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A Benchmark for Risk

Captain Pip Gardner was serving in 1941 with the Royal Tank regiment at
Tobruk, in Libya, when he was sent with two tanks to rescue a pair of
armoured cars that were out of action and trapped by enemy fire. He
ordered one tank to give covering fire, advanced in the other towards the
armoured cars and, under heavy machine-gun fire, crept out of his tank to
secure a tow-rope to one of them. He then spotted a man lying beside it with
both legs shattered and stopped to lift him into the armoured car before
returning to his tank. As he did so he was shot in the leg. The tank set off
with the armoured car in tow but the rope broke. Despite his wound,
Captain Gardner got out of the tank again and carried the wounded man
from the armoured car to his tank, this time being shot in the arm. He was
awarded the Victoria Cross for his bravery on that occasion and the Military
Cross for another episode in which he risked his life trying to save the life
of a comrade. (From the obituary column of The Week, 22 February 2003.)

Risk in war is a specialized category of risk, because the captain and his
comrades were expected to risk life and limb, and a fair number of them
returned permanently injured from the desert or failed to return at all. We
should remember them with gratitude. Risk in war has o further part in
this chapter, but it is essential that we remember the risks taken by Captain
Gardner and his comrades and use them as a benchmark by which to put
other risks in perspective.

What Do We Mean By ‘Risk’?

Captain Gardner survived his wounds and lived until 2003, but I wonder
what this gallant officer made of the society in which he spent his latter
years, safer than at any time in history but paranoid about some risks which
were trivial beyond words compared with those he had faced. He could
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have been excused for wondering if, with the war 50 years behind us, we
had forgotten what real risks were. In fact, are we altogether clear what
‘risk” means now? A 1950s Concise Oxford Dictionary I consulted seemed to
associate ‘risk” and the associated word ‘hazard” with the gambling table
and the golf course, while the (lengthier) 1990s Shorter Oxford English
Dictionary seemed to regard ‘hazard’ as a definition of ‘risk’. What does
‘risk’ actually mean?

The origins of ‘risk’

Bernstein (1996) considered that the word ‘risk’ has its root in the early
Italian word risicare, meaning ‘to dare’. He added that, ‘In this sense risk is
a choice rather than a fate’, a percipient remark to which we shall return.
This definition fits Captain Gardner’s exploits perfectly. He dared in the
best military tradition and he chose to risk his life repeatedly. But Bernstein
was concerned with risks of a different kind. His book is a fascinating
account of the mathematics of risk and the personalities involved in its
development. The ideas that evolved were applied first to gambling, which
probably explains the Concise Oxford Dictionary’s definition of risk. And they
were applied later to economics and then market economics. I have, unfor-
tunately, recently experienced the financial risk associated with the market
and therefore include a brief comment, but most of the chapter is concerned
with risks to humans and the environment, including those involving
nitrate.

Financial Risk

Money in whatever form is a human invention. Financial risk is therefore
largely a consequence of human behaviour, but this is not completely true
as shocks from the natural world can play their part in it too. North (2000)
took the view that financial risk-taking was not only inevitable but also
compulsory in a free market society. He also discussed whether or not it was
virtuous and suggested that the obvious relation with greed might obscure
the possibility that it is also a species of heroism. He decided that risk-taking
is necessary and, in that sense, virtuous. He justified this in terms of the
social value of risk-taking, which is considerable because it contributes
greatly to both wealth and employment.

For many retired people, including me, financial risk is virtually com-
pulsory, in North's parlance. There is nothing particularly greedy, heroic or
virtuous about us. It's just that when we save for retirement we have to put
the money somewhere, and we have been encouraged to follow North’s
concept and to comumit at least part of it to the stock market. But in the early
2000s, the free market was an unqualified disaster for us. We knew that
there was a risk but our financial gurus did not prepare us for what actually
happened. Is the problem simply an inevitable consequence of a ‘market’
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which is ‘free’ and therefore beyond human control, or has it more to do
with human failings?

' .Bernstein’s (1996) book carries the reassuring message that in economs-
1cs time changes risk, and that the market will bounce back in due course. If
you stay invested, you should be ‘all right in the long run’. The market has
bounced back to some extent but ] am not sure that the resurgence has a
sound basis. I would like to believe that my finances are safe in the hands of
the almighty market but I am not convinced, and the reasons for my lack of
faith spring from my experience of developing and using computer models.

Models

I'use the term ‘model’ to describe a theoretical construct usually written
either in the language of mathematics or in a computer language that is used
to describe the behaviour of the system under study. Such models are used
widely in both science and economics, and potential faults in models lie at
the root of much that we regard as risk. The sort of questions that I have had
to address with models for soil processes are:

¢ Is the model credible?

* Has it been properly evaluated before being used in decision making?

] Does the model behave in a non-linear way with respect to any combina-
tion of input and output? Non-linearity (Box 12.1) is an issue that fre-

quently arises in modelling and can lead to the related phenomena of
chaos (Box 12.2) and complexity.

[was intrigued to find that these were exactly the kinds of questions raised
by economist Paul Ormerod about three models that are central to market

theory. He raised them in a critique of current economics, which he entitled
The Death of Economics (Ormerod, 1994): ‘

¢ The ‘Law’ of Supply and Demand.
¢ The Competitive Equilibrium Model.
® The Money Supply Equation.

The same questions are raised later about models used in an environmental
confext.

Credibility of economic models

The ‘Law’ of Supply and Demand failed hopelessly when Ormerod con-
fronted it with a simple example. Teachers earn far less than do people with
equivalent qualifications working in investment banks. According to the
‘law’, this must be because far more people want to be teachers than want
to work in investment banks. This was readily exposed as the nonsense it
was

The Competitive Equilibrium Model is based on the highly idealized
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concept of a notional Auctioneer who coordinates the responses of an infi-
nite number of rational producers and consumers, each of whom pursues
their own interest. It is the task of the Auctioneer to clear the market -
instantaneously. Ormerod described it as ‘travesty of reality’, mainly
because the market consists in the main of a few very large multinational
companies, rather than the near-infinite large number of smaller producers
and consumers that is implicit in the model. Questions could also be asked
about how exactly this mysterious being manages to deal simultaneously
with all those transactions.

The Money Supply Equation is concerned with the amount of money M
in circulation and the velocity V with which it circulates. M and V' are
related to the average price level P and the quantity Q of goods and services
produced in an economy, such that MV = PQ. Money supply is claimed by
the proponents of monetarism to be a means of controlling inflation, but
Ormerod concludes that, ... the claim that inflation is always and every-
where purely caused by increases in the money supply and that the rate of
inflation bears a stable and predictable relationship to increases in the
money supply is ridiculous’. One reason it is ridiculous is simply that there
is no unique definition of money supply. It is defined by a series of indica-
tors, each of which has the prefix M followed by a number from 1 to 5. If the
concept of money supply is real, these indicators ought to move more or less
together in an economic zone but in practice M1, M2, M3, M4 and M5 all go
off in different directions, like the motorways whose names they share.

Thus, all the three models central to market economics fail the credibil-
ity test comprehensively. Note that the evidence has been provided by
Ormerod, himself an economist.

Evaluation of financial models before use in decision making

It is recognized in the sciences that no model is perfect, no modeller infalli-
ble, and that models tend to propagate error. Error propagation is a trap for
the unwary, particularly in my own discipline of soil science where so many
model inputs are subject to error in the statistical sense of variation. 5oil sci-
entists who develop models are unlikely to get them published unless they
show an evaluation of the model against measured data. Even Einstein felt
the need to test his theories against observations, but it seems that such
activity is disdained in economics. According to Ormerod, ‘in economics,
pure theory is held to describe how the world actually operates. There
is no perceived need to examine this empirically.’ There is a hint here of
what Medawar (1969, p. 17) described, when discussing pure and applied
science, as ‘the dire equation Useless = Good’. The distinguished philosopher
Sir Karl Popper (Box 13.1) provided an intellectual framework for evaluat-
ing theories by a process of falsification (Popper, 1959) and, if economists
are spurning this, they are setting a great gulf between themselves and
scientists.
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Non-linearity, chaos and complexity in financial models

Ma'my scientists and, it would seem, most economists would prefer to live in
a linear world. Unfortunately for them, the real world shows a definite pref-
erence for curves, and any system involving human beings is most unlikely
to behave in a linear way. The problems caused by this propensity, particu-
larly when non-linearity comes into contact with parameter variability, are
shown in Box 12.1. And the further possibility that non-linearity can lead to
chaotic behaviour is considered in Box 12.2.

iz B12.1.1. ¢ evaluated from equation (B12.1.2) for values of x,‘ Shbwjng‘s‘trori
s k=001, m=10.0,n=25. S
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There is no doubt whatsoever that chaos, in the scientific sense, plays a
part in economics. One of the classic examples of chaotic behaviour ig fognd
in cotton prices (Gleick, 1987). Introducing the concept of non-linearity into
economics also brings the idea of “increasing returns’ rather than the stan-
dard economic concept of ‘diminishing returns’ (Waldrop, 1993). Ormerod
(1993) seemed keen to introduce these new concepts into economics, but
Bernstein (1996) was dismissive of them. He wrote:

Students of chaos theory reject the symmetry of the (Gaussian) bell curve as a

description of reality. They hold in contempt linear statistical systems in

which, for example, the magnitude of an expected reward is assumed to be

consistent with the magnitude of the risks taken to achieve it, or, in general,
where results achieved bear a systematic relationship to efforts expended.

Bernstein seemed to show almost the exact response of a theoretical
economist to real data that was cited from Ormerod in the previous section.
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Gleick (1987, pp. 83~85) records a visit by the chaos theoretician Mandelbrot
to the Harvard Professor of Economics Houthakker, who had been studying
cotton prices. Gleick records that, ‘No matter how he plotted them,
Houthakker could not makes the changes in cotton price fit the bell-shaped
model’. The students of chaos theory to whom Bernstein objected had excel-
lent reasons for rejecting the symmetry of the bell curve. Data from the real
world rejected it as well.

As for their ‘contempt of linear statistical systems’, the students of chaos
theory could point to the chaos theoretician Brian Arthur who was also an
economist. Arthur had plenty of evidence that it was time to reject lin-
earized models. This evidence included the typewriter and keyboard layout
whose top line starts with QWERTY. This was designed in 1873 to slow typ-
ists down and stop them jamming their typewriters. Why, in the brave new
world of market economics, had this very inefficient keyboard not been
replaced? Arthur’s answer (Waldrop, 1993) was that everyone was using it
and it had become ‘locked into’ the system. But isn’t this an example of
increasing returns, something that cannot happen with a linear system?
Another example of increasing returns can be found in the fate of the Beta
videotape format. The Beta format was technically better than its rival the
VHS format, but the latter got a slightly larger market share Initially and this
small advantage rapidly turned into dominance of the market. This is a clas-
sic non-linear response that fully justified any ‘contempt in which the stu-
dents of chaos theory held linear statistical systems’.

Origins of financial risk

[ am no expert in economics, but Paul Ormerod, whom I have cited exten-
sively, is very much an expert. His book, together with my own interest in
modelling, non-linearity and chaos, suggests to me that at least part the root
of financial risk is to be found in the rather questionable models used by
economists, their failure to subject these models to evaluation against meas-
ured data and their apparent dismissal of non-linear phenomena. Ormerod
suggested that much current economic theory should be ‘abandoned or at
least suspended until it can find a sounder economic base’.

The necessary ‘sounder base’ can perhaps be found in research on the
economics of information by Joseph Stiglitz, a former chief economist at the
World Bank (Stiglitz, 2002). Like Ormerod, he does not believe that the sim.-
plistic models central to market theory work satisfactorily and referred
(Stiglitz, 2002, p. xii) to ‘the outworn assumption that markets by them-
selves lead to efficient outcomes’. Stiglitz’s research on market imperfec-
tions, the problems arising in an imperfect real world from the economist’s
assumptions of perfect competition and perfect information, seems essential
to the future credibility of ‘The Market".

Faulty economic theory is only one of the human failings involved in
the risk. The dubious and apparently criminal accountancy practices
revealed in the recent Enron, World-Com and Parmelat scandals have
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added to financial uncertainty and risk both directly and because of the sus-
picion that they are just the ‘tip of the iceberg’. The behaviour of politicians
can have a substantial impact on financial risk too. And the financial report
on the radio often mentions ‘sentiment’ as a factor in market trends.
Sentiment must surely be a non-linear phenomenon?

Risks to Humans and the Environment

Financial, human and environmental risk may be more related than might
at first seem likely. One reason for saying this is that the environment, like
money, is essentially a human concept. Another is that risks to humans and
the environment, like financial risks, result to a large extent from human
activities and often human greed. The two types of risk may be inter-related.
Enterprises bearing financial risk may have this risk increased by environ-
mental factors or environmental legislation. The other side of the coin is that
these same enterprises may put habitats, species or humans at risk. Also,
models are involved in the assessment of risk in both cases, but the defini-
tion of ‘model’ is broader for environmental risk. As with financial models,
potential faults in models are an important consideration in risk, so inap-
propriate or unevaluated models are just as much of a problem in the envi-

ronment as in the financial world.

Definition of ‘risk’ in a human or environmental context

The main difference between financial and other risks is that only the
human species is likely to suffer financial risk, while many species, includ-
ing humans, may be at environmental risk. Another difference is that while
the definition of financial risk is essentially loss of money, the definition of
risk in an environmental context is not so straightforward. Addiscott and
Smith (1997) considered that both ‘hazard’ and ‘risk’ needed to be clarified
in this context and suggested the following definitions.

Hazard: Something exposure to which may cause undesirable effects.
Risk: The probability that an undesirable effect will occur.

