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I

ABSTRACT

This dissertation identifies the environmental and health implications associated with
the application of nitrogenous fertilisers. It identifies the conventional approach
adopted by mainstream economics and the various instruments adopted in order to
reduce the impact of nitrogenous fertilisers on the environment. There is also a brief
outline of the approach adopted in the Northen Territory. Finally it introduces a
multidisciplinary approach known as the cradle to grave transformation and postulates
that it has a role in environmental policy.
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CHAPTER 1- THE NITRATE PROBLEM

An economic analysis of the impact of fertilisers on the environment is important as
the nitrogenous fertiliser problem is prevalent in nearly all Australian states, with the
exception of the Northern Territory (NT.) and the Australian Capital Territorry
(A.C.T)

The main concern with nitrogenous fertilisers is not necessarily in their

production, but rather the extent to which they are employed. The problems associated
with the extensive use of nitrogenous fertilisers are all consistent in the literature.2
This is irrespective of the source of the fertiliser, whether a natural fertiliser such as
animal waste or a synthetic fertiliser is applied. This is predominantly the case,
because the activities of soil microbes usually is such that whatever form of fertiliser
is used, the end product is nitrate in the soil. 3 (see figurel) The extent to which
fertilisers are used is clearly demonstrated by various data published by the ABS.4 In
table 1 the total amount of nitrogenous fertiliser that was applied in 1989-1990 was
500 tonnes in the N.T. and 0.0 tonnes in the A.C.T. respectively.5 These figures are
virtually insignificant when one considers that in Queensland 196.3 thousand tonnes
and New South Wales 140 thousand tonnes of fertiliser was applied over the same
period. This is demonstrated visually in a map of Australia as to fertiliser usage per
region. (see figure 2) However this map actually looks at all fertilisers applied, in
particular phosphorus fertilisers in the form of superphosphates which account for
60% of fertiliser use in Australia.7

3
Notwithstanding this, the result is the same as the Northern Territory registers less
than 0.25 tonnes / hectare.8 Another source of nitrates is in the form of animal wastes,
which can be examined indirectly in livestock numbers. Almost immediately when
viewing table 2 we find livestock numbers in the Northern Territorry are the lowest.'
This reinforces the fact that level of nitrates in the environment are directly related to
the extent that nitrogenous fertilisers are applied and the level of livestock numbers.

A good comparison can be made with the level of nitrates in the Murray Darlin Basin
-

and the Daly River. In the Murray-Darling Basin the levels are quite significant, as
demonstrated in table 310 There is no data presented on the levels on nitrates in Daly
River, as there are none present.

'

This is because there is extensive farming activity

in the area surrounding the Murray-Darling Basin and no farming activity in the area
surrounding the Daly River.'2 Accordingly the N. T. is an interesting case because
effective early intervention is possible. The scale of production is small relative to the
interstate counterparts. Irrispective of the scale of the problem the fundamental issue
,

is that a new approach needs to be adopted in order to avoid the fertiliser problem
experienced interstate.

The level of nitrates in the environment is a problem because they give rise to
environmental and health problems, hence the term "the nitrate problem".

The environmental problems that precipitate from high levels of nitrates leaching into
the aquatic environment is Eutrophication. This phenomenon is defined as a
significant increase in the concentration of nutrients in surface water leads to a
significant growth of algae and aquatic plants. 13

Eutrophication is of grave concern as it is responsible for fish kills and for affecting
the quality and flavour of our drinking water. 14 Unfortunately there is speculation
that The Barrier Reef is the next victim of this phenomenon. The source of this
problem is attributed to the level of nutrients that are being discharged from the
various catchments areas along the Queensland coast.

The most discussed health problem caused from high levels of nitrates is the BlueBaby syndrome or methaemoglobinaemia. This can occur when children less than
about 1 year old consume too much nitrate. Nitrate is converted to nitrite by the
microbes in the stomach.17 Once the nitrate reaches the blood stream it reacts with
Haemoglobin. Normal haemoglobin contains iron in the ferrous form and is
transformed into methaemoglobin which contains iron in the ferric form. 111 The result
is that the oxygen carrying capacity of the blood is lessened. Consequently, the infant
-

suffers from what may be described as chemical suffacation.'9 Fortunately today
Blue

-

Baby syndrome is extremely rare. The last documented death was in the UK

and the last confirmed case in 1972.

5
A world wide survey in 1962 showed that 1060 had been published. In the period
1976

-

1982, 1353 cases were recorded in Hungary. This case was attributed to well

water high in nitrates. Non fatal cases occurred with 95mg NO and fatal cases have
occurred with 200 mg NO3l' in 1950. 20 In table 4 there are some reported cases of
blue- baby syndrome.

The World health organisation has set a recommended limit of 50mg 1 and a
maximum of 100mg 1 1(22.6 mg 1

'

as nitrate nitrogen) in 1980. However existing

standards do vary, and there does not seem to be a consensus as to the safe level of
nitrates in water. In particular, European law requires that water companies supply no
more than 11 .3 mg Ii of nitrate. 21

The second health concern that is attributed to nitrates is that they are carcinogenic
and give rise to stomach cancers. The theory is that in a chemical process in the body
nitrates are converted to nitrosoamines which are carcinogenic. However, the theory is
controversial and the results to support the hypothesis linking nitrate to stomach
cancer limited. Although a cautious approach would be prudent.22

Having stated the health considerations it is important to note that conventional
drinking water treatment removes practically no nitrate. 23 There is the option of
adopting special ion exchange plants rather like giant water sofleners.
,
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Such an installation could simply substitute the nitrate anion (NO. ) for the
bicarbonate ion (HCO3-). 24 However eventually a large amount of nitrate rich slurry
remains which would have to be disposed. One would imagine that this may be
transported to farmland and applied, but given the volume and the cost of
transportation this does not occur.25 Another method to remove nitrate from water is
via denitrification, through the use of microbes. This process has problems however,
one is that microbes require substrate (a food source ) dissolved in water and contains
carbon. An organic substance such a methanol is often used. The methanol used must
be completely consumed by the process as

it

is toxic to humans. Consequently the

amount added is insufficient to completely remove nitrate, but it can lower its
concentration. A further complication is that this process forms appreciable amounts of
nitrous oxide and therefore needs to be carefully monitored. 26

This process tells us that the substances employed to remove nitrates from water may
be more harmful than the nitrates in the first place. The other important consideration
is that the industrial removal of nitrates from water is a costly process. 27
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CHAPTER 2- THE MARKET FAILURES APPROACH

The nitrate problem is about the application of nitrogenous fertiliser on the
environment. Conventional approach to environmental matters is through the" market
failures approach".28 "Market failure refers to those situations in which conditions
necessary to achieve a market efficient solution fail to exist or are contravened in one
way or another".29 Left to itself, the market system is unlikely to operate efficiently.
This inherently implies that there is role for the government, in correcting market
failures.3 The policy making technique adopted by the government is known as the
"market failure" approach.

