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Introduction

In March 1999, the Government noted the range of concerns raised

by genetic modification and approved the establishment of an Inter-

Departmental Group on Modern Biotechnology to report with a co-

ordinated overall Government position as soon as possible. The Group

was to be chaired by the Department of Enterprise, Trade and Employ-

ment (at Assistant Secretary level) and to comprise senior officials of

the Departments of Health and Children; Agriculture, Food and Rural

Development; Environment and Local Government; and a representa-

tive of the Food Safety Authority of Ireland. Representatives of

Enterprise Ireland and Forfás were co-opted onto the Group to assist it

in its work, while an official of the Department of Education and

Science joined the Group after October 1999. The membership of the

Group is given at Annex F.

The policy statement on Genetically Modified Organisms and the

Environment issued by the Minister for the Environment and Local

Government in October 1999, with the approval of the Government,

expressly requested the Group to consider the following issues:

• information dissemination on genetic engineering, particularly in

relation to information being made available by the various State

agencies and also the overall co-ordination of that information;

• the case for a national biotechnology ethical committee to oversee

developments in modern biotechnology;

• the teaching of science, particularly at secondary level, having

regard to potential economic growth in biotechnology.

• future policy and administrative co-ordination on genetic

engineering;
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• the possible establishment of an independent body at EU level

(funded by a levy on the biotechnology industry) to validate

scientific data and to undertake independent research on genetic

engineering;

• a possible research role for the EU Food and Veterinary Office.

The Group examined a wide range of biotechnology-related issues and

developments, including the review of a sizeable body of literature. We

decided at an early stage of our work that we would not consider the

issue of cloning. Though related to genetic engineering, cloning raises

a host of different and highly complex issues which merit in-depth

examination in their own right. For similar reasons, other issues related

to human genetic engineering, as well as those raised by the genetic

engineering of animals, are not dealt with in this report.

Peter Buckley, Department of Enterprise, Trade and Employment,

served as the secretary to the Group. Bill Cox drafted the report with

the assistance of inputs from members. We thank both for their work.

The Group was also assisted in its deliberations by a number of Govern-

ment departments and agencies. We are grateful to them for their help

and co-operation.
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Executive Summary

Chapter 1 — Biotechnology: Science and
Industry

I The Biotechnology Revolution

Advances in the understanding and manipulation of genetic structure

over the past quarter century have made it possible to introduce, delete,

or enhance particular traits in an organism either by inserting genes

from another organism or by otherwise altering its genetic make-up.

Within a short space of time, these advances in genetics have brought

about major changes in fields as varied as pharmaceuticals, medical diag-

nostics, agriculture, food production, and forensic science.

Medical Applications of Genetic Engineering

The first commercial applications of the new techniques of genetic

engineering occurred in the pharmaceutical field. In all, it is estimated

that several hundred million people worldwide use the ninety or so

biotechnology drugs and vaccines now on the market. Biotechnology

has also become a key tool of medical diagnostics — that is tests for

changes or foreign material in the body that are characteristic of particu-

lar diseases. Gene therapy — the insertion of functioning genes to sup-

plement or replace defective genes, or treat the effects of acquired dis-

eases — is widely seen as having the potential to have a major effect on

medical practice in the future.

Biotechnology and the Environment

Though the practical applications of environmental biotechnology have

generally lagged behind those in medical and plant biotechnology, many

scientists believe that biotechnology can play an important part in

developing sustainable solutions to the problems of air, soil, and water

pollution, and waste treatment and reduction. On the opposite side, con-

cerns have been raised about the potential impact of genetically modified

organisms (GMOs) on the environment, particularly biological diversity.
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Initial Applications of Genetic Engineering in Food and Drink

Production

Much of the hard cheese now produced is made using approved

enzymes from genetically modified microbes. Cheese made in this way

does not contain GMOs as the modified enzymes do not remain in the

finished product. A number of genetically engineered strains of yeasts

used in baking and brewing have also been developed. To date, none

of these have been used by food or drink manufacturers.

Milk

Increases in the levels of Bovine somatotropin (BST), a hormone nat-

urally produced by cattle, can raise milk yields significantly. In the

1980s, genetically engineered varieties of the hormone known as

recombinant BST [rBST] were developed. RBST has been approved

for use in the United States since 1993 and is now applied to over 30

per cent of American dairy cattle. Because of concerns about the poss-

ible impact of rBST on human and animal health, a moratorium on its

use was imposed in the European Union in 1991 and renewed in 1999.

II The Commercialization of GM Crops and Foods

Between 1986 and 1997, some 25,000 field trials of 60 crops — princi-

pally soybeans, maize, cotton, rapeseed, tomatoes and sugar beet —

were undertaken in 45 countries. The first genetically modified fruit or

vegetable to be cleared for sale to consumers — a tomato modified to

remain firm longer than conventional varieties — received approval

from the U.S. Food and Drug Administration in 1994. The cultivation

of GM crops in the United States has since grown rapidly and, in 1999,

transgenic varieties accounted for almost half of U.S. cotton and

soybean acreage, and over one-third of maize acreage. Though the

European Union has granted authorization for a number of GM crop

varieties, the acreage under cultivation in member states is minimal. No

fruit or vegetable containing ‘live’ GMOs is on sale to consumers in

the EU.
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III Future Applications of GM Technology

The scope and pace of innovation in biotechnology over the past quar-

ter-century has been profound, but many believe it will be dwarfed by

that in the decades ahead. The decipherment of the human genome is

likely to be the key to the future understanding of disease and develop-

ment of medicine and healthcare. In plant biotechnology, the simul-

taneous introduction of large numbers of genes in order to modify com-

plex traits will become a possibility. Future developments in the area of

GM foods may include fats and oils containing substantially lower levels

of saturated fat; grains, fruits and vegetables with ‘built- in’ food sup-

plements and medicines; and fruits and vegetables which can remain

fresh for longer and reduce wastage.

IV The Emergence of the Modern Biotechnology

Industry

The first ‘new biotechnology’ company was established in 1976; there

were around two hundred such companies by 1984 and 1,000 by 1988.

As the number of small firms grew, large pharmaceutical and agribus-

iness companies also assumed an increasingly prominent role. From the

mid-1990s, these companies sought to become ‘life sciences’ concerns

spanning pharmaceutical, agricultural, and food biotechnology. As a

result of consumer opposition to GM crops and foods, this strategy has

recently suffered a number of reverses as large companies have sought

to decouple their agribusiness from healthcare activities for fear that the

former had become a liability.

American firms continue to dominate the global biotechnology industry

with aggregate revenues some six times those of their European

counterparts. In Ireland, the biotechnology industry is still in its infancy.

The number of start-ups has grown in recent years, however, while the

recent decision of American Home Products Corporation to establish a

major facility here to develop and produce genetically engineered drugs

is a critical addition to our biotechnology base. The Government
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decision of March 2000 to establish a £560 million Technology Fore-

sight Fund over seven years to fund world class research in selected

niche areas of biotechnology and information and communication tech-

nology should contribute to the creation of a vibrant biotechnology

sector in this country in the years ahead.

Chapter 2 — GMOs, Food Safety and the
Environment

I GMOs, Food Safety and Human Health

There is broad agreement among most scientists, among independent

food regulatory bodies in this country and other EU and OECD mem-

ber states, and among international bodies such as the World Health

Organization and the UN Food and Agricultural Organization that the

GM food products currently on the market are as safe as their conven-

tional counterparts. There have been no reports of adverse effects from

the consumption of GM foods, particularly in the US where they have

been freely available since 1995 and have been consumed by tens of

millions of people. This does not warrant complacency or justify the

conclusion that all future GM food will necessarily be free of adverse

effects.

Major considerations in the assessment of GM foods include toxicity,

allergenicity, and antibiotic resistance.

Toxicity

Toxins are poisonous substances produced by living organisms; plants,

for example, produce them as protection against insects and other pests.

In the assessment of GM foods, toxicity is one of the key traits investi-

gated by biotechnology companies and regulatory bodies. In the

unlikely event that a GM food plant was developed which expressed

toxins harmful to humans, it would not receive regulatory approval.
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Allergenicity

Allergens are substances which provoke an allergic reaction on exposure

by consumption or contact. Concerns have been expressed that the

introduction of new genes into plants might unintentionally introduce

proteins capable of causing allergic reactions. The main safeguard against

this occurring lies in the detailed analysis, assessment and evaluation to

which these products are subject before they can be put on the market.

In view of the current gaps in our knowledge of allergies, however, the

effectiveness of the procedures used to identify possible allergens in GM

foods should be subject to regular monitoring and review.

Antibiotic-Resistant Marker Genes

When a new gene is inserted into an organism, researchers will often

also insert a ‘marker’ gene to help them ascertain whether the trans-

ferred gene has been successfully incorporated. Genes for resistance to

a range of antibiotics have been used as selectable markers for some

time, and their use has given rise to concerns that these genes could be

transferred to bacteria present in the human stomach, thereby making

them resistant to commonly prescribed antibiotics. Though the possi-

bility cannot be ruled out, the Food Safety Authority of Ireland and

other regulatory bodies have indicated that the risk is extremely low.

Selectable markers based on antibiotic resistant genes should neverthe-

less be avoided in our view and alternative marker systems used.

II GMOs and the Environment

The second main area of concern raised by genetic modification is that

of the possible effects of GMOs on the environment. The principal

issues raised to date include the effects of herbicide-tolerant crops on

herbicide use, the possible hazards resulting from the transfer of genes

from GM crops to weeds and non-GM crops, the effects of insect-

resistant crops on non-target insects, and the possible emergence of

enhanced resistance to insect-resistant crops. A prudent approach must

●12



be taken in view of the relative lack of research data on large-scale

releases of GM crops, such as oilseed rape, in European conditions.

Herbicide-Tolerant Crops

To date, tolerance to herbicides has been the characteristic most com-

monly engineered into transgenic crops. It has been claimed that,

because herbicide-tolerant crops permit farmers to apply herbicide

without fear of crop damage, their introduction will lead to a rise in

herbicide use. Statistical data on the effects of herbicide-tolerant crops

on pesticide use now becoming available from the United States

Department of Agriculture and other sources, however, suggest that,

while there are significant crop and regional variations, the adoption of

these crops has been associated with either no change, or a reduction,

in herbicide applications.

Gene Escape and Gene Transfer

Concerns have also been expressed that genes from herbicide-tolerant

plants could be transferred to weeds, thereby creating herbicide-resistant

weeds (what are sometimes termed ‘superweeds’), or that seeds shed

during the harvesting of herbicide tolerant crops could themselves grow

as weeds in future crops. Though cross-pollination of GM and non-

GM crops and plants is possible, it can only occur where a GM crop

plant has sexually compatible relatives in the area in which it is grown.

GM maize and potatoes have no wild or weed relatives in Europe,

though oilseed rape and sugar beet do. Gene transfer is also unlikely

among inbreeding crop species such as rice and soya, and among crops

such as cereals which are predominantly self-pollinating.

There are also significant obstacles against plants modified for herbicide

tolerance or other traits themselves becoming weeds. In general, crops

do not have the kind of characteristics necessary for survival as weeds.

With limited exceptions, crosses between cultivated crop species and

wild relatives will not generally prove competitive in the wild. Where

they do, they, like the GM crops from which they derived, would be

resistant only to certain herbicides and could be treated with others.
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The likelihood of gene transfer to non-GM crops depends, like that to

wild plants, on the biology of the crop species and its location. As the

commercial cultivation of GM crops compatible for breeding purposes

with crops grown organically draws closer, effective procedures, such

as prescribed isolation distances, will be needed to prevent any impact

which might affect the viability of organic farming. The need to pro-

ceed with caution in this area has been underlined by the disclosure in

May 2000 of the presence of GM material in seed of a conventional

GM oilseed rape variety imported from Canada and sown commercially

on farms in a number of EU countries. Though the GM presence was

at a relatively low level and posed no threat to human health, the inci-

dent aroused understandable concern. The Department of Agriculture,

Food and Rural Development, in consultation with the Environmental

Protection Agency, is to establish an appropriate monitoring and control

system to ensure that contaminated seed is not imported in the future.

The European Commission is bringing forward legislation to address

the problem, and this country should strongly support legislative pro-

posals that will offer an effective framework for the detection and testing

of GM material in seed imports.

Large-scale trials are currently underway in a number of countries to

compare the impact of conventional farming and biotechnology on

biodiversity. A programme of research designed with Irish conditions

in mind is recommended in chapter 5.

Insect-Resistant GM Crops

Genes expressing toxins from the soil bacterium Bacillus thuringiensis (Bt)

— a natural toxin highly effective against particular groups of insect but

not harmful to other organisms — have been engineered into maize,

cotton, and potatoes. As these crops produce the toxin within the plant

tissue, they offer farmers a means of pest control that is easier to use

and less dependent on weather conditions than conventional insecticide

sprays. Data from the United States Department of Agriculture suggest

that, in most cases, the cultivation of crops modified for insect resistance
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has led to significant reductions in insecticide use — a positive outcome

from an environmental standpoint. To date, the majority of field and

laboratory studies to date have not shown evidence of adverse effects of

insect-resistant crops on non-target insects.

Concerns have been expressed that insects might evolve resistance to

Bt crops more rapidly than to conventional insecticides because the

toxins incorporated into the crops are continuously switched on as

opposed to being intermittently sprayed. The principal counter-measure

against the threat of enhanced resistance consists of the provision of

‘refuges’, that is areas of non-GM crops, which can support pest popu-

lations that are not resistant to Bt toxins. While such provisions help to

address the problem, there is a need for continued careful monitoring

of the risk of enhanced resistance to Bt crops.

III Biotechnology: The Balance of Risks and

Benefits

The risks associated with genetic modification should neither be minim-

ized or magnified but should be assessed and managed in accordance

with scientific principles and procedures. They should also be evaluated

in the light of the risks posed by conventional farming (including

organic farming) and food production methods. Many of the hazards

attributed to genetic modification have been established trends in con-

temporary societies long before the introduction of GM crops and

foods.

Genetic engineering has already provided considerable benefits in the

pharmaceutical area, and offers major potential benefits in the medical,

agricultural, and environmental fields. It will also be a critical source of

economic growth and innovation in the future. These benefits — and

the economic and other costs of missing out on them — must be con-

sidered alongside the possible risks. On the evidence to date, effective

provision for pre-release testing, ongoing research, and post-release
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monitoring can ensure that the benefits of modern biotechnology are

maximized and the risks minimized without compromising on the pro-

tection of human health and the environment. This does not warrant

complacency about future applications of genetic engineering. GM

crops and foods must continue to be rigorously assessed on a case-by-

case basis.

Chapter 3 — The Public Disquiet about
Genetic Modification

I The Growth of Public Disquiet

A number of factors have contributed to the emergence of public con-

cern about GM crops and foods in this and other European countries,

among them the problems encountered in dealing with complex scien-

tific issues in public debate and the mass media. The following factors

have also played a part in the growth of public unease about genetic

modification:

• Increased public concern about food safety resulting from the BSE

outbreak and other cases of food contamination and food-borne

disease;

• A decline in public confidence in regulatory bodies and scientists

in the wake of the BSE outbreak;

• Mistrust of the large corporations that have pioneered GM crops;

• The campaign against GM crops and foods waged by environ-

mental groups.