Probability has to be included in the definition of risk for two reasons. One
is that, while there are some hazards to which exposure carries the certainty
of ill effect or death, far more hazards have an uncertain outcome which can
only be expressed in terms of their statistical probability. Another important
reason for introducing probability is that it provides a means of comparing
risks, something that is frequently essential.

Introducing probability, though essential, has its problems. One is that
the public likes certainties and tends to be encouraged by politicians and the
media to expect them. But the only certainties that can honestly be offered
by scientists are those identified by Benjamin Franklin, death and taxes.
Another problem is that the public is not numerate, and those presenting
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century. Arguably, the real problem technological advance has brought is
that chemicals can now be measured, and therefore worried about, at far
smaller concentrations than before. The European Community (EC) limit for
any one pesticide in potable water is 0.01 ppm. This figure was chosen
because it was the limit of detection at the time, so the legislators were effec?—
tively saying no pesticides should be found in water at all. If they were seri-
ous about protecting the public, they should perhaps have banned the sale
of coffee as well. ‘

The pesticide limit was determined by the limitations of analynlcal
organic chemistry apparently without any reference to biology or any risk
assessment. Decisions of this nature can become a risk themselves. If there are
too many of them, we could find ourselves in an over-rigid regulatory system
that inhibits useful or enjoyable activity without contributing to safety.

The reality is that there is no such thing as absolute safety, and if there
were it probably would not be good for us. One reason suggested for the
increase in asthma and allergy problems suffered by children is that they are
now brought up in so antiseptic an environment that their immune systems
are not challenged adequately by germs when they are young. Rerhaps the
reason so many people are so obsessed with environmental risks is that they
have been so safe from other forms of risk for so long. What we need to ‘do
is to try to assess risks on as logical a basis as possible so that we optimize
the balance between productive or enjoyable activity and the risk that it
entails.

Reciprocal risk

The term ‘reciprocal risk’ is used here to define an important issue that has
been addressed by others such as Gigerenzer (2002) but .not, S0 fa}r as I can
see, given any particular name. When we consider the risk c')f df)mg some-
thing, it is essential that we compare it with the risk of not doing it. An obvi-
ous example is the inoculation of children against illness. People are
naturally concerned that some inoculations carry a risk tl}at something will
go seriously wrong, possibly disabling the child. Tl_*us risk i3 z.always
extremely small, but it can discourage parents from going r-zlhead wﬁh the
inoculation. It is vital that they consider too the risk of not inoculating the
child, which may have even more serious consequegces, and not onlyq to
that particular child. The proportion of parents rejectmg the MMR vaccine
(for measles, mumps and rubella) in the UK has hugely increased the risk of
an epidemic of measles. The data are usually there for jparents to compare
the probabilities associated with the two risks, but it is clear from media
reports that the reciprocal risk is often ignored. ' .

The great ‘seat-belt debate’ we had in the UK in the 1960s provides
another example. A friend of mine used to argue that some pgople wearing
seat-belts in their cars were killed or injured in accidents, so it was }1r.1w15e
to wear one. I could never persuade him that more were killed or injured
when not wearing them.
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Risks, familiar and unfamiliar, and choice

I'suggested above that the very small concentrations of pesticide likely to be
in water were insignificant if the water was made into coffee, because of the
cancer-causing chemicals in the coffee. This information would probably
have little impact on most coffee drinkers for two reasons, familiarity and
choice.

People who drink coffee have usually done so for many years. It is com-
pletely familiar to them, and they feel that as it has not done them any harm
in the past twenty years, it will not do them any harm in the next twenty.
Pesticides are a different matter. They are alien where coffee is familiar, an
unknown quantity that people have been taught to fear. More importantly,
people who drink coffee do so by choice. They did not choose to have pes-
ticides, even in minute traces, in the water supply. They feel that pesticides
have been imposed on them. These questions of familiarity and choice make
the idea of proper risk assessment harder to propound.

Assessing Environmental Risk

Tiering

Before we embark on risk assessment we need to ask what we really want
to know.

e What exactly is perceived to be at risk?

* Are we concerned with a particular species or an ecological community
whose individual species may react to pollutants in different ways?

® Does the pollution need to be considered in terms of concentration or
load? Some species will react to the intensity of the pollution as measured
by the concentration and others to the total amount of the pollutant in the
system.

® What is the standard, and how is it to be measured? It might, for exam-

ple, be the concentration at which no effect is found in an ecotoxicological
test.

The answers to these questions will determine what procedures are used,
but these may include some of the following.

Tiering is a useful way of making risk assessment more efficient (Committee
on Risk Assessment of Hazardous Air Pollutants, 1994; OECD, 1995). The
procedure involves a series of appraisals of increasing intensity and detail
which continue until a definite decision can be reached. A tiered system
might start at the level of a ‘back of an envelope’ calculation. If this shows
no possibility of a risk, the assessor would stop there. If there was doubt
about this, he or she might turn to look-up tables for help and then, if nec-
essary, to larger-scale monitoring or modelling. The key point is that, if an
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appraisal at any level in the tiering below the highest level shows that the
risk is negligible, higher-intensity appraisals can be omitted and the atten-
tion turned to the next risk.

One good reason for tiering lies simply in the ever-increasing number of
substances entering the environment. There will never be enough resources
of money and people with the appropriate skills to assess the risks posed by
all substances to all species in all environments, so it is essential not to waste
resources when even a quick check can show that the risk is negligible or
non-existent. In particular, it is essential to establish as early as possible
whether the substance is actually toxic. This point may seem self-evident,
but we need look no further than the history of the nitrate problem to see
why it is relevant.

Models

The OECD workshop cited above (OECD, 1995) included a working group
which described models as ‘essential tools” with several important roles in
risk assessment. These included the following:

¢ Understanding the spread of the pollutant in the environment and its ulti-
mate fate.

¢ Providing insights into the influence of external factors on its spread. ‘

e Aiding decisions about exposure or risk, for example in screening and in
planning research. .

e Predicting concentrations in the environment. This can be important in
the absence of data from monitoring, as may happen with new sub-
stances.

These four roles are all relevant, particularly the last one. Risk assessment
will be very difficult without extrapolating from the behaviour of known to
unknown substances and from monitored to unmonitored sites.

The group cited added that in certain circumstances ‘predicted concen-
trations from models may be more cost-effective than implementation of
monitoring programmes’. On the basis of 28 years’ modelling experience, I
suggest that this comment needs to be treated with caution. Models can cer-
tainly be used to give added value to measurements and to extrapolate fr(_)m
them, but we need to be very cautious about viewing them as an alternative
to measurements.

Whenever a model is used in environmental risk assessment, it must be
subject to the questions to which economic models were subjected.

¢ s the model credible? '

e Has it been properly evaluated before being used in decision makmg':?

e Could its parameter values have been influenced in any way by deficien-
cies in the model or in any fitting procedure used?

® Does the model behave in a non-linear way with respect to any combina-
tion of input and output?
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The third question was not included for the economic models, because I did
not know how their parameters were obtained. Further details about these
questions were given by Addiscott et al. (1995) and procedures for evaluat-
ing and parameterizing models were given by Whitmore (1991), Loague
and Green (1991) and Smith et al. (1996b). These questions are very impor-
tant because of the increasing use of models in decision making, As with
economic models, a defect in an environmental model can result in very
considerable financial losses.

Ecotoxicology

Models for physical processes can help us assess the spread of a pollutant
within the environment. We need to know what problems it is likely to
cause in various ecosystems, particularly water-based ones. This is the
realm of ecotoxicology, which has its roots in human toxicology and phar-
macology (Kooijman and Bedaux, 1996). Its primary concern is with the
effects of concentrations of chemicals or other potentially toxic substances
on organisms. Most procedures seem to involve subjecting the organism to
increasing concentrations of the pollutant until it shows some adverse
effect. The next concentration below that which gave the adverse effect is
selected. In studies of human exposure to toxic substances, this was origi-
nally described as the ‘threshold limit value’ (TLV). As the tests became
more systemized, the TLV became the ‘no-observable-effect level’ (NOEL).
Subsequently ‘observable’ became ‘observed’, and later still the word
‘adverse’ was added to give ‘no-observed-adverse-effect level’ (NOAEL).
The level that gave the adverse effect is noted as the ‘lowest-observed-
adverse-effect level’ (LOAEL) (Committee on Risk Assessment of
Hazardous Air Pollutants, 1994). The ultimate adverse effect is death, and
this is recognized in the frequently used LD50 statistic, which is the concen-
tration at which 50% of the organisms die. Toxicology was originally con-
cerned mainly with risks to humans and an additional term, the “acceptable
daily intake’ (ADI), was set by dividing the NOEL by 100.

There are several problems associated with these tests. NOAFL values
are very variable between tests and can yield contradictory results, and
Barnett (2004) warned that they often pose statistical problems because no
dose-response model is specified. They assume implicitly that plotting the
effect on the organism against the concentration of the pollutant gives a
straight line, but this is often not the case and the reality may be more inter-
esting. Hormesis (Trewavas and Srewart, 2003) is the action of a toxin that
has a beneficial effect at very small concentrations but a toxic effect at larger
ones. This action seems to be recognized in homeopathic medicine but a
review by Trewavas and Stewart (2003) suggests that hormesis may occur
with a range of perceived toxins way beyond those used in homeopathy.
Some pesticides, for example, may decrease the incidence of cancer at very
small concenirations, which raises further questions about the EC limit on
pesticides. A more fundamental issue is that most toxicological tests made
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for the benefit of humans are performed on rats and other small mammals,
and the physiology of the rat, for example, may not resemble human phys-
iology in all relevant respects.

These issues arise with a single organism, but the simplest ecosystem
comprises an assortment of organisms integrated in food webs. A pollutant
acquired by one species may be transferred to another, and the decline in
the population of one means less food for another. Food webs are not the
only form of interaction. If the population of one organism increases too
much, it may deprive others of light or oxygen, as well as food. This raises
the question of whether we can determine NOAELS for ecosystems as well
as individual organisms. There seems to be some interest in using micro- or
mesocosms for this purpose, but at the moment risk assessments seem to
depend to a large extent on representative or ‘model’ organisms. For fresh-
water ecosystems, algae, the water flea Daphnia and fish, particularly trout,
seem to be the principal ‘model’ organisms. Algae are part of the food web
and also central to the problem of eutrophication. Daphnia are also part of
the food web, and fish are a vital part of freshwater ecosystems, with trout
especially highly prized.

Kooijman and Bedaux (1996) discuss these problems in much greater
detail and also show how models (as opposed to model organisms) can be
used in ecotoxicological tests.

Risk and the Bayes Equation

We saw above that ecotoxicological tests are not always reliable. Neither are
some of the tests used to screen humans for disease. Gigerenzer’s (2002)
excellent book showed how the Bayes Equation could be used to help those
tested to work out from the information they are given what chance there is
that they actually have the disease for which they were tested. This is very
important because patients frequently misinterpret the results with dire
consequences that can include suicide. The equation can also be used to cast
light on the uncertainties attached to ecological tests and is therefore
included here.

A key point about the equation is that it can be expressed in terms of
either natural frequencies or conditional probabilities and, as Gigerenzer
pointed out, it is very much easier to understand in terms of frequencies. He
suggested this is simply because our minds (and even those of animals) are
better adapted to thinking about frequencies than about probabilities. We
need to allow for the fact that medical and toxicological tests are not infalli-
ble and can give a positive result when there is no disease (a false positive)
or a negative result when there is disease (a false negative). The same is
true of toxicological tests and pollution. Table 12.1 may make the
point clearer. The proportion of true positives is a measure of the sensitivity
of the test and that of true negatives measures its specificity. When we apply
the Bayes Equation to a disease for which someone has been tested, we
find that the probability of that person having the disease when they have
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Tgble 12.1. Possible outcomes of ecotoxicological tests on a number of samples. (After
Gigerenzer, 2002.)

Pollution
Test result Yes No
Positive Proportion true positive (Sensitivity) Proportion false positive
Negative Proportion false negative Proportion true negative (Specificity)

The sum of the p_r<')portions of true positives and false negatives is 1. The sum of the propor-
tlon.slof false positives and true negatives is 1. The frequencies of true positives and false
positives are a and b respectively, in the Bayes Equation.

;ested positive, p(disease| positive), is given in terms of natural frequencies
y:
p(disease|positive) = a/(a + b) (12.1)

where a is the number of people who test positive and have the disease and
b is the number who test positive but do not have the disease.

When the equation is presented in terms of conditional probabilities it
looks vastly more complicated:

‘ p(diseas?!positive) = [p(disease)p(positive|disease)] /
[p(disease)p(positive|disease) + p(no disease)p(positive |no disease)] (12.2)

Needless to say, it is very important to know for a particular test how fre-
quently false positives and false negatives occur, as can be seen by consid-
ering the results of an imaginary toxicological test.

We assume that the results of the test are either positive (polluted) or
negative (unpolluted) and that 10% of the samples are actually polluted. Let
us also assume that prior assessment of the test has shown that the 2% of the
positive results and 2% of the negative results are false. We follow
Gigerenzer’s (2002) suggestion and construct a ‘frequency tree’ (Table 12.2).
The diagram shows that the false negatives have a large impact on the
result, despite being only 2% of the total negatives. Out of 1000 samples,
there were 98 true positives and 18 false negatives (which show as positive),
giving a total of 116 apparently positive results. The true figure is 100, so the
result was 16% too large. Worse still, if we work out p(pollution| positive)
from the Bayes Equation, we find that only 98/116 of the samples which
tested positive were truly positive and need to ask if a decision could really
be based on a test which was only 84% accurate. If this kind of test is to be
used in risk assessment, the specificity is vitally important. A specificity of
98% sounds good, but the other 2% caused a lot of trouble. A specificity of
90%, which still sounds reasonable, would have implied that only half the
samples which tested positive were truly positive. This aspect of risk testing
almost certainly needs to be understood better than it is at present. |
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Table 12.2. Frequency tree for 1000 samples. P, polluted; N, non-poliuted; t, true; f, false.
(After Gigerenzer, 2002.)