There are various factors that bring about the failure of markets to achieve efficient
outcome. Pubic goods and externalities are two factors that directly relate to
environmental issues. Both of these have underlying characteristics that gives rise to
market failure.3 ' Although there is a strong relationship between public goods and
externalites, it is useful to keep these separate. As for public goods externalites are
,

non excludable and non rival in consumption. The existence of externalites assumes
the non existence of certain markets. In the words of Heller and Starrett "Externalites
(are) nearly synonymous with the non existence of certain market".32

8
Subsequently an externality is defined as a situation in which the private economy
lacks sufficient incentives to create a potential market in some good and the non
existence of this market results in losses in pareto efficiency. 33

The discernible difference is that public goods are purposefully produced, where as
externalites are usually spillovers from production.34 Public goods like other goods are
scarce in nature. This means that there is a limited availability of economic resources
relative to societies unlimited demand. Satisfaction or pleasure is derived from
consuming goods. This also means that individuals prefer a good to exist ( the
environment), rather than not to exist. Alternatively we may look at goods in
Lancaster's tradition, where there is a distinctive break with traditional theory and
perhaps represents a more appropriate conceptualisation of a good. 15 In Lancasters
theory there are no clear substitutes or complement. Substitutes are viewed as such to
the extent that they can produce similar characteristics. Goods themselves may
generate more than one characteristic. Utility is derived from the characteristics rather
than the goods themselves, this being an important difference.36 This theory allows one
to appreciate that the environment is a good with an immense number of
characteristics, for which there is no substitute. This implies that utility is derived from
various aspects of the environment. However people may perceive the state of the
environment as intangible and therefore derive little or no utility from it.37

9

This presents us with a problem comparable to that of public goods and externalites
where an environmentally damaging activity is viewed as invisible and hence there is
no cost associated with damaging activities.

In reality, environment is viewed as a public good. According to the definition of a
public good, the marginal social cost of consumption is zero.38 This means that there
is no market price for its use. Subsequently any production process which pollutes the
environment via direct product application or as a means of "waste disposal", is
achieved at no cost, while imposing social costs on other users, in terms of
degradation of natural resources, health risks and so on. Given that any activities
which pollute the environment are allowed to progress, they do so at the expense of
society's overall detriment. The ramifications of irresponsible actions leads to an
inefficient allocation of resources. This is portrayed by the notion that goods produced
may cost much more to society as a whole rather than the apparent price, and this
supplementary cost may be significantly higher than the marginal value to the producer
of the increase in production. (Tragedy of Commons) On the grounds of economic
efficiency, the best use of resources including the environment, for society as a whole
requires that production (and consumption) activities take account of any
environmental costs that they impose.

iITY

LAEY
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A zero marginal social cost implies that the waste products disposed are invisible. If
this were true then the externality that results from waste disposal is also invisible.
The existence of the externalities that are generated in the production process signifies
that firms and consumers are not paying for the full cost of production. Accordingly
they are only paying the marginal private costs of consumption. 4

This means that the externality, (environmental degradation) is viewed as shadow cost
and hence a shadow price is necessary. A shadow price by definition is "the imputed
price or value of a good or a service where such a price or value cannot be accurately
determined due to the absence of an ordinary price determined market, or gross
distortions in any market exist."

Therefore in production the cost of disposal of any

waste products are assigned a zero value as there exist no market to price them. In
order to overcome this invisibility problem welfare economics attempts to equate the
full price of a product with its marginal social cost. The marginal social cost is the
marginal private cost plus the estimated cost (shadow cost ) of environmental damage.
This precipitates a shadow price.42

The truth is that waste products are not invisible, however specification excludes
certain aspects. This is because one cannot define totality and therefore for every
observable specification (observable system) there are unobservable elements.
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The unobservable elements may only be observed with the advancements in
technology. In 1957 the first fully automated instrument for chemical analysis
appeared on the open market known as the Technicon Auto analyser. This was the
first in a series of the automation of photometric and spectrophotometric methods.43
The initial instruments were developed to fulfil the needs of clinical laboratories.

However, the application of these automated instruments has spread to laboratories
for the control of industrial processes and routine determination of a wide spectrum of
species in air, water

,

soils, and agricultural products. The species of interest that is

important to this study is nitrates. This is detected by the Department of Industries and
Fisheries laboratories with a flow injection analyser.

Accordingly, since the 1960's there was an awareness to nitrates in the environment,
although scientists knew at least 150 years ago that water could cause serious
infections.45 This is in reference to biological rather than chemical contamination.
The principles of water treatment were the developed during the latter part of the 19th
century and the early part of the 20th century. In particular the advent of filtration
emerged in the I 880s and the use of chlorine as disinfectant in 1908. 16

The dumping of industrial wastes discharge is documented as early as 1924 in the
USA.
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In 1959 futurist author Alvin B. Toffler advanced the argument that there was a
necessity to conserve and protect our water. " Therefore warnings of the health water
supply began much before the environmental problems of the 1970s. 48

The earths renewable supply of water is governed by the hydrologic cycle, a system of
continuous water circulation.49 (see figure 3) Extensive volumes of water is cycled
each year through this system. However only a percentage of this circulated water is
available each year for human activities. The available sources of water are from
distinct source, ground water and surface water. Ground water is that water which
collects in porous layers of underground rock known as aquifers. In complete contrast
surface water consists of fresh water in rivers lakes or reservoirs that collects on the
Earths surface.5°
Ground water, given that it is located below ground, was thought to be virtually
immune from contamination.5 ' This was perhaps a naive perception of the situation,
as in the late 1960s
synthetic organic chemicals were discovered in groundwater
source in several states. (see figure 4) Increasing discoveries of a wide range
contaminants were made in the I970s. These include inorganic species such as
nitrates, chlorides and heavy metals.'2 Unfortunately the very nature of groundwater is
such that once contaminated it is difficult to purify. Such contamination has various
sources. Those that relate to the nitrate species are the infiltration of surface water,
improper disposal of hazardous waste and improper animal waste disposal.53
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In extreme situations, an aquifer or series of aquifers must be temporarily or even
permanently closed in response to contamination. In the US, ground water has been
contaminated by species more harmful than the nitrate species.54

