-based
litter

12.7 5.0 4.8 12.0 6.6 12.7 9.7 24.9 5.2

Smoking-
related
litter

8.4 37.2 8.0 15.4 7.7 11.2 27.7 11.1 19.7

Legal and
illegal
dumping of
garbage and
waste

1.8 1.9 1.1 2.0 1.8 1.6 1.5 2.8 1.8

Medical and
personal
hygiene litter

1.0 0.7 1.2 1.0 1.3 2.0 0.6 0.8 1.1

Activity 2.5a: The Great Pacific Garbage Patch hazard zone
Using the information you have learned about the Great Pacific Garbage Patch, answer the following questions.

Explain and present the data
1. Explain why there is so much plastic in the ocean when just as much paper, cardboard and cans are also

washed into the ocean.
2. One of the most common items found in the oceans is plastic water bottles. What might be the main point

source for this?
3. On 11 March 2011, a massive earthquake hit the northern coast of Japan, followed by a tsunami that carried

millions of tonnes of household debris out into the Pacific Ocean. Try to calculate how long it may have taken
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some of these items to reach the west coast of the USA if the average speed of the North Pacific Current is
about 0.05 m/s (approximately 1.8 km/h).

4. Create a ternary graph using data from table 2.8 to represent three types of marine debris in the ocean for
three regions. To complete this task you will need to transform the data, creating a new table displaying the
total (as a per cent) for land-based, ocean-based and other sources of litter for your three chosen regions.
Refer to Skillbuilder: Constructing ternary graphs in the Resources tab to complete this task.

Video eLesson: SkillBuilder: Constructing ternary graphs (eles-1739)

Interactivity: SkillBuilder: Constructing ternary graphs (int-3346)

The impacts of marine pollution in Bali FIGURE 2.30 The habitats of manta rays are often
contaminated by marine pollution.

Source: Elitza Germanov, Marine Megafauna Foundation

The impact of marine pollution is not contained to the
Great Pacific Garbage Patch. Bali is popular for its
sandy beaches, coral reefs and volcanic walk trails;
however, sections of coastal water around the island,
including near Nusa Penida, an important feeding
ground for manta rays, are contaminated by tonnes of
plastic: plastic bags, drink bottles and straws.

These levels of waste present in the ocean appear
to fluctuate with the seasons, with most litter washing
into the sea after rain.

Filter-feeders such as manta rays, whale sharks
and whales are particularly at risk from plastic
hazards. They feed by swallowing large volumes
of sea water to capture plankton and other tiny

FIGURE 2.31 Senegal is located on the west coast of Africa, on
the Atlantic Ocean.

0 1000 2000 km

SENEGAL
Dakar

A T L A N T I C

O C E A N

I N D I A N

O C E A N

A F R I C A

Source: Natural Earth Data

organisms. With this intake of sea
water, filter-feeders also ingest any
plastic or rubbish present in the water,
especially microplastics. Ingesting
these can be fatal.

The impacts of marine pollution
in Senegal
The coastal waters off Senegal in
tropical western Africa are also expe-
riencing significant impacts from
marine pollution and waste hazards.
Located between the Atlantic Ocean
and the western fringe of the Sahara
Desert, Senegal has an area about the
same as Victoria and a population of
15.4 million people. Senegal’s warm
temperatures, pristine waters and sandy
beaches of the Bay of Hann once
made it a safe and popular tourist
destination.
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Senegal’s coastal areas and larger cities, especially around Dakar, are threatened by the impacts of industrial
pollution and poor waste disposal, with more than 70 factories discharging effluent into the Bay of Hann and
raw sewage going directly into the ocean. Until 2011, the city was serviced by one single sewage treatment
plant, and local services were sporadic, with some garbage collections occurring weeks apart. Water pollution
is at such a high level, it is considered dangerous to swim in any of the coastal waters near Dakar; consequently,
the tourism and fishing industries in the area have suffered significant losses.

To reduce the existing pollution hazard and to prevent it increasing, the government has banned the use of
plastic bags. The construction of a new US$9 million treatment plant to convert sewage into potable (safe to
drink) water, partially funded by the Bill & Melinda Gates Foundation, also helped to reduce the risk of the
pollution hazard. Local environmentalists have also called for clean-up days to remove litter and fishing nets
from the coast, and education programs to raise awareness of issues.

Activity 2.5b: Patterns in pollution

FIGURE 2.32 Pollution in Saint-Louis, Senegal, on the Senegal
River, where coastal tourism makes up a significant part of the local
economy.

Using the information you have learned about the marine pollution and research, answer the following questions.

Explain and analyse the challenges posed by marine pollution
1. List the items can you recognise on the riverbank in figure 2.32.
2. Explain why the amount of rubbish on this riverbank is an ecological hazard.
3. Complete the following table to compare marine pollution in Bali and Senegal.

Plastic pollution off Nusa
Penida, near Bali

Beach and coastal areas
near Dakar, Senegal

Type of ecological hazard

Likely causes

Potential impacts on the marine
environment

Potential impacts on humans

Possible solutions
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4. The tourist industries of Senegal and Bali are important to their economies. How might the pollution hazards
in the oceans and rivers pose a risk to tourists?

5. If beaches and waterways in these countries continue to be polluted with rubbish, what might be some of the
impacts of this ongoing ecological hazard?

Weblink: Bali waters polluted with plastic

Weblink: Pollution levels in Senegal

Weblink: Microplastics a threat to wildlife

Weblink: Bacteria evolve to eat plastic

Digital doc: Marine pollution in Bali and Senegal (doc-29165)

Weblink: The Great Green Wall

 
2.5.3 Monitoring marine hazards
Microplastics in the Pacific
A detailed collection and analysis of plastic concentrations in the eastern section of the garbage patch between
California and Hawaii was undertaken in 2015 by a team of international marine scientists. The team not only
used satellite imagery and aerial surveys, but also completed a detailed series of trawl runs to collect samples.
A manta trawl (which collects debris from near the surface) was used to measure microplastics, and mega
trawls (which measure a wider range of debris) were also conducted over the area.

Using a carefully designed mathematical formula, they were able to determine an accurate calculation of
the volume of plastic in the selected areas, as well as identify where the highest concentrations of plastic
had accumulated. The survey covered over 3.5 million square kilometres of ocean, and found that the patch
contains around 80 million kilograms of plastic. Figure 2.33 shows the field monitoring area for plastics
samples in the Pacific Ocean — grey and dark blue lines, and light blue lines, track ships and aircraft, and
circles show locations where data was collected. Figure 2.34 shows the edges and concentrations of rubbish
in the patch.

FIGURE 2.33 Field monitoring area in the Pacific
Ocean

FIGURE 2.34 The boundaries and depths of the
Great Pacific Garbage Patch, with a bold black line
representing the established edge
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Weblink: Milestone 2015 Mega Expedition

Weblink: Marine debris: impacts and solutions

Weblink: Mapping the size of the Great Pacific Garbage Patch

Video eLesson: SkillBuilder: Using latitude and longitude (eles-1652)

Interactivity: SkillBuilder: Using latitude and longitude (int-3148)

Microfibres and medication
Microfibres and residue from medications that wash into waterways are hazardous to marine environments.
Many everyday clothes are made from synthetic materials such as acrylic, nylon and polyester fabrics that
release thousands of tiny fibres where they are washed. These fibres are washed into the wastewater system
and to sewerage treatment plants, but microfibres pass through the filtering and wastewater processing systems
and are released with the treated water into the marine environment. As yet, it is uncertain which synthetic
fibres shed the most microfibres making it difficult for manufacturers and the fashion industry to make changes
to minimise their hazardous impact on the environment.

Some experts claim that this anthropogenic hazard is a bigger problem that microplastics in the ocean
because the fibres’ tiny size allows them to enter and stay in the marine food chain through bioaccumulation
(when an organism absorbs matter at a faster rate than it is able to break it down and excrete it). Microfibres
have been found in fish samples from the Great Lakes in the USA – initially consumed by smaller aquatic
organisms, then by larger fish and eventually by humans.

Commonplace bathroom chemicals used in shampoos, conditioners, toothpastes, antibacterial soaps and
cleansers, deodorants and sunscreens also wash into the marine environment from treatment plants, or directly
from our bodies. In 2018, Hawaii banned the use of sunscreens containing oxybenzone and octinoxate; the
two chemicals act as UVA filters but are believed to be a hazard for coral reefs, worsening the process of
coral bleaching.

Reefs are made up of the skeletons of organisms called polyps held together by a limestone-like calcare-
ous substance, which is produced by single-celled algae. This algae needs light for growth, salinity of about
2.7 per cent and water temperature about 25∘C. The algae produce the scaffolding of the reef through a pro-
cess of calcification. This involves using the calcium and carbonates dissolved in seawater to produce solid
calcium carbonate. Coral bleaching occurs when coral expels the algae, zooxanthellae, in reponse to abnor-
mal environmental conditions, such as rising water tempertaures. In conjunction with this bleaching, rising
concentrations of sunscreen chemicals cause the coral to release algae at lower temperatures. The chemicals
also reduce the coral’s ability to reproduce and impede the healthy growth of young coral.

Widely prescribed medications such as birth control pills, cholesterol tablets (statins), painkillers, antide-
pressants and antibiotics may also pose a risk. They are excreted into the sewerage network and pumped to
treatment plants for the removal of contaminants. However, most treatment plants are not designed to extract
‘specialty chemicals’, so a great many pass through the normal filter processes and into the creeks, rivers and
oceans.

Even in tiny concentrations, these chemicals are capable of being toxic to other organisms or causing
hormonal effects on aquatic creatures. They are capable of leaching into groundwater from local septic systems
and have been known to kill the bacteria required in some septic units.