1000

Truth
100 P (1) 900 N (1)

Test
98 P (1) 2N 18 P (f) ‘ 882 N (1)

The Precautionary Principle

The precautionary principle sounds to be a prudent idea, but what does it
really mean? The definition usually used by policy makers is that set out in
the Rio declaration in 1992

Where there are threats of serious or irreversible damage, lack of full scientific
certainty shall not be used as a reason for postponing cost-effective measures
to prevent environmental degradation.

Greenpeace’s version of the principle, cited by Tren and Bate (2001), is less
woolly but more extreme:

Do not admit a substance until you have proof that it will do no harm to the
environment.

It has to be said with regard to the Rio version of the principle that science
can never offer certainty, but only probabilities, so this principle is invoked
frequently. This is fine if it means that any development progresses cau-
tiously with careful risk assessment but, if not, the precautionary principle
itself carries definite risks. Science can never prove the complete absence of
harm, so the Greenpeace version means in effect that nothing can be admit-
ted, and this too carries risks.

Risks from the precautionary principle

One risk is that the principle can be used in a bureaucratic way as a means
of preventing progress. In effect, the uncertainty surrounding risk assess-
ment is made a justification for stopping progress. Indeed, the whole
process of risk assessment is virtually side-lined, as seems to be happening
to an increasing extent. Table 12.3 lists just a few of the developments that
would not have occurred had the precautionary principle been in force at
the time. Several of these are crucial developments in medicine that are now
taken completely for granted and without which life would be far more

risky. Those on the top line of the table suggest that the precautionary prin-

ciple would put an end to the evolution of the human race.

Another risk is that the principle will be invoked without any consider-
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Table 12.3. A few of the innovations and de
2.3. velopments that would have bee
the application of the precautionary principle in earlier times. " ruied outby

Eating unknown fruit Hunting animals

The bicycle The supply of gas
The .motor car The steam train
Radio Radar

Water chlorination The smallpox vaccine

The use of fire

The supply of electricity
The aeroplane

Nuclear power

The polio vaccine

X-rays CAT scans

! MRI scans

Eac'itc')th.erapy Chemotherapy Blood transfusions

AnthIOtICS‘ Steroids Pasteurization

Dgg;asthetlcs Most surgery The contraceptive pill
Malaria control Pesticides

Many of these examples came from a list on the splked-online website.

. . .y .
ation of the_ reciprocal risk’ that was discussed in an earlier section. of the
chapter. This can have dire consequences.

What happens to the precautionary principle i ject i
' y principle if you su
precautionary principle? P Y Plectitiothe

One of the oddities of the precautionary principle is that it arguably carries
tI'1e seeds of its own destruction. Most risks, as we saw above, have an asso-
ciated ‘reciprocal risk’. There are risks attached to not doing’ something as
well as to 'doing it. The ‘lack of full scientific certainty” probably appliegs to
both the risk and the reciprocal risk, which surely leads to the restatement
of Greenpeace version of the precautionary principle as:

Do not admit the use of the i inci i
; precautionary principle until you have proof i
will do no harm to the environment. Y P fhacie

This proof ?f lack .Of 'harm is as scientifically impossible as it would be for
some chemical. This is an essentially pedantic point, but it needs to be kept

Risk Assessment for Nitrate

Nltrate .has not yet been mentioned in this chapter, because we have been
d1scuss1r'1g the ideas underlying risk and risk assessment. In reality, virtu-
ally no risk assessments were made on nitrate, in respect of the envirc;nment
or health, before problems or legislation emerged. This is mainly because
nitrate has been around a very long time and only becomes a problem
bepause of human folly. It is also because the idea of risk assessment is rel-
atively new. We can, however, examine how these ideas might have applied
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to the environmenta) risks from nitrate discussed in Chapters 7 and 8 and
the health risks examined in Chapters 9 and 10.

Environmental risk

The time when an environmental risk assessment on nitrate should have
been made in Europe was arguably in 1957 when the Treaty of Rome was
signed and the Common Agricultural Policy established. But given the cir-
cumstances then prevailing, it is not even remotely surprising that nothing
of the kind was considered. It was, after all, only 10 years since the last
famine in Europe. However, the nitrate problem does provide a warning to
politicians that a risk assessment should be made on any legislation they
propose, and it is unfortunate that in the UK the time available for scrutiny
of legislation is declining. Many pieces of legislation have been found sub-
sequently to have hidden problems or risks.

The tiering procedure should have been useful in 1957. The ‘back of an
envelope’ assessment might have shown only benefit from expanding food
production. But more detailed consideration would surely have suggested
that intervention buying would greatly increase production, that greatly
increased production would necessitate greatly increased use of nitrogen
fertilizer and that this would in the long run mean greater losses to the envi-
ronment,

The main flaw in this argument is that ‘the environment’ as we cur-
rently understand it had not been invented in 1957. But this was not the case
when the EC’s 50 mg/1 limit was imposed in the 1980s. The line of reason-
ing outlined in the previous paragraph would surely have indicated that an
overhaul of the entire Common Agricultural Programme was needed. The
limit was applied to the symptom but the cause was ignored.

Health risk

There is no evidence that the EC’s nitrate limit for potable water was based
on any kind of risk assessment. If one had been done, it would have made a
distinction, 1 hope, between water from the mains supply and well-water.
Applying the tiering procedure to the mains supply would have shown at
the ‘back of the envelope’ stage that there was no evidence of any risk of any
kind and that nitrate posed no threat to health at any age when the concen-
tration was less than 200 mg/1. The well-water might have had to go one
stage further, but it would have shown that, provided the well was kept free
of the bacteria associated with human and animal excrement, nitrate was no
problem at concentrations less than 200 mg/1.
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Is an Agency of Risk Assessment Needed?

North (2000) suggested that there was a need for an Agency of Risk
Assessment (ARA). He thought the ARA should bring together the com-
mittees that advise the government on risk and scientists working in min-
istries. It would have two main purposes: to facilitate disinterested enquiry
into matters involving risk and to disseminate its conclusions. The ARA
should report directly to Parliament and be designated the Government’s
official source of advice on risk and the associated legislation. Further
details can be found on pages 72-75 of North’s (2000) book.

The ARA could also have an educative function. Politicians and the
public and maybe even some scientists and economists would all benefit
from a better understanding of risk. There may also be a need to expand our
understanding of risk by finding out what ‘risk’ means to people working
in a range of occupations. What a trader on the stock market means by ‘risk’
may well differ from the ideas held by someone working in the food indus-
try. We need to look no further than the word ‘organic’ to see how different
meanings accrue to the same word in different situations. And perhaps the
ARA could work on the rationalization of the legislation about nitrate.



References

85)14. HMSO, London.

Acheson, E.D. (1985) Nitrate in Drinking Water. CMO( don.  zanian soil

Addiscott, T.M. (1969) A method for measuring the phosphate potentia

-27. .
i iculture and Eorestry Journal 35,21-27. . oo
Addgas(:t?f"rrllc\?ln(?g;;c) A simple computer model for leaching in structured soils. Journal of Soi
iscott, T.M.
Science 28, 554-563. . ‘
Addiscott, T.M. (1983) Kinetics and tempera‘rgre rglatxonshx;;s og nz‘;
tion iim Rothamsted soils with differing histories. Journal of 50

Addiscott, T.M. (1988a) Long-term leakage of nitrate from bare, unmanure

t 4, 91-95. _ o ber. op.
Addli\::gcigq?l\ig (1988b) Farmers, fertilizers and the nitrate flood. New Scientist 8 QOcto pp

ineralization and nitrifica-
Science 34, 343-353.
d soil. Soil Use and

ot i i tration on use of land for arable crop-
i (1989) Effect of permitted nitrate concert 1 rable crop
Addl;icxs;t’lfle\l/-ll(fuse o)f Lords Seil)ect Comumnittee on the European Communities (ed.) Nitra

ter. HMSQ, London. . .
Addrs\,,caoi: T.M. (1993) How high should low-intensity be on the ag

: o i hts on
Addizs’c};i 4%?\/1 (1994) Simulation, prediction, éox—tel%gng c‘>/1\f] p(xgzlil;tgzznst;)t::fv etk;\?[ggeling "
’ ) delling. In: Bryant, RB. and Arnoid, ®.¥¥. 1=, : < o
I;:jicl1 %%ir%i:; I131:'cc)rcesses.gSSSA Special Publication No. 39. Soil Science Society of Amen
i Wi sin, pp- 1-15. o 616
Addli\::ciis%“ﬁ,ll (11838;) Ent;Ir)gpy and sustainability. Eyropean Journal 011; ngl S:;er;_c{ea fﬁson, o
Addiscott: TM (1996) Fertilizers and nitratg leachn;gisir;els-l?it%rr,w.l.mﬁn e and
Agricultural Chemicals and the Enmronmf:’n . . e
S1(?;::1(:51-)\11o{ggsgy No. 5. The Royal Society of Chemistry. Cambncflgel:egcphi::l 2;611 el o the per-
Addiscott, T.M. and Bailey, N.J. {1990) Relating tk;{e fﬁr?(mc;tfé; 1(; raH Iurng.A. e
. d other components. In: oth, K., Flithler, f3., , e
}:eélt?fgz)‘}fieclﬁzc?zi Solute and Water Flux in Soils. Birkhaiiser Verlag, Basel, pp. 209

ils? 418,
Addiscott, T. and Brookes, P. (2002) What governs nitrogen loss from forest soils? Nature
604.

Addlscott, I.IVL a]ld COX, D. 1976 vater leaChmg Of mtrate h()lll autun Il—a] )]) e(! (. a‘( TUIm
nitr te, am noniLn Sl]ll()hale) urea and Sulphur‘coated. urea. ’0“771‘11 Of /lgT 1Cult1/“ ﬂl
ae, ’

Science, Cambridge 86, 381-389.

enda? The Agronomist No.

252

References oo

Addiscott, T.M. and Mirza, N.A. (1998) New paradigms for modelling mass transfers in soils.
Soil and Tillage Research 47, 105-109.

Addiscott, T.M. and Powlson, D.S. (1992) Partitioning losses of nitrogen fertilizer between
leaching and denitrification. Journal of Agricultural Science, Cambridge 118, 101-107.

Addiscott, T.M. and Smith, P. (1997) Using models in risk assessment of pollutant losses from
agricultural land to water. In: Zelikoff, ].T. (ed.) Ecotoxicology: Responses, Biomarkers and
Risk Assessment. SOS Publications, Fair Haven, New Jersey, pp. 489-506.

Addiscott, T.M. and Thomas, V.H. (1979) Glycoluril as a slow-release nitrogen source for
plants. Chemistry and Industry 6 January, pp. 29-30.

Addiscott, T.M. and Whitmore, A.P. (1987) Computer simulation of changes in soil mineral
nitrogen and crop nitrogen during autumn, winter and spring. Journal of Agricultural
Science, Cambridge 109, 141-157.

Addiscott, TM. and Whitmore, A.P. (1991) Simulation of solute leaching in soils of differing
permeabilities. Soil Use and Management 7, 94-102.

Addiscott, T.M., Thomas, V.H. and Janjua, M.A. (1983) Measurement and simulation of anion
diffusion in natural soil aggregates and clods. Journal of Soil Science 34, 709-721.

Addiscott, T.M., Whitmore, A.P. and Powlson, D.S. (1991) Farming, Fertilizers and the Nitrate
Problem. CAB International, Wallingford, UK.

Addiscott, T., Smith, ]. and Bradbury, N. (1995) Critical evaluation of models and their param-
eters. Journal of Environmental Quality 24, 803-807.

Addiscott, TM., Armstrong, A.C. and Leeds-Harrison, P.B. (1998) Modelling the interaction
between leaching and intraped diffusion. In: Selim, H.M. and Ma, L. (eds) Physical
Nonequilibrium in Soils. Modeling and Application. Ann Arbor Press, Chelsea, Michigan, pp.
223-241.

Al-Dabbagh, 5., Forman, ID., Bryson, D., Stratton, 1. and Doll, R. (1986) Mortality of nitrate fer-
tilizer workers. British Journal of Industrial Medicine 43, 507-515.

Allingham, K.D., Cartwright, R., Donaghy, D., Conway, J.5., Goulding, KW.T. and Jarvis, S.C.
(2002) Nitrate leaching losses and their control in a mixed farm system in the Cotswold
Hills, England. Seil Use and Management 18, 421-427. .

Allison, F.E. (1955) The enigma of so0il nitrogen balance sheets. Advances in Agronomy 7,
213-250.

Al-Sa’doni, H. and Ferro, A. (2000) S-nitroso-thiols: a class of nitric oxide-donor drugs.
Clinical Science 98, 507-520.

Ames, BN. and Gold, L.S. (1990) Misconceptions on pollution and the causes of cancer.
Angewandte Chemie 29, 1197-1208 (international version in English).

Ames, B.N. and Gold, L.S. (1997) Pollution, pesticides and cancer misconceptions. In: Bate,
R. (ed.) What Risk? Science, Politics and Public Health. Butterworth Heinemann,
Oxford, UK.

APHA (1949-1950) Committee on Water Supply. Nitrate in potable waters and methaemo-
globinaemia. American Public Health Association Yearbook 40(5), 110-115.

Audsley, E., Alber, 5., Clift, R., Cowell, 3., Crettaz, P., Gaillard, G., Hausheer, J., Joliot, O,,
Kleijn, R., Mortensen, B., Pearse, D., Roger, E., Teulon, H., Weidema, B. and Van Zeijts,
H. (1997) Harmonization of Environmental Life Cycle Assessment for Agriculture. Final Report
Concerted Action AIR3-CT94-2028. European Commission, Brussels.