Surface waters are more vulnerable to contamination than ground water simply
because of their location and so there are more documented case of accidental spills
with resultant human disease and death. (see figure 5) The most famous are industrial
dumping of mercury in Japan's Minimata Bay and Agano river in the 1950s
and 1960s
which led to the poisoning of large populations of fish a local food staple. 55
,

This clearly highlights that there was an awareness of surface water contamination
from one species or another since the 1950s
and more importantly since at least the
1970s ground waters, which provides a source of drinkable water. 16

Effectively, by exploring the public good analysis further, it may be possible to argue
that the initial disposal of waste products in the environment go unnoticed, until such
time that they are clearly evident. At the point where congestibility is evident then the
marginal social cost of consumption becomes positive. Once this point is reached,
increases in waste disposal will lead to decreases in benefits to everyone in terms of a
contaminated environment.'7 This is highlighted in figure 6.
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Therefore the congestibility argument supports the notion that environmentally
damaging activities occur at some cost. Consequently unless a change in behaviour
occurs the outcome will definitely be a reduction in the quality of the environment.
,

This is reflected partly by the fact that the analysis regards the environment as a
capacity constraint thus recognising its limitations.

CHAPTER 3- PRiNCIPAL INSTRUMENTS IN SOLVING
THE NITRATE PROBLEM

The principal instruments by which economic activity can be constrained to meet
environmental targets are,

voluntary mechanisms

,

regulation, government

expenditure and financial incentives. Correspondingly, these are the four appropriate
tools utilised to address market failure.38

Voluntary mechanisms can be defined as all those actions unforced by law and
unpersuaded by financial incentives to protect the environment. The range of this
mechanism is quite vast, including voluntary recycling collections, organic vegetable
growing on allotments and green consumerism. Essentially there are virtually
thousands of voluntary activities that contribute to an improved environment.
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The role for government in implementing voluntary mechanisms is either minimal or
absent altogether. There are a number of ways of promoting activities such as simple
persuasion and the provision of information. Often these forms of encouragement in
order to be successful require the use of other instruments such as legislation
(regulation). A prominent manner of providing encouragement stems form the
government to alter the legal context of legistlation. Accordingly the law can be used
to give citizens environmental rights. Generally the effectiveness of voluntary
mechanisms depends upon the extent of reinforcements of other instruments.3

One may postulate why the government should be responsible in implementing this
instrument or for that matter with any of the others. The answer is simply that the
market failures approach adopted in mainstream economics emphasises a role for
another economic institution. The only institution in our modern economic system that
may assert this role is the government.

'°

The largest measure of environmental protection is covered by the category of
regu1ations. Expressly it is viewed as indispensable for protecting basic biological
systems."2 Regulation is a comprehensive administrative measure that is supported
extensively via legislation, without the provision for either direct, financial or
government incentive. Notwithstanding this, regulation in its distinct forms continues
to be the most favoured method of pollution control throughout the world. 13
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In particular, regulation for industrial polluters takes either the form of specific
permitted emission levels of different pollutants, or require specific pollution control
technologies or product specifications. Regulations also take the form of quotas when
dealing with resource depletion. Violations of regulations usually result in legal
punishment, that is a fine and or prison.64

Government expenditure is a relatively important means of protecting the
environment. Environmental expenditure is allocated via two means. Firstly, as
actions taken directly by government or state owned bodies and secondly through
subsides or grants provided by the government to private organisations and
households. Subsidies and grants are considered as two separate categories because of
the issue of ownership. Government expenditure is viewed as a grant where public
ownership prevails and a subsidy where private ownership predorninates.1,5

There are various categories of subsidies that give incentives to reduce pollution.
These may take the form of grants, soft loans, or tax allowances. These may be offered
for reduction in emissions below a predetermined benchmark, or for research
development and investment in specific forms of pollution control technology.
The first tool creates a distortion in that firms are encouraged to maximise their
discharges and hence inflate the starting point, prior to the introduction of the subsidy.
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Therefore unless applied in conjunction with the second tool and or with regulations
or taxes, it may not be possible to generate a real reduction in pollution within a short
time frame.66

Where the government controls important elements of infrastructure such as waste
management

,

energy production

.,

water supply and transport systems, they can

influence the environmental indicators on a large scale. It is precisely where large
scale changes are required that the other instruments may be insufficient and where
,

direct government action is the only viable alternative. 67

Both direct government actions and subsidies to private firms or household potentially
violate the polluter pays principle (PPP). The idea underlying the polluter pays
principle is that the polluter should pay for polluting the environment, as decided by a
public authority.68 It is attractive, to embody the idea that environmental externalites
should be internalised by those who cause them. This is simply because an individual,
firm or industry should be responsible for all its actions, especially those that generate
environmental implications. In a modern civilised society this is a fair and just way to
deal with this issue. This may indeed be accomplished in terms of property rights. If
the degrader must pay to degrade, the "ownership " of the environments clearly vested
in the community was whole.

18

Citizens have a right to enjoy an undegraded environment and polluters must pay for
the privilege of using it. The reverse is also true. However there is an important
philosophical and political difference."9

The only situation where government expenditure does not violate the PPP is when
environmental improvements are funded totally from revenues that are raised by taxing
those directly responsible for the damage. This is the situation that prevails in sewage
and water where the revenue collected from the community is used to fund water
treatment plants.

°

Both regulation and financial incentives make the polluter or degrader pay for the
damage caused (or preventing it) where as government expenditure signifies that the
cost is spread across the community.7' The violation is evident, as spreading the cost
across the community signifies that those not responsible for environmental damage
are bear the cost.

If producers are required to pay a charge equal to the environmental cost they impose,
then it is their best interest to adjust their activities in order to reduce their cost. The
level and process of production would accord with the social optimum in terms of the
value of the goods produced compared with the value of the environmental
resources. 72
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In this case the cost of environmental protection is not borne by the whole community.

