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Abstract

Food miles are often the sole criteria by which agricultural sustainability is
assessed. Social justice is an alternative measure. Social justice is comprised
of a number of component parts of which health is but one. Little appears to
be known of the health status of farm workers. This study describes the self-
reported health status of farm workers in four countries employed in producing
fresh vegetables for UK supermarkets. The study had five objectives:
i. To assess the health and well being of farm workers in UK vegetable
production.
ii. To compare the health of UK farm workers with farm workers from
other countries supplying similar products to the UK market.
iii. To explore the potential impact of pesticides on farm worker health,
both at the policy and farm level.

iv.  To identify major causes of poor health (where it occurs) and identify its
determinants.

v. Consider the ethical implications of supplying to the UK horticulture
market from production in developing countries.

Over 2500 completed questionnaires were collected from farmers and farm

workers in the UK, Spain, Kenya, and Uganda between 2006 and 2007.
Pesticide data was collected from a number of farms in the UK, Kenya and
Uganda but not from Spain. Workers employed on Kenyan export farms
scored significantly higher than both the population norm and workers from

the three other participating countries. There was no relationship between the
self-reported health of a worker and the environmental impact rating of

pesticides used on a given farm. The farm worker health scores have
important implications for policy makers as ethical purchasing decisions will
need to offset the food miles of a given vegetable by the social benefits such
as health that devolve from purchasing vegetables from developing countries.

Ethical purchasing decisions might be shaped in the future by the concept of

buying from wherever improves the health status of producers rather than
wherever is nearest.
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General introduction: Testing the assertion that ‘local food is
best’: the challenges of an evidence based approach
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Preamble

This thesis aims to explore issues relating to the well-being of farm workers in
UK horticulture supply chains. The genesis for such a study can be traced
back through the food debate of the past ten years, culminating in the food
miles debate of more recent years. This thesis is part of the output of the
larger parent project named ‘Comparative assessment of environmental,
community & nutritional impacts of consuming fruit and vegetables produced
locally and overseas’ funded by the Rural Economy and Land Use (RELU)
programme of the UK Research Councils. The project attempted to
characterise the benefits and disbenefits of vegetable horticuitural production
in four countries from a variety of perspectives such as soil carbon emissions,
life cycle analysis, discriminant choice analysis of consumer preference. This
body of this thesis attempts to characterize the supply chain through the prism
of farm worker well-being. The prologue that follows provides a broad
overview of the relevant evidence pertaining to the food miles debate and
Identifies gaps that the parent project and this thesis attempted to fill.

The prologue to this chapter was first published in 2008 in the journal Trends
in Food Science & Technology. Edwards-Jones, G., L. Mila i Canals, N.
Hounsome, M. Truninger, G. Koerber, B. Hounsome, P. Cross, E.H. York, A.
Hospido, K. Plassmann, I.M. Harris, R.T. Edwards, G.A.S. Day, A.D. Tomos,
S.J. Cowell, and D.L. Jones. 2008. Testing the assertion that “local food is

best": the challenges of an evidence based approach. Trends in Food Science
& Technology. 19:265-274.
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1.0 Abstract

Advocates of ‘local food’ claim it serves to reduce food miles and greenhouse
gas emissions, improve food safety and quality, strengthen local economies
and enhance social capital. We critically review the philosophical and scientific
rationale for this assertion, and consider whether conventional scientific
approaches can help resolve the debate. We conclude that food miles are a
poor indicator of the environmental and ethical impacts of food production.
Only through combining spatially explicit Life Cycle Assessment with analysis

of social issues can the benefits of local food be assessed. This type of
analysis is currently lacking for nearly all food chains.
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1.1 General introduction

Concerns about the environmental impacts of transporting food increasingly
long distances prior to its consumption have focused on the notion of ‘food
miles’ (Smith et al., 2005). This idea, popularly understood as the distance
that food travels from farm gate to consumer, has generated considerable
interest among environmental groups, academics, Government, the media,
and the general public (Frith, 2005; Hamilton, 2006; Kelly, 2004; Smith et al.,
2005). In response to these concerns there is a growing advocacy for food
systems that reduce food miles, popularly termed ‘local food'.

Positive claims about the environmental and social benefits of ‘local food’
systems are increasingly common (Morgan et al., 2006; Norberg-Hodge et al.,
2002; Smith et al.,, 2005). However, the concept of ‘local food’ remains
ambiguous. Some 22% of respondents in an Institute of Grocery Distribution
(IGD) survey (IGD, 2006) expected local food to be produced within 30 miles
of where they lived (IGD, 2006), while others extended their notion of ‘local’ to
country limits (e.g. England, Scotland or to Britain as a whole). For the

majority of respondents, though, food was considered ‘local’ if it was produced
in the same county as it was consumed.

However, distance from source is not the only attribute that consumers
associate with local food. In the IGD survey, local foods were also strongly
associated with freshness, and 60% of respondents gave this as the most
Important reason for buying local food. Other reasons included support for
local producers (29%), environmental concerns (24%) and taste (19%) (IGD,
2006). These data are consistent with other studies which report that local
foods are equated with safe, pure and natural foods, whilst imported foods are
more likely to carry the connotation of being impure and unsafe (Draper and

Green, 2002; La Trobe, 2001; Nygard and Storstad, 1998: Weatherell et al.,
2003; Winter, 2003).

Debates around local food have been given a new significance in the light of
the responses of industry and Government to climate change and their desire

4
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to calculate the carbon footprints of goods and products. The carbon footprint
of a food item is the total amount of greenhouse gases (GHGs) emitted during
its production, processing and retailing (the most important GHGs derived
from agriculture are carbon dioxide (CO2), methane (CH4) and nitrous oxide
(N20O)). As these GHGs have different effects on the radiative forcing (global
warming potential, GWP) of the atmosphere relative to the effect of CO, they
are converted to CO, equivalents; with 1 kg of CH,4 being equivalent to 25 kg

of CO,, and 1 kg of N2O equivalent to 298 kg CO. over a 100 year time
horizon (IPCC, 2007).°

Once the carbon footprint for a food item has been estimated it is possible to

use this to inform both food chain professionals and consumers about the
relative impacts of different products. In the latter case a carbon label could
act in a similar way to other food labels (Kaiser and Edwards-Jones, 2006), on

the assumption that concerned consumers will preferentially purchase goods
with the desired characteristics, here a low carbon footprint.

In summary, the argument in favour of increased localisation of food chains
assumes and reinforces an association between localness, taste, naturalness,
safety, nutritional value, environmental quality and local economy. Thus
advocacy for ‘local’ food suggests that it is generally better overall to consume
local food than food produced ‘non-locally’. However, a priori reasoning would

question the universality of such claims, as every location is local to someone,

but all locations are non-local to most people. The local food argument implies
that eating an English grown carrot in England is better for the environment,

the consumer and society than eating a Moroccan grown carrot in England,
and vice versa. But consider a hypothetical consumer, living on an island in
the Atlantic Ocean equidistant between Morocco and England, who wants to

buy carrots and has the choice of either English or Moroccan at the same

' These are the latest conversion figures given by the Intergovernmental Panel on Climate
Change (IPCC). Previously IPCC. 2001. Climate Change 2001: The Scientific Basis.

Cambridge University Press, Cambridge, UK. had suggested that 1 kg of CH, was equivalent
to 23 kg of CO,, and 1 kg of N,O was equivalent to 296 kg CO,, while before that IPCC. 1995.
Chmatg Change 1995: The Science of Climate Change. Cambridge University Press,
Cambridge, UK.had suggested GWP conversion factors of 21 for CH, and 310 kg for NO.
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price — which should she choose? A rational scientific outiook would suggest
that there must be an objective answer to this question, and that by collecting

evidence, a rational decision could be made. This reasoning would be equally
applicable to a London consumer faced with a choice between an Essex and
a Kent grown carrot, and indeed could be extended to the general case of all
consumers. That is to say, there must be a portfolio of evidence that could be
collected which would indicate which food item is the ‘best choice’ in any
given situation, where ‘best’ may variously be defined as the most ethical
and/or that which maximises social welfare. If the evidence in this porttolio
clearly showed that local food was best, then this would have profound
implications for food production. However, if the opposite were true then some

of the current marketing and media focus on local food may prove to be
inconsequential.

This prologue discusses the portfolio of evidence that would need to be
gathered in order to decide which type of food chain is ‘best’. The prologue
primarily focuses on evidence related to biological and physical characteristics
of food chains, and does not present any analysis of issues related to
economics of comparative analysis and the benefits or dis-benefits of
international trade (for further information on these issues see Southgate
(2007). The prologue begins by considering the contribution of local and ‘non-
local’ food to climate change, and then proceeds to consider other
environmental and social issues. There is a particular focus on the case of
fruit and vegetables, as this is a sector of high public interest. While most of
the issues discussed are of generic interest, there may be important

differences between fruit and vegetables and other foods, and any
generalisations should be made with caution?.