Avery, A.A. (1999) Infantile methemoglobinemia: reexamining the role of drinking water
nitrates. Environmental Health Perspectives 107, No. 7.

Avery, BW. and Bullock, P. (1969) Morphology and classification of Broadbalk soils. Report of
the Rothamsted Experimental Station for 1968, Part II. Lawes Agricultural Trust, Harpenden,
UK, pp. 63-81.

Barnett, V. (2004) Environmental Statistics: Methods and Applications. John Wiley & Sons,
Chichester, UK, 293 pp.



254 References

Bawden, F.C. (1969) Broadbalk: foreword. Report of the Rothamsted Experimental Station for
1968, Part 1. Rothamsted Experimental Station, Harpenden, UK, pp. 7-11.

Bekunda, M.A., Bationo, A. and Ssali, H. (1997) Soil fertility management in Africa: a review
of selected research trials. In: Buresh, RJ., Sanchez, P.A. and Calhoun, F. (eds)
Replenishing Soil Fertility in Africa. SSSA Special Publication No. 51. Soil Science Society of
America, Madison, Wisconsin, pp. 63~79.

Bell, 5.G. and Codd, G.A. (1996) Detection, analysis and risk assessment of cyanobacterial
toxins. In: Hester, R.E. and Harrison, RM. (eds) Agricultural Chemicals and the
Environment. Issues in Environmental Science and Technology No. 5. The Royal Society
of Chemistry, Cambridge, UK, pp. 109-122.

Benjamin, N. (2000) Nitrates in the human diet — good or bad? Annales de Zootechnologie 49,
207-216.

Benjamin, N., O'Driscoll, F., Dougall, H., Duncan, C., Smith, L., Golden, M. and McKenzie, .
(1994) Stomach NO synthesis. Nature 368, 502.

Benjamin, N., Pattullo, 5., Weller, R., Smith, L. and Ormerod, A. (1997) Wound licking and
nitric oxide. Lancet 349, 1776.

Bennett, R., Phipps, R., Strange, A. and Grey, P. (2004) Environmental and human health
impacts of growing genetically modified herbicide-tolerant sugar beet: a life cycle assess-
ment. Plant Biotechnology Journal 2, 273-278.

Beresford, 5.A. (1985) Is nitrate in drinking water associated with gastric cancer in the urban
UK? International Journal of Epidemiology 14, 57-63.

Bernstein, P.L. (1996) Against the Gods. The Remarkable Story of Risk. John Wiley & Sons, New
York.

Bertilsson, G. (1992) Environmental consequences of differing farming systems using good
agricultural practices. In: Proceedings of an International Conference of the Fertilizer Society,
Cambridge, 16-17 December 1992, pp. 1-27.

Beven, K. (1981) Micro-, meso- and macro-porosity and channelling phenomena in soils. Soil
Science Society of America Journal 45, 1245.

Birch, H.F. (1958) The effect of soil drying on humus decomposition and nitrogen availability.
Plant and Soil 10, 9-31.

Bosch, H.M., Rosenfield, A.B., Huston, R., Shipman, HR. and Woodward, FL. (1950)
Methemoglobinemia and Minnesota well supplies. Journal, American Water Works
Association 42, 161-170.

Bouman, A.F. and Booij, H. (1998) Global use and trade of feedstuffs and consequences for the
nitrogen cycle. Nutrient Cycling in Agroecosystems 52, 261-267.

Bourn, D. and Prescott, J. (2002) A comparison of the nutritional value, sensory qualities and
food safety of organically and conventionally produced foods. Critical Reviews in Food
Science and Nutrition 42, 1-34.

Boyd, P.W., Watson, AJ., Law, CS., Abraham, E.R,, Trull, T., Murdoch, R., Bakker, D.CE.,
Bowie, A.R., Buessler, K.O., Chang, H., Charette, M., Croot, P., Downing, K., Frew, R.,
Gall, M., Hadfield, M., Hall, |, Harvey, M., Jameson, G., LaRoche, J., Midlecoat, M., Ling,
R., Macdonado, M.T., McKay, R.M., Nodder, S., Pickmere, S., Pridmore, R., Rintoul, S.,
Safi, K., Sutton, P., Strzepek, R., Tanneberer, D., Turner, 5., Waite, A. and Zeldis, J. (2000)
A mesoscale phytoplankton bloom in the polar southern ocean stimulated by iron fertil-
ization. Nature 407, 695-702.

Bremner, J.M. (1997) Sources of nitrous oxide in soils. Nutrient Cycling in Agroecosystems 49, 7-16.

Brookes, P.C., Powlson, D.S., Jenkinson, D.S. and Tate, K.R. (1982) The secret life of soil. New
Scientist 96, 564.

Brookes, P.C., Landman, A., Pruden, G. and Jenkinson, D.S. (1985) Chloroform fumigation
and the release of soil nitrogen: a rapid direct extraction method to measure microbial
biomass nitrogen in soil. Soil Biology and Biochemistry 17, 837-842.

References

Brown, L., Syed, B., Jarvis, S.C., Sneath, RW illi
, L., , B, , S.C., , RW., Phillips, V.R., Goulding, K.W i
(2002) De\.zelopment and application of a mechanistic model to e:g/’alu;ate'T. and b G
o n1tlrous oxide. Atmospheric Environment 36, 917-928. sissions of
uesseler, K.O. (2001) Ocean biogeochemistr
.C y and the global carbo rani i
. gle US joint global ocean flux study. Oceanogruphng, 1-117. " eycle: an Inroduction to
umN,. B.L. (1995? ‘Wc?rld‘ nitrogen supply and demand: an overview. In: Bacon, P.E
. }itrogen Fertilization in the Environment. Marcel Dekker, New York, pp. 135 TR ed)
uregs,si.{:;, gsgclzh;é{ﬂPAt ancil\T Calhoun,' F. ('eds) (1997a) Replenishing Soil Pertil;'ty in Africa
o pIle ication No. 51. Soil Science Society of America, Madison, Wisconsin;
Bure;l}; i1;.‘].,Ins.ncéithson, P.C. and Hellums, D.T. (1997b) Building soil phosphorus capital in
Aﬁica. SS.S Auz:;:éifl.].l; S;;‘}chtgz, Pﬁ. and Calhoun, F. (eds) Replenishing Soil Fertility in
/ . ublicatio . 51. Soi i i i i
Pracorcin op. 1145, n No. 51. Soil Science Society of America, Madison,
BumsgtI.G. (1974) A model for predicting the redistribution of salts applied to shallow soils
. a o;rczex(clesgsr)amfall or evaporation. Journal of Soil Science 25, 165-178
ums, 1.G. An equation to predict the leachi ce-applied ni
Agricultural Science, Cambridge gS, 443454 Faching of surlaceappled ritmte. Journal of
Busch, D. and Meyer, M. (1982) A case of inf nti
’ . M. antile methae i ia i
Journal of Environmental Health 44, 310, moglobinsemia in South Dakota.
Calalt:);:ss, fE.J.l t(2d004) Hormesis: from marginalization to mainstream. A case for hormesis as
efault dose-res in ri i !
o e po§se model in risk assessment. Toxicology and Applied Pharmacology
gzrr:;]laii, Q.B, (1993) Applied Chfzos Theory. A Paradigm for Complexity. Academic Press, London
(T9é4 .(ﬁ., Goss, M.]., Harrxﬁ'z, G.L., Jarvis, M.G., Douglas, ].T., Howse, K.R. and le Grice S'
1 ) A study of mole drainage with simplified cultivation for autumn-sown crops ona
3 :;3; :gg. 1. Bzckground, experiment and site details, drainage systems, measurements of
nflow and summ. ¢ 5 = ‘ ] en
Sramfo) summary of results, 1978-80. Journal of Agricultural Science, Cambridge 102,
Catt,S I{.A., Howse, KR, Ch.ristian, D.G., Lane, P.W., Harris, G.L. and Goss, M.J. (1998a)
U?tigg%s ;g 'il;cre?:.e mtrate.leaching in the Brimstone Farm Experiment, Oxfordshire
203: e e effects of winter cover crops and unfertilized grass leys. Plant and Soil
Catt,sg.A., Howse, K.R., Cleistian, D.G., Lane, P.W., Harris, G.L. and Goss, M.J. (1998b)
le?tz;gge;s g; ‘dticrea;?e nitrate leaching in the Brimstone Farm Experiment, Oxfordshire
131: 309~319-. e effect of straw incorporation. Journal of Agricultural Science, Cambridge
Catt,AI.A., Howse, K..R., Christian, D.G., Lane, P.W., Harris, G.L. and Goss, M.J. (2000)
Essesgment of tillage strategies to decrease nitrate leaching in the Brimstone Farm
c xperiment, Oxfordshire, UK. Soil and Tillage Research 53, 185~200.
erco, CS (2000) Chesapeake Bay eutrophication model. In: Hobbie, J.E. (ed.) Estuarine Science
- - g ynthetic Approuch to Research and Practice. Island Press, Washington, DC, pp. 363404
ambers, B.J., Sputh, KA. anc{ Pain, B.F. (2000) Strategies to encourage better use of nitro—'
- gen in organic manures. Soil Use and Management 16, 157-161.
aney, K. (1990) Effect of nitrogen fertilizer rate on soil nitrogen content after harvestin,
hi l\‘/lvmter wheat. Journal of Agricultural Science, Cambridge 114, 171-176. ®
is oln}, SW and Morel, FEM.M. (eds) (1991) What controls phytoplankton production in
a nutrient-rich areas.of the open sea? Limnology and Ocean 36, 1507-1966.
c ﬁgqﬁettebK. (1980) Nitrates: groundwater. Journal of the lowa Medical Society 70, 309-311.
; ;lz;n, h.,SG?ss, M., Howse, K.R., Powlson, D.S. and Pepper, T.J. (1990) Leaching of Nitrate
ough Soil. IACR Report for 1989. Lawes Agricultural Trust, Harpenden, UK, pp. 67-68



256 References

Clarkson, D.T. and Warner, A.J- (1979) Relationships between root temperature and fransport
of ammonium and nitrate ions by Italian and perennial ryegrass (Lolium multiflorum and
Lolium perenne). Plant Physiology 64, 557-561.

Cloern, J.E. (1999) The relative importance of light and nutrient limitation of phytoplankton
growth: a simple index of coastal ecosystem sensitivity to nutrient enrichment. Aquatic
Ecology 33, 3-16.

Coale, K.H., Johnson, K.S., Fitzwater, S.I, Gordon, RM., Tanner, S., Chavez, F.P., Ferioli, L.,
Sakamoto, C., Rogers, P, Millero, F., Steinberg, P., Nightingale, P., Cooper, D., Cochlan,
W.P., Landry, M.R,, Constantinou, J., Rollwagen, G., Trasvina, A. and Kudela, R. (1996)
A massive phytoplankton bloom induced by an ecosystem-scale iron fertilization exper-
iment in the equatorial Pacific Ocean. Nature 383, 495-501.

Comly, HH. (1945) Cyanosis in infants caused by nitrates n well water. Journal of the
American Medical Association 129, 112-116.

Committee on Risk Assessment of Hazardous Air Pollutants (1994) Science and Judgement in
Risk Assessment. National Academy Press, Washington, DC.

Conen, E., Dobbie, K.E. and Smith, K.A. (2000) Predicting N,O emissions from agricultural
land through related soil parameters. Global Change Biology 6, 417-426.

Conford, P. (2001) The Origins of the Organic Movement. Floris Books, Edinburgh.

Cooke, G.W. (1986) The intercontinental transport of plant nutrients. In: Proceedings of the 13th

Conference of The International Potash Institute. International Potash, Reims, France, pp-

267-287.
Cornblath, M. and Hartmann, A.F. (1948) Methaemoglobinaemia in young infants. Journal of

Paediatrics 33, 421-425.

Corre, M.D., Van Kessel, C. and Pennock, D.J. (1996) Landscape and seasonal patterns of
nitrous oxide emissions in a semiarid region. Soil Science Society of America Journal 60,
1806-1815.

Cotgreave, P. and Forseth, 1. (2002) Introductory Ecology. Blackwell Science, Oxford, UK.

Cox, D. and Addiscott, T.M. (1976) Sulphur—coated urea as a fertilizer for potatoes. Journal of
the Science of Food and Agriculture 27, 1015-1020.

Craig, J. X, Crowder, L.B., Gray, C.D., McDaniel, C.J., Henwood, T.A. and Hanifen, J.G. (2001)

Ecological effects of hypoxia on fish, sea turtles and marine mammals in the north-west-

ern Gulf of Mexico. In: Rabalais, N.N. and Turner, ER. (eds) Coastal Hypoxia:
Consequences for Living Resources and Ecosystems. American Geophysical Union,
Washington, DC, pp- 269-292.

Croll, B.T. and Hayes, CR. (1988) Nitrate and water supplies in the United Kingdom.
Environmental Pollution 50, 163--187.

Culotta, E. and Koshland, D.E. Jr (1992) NO news is good news. Seience 258, 1862-1865.

Currie, J.A. (1961) Gaseous diffusion in the aeration of aggregated soils. Soil Science 92, 40-45.

Davidson, E.A. (1991) Fluxes of nitrous oxide and nitric oxide from terrestrial ecosystems. In:
Rogers, J.E. and Whitman, W.B. (eds) Microbial Production and Consumption of Greenhouse
Gases: Methane, Nitrous Oxide and Halomethanes. American Society of Microbiology,
Washington, DC, pp- 219-235.

Darwin, C. (1881) The Formation of Vegetable Mould Through the Action of Worms, with
Observations of their Habits. Murray, London.