Government expenditure needs to be cautiously adopted

,

if the result is not simply

allowing major firms to comply with the legal limit, as in countries such France
Sweden the Netherlands and Germany.73
,

Subsidies promote environmentally positive behaviour.74 (see figure 7) Financial
incentives are desigiied to make environmentally damaging activities more costly.
Accordingly in order to achieve environmental targets they adopt the price system.
The implementation of financial incentives may be interpreted as a means of
internalising the externalities of environmental damage. Such damage occurs as a
result of firms and consumers not paying the full cost of production or consumption,
that is they pay the marginal private cost and not the marginal social cost.
Subsequently at least in theory by levying a tax on an activity or product causes its
price to rise such that the price reflects the marginal social cost or the external cost to
society. 15

There are essentially three types of financial incentives excluding subsidies. Firstly
taxes and charges that are designed to discourage undesirable behaviour by rendering
it more costly, while simultaneously providing revenue to the government.
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Secondly tradeable permits which make environmentally damaging activities illegal
without a specially created right

,

which must be bought and traded thereby

encouraging less damaging behaviour. Thirdly Refundable deposits, which reward
environmental care by returning the deposit and penalise damage by confiscating it. 76

Virtually all financial incentives currently employed are concerned with pollution.77
However the rate of resource depletion (both renewable and non renewable) needs
,

to be addressed if a sustainable economy is to emerge. This is important because
resources are ultimately the only capital that humans have

71
.

The appropriate financial incentives developed for this field are resource depletion tax
and resource depletion quota. The first tool is designed to reduce the level of
extraction to a specified sustainable level. (There is an underlying assumption that we
can calculate this.) This naturally leads to higher prices, but encourages efficiency,
conservation and recycling. The second tool is devised such that there is a fixed limit
on the output or harvest of resources fixed at a specified sustainable level by
government.

'

Depletion quotas are particularly appropriate for renewable resources.8°

One postulates that depletion taxes and quotas may be applied directly to the
environment. This may be accomplished by treating the environment as a resource.

21
Resources are classified according to their practical value, and so there is a
conventional distinction between natural resources and non utilitarian resources.8

Natural resources have some tangible practical values while non utilitarian resource
have no such values. Natural resources historically are classified as forests, fish
minerals land

,

air water and so on.82 Natural resources are also subdivided into four

categories which is dependent on the degree to which they may be replaced by natural
man made processes. The classification includes non renewable resources recyclable
resources, renewable resources and inexhaustible resources.8 (see table 5)
Non utilitarian resources have intangible characteristics such as the quality of life,
equity and opportunity and the state of the environment. The significance of non
utilitarian resources depends largely on the perception of the public as to whether they
viewed as luxuries or necessities. The perception of the environment, that is it must be
viewed as tangible resource. Zimmerman argues "that resources are they do not
become", which is consistent with the methodology that the environment is there and
that it is tangible because it sustains us.84 It is precisely this that individuals fail to
visuahse.

There principle stating what constitutes a resource is

"

anything that can be regarded

as a resource if it offers a means of aftaining certain socially valued goals". 15
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The term means refers to factors such natural resources labour and capital that are
employed in the production process. The environment is not encompassed by this
principle. Therfore a more suitable conceptualisation needs to consider the biosphere
as the principal resource

,

which needs to be protected if the economy is to achieve

sustainability in the long run. When conceptualising sustainability we need to
distinguish between "growth and "development" according to Costanza, Daly and
Bartholomew. Their view of economic growth, is an increase in quantity, that cannot
be sustainable indefinitely on a finite planet. This is opposed to their view of
development as an improvement on the quality of life without necessarily causing an
increase in the quantity of resources consumed which may be sustainable.86 The
sustainable development definition considers the level of resources. Furthermore, it
indirectly regards the environment as the principal resource.

Consequently the government by implementing a depletion tax could reduce the
amount of environmental degradation ,or alternatively through a depletion quota, limit
the level of environmental degradation for any given time period.

The most recognised tool of financial incentives utilised to reduce industrial pollution
is a tax or charge.87 There are two taxes that are implemented with this tool The first
.

is an effluent charge and the second is an input charge. The effluent charge is can only
be implemented where a point source is established.
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In complete contrast an input charge can be implemented irrespective of whether a
point source has been identified. The latter is therefore implemented where diffuse
source exist. 88

The underlying characteristics of point sources is that the origins can be traced to
specific points of entry into natural waterways as in sewage and stormwater outfalls,
intensive animal industries and industrial discharges. This is in contrast to diffuse
sources where the origins are scattered broadly and not specific, where the
responsibility may be of many thousands or even millions of polluters in many
different locations.

This is the very case, for example, with runoff of farm wastes

containing concentrations of fertiliser n1trates.9° In such instances it may be possible to
tax the inputs which are source of the pollution. This is plausible in particular if the
relationship between the input and the polluting output is fairly stable

,

thus likely

control pollution."'

In Norway and Sweden charges are levied in this way on the level of nitrate
fertilisers.92 However, this can lead to a market failure because we have not clearly
identified the polluters. Additionally if industry is forced to pay an input charge for
pollution that it does not generate it will invest in tax avoidance.

24
Each of the instruments outlined have good qualities and can generate positive
outcomes. Some have qualities that may generate unfavourable outcomes and
therefore need to be implemented with a degree of caution. In the final analysis they
should not be ranked in relation to their perceived effectiveness, rather applied in
relation to the problem that needs to be addressed.93 Accordingly if meeting
environmental targets with a degree of certainty and speed is the oblective then
regulations and tradeable permits and regulations are the preferred instruments. In
particular they are appropriate when output is expanding. Furthermore where the
specified emission is not zero, then taxes are preferred to regulation.94 This is
usually aimed at controlling consumer behaviour rather than producer behaviour.
Conversely regulations are preferred to taxes and tradeable permits where the
environmental target is zero and in situations in that require an instantaneous
reduction in a damaging activity.95

The application of conventional principles approach advocates various instruments to
deal with the impact of fertilisers on the environment. The main problem is that
virtually all of the instruments, with the exception of input charges and research and
education, can only be applied where there are obvious point sources. However the
administrative costs for identifying the various sources would be immense. In addition
to the initial identification of a point source, there would be a need for continuous
monitoring, which would require further outlays.
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Having achieved this, then there are the administrative costs associated with the
instruments one wants to adopt. In addition the imposition of a tax levy's may
precipitate political debate as to the distribution of revenue resulting in intensive
lobbying activity as to who should obtain priority for their district. Even if this may
not be a critical issue ,the imposition of a tax levy on individual farmers or an input
charge on fertiliser, may not reduce the level of nitrate pollution. This is because
environmental problems such as the nitrate problem involve products or activities with
inelastic demands. This is at least true over the range of prices at which it is
considered politically feasible to impose charges. The price elasticity of fertihsers is
calculated at about 0.3%, therefore if the price goes up by 1%, the volume of fertiliser
purchased will fall by 0.3%. Once the relationship between fertiliser use and nitrate
pollution is taken into account, the result is that it would require a tax of 40% to
reduce nitrate concentrations in the water system by 5%. The consequence of such a
tax on farmers' profitability or on the price of food would be very considerable.
Consequently given that farmers consider nitrate fertilisers as essential any attempt to
,

regulate a reduction in use

,

say by rationing, would inevitably lead to severe

reductions in food supply. 17

The determination eluded to here is that reductions of the environmental impact of
products with low elasticities can only be achieved with high costs. This occurs as
there are no readily available substitutes to fertiliser in agricultural activities.