® This prologue arises from research conducted as part of the UK Research Councils’ RELU
Programme in a project entitled ‘Comparative assessment of environmental, community and
nutritional impacts of consuming fruit and vegetable produced locally and overseas’ (RES-
224-25-0044). RELU is funded jointly by the Economic and Social Research Council, the
Biotechnology and Biological Sciences Research Council and the Natural Environment

Research 'Council, with additional funding from the Department for Environment, Food and
Rural Affairs and the Scottish Executive Environment and Rural Affairs Department.
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1.1.1 Greenhouse gas emissions from the food chain

Between 1850 and1990 worldwide changes in land use and management led
to the release of an estimated 156 Pg C to the atmosphere (Houghton, 2003)
(which is about half that released from the combustion of fossil fuels over the
same period). Increasing public awareness of the consequences for climate
change, as well as the media driven ‘food miles’ debate and the potential for
commercial advantage, are propelling the introduction of carbon labelling In
the food chain (PepsiCo pers. comm.). However, in the absence of an agreed
framework for calculating a carbon label, there is the potential to draw the
system boundary in different ways. System boundaries can be defined more
or less narrowly: for example, to include only the transport element of the food
chain; or slightly more widely to include on-farm activities only (cradle to farm
gate); or more widely still to include on-farm activities, processing, retailing
and consumption (cradle to plate); and ultimately from cradle to grave, which
would also include waste disposal. Further, uncertainty arises as both different
data and calculation methods may be used when incorporating data into
integrative methodologies such as Life Cycle Assessment (LCA). Thus,
estimates of the amount of greenhouse gases emitted from a food system will

depend on both the definition of the system boundary and the carbon
accounting methodology utilised (Buckwell, 2005).

1.1.2 Working with a narrowly defined system boundary: transport only

It is relatively easy to estimate GHG emissions from within a narrowly defined

system which includes only transport, as the levels of relevant emissions are
well known (Table 1.1). Air freight is an area of particular public concern as it
has a large global warming potential per tonne km (i.e. the GHG emissions
associated with moving 1 tonne of goods a distance of 1 km). Because of this,

even when relatively low volumes of food are transported by air, their
environmental impact may be relatively large (Marriott, 2005).
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1.1.3 Widening the system boundary: Life Cycle Assessment

A wider system boundary would consider all stages of the fooa chain, and
LCA is a commonly used methodology for integrating and analysing material
and energy flowing into and out of such a system (Fig. 1.1). When considering
GHG emissions, LCAs generally consider both the direct emissions from
activities like transport, alongside those generated during the manufacture of

the relevant inputs, e.g. fertiliser, pesticides, electricity and machinery. It is
evident from LCAs published in the peer reviewed literature (Table 1.2) that
for many field grown crops the manufacture of fertiliser tends to be one of the
on-farm inputs with the greatest energy demand and GHG emission factor
(Roelandt et al., 2005). However, in glasshouse production, direct use of

electricity for heating and lighting may represent the greatest energy input
(Williams et al., 2006).

When considering local food, several LCA studies report that local production
can be more energy efficient than non-local production, largely because of
transportation sévings. For example, Stadig (1997) suggests that more energy
is used in importing apples produced in New Zealand (NZ) to Sweden than in
producing them in Sweden, even though apple production is more energy
efficient in NZ. Interestingly while Jones (2002), who is a UK based
researcher working on the LCA of apples, reports similar results for the UK

situation, Saunders, Barber & Taylor (2006) who are NZ based researchers
suggest the opposite. These contradictory results emphasise the need to

utiise similar system boundaries and methodologies when making
comparisons between different food systems. The full complexity of the apple
LCA is revealed in a recent study by Mila i Canals, Cowell, Sim & Basson

(2007) (Fig. 2). This study compares the apples imported to the European
Union (EU) from NZ and other southern hemisphere countries. Unlike the

study of Saunders et al. (2006), Mila i Canals et al. (2007) consider the full
calendar year and the energy inherent in storage of apples from time of
production to time of consumption. Thus, an apple produced in a UK orchard
which is consumed in October, uses less energy than one produced in the
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same orchard which is consumed in the following August. This difference is

due to the energy used in storage between October and the following August.
So while on average the consumption of EU grown apples in the EU uses less

energy than consuming a NZ grown apple in the EU, the relative benefits of so
doing vary with the season.

Table 1.1 Direct emissions of carbon dioxide and the global warming potential (GWP) of all
gaseous emissions for different modes of transport (expressed as kg CO,-equivalent). *
Includes all direct emissions of CO, and to provide 1 tonne-km (i.e. including production and
delivery of fuel and capital infrastructure). ° includes also radiative forcing of emissions of other
greenhouse gases. # It should be noted that the Royal Commission on Environmental
Pollution highlights that “the total radiative forcing due to aviation is probably some three times

that due to carbon dioxide emissions alone”(RCEP, 2002). Source: Ecoinvent 1.2 database
Spielmann et al., 2004).

Transport type kg CO; (direct)/t*km* kg CO,-eq (GWP)t*km”°

Passenger car 0.191 kg/passenger km 0.203 kg/passenger km

Van <3.5t 1.076 1.118

Truck, 16t 0.304 0.316

Truck, 32t 0.153 0.157

Plane, freight# 1.093# 1.142

Train, freight 0.037 0.038

Transoceanic freight 0.010 0.011

Transoceanic tanker 0.005 0.005

Machinery

Pesticides

Fertiliser
Electricity

Fuel

Machinery
Electricity

Pollution

Electricity
Packaging

Pollution

Figure 1.1 Summary of typical inputs and outputs of d
system. Standard Life Cycle Assessment

each of these inputs and outputs.

_ \fferent stages in the food production
considers direct and indirect impacts of each of
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Figure 1.2 Primary energy use per kg of apples from European and southern hemisphere
suppliers for the different seasons. EU1 indicates an apple produced in a country within the

European Union (EU) and eaten in the same country. EU2 indicates an apple produced in a
country within the EU and eaten in another EU country. NZ indicates an apple produced in

New Zealand and eaten in an EU country. OSH indicates an apple produced in another

country within the southern hemisphere, not NZ, and eaten in an EU country (Mila i Canals et
al., 2007)
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Table 1.2 Examples of life cycle assessment analyses of horticuitural products which have
been published in the peer reviewed literature.

Country of Product Main findings Reference
production

e Primary energy requirement for production in: Europe
Europe, Apples and South America was 0.4-3.8 MJ kg-1, and in New (Milai

South Zealand was 0.4-0.7 MJ kg-1 Canals et
America e Storage for.5-9 months in Europe increases energy al., 2007)
and New requirements by 8-16 %

Zealand o Specific farming practices introduce significant

differences in energy consumption

e Season of production and consumption and storage
losses affect total energy consumption

New Apples o Specific farming practices introduce significant (Milai
Zealand differences in energy consumption (30-50 %) and other Canals et
environmental impacts al., 2006)

e Fuels, fertilisers and pesticides have an important
impact on many environmental variables and careful
selection of products can reduce environmental impacts
e Direct energy input for field operations represent 64-
71 % of total energy consumption; most environmental
impacts are related to energy-related emissions

e Percentage of total energy consumption for different
inputs were: pesticide production (10-20 %), machinery
manufacture: (7-12 %), fertiliser production (5-11 %)

UK Apples e Transportaton accounts for a considerable (Jones,
percentage of total energy consumption in the life cycle 2002)
of fresh apples

o Transportation in most cases exceeds the energy
consumed in commercial apple cultivation

e Development of local production and marketing
systems can help reduce transport demand

Switzerland Apples e Apple production is represented by 37.6 GJ eq. ha' (Mouron

for energy use, 4.7 kg Zn eq. ha” for aquatic ecotoxicity et al,,
and 1.0 kg PO, eq. ha™ for aquatic eutrophication 2006)

e Potatoes, sugar beet and carrots have similar energy
consumption and aquatic ecotoxicity

¢ Aquatic eutrophication caused by apple production is

much lower than all arable crops because of low P-
fertiliser needs

* Area-related energy use is 50 % higher for apple
growing compared to arable crop rotation

e The 'lfey impact categories energy use, aquatic
ecotoxicity and aquatic eutrophication can be managed

by keeping the inputs of machinery, pesticides and
fertilisers low

Sweden Potatoes e Agricultural production accounted for almost all the (Mattsson

emissions  contributing to  eutrophication and and
acidification Wallen,

* Agricultural production, production of packaging 2003)
mate_nals and the household phase were the main
contributors to global warming

* Energy use was evenly distributed among life cycle
stages

11



Table 1.2 continued

Countryof . quct
sroduction
UK and Greenhouse
Spain tomatoes
Spain Greenhouse
tomatoes
Spain Greenhouse
tomatoes
The Greenhouse

Netherlands tomatoes

UK Sugar beet

Switzerland Several
arable crops

Froiogue

Main findings Reference

e Importing tomatoes from Spain to the UK (Smithetal,

during the winter is more energy efficient than 2005)
growing them in heated glasshouses in the UK

¢ Main negative impact derives from the waste (Anton et al.,
of biomass and plastics 20053a; Anton
et al., 2005Db)