It is not only legal drugs that find their way into our wastewater to pose a hazard to marine environments.
Recently, the National Wastewater Analysis Drug Monitoring Program released its test results from monitor-
ing fifty urban sewerage treatment sites across Australia. The wastewater analysis revealed some interesting
data about drug use in Australia.

• Pharmaceuticals such as oxycodone and fentanyl were found in high levels in some regional centres in
New South Wales, Queensland and South Australia.

• The Northern Territory recorded the highest alcohol consumption per person.
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• Melbourne and Darwin had the highest levels of cocaine detection per capita.
• Nationally, more methamphetamine was being consumed than ecstasy.

Activity 2.5c: Monitoring and reducing ocean waste
Using the information you have learned about monitoring ocean waste, answer the following questions.

Explain the data and identify the patterns
Refer to figure 2.32.
1. Briefly explain what this map illustrates.
2. Estimate the approximate area from where samples of plastic were collected and determine which grid

squares were sampled the most.
Refer to figure 2.33.
3. Give a precise location of sections of ocean with the most plastic using latitude and longitude to identify the

location of the hazard zone.
4. Explain what the different shades on the map show. What do the different shades show about how plastics

coalesce within the hazard zone?
5. Determine where the highest concentration of plastics (in kg/km2) is located. Identify the latitude and

longitude of the highest concentrations of plastics. Do these places match with a particular gyre? Refer to
figure 2.27.

Evaluate and propose strategies to reduce the hazard
6. Rank these strategies for reducing the hazard posed by plastic in the ocean from the most to the least

cost-effective, and list the potential benefits and problems of each.
• Use large nets to physically collect ocean waste.
• Pressure manufacturers into using biodegradable plastics as containers.
• Limit the use of plastics and ensure they are disposed of carefully.
• Fund more research into enzymes that can break down plastic.

7. Review and research some of the variables that affect the severity and impact of ecological hazards in the
marine environment. Create a table or diagram to summarise your understanding of marine debris hazard
zones. Include the following information:
• causes (e.g. land litter, fishing vessels, chemical waste)
• frequency (do the seasons influence the amount of litter?)
• duration (how long does litter take to degrade?)
• distance (how far and fast does the rubbish travel?)
• predictability (did people predict this would happen – who and when?)
• controllability (how can we control the amount of rubbish in the ocean?)
• damage (what is the extent of the damage and how long will it last?)
• response and management (what strategies might effectively fix, slow or prevent the damage?)

Weblink: Microfibres in the ocean

Weblink: Drug monitoring in wastewater

Weblink: Sunscreens and coral health

 

Human impact on the Great Barrier Reef
There are several hazards that pose a very significant threat to the future of coral reefs worldwide including
the increased levels of runoff from farmland and the introduction of invasive marine species that damage the
habitat or are predators of native species. The UN Intergovernmental Panel on Climate Change identified sev-
eral hazards that threaten Australia’s Great Barrier Reef specifically, including more intense tropical cyclone
and rainfall events, and the combined effect of warming and acidification of the Pacific Ocean, which is likely
to increase coral bleaching, disease and significant change in the composition and structure of the reef.
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A survey conducted by the Great Barrier Reef Park Authority in 2014 found that 20 per cent of the study
area showed evidence of coral bleaching. Since 1985, 10 per cent of the decline in total coral cover has been
attributed to bleaching. In 2016, during a significant coral bleaching event caused by an extended marine
heatwave, surveys of 83 reefs in the region showed that 29 per cent of the 3863 reefs in the Great Barrier Reef
system were adversely affected.

FIGURE 2.35 Porites coral

Source: Department of Environment, Land, Water and Planning

The decline of the inshore reefs of the Great
Barrier Reef, however, has been attributed to
a different cause: deteriorating water quality.
Farming is a major source of harmful pollution
that causes damage to reefs through the increase
of sediment and nutrient enriched runoff from
agricultural land. Phosphate fertilisers are par-
ticularly harmful to the reproduction, skele-
tal calcification and framework development of
coral.

It is estimated that about half of freshwater
wetlands in the Tully and adjacent Murray River
catchments have also been drained for agricul-
tural land use and urban development. Loss of
wetlands makes the problem worse because they
provide a natural filter for rivers discharging sediment into the sea. During the summer months, heavy rain-
fall flows into the rivers along the northern coast of Queensland, heavily laden with top soil washed from
farmland. In 2013, researchers at the Australian National University found a clear link between the health of
porites coral and phosphorous levels from the Tully River. Porites coral is a stony coral with a characteristic
finger structure. It is found extensively throughout the Great Barrier Reef.

The Tully catchment, 100 km south of Cairns, receives more than 4000 mm of rainfall each year. In some
years, it can exceed 5000 mm. There are distinct wet and dry seasons, with rainfall more intense during the
summer, particularly when tropical cyclones occur.

Farming is the mainstay of the Tully economy. Sugarcane production is the most important activity by
value followed by livestock farming. The forest clearance required for commercial farming has substantially
increased the sediment load of the Tully River. It is estimated that the annual sediment discharge of the river
is more than 90 kilotonnes. This represents a fourfold increase since forest clearance in the 1860s.

FIGURE 2.36 Storm water sediment detention traps

Adjacent shallow pit allows
suspended sediment carried
by river during times of �ood

to settle

Main river channel

Source: Barron Catchment Care

The sheer intensity of the rainfall during the
wet season is a major factor responsible for the
surge in sediment load. Intensification of agri-
culture has also increased the amount of fer-
tiliser used on farms and, as a result, the par-
ticulate phosphorous load of the Tully River.
The seasonal pulses of high discharge gener-
ate plumes of nutrient-rich water discharged
into the Coral Sea. These migrate north from
the Tully estuary towards Dunk Island, more
than 13 km away. During the wet summer sea-
son suspended sediment concentrations around
Dunk Island of more than 300 mg/L are not
uncommon.
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One strategy for preventing hazardous levels of runoff and sediment entering the reef is the implementa-
tion of sediment detention traps. These have been used in the Barron River catchment, to the north and inland
from Cairns, to reduce the sediment and nutrient runoff into rivers by slowing down the flow of water. Land-
care groups in the area initiated a number of other management strategies in the Barron catchment including
restoring natural habitat, clearing marine debris from beaches, and monitoring and removing invasive weed
species.

Activity 2.5d: Managing water quality
Examine the data from the Wet Tropics Report Card (2017) in tables 2.9, 2.10, 2.11 and 2.12 to answer the
questions below.

The overall score for each location shows the total score out of 100 for that indicator. Standardised scores are
translated to the following grades: <Very Poor = 0 to <21, <Poor = 21 to <41, <Moderate = 41 to <61,
<Good = 61 to <81, <Very Good = 81 to 100.

TABLE 2.9 Index scores and grades, and overall basin scores and grades, for 2014–15*

2014–15

Basin Water quality Habitat and
hydrology

Basin grade Basin score

Barron 71.22 38.93 Moderate 55.08

Tully 69.45 49.11 Moderate 59.28

TABLE 2.10 Index scores and grades, and overall basin scores and grades, for 2015–16*

2015–16

Basin Water quality Habitat and
hydrology

Basin grade Basin score

Barron 82.83 43.33 Good 63.08

Tully 64.97 57.08 Good 61.03

* The overall water quality indicator measures the levels of hazards such as the presence of pesticides, sediment
and nutrients in the water. Habitat and hydrology measures the extent of the wetland and river extent, the flow of
water, habitat modification and extent of invasive weeds. Basin scores for each location are the mean of individual
indicators.
Source:Wet Tropics Report Card 2017 Results — Reporting on data July 2015 to June 2016. Wet Tropics Healthy
Waterways Partnership, Cairns.

TABLE 2.11 Results for indices, and overall scores and grades for inshore marine zones (the
area located between the coast line and the reef edge), 2014–15#

Inshore zone Water quality
score

Coral score Seagrass
score

Inshore zone Inshore
grade

North 57.20 44.30 21.29 40.92 Poor

Central 67.60 59.20 No data 63.39 Good

South 56.10 48.20 18.27 40.87 Poor

Palm Island 74.90 43.20 No data 59.05 Moderate
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TABLE 2.12 Results for indices, and overall scores and grades for inshore (the area located
between the coast line and the reef edge) marine zones, 2015–16#

Inshore zone Water quality
score

Coral score Seagrass
score

Inshore zone Inshore
grade

North 79.86 60.84 30.91 57.20 Moderate

Central 64.48 46.41 No data 55.45 Moderate

South 60.32 49.70 18.44 42.82 Moderate

Palm Island 69.15 55.78 No data 62.47 Good

#The overall water quality indicator measures the levels of hazards such as the presence of pesticides, sediment
and nutrients. Coral indicator scores reflect factors such as coral cover and change. Seagrass indicators take into
account factors such as area, species composition, reproductive effort, abundance and biomass (quantity in a
given area). Zone scores for each location are the mean of individual indicators.
Source: Wet Tropics Report Card 2017 Results–- Reporting on data July 2015 to June 2016. Wet Tropics Healthy
Waterways Partnership, Cairns

Explain and analyse factors affecting water quality
1. Explain how poor landcare practices present a hazard to coral reefs.
2. Write a paragraph summarising how the overall water quality changed in the Barron and Tully basins between

2014 and 2016, and the impact these changes may have had on the reef.
3. The rivers of the Tully Basin run into the South inshore marine zone, and the rivers of the Barron basin run

into the North inshore marine zone. Write a paragraph summarising how the overall health of each of these
inshore zones changed between 2014 and 2016.

4. List the factors that might have contributed to the changes in the health of the inshore zone. Consider factors
that are not measured in these tables that may have contributed, such as rainfall levels.