26
Now an uncompromising advocate of the polluter pays principle might argue that these
low elasticities are only in the short term. Theoretically, when shortages or higher
prices emerge this would force consumers and producers into alternative patterns of
activity. For example organic farming may become an economic alternative. However
this is not representative of what occurs in the real world

,

as short term costs might

simply defeat the policy before it is even formed.

It is postulated that low elasticity carries the seeds of its own solution. The imposition
of a tax on an inelastic product or activity does not alter consumption, and only raises a
large revenue. A 40% tax on nitrate fertilisers would lead to 5% reduction in nitrate
concentrations, but generate 142 million revenue, or the equivalent of more than 10%
of the subsidy given to farmers in the same year.

Therefore the government through

collecting this tax revenue from products or activities with low elasticities is able to
redistribute the funds in the form of subsidies in order for consumers to switch to
alternative means of production. This literally means that through government
expenditure, one is attempting to raise the elasticity of a product which may lead to a
switch in products. Accordingly farmers could be given a subsidies to switch away
from highly chemicalised farming methods towards a greater use of organic inputs.
Essentially any subsidies of this nature may be one part of a shift in financial
assistance to agriculture, increasingly accepted as necessary, away from price support
for intensive agrochemical farming.

27
However it is imperative to note that organic sources of nitrates also contribute to the
nitrate problem as previously stated. 1112

Existing policies dealing with the nitrate problem

Policies aimed at reducing the level of nitrate pollution are likely to raise food prices.
This would occur where the policy instrument is a financial incentive such as a tax.
The proportional fall in food consumption and the increase in outlays is viewed as
being approximately equal across the income bands. Given that there is a proportional
fall in consumption throughout the income bands, then technically a policy aimed at
reducing nitrate pollution is not viewed as regressive according to Jacobs.'°3 A policy
is viewed to be regressive if it affects the poor proportionately than the rich.104
The percentage of income spent on food by the poor will always be greater the
percentage of income spent on food by the rich. This means that any increases in food
prices is considered to be regressive.

The use of subsidies or government expenditure may be required such that
individuals or firms do not pass on higher costs in terms of higher prices. Accordingly
an environmental policy needs to have inbuilt social considerations such that the costs
of meeting environmental targets falls equitably. This inevitably means that
government expenditure is needed to compensate the poor. 105
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The conventional instrument that is currently adopted in the Northern Territory to
prevent nutrient build up in the waterways is the voluntary approach The tools that
.

are employed in this voluntary approach are through research and education. This
research and education is conducted by the Department of Industries and Fisheries.
The Department has an agricultural division which is involved in research projects.
Additionally the department is not oblivious to the nitrate problem interstate, and
hence it can pass on the valuable lessons from interstate practices. The information
that they provide to farmers is directed at achieving fertiliser efficiency through
appropriate agricultural practices. Through research they can provide farmers with
information on crops, crop rotation, irrigation, fertiliser application time, soil
management, use of organic manures.'° These measures are all targeted at achieving
fertiliser efficiency and hence reduce and minimise the runoff. The real incentive for
farmers to adopt new practices, lies in the potential savings made in purchasing less
fertiliser. With the right information optimising their fertiliser application, means
they will reduce the natural tendency to overfertilise.107 Therfore by increasing the
farmers awareness it may possible for them to adopt good management practices and
avoid the nitrate problem. It is only a problem to the extent that it leaches from the soil
into water. This may seem as if the problem is being redefined, however as economists
there is no reason as to why we cannot reduce the extent of an externality within an
economic framework utilising technology.
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Research and education are aimed at decreasing the extent of an externality. This is
indicative of perceptions of the environment are changing such that it is gradually
understood that the environment has limitations.

The environment may therefore be viewed as a positional good. The term positional
good is used denote a good which is limited in the absolute availability either naturally
or through social considerations. Such a good is subject to congestion if used more
extensively. This characteristic is shared by public goods. Economic growth can
supply more material goods but it cannot increase

,

and may even diminish by its

effect on the environment, the quantity of such positional goods such as a scenic view
fishing grounds, or in this case nitrate free water. Effectively all that economic
growth achieves is an increase in the demand for positional goods. Given that the
supply for such goods is limited, then demand pressures results in an increase in price.
Accordingly the limited supply of positional good leads to disillusionment with
economic growth.

CHAPTER 4- APPLICATiON OF THE CCT TO THE
NITRATE PROBLEM
The environment could be interpreted as a positional good. This is supported by the
fact that the biosphere has finite limits which have remained regardless of
technological advancements.110
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In viewing the environment as a positional good we must consider the possibility of
congestion. Accordingly there is a need to find solutions to limit the encroachment of
the outer limits. There is overwhelming evidence that through agricultural activity we
are affecting the very drinking water in the environment we depend upon.
Consequently, if the environment is limited, then introduction of contaminants or
disposal of waste products reduces the amount of this positional good. This reinforces
the notion that the marginal social cost of consumption is positive, if the environment
is a positional good, then the implementation of the Cradle to grave transformation
leads us to the conclusion that perhaps there is a case for exploiting organic natural
resources before producing synthetic ones for a desired activity. The most appropriate
means of defining and/or describing the COT is via a pictorial representation as
highlighted in figure 8.111 in this diagram clearly highlighted is the normal production
function transformation (PET) via the classic

input

-

output" function, in which

goods and services are combined in various combinations to produce other goods and
services. Additionally the PET is consolidated with three major constItuents

,

these

being production, consumption and distribution. There are however several key
additions to the PET which when incorporated give rise to the CGT. Effecively the
new additions fall into the category of the environment, such that COT, now
incorporates the environment as an important component along with production,
consumption, distribution. Accordingly the environment is endogen ised, rather than
dealt with as an externality.
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In any production process, before any production can occur

,

we need raw

materials, which are derived from the elements of nature. in these processes there
will almost always be waste products, some of which are clearly documented given
their impact on the environment, others not necessarily detailed in any great length.
In addition to this, there is also a contingency for the environmental impact of
employing the "end products", whether they are designated for Household, Industrial
or Agricultural purposes. Accordingly any impact on the environment will
undoubtably engender health implications.