 Relative impacts of pest control depend on the (Anton et al.,
selection of specific pesticides and crop stage 2004)
development at the time of application

e Both Iintegrated pest management and
chemical pest management could be improved
by a careful selection of pesticides

e Substrate cultivation with recirculation of the (Nienhuis and
drainage water results in less environmental de Vreede,
effects per kilogram of tomatoes than soil 1996)
cultivation and free drainage

e Reusing the drainage water leads to a lower
emission of N and P and consequently to a
much lower score for nitrification

e The lower consumption of phosphate fertilizers
in crops with recirculation results in much lower
scores for toxicity to water and soil organisms

e These conclusions are also valid for other fruit
and vegetable crops grown on substrate

e The energy consumption at the glasshouse
holding of natural gas and electricity has a great
share in the total environmental pressure

* Mean impacts per ha were 21.4 GJ of energy (Tzilivakis et
consumption, al., 2005)

emission of 1.4 t of CO,-equivalents, 3.3 kg
nitrogen leached and

15.2 kg nitrogen lost to denitrification

» Energy use dominated by mechanization, use (Nemecek and
of mineral fertilisers and grain drying Erzinger,

o Eutrophication is mainly caused by nitrogen 2005)
compounds

Field emissions are of decisive importance for
many environmental impacts

12



FPrologue

The results of LCAs may also be influenced by different scales of production
at the local/global level. Sundkvist et al., (2001) studied bread production with
locally sourced flour versus bread produced in other regions of Sweden, and
concluded that the smaller scale of the local mills results in reduced energy
efficiency. However, when considering other impacts apart from energy use,
Andersson & Ohlsson (1999) find lower emissions per kg of bread in smaliler
bread-making facilities compared to a large industrial bakery. Interestingly,
Schlich & Fleissner (2005)suggest that the energy efficiency of global food
systems is greater due to the increased size of producers (i.e. ‘ecology of
scale’), which counters the increased energy use for transportation. However,
this study is contested by Jungbiuth & Demmeler (2005), who highlight some
of the critical — and controversial — decisions made during the analysis (e.g.
direct energy consumption instead of primary energy requirements; non-
representative data for regional production; inconsistent system boundaries

for the two compared systems). Further, the production practices of producers
servicing local distribution networks may differ substantially from those of

more ‘globalised’ producers servicing large retailers, and this should also be
considered in any analysis.

These studies serve to demonstrate several important issues related to LCAs.
Firstly, there is inherent variation at the farm level, within a country and
between seasons, which leads to different levels of environmental impact
even for the same product Secondly, it is only when the system boundary of
the LCA includes all phases of the food chain that accurate estimates of

Impact can be obtained. Thirdly, the outputs from LCAs may not give simple

messages to those consumers who are seeking to make informed but
uncomplicated purchasing decisions.

1.1.4 Widening the system boundary further: spatially specific emissions
from agro-ecosystems

Standard LCA methodologies have been largely developed within the context
of engineering and physical systems, and are not well adapted to deal with the
variation inherent in biological systems. So if LCA is to contribute to the local

13
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food debate it will be necessary to utilise spatially explicit coefficients which

reflect the reality of production in different localities. While this is theoretically

possible in some of the newest LCA methodologies, severe difficulties remain
in practice, as discussed below.

1.1.5 Greenhouse gas emissions from on-farm activities

Emissions of CO2 from soils represent one of the major fluxes in the global
carbon cycle, and through the biological and chemical processes that occur
within them, agricultural soils are responsible for releasing significant amounts
of GHGs into the atmosphere (Schlesinger and Andrews, 2000). Gaseous
emissions from soil are not considered by consumers when making food

choices, and even when they are accounted for in LCAs, the assumptions
made are often incorrect. The discussion below highlights the uncertainties

which surround GHG emissions from soils and the difficulties inherent in
representing these emissions in integrative analyses.

The release of CO2from soil occurs mainly from respiring plant roots and from
soil microbes decomposing organic matter in soil (Farrar et al., 2003). A
second GHG, N2O, is produced naturally in soils by microorganisms through
the processes of nitrification or denitrification. Nitrification is the aerobic
oxidation of ammonium to nitrate; denitrification is the anaerobic reduction of
nitrate to nitrogen gas. Both processes are enhanced by the increased
availability of nitrogen in the soil, such as through additions of fertilisers,

faeces, slurries, manure, ploughed in leys, arable residues etc., all of which

have the potential to increase N,O emissions. As large quantities of nitrate
fertiliser are added to most agricultural systems the potential for emissions is
large. There are also indirect emissions of N.O due to the volatilisation,
leaching and run-off of nitrogen from managed soils. Major sources of
emissions of the third main GHG, CH; are animal wastes and severely

anaerobic soils (e.g. rice paddies), although in most agricultural systems CHy,
Is much less important as a GHG than CO, and N,O (Conrad, 2002).

14
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The magnitude of GHG emissions from soil depends on an extremely diverse
range of biological, chemical, physical and management variables making
measurement or prediction of the net GHG budget for agricultural soils
extremely difficult (Christopher and Lal, 2007; Kebreab et al., 2006). This also
implies that single GHG emission values cannot be ascribed to broad
agricultural system types but are moreover likely to be highly context specitic
and dependent upon local conditions. This contrasts strongly with the

relatively fixed carbon emissions associated with subsequent food processing
and transport/distribution.

One major issue which is rarely appreciated, and which fundamentally
remains poorly understood, is that soils can also be major sinks for

greenhouse gases. In the case of CO,, all crop plants sequester atmospheric
CO, in photosynthesis. Some of this is returned to the soil when roots die and
at the end of the season in crop residues left behind in the fields. Both of
these are important in replenishing soil organic carbon stores. In addition,

soils can also act as sinks to significant quantities of both N.O and CH;,

(Castaldi et al., 2007; Chapuis-Lardy et al.,, 2007; Suwanwaree and
Robertson, 2005). '

The net release of GHGs from agricultural soils is therefore a delicate balance
of CO2, N2O and CH4 gains and losses across an entire growing season.
Consequently, it is important to measure all three of these gases
simultaneously to reliably estimate GHG emissions. Further, it can be
expected that over a cropping cycle an agricultural field will fluctuate from
being a source to a sink for these gases. Studies have demonstrated that
these net fluxes can change dramatically within a day depending upon the
prevailing weather conditions and management regime (WagnerRiddie et ai.,
1996). Therefore, accurate estimates of GHG emissions from food production
systems require measurements to be made over long time periods (ideally a
full calendar year) on a continuous, or very regular, basis (e.g. hourly). This

Intensity of measurement poses severe practical challenges and is rarely
undertaken. Even if it were undertaken for a whole calendar year, variation in

15
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weather between years may render the results from a single cropping cycle
unrepresentative of long-term GHG emissions.

The IPCC approach to this problem was to undertake a meta-analysis of all
the available experimental data and to produce standard emission factors,
which describe, for example, the proportion of nitrogen fertiliser that is emitted
as N20 from crop production (Bouwman and Taylor, 1996). This emission
factor approach is based on a limited number of data points and is applied
worldwide for agricultural soils regardless of variations in soil characteristics,
land management or climate (Roelandt et al., 2005). This is obviously a crude
approach that can have little relevance to local conditions (Smith et al., 2002).
To address this issue, many researchers have developed mathematical
modelling approaches that attempt to simulate net GHG emissions from soil at
a range of temporal (days to decades) and épatial scales (field to continental
level) (Levy et al.,, 2007; Vuichard et al., 2007). Ultimately, however, these
models are only as good as the knowledge that underpins them (Tonitto et al.,
2007). Although scientific knowledgé of carbon and nitrogen dynamics is far
from complete for many agro-ecosystems, simulation models of GHG
emissions from soil such as DNDC (Li. et al.,, 1992) and soil carbon stocks
CENTURY (Sanford et al., 1991) have been widely accepted and partially

validated. However, in many situations there may be poor agreement between
modelled outputs and actual measured emissions, and further refinement of

these modelling approaches is required before they can be used to make
informed judgements pertinent to the local food debate.

1.1.6 Conclusion on LCA and GHG emissions from local food production

It is clear from the above discussion that in order to quantify the GHG
emissions from local and non-local food it is necessary to conduct spatially
explicit LCAs which include emissions from agricultural systems alongside
those emanating from food processing, transport and retailing. Unfortunately,
due to the many different definitions of the phrase ‘local’ it remains difficult to
identify the precise scale of analysis which would best inform consumers

and/or policy-makers. Given the paucity of studies published at any scale
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which analyse emissions from across the entire food chain it is currently

impossible to state categorically whether or not local food systems emit fewer
GHGs than non-local food systems.

1.1.7 Other environmental hazards in the food chain

The impact of food production on climate change is not the only environmental
issue that needs to be considered when comparing ‘local’ and ‘non-local’ food.

For example, in some locations horticulture can have aesthetic impacts on the
landscape through the use of glasshouses, poly-tunnels, field scale mulches
and fleeces, particularly when there is a clustering of horticultural farms in one

area. Buying food from such areas may support these production methods,
and thereby perpetuate the visual impact.