Dawson, F.H., Newman, J.R., Gravelle, M.J., Rouen, KJ. and Henville, P. (1999) Assessment
of the trophic status of rivers using macrophytes. Evaluation of the mean trophic rank. R
and D Technical Report E39. Environment Agency, Swindon, UK, 177 pp-

D’Elia, C.F., Sanders, J.G. and Boyntor, W.R. (1986) Nutrient enrichment studies in a coastal
plain estuary: phytoplankton growth in Jarge-scale continuous cultures. Canadian Journal
of Fisheries and Aquatic Science 43, 397-406.

De Groote, M.A., Testerman, T., Xu, Y., Stauffer, G. and Fang, F.C. (1996) Homocysteine

References
257

antagonism of nitri ide- is i J
an 4—217. ic oxide-related cystostasis in Salmonella typhimurium. Science 272,
De Nobili . ..
gc; ;13 I\I/JI‘; c()?c;r;g:‘:,ltl;/[,b Mot?ad:m, C. and Brookes, P.C. (2001) Soil microbial biomass is trig-
gered e y trace amounts of substrate. Soil Biology and Biochemistry 33,
De Smedt, F., Wauters, F. and Sevilla i
, F., , F. . J. (1986
. br?md o oy 73 J. ( ) Studies of tracer movement through unsatu-
0 %i;:iﬁ i\ir;: ;T}itehl;n I‘(.A.t (ZfOOB) Niftlrous oxide emission factors for agricultural soils in
: act of water-fi i i
Chonce Bidons 5. 20 Sp_ s ater-filled pore space and other controlling variables. Global
Dobbi i
algc-:niiti/i:'{zgg:;; S’Il:,a:r;ll Srm;h, tvI\(f.A. (1999) Nitrous oxide emissions from intensive
ral : variations between crops and seasons, key drivin, i
e ;;nneanPePrﬂrIusswr‘l factors. Journal of Geophysical Research 104, 26,891{26,899.?5 variables, and
g, P.H., Oviatt, C., Nowicki, B.L., Klos, E.G. and Reed, L.W. (1995) Phosphorus and

nitrogen limitation of primary production i i
in . . .
B rogres Sovios 1ok 273257. a simulated estuarine gradient. Marine

ggn, 1\/1[1 (I%IO_gtl) Strawberry fields for ever? The Observer, 16 May, p. 31
u . . - ! ‘ ; )
%Z r;, nitl:{tirzl;:?éel;{;rgt?g\::n, C_. and Benjamin, N. (1995) The effect of amoxycillin on sali-
: an important i i it
] o Clinical Phamacology 39, 4604 6% ' rtant mechanism of adverse reactions? British Journal
Owriillt I{e,g{,f\éVfi?ster,.C.P., Hill, D. and Mercer, B.R. (1984) A lysimeter study of the fate of
" ta)f dr izer in spring barley crops grown on shallow soil overlying chalk: cro
ud 1p 2 e and leaching losses. Journal of Soil Science 35, 169-181. . P
:;/I,Ulo.nzr;;i, E)(ec:eas,w][. (11?93£Soi1 organic matter in relation to soil productivity. In:
: » K. and Merckx, R. (eds) Soil Organic Matter Dynamics and inability of
IDuni("ropz(c:al Agriculture. John Wiley & Sons, Chichester, UK, pp.y377—380. i Sustainabilty of
Z:;r(; Bér?ougallNH., Johnston, P.‘, Green, S., Brogan, R, Leifert, C., Smith, L., Golden, M
e {.amm, N. (19?5) Chemical generation of nitric oxide in the mouth from,the:
ut }Z eIr)o‘sAa; ivary circulation of dietary nitrate. Nature Medicine 1, 546-551
uthie, D.W. (1953) Crop responses to fertilizers and manures in East Africa. East Afri
5 Agrzculture and Forestry Journal 19, 19-57. l fricar
uw;giée(;,o Eg{:%;e;,t;f;n SiZaI;lcfelt, L. andhcg)thier, B.E. (2003) Estimation of nitrate retention in
nt-flow method. European Journal of Soil Sci
Dk, Gy 1990 Joh ' : ‘ cience 54, 505-515.
e ( ) John Bennet Lawes: the Record of his Genius. Research Studies Press, Taunton,
Dyke, G.V. (1993) John Lawes of Roth : Pi ] ]
apenden, UK of Rothamsted: Pioneer of Science, Farming and Industry. Hoos Press,
D . :
ykl(lil;ég?ﬁihﬁzxg,ﬂl{éf?u:c?n, Ca, fSlm1’ch, C.C., Golden, M., Benjamin, N. and Leifert, C
' ' ect of acidified nitrite on gut pathogens: i fetary
5 k;'lut.rate in host defense. Antimicrobial Agents & Cher%othgmpy 4%0 14:2112—!1};?;5Emce of detary
y I—;:gllfce;bl Ii.S., F}‘as_e%-, A:, McKenz_ie, H., Golden, M., Leifert, C. and Benja'min N. (1998)
acter pylori is killed by nitrite under acidic conditions [see ¢ ,
e omments]. Gut 42,
g;ﬂn&:ra:ﬁrf,, I({ZAZ ggd Lofty, ].R. (1?72) Biology of Earthworms. Chapman & Hall, London.
g;l , R.( 1? Understanding human impact on the Baltic: changing views i
ecades. Ambio 30, 222-231. Bing views i recent
Elmglzfin(;nR.toanpdh(T;:r;son, Uin(20001) Nitrogen and the Baltic Sea: managing nitrogen in re
phorus. In: Optimizing Nitrogen Management in Food and i
. . . E )
duction and Environmental Protection. Proceedings of the Second Internationa’;egiytrg:n

Conference on Sci i i i ;
371{ il cience and Policy. Ecological Society of America, Washingtpn, DC, pp.




058 References

Ewing, M.C. and Mayon-White, R M. (1951) Cyanosis in infancy from nitrates in drinking
water. Lancet 260, 931-934.

Falkowski, P.G., Barber, R.T. and Smetucek, V. (1998) Biogeochemical controls and feedbacks
on ocean primary production. Science 281, 200-205..

Fang, F.C. (1997) Perspectives series: host/pathogen interactions. Mechanisms of nitric oxide-
related antimicrobial activity. Journal of Clinical Investigation 99, 2818-2825.

FARM-Africa (2001) Farmer Participatory Research in Southern Ethiopia. The Experiences of the
Farmers’ Research Project. FARM-Africa, London.

Farrell, R.E., Sandercock, P.J., Pennock, 1.]. and Van Kessel, C. (1996) Landscape-scale varia-
tions in leached nitrate: relationship to denitrification and natural nitroger-15 abun-
dance. Soil Science Society of America Journal 60, 1410-1415.

Ferguson, A.J.D., Pearson, M.]. and Reynolds, C.S. (1996) Eutrophication of natural waters
and toxic algal blooms. In: Hester, R.E. and Harrison, R-M. (eds) Agricultural Chemicals
and the Environment. Issues in Environmental Science and Technology No. 5. The Royal
Society of Chemistry, Cambridge, UK, pp. 2741.

Fertilizer Manufacturers Association (2002) The Fertilizer Review 2002. Fertilizer
Manufacturers Association, Peterborough, UK, 7 pp.

Flemer, D., Mackiernan, G., Nehlsen, W. and Tippie, V. (1983) Chesapeake Bay: a Profile of
Environmental Change. US Environmental Protection Agency, Chesapeake Bay Program
Office, Annapolis, Maryland, 200 pp.

Foloronso, O.A. and Rolston, D.E. (1985) Spatial and spectral relationships between field-
measured denitrification gas fluxes and soil properties. Soil Science Society of America
Journal 49, 1087-1093.

Forman, D., Al-Dabbagh, A. and Doll, R. (1985) Nitrate, nitrite and gastric cancer in Great
Britain. Nature 313, 620-625.

Fowler, D., Sutton, M.A., Skiba, U. and Hargreaves, K.J. (1996) Agricultural nitrogen and
emissions to the atmosphere. In: Hester, RE. and Harrison, R-M. (eds) Agricultural
Chemicals and the Environment. Issues in Environmental Science and Technology No. 5.
The Royal Society of Chemistry, Cambridge, UK, pp. 57-84.

Fowler, D., Flechard, C., Skiba, U., Coyle, M. and Cape, J.N. (1998) The atmospheric budget
of oxidized nitrogen and its role in ozone formation and deposition. New Phytologist 139,
11-23.

Froelich, P.N. (1988) Kinetic control of dissolved phosphate in natural rivers and estuaries: a
primer on the phosphate buffer mechanism. Limnology and Oceanography 33, 649-668.

Frost, B.W. (1996) Phytoplankton bloom on iron rations. Nature 383, 475-476.

Fumento, M. (1993) Science under Siege. William Morrow, New York.

Garner, LV (1957) Manures and Fertilizers. MAFF Bulletin No. 36. HMSO, London.

Garner, H.V. and Dyke, G.V. (1969) The Broadbalk: yields. Report of the Rothamsted
Experimental Station for 1968, Part II. Rothamsted Experimental Station, Harpenden, UK,
pp- 26-49.

Gigerenzer, G. (2002) Reckoning with Risk. Learning to Live with Uncertainty. Penguin Books,
London.

Giller, K.E., Cadisch, G., Ehaliotis, C., Adams, E., Sakala, W.D. and Mafongoya, P.L. (1997)
Building soil nitrogen capital in Africa. In: Buresh, R.J., Sanchez, P.A. and Calhoun, F.
(eds) Replenishing Soil Fertility in Africa. SSSA Special Publication No. 51. Soil Science
Society of America, Madison, Wisconsin, pp. 151-192.

Glasstone, S. (1947) Textbook of Physical Chemistry. Macmillan, London.

Gleick, J. (1987) Chaos. Penguin, New York.

Glendining, M.J., Poultor, P.R. and Powlson, D.S. (1992) The relationship between inorganic
N in the soil and the rate of fertiliser N applied on the Broadbalk wheat experiment.
Nitrate in farming systems. Aspects of Applied Biology 30, 95-102.

References
259
m

Goolsby, D.A., Battaglin, W.A., Lawrence, G.B., Artz, R.S., Aulenbach, B.T,, Hooper, kP
Kc?en.ey., D.R. and Stensland, G.J. (1999) Flux and sources of nutrients i,n t-h"
Mlss1551ppi~Atchafalaya River Basin. Topic 3, Report of the Integrated Assessment of Hypo -
in the Gulf of Mexico. NOAA Coastal Ocean Decision Analysis Series No. 17 Ng’Ax:
Silver Springs, Maryland. - '

Goss, M.]., Howse, K.R,, Lane, P.W., Christian, D.G. and Harris, G.L. (1993) Losses of nitrate-
nitrogen to water draining from under autumn-sown crops established by direct drillin
or mouldboard ploughing. Journal of Soil Science 44, 35—48. s

Goss, 1'\/I._]., _Beauc.:hamp, E.G. and Miller, M.H. (1995) Can a farming systems approach hel
:xzréléuzngu;:e nitrogen losses to the environment? Journal of Contaminant Hydrology :5

Goulding, KW.T. (1990) Nitrogen deposition to land from th. ]

, e atmosphere. S

Management 6, 61-63, phere. 5ot Hse and

Goulding, K.W.T., Bailey,.N.]., Bradbury, N.J., Hargreaves, P., Howe, M., Murphy, D.V,,
Poulton,. PR. and Wlll.ls()n, T.W. (1998) Nitrogen deposition and its contribution to nitro-
gen cycling and associated soil processes. New Phytologist 139, 49-58.

Goulding, K.W.T., Poulton, P.R., Webster, C.P. and Howe, M.T. (2000) Nitrogen leaching from
the Broa'dbalk Wheat Experiment, Rothamsted, UK, as influenced by fertilizer and
manure inputs and the weather. Soil Use and Management 16, 244-250.

Graneli, E:., Wallstrom, K., Larsson, U., Graneli, W. and Elmgren, R. (1990) Nutrient limitation
of primary production in the Baltic Sea area. Ambip 19, 142-151.

Granli, T and Beckman, O.C. (1994) Nitrous oxide from agriculture. Norwegian Journal of
Agricultural Sciences Supplement No. 12, 1-128.

Gree}\, L.C.,b Ruiz de Luzuriaga, K., Wagner, D.A., Rand, W., Istfan, N., Young, V.R. and

annenbaum, S.R. (1981) Nitrate biosynthesis in man. Proceedings of the Nati ,l A
of Sciences LISA 78, 7764—7768. 80 ofthe Nationa cademy

Greenlancflf D. (2000) Effe_cts on soils and plant nutrition. In: Tinker, P.B. (ed.) Shades of Green.
A Reé.w;.(z)u of UK Farming Systems. Royal Agricultural Society of England, Stoneleigh, UK
Pp- 6=<U. I

Greenwood, D.].. and .Goodman, D. (1965) Oxygen diffusion and aerobic respiration in
columns of fine soil crumbs. Journal of the Science of Food and Agriculture 16, 152-160.

Grennfelt, P and Thornelof, E. (eds) (1992) Critical Loads for Nitrogen. Nord 1992, 41. Nordic
Council of Ministers, Copenhagen.

Groffm;n, P. auleiedje, J.M. (1989) Denitrification in northern temperate forest soils: spatial
and temporal patterns at the seasonal and landscape scales. Soil Biol 7 1
o p il Biology and Biochemistry

Hammond, D.E., Fuller, C., Harmon, D., Hartman, B., Korosec, M., Miller, G., Rea, R., Warren,
S., Berelso_n, W. and Hager, S.W. (1985) Benthic fluxes in San Francisco Bay. In: Cloern,
J.E. a_nd Nichols, F.H. (eds) Temporal Dynamics of an Estuary: San Francisco Bay. Dr W. Junk
Publishers, Boston, Massachusetts.