II Ethical and Other Objections to Genetic

Engineering

In considering the ethical issues raised by modern biotechnology, it is

useful to distinguish between ethical objections to the very process of
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genetic modification and objections which focus on the ways in which

it is applied and exploited. The evidence suggests that fundamental

opposition to the entire process of genetic modification is not supported

by the majority of the population in Ireland and the rest of Europe.

As well as those with deep-rooted objections to genetic engineering,

there are others, who, while not expressing complete opposition, feel

nevertheless that it is in some way unnatural or distasteful. The strength

of such sentiments generally increases in line with the species distance

between the organisms involved in gene transfers. Others would con-

tend that, as gene transfers are possible only because all life forms have

a common origin and shared features, they are in another sense quite

‘natural’.

Unease about genetic modification may also be a result of the ways in

which it is depicted. Some accounts of the subject tend to present a

distorted picture of the nature and extent of the transformations brought

about by genetic modification. Most applications of genetic engineering

in agricultural biotechnology to date have involved the transfer of one,

two, or three genes into plants which typically have in the region of

50,000 genes.

We have found no reasons to conclude that the current applications of

genetic engineering are unacceptable on ethical grounds. Future, more

far-reaching applications of GM technology may raise more difficult

moral issues. Opposition to genetic modification on ethical grounds

should be respected and, as far as possible, be taken into account by

policymakers and regulators. In particular, persons with ethical,

religious, or other objections to genetic engineering should, by means of

clear and consistent labelling provisions, be able to identify genetically

modified foods and to avoid their consumption.
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III Corporate Dominance of Agricultural

Biotechnology

Some of the opposition to genetic engineering reflects disquiet at the

aims and activities of the large biotechnology companies responsible for

its commercialization. There are also concerns that genetic engineering

will do nothing to help, and may do much to harm, smallholder agri-

culture and the environment in poorer countries.

Though we have no wish to defend large biotechnology corporations,

we are concerned that disapproval of their practices has unduly coloured

the entire debate about modern biotechnology. Companies in other

industries pursue market share and protect their intellectual property

with the same vigour as biotechnology corporations, but are seldom

subject to the same level of criticism. Where they are so criticized, the

distinction between the possibly undesirable nature of some corporate

practices and the beneficial character of the technology is readily

appreciated.

Developments in intellectual property law governing biotechnology are

central to some of the concerns expressed about the commercial prac-

tices of biotechnology companies. Fears have been expressed in particu-

lar that biotechnology firms will patent gene sequences without having

first identified a utility for them, thus effectively monopolizing

sequences without understanding their function. Sequence data from

the human and other genome projects should in our view be readily

accessible to scientists in free databases. We note that the EU Directive

on the Legal Protection of Biotechnological Inventions stipulates that

the industrial application of a gene sequence must be disclosed in the

patent application — in other words that a mere DNA sequence with-

out indication of a function is not a patentable invention.
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Chapter 4 — The Regulation of GMOs in
Ireland and the EU

I Main Features of the EU Regulatory Framework

There is now an extensive body of regulations governing genetically

modified organisms in this country which derives from EU Directives

that have been transposed into domestic legislation here, and from EU

regulations that are directly applicable and binding in Member States.

This body of EU legislation comprises a comprehensive regulatory code

which covers all of the main stages of the innovation cycle — from the

contained use of genetically modified micro-organisms (GMMs) in the

laboratory for research purposes, to their deliberate release into the

environment in field trials, to the placing on the market of products

containing or consisting of GMOs.

The main areas covered by the EU regulatory framework are:

• the contained use of genetically modified micro-organisms;

• the deliberate release of genetically modified micro-organisms to the

environment (for both field trial and general marketing purposes);

• the marketing within the EU of novel foods and novel food

ingredients, including foods or food ingredients containing or

derived from GMOs;

• the labelling of GM products;

• the licensing of medical products, including those derived from,

containing, or consisting of GMOs;

• quality standards and other marketing requirements for animal

feedstuffs, including feed additives;

• the marketing of new varieties of agricultural crop species, includ-

ing GM seed; and

• the use of pesticides.
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The key features of the approach to the regulation of GMOs in EU

legislation are as follows:

• an emphasis on the protection of human health and the

environment

• a requirement for prior approval by a competent national auth-

ority for the use, release, or marketing of GMOs

• provision for communication, consultation and joint decision-

making among Member States.

The EU regulatory code governing GMOs is set to be supplemented

and strengthened in the period ahead as existing Regulations and Direc-

tives are amended and new Regulations and Directives enacted.

II The Regulation of GMOs in the United States

and Other Countries

Recent years have seen a gradual relaxation of the regulatory regime

governing GM crops in the United States. Nineteen varieties of seven

GM crops are now no longer subject to regulation. The approach taken

by the US Food and Drug Administration to the regulation of GM

foods and food ingredients also differs significantly from that followed

in Europe. In 1992, the FDA ruled that foods derived from new plant

varieties produced by genetic modification should, unless special cir-

cumstances were applicable, be regulated no differently than foods pro-

duced by conventional means. The FDA similarly does not require food

products to be expressly labelled simply because they contain or consist

of GMOs. It recently announced its intention, however, to develop

voluntary guidelines for the labelling of GM foods.

World Trade and GMOs

American producers maintain that the more restrictive regulatory

regime governing GMOs in force in Europe may be in breach of World

Trade Organisation rules. High-level discussions between the EU and
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the US have failed to resolve these differences. Issues of global trade

and market access have also arisen in the context of discussions on a

Biosafety Protocol under the UN Convention on Biological Diversity.

A summit in Montreal in January 2000 finalized an agreement, to be

known as the Cartagena Protocol on Biosafety, for protecting the envir-

onment from the risks posed by trans-boundary shipments of genetically

modified organisms. The Protocol will permit countries to reject

imports of GM crops if they have grounds to believe that these pose a

safety risk. It provides also that shipments of GM products should bear

labels stating that these may contain GMOs.

III National Consultation on GMOs and the

Environment

In August 1998, the Minister for the Environment and Local Govern-

ment issued a national consultation paper on GMOs and the Envir-

onment‘‘ in order to stimulate public debate in advance of reviewing

national environmental policy in this area. The Minister then invited

respondents to the consultation paper to participate in a two-part debate

held in May and June 1999 and managed by an independent chairing

panel. The Chairing Panel’s report, which was presented to the Minister

on 28 July 1999, concluded that the focus of national environmental

policy on the deliberate release of GMOs should be positive in reco-

gnizing the potential economic benefits of genetic engineering, but

should also reflect a fundamental national commitment to safety and

environmental sustainability based on scientific risk assessment and man-

agement. In October 1999, the Minister for the Environment and Local

Government issued a policy statement which confirmed Government

acceptance of the conclusions of the independent chairing panel and

gave a commitment to act on its recommendations.
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Chapter Five — Conclusions and
Recommendations

I Conclusions

The formulation of public policy on biotechnology involves attempting

to strike an appropriate balance between benefits and risks, long and

short-term needs, and the interests of different groups such as producers

and consumers. We have sought to take four main considerations into

account:

• an appreciation of the long-term strategic importance of

biotechnology

• an acceptance of the need for a precautionary approach, guided

by scientific principles and procedures, to the development and

applications of biotechnology.

• a commitment to an independent, well-resourced regulatory

system operating on the basis of the best available scientific

expertise and advice.

• an acknowledgement of the need for more effective mechanisms

of public information, communication, and consultation on mod-

ern biotechnology.

The Long-Term Strategic Importance of Biotechnology

There is virtual unanimity among leading scientists and industrialists

throughout the world that biotechnology will be at the forefront of

advances in knowledge and innovation in the coming decades. There

is widespread agreement likewise that, subject to public concerns being

addressed, biotechnology has the potential to deliver major benefits to

individuals and societies in areas such as healthcare, agriculture, and

environmental remediation. On the basis of the best knowledge avail-

able to us, therefore, the development of world class competence in

biotechnology on a basis compatible with the protection of human
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health and the environment is essential, not optional, for Ireland and

Europe.

The Need for A Precautionary Approach

Promotion of biotechnology must be balanced by precaution. The

extent to which a precautionary approach to genetic engineering has

been followed in this country and the European Union is not always

appreciated. Five years after the large-scale cultivation of GM crops got

underway in the United States, there have been no commercial plant-

ings of these crops in this country, while the acreage of GM crops

remains negligible in the European Union as a whole. This precaution-

ary approach is reflected in precautionary legislation. The EU Directive

90/220/EEC on the Deliberate Release of GMOs was among the first

pieces of international legislation expressly to incorporate the pre-

cautionary principle.

The Need for an Independent Well-Resourced Regulatory

System

In the European Union, public confidence in the regulatory framework

governing genetic modification has been dented by the BSE outbreak

and other factors. If biotechnology is to be promoted as a key strategic

sector, it is imperative that the regulatory authorities possess the full

range of resources and expertise required to oversee it effectively. It is

vital also that regulatory bodies are, and are seen to be, independent of

the industrial interests that stand to gain from the authorization of prod-

ucts by regulatory authorities.

Public Communication and Consultation

More effective means must be found of informing the public about,

and involving it in, developments and decisions concerning biotechnol-

ogy. This is more a matter of conveying an appreciation of the econ-

omic, social, environmental and ethical implications of the science and

its applications than of providing detailed technical information. This is

not an easy task, nor is it likely to be accomplished in the short term,

but it should now be seen as a priority.
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II Strengthening the Regulatory and Policy

Framework at EU Level

The regulatory system governing genetic modification in this and other

EU member states has been put in place gradually over the past decade.

Inevitably, experience, the example of other countries, and the evol-

ution of the technology have disclosed gaps in the existing framework

that must be dealt with, and revealed new needs that must be addressed.

The period ahead will see concerted action on a number of fronts by

the EU to reform and strengthen the legal and institutional bases of the

present regulatory system. Ireland must play its full part in this process

of policy formulation and decision-making. We recommend that

Ireland’s general stance at EU level and in international forums

should be positive but precautionary. It should acknowledge the

potential benefits of genetic engineering, while maintaining a funda-

mental commitment to safety and environmental sustainability based on

scientific risk assessment and management.

New EU Legislation

The cornerstone of EU legislation on genetic modification — Directive

90/220/EEC on the deliberate release of genetically modified organisms

to the environment — is currently in the process of amendment to

strengthen its safety and transparency provisions in a range of areas. We

strongly support the central thrust of the proposed amendments, many

of which address issues and concerns considered by us.

The next legislative proposal on genetic modification due to arise at

EU level is expected to deal with novel animal feed, in particular feed-

ingstuffs containing or derived from GMOs. We recommend that

this country should support the introduction of EU legislation to

regulate novel and GM animal feed. This legislation should contain

provisions requiring the evaluation of the safety, efficacy, and control

of such feedingstuffs; it should also include specific labelling provisions.
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The European Commission’s White Paper on Food Safety indicated

that the legal provisions governing novel foods, in particular those con-

taining or derived from genetically modified organisms, should be tight-

ened and streamlined. The labelling provisions governing novel foods

are also to be completed and harmonized. We recommend that this

country should strongly support proposals for the amendment

of the Novel Foods Regulation that will improve the effective-

ness of the procedures governing the authorization and labelling

of GM foods.

New European Food Authority

The White Paper on Food Safety also proposed the establishment of an

independent European Food Authority with particular responsibilities

for both risk assessment and risk communication on food safety issues.

In our view, a well structured, properly resourced European food safety

agency can make a significant contribution to the creation of greater

confidence among consumers in the safety of the food they eat. Much

will depend on the precise, role, structure, and resources of the pro-

posed Authority. Care will need to be taken to ensure that there is no

organizational duplication, confusion, or conflict with national food

safety agencies.

European Union Scientific Body

The policy statement on GMOs and the environment issued by the

Minister for the Environment and Local Government in October 1999

requested the Inter-Departmental Group to examine the possible estab-

lishment of an independent EU body, perhaps funded by industry levy,

to validate scientific data and undertake independent research on genetic

engineering. The Group was also asked to consider a possible research

role in this context for the European Union’s Food and Veterinary

Office which is based in this country.

Though much of the detail concerning the proposed European Food

Authority remains to be worked out and discussed, it would appear
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that, in the food safety area for which it will have responsibility, its

remit will be close in many ways to that of the EU scientific body

suggested by the Minister for the Environment and Local Government.

We propose to refer our conclusions and recommendations to the

European Commission in order to make the case for a comparable

centre of independent scientific expertise in the environmental field.

The White Paper on Food Safety also emphasized the importance of

having effective control systems in place to ensure that Community

rules are implemented and enforced consistently by Member States. It

is clear that this key function of the Food and Veterinary Office will

take precedence over any possible research role for the foreseeable

future.

III Strengthening the Regulatory and Policy

Framework at National Level

Field Trials for GM Crops

A comprehensive well-managed trial process is essential to ensure that

the risks posed by GM crops can be scientifically evaluated. We recom-

mend that trials of GM crops should continue in this country

subject to compliance with EU legislation and with the controls

and conditions laid down by the Environmental Protection

Agency.

If a GM agricultural plant variety is approved by the EPA for release

into the environment, the Department of Agriculture, Food and Rural

Development may be required under national legislation to test seed of

such a variety for marketing and seed certification purposes. Such tests

are conducted by means of field and laboratory trials. We consider that

more detailed provisions for the management of field trials of GM crops

are desirable in this context. We recommend that the Department

of Agriculture, Food and Rural Development should, in consul-

tation with the EPA, draw up detailed protocols governing the

management of such field trials for agricultural GM crop species
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under the marketing authorization procedures for the seed of

such crops.These protocols would cover matters such as the location

of trials, and the distances between field trials and related neighbouring

crops.

Where GM crops have received marketing approval under the Deliber-

ate Release Directive, we think that, in keeping with the precautionary

principle, there is merit in a phased approach to their cultivation to

commercial scale. We recommend that the Department of Agri-

culture, Food and Rural Development, in co-operation with

other bodies as appropriate, should devise a programme of

managed development of GM crops. This would entail limiting the

area of transgenic crops in the first year, while monitoring and auditing

them for safety. If no adverse effects on the environment are found,

plantings could, under strict supervision, be progressively increased in

subsequent years to full commercial cultivation.

The Ethical Dimension of Genetic Engineering

We have found no reasons to conclude that the current applications

of genetic engineering are unacceptable on ethical grounds. We fully

acknowledge that others may take a different view and that their beliefs

must be respected and, where possible, their concerns addressed.

It is now time in our view to establish a forum in this country to

consider the ethical issues raised by biotechnology in an informed, dis-

passionate, and independent way. A key role for any such forum will

be to clarify the ethical issues concerned, formulate them in moral

terms, and communicate them to decision-makers, scientists and the

general public. We recommend that the Royal Irish Academy be

invited to consider how it might set up and maintain a national

biotechnology ethics committee.Though the Government would

be entitled to refer questions to such a body for consideration, the

proposed committee should be fully independent in its operations.
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Strengthening the Regulatory Authorities in Ireland

Resources

The regulation of complex, science-based products and processes, such

as those deriving from modern biotechnology, requires that regulatory

bodies be adequately staffed and resourced. The Minister for the Envir-

onment and Local Government is currently undertaking, in conjunction

with the Environmental Protection Agency, a review of the Agency’s

resources for its role in biotechnology regulation. A review of the Food

Safety Authority’s resources is also underway in advance of its formal

assumption of the role of assessment body and competent authority

for this country for the purposes of the Novel Foods Regulation. The

Department of Agriculture, Food and Rural Development will similarly

have to review the resources at its disposal in the light of its new and

proposed responsibilities for regulating the marketing of genetically

modified seed varieties, including protocols for GM field trials, and for

proposed EU legislation on novel animal feed.