Another potentially polluting practice relates to the use of pesticides, and
again the hazard arising from pesticides may vary with location. The types
and amounts of pesticide used on a given crop relate to the pest and disease
pressure which vary between growing regions (BCPC, 2007). Different
pesticides have their own toxicological profiles, and therefore pose different
levels of hazard. In general, herbicides tend to pose low hazards to human
health, while insecticides demonstrate higher hazards (Cross and Edwards-

Jones, 2006). For these reasons the actual hazard posed to the environment
and society from the use of pesticides varies with location.

In addition, there are a range of other potential environmental hazards posed
by agriculture whose severity may also vary with location. These include
gaseous emissions eg. ammonia (Havlikova and Kroeze, 2006), pollution of
surface and ground water (eg. nitrate leaching, phosphate pollution (Almasri
and Kaluarachchi, 2007; Powers, 2007)), soil erosion (Van Oost et al., 2006)
and impacts on biodiversity (Butler et al., 2007). These hazards are not
discussed in detail here, but they do serve to highlight that growing the same
crop in different places will pose different environmental hazards, which may

result in different levels of impact. Further, the importance of these impacts
can only be assessed in the context of the locality in which the impact occurs.
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There is currently no study which has quantified and mapped the full range of
environmental impacts arising from fruit and vegetable production at a local,
national or global level. To do so would be a mammoth task, and while such a
dataset may have some value to Governments it is unclear how consumers

and producers would react to such a mass of information.

1.1.8 Local food, quality and nutritional value of fruit and vegetables:

Determinants of quality

The commercial and nutritional quality of fruit and vegetables is determined by
a range of characteristics, attributes and properties (Schroder, 2003).
Commercial quality standards include cleanliness, firmness, lack of damage,
freedom from disease, colour, size and shape, freshness, appearance,
texture, aroma, consistency, origin and use-by-date (UNECE, 2007).
Nutritional quality relates to essential nutrients (carbohydrates, amino and
fatty acids) and biologically active compounds (vitamins, dietary fibre,
flavonoids, carotenoids, phytosterols, phenolic acids and glucosinolates). Both
of these aspects of quality may be affected by the various activities that occur

along the supply chain. For example, fresh vegetables can experience
deterioration in their marketing quality during transportation due to mechanical
damage caused by handling and transit vibrations (Hinsch et al., 1993).
Storage can also reduce vegetable quality due to microbial spoilage and

nutritional losses, with the most susceptible nutrient compounds being

ascorbic acid, niacin, folic acid, phenolics, carotenoids and flavonoids
(Goldberg, 2003).

Preservation methods such as refrigeration, gas and controlled modified
atmosphere, chlorination, electrolyzed water treatments, ionizing radiation,

application of film packaging and surface coating aim to reduce the nutritional
losses and to increase the shelf-life of fresh vegetables (Alzamora et al.,

2000). While consumer knowledge of these processes may be limited,
preservation by freezing is familiar to most Western consumers. The
application of quick freezing technologies combined with blanching, a thermal
treatment, can minimise both nutritional losses and physical damage of frozen
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vegetables. Unfortunately though, freezing is not suitable for all vegetables
and cannot be used effectively to preserve salad items such as endives,

cucumbers and radish. However, although frozen vegetables retain most of
their nutrients and vitamins (including ascorbic acid, folic acid and thiamine),
the freezing process does not guarantee retention of the full nutritional quality
of the produce. The major risk of nutrient loss for frozen vegetables occurs
during blanching prior to freezing (Puuponen-Pimia et al.,, 2003).
Nevertheless, blanching is a necessary activity as it deactivates the enzymes
responsible for undesirable changes in odour, flavour and colour during

defrosting and reduces the microbial activity and oxidation processes that
cause spoilage.

If consumers collected produce from a farm within a few hours of its harvest,
then it could be expected that its nutritional quality would be high. However, if
quality was only related to time since harvest, then given that produce grown
in Kenya can be available for sale in some parts of northern Europe 24-30
hours after harvest, this produce too may be of high nutritional quality. For
these reasons it is not possible to state categorically that locally produced fruit

and vegetables will always be of higher nutritional quality than non-local
produce. Rather their quality will depend on time since harvest and the type of
processing to which they are subjected. Thus the characteristics of the supply

chain are probably more important in determining quality of fruit and
vegetables than is the distance between producer and consumer.

1.1.9 Assessing impacts on health

Scientific evidence of quality differences between local and non-local food
could be derived by measuring the chemical constituency of food from
different supply chains throughout the year. If the health status of consumers

who ate food from the different supply chains were also assessed, then any
changes in their health status could, in theory, be related to the chemical

constituency of their food. However, such an approach faces several
challenges. Firstly, a large amount of analytical effort would be needed in
order to chemically characterise all food items from the different supply
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chains. Secondly, despite a large amount of information being available on
this topic, the nutritional quality of all fruit and vegetables has not yet been
defined. To date, around 50,000 chemical compounds have been elucidated
in plants (Fiehn, 2002), most of which have unknown function in humans.
Thirdly, the actual health impact on individuals who choose to consume either
local or non-local produce could only be assessed in relation to the rest of
their diet. So any nutritional advantage gained by eating one type of produce
could be enhanced or counteracted by the quality and quantity of other
elements of the diet. Finally, the relevance of this type of chemical information
to consumers is unclear. While some consumers seem to value the claimed
health benefits associated with certain food products, sociological research
suggests that consumers normally have a multidimensional concept of quality
which goes beyond chemical and physical variables, and may include a range
of social factors relating to the traditions and experiences of people in the food
chain (see Parrott et al., (2002)).

1.1.10 Overall discussion and the role for interdisciplinarity in the local food
debate

The previous discussion has largely taken a natural science perspective to the
impacts of purchasing local and non-local food. However, there are also a
range of social and economic factors which have not been discussed in detail
here. For example, an issue of concern to some consumers is the impact that
their purchasing decisions will have on individual farmers, and also on the
local and regional economies in which the farmer is located (witness the
grthh of Fairtrade produce). Whilst many consumers may have the desire to
use their purchasing decisions to help poorer regions and nations, others may
explicitly decide not to buy produce from some countries for political reasons
(e.g. movements to boycott South African goods in the 1980s as a protest
against apartheid). So when a consumer decides to preferentially purchase
local food, they may explicitly be making a decision to benefit local farmers,
the local economy and the local political status quo. However, simultaneously

they are implicitly deciding not to support farmers, regions and political
systems beyond their locality. The cumulative impact of these decisions may
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have implications for the wealth of producers and the development of regions,
which may in turn have wider environmental and political impacts.

The interaction of the impacts of consumer choice on natural and socio-
economic systems highlights the inherent interdisciplinarity of food chain

analysis. If research is to contribute to understanding the advantages and
disadvantages of alternative food supply chains, then social and natural

scientists must work closely together. However, both sets of scientists need to
recognise each other’s perspective.

For example, natural scientists may argue that it would be almost impossible
to develop a scientific dataset which would enable formal testing of the
hypothesis that local food is better than non-local food. The difficulties
associated with this task relate firstly to difficulties in defining each locality in a
spatially explicit manner — which is a necessary step if relevant environmental
data are to bé collected — and secondly to the large volume of data needed to
enable all locality-locality comparisons to be made for all relevant variables.
However, social scientists may not be surprised that reductionist natural
science cannot resolve the local food debate, as for many consumers the
attractions of local food do not relate to measurable differences in its

embodied energy or nutrient status, but rather they relate to sense of place,
trust and experience. |

The role of natural science in the local food debate will probably focus around
informing the wider.societal debate about technical issues (e.g. energy use of
different technologies) and in highlighting emerging issues (q.g. GHG
emissions from soil). Social science will also play a role in knowledge
discovery in fields such as risk perception, consumer behaviour and social
attitudes. In addition social scientists will have an important role in
understanding how decision-makers, be they consumers, the media, food
chain professionals or politicians, can best use the emerging knowledge to
guide their actions. This does not mean that there is no role for natural

scientists in communicating knowledge, but rather that by working together,
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the inherent synergies in natural and social science approaches can help
bring about real change in food supply chains — be they local or otherwise.
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1.2 Introduction

Food culture anxieties of contemporary Western societies are finding
increasing resonance in the old French proverb ‘Dites-moi ce que Vvous
mangez et je vous dirais qui vous étes’ (tell me what you eat and Tl tell you
who you are). Many of these anxieties are a product of science and
technological advances coupled with industrialisation and urbanisation
(Raoult-Wack and Bricas, 2002). Significant shifts in our social psyche have
taken place during the last 30 years. We appear to no longer fear nature but
fear what we are doing to it. Diseases such as Bovine Spongiform
Encephalopathy (BSE) Creutzfeldt-Jakob Disease (CJD) variant Creutzfeldt-
Jakob Disease (vCJD) and ethical issues such as Genetically Modified

Organisms (GMO) have provided a pertinent perspective in the public’s mind
of the gap between ‘natural’ Man and modern Man.