5. Research the strategies that have been put in place to reduce the impact of runoff in the Great Barrier Reef.
Choose one strategy that you think has been effective in reducing runoff. Explain the process of how this
action reduced the levels of runoff, and justify why you think this strategy is effective.

Weblink: The Wet Tropics Healthy Waterways Report Card

Weblink: Tully catchment story

Weblink: The Barron Catchment

Weblink: Great Barrier Reef coral bleaching map

2.6 Atmospheric pollutants
2.6.1 Types air pollutants
Primary air pollutants come directly from a polluting source, such as motor vehicles, factories or power sta-
tions. Secondary pollutants are formed from reactions between or combinations of primary pollutants. Ozone
is an example of a secondary pollutant. It forms in sunlight through chemical reactions between nitrous oxides
and hydrocarbons, and is a component of photochemical smog. Nitrous oxides and sulfur dioxide can combine
with rainwater to form nitric or sulfuric acid. This results in acid rain, another example of a secondary pollu-
tant. Solid particles or particulate matter can also pollute the air, so air pollution can be a gas, a liquid or a solid.

Particulate matter is usually measured according to the size of the particles. PM2.5 is 2.5 micometres or
fewer in diameter; PM10 ranges between 2.5 and 10 micrometres, (in comparison, a human hair is around 100
micrometres). Because very fine particles can be inhaled and travel deep into the lungs, they are a significant
cause of lung and heart diseases.
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Air quality indexes differ around the world and measure a wide range of air pollution hazards, including
specific pollutants such as carbon dioxide levels and general levels of particulate matter in the air. One com-
monly used measure of air quality is the US-EPA 2016 standard, shown in table 2.13, which measures fine
particulate matter (PM2.5). These particles are typically heavy metals and compounds released into the air
from car exhaust, burning landfill and industrial processes. Table 2.14 provides a summary of the main types
of air pollutants and their sources and effects.

TABLE 2.13 Air Quality Index (AQI) scale using PM2.5 levels (US-EPA 2016 standard)*

AQI Air Pollution
Level

Health Implications Cautionary Statement

0–50 Good Air quality considered satisfactory; air
pollution poses little or no risk

None

51–100 Moderate Air quality acceptable; some pollutants
may present moderate health concern
for very small number of people (e.g.
those with asthma or respiratory
disease).

Active children and adults, and people with
respiratory disease, should limit prolonged
outdoor exertion

101–150 Unhealthy for
sensitive
groups

Members of sensitive groups may
experience health effects; general
public unlikely to be affected

Active children and adults, and people with
respiratory disease, should limit prolonged
outdoor exertion

151–200 Unhealthy Everyone may begin to experience
health effects; members of sensitive
groups may experience more serious
health effects

Active children and adults, and people with
respiratory disease, should avoid prolonged
outdoor exertion; everyone, especially
children, should limit prolonged outdoor
exertion

201–300 Very
unhealthy

Health warnings of emergency
conditions; entire population is more
likely to be affected

Active children and adults, and people with
respiratory disease, should avoid all outdoor
exertion; everyone, especially children,
should limit outdoor exertion

300+ Hazardous Health alert: everyone may experience
more serious health effects

Everyone should avoid all outdoor exertion

* Air Quality Index shows levels of PM2.5 as 𝜇g/m3 (micrograms per square metre)

Source: © 2008–2016 World Air Quality / United States Environmental Protection Agency

TABLE 2.14 Sources and effects of major air pollutants

Air Pollutant Main sources Main effects

Nitrogen oxides
(NOx)

• motor vehicles burning diesel or petrol
• power stations burning fossil fuels
• industry

• respiratory problems
• throat and lung infections
• a major contributor to photochemical smog

and acid rain
• can affect growth/damage plants

(continued)
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TABLE 2.14 Sources and effects of major air pollutants (continued)

Air Pollutant Main sources Main effects

Sulfur dioxide
(SO2)

• power stations burning fossil fuels
• industry

• respiratory problems and severe coughing
• eye irritation
• circulatory and heart problems
• major contributor to acid rain

Carbon monoxide
(CO)

• motor vehicles burning petrol • reduces oxygen in the blood
• causes headaches and vomiting
• large amounts are lethal
• forms carbon dioxide (greenhouse gas)

Hydrocarbons • incomplete burning of petrol in motor
vehicles

• industry
• petrol stations and oil refineries

• contribute to photochemical smog (haze)

Ozone (O3) • motor vehicle exhaust fumes
• other pollutants in the presence of

sunlight

• component of photochemical smog (haze)
• causes eye, throat and lung irritation
• breathing difficulties
• large amounts can be fatal
• affects growth of plants

Particulate matter
(PM2.5, PM10)

• combustion of fossil fuels in industry
and motor vehicles

• building and road construction

• eye irritation, breathing difficulties and lung
damage

• discolours paint and fabrics

2.6.2 The impact of air pollution

FIGURE 2.37 The impact of acid rain on coniferous forests
Air pollution can be hazardous to
human health. According to the World
Health Organization, air pollution is
the cause of over one-third of deaths
from stroke, lung cancer, and chronic
respiratory disease, and one-quarter of
deaths from ischaemic heart disease
worldwide. The WHO estimated in
2018 that 91 per cent of the world’s
population lives in places where air
quality does not meet recommended
levels. People living in low and middle
income countries are most vulnerable
to the hazard of air pollution. China
and India, with the world’s largest
populations, also have the largest
number of deaths associated with air
pollution.
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Air pollution is most hazardous in large cities. Air polluting industries are frequently located in cities. More
importantly, they have the greatest concentration of motor vehicles, which are the leading source of many air
pollutants. Many cities around the world monitor their air quality and, if necessary, provide health warnings
based on air quality index levels.

Air pollution also has a negative impact on the natural environment. Animals can be affected in similar
ways to people and plants are vulnerable to changes in ozone, nitrogen oxides and sulfur dioxide, which
can produce acid rain. Acid rain has a negative impact on soils and water courses, as shown in figures 2.37
and 2.38.

FIGURE 2.38 Deaths from air pollution, 2013

Source: Institute for Health Metrics and Evaluation
 

2.6.3 Factors affecting air pollution
The most hazardous levels of air pollution occur in the megacities of middle and low income countries. Delhi,
Beijing, Cairo and Mexico City are among the most polluted of these cities. This is a consequence of the num-
ber of people and vehicles, as well as of the difficulty of controlling emissions in poorer countries, especially
with large populations. Often, these very large cities are also the location of the country’s major industries
and commerce, and these also contribute to air pollution.

Air pollution in Mexico City and Brisbane
Mexico City is the capital and major political, economic, financial and cultural centre of Mexico. Because
of this, it has attracted, and continues to attract, large numbers of people (see table 2.15) seeking employment,
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FIGURE 2.39 Deaths from air pollution, 2013
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and educational and social opportunities. Mexico City is also highly car dependent. There are around 6 million
motor vehicles in the city and more than 30 million vehicle trips are made each day. As figure 2.40 shows,
transportation is the major source of air pollution in Mexico City.

FIGURE 2.40 Sources of air pollution in Mexico City

Source: Environment: Mexicos scientist in chief, Jeff Tollefson, Published online 20 October 2010, Springer Nature.
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Motor vehicles are also the main source of air pollution in wealthy countries such as Australia.
Figure 2.41 shows that all of our capital cities are car dependent. Brisbane had around 2.2 million motor
vehicles in 2017, and 70 per cent of people’s journeys to work were by car. Approximately 70 per cent of
Brisbane’s air pollutants are produced by motor vehicles.

FIGURE 2.41 Annual travel by private and public transport in Australian cities

4% 5% 7%

96% 95% 93%

Perth Adelaide Brisbane

8%

92%

Melbourne

16%

84%

Sydney

Travel by public transport Travel by private passenger car

Activity 2.6a: Pollution and population growth

TABLE 2.15 Mexico City and Brisbane’s population growth

Year Mexico City population Brisbane population

2025* 22 916 000 2560 000

2018* 21 493 000 2313 000

2015 20999 000 2202 000

2005 19276 000 1866 210

1995 17017 000 1527 888

1985 14278 000 1245 075

1975 10734 000 1042 100

1965 6969 000 759085

1955 4294 000 527500

*projected
Source: Australian Bureau of Statistics

Refer to Skillbuilder: Constructing multiple line and cumulative line graphs in the Resources tab to complete
this activity.

Comprehend and explain the impacts of population growth
1. Use the data in table 2.15 to construct a graph to illustrate population change over time in Mexico City and

Brisbane.
2. Compare the rate of change in the two cities’ populations over time.
3. Suggest some reasons for the differences in growth rates.
4. What impact on air pollution might the cities’ population growths have? Explain why.
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Video eLesson: SkillBuilder: Constructing multiple line and cumulative line graphs (eles-1740)

Interactivity: SkillBuilder: Constructing multiple line and cumulative line graphs (int-3358)

 

The role of topography

FIGURE 2.42 Mexico City air pollution
Figures 2.42 and 2.43 illustrate another factor respon-
sible for hazardous air pollution in Mexico City: the
city is surrounded by mountain ranges. This creates a
basin in which pollutants can be trapped by tempera-
ture inversions. The impact of this physical setting on
air pollution can be seen in figure 2.42.

Brisbane’s topography has some similarities to that
of Mexico City. There are mountain ranges to the
north-west, west and south of Brisbane, which form a
basin-like structure, so Brisbane also experiences tem-
perature inversions, especially in winter. In summer,
air pollution is affected more by the recirculation of
polluted air. Evening sea breezes move polluted air
inland along the Brisbane Valley towards Ipswich, where it stagnates. Early the next morning, breezes move
the polluted air back towards the south-western parts of Brisbane.