The CUT is important because it allows us to compare the cycle of natural products
with that of synthetic products. The implementation of the CUT is not necessarily
concerned with a mere substitution from a synthetic product to the natural product as
this does not resolve the nitrate problem.

Ihe CUE is approach helps us to appreciates how waste products become raw
materials for production. Furthermore it allows us to demonstrate that the
production of organic manure is a self sustaining cycle that does not reduce the
elements of nature (environment). 'I'his is in contrast to the synthetic production cycle
which continuously draws on the elements of nature. An example of a production
cycle that generates synthetic products is represented in figure 9.
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More specifically figure 10 represents the formation of nitrogenous fertilisers. This
provides some idea as to the natural resources that are extracted and the various
processes and plant that are employed.

The self sustaining cycle provides us with continuous supply of organic manures.
However manures and slurries have some unfavourable characteristics. The first is
these is the odour. The second is the bulky composition which is attributed to the large
water content, which is responsible for some drawbacks. 1'hese are that is costly to
store, uneconomical to transport and there is uncertainty in composition. 12

Given these characteristics organic manure is thought of as a waste product, even a
pollutant by the farming community. 'l'his is ironic because the material is potentially
worth millions. The CGI' treats this perceived waste as a commodity and therefore a
raw material. In fact the estimated value of pig and poultry manure in the
industrialised countries of Northern Europe could be worth over 400 million pounds to
the farming community if it could be directly applied to replace nitrate fertiliser. 1 13
However this is just voided in confined spaces and disposed of, thus compounding
the nitrate problem. One might consider harnessing this resource with the aid of
technology. Alternatively one could return to the old methods of harvesting this
resource. 114

33
This is not suggesting that we no longer produce synthetic fertiliser, rather that they
be produced in order to complement natural fertilisers. This in theory should
contribute to reducing excess nitrates in the aquatic environment. Any reductions in
the level of nitrates in the aquatic environment signifies that less resources need to be
employed in order to remove them from the drinking water supply.

The CG'F may be used in conjunction with government expenditure in order to
promote the use of organic inputs. The distributional impacts of such a policy are
hypothesised to be quite equitable. Additionally it may be employed with voluntary
mechanisms that are designed to achieve fertiliser efficiency.

in the final analysis if one does not agree in applying organic manure to the soil, we
are still faced with the problem of disposal, which intensifies the nitrate problem.

CHAPTER 5- COCLUSIOS AD RECOMMENDATIONS

The conclusions that emerge from this dissertation is that there are health and
environmental implications associated with the application of nitrogenous fertilisers.
The conventional approach adopted by mainstream economics has definitive
limitations.
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The conceptualisation of the environment as positional good provides us with a more
accurate picture of reality The implementation of COT provides us with a fresh
approach in minimising the nitrate problem. In conclusion there is a significant role for
the CGT production in environmental policy.
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Figure 4
ExarnIes of Ground Water PoHution in the U.S.A.

NI ost o f the ined iii and niaga/ine coverage of groun
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icals, pest lefties, and gasoline have
been the invaders of once pristine d rinki
ng-v ater wells. Examples of such
incidents include:
• A state of Michigan report released in
1979 listed 268 contaminated
sites (3 percent by haiardous substance
, oil, of - gas) and suspected
Contammnatu)ii ii 3I sites; poten
tially poliuting activity has or is taking
pae at over 50,000 sites. r)eterrnurirrg the
extent of the pollution will
cost from $2.9 nnllion to $40.1 million.21
• Organic cheiirieal contamination forced the
closing of nearly one hundred
drinking-water wells in Jackson i ownship,
New Jersey, in 1972. Chemicals found included benierie and triehioroet
hvlenc (TCE).2
• Bedford, M assaehusetts, lost four sveils suppl
ying i0 percent of its ci rinking
water when they sere found to he contamin
ated with up to 500 ppb
ICE and 2,000 ppb dioxane.30
• A shallow aqnilcr outside of 1)enver was
contariuriated when chemical
wastes nihitrated into tire groundwater from
unlined holding ponds.31
• Gray, Maine, v, as the site of sixteen well
closings in 1977 because of
contamination from it nu niber of chem
icals. ] hey were located near
a facility that processed waste oil from a tanke
r spiN. Municipal water
lines were extended at a cost of S500,000.
• Groundwater in the San Joacinin Valley was
contaminated with the pesticide
I)BC1. According to state health departme
nt employee John Gaston,
approxunateiv 35 percent of the wells in the
valley have been afhcted.33
• in Battle Creek, NI ichigan fourteen city
'. ells and eighty priva
te wells
were closed due to the presence of vinyl chlor
ide, TCF, and heniene.34
,

• in Perham, Minnesota, eleven of thirte
en people who drank from a
well became ill from arsenic poisoning. I
)uring the 1930
an
s, arsenictreated pesticide was buried in the area. Whe
n tire vell was tapped in
1972, the arsenic became it health haiard.3

Source: Toxic Terror, p.348

Figure 5
Examples of Surface Water Lollution in the U.S.A.

• 1 rianii, Alabama, where the Centers (or l)isease Control tested blood
from local residents in 1979 and found that 25 percent had five times
the national averaie level of PCU and tell times the average level of
l)J)T. Indian Creek, a tributary of the Tennessee River, was contaminated
with the Same pollutants. The source was a nearby U.S. Army missile
base where four thousand tons of chemicals were left in a Swanlp 51
• In 1974 the EPA discovered that New Orleans water contained nicasurable amounts of sixty-six chemical compounds. .1 he Mississippi River
is the source of New Orleans drinking water.54
• The General Accounting Office listed twenty miles of Colorado streams
as being void of all aquatic life in 1978. The causc--drainage from area
mining.55
• For approximately twenty-five years the Reserve Mining Company in
Northern NI innesota dumped tailings (leftover debris) into Lake Superior.
Many pollutants sere in the discharge, including asbestos, which is a
proven carcinogen when inhaled. The company agreed to foot the bill
to filter drinking water for I)uluth, Minnesota, and three other towns
at a cost close to $ 1.9 million during the early 1980S.51,

Source : Toxic Terror, pg.351

Fi2ure 6
Mar2inal Social Cost of Consumption

PC

MargnaI soci al
cost of consumption

The marginal social cost of consumption is zero over the range OC. This signifies that
preliminary waste disposal activities are invisible or unnoticed. However after point c
is reached, the marginal social cost of consumption is positive. This is because there
is evidence of congestion, which is reflected as noticeable (and increasing) levels of
pollutants in the environment. The positive marginal social cost of consumption is
highlighted by an appropriate price and quantity, which in this instance is price Pc and
quantity Qc. The marginal social cost of consumption becomes progressively more
positive as the level of congestion increases and therefore encroaches upon the
capacity constraint. The capacity constraint refers to the finite limitations of the
environment.