At the same time, an increasing geographical and temporal separation
between where and when food is grown and where it Is consumed has meant

that the consumer has become progressively dissociated with nature and the
process of cultivation. This is further exacerbated by the growing tendency of
supermarkets to import fresh, out of season vegetable produce from all over
the world. The consumer is presented with an extensive choice of foods that
would normally be either out of season in the UK or exotic to the UK.
However, an important counterpoint to this .expanded choice is the
homogenization of foods which render the origin, history and cultural identity
of the foodstuff obsolescent (Fischler, 1988). Consumers appear to be
increasingly confronted by the omnivore’s paradox (Fischler, 1988) whereby
nutritional/health advantages can be gained through trying new foods but at
the risk of eating something harmful. The paradox is cogently expressed as
the “tension between the two poles of neophobia (prudence, fear of the
unknown, resistance to change) and neophilia (the tendency to explore, the
need for change, novelty, variety)” (Fischler, 1988). The contention is that
rather than attenuating anxiety, contemporary society functions in such a way
as to exaggerate it. When pesticides (a creation of science) are wedded to
overseas production (a creation of a new globalised iIndustrialisation) then
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consumer anxieties can become acute. If ‘we are what we eat’ and we don't
know what we are eating then we no longer know who we are (Fischler,

1988). Consequently, there appears to be a deep-seated need for people to
reappropriate food (Raoult-Wack and Bricas, 2002). Part of the process of
reappropiration involves expressing concerns vis 4 vis overseas food

production and possibly mitigating individual angst by purchasing either local
and/or organic produce. How rational this decision is depends upon how

comparatively harmful overseas production processes such as pesticide

practices or employment conditions are to both the consumer and the supplier
compared to UK processes.

1.3 Vegetable production
1.3.1 European imports

Fresh vegetable imports from developing countries play an important role in
meeting European food needs particularly in the supply of peas and beans,
sweet maize and baby corn. Extra-European imports of fresh fruit and
vegetables have been increasing since 2000. The volume of vegetable
imports increased by 12% between 2000 and 2002 from 900 000 tonnes to

1.1 million tonnes whilst the value of extra-European vegetable imports
increased from €900 million in 2000 to €1.2 billion in 2002. The major

European importers are Germany (2.5 million tonnes), the UK (1.5 million
tonnes) and France (1.4 billion tonnes) (Fig. 1.3)(CBI, 2004).

1.3.2 UK imports

Important changes have occurred in the UK fresh vegetable retail sector since
1991. Home production volumes have decreased by 12% whilst imports have

increased by a substantial 46%. At current rates home grown production will

be surpassed by imports in 2011 and could completely disappear by 2070
(Fig 1.4) (DEFRA, 2005).
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Figure 1.3 Imports of fresh vegetables by EU member countries, 2000-2002. Source:
adapted from Eurostat data cited in (CBI, 2004)
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1.3.3 Kenyan exporlts

The Kenyan export horticulture industry has been widely celebrated as an
African economic success story (Jaffee, 2003; Minot and Ngigi, 2004;
Whitaker and Kolavalli, 2004). It is an industi'y that has generated foreign
income valued at US$ 155 million in 1999 (Minot and Ngigi, 2004) rising to
US$ 350 million in 2003 (World Bank, 2004) placing horticulture as the third
largest foreign income generating sector in the economy (Minot and Ngigi,
2004), and created thousands of jobs, 50,000 of which are attributed to
floriculture alone. Horticulture has proven to be more reliable than other
sectors such as cotton, tea or coffee, as the world vegetable market has
maintained price and supply stability. Cotton, tea and coffee have been
subject to wildly fluctuating prices, which has seriously impacted income
security. Furthermore export horticultural production has created employment
income opportunities as it is a labour intensive sector of the economy
(Dijkstra, 1997) (p.51). According to Minot & Ngigi (2004) the potential for
poverty alleviation in the lives of smallholders is considerable. For instance,
the potential for significant returns per hectare can be made on crops such as

French beans which can produce gross margins more than ten times that of
maize-bean intercropping. Indeed, intercropping of tea and coffee with maize
and bananas can lead to drastic reductions in yields (Dijkstra, 1997) (p.51). it
is not only the rural poor who have benefited from export horticulture success.
Many landless, unmarried women from low income households, who would

otherwise be unemployed, have been given work in pack houses in urban
areas (McCulloch and Ota, 2002) (p.29)

The apparent unmitigated success of Kenyan export horticulture is not without
a number of caveats. In the mid-1980s there were an estimated 15, 000
smallholders involved in the export horticulture trade. By the early 1990s
approximately 75% of export vegetables were produced by smallholders
(Humphrey et al., 2004). By 1998 this had reduced to only 18% (Dolan et al.,
1999) with 40% of the produce grown on farms owned and managed by the
exporters. By 2001 exporter grown produce was thought to account for 60% of

export vegetable production (Humphrey et al., 2004). However, Humphrey et
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al. (2001) contend that this shiit from smallholder production to own farm
production does not necessarily detract from the goal of overall reductions In
poverty as many previously poor or unemployable people have gained both

employment and a degree of income security in the export horticulture sector.
Whilst mean income of households growing export vegetables is several times

greater than those of non-export farm households, the export vegetable
growers tended to possess land and have greater access to water and were
thus possibly better-off than non-export growers’ to begin with, suggesting that

poverty causality is problematic in relation to expor horticulture (World Bank,
2004). The initial entry requirements to supplying produce to the export
market are governed to extent by the relative resource richness of the
smallholder. The problems of entry exclusion are then further compounded by
the access to credit and extension services made available by the exporter to
its smallholder suppliers which allows reinvestment in the smallhoiding but
further marginalises those unable to enter in the first place (Dinham, 2003;

Mannon, 2005; McCulloch and Ota, 2002). As exporters have attempted to
respond to the increased demands placed upon them by UK supermarkets,
which in turn are governed to an extent under the aegis of European law,
particularly in regard to pesticide residues, so those smallholders at the base

of the production pyramid have been increasingly excluded from the
production process.

1.3.4 The role of UK supermarkets in Kenyan production

UK food retailers are reputedly the world’'s most sophisticated in terms of
efficiency and innovation (Fearne and Hughes, 1998). Supermarkets driven by
acute competition during the 1980s and 1990s were able to increase their
market share through location and price competitiveness taking business
away from small retailers. In the early 2000s the market had become relatively
stagnant and growth strategies were primarily based on product differentiation
with own label products the centerpiece of this strategy (Fearne and Hughes,
1998). Own label products are not price sensitive but aimed at the quality
sensitive consumer. Fresh fruit and vegetables are one of the few categories
of supermarket produce for which consumers will switch store. Consequently,
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the vegetable section in supermarkets moved to a prime position at the front
of the store (Fearne and Hughes, 1998). Furthermore, for ease of display and
to guarantee quality much of the produce is now pre-packaged, the
responsibility for which rests with the supplier (Fearne and Hughes, 1998).
There is an added burden for suppliers to provide product variety, packaging

and processing management in order to retain contracts with the large
supermarkets and to bear the costs incurred (Dolan and Humphrey, 2000).

As well as meeting the logistical demands of their own marketing strategies,
supermarkets are under regulatory pressure following acts such as the 1990
Food Safety Act to demonstrate ‘due diligence’ in the production process from
field to shop shelf. Consequently, produce is now traceable along the entire
supply chain placing significant extra burdens on the export farms. To meet

the information needs of a 21%' century European supermarket chain requires
considerable investment in both trained labour and information management

systems which inevitably excludes the capital poor sections of the horticultural
sector in developing countries (Dolan and Humphrey, 2000; Freidberg, 2003).

Whilst supermarkets are obliged to conform to the various acts and initiatives
of both the UK government and the EU they are also under consumer
pressure to provide produce that is ethically acceptable. Issues of workers
rights, living conditions, child labour and environmentally acceptable
production systems are as much a product for marketing as the vegetable
itself. Supermarkets now readily display their ethical credentials (fair-trade,
organic) and have signed up to umbrella associations such as the Ethical

Trade Initiative (ETI) and the International Federation of Organic Agricultural
Movements (IFOAM).

Increased volumes of high quality vegetable produce has been achieved with
relatively little extra expense to supermarkets who have needed to rationalise’

their Kenyan fresh vegetable supply chain in favour of a small number of
large, well-capitalized and predominately white-run export firms... resulting in

an homogenised supply chain that deals preferentially with suppliers who
share the same language and corporate perspective on business (Freidberg,
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2003). Thus, what began as a political expression of concern about
international food production has been assimilated into the corporate
supermarket’s portfolio and fetishised as another product for sale. The
supermarket need to protect its ‘clean image’ of ethical trade has obligated
farmers to bear most of the costs whilst, according to Freidberg (2003), small

farmers have foregone all the opportunities that such trade has brought to
Kenya. Some of the costs that a farmer or farm workers must bear relate to
the long documented hazards associated with pesticide use.

1.4 Health impacts of pesticide exposure in agricultural contexts

1.4.1 Post World War Il pesticide externalities

According to Maroni et al., (2000) pesticides in horticulture exist to aid society
in an ongoing struggle to subvert nature to its will, by killing organisms that

can have negative impacts on food production and public health (Maroni et
al., 2000).