FIGURE 2.43 Satellite image of Brisbane

FarmlandUrban RiverHighway Forest

0 5 10km

Source: ACRE/000003/001W, “LANDSDAT imagery produced by Australian Centre
for Remote Sensing ACRES AUSLIG, www.auslig.gov.au
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FIGURE 2.44 Brisbane metropolitan area
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Activity 2.6b: The impact of topography on air pollution
Refer to SkillBuilder: Reading topographic maps at an advanced level and Creating a transect of a topographical
map in the Resources tab. (A printer-friendly version of this map can also be found in the Resources tab.)

Explain and analyse the role of typography in pollution
1. Locate Cerro Madin (2470 m above sea level) and Xaltepec Volcano (2690 m above sea level). Draw a cross

section between these two locations. What is the compass direction from left to right on the cross section?
2. Using your cross section, calculate the approximate altitude of the centre of Mexico City. How far below the

summits of the two mountains does the city lie? (The interval between contour lines on the map is 100 m.)
3. Identify five more volcanoes on the map. Determine their altitudes.
4. Use your cross section and the contour patterns on the map to describe the topography of Mexico City and

its surroundings.
5. Using a digital topographical map of Brisbane (such as a QTopo, listed in the Weblinks of your online

Resources), draw a 100 km north-south and east-west cross section of Brisbane on your map. Create a
transect of each cross section. (Use the SkillBuilder in the Video eLessons of your online Resources to revise
this skill.)

6. Using your transects and the topographical map, describe the topography of Brisbane.

Identify the impact of topography
7. Write a paragraph describing how Brisbane’s topography might have an impact on the city’s air pollution.
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FIGURE 2.45 Mexico City topographic map
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Video eLesson: SkillBuilder: Reading topographical maps at an advanced level (eles-1749)

Interactivity: SkillBuilder: Reading topographical maps at an advanced level (int-3367)

Video eLesson: SkillBuilder: Constructing and describing a transect on a topographical map (eles-1727)

Interactivity: SkillBuilder: Constructing and describing a transect on a topographical map (int-3345)

Video eLesson: SkillBuilder: Understanding satellite images (eles-1643)

Interactivity: SkillBuilder: Understanding satellite images (int-3139)

Weblink: QTopo

 
The role of climate
Air pollution in both Mexico City and Brisbane is also affected by climatic conditions. Both experience
sub-tropical climates with intense sunshine all year round. This provides the necessary conditions for the
production of photochemical smog. In summer, heavy rain and storms do wash many pollutants from the
atmosphere. In winter, however, there are lower rainfall totals. High pressure systems dominate both cities,
producing clear, sunny and relatively calm weather conditions. The colder weather also contributes to the
formation of temperature inversions. This means that air pollutants can build up over many days, so the
incidence of ozone (a component of photochemical smog) and other pollutants tends to peak in winter months
in both cities.

2.6.4 Mitigating the hazard of air pollution
During the 1980s and 1990s, Mexico City was considered the world’s most polluted city. Since that time, the
city has been able to significantly reduce hazardous air pollution to a point where high alerts now occur on
only three or four days a year, rather than almost every day. Because transportation, especially cars, was the
greatest source of air pollution, much of the hazard mitigation involved motor vehicles. This included vehicle
restrictions, stricter emissions standards, the use of fewer polluting fuels and catalytic convertors, and regular
emissions testing of cars.

Mexico City’s vehicle restriction program is known as Hoy No Circula (Cars Don’t Circulate), or ‘no drive
days’. This program, introduced in 1989, restricts a fifth of vehicles on rotating days between Monday and
Friday, based on the last number of the car’s registration plate. In 2008, the restrictions were extended to
include Saturdays (figure 2.46).

FIGURE 2.46 Mexico City’s Hoy No Circula system
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In conjunction with vehicle restrictions, Mexico
City has also invested heavily in public transport
to provide cleaner alternatives to motor cars. Its
Metro system has been greatly expanded and a new
Metrobus network, with rapid bus transit lines, has
been established. Taxis and minibuses were ren-
ovated and the city also has a large bike sharing
scheme. Pollution from factories and power stations
has also been reduced through the use of natural gas
rather than more polluting fuel oil.

Although Brisbane’s air pollution has not reached
the hazardous levels of Mexico City, its continuing
population growth, car dependence, and climatic and
topographic conditions mean that the city will need
to continue to take action to maintain and improve
air quality. Australia already has high vehicle emis-
sion standards and high quality fuels, and hybrid and
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electric vehicles are growing in number. The investment in road infrastructure, such as Brisbane’s network of
tunnels, does assist in reducing congestion and air pollution, but does not reduce car dependence.

Public transport networks play an important role in reducing car dependence and air pollution in all cities.
Since the 1990s, Brisbane has developed of a busway network with separate rapid transit bus-only corridors,
adding to Brisbane’s already existing rail and bus networks. A Brisbane Metro subway system and a Cross
River Rail project have also been planned to ease congestion in the inner parts of the city. The City Council has
introduced a CityCycle scheme and invested in bikeways to encourage more people to cycle to work, rather
than use a private motor vehicle. Brisbane City planning now incorporates transit-oriented developments,
mostly high-density residences close to train stations, in order to encourage people to use public transport
rather than cars.

As table 2.15 shows, the populations of both Mexico City and Brisbane will continue to grow. If people
also rely on motor vehicles for transport, it is likely the risk of air pollution will increase in both cities. This
means that effective methods of mitigation will be essential to the cities’ future sustainability and liveability.

Air quality monitoring
Air quality monitoring involves the measurement of the quantity and types of pollutants in the surrounding
air. This means that the extent of air pollution in a particular place can be assessed. Monitoring of air quality
in cities is especially important if levels of pollution become hazardous, and warnings need to be provided to
people at risk (see table 2.13). Monitoring also provides data to evaluate the effectiveness of any mitigation
techniques that have been put in place to reduce levels of air pollution.

Table 2.16 shows data from one of 34 automatic monitoring stations located throughout Mexico City in a
network known as Red Automática de Monitoreo Atmosférico, or RAMA. Data is collected for a number of
different air pollutants and an overall air quality index is provided for each location. Weather data also forms
part of the dataset for each monitoring station.

TABLE 2.16 Mexico Real-time Air Quality Index (AQI) 28 March 2018, 18:00 hours (Hospital
General de México, México AQI: Hospital General de México)*

Overall AQI: 83 (Moderate) Past 48 hours

Current Min. Max.

PM2.5 AQI 97 9 122

PM10 AQI 51 3 62

O3 AQI 106 5 106

NO2 AQI 21 10 65

SO2 AQI - 2 12

CO AQI 7 3 15

Temp. (∘C) 22 12 25

Pressure (hPa) 1025 1025 1033

Humidity (%) 32 23 72

Wind (m/s) 6 3 17

*AQI figures are calculated on a scale of 1–500 using the US-EPA 2016 standard (see table 2.13)

Source: © 2008–2016 World Air Quality
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Brisbane has eight air monitoring stations located in the CBD, South Brisbane, Woolloongabba, Cannon
Hill, Lytton, Rocklea and Wynnum, and Wynnum West. Measurements from these stations are then used
by various local councils to provide a clean air index, similar to the air quality index used by Mexico City.
Table 2.17 provides an example of the data from these monitoring stations.

TABLE 2.17 Brisbane air quality data for 27 March 2018, 9:00am–10.00am#

Station CO (8hr
av. ppm)

NO2 (1hr
av. ppm)

O3 (1hr
av.

ppm)

SO2 (1hr
av. ppm)

PM10
(24hr
av.

ug/m3)

PM2.5
(24hr
av.

ug/m3)

Temp.
(∘C)

Humid-
ity
(%)

Wind
(m/s)

Brisbane CBD NA NA NA NA 19.7 NA 25.5 78.4 0.7

Cannon Hill NA NA 0.009 NA 18.9 10.5 25.6 78.9 1.3

Lytton NA NA NA 0.001 22.8 9.7 24 87 3.5

Rocklea NA 0.008 0.001 NA 16.2 8.8 26.7 69.9 3.3

South
Brisbane

0.2 0.014 NA NA 16.4 7.2 26.3 77.6 1.5

Woolloongabba 0.3 0.024 NA NA 22 13.1 26.2 75.2 1.9

Wynnum NA 0.005 NA 0.004 25.9 7.9 23.2 96.1 2.1

Wynnum West NA NA NA NA 23.7 7.9 NA NA NA

#not all air quality monitoring stations measure all pollutants

Source: © The State of Queensland Department of Environment and Heritage Protection 2012–2018

Activity 2.6c: Analysing air quality data
Refer to tables 2.16 and 2.17 to answer the following questions.

Explain and analyse patterns in pollution
1. Compare the types of air pollutants monitored by Mexico City and Brisbane. Suggest reasons for the

similarities or differences.
2. Compare the level of each pollutant in Mexico City and Brisbane. Suggest reasons for any similarities or

differences in the pollution levels.
3. Use the weblinks in the Resource box to obtain the current air quality data from five monitoring stations in

both Mexico City and Brisbane to complete the following tasks. (You could also complete this task by
comparing data from the monitoring station closest to where you live with Mexico City’s data.)
(a) Draw up tables to show the data for each city.
(b) Draw multiple column or bar graphs to illustrate the data shown in the table.
(c) Calculate the mean level for each pollutant in each city over the course of a week.
(d) What similarities and differences do you notice in the cities’ data sets? Suggest reasons for these.