Harlin, M.H. (1995) Changes in major plant groups following nutrient enrichment. In;
McComb, AJ. (ed.) Eutrophic Shallow Estuaries and Lagoons. CRC Press, Boca Raton
Florida, pp. 173-187. ’

Harris, 'G.L., Go.ss, M.]., Dowdell, R.J., Howse, K.R. and Morgan, . (1984) A study of mole
drainage with simplified cultivation for autumn-sown crops on a clay soil. 2. 50il water
regimes, water balances and nutrient loss in drain water. Journal of Agricult 1
Cambridge 102, 561-581. ! Y Agriculit Sciene

Haycock, N.E., Burt, T.'I’., Goulding, KW.T. and Pinay, G. (eds) (1997) Buffer Zones: Their
Processes and Potential in Water Protection. Quest Environumental, Harpenden, UK.

Heckrath, G._]., Brookes, P.C., Poulton, P.R. and Goulding, K.W.T. (1995) Phosphorus leaching
from soils containing different phosphorus concentrations in the Broadbalk Experiment.




260 ‘ References

Journal of Environmental Quality 24, 904-910.

Hecky, R.E. and Kilham, P. (1988) Nutrient limitation of phytoplarkton in freshwater and
marine environments: a review of the recent evidence on the effects of enrichment.
Limnology and Oceanography 33, 796-822.

Hegesh, E. and Shiloah, J. (1982) Blood nitrates and infantile methemoglobinemia. Clinica
Chimica Acta 125, 107-115.

Hesketh, N., Brookes, P.C. and Addiscott, T.M. (1998) Chlordane transport in a sandy soil:
effects of suspended soil material and pig slurry. European Journal of Soil Science 49,
709-716.

Heuvelink, G.B.M. (1998) Error Propagation in Environmental Modeling with GIS. Taylor and
Francis, London.

Hoosbeek, M.R. and Bryant, R.B. (1992) Towards the quantitative modelling of pedogenesis -
a review. Geoderma 55, 183-210.

Hoskins, W.G. (1977) The Making of the English Landscape. Hodder and Stoughton, London.

Houghton, J. (1992) Global Warming. The Complete Briefing. Lion Publishing, Oxford.

Howarth, R.W., Anderson, .M., Church, T.M., Greening, H., Hopkinson, C.5., Huber, W.C.,
Marcus, N., Naiman, R.J., Segerson, K., Sharpley, A. and Wiseman, W.J. (2000) Clean
Coastal Waters: Understanding and Reducing the Effects of Nutrient Pollution. National
Academy Press, Washington, DC.

Hye-Knudsen, P. (1984) Nitrate in drinking water and methaemoglobinaemia. Ukeskrift for
Laeger 141, 51-53.

IPCC (1997) Revised 1996 Guidelines for National Greenhouse Guas Inventories, Vol. 2.
Meteorological Office, Bracknell, UK.

150 (1997) International Standard 14040. Environmental Management — Life Cycle Assessment -~
Principles and Framework. International Organization for Standardization, Geneva.

Jarvis, M.G. (1973) Soils of the Wantage and Abingdon District. Soil Survey of England and
Wales, Harpenden, UK.

Jarvis, 5.C. (1993) Nitrogen cycling and losses from dairy farms. Soil Use and Management 9,
99-105.

Jarvis, $.C. (1999) Accounting for nutrients in grassland: challenges and needs. In: Corrall A.J.
(ed.) Accounting for Nutrients. British Grassland Symposium Occasional Symposium No.
33. British Grassland Association, UK, pp. 3-12.

Jarvis, 5.C. and Ledgard, 5. (2002) Ammonia emissions from intensive dairying: a comparison
of contrasting systems in the United Kingdom and New Zealand. Agriculture, Ecosystems
and the Environment 92, 83-92.

Jarvis, 8.C., Barraclough, D., Williams, J. and Rook, AJ. (1991) Patterns of denitrification loss
from grazed grasslands: effects of fertilizer inputs at different sites. Plant and Soil 131,
77-88.

Jenkinson, D.S. (1971) The accumulation of organic matter in soil left uncultivated. Rothamsted
Experimental Station Report for 1970, Part 2. Rothamsted Experimental Station, Harpenden,
UK, pp. 113-137.

Jenkinson, D.S. (1977) The soil biomass. New Zealand Soil News 25, 213-218.

Jenkinson, D.S. (1990) An introduction to the global nitrogen cycle. Soil Use and Management
6, 56-61.

Jenkinson, D.S. (1991) Rothamsted long-term experiments: are they still of use? Agronomy
Journal 83, 1-10.

Jenkinson, D.S. (2001) The impact of humans on the nitrogen cycle, with focus on temperate
arable agriculture. Plant and Soil 228, 3-15.

Jenkinson, D.S. and Powlson, D.S. (1976a) The effects of biocidal treatments on metabolism in
soil. 1. Fumigation with chloroform. Soil Biology and Biochemistry 8, 167-177.

Jenkinson, D.S. and Powlson, D.S. (1976b) The effects of biocidal treatments on metabolism

References
261

in soil. V. A method f i il bi il Bi i ]
oo od for measuring soil biomass. Soil Biology and Biochemistry g,

Jenkms-,on,. D.S., Fox, R.H. and Rayner, J.H. (1985) Interactions between fertilizer nitrogen and
soil nitrogen ~ the so-called ‘priming’ effect. Journal of Soil Science 36, 425-444.

Johnson, CJ., Bonrud, P.A., Dosch, T.A., Kilness, A.W., Serger, K.A., Busch, D.C. and Meyer
M.R.' (1987) thal outcome of methaemoglobinaemia in an infant. Journal of the Americar;
Medical Association 257, 2796~2797.

Iohn;zg, 3]?6; and Watson-Stegner, D. (1987) Evolution model of pedogenesis. Soil Science 143

]c7h11;*:2tc;r}:;z AtEd agd Garner,Z HLV. (1969) Broadbalk: historical introduction. Report of the

othamsted Experimental Station for 1968, Part II. Rothamsted Fxperi i
Harpendion, UK. po 15225 perimental Station,

Jones, K:C., Joh‘nstor.l, AE. and McGrath, S.P. (1994) Historical monitoring of organic con-
taminants in soils. In: Leigh, R.A. and Johnston, A.E. (eds) Long-term Experiments in

| A%zcult(uml and Ecological Sciences. CAB International, Wallingford, UK pp. 147163

ury, W.A. (1982) Simulation of solute transport using a transfer fun t" )
Resources Research 18, 363-368. & ction model. Water

Justic, D., Rabalais, N.N. and Turner, R.E. (1995) Stoichiometric nutrient balance and origin of
coastal eutrophication. Marine Pollution Bulletin 30, 31-46.

Kahn, T., Bosch, |., Levitt, M.F. and Goldstein, M.H. (1975) Effect of sodium nitrate loading on
electrolyte transport by the renal tubule. American Journal of Physiology 229, 746753,
Katchallsky, A and Curran, P.F. (1967) Non-equilibrium Thermodynamics in Biophysics. Harvard

lUmversnEy Press, Cambridge, Massachusetts.

Kelliher, FM, Rglsmger, A.R., Martin, R.J., Harvey, M.]., Price, $.J. and Sherlock, R.R. (2002)
Measurmg nitrous oxide transmission rate from grazed pasture using Fourier-transform
infrared spectroscopy in the nocturnal boundary layer. Agricultural and Forest Meteorolo
111, 29-38. 8

Koning, N. (2002) Should Africa Protect its Farmers to Revitalise its Economy? Gatekeeper Series

K ‘ll\To. 1058. International Institute for Environment and Development, London.

oofjman, S5.A.LM. and Bedaux, J.J.M. (1996) The Analysis of Aguatic Toxicity D
University Press, Amsterdam. e of 4 w0
Korom, 5.F. (1992) Natural denitrification in the saturated zone: i
: . W
Resemeh 28, 105 o a review. Water Resources

Kuo, C,, Lmd_ber‘g, C. and Thomson, D.]J. (1990) Coherence established between atmospheric
ca_rbon dioxide and global temperature. Nature 343, 709-715.

Laegre1d., M., Beckman, O.C. and Kaarstad, O. (1999) Agriculture, Fertilizers and the
Environment. CAB International, Wallingford, UK.

Lark, RM. and Webster, R. (1999) Analysis and elucidation of soil variation using wavelets.
European Journal of Soil Science 50, 185-206.

Lark, R.M., Milne, AE, Addiscott, T.M., Goulding, KW.T., Webster, C.P. and O'Flaherty. S.
(2904a) Analysing spatiaflly intermittent variation of nitrous oxide emissions from soil
;v(;:’lclj‘s;\(r)allvelets and the implications for sampling. European Journal of Soil Science 55,

Lark, R.M., Milne, A.E., Addiscott, T.M., Goulding, KW.T., Webster, C.P. and O'Flaherty, 5.
(2004b) _Scale- and lolcatiomdependent correlation of nitrous oxide emissions with soil

properties: an analysis using wavelets. European Journal of Soil Science 55, 611-627.

Lawes, ].B., Gilbert, ] H. and Warington, R. (1881) On the amount and composition of the rain-
fall at Rothgmsted. Journal of the Royal Agricultural Society of England, 2nd Series 17, 241-279.

Lawes, J.B., Gilbert, JH. and Warington, R. (1882) On the amount and composition of
drainage water collected at Rothamsted. The quantity of nitrogen lost by drainage.
Journal of the Royal Agricultural Society of England, 2nd Series 18, 43-71.



" References

A., Pain, B.F., Jarvis, §.C. and Schofield, D. (2000) Comparison of grassland manage-
ment systems for beef cattle using self-contained farmiets: effects of contrasting nitrogen
inputs and management strategies on nitrogen budgets, and herbage and animal pro-
duction. Agriculture, Ecosystems and Environment 80, 243-254.
L’hirondel, J. and L'hirondel, J.-L. (2001) Nitrate and Man. Toxic, Harmless or Beneficial? CAB
International, Wallingford, UK.
Loague, K. and Green, R.E. (1991) Statistical and graphical methods for evaluating solute
transport models: overview and application. Journal of Contaminant Hydrology 7, 51-73
Lomborg, B. (2001) The Skeptical Environmentalist: Measuring the Real State of the World.
Cambridge University Press, Cambridge, UK.
Lovelock, J. (1995a) Gaid. A New Look at Life on Earth. Oxford Paperbacks, Oxford, UK.
Lovelock, J. (1995b) The Ages of Gaia. A Biography of Our Living Earth. Oxford Paperbacks,
Oxford, UK.
Lowrison, G.C. (1989) Fertilizer Technology. Ellis Horwood Series in Applied Science and
Industrial Technology, Ellis Horwood Ltd, Chichester, UK.
Lund, P. (1991) Characterization of alternatively produced milk. Milchwissenschaft 46,
166-169.
Lundberg, J.O.N., Weitzberg, E., Lundberg, ] M. and Alving, K. (1994) Intragastric nitric oxide
production in humans: measurements in expelled air. Gut 35, 1543-1546.
Lunt, H.A. and Jacobson, G.M. (1944) The chemical composition of earthworm casts. Soil
Science 58, 367.
MacDonald, A.J., Powlson, D.S., Poulton, P.R. and Jenkinson, DS. (1989) Unused fertilizer
nitrogen and its contribution to nitrate leaching. Journal of the Science of Food and
Agriculture 46, 407-419.
McKinney, P.A., Paslow, R. and Bodansky, HJ. (1999) Nitrate exposure and childhood
diabetes. In: Wilson, W.S, Ball, AS. and Hinton, RH. (eds) Managing the Risks of
Nitrates to Humans and the Environment. The Rayal Society of Chemistry, Cambridge, UK,
pp. 327-339.
McKnight, G.M., Smith, LM., Drummond, R.S., Duncan, C.W., Golden, M. and Benjamin, N.
(1997) Chemical synthesis of nitric oxide in the stomach from dietary nitrate in humans.
Gut 40, 211-214.
MAFF (2000) Fertiliser Recommendations for Agricultural and Horticultura
edn. The Stationery Office, London.
Magee, B. (1985) Popper. Fontana, London.
Marks, H.F. (1989) In: Britton, DX. (ed.) A Hundred Years of British Food and Farming. A
Statistical Survey. Taylor and Francis, London.
Martin, J.H. and Fitzwalter, S.E. (1988) Iron deficiency limits phytoplankton growth in the
north-east Pacific subarctic. Nature 331, 341-343.
Martin, J.H., Coate, K.H., Johnson, K.S,, Fitzwalter, S.E., Gordon, R.M., Tanner, SJ., Hunter,
CN., Elrod, V.A,, Nowicki, J.H., Coley, T.L., Barber, R.T., Lindley, 3., Watson, AJ., Van
Scoy, K., Law, C.8., Liddlcoat, M1, Ling, R., Stanton, T., Stockel, J., Collins, C., Anderson,
A., Bidigare, R., Ondrusek, M., Latasa, M., Millero, F.J., Lee, K., Yoa, W., Zhang, ].Z.,
Friederich, G., Sacamoto, C., Chavez, F., Buck, K., Kolber, Z., Greene, R., Falkowske, P,
Chisholm, 5.W., Hoge, F., Swift, R., Yungel, I, Turner, J., Nightingale, P., Hatton, A., Liss,
P. and Tindale, N.W. (1994) Testing the iron hypothesis in ecosystems of the equatorial
Pacific Ocean. Nature 371, 123-129.