Prior to World War Two (WWII) pesticides were relatively few, highly toxic and
broad spectrum in target. Following the development of chemicals designed
for use in wartare, the chemical nature of pesticides changed and became
primarily synthetic organic compounds. Research on nerve gas during WWI
spawned development of organophosphates such as Malathion and
Parathion. DDT, HCH, dieldrin and aldrin were developed during the 1940’s
and 1950's and coupled with organophosphate and organochlorine
compounds undesired side-effects began to be reported for both humans and
wildlife (Merrington et al.,, 2002; Pretty and Hine, 2005; van Emden and
Peakall, 1996). Increasing evidence suggesting a link between human health
and harm to wildlife were crystallised in the 1960's following Rachel Carson’s
polemic Silent Spring which took the pesticide industry to task over the
apparent misuse and overuse of chemicals in the environment (van Emden
and Peakall, 1996). Whilst the findings of Silent Spring still stir controversy, its
publication in 1962 appeared to mark a watershed in the pesticide debate and
the ebbing away of public confidence in both science and agriculture.
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Subsequent research has repeatedly reported negative affects on human
health (Sandborn et al.,, 2004). A large number of the effects of pesticide
intoxication are acute, short-term and relatively benign whilst others can be
fatal and/or lonQ-term (Pretty and Hine, 2005; Wilson and Tisdell, 2001). In
spite of the growing number of scientific reports describing pesticide related
adverse health effects there is continued and increasingly polarised debate
regarding the precise causal origin of poisonings. Many pesticides are used in
conjunction with other compounds and delimiting the extent to which an
ingredient provokes any given health symptom has been problematic (Kishi,:
2005). Furthermore, there is a time differential between the moment of
intoxication and the manifestation of symptoms. The problem is exacerbated

in developing countries as the toxic effects of pesticides can be aggravated
due to climatic conditions, the lower baseline health of populations and the

differing exposure profiles of those potentially exposed to pesticide

contamination such as mothers and children working in the fields (Kishi,
2005).

A number of studies have focused on those members of society whose
pesticide exposure profile is considered high, namely adult males working in
occupational sectors that are heavily reliant upon pesticides such as farmers,
horticulturalists and spray applicators. The majority of these studies focus on
workers in developed countries (Kishi, 2005; Sandborn et al., 2004). Pesticide
related fatalities are relatively rare occurrence in the United States and the
United Kingdom, with one incident a decade is reported in the UK and eight a
decade in the US (Pretty and Waibel, 2005). Based upon the low rate of
pesticide induced fatality, the extent of public and scientific concern appears
disproportionate. However, western concerns relate to the potentially
Insidious, long-term effects of pesticides. Several studies have found
significant relationships between pesticide exposure and a variety of cancers
including lip cancer (Acuavella et al., 1998), lung cancer (Alavanja ef al.,
2004) leukaemia (Lee et al., 2004a; Lee et al., 2004b) and breast cancer
(Mills and Yang, 2005). A number of other studies on the neurological effects
of pesticides have identified correlations with pesticide use and a range of
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psychological disorders (Amr et al., 1997; Baldi et al., 2001; Farahat et al.,
2003: Stallones and Beseler, 2002). These illnesses are purportedly the result

of the cumulative effects of pesticides and therefore are unlikely to be
reported in annual pesticide poisoning reports.

People working in the horticultural sector in developing countries are subject
to more acute risks associated with pesticide use than their western

counterparts. A combination of low literacy rates of spray applicators, lax

government regulations with regard to pesticide monitoring, use of highly toxic
out of patent pesticides and the difficulty of working in atmospheric conditions

that are uncomfortable when wearing protective clothing have resulted in
relatively high poisoning rates (Gomes et al., 1999; Williamson, 2003).

1.4.2 Pesticide poisoning

Human pesticide poisoning events are broadly divided into two types, namely

acute and chronic. Acute toxicity is by far the most reported of the two as its

symptoms are immediate and relatively easy to diagnose (BMA, 1992
Wesseling et al., 1997)

1.4.3 Acute toxicity

Global figures for pesticide poisonings are primarily derived from estimates. In
1973 WHO reported up to 500,000 acute pesticide intoxications based on
hospital admissions (Jeyaratnam, 1990). In some regions of the world
pesticide poisonings outstrip many acute infectious health problems more
habitually associated with the area (Murray et al., 2002). A study in Sri Lanka
in 1982 found that hospitals annually admitted 10 000 acute pesticide
poisoning incidents of which 1000 were fatal. The fatality figure was twice as
high as for malaria, whooping-cough, poliomyelitis, diphtheria and tetanus.
Approximately 65% of these were due to suicides. WHO estimates that
approximately three million single and short-term poisoning events occur
annually and of these 220, 000 prove to be fatal (Jeyaratnam, 1990).
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These figures may underestimate global poisonings as they are founded
uniquely upon hospital admissions data. Based upon surveys in four Asian
countries, (Jeyaratnam, 1990) suggests that 3% or 25 million workers in
developing countries may suffer an occupational poisoning event each year.
However, individual country rates are often above 3%. A study in Bolivia found
between 2% and 10% of agricultural workers from different localities had
previously experienced a poisoning event (Wesseling et al.,, 1997), whilst a

study of Indonesian farmers found that 9% had suffered a poisoning event In
the past year (Kishi et al., 1995).

These figures may still under-represent the actual rate of pesticide poisoning
for several reasons. Many pesticide poisonings are neither reported or
diagnosed (Reeves et al.,, 1999). Farmers might not make the connection
between poisoning symptoms and the use of pesticides. In tropical countries
the cause of pesticide poisoning symptoms can easily be dismissed by an
individual who might associate symptoms such as nausea, vomiting and
headaches with ilinesses such as malaria or a strong bout of flu. Even where

strong emphasis is placed on reporting targeted illnesses, underreporting can
be substantial (Crespi et al., 2005; Keifer et al., 1996). Poisoning incidents
go unreported because many epidemiological studies in developing countries
concentrate solely on male pesticide applicators even though many of the

women who work in the fields are equally at risk (Garcia, 2003; London et al.,
2002). A number of households in developing countries are without men to

carry out the spraying tasks as they may have died from AIDS or moved to
towns to seek employment. The burden of farm maintenance and the

associated pesticide risks of such tasks are now undertaken by women
(Harari et al., 1998; Murphy et al., 1999).

1.4.4 Chronic Toxicity

Chronic toxicity generally refers to longer-term exposure and public and
scientific concern centres particularly upon five health categories:
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1. reproductive (reproductive toxicity refers to alterations in sexual
behaviour, decreases in fertility, or loss of the foetus during pregnancy)
2. teratogenicity (the capability of producing foetal malformation)

3. mutagenicity (refers to the capacity of a chemical or physical agent to
cause permanent genetic alterations)

4. carcinogenic (causing cancer or contributing to the causation of
cancer).

5. neurological (neurological disorders affect the central nervous system
(brain, brainstem and cerebellum), the peripheral nervous system

(peripheral nerves - cranial nerves), or the autonomic nervous system

(parts of which are located in both central and peripheral nervous
system)

Reproductive

There is increasing evidence that pesticides may be linked to a variety of
reproductive dystunctions or ilinesses in men and women in both the
developed and developing world (Sharpe and Irvine, 2004). Sperm counts of
Western men have been decreasing for a number of years with environmental
chemicals thought to be the principal causal agent. Between 1973 and 1999
the number of sperm per milliliter of semen has dropped from 120 (x10%ml) to
60 (x10%ml) for adult males in the US whilst the decrease has been even
sharper in Europe 170 (x10%mi) to 60 (x10%/ml) (Sharpe and Irvine, 2004).
More consequential events involve the development of outright sterility. A
number of men working in a DBCP (1,2-dibromo-3-chloropropane) factory in
California in the 1970’s suffered similar symptoms (Whorton et al., 1977). In
the same decade, nearly 1500 workers on banana plantations in Costa Rica

were exposed to nematicide called DBCP. The workers subsequently suffered
differing degrees of sterility (Thrupp, 1991).

Further concern has been expressed concerning the relationship between
exposure 1o certain pesticides and testicular dysgenesis syndrome (TDS) of
which sterility is but one aspect (Skakkebaek et al., 2001). Clinical cases of
testicular cancer have increased over the past four decades in industrialised
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nations rising from approximately three cases per 10 000 in 1973 to 5.5 cases
per 10 000 in 1999 (Sharpe and Irvine, 2004). The degree of incidence varies
considerably between nations and causality is complex as it is thought that
exposure of mothers to substances that are endocrine disruptors may result in
their sons developing testicular cancer irrespective of their sons being directly
exposed. Nonetheless, attention is increasingly focussing on possible links
between testicular cancer and endocrine disruptors (Huyghe et al., 2003).