The over-riding need is to ensure that individual regulatory bodies, and

the national regulatory system as a whole, have adequate access to the

full range of specialist competences. This will require that the right

balance is achieved and maintained between the respective roles of full-

time staff, external consultants, and academics serving on a voluntary

basis. Where this requires new approaches and arrangements, such as

sharing the services of specialist staff among agencies who would not

individually have sufficient work for them to justify full-time posts, the

regulatory bodies should be prepared to show the necessary creativity

and flexibility. We consider that the scope for getting the biotechnology

industry to meet all or part of the cost of national regulatory arrange-

ments for the industry should be examined. We recommend that, as

a first step, the reviews of the resources of the EPA and the FSAI

should look at the fees charged by those bodies for assessment,

including trials and tests.
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Composition of Advisory Committees of Regulatory Bodies

The Minister for the Environment and Local Government has indicated

his intention to amend the 1994 GMO regulations in order to provide

for direct representation of consumer interests on the Environmental

Protection Agency’s GMO Advisory Committee. The Food Safety

Authority of Ireland has a consumer representative on its board and is

in the process of establishing a twenty-four member consultative council

in order to provide a more effective channel of communication for

consumer views and concerns. We welcome the enhanced provision

for consumer representation being made by both bodies.

It is vital in our view that the independence and integrity of the regulat-

ory system is upheld. We recommend that members of the GMO

advisory committees attached to the Environmental Protection

Agency and the Food Safety Authority of Ireland should declare

any personal or business interest which might, or might reason-

ably be seen, to influence their judgement on matters coming

before the committee. Such registers should be available to the

public. Plans to establish registers of this kind are already under con-

sideration, or are in the process of implementation, by the regulatory

bodies in this country.

Research on Biotechnology and GMOs

We consider it essential that, before GM crops are put on the market,

and for a period thereafter as appropriate, adequate research data are

available to the regulatory authorities here to enable them to assess their

environmental impact in Irish conditions. An exclusive reliance on stud-

ies carried out by biotechnology companies is not desirable and will not

foster public confidence. We recommend that independent generic

research (i.e. not limited to any particular product) be conduc-

ted in this country into all aspects of GMOs, including human

health and safety, animal feed and live crops, and the effects of

GMOs on the Irish environment having regard to our distinctive

climatic and geological conditions.
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In response to a request from the Minister for the Environment and

Local Government, the Environmental Protection Agency is currently

engaged in identifying and formulating a programme of research on

issues related to the deliberate release of GMOs to the environment.

Similar programmes of research are needed on the food safety, animal

health, and agronomic aspects of genetic modification. We recom-

mend that the Food Safety Authority of Ireland, the Food Safety

Promotion Board, the Department of Agriculture, Food and

Rural Development and Teagasc, and the Marine Institute be

asked to identify research programmes on issues related to gen-

etic modification which are outside the scope of the proposed

research by the EPA on the environmental impact of GMOs.It

will be necessary to ensure that there is effective co-ordination across

these research programmes.

Teagasc, the Agriculture and Food Development Authority, has a cen-

tral role to play in devising and undertaking research into GM crops

and foods which takes adequate account of Irish needs and conditions.

The Minister for Agriculture, Food and Rural Development recently

announced a £25 million fund to re-orientate the R&D programme

administered by Teagasc in order, among other things, to monitor,

evaluate, and where appropriate, harness developments in biotechnol-

ogy. We recommend that, in addition to undertaking indepen-

dent evaluations of the trials carried out by companies, Teagasc

should have the capacity to undertake its own programme of

efficacy trials of GM crops.

Future Policy Co-Ordination

Formulating, implementing, and monitoring policy on biotechnology

requires a high level of consultation among a sizeable number of

Government departments and agencies. We recommend that the

Inter-Departmental Group should be placed on a permanent

footing in order to ensure that the Government has an inte-

grated view of the full range of relevant issues and devel-

opments. We recommend that the Group should in future

●30



include representatives of the Food Safety Promotion Board;

the Environmental Protection Agency; Teagasc; and the

Department of Arts, Heritage, Gaeltacht and the Islands; as well

as of Enterprise Ireland and Forfás. Forfás should henceforth pro-

vide the secretariat to the Group.

IV Improving Public Communication and

Consultation

Information and Communication

There is a clear need for the provision of better and more accessible

information to the general public on biotechnology and genetic engin-

eering. The Minister for the Environment and Local Government has

asked the Environmental Protection Agency to identify a programme

of information dissemination on environmental aspects of genetic

engineering. We recommend that the Food Safety Promotion

Board and the Food Safety Authority of Ireland, as appropriate,

should provide information to the public, on both an ongoing

basis and in response to specific developments of public interest

or concern, on the food safety aspects of genetic modifi-

cation.We suggest that both the EPA and the FSAI should interpret

their responsibilities as extending not only to assessing the safety of

GMOs, but also to informing the public in situations where those assess-

ments suggest that no hazard exists.

The regulatory bodies in this country can further assist public infor-

mation and awareness by making the maximum information available,

subject to the constraints of commercial confidentiality, on applications

for the deliberate release or marketing of GMOs. In recent cases, the

EPA has, with very limited excisions of commercially sensitive infor-

mation, made publicly available the full dossier on applications for delib-

erate release authorizations. We recommend that, in the interests

of transparency and public awareness, the fullest possible level

of information about applications for release or marketing
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approvals for GMOs should be made available as a matter of

standard practice by all of the relevant regulatory bodies.

New ways of informing the public about biotechnology, its existing

and potential future benefits, and the possible risks to health and the

environment, should be devised and deployed. We recommend that

all feasible, cost-effective means of communication should be

considered for this purpose, including television and radio docu-

mentaries, information videos, and the internet. As well as the

websites provided by the individual regulatory bodies, we

recommend that there should be a central Government website

which would provide a broad range of relevant, up-to-date

information on biotechnology in a manner accessible to the

general public. Forfás is the most suitable body in our view to set up

and maintain such a website.

The policy statement issued by the Minister for the Environment and

Local Government in October 1999 stated that, while responsibility

for information dissemination in relation to specific areas of genetic

engineering should rest with the individual State agencies concerned,

the issue of the overall co-ordination and adequacy of the information

provided should be examined further by the Inter-Departmental Group.

As no other body is in a position to take an overview of the field,

we recommend that the issue of co-ordination across agencies in

relation to information and communication on biotechnology

should form part of the ongoing work programme of the Inter-

Departmental Group.

Education

The large number of students taking Science at Junior Certificate level

and taking either Biology or Agricultural Science at Leaving Certificate

level, together with the introduction of new syllabi in all three subjects,

offer a good basis for improving the general level of public awareness

of biotechnology in the future. The universities, agencies such as

BioResearch Ireland, and Irish biotechnology companies can play an
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important supporting role by providing teaching resource packs through

the Irish Science Teachers’ Association, as well ideally as material for

practical activities. We recommend that a biotechnology website

(such as BioResearch Ireland’s BioZone site) should be provided

on the Scoilnet web system for second-level students.

There is a need also for broader changes to make science subjects more

attractive and relevant to second-level students in the longer term. We

recommend that:

• The curricula of science subjects should in future be

reviewed on a continuing basis to enhance their appeal to

students, including to students not intending to pursue

scientific careers.

• School-based practical assessment should be implemented

for all science subjects, including Biology.

• A General Science subject should be introduced at Leaving

Certificate level which would aim to give students a broad

appreciation of science and its economic, social, and ethi-

cal implications.

The Media

The media are a key source of information on matters of current debate

and controversy such as genetic engineering. To the extent that media

coverage of the issue has been one-sided, this appears to have been due

in large part to the fact that environmental groups opposed to genetic

engineering have enjoyed greater credibility with the public. In seeking

to respond to inaccurate media reports about genetic engineering, scien-

tists have been handicapped by the fact that they need time to review

claims before responding to them. In many cases, however, the issue in

question will have ceased to be of interest to the media before a con-

sidered academic response can be prepared. We recommend that the

media should take due account of these constraints on scientists

in reporting on, and seeking reaction to, breaking news stories

about genetic modification.
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Public Consultation and Participation

The consultation process on ‘‘GMOs and the Environment’’ launched

by the Minister for the Environment and Local Government in August

1998 was of considerable benefit in allowing issues and concerns to be

raised and debated publicly. Other ways of promoting public consul-

tation and involvement, such as discussion groups on the internet,

debates involving different forms of lay and expert jury, and formal

participative technology assessment exercises should be actively

explored. We recommend that Forfás should examine the use of

such mechanisms in other countries with a view to developing

and piloting proposals for implementation in this country.

Consumer Choice and Labelling

In the last analysis, the decision about whether or not to purchase GM

foods will rightly rest with individual consumers. We recognize the

strong public demand for the labelling of GM foods and support the

need for public choice to be facilitated by the clear, unambiguous label-

ling of food products. The European Commission has indicated its

intention to introduce a Regulation on the labelling of GMO-free

foodstuffs which would give producers the possibility of using labelling

claims referring to the absence of genetic engineering techniques in the

production of foodstuffs. Provided that it is legislated for and

implemented in a clear and workable manner, such a provision would

foster and facilitate consumer choice.

Regulation (EC) 49/2000 which came into effect in April 2000 sets a

1 per cent threshold for the adventitious, or accidental, presence of

material derived from GM soya or maize in food ingredients. The intro-

duction of such a provision makes it imperative that we establish facili-

ties in this country with the analytical capabilities to detect GM material

in food. We recommend that the State Laboratory should be des-

ignated as the national reference laboratory for GM-related

analysis and should be given adequate resources for the task.Its

remit should also cover the identification of GM material in seed, crops,

animal feed, and other products.
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Chapter 1 — Biotechnology: Science and Industry

I The Biotechnology Revolution

Biotechnology can broadly be defined as the use of biological materials

and processes for human needs.1 For the past 10,000 years, crop plants

and livestock have been bred for desired qualities; the fermentation of

fruits and grains to make wine, beer, and spirits is likewise an age-old

activity. Over this long timescale, great benefits have come about as a

result of the selection and crossing of plants or animals with valued and

complementary traits. Crops such as maize and wheat, for example,

emerged over a period of several thousand years from the selection of

the best seeds of the most favoured plants of various wild grass species.

The cabbage, cauliflower, Brussels sprout, and broccoli are all selected

variants of the same species, Brassica oleracea. The selective breeding of

the wolf and the horse has resulted in more than 130 different dog

breeds and 100 different horse breeds.

Over the past century, the increasingly systematic nature of breeding

methods, together with improvements in animal feed and the increased

use of chemical inputs, have produced remarkable growths in agricul-

tural yields. Average annual milk yields, for example, have risen from

around 1,000 litres per cow in 1900 to 4,000 litres in 1990.2 The so-

called Green Revolution of the 1950s and 1960s boosted production of

wheat, rice and other staple crops by several hundred per cent by

1 The account of the development of biotechnology in this chapter and at annex A is based mainly
on the following sources: S. Aldridge. 1996. The Thread of Life: The Story of Genes and
Genetic Engineering (Cambridge: Cambridge University Press). W. Bains. 1998. Biotechn-
ology from A to Z (Oxford: Oxford University Press). R. Bud. 1993. The Uses of Life: A
History of Biotechnology (Cambridge: Cambridge University Press). S. Nottingham. 1996.
Eat your Genes: How Genetically Modified Food is Entering our Diet (London: Zed
Books). Nuffield Council on Bioethics. 1999. Genetically Modified Crops: The Ethical and
Social Issues.Royal Commission on Environmental Pollution. 13th Report. 1989. The
Release of Genetically Engineered Organisms to the Environment. (London: HMSO).
R. Straughan, and M. Reiss. 1996. Improving Nature?: The Science and Ethics of Genetic
Engineering (Cambridge: Cambridge University Press). C. Tudge. 1993. The Engineer in
the Garden (London: Jonathan Cape). The following websites were also consulted:
www.bio.org; www.nal.usda.gov; www.ncbe.reading.ac.uk; www.agbiotechnet.com;
www.biotech.iastate.edu/ed; and www.jic.bbsrc.ac.uk.

2 S. Nottingham.1996. Eat your Genes:How Genetically Modified Food is Entering our
Diet (London: Zed Books):28-33.
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methods such as crossing varieties with short stalks and rigid stems in

order to create higher-yielding, more weather-resistant crops.3

Though the techniques of traditional plant and animal breeding have been

greatly refined over time in these and other ways, they remained confined

to cross-breeding between individuals of the same, or closely related, spec-

ies. Over the past quarter-century, breakthroughs in the understanding

and manipulation of genetic structure have made it possible to vault these

species barriers and have greatly enlarged the scope for the deliberate

engineering of desired genetic changes. Techniques of genetic engineering

now make it possible to introduce, delete, or enhance particular traits in an

organism either by inserting genes from another organism or by otherwise

altering its genetic make-up. Genetically modified organisms are defined

accordingly in European Union legislation as those in which ‘the genetic

material has been altered in a way that does not occur naturally by mating

or by natural recombination’.

Within a short space of time, these advances in genetics have brought

about major changes in fields as varied as pharmaceuticals, medical diag-

nostics, agriculture, food production, and forensic science. The pro-

found and pervasive nature of these changes — and the clear evidence

that they are as yet in their infancy — have led to a widely held view,

outlined in Box 1 overleaf, that a technological revolution is underway

in biotechnology comparable to those created by the replacement of

steam power by electricity in the 19th century and the wave of informat-

ics and telecommunications innovations of the 20th century. Our grow-

ing knowledge of genetics has laid the foundation for this revolution.

Annex A gives an account of the evolution of our knowledge of the

genetic composition of living things since the 19th century. It also out-

lines the main processes and techniques involved in genetic modifi-

cation. This chapter looks at the commercial applications of the

advances in genetics of the past quarter century and at the biotechnol-

ogy industry to which they have given rise. As will be apparent, these

3 Gordon Conway. 1999. The Doubly Green Revolution (London: Penguin Books): 44-65.
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applications are more long-standing and wide-ranging than the recent

controversies over GM crops and foods might suggest.

Box 1: Biotechnology: Potential and Predictions

Modern biotechnology is one of the fields offering the greatest potential for

innovation and growth. The European Commission.4

[Biotechnology] may well play as pivotal a role in social and industrial advance-

ment over the next 10 to 20 years as did physics and chemistry in the post World

War II period. The US National Science and Technology Council.5

I’m a big believer in information technology ... but it’s hard to argue that the

emerging medical revolution, spearheaded by the biotechnology industry, is any

less important. Bill Gates, Microsoft.6

The dominant science of the twenty-first century will be biology. Two branches

of biology in particular, genetics and neurophysiology, present us with an abun-

dance of fundamental unsolved problems that new technological tools will enable

us to attack. Freeman Dyson, Emeritus Professor of Physics, Columbia

University.7

The biological sciences will be the most exciting science and technology for the

next few decades. Ben Rosen, Chairman, Compaq Computer Company.8

There is a huge fear of genetic engineering, yet those who are close to science

would understand that this is the next big frontier to be crossed. There is a huge

potential for good, there is a huge opportunity. We must go forward on that

basis rather than turning our backs on the science. The late Dr. Pat Upton

T.D.9

It is widely believed that biotechnology will be one of the most significant tech-

nologies of the early decades of the 21st century ... there is a huge opportunity

for Ireland to join in, to contribute to, and to benefit from, the next phase of

the biotechnology revolution ... no country with a strong food and pharmaceut-

ical industry can afford to ignore the new biotechnology.10 Health and Life

Sciences Panel, Technology Foresight Ireland Task Force.