Medawar, P.B. (1969) The Art of the Soluble. Pelican Books, London.
Mendez, S.L.S., Allaker, R.P., Hardie, JM. and Benjamin, N. (1999) Antimicrobial effect of

acidified nitrite on cariogenic bacteria. Oval Microbiolial Immunolology 14, 391-392.
Mendum, T.A., Sockett, RE. and Hirsch, P R. (1999) Use of molecular and isotopic techniques
to monitor the response of autotrophic ammonia-oxidizing populations of the p subdivi-

Laws, J

| Crops (RB209), 7th

S

References

263

sion of the class proteobacteria i
: in arabl i i
Environmental Microbiology 65, 4155-4162. ¢ solls to nitrogen fertilizer. Applied. and

Mills, E. (1989) Biologi
s gical Oceanography — An E 1
M.lnIthzcE, New Yook 378 graphy arly History, 1870-1960. Cornell University Press
ilne, A.E., i i l
o008 slézllt, ;Ic\l/ll,o Ad.dlscot’c, T.M., Goulding, KW.T., Webster, C.P. and O’Fl
ties: an analvsis usi cation-dependent correlation of nitrous oxide e issi :’zlherty, 5
Mitcheu' o siezs lusnI}IgAwavzlets. European Journal of Soil Science 55 Gﬁig);s "ot proper-
,HH, Shonle, HA. and Grindley, HS. igin of th '
y {aurnal of Biological Chemistry 24, 461—y490. 1916) The origin of the nitates in the urine.
szov‘:r)irgl}{;xghes, E.A. (1957) Physical Chemistry. Pergamon Press, Lond
oWt (,1 99115) (i9170) cfntropg{‘l for Biologists. Academic Press, New ’Yorlr: o
, B. and awash with nutrients — . i
M"uIndu;;ry o, pp. L0411 ents — the problem of eutrophication. Chemistry and
Gller, H.E. i ioxi
Br , E (1997)_The risks of dioxin to human health. In: Bat
. 1111 egvgrthf;l—lememann, Oxford, UK, pp. 201-217 e Pt R (ed) What Risk?
I;n iz'l,eraiiz.;ti ;ﬂer};’nfﬁ(l;i jgd Csop:Srlixr;g,t.G.P. (1998) Seasonal fluctuations in gross N
. n, ' umption, and microbi i i
Aus_trahan soil under different land uses. Australign ]oft? 1?1 blOIT}aSS o Ry,
§ oy nal of Agricultural Research 49
urphy, D.V., Bhogal, A., Shepherd i ’
P AL pherd, M., Goulding, KW.T., Jarvis, S.C., B
er?ﬁz:{gL (19‘99).Companson of > N-labelling methods to measur:e arl‘ado‘ugh, ond
Newoanza g)r’;.lggzé Biology and Biochemistry 31, 20152024 gross niftogen min-
, RLE. ) Ecological changes in Ch’ :
ot : r esapeake Bay: are they th
in C;r;sgaﬂ;zk?rgencan oyster, Crassostrea virginica? In: LI}:'tderstanZ?ng ;;?;3 Of.(jzer-har-
o e Zon . 2119y Rés];z;zjr;:/%RPsro;fdings of a Conference. Chesapeake Researchagyc'msdoiizes
’ m
Miaryiand /88. Chesapeake Research Consortium, Baltimore
Nichols, F.H. |
ol Frg\iggoN ;::rz;l ar&d anthropogenic influences on benthic community struct
Pt Daco 2 XASn.Cairftgg?s,;.S. (ed.) San I'Tmncisco Bay, The Urbanized Esti;r;e
ey , ia Academy of Science, San Francisco, California pp.
Nixon, S.W. (1995) Coastal mari o
. : arine eutrophication: a definiti i
Nort;ergstphelza, International Journal of Marine Biologey 41“:([’;9’5;1%&1 canses and future con
Nyam’a n.ga.r a(Z?OE)Z)OISzlsk: the Human Choice. ESEF, Barton (C;mbridge.)
mang m;n.u - arz(jNill‘iroc312;211:1 'léeafchﬁg and recovery studies in a sa‘ndy soil amended with
' . ic fer . . -
Oniversity ot Zimbabare s ilizer N under high-rainfall conditions. DPhil thesis,

y - 1. ( ) S me 5011' P p . .
, fOl‘ C I v I]:l.e action Of SOll
I\] (] I II 1955 Of mir \g TrOCEessSes 1 ﬂ 1] llurnld tropics.

Nye I -H. G enland .l. 1 t”lg ultlvatlon. l eC]:lI u(:al
’ , ( )

a!ld re: D 19(!0 ] ]Ze SOll uﬂde? .;.ll C
COIXL!IIL!JLIC&'CIOH 51- COIXLmOnW ea.].th Agrlcultural BU.I eau, Ifa!II.haIIl I{Oyal UK

W . -
():E( :] ) ] 99.5 )er()yft 0 th‘ ()E(:D or kshop on Env” Oﬂ‘men tal HIZZLU d/stk ASSBSSH'lent, London,

Officer, C.B., Sma
r, C.B., yada, 5.J. and Mann, R. (1982) Benthic fi i
tion control. Marine Ecology Progress Series 9), 20r31—21c().fllter feeding: a natural eutrophica-

On.sagel, L. (1931) RGCI roc 1 .
P oca Ielatlolls m IIIeVEISIble TocCe
p 55€S5, I and II Physlcal Revlews 3; ra

Ormerod, P. (1994) The Death of Economics. Faber and Faber, London

Orth, R.J. and Moore, K.A. (
v i) 2 , K.A. (1983) Chesapeak . .
aquatic vegetation. Science 22, 51_52{:>ea e Bay: an unprecedented decline in submerged

Oviatt, C., Doeri icki
ering, P., Nowicki, L., Reed, L., Cole, J. and Frithsden, J. (1995) An ecosystem



264 References

level experiment on nutrient limitation in temperate coastal marine environment. Marine
Ecology Progress Series 116, 171-179. o '

Parkin, T.B. (1987) Soil microsites as a source of denitrification variability. Soil Science Soclety
of America Journal 51, 1194-1199. o

Parkinson, R.J., Griffiths, P. and Heathwaite, A.L. (2000) Transport of nitrogen in soil water
following the application of animal manures to sloping grassland. Hydrological Sciences —
Journal des Sciences Hydrologiques 45, 61-73.

Pearce, F. (2002) Botched botany. New Scientist 26 January, p. 11. '

Penny, A., Addiscott, T.M. and Widdowson, F.V. (1984) Assessing the need of maincrop Rota-
toes for late nitrogen by using isobutylidene diurea, by injecting nitrification inhibitors
with aqueous nitrogen fertilizers, and by dividing dressings of ‘Nitro-chalk’. Journal of
Agricultural Science, Cambridge 103, 577-585. ‘ .

Perakis, 5.5. and Hedin, L.O. (2002) Nitrogen from unpolluted South American forests mainly
via dissolved organic compounds. Nature 415, 416-419.

Persson, J. and Nasholm, T. (2001) Amino-acid uptake: a widespread ability among boreal
forest plants. Ecology Letters 4, 434—438. .

Pollock, J. (2004) DDT: the story of a scandal that has killed millions. The Times, 1 May,

. 30.

Popger, K.R. (1959) The Logic of Scientific Discovery. Hutchinson and Co., London.

Popper, K.R. (1962) The Open Society and Its Enemies. Routledge and Kegan Paul, London.

Powlson, D.S. (1994) Quantification of nutrient cycles. In: Leigh, R.A. and Johnston, A.E.. (eds)
Long-term Experiments in Agricultural and Ecological Sciences. CAB International,
Wallingford, UK, pp. 95-115.

Powlson, D.S., Pruden, G., Johnston, A.E. and Jenkinson, D.S. (1986) The nitrogen cycle of the
Broadbalk wheat experiment: recoveries and losses of 15N-labetled fert?lizer appligd in
spring and impact of nitrogen from the atmosphere. Journal of Agricultural Science,
Cambridge 107, 591-609.

Powlson, D.S., Hart, P.B.S., Poulton, P.R., Johnston, A.E. and Jenkinson, D.5. (1992) Influence
of soil type, crop management and weather on the recovery of 151\I—l'abellecl fertilizer
applied to winter wheat in spring, Journal of Agricultural Science, Cambridge 118, 83-100.

Pretty, J., Brett, C., Gee, D., Hine, R, Mason, C.F., Morison, J.1.L., Raven, H., Rayment‘, N. and
van der Bijl, G. (2000) An assessment of the total external costs of UK agriculture.
Agricultural Systems 65, 113-136. ‘ .

Prigogine, 1. (1947) Etude Thermodynamique des Processus Irreversibles. Desoer, L1e.ge. _

Prins, W.H., Dilz, K. and Neeteson, J.J. (1988) Current recommendations for nitrogen fertil-
ization within the EEC in relation to nitrate leaching. Proceedings of the Fertilizer Society
276, 27 pp.

Purseglove, J. (1988) Taming the Flood. Oxford University Press, Oxford, UK. o

Quinton, ].N. and Catt, J.A. (2004) The effects of minimum tillage and contour cultivation on
surface runoff, soil loss and crop yields in the long-term Woburn Erosion Reference
Experiment on sandy soil at Woburn, England. Soil Use and Managerment 20, 343—349..

Rabalais, N.N. and Turner, R.E. (2001) Hypoxia in the northern Gulf of Mexico: description,
causes and change. In: Rabalais, N.N. and Turner, R.E. (eds) Coastal Hypoxia: Consequences
for Living Resources and Ecosystems. American Geophysical Union, Washington, DC, pp.
1-36.

Rabalais, N.N., Smith, L.E., Harper, D.E. and Justic, D. (2001) Effects of seasonal hypoxia on
continental shelf benthos. In: Rabalais, N.N. and Turner, R.E. (eds) Coastal Hypoxia:
Consequences for Living Resources and Ecosystems. American Geophysical Union,
Washington, DC, pp. 211-240.

Rasband, S.N. (1990) Chaotic Dynamics of Nonlinear Systems. Wiley, New York.

Recous, S., Presneau, C., Faurie, G. and Mary, B. (1988) The fate of °N-labelled urea and

References 65

ammonium nitrate applied to a winter wheat crop: II. Plant uptake and N efficiency.
Plant and Soil 112, 215-224.

Rochette,.l?., (;hantigny, M.H., Angers, D.A., Bertrand, N. and Cote, D. (2001) Ammonia
volatilization and soil nitrogen dynamics following fall application of pig slurry on
canola crop residues. Canadian Journal of Soil Science 81, 515-523.

Rolstqn, D.I;Z., Rlao, P.5.C. and Davidson, J.M. (1984) Simulation of denitrification losses of
nitrate fertilizer applied to uncropped, cropped and manure-amended soil il Sci

Rt p PP soils. Soil Science

Rosenbu_rg, R., Agrenius, 5., Hellman, B., Nilsson, H.C. and Norling, D.K. (2002) Recovery of
marine benthic habitats and fauna in a Swedish fjord following improved oxygen condi-
tions. Marine Ecology Progress Series 234, 43-53.

Ross, CA and ]grvi.s, 5.C. (2001) Measurement of emission and deposition patterns of ammo-

Rvd nia from urine in grass swards. Atmospheric Environment 35, 867—875.

yden, J.C., Ball, P.R. and Garwood, E.A. (1984) Nitrate leaching fro 1
oo ot a0 g trom grassland. Nature

Sanchez, P.A., S.hepherd, K.D, Soule, M]., Place, F.M., Buresh, RJ., Izac, AN., Mokwunye,
A.U., I_<we51ga_x, F.R., Ndiritu, C.G. and Woolmer, P.W. (1997) Soil fertility replenishment
in Africa: an investment in natural resource capital. In: Buresh, RJ., Sanchez, P.A. and
Ca_lhou.n, F. (eds) Replenishing Soil Fertility in Africa. SSSA Special Publication No. 51. Soil
S_(:lence Society of America, Madison, Wisconsin, pp. 1-46.

Sasaki, T. and Matano, K. (1979) Formation of nitrite from nitrate at the dorsum linguae.
Journal of the Food Hygiene Society of Japan 20, 363-369.

Scaife, MLA. (1968) Maize fertilizer experiments in Western Tanzani 1 ]

i o) M ia. Journal of Agriculturdl

Schindler, D.W. (1974) Eutrophication and recovery in experimental lakes: implications for
lake management. Science 184, 897-899.

Scholefield, l?., Tyson, K.C., Garwood, E.A., Armstrong, A.C., Hawkins, . and Stone, A.C.
(19?3) Nitrate leaching from grazed grassland lysimeters; effects of fertilizer input, field
drainage, age of sward and pattern of weather. Journal of Soil Science 44, 601-613.

Schrot_h, G," Rodnggﬁes, MRL. and D’Angelo, 5.A. (2000) Spatial patterns of nitrogen miner-
allzanonf fertilizer distribution and roots explain nitrate leaching from mature
Amazonian oil palm plantation. Soil Use and Management 16, 222-229.

Sen Gupta, B.K., Turner, R.E. and Rabalais, N.N. (1996) Seasonal oxygen depletion in cont-
nzze?f;é glhelf waters of Louisiana: historical record of benthic foraminifers. Geology 24,

SETAC .(1991) A Technical Framework for Life Cycle Assessments. Society of Environmental
Toxicology and Chemistry, Washington, DC.

Sharpley, A‘.N., Cha.pra, 5.C., Wedepohl, R., Sims, J.T., Daniel, T.C. and Reddy, K.R. {1994)
Mar_lagmg agricultural ' phosphorus for protection of surface waters, Journal of
Environmental Quality 23, 437—451.

Smaling, EM.A., Nandwa, S.M. and Janssen, B.H. (1997) Soil fertility in Africa is at stake. In:
Bure.sh, RJ]., Sanchez, P.A. and Calhoun, F. (eds) Replenishing Soil Fertility in Africa. SS5A
Special Publication No. 51. Soil Science Society of America, Madison, Wisconsin, pp

47-61. o

Smetacek, V., von Bodingen, B., Knoppers, B., Pollehne, F. and Zeitzschel, B. (1982) The plank-
ton tower. IV I.nteractions between water column and sediment in enclosures experi-
m(;nté gn Klell Bight. In: Grice, G.D. and Reeve, M.R. (eds) Marine Mesocostis — Biological
an, emical Research in Experimental Ecosystems. Springer-Verl N
e . pringer-Verlag, New York, pp.