Source: Policy Analyis- concepts and practice,p.47
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Subsidies that promote environmnetallv positive behaviour
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Figure 8
Cradle to Grave Transformation (CGT)
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Figure-lO
The production of synthetic fertilisers

In order to appreciate the synthetic production of fertilisers we need to examine the
,

various elements from which or compounds from which they are derived There are
various nitrgoeneous fertilisers such as Ammonium Nitrate (NH4NO3 ), Urea
(HINCNH2 ) Ammonium sulphate [(NH4)2SO4] and Calcium Nitrate [Ca(NO3)21

Ammmonium Nitrate is formed from the reaction of Ammonia (NH) with nitric acid
HNO3 The reaction is as follows:
.

HNO (1) + NH, (g)

-

NH4NO. (s) + H20 (I)

Clearly highlighted in this reaction is that Ammonium Nitrate is formed from two
compounds, both with the element nitrogen (N) in common

.

This is an important

observation as the individual compounds are in fact formed from elemental nitrogen.
The major source of the element nitrogen is from the air we breathe in the atmosphere.
The atmosphere is comprised of 78.8 % nitrogen

.

The method of extraction is

distillation of air.' This process is relatively harmless and generally the quantities
,

extracted are insignificant.2In one sense the supply of nitrogen is unlimited.

The distillation of air will not only produce nitrogen but also oxygen. This means that
an industrial plant will produce both elements, both of which will be present in a
diatomic state ie, N2 and 02

Having established the source of nitrogen and its extraction

,

the next step is a

conversion of Nitrogen to Ammonia. This is achieved by the Haber Process The
overview of this process can be demonstrated by the following equation.

N2 (g)+3H., (g) —> 2NH3 (g)

(H 2 -Hydrogen)

A simple schematic diagram of the reaction process is as follows

Impure N 71 H2
Unwanted trace gases ren
Pure N2, H,
Pure gases Catalytic Con'
-

Cooling Chambers
Liquid NH3 (yield 20% on each cycle)

The other substance used in this reaction are as follows
Iron oxide Fe304
-

Pottassium Hydroxide KOH
-

Aluminium oxide AL,03
-

Silicon dioxide

-

SiO2 (sand)

Magnessium oxide -MgO
(1) Potassium Carbonate K2C01
-

(G) Copper catalyst

These compounds although not present in the overall equation, do play a role in the
formation of Ammonia. These compunds may also need to be synthetically produced.
The manufacture of hydrogen today is achieved through hydrocarbon reduction
methods.

A general reaction of this method is as follows :

[Ni

L 750°C
CH4 (g) + 2H20 (g)
CFI4 = Methane

H20 = Water
CO., = Carbon Dioxide
Ni = Nickel catalyst
-

C07 (g) + 4H, (g)

In this reaction there is a requirement for two compounds to form the element
required. In the above process water is readily available

,

but methane needs to be

manufactured. There is a separate process called thermal cracking in which petroleum
is converted to various alkanes.' The other source is natural gas which is 97%
methane. In order to manufacture pure methane this can be achieved via fractional
distillation.7

Once we have acquired our main components for the Haber process it will then be
possible to produce Ammonia. This is excluding the various catalysts and compounds
required.

Having reached this far the next step is to generate Nitric acid Nitric acid is produced
.

commercially by the oxidation of ammonia in the Ostowald process. The flowchart for
this process is shown below. 8

.L-NH 3
Oxiadation of NH3 to NO at 900°C with Pt-Rh catalyst

'I..
NO oxidised to NO2 at 25°C
NO2 dissolved in H20 to form HNO3 and NO

4

4

As we can see from this flow chart that Ammonia is converted to Nitric acid

.

This

process produces 50% Nitric acid by mass which can be converted to 68% nitric acid
,

by distillation. In order to achieve a 95 % concentration we will require sulphuric acid
(H2SO4)

,

which is used as dehydrating agent

.9

In this process we also require a

platinum rhodium catalyst Each year 0.5 tonnes of platinum is lost in the process.
-

Once we have produce both compounds it is then possible to produce our ammonium
nitrate fertiliser. The overall production of fertiliser will occur in more than one plant.
It would not be physically possible to produce all of the various chemicals required at
one plant.

The industrial production of urea requires carbon dioxide and ammonia.

'°

Carbon dioxide can be easily made from various sources one of which is a by product
,

in the ammonia process. The simple reaction is as follows;

CO2 (g) + 2NH3

-*

H2N-C- NH.,

11

The industrial production of ammonium sulphate can be shown by the following
simple reaction: 12
NH3 (1) + H2SO4 (I) -* (NH4)2 SO4 (s)

Some European countries react Nitric acid with phosphate rock to give nitrophosphate
fertilisers according to the following idealised equation ;
Ca10(PO4)6F2 + 14 HNO,

-

3Ca(H2PO4 )2 + 7Ca(N01)2 + 2HF

(phosphate rock)

These reactions demonstrate that in order to synthetically produce fertilisers, that
various plants and processes are reqired. These processess reqiure raw materials on a
continous basis The implications of these processess are that they continously draw
.

on the elements of nature.

Sources
F. Stocchi Industrial Chemistry p.252
,

,
,

M.N. Greenwood Elements of Chemistry p. 472-473
,

,

ibid., p. 702-703
S.S Zumdal, Chemistry p.787
,
,

.

M.N. Greenwood Elements of Chemistry p. 482
,

,
,

R.N.Boyd & R.T. Morrison ,Organic Chemistry, p.117
J. McMuny, Organic Chemistry, p.78
S.S Zumdal, Chemistry, p.795
.

Sulphuric acid also requires another industrial process. The method is available in
E. Stocchi Industrial Chemistry, p. 201-2 15
,

R.N.Boyd & R.T. Morrison Organic Chemistry, p.886
.,

M.N. Greenwood Elements of Chemistry., p.330
,

E. Stocchi, Industrial Chemistry,p.218-220
M.N. Greenwood Elements of Chemistry, p.538
,

Table 1-5
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Table I
Fertilisers applied, 1989-1990

Fertiliser/crop

NSW

Vic.

Old

SA

WA

Tas.