 

Weblink: Impacts of air pollution

Weblink: Mexico City air quality

Weblink: Queensland air quality
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2.7 Lithospheric pollutants
2.7.1 Types of lithospheric pollutants
Pollution and contaminants are not always as visible as smog or floating islands of garbage in the ocean.
Chemicals and other contaminants such as metals can also seep into the ground, contaminating the soil, and
making their way into water-courses and eventually into the sea. On a small scale, this can occur from domestic
chemicals leaching into the soil, or from lead-based paints flaking from homes into the soil. On a larger scale,
long-term land and soil pollution can be caused by industrial spills and accidents, meltdowns at nuclear power
plants or the burning or dumping of toxic waste. In some urban areas, homes have been built on the sites of
former factories, mining leases or older buildings that contained lead paint or asbestos sheeting, which has
degraded or been left mixed into the soil.

Hazards in backyard gardens
Not all hazards occur on a large scale that puts whole communities at risk. Studies of Melbourne backyard soil
contaminants released in 2018 found that 21 per cent of samples collected from 136 backyard gardens con-
tained levels of lead above the recommended levels of 300mg/kg for home gardens. These levels were found
to be highest in the gardens of homes built before 1970 that were painted several times outside with lead-based
paints, which used to contain up to 50 per cent lead. Many of these houses were in the inner city, near major
roads and congested areas so the emissions from years of lead-based petrol were also thought to play a role.

While these lead levels were not considered high enough to prevent basic recreational activities, lead can
cause serious health problems if it is breathed in or ingested in large doses, and can build up in the body over
time. Many of the tests conducted were done on soil taken from backyard vegetable gardens, so people eating
the produce from those vegetable patches could potentially have been ingesting higher levels of lead than was
considered safe. Ingesting lead has been shown to affect children’s development and acts as a neurotoxin.
Studies have shown a link between exposure to low levels of lead and lower average IQ in children.

In addition to older paint and chemical hazards found in some backyards, some homes are also build close
to former mining and industrial sites, which pose a potential risk to homeowners many decades after the site
ceased to operate.

In Indooroopilly, a former lead mine site owned by the University of Queensland, which is surrounded by
homes, was found to contain more than ten times the accepted standard of lead contamination in 2013. Testing
on six different sites in the old mining area showed lead levels of up to 17 300 mg/kg. The acceptable level
for safe recreational use is 600 mg/kg.

Similar studies have found high levels of lead contamination in Sydney backyard vegetable gardens, with
some estimates suggesting that up to 40 per cent of backyard gardens have higher than the 300 mg/kg of lead.
In some inner urban areas, such as Leichhardt, the mean soil lead contamination was 960 mg/kg.

Because lead poisoning is often caused by the breakdown of old lead-based paints into the soil, natural
hazards can increase risk of exposure. The clean-up after the 2011 Queensland floods, for example, saw many
older weatherboard homes requiring renovation as old paint flaked from walls after the floodwater subsided.
However, homeowners were not always aware that the old paint contained lead, which meant that removing
the old paint exposed them and their families to high levels of risk.

Agbogbloshie Dump, Accra, Ghana
The largest e-waste dump in the world, Agbogbloshie, is in Accra, Ghana. The site receives discarded
electronic goods and household appliances – such as computers, phones, microwaves, monitors and other
electronic goods – that cannot be repaired. Roughly 70 per cent of the electronic products imported into
Ghana comprise second-hand equipment from other parts of Africa. An estimated 52 per cent of the e-waste
imported to Ghana from around Africa is refurbished and resold, but in 2009, a UN study found that in that
one year alone 22 575 tons of e-waste imported to Ghana was bound for the Agbogbloshie Dump.
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There is a significant industry in repairing and selling these products, but about 15 per cent of the electronic
equipment is unusable or unrepairable, and is recycled for component parts. This work is done by the estimated
40 000 individuals who work the dump site, including young children and teenagers from poor families who
come to the capital seeking work.

FIGURE 2.47 Ghana is a country on Africa’s west coast.
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The process of recycling e-waste involves workers dismantling some parts of the products, but to extract the
most precious metals from many of the components requires burning off the casing and insulation – largely
plastics – in fires set around the dump. The remaining melted metals are collected from the ashes and sold
on to traders. The dump also ‘disposes’ of tyres, which are burnt for the metal reinforcements embedded in
the rubber. While there are other more environmentally friendly ways of extracting the metals from these
products, burning the waste is the quickest and most cost-efficient method. Many of the workers in the dump
site suffer from serious illnesses, such as cancers, from exposure to the components of the electronics.

FIGURE 2.48 Tyres burnt to retrieve the metal
components, Agbogbloshie dump, Accra, Ghana

The burnt e-waste releases a range of toxic
gasses and substances, contaminating the air and
soil. The dump is located on a former wetland,
in the banks of the Odaw River, so some of the
e-waste components also end up in the river
system.

Increasingly, developed nations are passing laws
that mandate minimum requirements for the recy-
cling of e-waste and prevent the export of e-waste
to developing nations. For example, since 2014,
the EU has required member countries to recycle
45 per cent or more of their e-waste.

Shipping out hazardous e-waste is illegal in the
EU, as it is in Australia, but there is an increasing
temptation for companies to illegally export their
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e-waste to developing nations. Safely disposing of e-waste is expensive, but traders in Africa and South-East
Asia are offering to buy e-waste for repair, resale or recycling.

Weblink: Lead in Australia

Weblink: The disposal of e-waste in Ghana

Weblink: Australian e-waste found in Agbogbloshie

Activity 2.7a: Comparing hazard mitigation strategies
Using the information you have learned about lead contamination in Australia and the Agbogbloshie Dump in
Ghana, answer the following questions.

Compare and propose hazard mitigation strategies
1. What do the two examples have in common? Make a dot point list of the common risks and challenges that

each hazard presents to people living or working in the vicinity.
2. Make a list of the factors that contribute to the existence of the Agbogbloshie Dump. Propose and justify two

actions that the international community and/or local authorities could take to mitigate or remove the risk to
people working and living at the dump.

3. Investigate Australia’s laws regarding the disposal of e-waste and the disposal of lead-based products, and
the testing and collection services that exist in your area. Do you think these laws and processes could be
successfully implemented to mitigate the risks of hazards in less-developed nations? Might they help to
manage the challenges workers face in Agbogbloshie? Justify your response with examples.

 

Contaminant hazards in the Aral Sea
The Aral Sea, located in Central Asia, lies within the countries of Kazakhstan and Uzbekistan. Almost all
of its water comes from two rivers, the Amu Darya and the Syr Darya, whose catchment areas extend across
parts of seven countries, as shown in figure 2.49. As a case study, the sea provides an important insight into
how anthropogenic processes can cause irreparable damage to a physical environment. In 1960, the Aral Sea
was the world’s fourth largest lake, with an area of 66 100 square kilometres (an area similar to the size of
Tasmania) but by 2007, the sea had shrunk to just 10 per cent of its original size. All that now remains of the
Aral Sea are three residual lakes.

The upper reaches of the Syr River lie in the mountainous regions of Kyrgyzstan. From here, the Syr briefly
flows through Tajikistan and Uzbekistan, before crossing the arid and semi-arid steppe regions of southern
Kazakhstan and entering the Aral Sea. The Amu River has its headwaters in Tajikistan, and flows across the
deserts of Turkmenistan and Uzbekistan to the south Aral Sea. Before 1991, these five Aral Basin countries
were republics within the Union of Soviet Socialist Republics (the USSR, or Soviet Union).

The Aral Sea is the lowest point of a closed inland drainage basin measuring around 2.5 million km2

in area. The two main rivers of the basin drain water from their headwaters in the Tien Shan and Pamirs
mountains. The Aral Basin has a continental climate, with low and unreliable precipitation, large diurnal
and seasonal temperature ranges, and low humidity, similar to the climate of central Australia. Lowland
parts of the basin are arid, receiving only 80 to 200 mm of precipitation annually, while mountain areas
receive up to 800 mm. Despite low precipitation levels even in the mountain areas, the amount of rainfall and
snowmelt feeding the Amu and Syr rivers did provide enough water to keep the Aral Sea relatively stable until
the 1960s.
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FIGURE 2.49 The Aral Sea is located on the border of Kazakhstan and Uzbekistan.

C H I N A

K A Z A K H S T A N

U Z B E K I S TA N KYRGYZSTAN

Xinjiang Tianshan
Western
Tien-shan

Garabogaz

Qizilqum Desert

Betpaqdala Desert

C
aspian

Turan Lowland

Ustyurt Plateau

T
i a

n

Shan

D
e

p
re

s
s

io
n

Historic
Aral Sea

Aral Sea

Lake Balkhash

Alakol

Ysyk Kol

Sarygamysh
Koli

Kok-Aral Dam

Shu

Aral

Qulan

Qazaly

Sarqan

Urzhar

Shieli

Aqadyr

Shalqar
Balqash

Tacheng

Karakol

Ushtobe

Zhosaly
Baykonur

Qarazhal

Toktogul

Turkistan

Zarafshon

Qunghirot

Burylbaytal

Saryshaghan

Koneurgench

Kuqa

Aksu

Taraz

Nukus

Dasoguz

Shymkent

Qyzylorda

Zhezqazghan

Jalal AbadUrgentch Namangan

Bishkek

Almaty

Tashkent

Source: Made with Natural Earth Data www.naturalearthdata.com / ETOPO1 / MAPgraphics and U.S. Geological Survey

0 200 400

kilometres

Depression

Depth in
metres

Height in
metres

00
200
500

1000
2000
4000
6000

200
1000
2000
4000
6000

River

IRAN

Country border

Country name

Country capitalMajor road

Major railway

500 000 to 1 000 000 peopleQyzylorda

1 000 000 to 5 000 000 peopleNamangan

100 000 to 500 000 peopleTaraz

Fewer than 100 000 peopleAral

Lake

IRAN

CHINA

KAZAKHSTAN

AFGHANISTAN

TURKMENISTAN

RUSSIAN      FEDERATION

0 1000

kilometres

FIGURE 2.50 The Aral Sea in (a) 1973 and (b) 2007

b)

Source: australscope

122 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Third Edition

UNCORRECTED PAGE PROOFS



i
i

“c02EcologicalHazardZones_print” — 2018/10/15 — 3:59 — page 123 — #52 i
i

i
i

i
i

Anthropogenic activities affecting
the Aral Sea FIGURE 2.51 Changes to the Aral Sea, 1960–2017
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The countries in the dry lowland
regions of the Aral Basin have irri-
gated their food crops since ancient
times, and during the period of Rus-
sian and Soviet control, irrigation
areas continued to be expanded for
growing food crops. Nevertheless,
despite water extractions from the
Amu and Syr rivers for irrigation, the
Aral Sea remained stable, both in
volume and area. The sea itself was
also the centre of a thriving commer-
cial fishing industry: catching over
40 000 tonnes of fish annually and sup-
porting thousands of families.