4 Commission of the European Communities. 1993. White Paper on Growth, Competi-
tiveness & Employment.

5 National Science and Technology Council. 1995. Biotechnology for the 21st Century: New
Horizons.

6 Genetic Engineering News, 1 March 1997.
7 Imagined Worlds (Cambridge, Mass.: Harvard University Press, 1997): 86.
8 Caltech News, vol. 32, no (2), 1998.
9 Dail Debates, 26 February 1998.

10 Report of the Health and Life Sciences Panel, Technology Foresight Task Force of the
Irish Council for Science, Technology and Innovation. 1999: 10 & 13.
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II Medical and Environmental Applications of

Genetic Engineering

Medicine and Healthcare

The first commercial applications of the new techniques of genetic

engineering occurred in the pharmaceutical field. In 1978, American

scientists isolated the segment of human DNA responsible for creating

insulin and inserted it into an E.coli bacterium.11 This enabled the bac-

teria to create insulin as part of its normal biological processes, thereby

making possible the provision of an abundant supply of recombinant

human insulin at a relatively low cost; prior to this advance, insulin was

obtained from the pancreases of pigs or cows. Recombinant human

insulin was approved for use in the United States and other countries

in 1982.

In 1980, US scientists succeeded in producing interferon by recombi-

nant DNA techniques.12 Interferon, a chemical produced by cells in the

human body in response to viral attack, promotes production of a pro-

tein that stimulates the immune system to combat the spread of infec-

tion. It is produced by the body in such minute quantities, however,

that blood from 90,000 donors is required to provide just one gram of

interferon. The interferon thus obtained is only about 1 per cent pure

and is also prohibitively expensive — a single gram cost around $50,000

to produce in the 1970s. The use of genetic engineering techniques

permitted the production of a cheap and plentiful supply of the protein.

The first genetically-engineered interferon product received approval as

a treatment for leukaemia in 1986. Other treatments from the interferon

family have followed for cancers, AIDS, and other conditions, though

not all have realized the initial hopes placed in them.

A genetically engineered treatment for growth hormone inadequacy

was developed in 1985. This has eliminated the need to manufacture

11 R. Bud. 1993. The Uses of Life: A History of Biotechnology (Cambridge: Cambridge
University Press): 181.

12 Eric R. Grace. 1997. Biotechnology Unzipped: Promises and Realities (Washington D.C.:
Joseph Henry Press): 78-79.
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the product from pituitary glands taken from deceased adults and chil-

dren. A genetically engineered hepatitis B vaccine followed in 1986.13

Another important pharmaceutical product produced with the aid of

biotechnology is Factor VIII, the blood clotting agent absent in haemo-

philiacs. Almost all haemophiliacs who received factor VIII up to the

mid-1980s contracted AIDS or hepatitis from viral contaminants in the

blood used to make it. The use of recombinant factor VIII eliminates

the possibility of such contamination. Other genetically engineered

drugs include Erythropoietin which is used by people on kidney dialysis

and reduces the need for blood transfusions, and Pulmozyme which is

widely used to treat lung congestion in cystic fibrosis sufferers.

Table 1 below lists the principal new drugs that have been produced

through the use of genetic engineering. In all, it is estimated that several

hundred million people worldwide use the ninety or so biotechnology

drugs and vaccines now on the market.14 As some 350 biotechnology

medicines are currently in late-stage clinical trials, the importance of

the technology for healthcare is set to grow further in the future.

Biotechnology has also become a key tool of medical diagnostics —

that is, tests for changes or foreign materials in the body that are charac-

teristic of particular diseases. There are now more than 600 diagnostic

products on the market that are based on biotechnology, the main ones

being immuno-assays and DNA-probe assays.15

Gene therapy is a further key area in the medical application of biotech-

nology. The first stage of such therapy — identifying genes associated

with disease — is already well established. The next stages — the suc-

cessful insertion of functioning genes to supplement or replace defective

genes, or to treat the effects of acquired diseases such as cancer — are

currently the subject of extensive trials. These trials are attempting to

13 OECD. 1996. ‘Biotechnology and the New Revolution in Health Care and Pharmaceuticals’.
STI Review no. 19.

14 Biotechnology Industry Organisation. 18 January 2000. ‘Biotechnology Drug Approvals
Top 90’: www.bio.org.news.

15 European Biotech 1997: A New Economy.The Fourth Annual Ernst and Young Report
on the European Biotechnology Industry.
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Table 1: Examples of approved and advanced biotechnology drugs/vaccines

Application Product

Autoimmune diseases

Multiple sclerosis IFN-β*

Rheumatoid arthritis TNF-α antibody

Blood deficiencies

Anaemia Erythropoietin

Blood substitute Haemoglobin

Chemo-induced haemophilia G-CSF Factor VIII

Cancer

Bone marrow transplant GM-CSF

Leukaemia IFN-α*

T-cell lymphoma IL-2 fusion toxin

Melanoma IL-2/melanoma vaccine

Renal cancer IL-2/IFN-γ*

Myocardial infarctiones TPA

Angina/restenosis GP-llb/111a antibody

Genetic diseases

Cystic fibrosis Dnase

Diabetes Human insulin

Gaucher’s disease Glucocerebrosidase

Growth deficiency HGH

Hepatitis-B virus IFN-α/subunit vaccine*

HIV IFN-α/IL-2*

Papilloma virus IFN-α*

Bordatella pertussis Acellular vaccine

Inflammatory disorders

Allergy IgE antibody

Graft-versus-host-disease tac antibody

Septic shock BPI

Nervous system disorders

Amyelotrophic lateral sclerosis IGF-1

Trauma PEG-SOD

Tissue damage

Wound healing TGFβ/PDGF

*Interferon therapies

Source: OECD. 1998. Economic Aspects of Biotechnologies Related to

Human Health: 15.
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refine the vectors used to insert the therapeutic DNA into cells.

Methods of administration are also being examined as are dosage levels

and interactions with other drugs. Setbacks have been experienced in

some areas of treatment, though more success has been recorded in

others, such as the treatment of children with immunodeficiency dis-

eases. Though gene therapy treatments have the potential to have a

major effect on medical practice, it is likely to be another 10-20 years

before they are in widespread use.

Biotechnology and the Environment

Despite some advances, the practical applications of environmental

biotechnology have generally lagged behind those in medical and plant

biotechnology. This is partly because of concerns about the release of

the genetically-engineered microbes used in bioremediation into the

environment; the deployment of such microbes outside sealed labora-

tories is currently strictly controlled. Many scientists, as well as organiza-

tions such as the OECD, believe nevertheless that biotechnology can

play an important part in developing sustainable solutions to the prob-

lems of air, soil, and water pollution, waste treatment and reduction,

and, in time perhaps, global climate change. On the opposite side, con-

cerns have been raised about the potential impact of GMOs on the

environment, particularly biological diversity.

Among the main areas of research and development at present are the

following:16

• bioremediation: cleaning up contaminated soil using biological

processes;

• the development of crops requiring fewer, or no, chemical inputs;

• waste disposal: developing bacterial methods for disposing of

waste, or at least disposing of the biodegradable part of it more

rapidly;

16 OECD 1994. Biotechnology for a Cleaner Environment: Prevention, Detection,
Remediation.

●41



• the further development of biodegradable replacements for plas-

tics and of biotechnological ways of making them;

• soil amelioration: improving soil quality through manipulation of

microflora;

• creating alternative energy sources such as biofuels and biogas.

III Initial Applications of Genetic Engineering in

Food Production

Cheese

The first commercial application of the techniques of genetic modifi-

cation in food production occurred in cheese-making.17 Cheese-making

requires the use of protease enzymes to curdle milk and turn it into

solid curds and liquid whey. The traditional source of these protease

enzymes was chymosin, also known as rennin, the principal clotting

agent present in rennet which has long been used in cheese-making.

Rennet is derived from the stomach of a number of animals, most

commonly calves; fungal sources of protease have also been developed.

In 1981, scientists isolated the DNA encoding chymosin from calf cells

and inserted it in bacteria. Others followed their lead, including Irish

laboratories, with some using yeast cells rather than bacteria to clone

the chymosin. It should be noted that cheese produced with such chy-

mosin is not itself a genetically modified organism or does not contain

such organisms, but is rather the product of a GMO. Neither the bac-

teria producing the enzymes, nor the enzymes themselves, remain in

the finished product; these are used in very small quantities and break

down as the cheese matures. Chymosin produced with the aid of gen-

etic engineering has superior purity and reliability to calf chymosin; it

is also preferred by some vegetarians.

In 1988, chymosin was the first enzyme from a genetically-modified

source to obtain official authorization for use in food production. Three

17 University of Reading. 1998. ‘Chymosin for cheese-making’:
www.ncbe.ac.uk./NCBE/GM/FOOD.
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such enzymes are now approved in a number of European countries

and in the United States. It is estimated that around 90 per cent of the

hard cheese produced in Britain and 60 per cent of that produced in

the United States is made using chymosin from genetically modified

microbes. Cheese made in this way is not required to be labelled differ-

ently from other cheeses, though some producers and retailers have

voluntarily labelled it to indicate that it is made using components

derived from genetically engineered bacteria or yeast.

Baking and Brewing

In 1990, a special strain of bakers’ yeast which had been genetically

engineered to make bread dough rise more quickly was approved by

the regulatory authorities in the United Kingdom — the first such

approval for a ‘live’ genetically modified organism in food.18 To date,

this yeast has not been used by any food manufacturers. A good deal of

research has also been carried out on the genetic modification of brew-

ing yeasts and a number of modified yeast strains have been developed.

Though one modified yeast received approval for use in beer pro-

duction in Britain in 1994, it has yet to be used by any brewer. Geneti-

cally engineered yeasts designed for brewing were also developed in

Ireland, but have never been used commercially.

Milk

Bovine somatropin (BST) is a hormone produced by the cow’s pituitary

gland at the base of the brain.19 Though it has long been known that

injecting cows with pituitary extracts could improve milk yield, the

hormone could not be produced in sufficient quantities, or to an accept-

able quality, for commercial use prior to the advent of genetic engineer-

ing. In the 1980s, the gene expressing BST was isolated from cows and

cloned in the E.coli bacterium using techniques similar to those

developed for the production of insulin and other pharmaceuticals;

18 University of Reading. 1998. ‘Genetically modified yeasts’:
www.ncbe.reading.ac.uk/NCBE/GMFOOD.

19 Nottingham, 1996: op.cit.: 27-33.
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slightly different varieties of recombinant BST [rBST], or rBGH

[recombinant Bovine Growth Hormone] as it is known in North

America, were developed by a number of companies. Administration

of the hormone is by injection every 14 or 28 days; the resultant

increase in milk yields is typically around 10-15 per cent. As the engine-

ered version of the hormone is manufactured by bacteria using copies

of the cow’s genes, the product administered to the cow is essentially

the same as that made by the cow herself.

Concerns have been expressed about the possible impact of rBST on

human health. These centre on the fact that its use has been claimed to

be linked with the presence of higher levels of another hormone found

in milk, insulin gene factor or IGF-1. According to some experimental

and epidemiological studies, there is a possible association between IGF-

1 and breast and prostate cancer.20 The possible effects of rBST on

animal health have also aroused concern. According to a study by Can-

adian veterinary scientists, its use is associated with significantly higher

levels of lameness, fertility problems, and mastitis among cattle.21 As

mastitis is treated mainly with antibiotics, any rise in its incidence also

raises fears about the spread of increased antibiotic resistance.

There are marked divergences of view, however, about the risks of

rBST to human and animal health. In 1998, a joint expert committee

of the World Health Organization and the Food and Agriculture

Organization of the United Nations concluded that there were no food

safety or health concerns related to rBST residues in products such

as milk or meat from treated animals.22 Monsanto’s recombinant BST

hormone marketed under the Posilac brand name has been approved

for use in the United States by the Food and Drug Administration

[FDA] since 1993. A subsequent review by the FDA did not disclose

20 European Commission. 1999. Scientific Committee on Veterinary Measures relating to
Public Health. Report on Public Health Aspects of the Use of Bovine Somatotropin.

21 Economist, 3 July 1999: 82.
22 Food and Agriculural Organization of the United Nations. 5 March 1998. ‘Expert com-

mittee: no danger to humans for milk and meat for BST-treated cows’:
www.fao.org/news/1998/980301.
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evidence of any new or unexpected impacts on human or animal

health.23 The hormone is now applied to over 30 per cent of American

dairy cattle.24

Marketing approval for rBST in the European Union was first sought

as far back as 1987. In 1991, the European Union decided that there

should be a moratorium on its use until 1999. As well as the health

concerns associated with the product, this decision was influenced by

the overproduction and declining consumption of milk in Europe. In

August 1997, the World Trade Organization ruled that the EU could

no longer exclude meat and milk from cattle treated with rBST. In

October 1999, the EU reaffirmed the ban on the use or marketing of

rBST in member states. The matter remains a subject of dispute

between the European Union and the United States. Earlier in 1999,

Canada also decided to prohibit use of the hormone, primarily on ani-

mal health grounds.

IV The Commercialization of GM Crops and

Foods

As pharmaceutical and dairy products produced by techniques of gen-

etic modification received regulatory approval and entered the market-

place in the 1980s and early 1990s, plant biotechnology remained at the

development and testing stage.25 The first insertion of a foreign gene

into a plant took place in 1983 when a herbicide-resistance gene was

incorporated into a tobacco plant. The first experimental release of a

genetically modified organism into the environment occurred in Cali-

fornia in 1986 when approval was given for a field trial of strawberries

sprayed with a bacterium engineered to lack an ice-nucleating protein

in order to confer greater resistance to frost.

23 Food and Drug Administration. 1998. Report of Review of the Safety of Recombinant
Bovine Somatotropin: www.fda.gov/cvm/fda/infores/other/RBRPTFNL.

24 Monsanto, 10 December 1999. Status Update: Posilac Bovine Somatotropin:
www.monsanto.com/dairy/Press12131999.

25 Nottingham. 1996, op. cit.: 6-7.
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Between 1986 and 1997, it is estimated that some 25,000 field trials of

60 genetically modified crops were undertaken in 45 countries.26 In the

US, maize, soybeans, and cotton have been the transgenic crops most

commonly planted in trials; in Europe, the principal crops to feature in

field trials have been oilseed rape, maize, sugar beet, potatoes, and tom-

atoes. The predominant plant characteristic under test in these trials has

been tolerance to weed-killing herbicides. Other modified character-

istics have included resistance to insects, increased storage or shelf-life,

and resistance to viruses.