Smil, V. (20Q1) Enriching the Earth: Fritz Haber, Carl Bosch and the Transformation of World Food
Production. The MIT Press, Cambridge, Massachusetts.



266 References

Smith, J.U., Bradbury, N.J. and Addiscott, T.M. (1996a) SUNDIAL: a PC-based system for sim-
ulating nitrogen dynamics in arable land. Agronomy Journal 88, 38-43.

Smith, J.U., Smith, P. and Addiscott, T.M. (1996b) Quantitative methods to evaluate and com-
pare soil organic matter (SOM) models. In: Powlson, D.S., Smith, P. and Smith, J.U. (eds)
Evaluation of Soil Organic Matter Models. NATO ASI Series Vol. 138. Springer Verlag,
Heidelberg, pp. 181-199.

Smith, J.U., Glendining, M.J. and Smith, P. (1997) The use of computer simulation models to
optimise the use of nitrogen in whole farm systems. Optimising cereal inputs: its scien-
tific basis. Aspects of Applied Biology 50, 147-154.

Smith, K.A. (1980) A model for the extent of anaerobic zones in aggregated soils, and its
potential application to estimates of denitrification. Journal of Soil Science 31, 263-277.

Smith, K.A. and Dobbie, K.E. (2001) The impact of sampling frequency and sampling times
on chamber-based measurements of N,O emissions from fertilized soils. Global Change
Biology 7, 933-945.

Smith, K.A., Elmes, A.E., Howard, R.S. and Franklin, M.F. (1984) The uptake of soil and fer-
tilizer nitrogen by barley growing under Scottish climatic conditions. DPlant and Soil 76,
49-57.

Smith, K.A., Thomson, P.E., Clayton, H., McTaggart, L.P. and Conen, F. (1998) Effects of tem-
perature, water content and nitrogen fertilization on emissions of nitrous oxide by soils.
Atmospheric Environment 32, 3301-3309.

Smith, ].W. (2001) Distribution of catch in the Gulf menhaden, Breevortia patronus, purse seine
fishery in the northern Gulf of Mexico from logbook information: are there relationships
to the hypoxic zone? In: Rabalais, N.N. and Turner, R.E. (eds) Coastal Hypoxia:
Consequences for Living Resources and Ecosystems. American Geophysical Union,
Washington, DC, pp. 311-320.

Smith, V.H. (1998) Cultural eutrophication of inland, estuarine and coastal waters. In: Pace,
M.L. and Groffman, P.M. (eds) Successes, Limitations and Frontiers in Ecosystem Science.
Springer-Verlag, New York, pp. 7-49.

Smithson, J.B., Edje, O.T. and Giller, K. (1993) Diagnosis and correction of soil nutrient prob-
lems of common bean (Phaseolus vulgaris) in the Usambara mountains of Tanzania.
Journal of Agricultural Science, Cambridge 120, 233-240.

Stanford, G. and Smith, 5. (1972) Nitrogen mineralization potentials of soils. Soil Science
Society of America Proceedings 36, 462-472.

Stein, A., Staritsky, J., Bouma, J., van Eijnsbergen, A.C. and Bregt, A K. (1992) Simulation of
moisture deficits and areal interpolation by universal cokriging. Water Resources Research
27, 1963-1973.

Stewart, L. (1995) Nature's Numbers. Weidenfeld and Nicholson, London.

Stiglitz, J.E. (2002) Globalization and Its Discontents. Penguin Books, London.

Stockdale, B.A., Lampkin, N.H., Hovi, M., Keatinge, R., Lennartsson, E.K.M., Macdonald,
D.W., Padel, 8., Tattersall, F.H., Wolfe, M.S. and Watson, C.A. (2001) Agronomic and
environmental implications of organic farming systems. Advances in Agronomy 70,
261-327.

Stout, W.L., Weaver, S.R., Gburek, WJ., Folmar, G.J. and Schnabel, R.R. (2000) Water quality
implications of dairy slurry applied to cut pastures in the northeast USA. Soil Use and
Management 16, 189-193. :

Sylvester-Bradley, R., Addiscott, T.M., Vaidyanathan, L.V., Murray, A.W.A. and Whitmore,
A.P. (1987) Nitrogen advice for cereals: present realities and future possibilities.
Proceedings of the Fertilizer Society 363, 36 pp-

Tabatabai, M.A. and Al-Khafaji, A.A. (1980) Comparison of nitrogen and sulphur mineraliza-
tion in soils. Science Society of America Journal 44, 1000-1006.

Tannenbaum, S.R. (1987) Endogenous formation of N-nitroso compounds: a current perspec-

g

References

i
R. (eds) Relevance of N
_Ni
IARC Scientific Pub]{catidr:’«N

tive. In: Bartsch, H., O'Neill, LK. and Schulte-Hermann,
Compounds to Human Cancer: Exposure and Mechanisms,
84. JARC, Lyon, pp. 292-298.
ten Berge, HE.M., van der Meer, HM., Carlier, L., H o
8% o y T1.AVi., s L., Ofman, T.B. and N
- Limits to nitrogen use on grassland. Environmental Pollution 118, 225«2§§teson H- (2002,)
urston, J. (1958) Geescroft wilderness. Rothamsted Experimental Station R
Rothamsted Experimental Station, Harpenden, p- 94 eport Jor 1957.
iren, R. and Bate, R. (2001) Malaria and the DDT Story. IEA, London
rewavas, A. (2004) A critical assessment of organic farmin’ :
g-and-food assertions wi i
ular respect to the UK and the potential enviro i i A
Protectis o5 7 p ironmental benefits of no-till agriculture. Crop
Trewavas, AJ. and Stewart, D. (2003) Paradoxical i
” . D, effect of ch i i
- Current Opinions in Plant Biology 6, 185~191. chemicals in our diet on health.
yler, K.B., Broadbent, F.E. and Hill, G.N (1959) Low tem
' , , G.N. erat £ itrification i
U four California soils. Soil Science 87, 123-129. persiure efiects on nitrfication in
nited Kingdom Review Group on Im ic Ni
. Revie pacts of Atmospheric Nitrogen (1
Nitrogen Deposition in Terrestrial Ecosystems. DOE, LonItD:lon. Ben (1994) fmpacts of
van Breemen, N. (2902) Natural organic tendency. Nature 415, 381-382.
van Bu;g, P.F.J., Prins, W.H_., de:n Boer, D.J. and Sluiman, W.J. (1981) Nitrogen and intensifi-
v ca ;Eon of livestock farming in E_EC countries. Proceedings of the Fertilizer Society 199, 78 pp
ance, .D. : Brookeg, P..C. and Jenkinson, D.S. (1987) An extraction method for measur;n soii
microbial C. Soil Biology and Biochemistry 19, 703707 ®
van Genucl}ten, R. apd Wier'enga, P. (1976) Mass transfer studies in porous sorbing media. |
Analytical solutions. Soil Science Society of America Journal 40, 473480, -
van I&oon, A, Botterweck, A.A., Goldbohm, R.A., Brants, H.A., van Klaveren, ].D. and van
en Brar-ldt, P.A. (1998) Intake of nitrate and nitrite and the risk of gastric cancer: a
prospective cohort study. British Journal of Cancer 78, 129-135. .
van I\K/Ilaa'tr{en, JM.S., Albering, HJ., van Breda, $.GJ., Amberger, AW., Wolffenbutel, BH.R
.em)ans., J.C.S. and Reeser, H.M. (1999) Nitrate in drinking water and risk of childhooé
diabetes in The Netherlands. Digbetes Care 22,1750.
Veltlrg)f, G.L., van Groeningen, ] W., Gebauer, G., Pietzrak, P., Pinto, M., Corre, W. and
enema, O. (2000) Temporal stability of patterns of nitrous oxide emission from slopin
v grassland. ]ozfmal of Environmental Quality 29, 1397-1407. P
eltl:rcl):,n Sri,s, :(wll'qx(;ar;, P.J:1 and Oenema, O. (2003) Nitrous oxide emission from animal
e - . "
panre PP 0 soil under controlled conditions. Biology and Fertility of Soils 37,
V1togsill<, _P.M., Aber, J., Howarth, RW.,, Likens, G.E., Matson, P.A., Schindler, D.W.
C(; usiilztssr(,: W.H. and Tilman, G.D. (1997) Human Alteration of the Global Nitrogen Cyclet
O » . 0 - '
Ca nsequences. Issues in Ecology 1. Ecological Society of America, Washington,
Wagene? R.J. (1983) Principles of salt movement in soils. In: Nelson, D.W., Elrick, D.W. and
Tanp,.K.K. (ec.is) Chemical Mobility and Reactivity in Soil Systems. Special Pubiica.tio;l 11
" Amen;:{an Society of Agronomy, Madison, Wisconsin. '
agenet, RJ. (1998) Scale issues in agroecological i 1 ing i
ereezmsion o, oot g gical research chains. Nutrient Cycling in
Wagenet, R] e.md A.ddiSf:ott, T.M. (1987) Estimating the variability of unsaturated hydraulic
Wal ;ondt;\;ﬂl://;tylg;?g Csxmple equations. Soil Science Society of America Journal 51, 42-47
rop, M.M. ity: ; ] . )
e I}:don' ( ) Complexity: the Emerging Science at the Edge of Order and Chaos. Viking,
Walton, G. (_1951) Survey of literature relating to infant methemoglobinemia due to nitrate-
contaminated water. American Journal of Public Health 41, 986-996.



268 References

Weast, R.C. (ed.) (1964) Handbook of Chemistry and Physics, 45th edn. Chemical Rubber Co.,
Cleveland, Ohio, pp. B148-B225.

Webster, C.P. and Goulding, K.W.T. (1989) Influence of soil carbon content on denitrification
from fallow land during autumn. Journal of the Science of Food and Agriculture 49, 131-142.

Weller, R., Pattullo, S., Smith, L., Golden, M., Ormerod, A. and Benjamin, N. (1996) Nitric
oxide is generated on the skin surface by reduction of sweat nitrate. Journal of Investigative
Dermatology 107, 327-331.

Weller, R., Ormerod, A.DD., Hobson, R.P. and Benjamin, NJ. (1998) A randomized trial of acid-
ified nitrite cream in the treatment of tinea pedis. Journal of the American Academy of
Dermatology 38, 559-563.

Wetzel, R.G. (2001) Limnology: Lake and River Ecosystems, 3rd edn. Academic Press, New York.

White, R.E. (1997) Principles and Practice of Soil Science. The Soil as a Natural Resource, 3rd edn.
Blackwell Science, Oxford, UK.

Whitmore, A.P. (1991) A method for assessing the goodness of computer simulation of soil
processes. Journal of Soil Science 42, 289-299.

Whitmore, A.P., Addiscott, T.M., Webster, R. and Thomas, V.H. (1983) Spatial variation of soil
nitrogen and related factors. Journal of the Science of Food and Agriculture 34, 268-269.
Whitmore, A.P., Bradbury, N.J. and Johnston, P.A. (1992) Potential contribution of ploughed

grassland to nitrate leaching. Agriculture, Ecosystems and Environment 39, 221-233.

Widdowson, EW., Penny, A., Darby, R.J., Bird, E. and Hewitt, M.V. (1987) Amounts of NOy-
N and NH,N in soil, from autumn to spring, under winter wheat and their relation to
soil type, sowing date, previous crop and N uptake at Rothamsted, Woburn and
Saxmundham, 1979-1985. Journal of Agricultural Science, Cambridge 108, 73-95.

Williams, L.E. and Miller, A.J. (2001) Transporters responsible for the uptake and partitioning
of nitrogenous solutes. Annual Review of Plant Physiology and Plant Molecular Biology 52,
659-688.

Wilson, W.S., Ball, A.S. and Hinton, R.H. (eds) (1999) Managing the Risks of Nitrates to Humans
and the Environment. The Royal Society of Chemistry, Cambridge, UK.

Woese, K., Lange, D., Boess, C. and Bogl, KW. (1995) Producte des 6cological Landbaus. Eine
Zusammenfassung von Unterschungen zur Qualitat dieser lebensmittel. Teil 1L
Bundesgesundheitblatt 38, 265-273.

Wong, M.E.T., Wild, A. and Juo, AS.R. (1987) Retarded leaching of nitrate measured in mono-
lith lysimeters in south-east Nigeria. Journal of Seil Science 38, 511-518.

Wu, ].J. and Babcock, B.A. (1999) Metamodelling potential nitrate water pollution in the cen-
tral United States. Journal of Environmental Quality 28, 1916-1928.

Wu, J., Sunda, W., Boyle, E.A. and Karl, D.M. (2000) Phosphate depletion in the western North
‘Atlantic Ocean. Science 289, 759-762.

Yamulki, 5., Jarvis, S.C. and Owen, P. (1998) Nitrous oxide emissions from excreta applied in
a simulated grazing pattern. Soil Biology and Biochemistry 30, 491-500.

Young, C.P., Oakes, D.B. and Wilkinson, W.B. (1976) Prediction of future nitrate concentra-
tions in groundwater. Groundwater 14, 426—438.

Zimmerman, R.J. and Nance, J.M. (2001) Effects of hypoxia on the shrimp fishery of Louisiana
and Texas. In: Rabalais, N.N. and Turner, RE. (eds) Coastal Hypoxia: Consequences for
Living Resources and Ecosystems. American Geophysical Union, Washington, DC, pp-
293-310.