During the 1960s, however, the cen-
tral government of the Soviet Union
embarked on a program of agri-
cultural development in its central
Asian republics, focusing on water-
intensive cash-crops of cotton and rice.
They built 94 water reservoirs and
24 000 km of canals.

As the area under irrigation
expanded, the demand for water
increased, and the Aral Sea began
its dramatic decline (see figure 2.53). By the 1980s, seven million hectares of agricultural land were being
irrigated, and almost 90 per cent of the water flowing to the Aral Sea was being diverted.

To make the issue worse, it is predicted that climate change will also worsen the effects: the Amu and Syr
rivers feed from melting mountain glaciers that are expected to be diminished by rising global temperatures.

FIGURE 2.52 Ships on the dry bed of the Aral Sea
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Environmental, social and economic impacts
FIGURE 2.53 Changes in water inflow to the Aral Sea,
1960–90
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comparisons of threatened environments“, 1995 Jeanne X. Kasper-
son, Roger E. Kasperson, and B.L. Turner eds. Reproduced by
permission of the United Nations University Press

There have been many severe environmental
impacts of the extraction and diversion of the Aral
Basin’s water resources. As water levels dropped,
salinity levels began to rise. In the southern section,
for example, salinity levels rose from 14 grams per
litre to more than 100 grams per litre in 2007, and
up to 140 in 2017 – more than six times the safe
level recommended by the World Health Organi-
zation. Rising water salinity also led to a severe
decline in fish populations.

Reduced river flows also meant that the wetlands
that relied on spring floods were lost, and the birds,
mammals and other animals dependent on the wet-
lands also disappeared. The Aral Sea’s decline
has been so significant that even the local climate
changed; summers became hotter, winters colder
and humidity levels lower. Droughts became more
common, and groundwater levels fell, increasing
the risk of desertification. In irrigated areas, on
the other hand, rising groundwater levels led to
soil salinisation. This environmental damage was
also made worse by local mining industry leaching
waste into the river system.

There have also been a number of social and eco-
nomic impacts from the over-extraction of water
from the Aral Sea. Initially, some fishing villages
attempted to dig trenches to get their boats to the
water but their attempts were futile. Entire towns
and villages that were previously reliant on the sea
for their fishing industries were stranded, ending the traditional livelihoods of more than 60 000 people.
Drought conditions in 2000–01 also worsened the impact on the economy and increased the levels of migration
from the area, as people left to find work and better living conditions.

While these affects of excessive water extraction might have easily been predicted, the impact on the popu-
lation’s health may not. People’s health was also affected. Life expectancy of people living in communities in
the area declined and infant mortality rates rose. One of the factors influencing levels of health was exposure
to lithospheric pollution. As the sea receded, it exposed salty seabed that was contaminated with toxic chem-
icals washed down from agricultural areas. Strong winds picked up the contaminated dust, and it was carried
for hundreds of kilometres. Local food and water exhibit very high levels of these contaminants. As a result,
higher levels of birth defects, stunted growth, and heart and kidney disease have been found in children in
the basin region. The lack of freely available fresh drinking water from former river sources also means that
levels of parasite-borne illnesses, such as hepatitis, are higher than in other parts of the region.

Reducing the level of risk
Several strategies have been tried to reduce the level of risk faced by communities in the region. These include
the construction of an earth dam to raise the level of the Northern Aral Sea by stopping the water flowing
southwards and evaporating. While this strategy failed when the dam collapsed in 1999, the World Bank
provided financial assistance that allowed Kazakhstan to subsequently replace the dam and modernise parts
of the irrigation system to increase efficiency.
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Once construction of the dam and a series of dykes and canals was finished in November 2005, water flow
into the Northern Aral Sea increased by around 1.3 billion m3 a year and water levels rose by two metres. In
addition, the surface area of the sea has increased from 2300 km2 to 3250 km2, salinity has dropped to its
original level and local climate has improved. Encouragingly, fish numbers have also increased, so fishermen
are again catching fish in large quantities. Given the success of this project, the Kazakhstan government is
now considering an ambitious plan to connect the large, stranded port city of Aralsk with the sea. At the sea’s
lowest level, the city was 100 km from the shore, but it is now only 25–30 km away.

Activity 2.7b: Ecological hazards in the Aral Sea region
Using the information you have learned about the Aral Sea, answer the following questions.

Comprehend and explain the hazard
1. List and write a short explanation of three processes (either natural or anthropogenic) that contributed to the

ecological hazards created by the decline of the Aral Sea.
2. (a) Analyse figure 2.51. Describe how the size and location of the Aral Sea changed between 1960

and 2017.
(b) Identify and describe factors that may have contributed to these changes, using data to support

your explanation.
(c) Explain how these changes may have contributed to ecological hazards in the region.

3. Create a table to summarise the economic, social and environmental impacts of the damage to the Aral Sea
on the local community. Give examples of primary, secondary and tertiary impacts for each.

4. Explain one action that has been taken in the Aral Sea region that helped to manage the needs of both the
farming and fishing communities and also reduced the impact of ecological hazards. Explain the specific
needs of each community and how the action helped to ease the challenges faced by each group.

 

2.8 Infectious and vector-borne diseases
2.8.1 Types of infectious and vector-borne diseases
Disease is a condition that causes harm to, or interferes with, the normal functioning of a living thing. Many
diseases are caused by pathogenic (disease-causing) micro-organisms such as bacteria and viruses and by
parasites. Infectious diseases, (also known as contagious or communicable diseases), can be passed from one
person to another. Vector-borne diseases are carried by organisms capable of transmitting pathogenic bacteria,
viruses and parasites from one person to another, for example, a house fly, mosquito or flea.

FIGURE 2.54 Polluted drinking water is a common
source of infectious disease for poor communities.

FIGURE 2.55 Mosquitoes can act as vectors for
many diseases.
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Other types of diseases can be caused by genetics, nutrition and lifestyle, or by environmental factors.
Infectious diseases are usually transmitted via water, air or food, or by a vector that contains the disease-
causing organism. Water-borne infectious diseases are contracted when contaminated water is swallowed, or
when food washed in contaminated water is eaten. Examples include cholera, typhoid, botulism, polio and
giardia.

Air-borne infectious diseases occur when people breathe in bacteria or viruses attached to dust particles,
smoke or water vapour, causing them to become ill. These diseases include influenza, tuberculosis, smallpox
and chickenpox. Vector-borne diseases are transmitted mechanically or biologically. Mechanical transmis-
sion occurs where an insect picks up an infectious agent outside its body and passes it on, such as when a
fly lands on rubbish or manure and then contaminates human food. Biological transmission happens when an
insect harbours pathogens inside its body and passes them on to another animal or a person, such as when
a mosquito passes on malaria through saliva and blood. Other vector-borne diseases include dengue fever,
yellow fever, Chagas and sleeping sickness. More than 90 per cent of all deaths caused by infectious dis-
eases are due to only a small number of them, including pneumonia, diarrhoeal diseases and tuberculosis
(see table 2.18).

TABLE 2.18 Global Health Observatory data (WHO), 2015

Disease Deaths DALYs (disability-adjusted life-year) *

Lower respiratory infections 3 190 300 142384 000

Diarrheal diseases 1 388 600 84928 000

Tuberculosis 1 373 200 56037 000

HIV/AIDS 1000000 62759 000

Malaria 429 000 38520 000

Measles 89 780 12278 708

*DALY is the disability-adjusted life year, a measure of overall disease burden.

Source: ©WHO 2018 http://www.who.int/sustainable-development/news-events/breath-life/air-
pollution-by-numbers.jpg

2.8.2 Disease hazard zones
Infectious disease hazard zones can range in scale, from a single village to world-wide. When a disease is
prevalent across a wide geographic area it is known as a pandemic. The Black Death, which swept across Asia
and Europe in the fourteenth century, is one of the worst pandemics in human history, killing an estimated
one-third of Europe’s total population. A global pandemic of influenza (the Spanish flu), which began in 1918,
infected around 500 million people. Estimates of the number of deaths in this pandemic range from 20 to 100
million people, compared with between 18 and 20 million deaths during WWI, making it one of the world’s
worst ecological disasters.