Women are equally likely to develop deleterious symptoms following exposure
to particular chemicals as are their offspring if exposed during pregnancy.
Time to pregnancy of daughters who were exposed to p,p’-DDT and its
metabolite p,p-DDE at the foetal stage was affected as was the likelihood of
becoming pregnant (Cohn et al., 2003). A significant proportion of children

born to Colombian floriculture workers had birth defects, specifically
birthmarks (Restrepo et al., 1990).

Oncogenicity

There are established links between pesticide exposure and cancer (Alavanja,
2003; Dich et al., 1997; Sandborn et al., 2004). However causality has proven
more difficult to determine as many studies have assessed pesticides

generically rather than focusing on a specific substance (Dich et al., 1997).
There are a number of possible confounding factors which either prohibit or
preclude determination of causality. Variables may include diet, toxic
non-pesticide chemicals or mixtures of active ingredients (RCEP, 2005).

A number of studies have found links between pesticide exposure and
specific cancers such as soft tissue sarcoma (Wiklund et al., 1988) and
non-Hodgkin’s lymphoma (Kato et al., 2004). Farmers in a study by
(Acuavella et al., 1998) had a significantly higher incidence of lip cancer

compared to workers in urban settings but (Kishi, 2005) suggests that this
may have been due to higher ultra-violet exposure rates rather than any effect

caused by pesticides. A number of other cancers have been linked to
pesticide exposure such as cancer of the prostate (van der Gulden and
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Vogelzang, 1996; van Maele-Fabry and Willems, 2003), pancreas (Fryzek et

al., 1997; Ji et al., 2001), lungs (Alavanja et al., 2004, Lee et al., 2004a), and

breast cancer (Engel et al., 2005; Lopez-Carrillo L, 1997; Mendonga et al.,
1999: Olaya-Contreras et al., 1998; Romieu et al., 2000).

1.4.5 Kenyan pesticide poisoning

Despite official bans of organochlorines in Kenya in 1985, alachlor, alpha and
gamma-BHC and endosulfan are still widely used and the Kenyan Ministry of
Agriculture remains the principal importer of pesticides (Wandiga, 2001).
Whilst pesticide intoxication data for Kenya is incomplete there is reason to
suspect that the significance of poisoning events has increased. Kimani and
Mwanthi (1995) suggested that in the 1990s 350,000 people in agriculture

were victim of a pesticide related poisoning each year whilst the Kenyan
Ministry estimated that 700 deaths per year were as a direct result of

pesticides (Karlsson, 2004). Of increasing concern are the links made
between pesticide use and the inhibition of acetylcholinesterase activity which
were detected in a study of Kenyan agricultural workers discovered

prevalence ratios were significantly >1 for respiratory, eye and central nervous
system symptoms (Ohayo-Mitoko et al., 2000).

The same can not be said for the developing world where the number of
occupational and accidental exposure events is disproportionate to the
number of people working in agriculture (Dinham, 2005; Karlsson, 2004).
Pesticides are the preferred modus operandi for suicide in developing
countries. Approximately 60% of suicides in Asia can be attributed to
pesticides (Joseph et al., 2003) and the highest rates of self-harm in rural
areas are through pesticide abuse (Eddleston et al., 2002; Konradsen et al.,
2003). Chemical substance induced death in Kenya is common and
approximately 52% are due to pesticides with the majority of resultant
fatalities due to poor work practices (Wandiga, 2001). Spray applicators in
developing countries often work in climatic conditions that render the wearing
of protective clothing uncomfortable. In Cameroon 85% of spray applicators

were reported as rarely wearing protective clothing and never wearing gloves
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even when mixing substances (Matthews et al, 2003). The findings in

Cameroon appear to apply to agricultural workers in most developing nations
where workers are often barefoot, without gloves, breathing masks or overalls

and may be illiterate or unable to understand the language In which the
instructions on the packet are written (Gomes et al., 1999; Kishi, 2005;
Wesseling et al., 1997). The issue of safe storage and disposal generally
remains unaddressed. Furthermore, approximately 77% of agriculturai
interviewees in a study of agrochemical exposure in Kenya reported that
pesticides were stored in parents’ bedrooms or in food stores, with the

majority of substances being handled by women and children (Kimani and
Mwanthi, 1995).

Where causal links have been made between acute toxicity and human health
those pesticides have been removed from circulation, for example the
European Union Pesticides Directive 91/414 (EU, 2002) requires Member
States to prohibit the use of pesticides not included in Annexe 1 of the
Directive. This is considerably lower than the number of people who die each

year from wark related accidents in farming, forestry and agriculture (Table
1.3) (HSE, 2005; HSE, 20063a).

Table 1.3. Six year comparison of work related accidental fatalities in Great Britain 1999-2006

1999/00 2000/01 2001/02 2002/03 2003/04 2004/05 2005/06
Employed 13 13 20 15 6

17 13
Self-employed 23 33 19 20 38’ 27 23
Non-employed 8 7 2 3 7 3 9
A Total adults 40 49 39 37 49 47 39
B Total children
(<16) 4 4 2 1 2 0 6
Total A+ B 44 53 41 38 51 47 45

Source: Adapted from HSE annual report (HSE, 2005; HSE, 2006a)

1.4.6 Farmer health

In addition to the potential for pesticide ill-health, agriculture has the highest
fatality rate of any industry Great Britain with an average of nearly fifty deaths

per year. In addition to the risks of accident there is growing debate with
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respect to farmer general health and in the UK particularly the issue of mental
health status (Gerrard, 1998; Hounsome et al., 2006; Simkin et al., 1998).

The extent of morbidity within a farming population can be dependant upon
employment status. For instance, hired farm workers are subjected to
increased exposure histories and greater degrees of occupational risk
(Villarejo, 2003). In Great Britain during 2004/05 there were broadly estimated
to be 420,000 and 611,000 temporary workers employed to harvest and
process fresh produce of which between 235,000 and 345,000 were thought

to be UK migrants. These figures are difficult to determine as a number of
workers are undocumented (HSE, 2006b).

Seasonal workers and particularly seasonal non-national migrant workers are
particularly susceptible to increased mental health stress due to insecure
employment status (Benavides et al., 2000; Virtanen et al., 2005). They are
also vulnerable to problems relating to language, health care access, violence
and bullying (FAO-ILO-IUF, 2005; Villarejo, 2003). In spite of the increased

health hazards that this occupational group are exposed to, recording illness

poses a number of problems as many seasonal migrants report health
symptoms upon return to their country (Villarejo, 2003). Consequently,
although many workers in UK horticulture supply chains are both temporary
migrants and work in environments where potentially harmful substances are

an integral part of their everyday working lives, very little is known of their
general health status.
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1.5 Thesis structure

The principal objective of this thesis is to compare the heaith, well-being and
ethical implications of farm workers working on farms in different countries

who supply to the UK market.

The specific research aims are:

i. To assess the health and well being of farm workers in UK vegetable

production.

i. To compare the health of UK farm workers with farm workers from
other countries supplying similar products to the UK market.

ii. To explore the potential impact of pesticides on farm worker health,
both at the policy and farm level.

iv. To identify major causes of poor health (where it occurs) and identify its
determinants.

v. Consider the ethical implications of supplying to the UK horticulture

market from production in developing countries.

This thesis is written as a series of distinct scientific or ethical papers and is
summarized in the thesis schematic (Figure 1.5). The scientific papers are
self-contained and comprise an introduction, methods, results and discussion.
To avoid overlap and repetition for the health based chapters the methods

sections of chapters 6-10 have been compiled into a single methodological
chapter (Chapter 5).

The thesis is divided into a total of eleven chapters. Chapter two investigates
the first research question by describing the UK pesticide hazard environment
in UK vegetable horticulture. The UK pesticide hazard is evaluated by using
the Environmental Impact Quotient model. Chapter three uses the same
model and evaluates the hazard posed by arable pesticide hazard ratings as a
comparator with vegetable production. The principal objective is to determine
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the change in pesticide environmental impact if horticulture shifted production
to arable crops.

Chapter four presents theoretical evaluation of the ethical issues related to
exporting pesticide hazards to countries such as Kenya. Three ethical
paradigms (utilitarian, deontological and Rawls’ Theory of Justice) are used to

compare the ethical merits of pesticide use in developing countries supplying
food to the UK

Chapter five describes the methodology employed to measure farm worker
health. Chapter six studied the effects of farming system on farm worker
health scores. Farm workers employed on conventional and organic farms

were surveyed during the summer of 2006. Four distinct health survey
instruments were used to assess the health status of workers: the 36 item SF-

36, the five dimensions EuroQol (EQ-5D), the Visual Analogue Scale (VAS)
and the Short Depression Happiness Scale (SDHS).

The results of Chapter six are further explored in Chapter seven. The purpose
of this study was to ascertain the extent to which UK farms impact farm

worker heaith. Three health survey instruments (SF-36, SDHS and VAS) were

supplied in three languages (Lithuanian, Polish and Russian) in a shortened
version of the original questionnaire used in Chapter six.

Chapter eight describes the health status of Kenyan export, non-export and
Ugandan farm workers. The focus of the study was to determine the
contribution of export horticulture in Kenya to farm worker well-being. Data
collection used the same health instruments of the original UK based study.