The commercial cultivation of GM crops occurred first in China in the

early 1990s with the planting of virus-resistant tobacco and tomatoes. In

the United States, the first genetically-modified fruit or vegetable to be

cleared for sale to consumers was the Flavr Savr tomato, a variety

developed by Calgene Inc. which stayed firm longer than conventional

tomatoes; the product received approval for sale to American consumers

from the US Food and Drug Administration in May 1994.27 Calgene

scientists first identified the gene which makes tomatoes go soft during

ripening — a gene which expresses a pectinase enzyme that breaks down

cell walls and converts solid plant tissue into softer tissue. They then pro-

duced an antisense gene complementary to this target gene which inacti-

vated its expression without affecting other aspects of the ripening process.

The Flavr Savr tomato went on sale in late 1994 and by 1995 was

available in 3,000 stores in the western United States as well as in Can-

ada and Mexico.28 During the resultant expansion of commercial pro-

duction, however, the tomato was withdrawn from production due to

low yields. Other varieties of tomato genetically modified for delayed

ripening or other characteristics are currently available on the US mar-

ket or are in development. A second research group at the University

26 International Service for the Acquisition of Agri-Biotech Applications [ISAAA]. 1997.
‘Global status of transgenic crops in 1997’: www.isaaa.org/frbrief5.

27 Center for Food Safety and Applied Nutrition, US Food and Drug Administration.
September 1994. ‘First biotech tomato marketed’:www.cfsan.fda.gov/~lrd/biotech.

28 University of Reading. 1999. ‘Genetically modified tomatoes’:
www.ncbe.reading.ac.uk/NCBE/GMFOOD.
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of Nottingham working in collaboration with Zeneca used a different

gene-silencing mechanism to produce a tomato with delayed ripening

for use in processed food. This was used in tomato pureé sold in

Sainsbury and Safeway supermarkets in Britain from 1996 to 1999.

The Growth in the Cultivation of GM Crops

The Food and Drug Administration’s authorization of the sale of geneti-

cally modified tomatoes in May 1994 signalled that the development

and trial phase of the first generation of GM crops was coming to an

end. By 1999, the US authorities had approved a further 40 or so appli-

cations for the cultivation, sale, or importation of genetically modified

crops.29 These included thirteen varieties of maize modified for herbi-

cide tolerance or the production of proteins toxic to pests; four varieties

of herbicide-tolerant soybeans; and eleven varieties of tomato modified

for delayed ripening.

Genetically modified crops have not only been widely approved for use

in the United States, but have also been rapidly taken up by American

farmers. According to one estimate, the rate of their adoption has been

almost twice that of previous new crop products such as hybrid maize.30

Table 2 overleaf shows the extensive penetration of the American mar-

ket achieved by genetically modified crops within the space of just three

to four years. The first year in which GM crops were cultivated on a

significant scale in the United States was 1996 when fewer than four

million acres were under cultivation. By 1999, this figure had risen to

76 million acres with around 47 per cent of US soybean acreage, 48

per cent of cotton acreage, and 37 per cent of maize acreage given over

to biotechnology crops. The rapid rise in the cultivation of genetically

modified maize and soybeans is all the more significant because of their

widespread use in processed foods. Maize is used in a wide range of

processed foods, including corn oil, cornflour, cornmeal, syrups, cereals,

29 USDA and Biotechnology: Questions and Answers: www.usda.gov/news/bioqa.
30 N. Kalaitzandonakes. 1999. ‘A farm level perspective on agrobiotechnology: how much value

and for whom?’. AgBioForum, vol 2 (2), spring 1998: 61-64.
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and semolina; in all, it is found in over 3,500 value-added food prod-

ucts. Soybeans are used in up to two-thirds of processed foods, includ-

ing margarine, biscuits and cakes, sausages, and a wide range of prepared

meat and fish products.

Table 2: Acreage of Genetically Modified Crops in US and Canada 1999

Crops Approximate GM Total U.S. acreage GM crops as

crop acreage of crop percentage of total

(in millions) acreage

Corn (U.S.) 28.3 76.2 37 percent

Soybeans (U.S.) 35.0 74.2 47 percent

Cotton (U.S.) 7.0 14.6 48 percent

Canola 5.3* 15* 35 percent*

Potatoes 60,000* — —

Total 76.2 — —

* U.S. and Canada

Source: Biotechnology Industry Organization [BIO]. 1999 Acreage Data on

Biotechnology Crops: www.bio.org/food&ag/1999Acreage.

The increase in the cultivation of transgenic crops has not been confined

to North America. The acreage of GM crops in Argentina, mainly

soybeans, has grown from 0.3m. acres in 1996 to 16m. acres in 1999.31

The country is the world’s third largest producer of soybeans and GM

varieties accounted for around half of total production in 1999. It is

estimated also that around 1 million acres of transgenic crops were

under cultivation in both China and Australia in 1999.

Despite the granting of authorizations for a number of GM crop vari-

eties, Europe has remained a conspicuous exception to the growth in

the cultivation of transgenic crops. In January 1997, the EU granted

approval for the cultivation of maize modified for herbicide tolerance

and insect resistance; in June 1997, approval was given for the growing

31 ISAAA. 1997. Global Status of Transgenic Crops 1997: www.isaaa.org/frbrief5 BIO. 1999.
1999 Acreage Data on Biotechnology Crops: www.bio.org/food&ag/1999Acreage.
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of two varieties of oilseed rape modified for herbicide tolerance; and in

April 1998 approval was granted for a second variety of maize modified

for herbicide tolerance. Despite these approvals, the acreage of GM

crops under cultivation in EU member states is negligible. It is estimated

that in 1998 some 20,000 hectares of maize modified for insect resist-

ance were grown in Spain, around 500 hectares in Germany, and 200

hectares in France. This represented less than 0.1 per cent of the world

acreage of transgenic crops in 1998.

The main reasons for the slow take-up of GM crops in Europe have

been the more cautious approach of the regulatory authorities at EU

and national level and the strong public opposition to GM crops and

foods that has emerged in European countries in recent years. We con-

sider the public opposition to genetic engineering in Europe in chapter

3 and outline the EU regulatory code in chapter 4.

Consumer opposition to GM foods in Europe and, to a lesser extent,

Japan — and the resultant retreat from GM products and ingredients

by some food producers — is likely to have an impact on the cultivation

of GM crops in the United States in 2000.32 American soybean exports

to the EU have fallen from 11m. tons in 1998 to an estimated 6m. tons

in 1999 as importers have increasingly turned to suppliers of non-GM

soya or to alternative ingredients. U.S. maize shipments to Europe are

estimated to have fallen from 2m. tons in 1998 to just 137,000 tons in

1999. Stricter US regulatory provisions governing crops modified for

insect resistance may also induce some US farmers to return to conven-

tional crop varieties. For these reasons, the rapid growth in the planting

of GM crops experienced in the United States in recent years is unlikely

to be repeated in 2000, with some analysts suggesting that the area

under cultivation may even decline.33 The acreage of GM crops is

expected to increase, however, in other countries such as Argentina and

China.

32 The Economist. 15 January 2000: 54-55. ‘To plant or not to plant.’
33 AgBiotech Reporter. April 2000, p.3. Brian Halweil. ‘Portrait of an industry in trouble’.

Worldwatch Institute Press Brief, 17 February 2000: www. worldwatch.org/alerts/000217.
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Transgenic Fish

Aquaculture, which encompasses fish farming and the cultivation of

crustaceans, molluscs and other forms of marine or freshwater life, is

currently one of the fastest growing food production systems in the

world.34 Production has increased at an average rate of over 9 per cent

per annum over the past decade. If this rate of growth is sustained, the

volume of fish for human consumption produced by aquaculture will

exceed that from capture fisheries by 2007.

Transgenic technologies have been researched in many of the economi-

cally important farmed fish species — including salmon, trout, turbot,

and halibut — with particular emphasis on growth enhancement, dis-

ease resistance, and improved feed conversion efficiencies. As eggs are

fertilized externally, transgenes are more easily introduced into fish than

mammals. Remarkable results have been observed in some instances. In

Canadian trials, for example, genetically modified salmon grew four to

six times faster than their conventional counterparts, making it possible

for the fish to grow to market size in just over a year compared to the

normal three years.35 Though even higher growth rates have been

recorded in other trials, these have been accompanied by a range of

other effects such as changes in the composition and quality of fish flesh.

An OECD study concluded that, in the risk evaluation of transgenic

fish as a food source, the analysis of the transgenic insert, the gene

product, and potential side effects of the genetic change, had to be

taken into account.36 If none of these parameters gave rise to food safety

concerns, and if the genetically modified fish were healthy, they could

be considered as safe as unmodified fish. A number of earlier attempts

at gene manipulation in fish involved the insertion of genes from species

other than fish. The gene constructs now in use are derived from fish

genes and do not pose the same potential health hazards.

34 Food and Agricultural Organisation. 1997. Review of the State of Aquaculture. FAO Fisher-
ies Circular no. 886 (1).

35 Nature, vol. 371: 209-210.
36 OECD. 1994. Aquatic Biotechnology and Food Safety: p. 100 et passim.
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Results from research into genetically modified fish are now reaching

the near-market stage, giving rise to occasional reports that transgenic

fish will be commercially available in the not too distant future. Before

such products can be authorized for commercial release in Europe,

however, the regulatory procedures governing GM foods will have to

be undergone in full.

This will require a range of concerns to be satisfactorily addressed,

including concerns about possible risks to human health and the envir-

onment, as well as a number of ethical issues. As a result, access to

European markets for transgenic fish is likely to be restricted for a con-

siderable time to come. In Asia, where approximately 90 per cent of

global aquaculture production is based and fish is the most important

source of dietary protein, market access may be achieved more rapidly.37

Some commentators have forecast a ‘Blue Revolution’ in Asia as the

application of biotechnology to aquaculture ushers in a new food indus-

try likely to prove pivotal for food production in the coming decades.

V Future Applications of GM Technology

Modern biotechnology is around a quarter of a century old and still

ranks as a young science. Though the pace and scope of innovation

over the past quarter century has been profound, many believe that it

will be dwarfed by that in the coming decades. As one scientist has

noted: ‘what seems routine now, such as transforming a plant with a

single gene to yield a new commercial product, was deemed extremely

difficult not that long ago.’38 In the view of the Health and Life Sciences

Panel of the Technology Foresight Ireland Task Force39:

Biotechnology went through a development phase in the 1980s and is now going

into a huge expansion, driven by genomics, DNA chips, combinatorial chemistry,

phage display libraries, the polymerase chain reaction, robotics and many other

high impact technologies which are now producing a torrent of new data.

37 Aquaculture Research, vol. 28, 1997: 735-52.
38 A.S. Moffat. 1998. ‘Toting up the early harvest of transgenic plants.’ Science Magazine, vol.

282, no. 5397, 18 December 1998: 2178.
39 Technology Foresight Ireland. 1999. Report of the Health and Life Sciences Panel: 10.
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Increased knowledge of gene functions stemming from the various gen-

ome projects — projects to determine the DNA sequence of all of an

organism’s genes — will in time expand the scope and range of genetic

modification.40 The first genome sequence to be completed was that of

the bacterium Haemophilus influenzae in 1995; another bacterial genome,

that of Mycoplasma genitalium was completed in the same year. The com-

plete genome sequence of the yeast Saccharomyces cerevisae was finished

in 1996. The sequencing of the 180 million base pairs of genes of the

fruitfly Drosophila melanogaster was accomplished in 1999.

To date, applications of genetic engineering in plant biotechnology

have mainly involved the transfer of a small number of genes incorpor-

ating plant protection traits. This is likely to change decisively as the

completion of the DNA sequences of Arabidopsis thaliana and rice ushers

in a second phase of large-scale functional genomics in which the genes

that make up these genomes will be assigned functions on the basis of

experimental evidence.41 These sequences will provide a basis for the

extrapolation of the genome contents of other plants; the rice genome

will offer an invaluable guide to those of wheat and maize among others

because of the similarities among cereal genomes. DNA microarrays

will assist in the creation of extensive databases of quantitative infor-

mation about the degree to which genes respond to pathogens, pests,

drought, cold, salt, and herbicides and other agrichemicals. These data-

bases will provide invaluable insights into the ‘pathways’ of genes which

control complex responses. Among other developments, the simul-

taneous introduction of large numbers of genes in order to modify com-

plex traits will become a possibility.

Remarkable progress has also been made in the Human Genome Pro-

ject, the international collaborative programme devoted to sequencing

all of the three billion units of DNA that make up the human gene

complement. In November 1999, participants in the Project completed

40 W. Bains. 1998 (2nd ed). Biotechnology from A to Z(Oxford: Oxford University Press): 186.
41 C& S. Somerville ‘Plant functional genomics’, Science Magazine, vol. 285, no. 5426, 16 July

1999: 380-83.
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the sequencing of the one billionth base pair of human DNA, thus

taking them approximately one-third of the way towards the mapping

of the full sequence.42 In December 1999, the complete sequence of

chromosome 22 was published; this was followed in May 2000 by the

publication of the full sequence of chromosome 21.43 In June 2000, a

further milestone was reached with the announcement of the com-

pletion of a ‘working draft’ of the genome.44 The Human Genome

Project is now expected to be completed in full by 2003 when a ‘gold

standard’ reference genome will be available. In the words of John Sul-

ston, director of the Sanger Centre near Cambridge which has played

a leading role in the Project, the mapping of the genome will set in

motion ‘a scientific revolution as profound as learning that the Earth

goes around the sun or that we are descended from apes.’45

As well as permitting a richer and more detailed knowledge of human

evolution, the decipherment of the human genome will, it is widely

accepted, be the key to the understanding of disease and the develop-

ment of medicine and healthcare in the coming century. Chromosome

22, for example, is known to be implicated in schizophrenia, chronic

myeloid leukaemia, and trisomy 22, a common cause of miscarriages.

In all, at least 27 diseases are currently known to involve some genetic

component on the chromosome.

Future developments in a rapidly changing field are difficult to predict

accurately. Achievements which appear to be within reach can encoun-

ter unanticipated difficulties, while those that appear unachievable can

succumb to sudden breakthroughs. Box 2 below sketches some of the

main developments that may occur in medical, agricultural, and

environmental biotechnology over the next two decades or so. The

summary presented here is intended to convey the likely breadth and

depth of future innovations rather than to act as a detailed signpost to

42 Nature, vol. 402, 25 November 1999: 331.
43 Nature, vol 402, 2 December 1999: 447-48; vol 405, 18 May 2000: 311-19.
44 New Scientist, 1 July 2000.
45 Observer, 3 October 1999.
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the future. All appear at present to be within the realm of the possible.

Whether or not these particular applications materialize in future years

will depend on a range of factors — the outcome of further research

and experimentation; corporate policies; consumer choices; investor

sentiment; and political decisions. As we note later in the chapter, the

commercial prospects of the agricultural biotechnology sector have

recently been dealt a significant blow, at least in the short term.

While there is broad acceptance among both healthcare professionals and

the public of the benefits of the medical and pharmaceutical uses of genetic

engineering, consumer acceptance of GM crops and foods is low. This

has stemmed, in part at least, from the fact that the first generation of GM

crops and foods appeared to offer benefits to farmers but not to consumers.