Another tragic outbreak of an infectious disease occurred in West Africa between 2013 and 2016. This
smaller scale disease outbreak was an epidemic of the highly infectious Ebola virus. Over its course, the
disease was responsible for more than 28 000 deaths in Guinea, Sierra Leone and Liberia. Ebola is both
highly infectious and very dangerous – often it kills around 70 per cent of those infected. The WHO calculated
that the West African epidemic killed around 40 per cent of those who contracted the disease, although also
admitted that this was probably a significant underestimation of the numbers killed.
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FIGURE 2.56 Location of recent serious disease outbreaks
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Poverty and infectious disease
It is not uncommon for poorer countries such as Guinea, Sierra Leone and Liberia to be much more vulnerable
to infectious diseases. In fact, around 63 per cent of deaths in the world’s poorer countries in 2015 were a
result of infectious diseases, compared with only 12 per cent in high-income countries. Of the top ten causes
of death in wealthy countries, only one, lower respiratory infections, was an infectious disease; five of the
top ten causes in the world’s low-income countries were infectious diseases. In wealthier countries, the main
causes of disease are often lifestyle-related, such as lack of exercise, obesity, smoking and excessive alcohol
consumption, rather than infections (see figure 2.57).

The main factors that make people in developing countries more vulnerable to health problems and disease
include:

1. physical factors, for example extremes of climate, natural disasters, limited access to safe water and
lack of fertile soils

2. socioeconomic factors, for example lack of adequate sanitation, lack of adequate health infrastructure,
lack of education, skills and technology, and urban overcrowding

3. political factors, for example poor governance, corruption and limited human rights (especially for
women and children) and civil unrest.

A combination of these factors means that more than half of all deaths in low-income countries are caused
by infectious diseases, nutritional deficiencies and maternal causes (conditions arising during pregnancy and
childbirth). In wealthier countries, less than 7 per cent of deaths are a result of these causes.

Cholera
Cholera is a severe diarrhoeal disease caused by the bacterium Vibrio cholerae, which enters a person’s small
intestine through the ingestion of contaminated water or food. Starting with nausea, fever and vomiting,
cholera victims gradually develop severe diarrhoea, which leads to losing large amounts of fluid and results
in failure of the circulatory system. Cholera can kill a person within a few days if it is left untreated.
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FIGURE 2.57 Top ten causes of death in low- and high-income countries, 2015
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Most outbreaks occur in countries where there is substandard sanitation and low-quality drinking water.
While cholera is rarely contagious from person to person, it spreads quickly in areas where people live in
overcrowded conditions and have poor hygiene. Generally, the most common reason for an outbreaks is
faecal contamination of water supplies from untreated sewage entering waterways. Cholera is also common
in developing countries after earthquakes and cyclones because clean water is in short supply.
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FIGURE 2.58 Deaths from infectious diseases, malnutrition and birth problems, 2015
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The World Health Organization’s cholera prevention strategies include:
• surveillance: quickly detecting cholera cases through medical testing (to properly diagnose cases) and

monitoring spread and controls
• water and sanitation health: funding and facilitating access to clean sources of drinking water and

good hygiene practices, and the promotion of breast feeding to prevent young children from drinking
infected water

FIGURE 2.59 Cholera cases reported to WHO by year and by continent 1989–2016
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• treatment: making oral rehydration treatments readily accessible and rapidly available, along with
antibiotics and intravenous rehydration for severely affected patients

• hygiene: local education programs to develop sound hygiene (handwashing with soap, safe food handling
and storage, sewage disposal, etc), and awareness of the disease and its symptoms

• oral vaccines: there are three oral vaccines for cholera, which are recommended during outbreaks in
areas with endemic cholera (the disease can be contracted in the local area, rather than being carried in
from other areas).

FIGURE 2.60 Oral rehydration therapy is used in
developing countries to combat diarrhoea.
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Cholera is easily prevented if people have
access to clean drinking water and do not use
dirty water for washing fruit and vegetables
or clothing. Children and malnourished adults
who catch cholera suffer badly from acute diar-
rhoea and vomiting, which leads to dehydration
and loss of appetite. If not treated quickly, most
people with acute cholera die, but rapid admin-
istration of oral rehydration therapy (ORT) will
reduce fatalities to less than 1 per cent. Unfor-
tunately, most cholera treatment in African is
undertaken on a country-by-country basis and
often as a response to an outbreak. While emer-
gency action is necessary to save lives, a broader regional approach that focuses on prevention and prepared-
ness would enable international health authorities to be more successful in helping communities at risk. Local
education about personal hygiene and water standards, better surveillance of water holes and sanitation dis-
posal areas, along with district alert systems would reduce the impact of future outbreaks, particularly when
most occur during the rainy season. One of the major hurdles in achieving these goals is a lack of political
cooperation between districts and neighbouring countries.

Activity 2.8a: Cholera’s impact
Using the information you have learnt about cholera, answer the following questions.

Explain cholera’s impact
1. Which continents are most prone to outbreaks of cholera? (see figure 2.59)
2. What factors make the population of a country or region more vulnerable to cholera?
3. Why is cholera almost non-existent in developed countries like Australia? What factors contribute to this?

Analyse the spread of cholera and propose ways to manage the risk
4. If you were planning to travel overseas, what personal steps might you have to take before departing to

reduce your risk of getting cholera?
5. In 2016 and 2017 there were several cholera outbreaks in Yemen, with up to 1 million suspected cases

among the population of approximately 27 million. Locate Yemen on a map and research the political,
economic and social situation in Yemen at that time. Write a short paragraph to explain why the population of
Yemen might have been more vulnerable to a cholera outbreak at that time.

6. There have been seven significant cholera pandemics in the last 200 years. Research the seven pandemics
and construct a map to show the advance of each one.
(a) Using a different colour for each pandemic, shade the effected countries on a blank world map.
(b) Show your colour legend.
(c) Use arrows to show the direction of advance in each pandemic.

7. What patterns of distribution can you identify on your cholera map?
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8. The 1991 cholera outbreak in Peru killed more than 10 000 people and was caused by cholera strains living
in the ballast water that was dumped from ships.
(a) How would you propose preventing and managing such an outbreak in a community where

cholera was not endemic?
(b) Construct a management plan to respond to the outbreak.
(c) Evaluate what difficulties you might encounter in implementing this plan.

 2.8.3 Climate change and infectious diseases
Even before people understood the causes of infectious disease, they were aware of the connection between
climate and disease outbreaks. In Ancient Rome, wealthy people migrated to surrounding hills during summer
to avoid outbreaks of malaria. Like malaria, many diseases tend to be seasonal – as we know, influenza is most
common in winter.

The biological causes of infectious disease can be influenced by temperature, precipitation and humidity.
It is likely that some infectious agents (bacteria, viruses and parasites) multiply more rapidly in warmer tem-
peratures. The numbers of vectors, especially mosquitoes, are also sensitive to temperatures. Malaria and
dengue fever, both mosquito-borne diseases, are much more prevalent in higher temperatures and humidity.
Increased rainfall often leads to an increase in water-borne diseases such as cholera, especially when flooding
occurs. If climate change has an impact on temperatures and on precipitation patterns around the world, it
is likely that patterns of infectious diseases will also change, both temporally (related to time) and spatially
(the areas affected). Higher temperatures and longer wet seasons in tropical areas, for example, provide ideal
breeding conditions for mosquitoes, which will increase the incidence of diseases such as malaria. Warmer
temperatures may also reduce outbreaks of influenza and other diseases that thrive in colder climates.

Spatially, we may see a growth in the number of places susceptible to a variety of tropical infectious dis-
eases. Climate change may also have indirect or secondary effects on infectious diseases. It seems probable
that, if sea temperatures increase, we will see an increase in the severity of tropical storms. This may, in turn,
increase the danger of natural disasters caused by cyclones. Already, especially in poorer countries, natural
disasters trigger outbreaks of disease. If cyclones become more destructive because of climate change, it is
likely that the threat of infectious disease outbreaks will increase too. Climate change might also have tertiary
effects on disease, if it has an impact of agriculture and food supplies, for example. Reduced food supplies
may in turn lead to poor nutrition, making people more vulnerable to infectious diseases.

Malaria
Malaria is one of the world’s most common and ubiquitous parasitic diseases. It is also one of the oldest known
afflictions to humans. The term malaria is an Italian word meaning ‘bad air’. It is believed that malaria was
rampant for centuries around Rome, probably due to the surrounding swamps. Affecting up to 40 per cent
of the world’s population and endemic in at least 160 countries, malaria is one of the world’s biggest killers.
The World Health Organization has estimated that malaria kills more than one million people annually, many
of whom are children. An unusual feature of malaria is that it is specific to humans and that mosquitoes are
the only known vector to carry its parasites. In 2016, 216 million cases of malaria were reported worldwide,
with approximately 445 000 people dying from the disease.

Malaria is caused when the female Anopheles mosquito injects a small number of single-celled (protozoa)
blood parasites called plasmodium below the human skin. The mosquito bite is felt as its drill-like proboscis
enters the skin when about to gorge itself on blood. To prevent coagulation and ensure blood flows easily, the
mosquito squirts the skin of its victim with an oily film of saliva containing malaria plasmodia. This ensures
that some intrusion of parasites occurs into the body through the surface blood vessels. There are four types
of plasmodia parasite known to cause malaria. The most common strain is the Plasmodium vivax, which
accounts for up to 80 per cent of all cases; however, the p. falciparum strain is the most lethal.

CHAPTER 2 Ecological hazards 131

UNCORRECTED PAGE PROOFS



i
i

“c02EcologicalHazardZones_print” — 2018/10/15 — 3:59 — page 132 — #61 i
i

i
i

i
i

FIGURE 2.61 The life cycle of malaria parasites
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Within days, plasmodia work their way to the liver, feeding on red blood cells and multiplying to the point
where they explode into the bloodstream. As the body’s immune system attempts to respond to the invaders,
fevers and headaches occur, but it is too late. With the body literally boiling from fever and many red blood
cells destroyed, vital organs are deprived of oxygen and gradually shut down. Continuing acidification of
blood causes brain cells to die; at this stage children often lapse into coma (see figure 2.61).