Chapter nine draws together the findings of Chapters six and eight and
presents supplementary results for Spain. The farm worker scores for the UK,

Spain, Kenya and Uganda are compared and tentative conclusions drawn
concerning the relative merits of each locality to worker health.
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Chapter ten draws on the evidence of chapters two, six, eight and nine and
investigates the relationship between mean farm worker health scores for the

UK, Kenya and Uganda and the corresponding on farm pesticide hazard
rating.

Chapter eleven includes a general discussion of the thesis. Strengths and
weaknesses are discussed and conclusions drawn. Finally, implications for
policy and recommendations for future research are identified.

41



SaUUNOD

Buidojaaap ul uoonpo.sd

WOJ} Jax ew ainynoiuoy

WN @y} 0} BuiAiddns

JO suonedldwi [ediyle ayj
19pISU0n) G uoisanb yosessay

6'8 w sigjdey) woy
suoiIssnosip jeiauab pue ¢
1eydey) jo sbuipuy sjdiound
~ uodn paseq sisAjeuy

SHUCUNLIDION S§ U
pue (S1n220 )1 a1aym) yljeay 100d jo sesned Jolew Ajijuspl 0|
¢ uonsanb yosieasay

19XBeW YN 2yl 0} sjonpoud Jejiwis

BuiAjddns saujuno? J8YJo Woyy uononpoud aj|gelabea N
SIOMJOM ULIB) YNM SISNIOM ULiB) Ul S1oxJom uuey jo buieq jlem
YN 10 yyeay ayj asedwod 0| pue yjesay ayj ssesse 0}

Z uonsanb yoiessay L uonsanb yoieasay

S.uw m<> om.Gw m_._ow B:mE_Em:_ Ea::Onwaao |
pue mm:mx :_waw “SMN ey} ui mExBB ..EE jo Aemuns yileeH
| - Kewns yjjeay soxiom wie) uey

olewayos sisay| 'L ainbiy4

BEFIFEFFIFFAEFISEANEFSEAIS SR EIFEEIN ISP ::I.....:'I.'j
-

|oAS] ue)
pue Aoijod ay) je yjoq ‘yijesy
19)JOM uue) uo sapiosad Jo
joeduwi jejuajod ay) aJojdxa 0|
¢ uonsenb yosessay

EBFIER AF AT RSP R RS PRI AR AR O F R

LL] SEdABEEEEFEEESEETESTEESEdGdEmEEREIsEEEREEN



Chapter 2

Chapter 2

Variation in pesticide hazard from vegetable production in
Great Britain from 1991 to 2003’

3" party copyright material excluded from digitised thesis.

Please refer to the original text to see this material.

' This chapter was published in 2006 in the journal Pest Management Science. Cross, P., and
G. Edwards-Jones. 2006. Variation in pesticide hazard from vegetable production in Great
Britain from 1991 to 2003. Pest Management Science. 62:1058-1064.



Chapter 3

Chapter 3

Variation in pesticide hazard from arable crop production in
Great Britain from 1992 to 2002: pesticide risk indices and

policy analysis'

3" party copyright material excluded from digitised thesis.

Please refer to the original text to see this material.

1 ‘
This chapter was published in 2006 in the journal Cro '
ed in in p Protection. Cross, P., and G.
Edwards-Jones. 2006. Variation in pesticide hazard from arable crop production in Great

gg:ﬂ% 1??2) 81992 to 2002: Pesticide risk indices and policy analysis. Crop Protection.



Chapter 4

Chapter 4

Ethical considerations for farm worker well-being in Kenyan

export horticulture



Chapter 4

4.1 Introduction

In early 2006 the Independent newspaper in the UK reported a growing food
crisis in Northern Kenya where 2.5 million people were at risk of starvation

(Willis, 2006). This estimate increased to 3.5 million in February and to 4.5
million by the end of February (IRIN, 2006). The Kenyan government declared
a national disaster and requested £90m ($155m) to be jointly raised by Kenya
and the international community. At this time Kenya was a major exporter of

fresh horticultural products; arguably providing part of the solution to
countering the societal issue of obesity in the United Kingdom.

The provision of food to the UK from a developing country such as Kenya
raises a number of ethical issues one of which relates to health. This chapter
considers ethical issues arising out of Kenyan export vegetable production. It
begins by evaluating the specific issue of the health risks posed by pesticide
use before moving to more general concerns regarding worker's employment

conditions. The ethical consequences of the opportunity cost of growing
vegetables for export are then discussed.

The ethical import of these issues is evaluated through the perspective of
three theories that have dominated ethical debate in the 20" century and
continue to do so today. The first is utilitarian and draws on Cooley's (2002)
formulation, which circumvents the more subjective aspects of risk-based
utilitarianism. The second is the deontological approach which determines the

ethical value of an action based upon predetermined precepts. The third is the
contractual approach based upon Rawls’ ‘Theory of Justice’ (Rawls, 1999)
‘wh‘ich employs concepts such as the difference and efficiency principles.
These ethical frameworks were chosen as they each possess qualities that
are exclusive to themselves. Combined, they cover much of the moral terrain
of an ‘ethical matrix’ for assessing food ethics (Mepham, 2000).

The utilitarian or consequentialist approach emphasises the right or wrong of
an action based upon derived outcomes. Antipathetic to this perspective is the
deontological approach whereby ethical principles, derived from abstract
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analytical thought, hold the same for everyone and are not incumbent upon
the outcome of any particular action. Such principles require respect for the

rights and autonomy of other people making impermissible those decisions
that treat anyone as a means to an end irrespective of the resultant benefits.

Deontological principles, once formulated, are inclined to become prescriptive
and absolute as embodied in Kant's concept of the categorical imperative
(Kant, 1998). In common with the deontological approach, Rawls’s theory of
justice holds that an individual possesses an inviolable dignity. Commonality
is also found between Rawlsian and utilitarian theory in as much that choices
are evaluated based upon expected outcomes, although with the proviso for
Rawls (1999) that any action must ensure that the well-being of the least-

advantaged in society must improve irrespective of the gains obtained by
other members of the society.

4.1.1 Externalities and ethical impacts of export horticulture

Since 1991 important changes have occurred in the UK fresh vegetable retail
sector. There has been a 12% decrease in home production volumes and a
46% increase in imports. At current rates home grown production may be
outstripped by imports by 2011 and could, theoretically, disappear by 2070
(DEFRA, 2005). By contrast horticultural export production in Kenya is
claimed as an African success'story (Jaffee, 2003; Minot and Ngigi, 2004;
Shah, 2004; Stevens and Kennan, 2000; Whitaker and Kolavalli, 2004).
Benefits include the creation of thousands of employment opportunities,
poverty alleviation for the rural poor (Minot and Ngigi, 2004), jobs for
previously unemployable unmarried women in pack houses located in urban
areas (McCulloch and Ota, 2002) and foreign income generation (World Bank,

2004). A substantial proportion of the reported 135,000 workers involved in
Kenyan horticulture are tangible beneficiaries of the export market.

A shift in vegetable production from the UK to overseas would be
accompanied by a corresponding shift in work related hazards (e.g.
pesticides) from the UK to overseas (Cross and Edwards-Jones, 2006). The
potential increase in overseas pesticide hazard, due to increased production,
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raises some ethical issues with regard to the health of horticultural workers
and pesticide exposure.

4.1.2 Pesticide related ill-health in developing countries

There are several contributing factors that help explain the higher rates of
pesticide poisoning in developing countries (Dinham, 2005). Firstly, spray
applicators in these countries often work in hot conditions which make the
wearing of protective clothing uncomfortable. A number of studies have shown
that many horticultural workers perform their tasks barefoot, gloveléss, without
protective masks or overalls and are often illiterate or unable to understand
the language in which the pesticide safety instructions are written (Gomes et
al., 1999; Kishi, 2005; Matthews et al., 2003; Wesseling et al., 1997). Even on
farms that subscribe to a number of ethical labour codes and where ‘best

practice’ 1Is common practice, there are persistent concerns relating to the
effective and safe use of pesticides. For instance, in the cut flower industry,

female flower pickers have been reported working on one side in a
greenhouse whilst spray applicators worked on the other (Hale and Opondo,
2005). The storage and disposal of pesticides is a further cause for concern.
in a study of agrochemical exposure in Kenya, approximately 77% of
agricultural interviewees reported that pesticides were stored in parents’

bedrooms or in food stores, with the majority of substances being handled by
women and children (Kimani and Mwanthi, 1995).

Compounding the hazards of poor work practice, some pesticides in
developing countries are reported to be WHO hazard classification class 1a
and 1b substances (Mbakaya et al.,, 1994) (Table 4.1). In industrialised
countries, pesticides proven to be harmful to human health have consistently
had their registration revoked or the manufacturer has decided not to resubmit
new toxicological data and consequently the product has been prohibited from

sale within the country or trading block. Whilst Europe revoked the
registrations of 320 substances in 2003 (EU, 2002), permission remains for

the production of unregistered substances and companies may export to
countries where product registration procedures can be more relaxed, such as
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