Though there is no certainty about their attainment, GM technology has

the potential, as the summary at Box 2 shows, to offer genuine benefits

to food consumers. These include healthier fats and oils containing sub-

stantially lower levels of saturated fat; grains, fruits, and vegetables with

‘built in’ food supplements and medicines; and fruits and vegetables which

can remain fresh for longer and reduce food wastage.46 The recent success

of Swiss scientists in genetically engineering a rice grain, known as

‘golden’ rice, to incorporate beta-carotene, the pigment that yields Vit-

amin A, shows that advances of this kind are now attainable.47 The

importance of this breakthrough by the Zurich-based Federal Institute of

Technology is apparent from the fact that Vitamin A deficiency kills an

estimated 2 million children in developing countries every year and blinds

many more. The Institute has stated that seeds of the modified grain will

be made freely available to farmers in developing countries. It hopes next

to cross ‘golden’ rice with a grain modified to include genes that boost

iron content in order to produce a rice variety that can also combat

anaemia.

46 ‘Value-enhanced crops: biotechnology’s next stage’, USDA Agricultural Outlook 1999 (1).
B. Mazur et al. ‘Gene discovery and product development for grain quality traits’, Science
Magazine vol. 285, no. 5426, 16 July 1999: 372-75. D. DellaPenna. ‘Nutritional genomics:
manipulating plant micronutrients to improve human health, Science Magazine vol. 285, no.
5426, 16 July 1999: 375-79.

47 M. Wrong. ‘Field of dreams’, Financial Times 25 February 2000.
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Box 2: Possible Future Applications of Biotechnology

Healthcare and Pharmaceutical

Use of human genome data to enable a more precise understanding of diseases,
the tailoring of treatments to the needs of individual patients, and to facilitate
the development of preventative therapies.

The development of new or improved vaccines for diseases such as tuberculosis,
meningitis, cholera, typhoid and polio through new techniques such as live viral
and naked DNA vaccines.

The further refinement and growth of gene therapy — that is techniques in
which functioning genes are inserted into the cells of patients to correct inborn
errors or to provide cells with new functions. The aim is to supplement or
replace defective genes and to treat the effects of acquired diseases. Diseases cur-
rently undergoing gene therapy trials include cancers, cystic fibrosis and HIV.

New methods of drug delivery focused on methods for enhancing drug bioavail-
ability, reducing toxicities, and targeting specific organs.

Environment

A high proportion of contamination in soil will be treated in situ using combined
physico-chemical and biological techniques.

High throughput aerobic/anaerobic treatment processes will be available for
domestic and industrial waste water streams.

Bio-sensors will be used to monitor ecotoxicity in water and contaminated soils.
Further development and application of bio-degradable plastics.

Genes for a number of high-value chemicals will be expressed in commonly
grown plants.

Agriculture

Continued development of genetic modification for plant protection purposes
to make plants resistant to additional herbicides, pests, and a wide range of patho-
gens, including viruses, bacteria and fungi.

Further development of fruits and vegetables with longer shelf-lives and better
transportation and storage characteristics.

Genetic modification of fruits and vegetables with the aim of improving flavour,
texture and nutritional content, including micronutrients vital for health.

Modification of crops to produce oils, fats, starches and other carbohydrates with
properties more suitable for either the human diet and industrial uses.

Making it possible for plants to be grown in a much wider range of environments
by modifying complex genetic systems such as those controlling salt tolerance
and drought resistance.

Production of drugs and vaccines in plants.

Introduction of new genetic systems into plants to increase yields by modifying
photosynthesis or enabling crops such as wheat to fix nitrogen.

Source: OECD. 1998. STI Review no. 19. Nuffield Council on Bioethics.
1999. Genetically Modified Crops: The Ethical and Social Issues.
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VI The Emergence of the Modern Biotechnology

Industry

Scientific breakthroughs — even those as potentially far-reaching in

their effects as the emergence of techniques for genetic modification —

do not create an industry. This requires the completion of the inno-

vation trajectory from basic research to applied research, to the exper-

imental development and testing of new products and processes, and

finally to their large-scale production and diffusion.

From the mid-1970s, the process of commercializing the results of

research advances in the understanding and manipulation of DNA gath-

ered pace. Herb Boyer and Stanley Cohen, the Stanford and Berkeley

scientists responsible for the first transfer of a gene from one organism

to another in 1974, set up the first ‘new biotechnology’ company,

Genentech, in 1976.48 Others soon followed; there were around 200

such companies by 1984 and over 1,000 by 1988.

The commercial development of biotechnology was strengthened by a

ruling of the US Supreme Court in 1980 that a new bacterium strain

developed by General Electric to digest oil slicks was the result of

human invention and was therefore patentable; the Patents and Trade-

mark Office had previously rejected the patent request on the ground

that the micro-organism in question was a ‘product of nature’.49 This

was followed by the award of patents to Stanford University and the

University of California for the basic techniques of recombinant DNA

developed by Boyer and Cohen. The transformation of the business

prospects of the fledgling biotechnology industry effected by the

Supreme Court decision was apparent when Genentech was launched

on the US Stock Market some months later. In their first hour’s trading,

the company’s shares recorded the fastest ever rise on the New York

48 W. Bains. 1998 (2nd ed). Biotechnology from A to Z (Oxford: Oxford University Press).
49 OECD. Intellectual Property, Technology Transfer, and Genetic Resources: An

OECD Survey of Current Practices and Policies: 20.
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capital market.50 As we discuss in chapter 3, the intellectual property

regime governing biotechnology, and in particular the systematic pur-

suit of patent protection by biotechnology companies, have contributed

to the rise of public opposition to the industry.

The Biotechnology Industry in the United States, Europe and

Ireland

The leading role played by US scientists and research institutes in the

breakthroughs in genetic engineering in the 1970s have left their mark

on the long-term evolution and structure of the biotechnology industry.

According to the Health and Life Sciences Panel of the Technology

Foresight Task Force for example,51:

The US leads in biotechnology because US university scientists invented it, US

entrepreneurs and university scientists commercialised it, and the US pharmaceut-

ical and chemical industries have taken it over and developed it.

Though European biotechnology companies such as Novartis of Switz-

erland, AgrEvo of Germany, and AstraZeneca of Britain have been

significant players in the commercialization of GM products, the United

States comfortably retains the dominant position. It is estimated by Ernst

and Young that, in 1997, European life sciences companies had rev-

enues of $3.1 billion, employed some 39,000 people, and invested $2.2

billion in research and development.52 In 1998, however, their US

counterparts had revenues of $18.6 billion, employed 153,000 people,

and invested $9.9 billion in R&D.

Though the gap remains large, the European biotechnology industry

has made considerable strides in recent years, particularly in Germany,

Scandinavia, Britain, and the Netherlands.53 In Germany, for example,

the number of start-ups is estimated to have doubled since 1995 to

50 Jeremy Rifkin. 1998. The Biotech Century: Harnessing the Gene and Remaking the
World (London: Gollancz):41-43.

51 Technology Foresight Ireland. 1999. Report of the Health and Life Sciences Panel: 13.
52 European Biotech 1997 — A New Economy. The Fourth Annual Ernst & Young Report

on the European Biotechnology Industry.
53 Financial Times 31 March 1999, ‘Biotechnology: One continent, two experiences’.
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around 300 per year. As we will see, however, there are fears that this

progress will be put at risk by a hostile climate of public and investor

opinion to genetic engineering in Europe.

Ireland cannot yet be considered one of the European countries with a

strong biotechnology sector.54 This relative lack of progress has occurred

despite the fact that we possess a number of important potential

strengths in the field: a large indigenous food and food processing indus-

try; the presence of many of the major global pharmaceutical and

chemical companies; and third-level institutions which provide around

500 biotechnology graduates per year.

A survey undertaken in 1998 identified 22 enterprises in Ireland which

could be classified as pure biotechnology companies; a further 24 firms

were found to make significant use of biotechnology as part of their

overall activities.55 The survey found the industry in this country to be

very much in its infancy; 13 of the 22 companies had been formed in

the last five years, with 7 created in 1997 alone. The Irish biotechnology

sector includes one major indigenous multinational biotechnology com-

pany, Elan, which has a substantial research programme here. Schering

Plough, a leading international company, has a major biotechnology

protein production plant in Ireland, one of the first such facilities in the

world. IDA Ireland are actively working to secure the establishment of

other plants by overseas firms. In April 2000, American Home Products

Corporation announced that it was to establish a major biotechnology

facility in Clondalkin, Co. Dublin to develop and manufacture geneti-

cally engineered healthcare products, including a vaccine for the treat-

ment of meningitis in infants and young children.56 The investment of

£520 million will include an R&D facility, a Biotechnology Substance

54 D. Doyle. ‘The missing link’, Business and Finance, 30 July 1998: 16-18.
55 Irish Bioindustry Association. 1999. The Biotechnology Industry — A Unique Oppor-

tunity for Ireland to be a World Leader: 4-5.
56 American Home Products Corporation, 4 April 2000. ‘American Home Products Corpor-

ation to invest $685 million in new Biotechnology Manufacturing Facility in Ireland’:
www.ahp.com/releases/ahp—040400.
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facility where the active ingredients will be manufactured, and a

Biotechnology Product facility where the final product will be pro-

duced. Some 1,300 new jobs will be created, half of which will be filled

by graduates. This investment represents a critical addition to Ireland’s

biotechnology base.

The report of the Technology Foresight Task Force published in 1999

contains a number of recommendations aimed at addressing current

deficiencies and creating the preconditions and capabilities needed to

build a world class biotechnology sector in this country. In response,

the Government announced in March 2000 that it would establish a

£560 million Technology Foresight Fund over seven years to fund

advanced research in selected niche areas of biotechnology and infor-

mation and communication technology. This should make a major con-

tribution to the creation of a vibrant biotechnology sector in this coun-

try in the years ahead.

The Restructuring of the Biotechnology Industry

The structure of the biotechnology industry has changed greatly since

the emergence of the first ‘new biotechnology’ companies some 25

years ago. In its early years, small companies, often campus-based,

played a pivotal role; in 1971-80, almost twice as many of the founders

of biotechnology companies had academic as had business origins.57 As

the commercialization of biotechnological products grew more immi-

nent, the cost of R&D and product innovation increasingly brought

large pharmaceutical and agribusiness companies to the fore. This

development was exemplified by the purchase of a 60 per cent stake in

the pioneer biotechnology firm, Genentech, by Hoffman la Roche in

1989.58 Though there are still a substantial number of biotechnology

start-ups in the US and Europe, these now occupy niche positions in

particular areas of the technology and, if successful, tend to become

targets for takeover by larger companies.

57 Bud. 1993, op. cit.: 193.
58 ibid.: 194.
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From the mid-1990s, the restructuring of the industry entered a new

phase as the scale of the industrial and commercial possibilities opened

up by successive breakthroughs in genetic engineering became apparent.

A wave of mergers, acquisitions, and re-organizations took place as

companies sought synergies in biotechnology-driven product develop-

ment in pharmaceuticals, crops, and foods.59 The aim was the establish-

ment of ‘life sciences’ companies using the common elements of the

new genetic knowledge and technologies in a range of different areas

and applications.60

The resultant re-organization of the industry has seen sweeping changes

among some of the industry’s main players. In 1996, the Swiss pharma-

ceutical company Sandoz and the Swiss agro-chemical company Ciba-

Geigy, merged to form Novartis.61 The new concern became the

world’s largest agrochemical company, the second largest seed company,

the second largest pharmaceutical company, and the fourth largest veter-

inary medicine company. In April 1999, the Swedish company Astra

AB and the British company Zeneca Group PLC merged to form Astra-

Zeneca with more than 50,000 employees worldwide.62 In December

1999, Rhone-Poulenc and Hoechst merged to form Aventis.63 The new

company employed some 90,000 people in 150 countries and its con-

stituent enterprises had sales of $21.3 billion in 1998. In 2000, further

major mergers have been agreed in the pharmaceutical sector between,

first, the U.S. firms Pfizer and Warner Lambert and, second, the British

firms SmithKline Beecham and Glaxo Wellcome.64

59 R.F. Service. ‘Chemical industry rushes towards greener pastures’. Science Magazine, vol. 282
no. 5389, 23 October 1998: 608-10.

60 Monsanto, for example, described the thinking behind its corporate strategy in the following way:
‘Monsanto was engaged in three separate businesses — agriculture, food ingredients, and
pharmaceuticals — that now share common technologies and opportunities. We concluded
that these businesses could offer greater growth if they were managed as an interconnected
system, and we chose the term ‘life sciences’ to describe it.’ Monsanto Annual Report
1998: www. monsanto.com/monsanto/investor/report/98/page1.

61 Novartis. 1996. ‘Who we are: Corporate Merger Story:
www.info.novartis.com/weare/corpomerger.

62 AstraZeneca: key facts: www.astrazeneca.com/asptemp/Content1.asp.
63 Hoechst AG. 15 December 1999. ‘Aventis, new world leader in life sciences launched today’:

www.hoechst.com/english/news/99/pm121599.
64 O. Morgan & P. Farrelly, ‘Smithkline lands Glaxo merger, Observer 16 January 2000. L.

Buckingham, ‘Pfizer seals $90 bn. blockbuster’, Guardian 8 February 2000.
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The second half of the 1990s also saw an equally far-reaching process

of consolidation get underway among chemical companies, biotech

firms, seed suppliers and, in some cases, grain handlers and food pro-

cessors. The process was driven by pharmaceutical and agrochemical

companies seeking to integrate vertically into the biotechnology and

seed industries in order to obtain a strategic position in a set of linked

activities seen as a key source of future growth.65 In 1999, Du Pont,

one of America’s leading manufacturers of chemical pesticides, pur-

chased Pioneer Hi-Bred, the world’s largest seed company, for $7.7bn.

It also proposed to purchase Merck’s share of a joint biotechnology

company for $2.6bn. in order to ‘capitalise on the considerable synergies

at the research level in genomics, biology, chemistry, and biotechnol-

ogy.’66 Since the mid-1990s, Monsanto has invested over $8bn. in the

purchase of seed companies.67 It has also created a joint venture with

Cargill, a grain trader and one of the world’s largest private companies,

to process and package genetically modified foods.

The rationale behind this process of consolidation was not difficult to

discern. By buying seed companies, biotechnology and agrochemical

firms gained access to seeds to modify, to markets for those seeds, and,

in the case of herbicide-tolerant and insect-resistant crops, to crop vari-

eties used in tandem with their plant protection products. The effects

of these developments are evident from the fact that seven companies

accounted for thirty one of the thirty six genetically modified crops

approved up to August 1998 by the Food and Drug Administration in

the United States; Monsanto (including Calgene and Asgrow)

accounted for 17 of these approvals. Monsanto, Du Pont, and Novartis

are estimated to account for around 60 per cent of US corn seed sales

and over 40 per cent of soybean seed sales.68 As we discuss further in

chapter 3, concern about increased concentration and market power in

65 M. Hayenga. 1998. ‘Structural change in the biotech seed and chemical industrial complex.’
Agbioforum vol. 1 (no.2), fall 1998: 43-55.

66 Technology Foresight Ireland. 1999. Report of the Health and Life Sciences Panel: 14.
67 The Economist, 20 March 1999: 74-75.
68 The Economist, 20 March 1999: 75.
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the biotech industry has been a factor in the growth of public opposition

to genetic engineering.

The Reaction against Agricultural Biotechnology

The strategy of creating life sciences companies spanning pharmaceut-

ical, agricultural, and food biotechnology has been adversely affected by

the growth of public opposition to genetically modified crops and foods.