Malaria hazard zones
Malaria is endemic in many tropical and subtropical regions of the world. It is most prevalent in countries
of southern Asia, Africa and South America. In the past, the majority of cases (up to 80 per cent) existed
in the east African nations of Zambia, Kenya, Mozambique, Uganda, Tanzania and Ethiopia, as well as the
sub-Saharan nations of central Africa (Democratic Republic of Congo, Republic of Congo, Central African
Republic, Rwanda and Burundi), and west Africa (Benin, Ghana, Nigeria, Niger, Senegal, Equatorial Guinea
and Gabon). Malaria is so prevalent in Africa that WHO doctors claim a child can expect to have up to five
malarial episodes per year and that two children will die every minute from it.

The next largest remaining cluster is in southern Asia, mainly in India, Afghanistan, Sri Lanka, Thai-
land, Indonesia, Vietnam, Cambodia and China. There are also large pockets in Brazil and Central America.
Because malaria victims are often unable to work or attend school, or afford healthcare, they become trapped
in a cycle of poverty. This also creates a significant economic burden on many countries with a high prevalence
of malaria.

In these regions, new strains of the parasite that are showing a resistance to conventional drug treatments
are beginning to emerge. The WHO also closely monitors the efficacy of anti-malarial drugs, used to prevent
contraction of the disease, to ensure that early signs of resistance in the parasite are recognised and can be
managed.

Prevention and treatment
Countries most affected by malaria generally have a low GDP per capita, with governments spending much
of the healthcare budget trying to prevent or treat the disease. The WHO reports that in 2016, approximately
US$2.7 billion was spent on malaria control, eradication and prevention strategies around the world. The
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FIGURE 2.62 Global distribution of malaria

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

PACIFIC

OCEAN

ARCTIC OCEAN

ATLANTIC

OCEAN

INDIAN

OCEAN
> 250

100–250

50–100

10–50

0.1–10

0–0.1

No ongoing
malaria transmission

per 1000 population (2015)
Con�rmed malaria cases

Source: Reprinted from WHO, World Malaria Report 2015 — Map — Projected Changes in Malaria incidence rates, by country, 2000–15.

25000 5000 km

international investment in malaria prevention and treatment strategies has seen a 29 per cent reduction in
malaria mortality rates between 2010 and 2016, with a 35 per cent decrease in mortality rates for children
under five.

Key strategies in this progress have been:
• early diagnosis and treatment, which help to prevent the disease being transmitted to others and mild

cases from becoming severe
• combination drug treatments for newly emerging drug-resistant strains of the parasite
• distribution of insecticide-treated mosquito nets in high transmisison areas
• indoor incesticide sprays to kill mosquito vectors in high transmission areas.

FIGURE 2.63 (a) Malaria medication and (b) mosquito nets, key strategies in the fight
against malaria

a) b)
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Malaria patients are treated with hospitalisation and drugs when symptoms appear. Because of the complex
life cycle of the malaria parasite, it is very difficult to prevent outbreaks using vaccination. Drugs such as
quinine and artemisinin, which are effective at first, have limitations because of the ability of the parasite to
develop resistance over time.

Another effective prevention is to provide people in malaria prone areas with durable insecticide-treated
netting (ITNs); however, this has limitations if people are not living in permanent housing or cannot repair
them if they are damaged. Improved education so that people might better understand weather conditions
conducive to malaria outbreaks, as well as prevention and diagnostic tools, will particularly help pregnant
women and children. However, this too only works when people are living in circumstances that support this
kind of community education – without the threat of war, public disorder or famine.

At a broader community level, steps are being taken to eradicate mosquitoes and reduce habitats and breed-
ing grounds by using insecticide sprays such as DDT (dichlorodiphenyl trichloroethane). Some communities
have even gone so far as to drain swamps and nearby wetlands. While reducing the extent of mosquito habitats
may reduce local malaria outbreaks in the short-term, these methods have an adverse effect on the environment
and non-targeted species.

Is malaria preventable?
While there are many social and economic obstacles that make cure and prevention difficult, it is possible to
prevent malaria. Some of the constraints on complete eradication include:

• having access to clothing, repellents and netting that prevent people being bitten in the first place, then
a reluctance by some people to use them properly

• having access to preventative anti-malarial treatments
• a lack of knowledge at identifying weather conditions and recognising early symptoms
• a lack of community resources to eradicate mosquito breeding grounds
• a lack of health and hospital facilities
• a chronic shortage of funding to promote further research and development of vaccination programs,

particularly when poorer countries are already receiving considerable funding for other food and social
projects.

Private donors like the Bill & Melinda Gates Foundation are playing a leading role in malaria research
and the development of a vaccine, but many vaccine trials fail before one eventually succeeds. The complex
life cycle of malaria parasites makes the disease difficult to treat or prevent by vaccine. Yet, the declining
effectiveness of anti-malarial drugs have created an urgent need to discover an effective vaccine. Even though
vaccines are highly effective against bacteria and viruses, a vaccine against the malaria parasite has yet to be
developed. Viruses such as polio (with 11 genes) are genetically simple compared to the complex structure of
parasites like Plasmodium falciparum (with over 5000 genes). Also, the rapid movement of Plasmodia from
the gut of a mosquito to the human blood vessels, then the liver, and then to red blood cells makes it difficult
to target with a specific vaccination. The World Health Organization Malaria Vaccine Technology Roadmap,
set in 2006 and updated in 2013, established the goal of developing a malaria vaccine with 75 per cent efficacy
by 2030.

Weblink: Current malaria data

Weblink: Reducing malaria cases

134 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Third Edition

UNCORRECTED PAGE PROOFS



i
i

“c02EcologicalHazardZones_print” — 2018/10/15 — 3:59 — page 135 — #64 i
i

i
i

i
i

Activity 2.8b: Global malaria spread
Using the information you have learned about malaria, answer the following questions.

Comprehend and explain the spread of malaria
1. List the challenges that exist in combatting malaria in developing nations that do not present such a

challenge in developed nations.
2. Explain why mosquito nets have been an effective strategy in combatting the spread of malaria. In your

answer, explain at which stage the nets interrupt the transmission cycle.

Apply your understanding and propose response strategies
3. Examine figure 2.64, which shows the change in and sources of funding for malaria prevention around the

world.

FIGURE 2.64 Total funding for malaria
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(a) Describe how funding for malaria prevention changed between 2005 and 2013.
(b) The WHO reported a decline in malaria between 2010 and 2016. How might the patterns in

funding for malaria shown in this graph help to account for that change?
4. There was a US$2430 million gap between what was spent fighting malaria and the 2013 investment target.

(a) Suggest reasons why this target was not met.
(b) Propose how these additional funds might be raised.

 
2.8.4 Reducing the risk of infectious and vector-borne diseases
As the examples of cholera and malaria demonstrate, the impact of infectious diseases can range in scale from
individuals and families, to local communities, countries and even worldwide. Reducing the risk of disease
also occurs at a number of levels. Individuals and families often choose to be vaccinated against diseases,
and local communities can ensure that school children are educated about the importance of hygiene and
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have community-based healthcare centres. Most often, though, it is state or national governments that play a
leading role in managing the risk of infectious diseases.

Risk management may involve prevention, treatment (including emergency responses to major outbreaks
of disease) and mitigation. Vaccination programs are designed to prevent or mitigate the effect of infectious
diseases, and the provision of treated water and sanitation helps mitigate outbreaks of water-borne diseases.
Governments are responsible for health infrastructure (hospitals, healthcare clinics) and healthcare systems
(doctors and nurses).

International cooperation is important in managing the spread of infectious diseases across country bor-
ders. The WHO is an important body for managing diseases worldwide, as are international non-government
organisations (NGOs), such as Doctors without Borders (Medecins sans Frontieres). Poorer countries often
find it difficult to manage infectious disease outbreaks and may rely on international assistance, both from
other countries and from NGOs. Many wealthy countries also have official aid programs that are often used
for health-related projects, such as hospitals and clinics, fresh water supplies and sanitation.

Activity 2.8c: Infectious and vector–borne diseases
Using the information you have learned about infectious and vector-borne diseases, answer the following
questions.

Explain and analyse the data to identify patterns
1. Refer to figure 2.56.

(a) Describe the pattern of disease outbreaks illustrated by the map. Does there seem to be a
relationship between recent outbreaks of disease and the wealth of the places affected? Why
might this be the case?

(b) Identify any diseases which seem to be more prevalent in poorer countries. Why might these
diseases be more prevalent in poorer countries?

2. Refer to figure 2.57. In a paragraph, compare the 10 leading causes of death in low-income and high-income
countries. As part of your response, identify causes of death that are significant in one income group, but not
the other.

3. Refer to figure 2.57. Describe in detail the pattern of outbreaks illustrated by this map. Refer both to general
locations and to particular countries in your answer.

4. The United Nations Development Program (UNDP) releases an annual Human Development Report. Access
the latest report online and find the table showing health outcomes.
(a) Select a sample of countries (five or six) with very high human development and a sample with low

human development. Construct a table showing the countries’ names and three different health
and disease indicators for each country (for example, infants lacking measles immunisation,
deaths due to malaria and physicians per 10 000 people).

(b) Write a paragraph in which you analyse the data in your table. What conclusions can you draw
from your analysis? What factors might contribute to any similarities or differences you found?

(c) Select two indicators from the Health Outcomes table that you think are related. Explain how and
why you think they are related.

(d) Select a range of countries from the table from each of the four levels of human development.
Draw a scattergraph to illustrate any relationship between the two indicators chosen in part c.
Does your completed graph confirm that the two indicators seem to be related?

 

Video eLesson: SkillBuilder: Constructing and interpreting a scattergraph (eles-1756)

Interactivity: SkillBuilder: Constructing and interpreting a scattergraph (int-3364)
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