NT

ACT

'000
tonnes

'000
tonnes

'000
tonnes

000
tonnes

'000
tonnes

'000
tonnes

'000
tonnes

1000
tonnes

410.2

330.0

24.7

201.7

628.1

68.2

0.3

1.0

48.1

70.8

4.4

74.7

120.6

0.1

0.0

0.0

0.0

0.0

16.0

0.0

0.0

0.0

0.0

0.0

Super-phosphate fertiliser
Pastures
Wheat
Sugar cane
Other crops

53.6

80.6

18.1

70.0

143.6

12.1

0.6

0.0

511.9

481.4

63.2

346.4

892.3

80.4

0.9

1.0

Pastures

17.5

12.3

21.2

2.8

7.4

0.8

0.0

0.0

Wheat

30.5

5.1

14.1

7.0

64.7

0.0

0.0

0.0

Sugar cane

0.0

0.0

88.7

0.0

0.0

0.0

0.0

0.0

Other crops

92.0

14.2

72.3

13.8

16.2

1.8

0.5

0.0

140.0

31.6

196.3

23.6

88.3

2.6

0.5

0.0

0.5

0.0

Total
Nitrogenous fertiliser

Total

Other fertiliser compounds and mixtures
Pastures

13.7

176.8

11.1

18.4

43.1

28.4

Wheat

49.0

20.5

3.6

54.5

186.8

0.1

0.0

0.0

Sugar cane

0.0

0.0

119.3

0.0

0.0

0.0

0.0

0.0

Other crops

57.4

42.5

46.4

53.4

63.1

19.8

0.8

0.0

120.1

239.8

180.4

126.3

293.0

48.3

1.3

0.0

772.0

752.8

439.9

496.3

1 273.6

131.3

2.7

1.0

Total
Total

Source: ABS p.I66

Table 2

Livestock numbers and livestock products 1993-1994

NSW

Vic.

Old

SA

WA

Tas.

NT

Aust. (a)

'000

'000

'000

'000

'000

000

'000

'000

6 127

2 604

9 656

1 056

1 683

507

1 434

23 080

364

1 585

286

147

123

172

1

2 678

46531

23439

11547

14679

31952

4324

0

132569

834

460

682

440

312

46

3

2775

29872

11668

11067

5988

6002

595

218

70610

7 290

Livestock numbers
Meat cattle
Milk cattle(b)
Sheep and lambs
Pigs

Poultry
Livestock slaughterings(c)

1 988

1 394

2 782

400

439

187

62

Calves

221

583

149

9

4

23

0

992

Sheep

6067

3976

857

3078

2952

526

0

17641

Lambs

3992

5601

670

2364

1553

438

0

14967

Pigs

1 491

1189

1 208

5621

550

96

np

129 736

85 798

54 133

28376

31 482

np

np

'000
tonnes

'000
tonnes

'000
tonnes

'000
tonnes

'000
tonnes

'000
tonnes

'000
tonnes

'000
tonnes

Beef

466

315

743

94

102

48

11

1 786

Veal

18

14

6

0

0

1

0

39

128

85

17

71

62

10

0

377

Lamb

69

101

11

45

25

7

0

265

Pigmeat

99

79

85

38

32

6

np

344

193

124

72

41

39

np

np

469 (e:

Cattle

Chicken (d)

Livestock Products(c)

5 190
329 525 (e)

Meat(f)

Mutton

Chicken meat (g)
Wool
Shorn wool (incl.crutchings)

253

137

58

99

209

19

0

776

Other wool

17

15

2

8

9

2

0

53

Total wool

269

152

60

107

218

21

0

828

1097

4967

764

456

344

447

0

8076

Totaleggs('ooOdozen)

67802

39493

na

12705

na

3755

1742

128813

Hnnevnroduced(tonnes)

11270

4905

2919

4096

2172

623

0

25990

Whole milk intake by factories
(million litres) (h)

includes ACT.
Excludes house cows and heifers.
Includes estimates of animals slaughtered on farms and by country butchers,
Comprises broilers, fr'yers and roasters.
Esciudes Tasmania, NT and ACT.
Dressed carcass weight, excluding offal.
Dressed weight of whole birds, pieces and giblets.
Source: Australian Dairy Corporation (ADd.

Source: ABS, p.159

Table 3
Total

nutrient inputs from point and diffuse source to streams

Point sources

Diffuse sources

Ratio Point/Diffuse

TP

TN

TP

TN

TP

TN

Dry year

650

3 900

250

1 600

2.6

2.4

Average year

750

4400

950

6 700

0.8

0.7

Wet year

900

5 300

4 300

28 000

0.2

0.2

Note TP

=

Total Phosphorus TN

=

Total Nitrogen

Source: ABS pg.301

Table 4
Some Cases of methaemoglobinaemia and associated nitrate concentrations

Source

Country

Cases

Nitrate
concentration
(mg I

Comly (1945)

USA

52

388, 619

kanecdota) 283-620
Choquette (1 980)

USA

1

1200

Busch and Meyer (1982)

USA

1

545

Johnson etal. (1907)

USA

1

665

Ewing and Mayon-White (1951)

UK

2

200, 95)0)

Acheson (1985)

UK

14

> lOt)

Deak (1985)

I lungary

95

40-100

1258

>180

1

200)0)

Hye-Knudsen (1985)

Denmark

All of these cases were associated svitli water f r om welts. 'The svells were dug privately in
98% of the cases.
Known fatal case,
(0) Water known to have been bacterially polluted.

Source : Farming ,Fertilisers and the Nitrate Problem, pg.3.

1'able 5

Classification of natural resources

NON-RENEWABLE RESOURCES

are not generated or reformed in nature at rates equivalent to the
rate at which we use them', eq. petroleum.

RECYCLABLE RESOURCES

resources. . .which are not lost or worn out by the way we use them,
and can be reprocessed and used again and again', eq. many metali;.

EENEWABLL RESOURCES

include all living thincjs that have the capacity for reproduction
and growth. As long as the rate of use is less than their rate of
regeneration, and as long as their environments are kept suitable,
they will go on replacing themselves. However, living communities
are not necessarily renewable, if the way in which we use them is
destructive. No living species can survive if we crop it at a rate
more rapid than it can reproduce, or if we destroy the habitat in
which it depends'.

INEXHAUSTIBLE RESOURCES

'those such as sunlight, which will continue to pout onto the eatth
as long as humanity will be around, whether we use it in certain
ways or not'. Other examples include water resources or; the world
scale.

Source: Natural resource Manaemeut,pg.46
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