Though this has been mainly confined to Europe to date, European

countries are a key export market for American crops. It has been sug-

gested moreover that this hostile climate of opinion may spread in time

to the United States.69

Concerns about the impact of consumer opposition on the market for

GM products and the profits of biotechnology firms have, in turn, led

some investors to adopt a negative stance to the sector. In May and

August 1999, analysts in Deutsche Bank, Europe’s largest bank, advised

the sale of investments in leading companies involved in the develop-

ment of GMOs in a report sent to several thousands of the world’s

largest institutional investors.70 The first report, bluntly entitled ‘GMOs

Are Dead’, expressed the view that the term GMO had become a liab-

ility and stated that GMOs, once seen as the engine of growth in the

biotechnology sector, were now viewed as a ‘pariah’. Whether or not

such assessments are valid or well-founded is beside the point. If they

take hold among investors, their effect will be far-reaching regardless of

their basis in fact. The share price of firms heavily committed to agricul-

tural biotechnology has inevitably been affected by such views. Those

of other biotechnology firms, particularly those involved in genomics,

69 Surveys conducted in 1992, 1994, and 1998 found that around 70 per cent of American con-
sumers expressed support for agricultural biotechnology. T.J.Hoban. ‘Trends in consumer atti-
tudes about agricultural biotechnology’. AgBioForum vol 1 (1), summer 1998: 3-7. The
present state of American opinion is more difficult to assess. One poll taken in 1999 found that
two-thirds of US consumers support the use of biotechnology to produce foods. Nature, vol.
402, 18 November 1999: 226. A survey on GM food undertaken in eight countries, including
the U.S., in 1999, however, found that 57 per cent of American consumers said that they would
be less likely to buy such foods. Though this was the lowest figure among the countries surveyed,
it suggests that the opposition to genetically modified food in American may be growing or
may be greater than has been assumed. The Economist, 15 January 2000: 75.

70 A. Brown. Deutsche Bank. 21 May 1999. ‘GMOs Are Dead’. Guardian 25 August 1999.
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shared in the rapid growth — and subsequent correction — in the share

price of high-tech stocks in the first quarter of 2000.71

Partly in response to these developments, a number of recent corporate

restructurings have sought to decouple agribusiness activities from phar-

maceuticals.72 In December 1999, for example, the Swiss company

Novartis and the Anglo-Swedish company Astro-Zeneca announced

plans to spin off and merge their agrochemical businesses in a new

dedicated agribusiness company to be known as Syngenta.73 The board

of Novartis stated that, after a ‘thorough review of its business portfolio

strategy’, it had concluded that ‘the benefits of concentrating on the

healthcare businesses outweigh the modest synergies between the

Healthcare and Agribusiness activities.’74

December 1999 also saw the announcement of the planned merger

between Monsanto and the pharmaceutical company, Pharmacia and

Upjohn.75 As part of the merger, Monsanto announced that it would

spin off its agricultural biotechnology business. This was widely seen as

tantamount to an admission that it had become something of a liability.

In March 2000, American Home Products Corporation sold its Cyana-

mid agribusiness to BASF in order to concentrate on its core healthcare

activities.76

Despite these reverses, there is still a prevailing view in the global

biotechnology industry that the public hostility to genetically modified

crops and foods will abate over time as new products which provide

more obvious benefits to consumers come on-stream. The companies

involved in the industry continue to express confidence that there is a

positive future for biotechnology, including agricultural biotechnology.

71 D. Pilling. ‘Biotech booster’, Financial Times, 14 March 2000.
72 The Economist, 11 September 1999: ‘Life sciences Hybrid rigour’.
73 Astra Zeneca. ‘Launch of Syngenta’: www.syngenta.com/press~astrazeneca.
74 Novartis. ‘Launch of a global leader in agribusiness’: www.syngenta.com/press~novartis.
75 Guardian, 21 December 1999.
76 American Home Products Corporation, 21 March 2000. ‘’American Home Products Cor-

poration announces the sale of its Cyanamid Agricultural Products Business to BASF’:
www.ahp.com/releases/ahp—032100.
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This sentiment is not universally shared in Europe. There is a view

among some observers that the opposition to genetic engineering in

Europe may have reached a point at which it is beginning to put at risk

the future strength and progress of European biotechnology. In the

view of two French commentators, for example, there is now a real

danger that ‘research capabilities and technological competencies could

concentrate in the U.S., creating an irreversible gap’.77 Others have

drawn attention to the very real possibility that public opposition to

genetic engineering will affect investment in European biotechnology.

The signs of investor wariness about investment in biotechnology are

already apparent. A leading British biotech entrepreneur has com-

mented that: ‘We must raise money, but people who buy shares are

affected by what they read.’78 Concerns that hostile investor sentiment

would not differentiate between the applications of biotechnology in

agriculture and in healthcare appear to have been borne out by the

insolvency in September 1999 of Axis Genetics, a leading British

biotechnology company involved in the development of vaccines in

genetically modified plants. After the company had failed to raise the

£10m. it needed to remain in operation; its chief executive claimed

that79:

We are in the business of developing pharmaceutical products in plants, not food,

and we are just working in enclosed greenhouses, but some investors were still

wary of getting close to GM plants.

In chapter 3, we consider the causes and some of the possible con-

sequences of public opposition to genetic engineering in Europe. First,

we look at the main risks to food safety and the environment associated

with genetic modification.

77 Pierre-Benoit Joly & Stéphane Lemarié. 1998. ‘Industry consolidation, public attitude and the
future of plant biotechnology in Europe’. AgBioForum Volume 1 (2): 5.

78 New Scientist. 1999. Special Report — Living in a GM World: Fears for the Future: 2-3.
79 Financial Times, 7 September 1999.
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Chapter 2 — GMOs, Food Safety and the Environment

Introduction

Concerns about the effects of GMOs on human health and the envir-

onment have been central to the public debate about genetic modifi-

cation. In this chapter, we survey the main hazards that GM technology

has been claimed to present; given the breadth and complexity of the

issues, the account presented here cannot obviously claim to be exhaus-

tive. The first part of the chapter looks at the possible risks to food

safety and human health, while the second examines the possible risks

to the environment. In considering the risks associated with genetic

modification, it is important to look also at the risks posed by conven-

tional farming (including organic farming) and food production

methods. Where appropriate, we have attempted to do so. Finally in

part III, we look at the balance of risks and benefits associated with

genetic engineering.

I GMOs, Food Safety and Human Health

It is desirable first to get a clear picture of the extent to which GMOs

are currently present in our food. No fruit or vegetable containing ‘live’

GMOs is on sale to consumers in the European Union. GM tomatoes,

potatoes, and other fruit and vegetable products are on the market in

the United States. Tomato purée made from genetically modified tom-

atoes was on sale in two British supermarket chains from 1996 to 1999.

A wide range of GM crops have been approved for cultivation in the

United States. In the European Union, maize modified for herbicide

tolerance and insect resistance has received approval for animal feed and

for processing into starch. Soybeans modified for herbicide tolerance

have also been approved for food and animal feed uses. Soybean prod-

ucts such as oil, flour, and lecithin are used in a wide variety of pro-

cessed foods. In many cases, however, the food products which include

the derivatives of such GM crops among their ingredients are processed

in ways which remove all or most of the modified DNA or protein.
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Even where modified DNA or protein survive in the final food product,

the amount of genetically modified material present is generally small,

denatured or otherwise destroyed in biological function. Gene-sized

pieces of DNA decay during storage and are readily destroyed in food

processing and cooking.

There is broad agreement among most scientists, among food regulatory

agencies in this country and other EU and OECD member states, and

among international bodies such as the World Health Organization and

the UN Food and Agricultural Organization that the GM foods cur-

rently on the market are as safe as their conventional counterparts.1

These bodies are independent of the biotechnology industry, have a

primary role of safeguarding public health, and possess high levels of

scientific expertise among their staff. It is a measure of how much public

confidence in Europe has been rocked by the BSE crisis that repeated

assurances from independent scientists and regulatory bodies that GM

foods are safe to eat appear to have had relatively little effect in easing

public concerns.

The prevailing scientific view that current GM food products present

no threat to human health rests on several grounds. First, the cases of

genetic modification of crops and foods to date have typically involved

the transfer of two or three genes with specific, well-understood func-

tions. This is a more precise and controlled process than the genetic

transfers undertaken in the course of conventional breeding which typi-

cally involve the random switching of tens of thousands of genes.

Second, the application dossiers for GM crops and foods are, as discussed

in chapter 4, subject to an in-depth safety assessment by independent

regulatory bodies before they can be put on the market. This includes

an assessment of the implications for human health which focuses on

1 Food Safety Authority of Ireland. 1999. Food Safety and Genetically Modified Foods.
Professor L. Donaldson & Sir R. May. 1999. Health Implications of Genetically Modified
Food (London: Department of Health). Biotechnology and Food Safety: Report of a Joint
Consultation of the Food and Agricultural Organisation of the United Nations and
WHO, 30 September to 4 October 1996.
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the gene product and its function, and addresses both the intentional

and unintended effects that may result from the genetic modification of

the food source. As the Food Safety Authority of Ireland has pointed

out, such tests include2:

chemical analysis and evaluation of nutritional composition for proteins, amino

acid fat profiles, fat, carbohydrates, fibre, vitamins and minerals, digestibility tests,

toxicity studies, animal feeding studies, phenotypic characteristics, molecular

characterisation, immunotoxicity, genotoxicity and allergenicity testing.

Third, the scientific evidence about the safety of current GM food

products is supported by the absence of reports of adverse effects from

their consumption. GM crops and foods have been freely available on

the US market since 1995 and, in that time, have been consumed by

tens of millions of people, including visitors to America from Europe

and elsewhere. To our knowledge, not a single case has arisen to date

in which human health has been shown to be affected by eating these

products. We will now look at some of the specific food safety issues

associated with GM foods: toxicity; allergenicity; and antibiotic

resistance.

Toxicity

Toxins are poisonous substances produced by living organisms; plants, for

example, commonly produce them as protection against insects and other

pests. Though in most cases such toxins are produced at a low enough

level to enable humans and animals to tolerate them, some widely used

foods present hazards of varying degrees of seriousness. Several varieties

of bean are unsafe to eat raw. Some types of mushroom are poisonous, as

are rhubarb leaves. Though the toxic genes in potatoes are generally not

expressed, it is still not advisable to eat them raw in any quantity.3 All

parts of the tomato plant except the actual fruit are toxic.

2 Food Safety Authority of Ireland, op. cit: 13.
3 The potato’s genetic structure is similar to that of deadly nightshade. The chairperson of the

British Advisory Committee on Novel Food and Processes recently stated that if the common
(unmodified) potato came before the Committee for evaluation, it would not now be approved.
House of Lords. Session 1998-99. Select Committee on the European Communities. EC
Regulation of Genetic Modification in Agriculture (London: The Stationery Office HL
Paper 11-1).
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In the past, conventional breeding methods have occasionally trans-

ferred deleterious characteristics from one variety to another in a way

which has resulted in a threat to human health. In the mid-1980s, for

example, celery growers in the United States introduced a new strain

of insect-resistant celery which promised substantially higher yields to

growers. After people handling the celery developed severe skin rashes,

however, it was discovered that the plant was shedding psoralens, natu-

ral chemicals which become irritants when exposed to sunlight. In the

1960s, a new variety of potato, the American Lenape, proved to have

a burning flavour caused by high levels of glycoalkaloid toxins. Incidents

such as these have led one scientist to comment that ‘many of the

nightmares predicted for genetically engineered crops have already hap-

pened’ as a result of conventional artificial breeding.4

In the assessment of GM foods, toxicity is one of the key traits investi-

gated by both biotechnology companies and regulatory bodies. In the

unlikely event that a GM food plant was developed which expressed

toxins harmful to humans, it would not receive regulatory approval.

The genetically modified potatoes which were the subject of the

research by Dr. Arpad Pusztai discussed at annex C were not on the

market or in commercial development, but had been modified by the

researchers for the purposes of their study.

Allergenicity

Allergens are substances that provoke an allergic reaction on exposure

by consumption or contact. They act where they first come in contact

with the body — generally either the respiratory system, the gastro-

intestinal tract, or the skin. Their effects range from the fatal to the

relatively mild and are usually specific to individuals. No substance is

allergenic to everybody, and substances used by millions may be aller-

genic to just a few. Allergens can be airborne-substances (pollens, dust

etc), infectious agents (bacteria, fungi, parasites), foods (peanuts, shell-

fish, strawberries, milk products, eggs etc), as well as chemicals, dyes

4 P. Cohen. ‘Strange Fruit’, New Scientist 31 October 1998.
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and other substances. Some foodstuffs contain several proteins which

are commonly found to be allergenic; wheat and milk, for example,

each contain around 20 different allergenic proteins. In addition to

allergies proper, there can be other adverse reactions to food for which

standard allergy tests prove negative. These are generally forms of food

intolerance, i.e. where the body is unable to metabolize the substance.

This kind of intolerance is a relatively common response in some indi-

viduals to products such as flour and gluten, food colourings and pre-

servatives, and dairy produce.

Recent decades have seen a sharp rise in all forms of allergy — a rise

which began long before the introduction of genetically modified crops

and foods. According to a paper presented to the 1999 festival of the

British Association for the Advancement of Science, allergies were

largely unknown a century ago, whereas now almost half the population

demonstrates an allergic response when tested against common aller-

gens.5 Changes in diet, increased exposure to chemicals, and a sanitized

way of life which protects people from germs are believed to be among

the factors that have contributed to this increase.

GM Foods and Allergenicity

Concerns have been expressed that the introduction of new genes into

plants might unintentionally introduce proteins capable of causing

allergic reactions. The main safeguard against the incorporation of aller-

genic traits in GM foods lies in the detailed analysis, assessment, and

evaluation to which these products are subject before they can be put

on the market. A range of tests are carried out to identify possible

allergens before they are inserted into plants. If the foreign DNA comes

from a known allergenic food such as peanuts or shellfish, the GM plant

is subject to immunological tests. If it does not come from such a source,

its amino acid sequence is studied to check for similarities with the

sequences of known allergens. The EU Novel Food Regulation also

requires that products be clearly labelled if they contain genes that may

5 The Times 18 September 1999.
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result in allergenicity, particularly if such genes would not normally be

expected to occur in the food.

The only known case where an allergenic protein capable of causing

adverse reactions was introduced into a plant by means of genetic modi-

fication was detected by tests at an early stage.6 In the early 1990s,

scientists at an American seed company added a gene taken from brazil

nuts to soya beans to enhance their nutritional content. At the com-

pany’s request, an allergy specialist studied the likely impact of the

modified soya on patients allergic to brazil nuts. When it was discovered

that it was likely to trigger serious attacks in this group of people, the

development of the plant was abandoned.

In view of the current gaps in our knowledge of allergies, however, it

is important that the effectiveness of the procedures used to identify

possible allergens in GM foods is subject to regular monitoring and

review. The scope for using genetic engineering to remove allergens

from foods may also grow in the future. Researchers in Japan, for

example, have reduced the level of the main allergenic protein in rice

by inserting an anti-sense gene to block its production in the plant.7

Antibiotic Resistant Marker Genes

The transfer of genes from one organism to another is a complex pro-

cess, and one whose effectiveness is quite variable. When a new gene

is inserted into an organism, therefore, researchers will often also insert

a ‘marker’ gene to assist them in ascertaining whether the transferred

genes have been successfully incorporated in the host organism. Genes

for resistance to a range to antibiotics have been used as selectable mark-

ers since the late 1980s. Plants containing a gene for resistance to an

antibiotic such as kanamycin will grow on material which contains that

antibiotic, whereas plants which have not incorporated the transferred

6 Nuffield Council on Bioethics. 1999. Genetically Modified Crops: The Ethical and Social
Issues: para. 2.53

7 P. Cohen. ‘Strange Fruit’, New Scientist,31 October 1998.
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gene will not do so. This makes it possible to screen out plants which

have failed to take up the new genes.

The use of antibiotic-resistant genes in GM plants for human consump-

tion has given rise to fears that these genes could be transferred to

bacteria present in the human stomach, thereby making them resistant

to commonly prescribed antibiotics. Fears have also been expressed that

GM plants incorporating antibiotic resistance genes which are used for

animal feed could lead to the spread of antibiotic resistance to humans

through the transfer of resistant bacteria to those in contact with farm

animals. Though the possibility of transfers of these kinds cannot be

ruled out, it should be noted that, despite extensive research, there has

been no recorded case of antibiotic resistance being spread through the

transfer of antibiotic resistant marker genes to animals or humans.8 This

kind of transfer would be an example of horizontal gene transfer which,

even if it once occurred, is very rare in plants and animals. In 1997, the

EU granted marketing approval for a GM maize incorporating a gene

for resistance to the antibiotic ampicillin for use as animal feed and in

the production of starch. In the view of the European Commission’s

scientific advisory committee, resistance to this antibiotic was already

widespread on farms. It was considered improbable that the DNA

would survive intact in the animals’ gut to be picked up by bacteria,

while any processing of the maize into starch would degrade the modi-

fied DNA so that it was no longer functional.9 In 1998, an application

for marketing approval for a potato modified to produce extra starch

which contained an antibiotic resistance gene was withdrawn following

objections by member states.10

While stating that the risk of horizontal gene transfer is extremely low,

the Food Safety Authority of Ireland has recommended that selectable

8 Food Safety Authority of Ireland. 1999. Food Safety and Genetically Modified Foods: 14.
9 Nuffield Council on Bioethics. 1999 Genetically Modified Crops: The Ethical and Social
Issues: paras. 2.48-2.49. D. MacKenzie, ‘Modified maize faces growing opposition’, New
Scientist, 15 February 1997.

10 D. MacKenzie. ‘Modified potato is taken off the menu’, New Scientist, 17 October 1998.
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markers based on antibiotic resistant genes should be avoided.11 We

endorse this view. Alternative marker systems which do not use anti-

biotic resistance have been developed, and it is unlikely that antibiotic

resistant genes will be used as markers in new GM food products. It is

also possible to remove marker genes from GMOs after organisms

which have incorporated new genes have been identified.

We would caution in conclusion that the small possible risk of the

spread of antibiotic resistance from GMOs should not blind people to

the large actual rise in antibiotic resistance from other sources. In recent

decades, resistance to antibiotics has grown to what many scientists con-

sider an alarming extent due to factors such as the over-prescribing of

antibiotics for minor illnesses and their widespread use in modern farm-

ing. In 1999, the National Disease Surveillance Centre warned that

over-prescribing of antibiotics in this country, both in the treatment of

humans and animals, risked causing a crisis in the health services within

five years.12 The Department of Health and Children has asked the

Centre to devise a strategy designed to bring about a reduction in anti-

biotic use. At EU level, member states have been advised to clamp

down on over-the-counter sales of antibiotics and to exert greater con-

trol of antibiotic use in human medicine, veterinary medicine, animal

feedstuffs, and food.

GMOs and Food Safety in the Future

In summary, therefore, there is no scientific evidence that the GM food

products currently on the market pose a risk to human health. This

does not warrant complacency or justify the conclusion that all future

GM foods will necessarily be free of adverse effects. GM crops and

foods should be subject in all cases to rigorous pre-market testing, wide-

ranging research, and thorough post-release monitoring. We make a

range of recommendations on regulation, research, and monitoring in

chapter 5.

11 Food Safety Authority of Ireland, op. cit.: 15.
12 The Irish Times, 15 October 1999.
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In the future, enhanced knowledge of genomics and the increased

sophistication of GM technology are likely to permit the rewriting of

entire metabolic pathways in order to modify several plant traits in tan-

dem.13 In the case of GM foods, it has been suggested that a possible

increase in the use of genes without a history of food use may give rise

to a greater risk of toxicity or allergenicity.14 These developments will

necessitate more sophisticated analytical techniques to test the safety of

GM crops and foods, and require that regulatory systems keep fully

abreast of developments in food applications of genetic engineering.

II GMOs and the Environment

The second main area of concern raised by genetic modification is that

of the possible effects on the environment. Sharp differences are appar-

ent between, on the one hand, the biotechnology industry which sees

genetic modification as an environmentally friendly technology that will

lower the use of harmful pesticides and, on the other, environmental

groups which believe that it will lead to ‘genetic pollution’ and inflict

a range of direct and indirect damage on the natural world. In our

consideration of the issues, we have been assisted by the proceedings of

the national consultation debate on GMOs and the environment

initiated by the Minister for the Environment and Local Government

and, in particular, by the report of the Chairing Panel to the debate. In

their report, the chairing panel concluded that the focus of national

environmental policy on GMOs should be positive but precautionary,

based on scientific risk assessment and management.15

Each of the main applications of genetic modification in agricultural

biotechnology to date — the insertion of genes for herbicide-tolerance

13 R.F. Service. ‘Chemical industry rushes towards greener pastures’, Science Magazine vol. 282,
no. 5389, 23 October 1998: 609. Financial Times, 6 September 1999.

14 The Royal Society. 1998. Genetically Modified Plants for Food Use: para. 5.2. House of
Lords Select Committee on the European Communities. EC Regulation of Genetic Modifi-
cation in Agriculture: para. 113.

15 National Consultation Debate on GMOs and the Environment. 1999. Report of the Chairing
Panel, pp. 7-8.
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and insect-resistance respectively in a range of plants — have given rise

to concerns about their impact on the environment and biodiversity. We

will look at each in turn, commencing with herbicide-tolerant crops.

Herbicide-Tolerant Crops

Weeds compete with crops for moisture, nutrients and light and can

badly affect crop yields and quality.16 Though herbicides have been

extensively used over the past half-century to combat weeds, the more

effective they are in doing so the more likely they are to cause collateral

damage to crops. This has made the development of crops tolerant to

herbicides an obvious goal for biotechnology firms and, to date, herbi-

cide tolerance has been the characteristic most commonly engineered

into transgenic crops. Though tolerance has now been engineered for

most of the main herbicide groups, the most common are crops modi-

fied for tolerance to products containing glyphosphate — a broad-spec-

trum, non-selective, post-emergent herbicide which can be employed

to control most of the major weed species in crops.17

Starting with soybeans, tolerance genes for glyphosphate have been incor-

porated into a range of other crops — including maize, cotton, sugar beet,

oilseed rape, and tobacco. In 1999, for example, it is estimated that 50

per cent or more of total soybean and cotton acreage in the United States

was accounted for by varieties genetically engineered for glyphosphate

tolerance.18 We will now review the arguments and evidence about the

direct and indirect effects of herbicide-tolerant crops.

Herbicide-Tolerant Crops and Herbicide Usage

Some commentators have argued that the purpose of herbicide-tolerant

crops is to enable farmers to spray as much herbicide as they want

16 Even with the use of modern herbicides, it is estimated that monetary losses due to weeds can
be as high as 10-20 per cent of crop value. Stephen Nottingham. 1996. Eat Your Genes: How
Genetically Modified Food is Entering Our Diet (London: Zed Books): 37.

17 The best-known glyphosphate product is Monsanto’s Roundup, the world’s biggest-selling
herbicide, but many other varieties have also been put onto the market since the patent on the
product expired or, in the case of the United States, is set to expire at the end of 2000.

18 Marvin Hayenga. 1998. ‘Structural change in the biotech seed and chemical industrial complex’,
AgBioForum, vol. 1, no.2: 5.
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whenever they want without having to worry about damaging their

crops. They maintain consequently that the development of these crops

has simply been a device by agrochemical companies aimed at selling

greater quantities of pesticide.19 In response, the companies contend that

the planting of herbicide-tolerant crops will require fewer applications

of more effective, broad-spectrum herbicides. In support of this claim,

they ask why farmers paying higher seed prices for GM seed, together

with a technology fee, would want to incur further costs by using

greater quantities of herbicide.

Statistical data on the effects of GM crops on yields and pesticide usage

are now beginning to become available from the United States Depart-

ment of Agriculture [USDA] and other sources.20 Preliminary data for

1997 were published by USDA in 1999 and, particularly as the results

from follow-up surveys become available in subsequent years, should

provide us with a more reliable picture of some of the key effects of the

adoption of GM technology in agriculture. Among the main findings of

the USDA survey of herbicide tolerant crops in 1997 were the

following:

• Increases in the adoption of herbicide-tolerant cotton are estimated to have

increased yields, leading to increased variable profits. No statistically significant

change in herbicide use on cotton was observed.

• By contrast, increased use of herbicide-tolerant soybeans produced only a small

increase in yield. The usage of glyphosphate herbicide such as Roundup

increased, but that of other synthetic herbicides decreased by a larger amount.

The net result was a drop in the overall quantity of herbicide applied. There

was no significant change in variable profits as the slight increase in yields and

the lower herbicide costs did not compensate fully for higher seed costs and

technical fees.

• The benefits and performance of GM crops varied substantially by region and

according to factors such as pest infestation levels, irrigation and other factors.

Other studies have also found that the introduction of herbicide tolerant

crops led in some, though not all, cases to a reduction in herbicide

19 See, for example, F. O’Toole, ‘Scientific progress is blighted by GM crops’. Irish Times, 30
August 1999.

20 United States Department of Agriculture, Economic Research Service. 20 July 1999. Impacts
of Adopting Genetically Modified Crops in the U.S. — Preliminary Results.
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treatments; crop and regional variations were again significant.21 These

findings suggest that the adoption of glyphosphate-tolerant soybeans

has, in tandem with a rise in glyphosphate use, resulted in a sharp

decline in the usage of a number of other herbicides; applications of

imazethapyr, for example, fell from 44 per cent of soybean acres treated

in 1995 to 17 per cent in 1998.22

Figures covering just one or two years must be treated with caution.

Nevertheless these findings offer significant counter-evidence to the

widely expressed view that the adoption of herbicide-tolerant crops will

inevitably lead to increased herbicide use. Many agronomists would

also contend that there are environmental benefits from an increase in

glyphospate use and a reduction in the use of other herbicide treat-

ments.23 Glyphosphate herbicides bind tightly to soil particles and, over

time, break down naturally in the soil into naturally occurring com-

ponents, such as carbon dioxide. This contrasts with soil-acting herbi-

cides which persist in the soil and are liable to leach into water systems

with consequent adverse effects. Herbicide-tolerant crops are also com-

patible with ‘no till’ methods which help preserve top soil. To the

extent that less spraying is required, moreover, tractors have to pass over

fields fewer times with less compaction and damage to soil.

Concern has also been expressed about the indirect effects of herbicide-

resistant crops on the environment as a result, first, of gene escape and

the possible transfer of GM crop traits to weeds and non-GM crops

and, second, of their impact on wildlife habitats. We will look at each

of these issues in turn.

Gene Escape and Gene Transfer from GM Plants

Concerns about the escape or transfer of genes from herbicide-tolerant

plants take several forms. First, the possibility that herbicide resistance

21 C. Klotz-Ingram et al. 1999. ‘Farm level production effects related to the adoption of genetically
modified cotton for pest management’. AgBioForum, vol.2, no.2.

22 Janet Carpenter and Leonard Gianessi. 1999. ‘Herbicide tolerant soybeans: why growers are
adopting Roundup Ready varieties’. AgBioForum, vol 2., no.2.

23 M. Brookes and A. Coghlan. ‘Live and let live’, New Society 31 October 1998. House of
Lords, op. cit., EC Regulation of Genetic Modification in Agriculture: para 68.

●76



could be spread from GM crops to weeds thereby creating herbicide-

resistant weeds, or what are sometimes termed ‘superweeds’. Second,

the possibility that seeds shed during the harvesting of herbicide-tolerant

crops could grow as weeds in future crops. Third, the effects of the

possible transfer of genes from GM crops to non-GM crops on organic

farmers and farmers committed to growing conventional crops. These

issues raise two main questions. First, how likely are gene escapes and

transfers? Second, how serious are the resultant problems if such escapes

and transfers occur?

The Likelihood of Gene Transfers

Pollen from GM crops can be transported varying distances by wind,

insects, or other means. Though cross-pollination of GM and non-GM

crops and plants is possible, the barriers to its occurrence are greater

than is sometimes appreciated. Gene transfer can only occur, first, where

a GM crop plant has sexually compatible relatives in the area in which

it is grown. GM maize and potatoes, for example, have no wild or

weed relatives in Europe, while oilseed rape and sugar beet do. Second,

such transfers are highly unlikely among inbreeding crop species such

as rice and soya in which crosses occur only between closely related

parent plants, as they also are among crops such as cereals which are 99

per cent self-pollinating with only 1 per cent out-crossing.

The main risk of gene transfer from GM to non-GM crops arises where

compatible relatives exist close to out-breeding GM crop species such

as oilseed rape. It is important to realize that, even where this risk is

present, a number of steps must take occur before any transfer of modi-

fied genes can take place:24

the pollen must contain a copy of the inserted gene(s); it must then move away

from the area in which the crop plant is grown and come into contact with the

part of a compatible plant that receives pollen; if fertilisation occurs successfully, it

may not always result in a plant able to grow successfully.

In view particularly of the relative lack of research data on large-scale

releases of GM crops such as oilseed rape under European and Irish

24 The Royal Society. 1998. Genetically Modified Plants for Food Use: para. 3.1
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conditions, a prudent approach should be taken to the assessment and

management of such risks. Relevant research in an Irish context should

be part of the programme of research proposed in chapter 5.

Gene Escape and Weeds

There are also significant obstacles acting against plants modified for

herbicide resistance or other traits subsequently becoming weeds them-

selves. As a recent study noted:25

Crops are so heavily selected for cultivation that they retain few weedy character-

istics such as thorns, seed dormancy, extensive root systems, and bitterness that are

responsible for the success of rival weedy plants. Conventional breeding has modi-

fied crops to a much greater extent than has the addition of a single herbicide-

tolerance trait, and yet these crops have not escaped cultivation and become weeds.

A US study of a herbicide-tolerant thale cress weed, for example, found

that the transgene disappeared after five generations in a field containing

a mixture of transgenic and non-transgenic plants where no herbicide

was sprayed.26 The study concluded that production of the herbicide-

tolerance protein meant that the plant had to expend additional energy

which, in the absence of herbicide, impaired its ability to survive.

Even if gene transfer from GM plants to wild relatives occurs and results

in viable offspring, the effects are unlikely to be long-lived in most cases.

With limited exceptions which arise to be addressed in the context of

specific risk assessment and risk management strategies, crosses between

cultivated crop species and wild relatives will generally not prove com-

petitive in the wild. A review of the trials of herbicide-tolerant oilseed

rape conducted in Britain since 1994 concluded that the crop:27

was not more weedy or invasive than untransformed varieties either in agricultural

environments (as volunteers) or in semi-natural environments (as feral plants).

None of the inserted genes appeared to increase the spread or persistence of volun-

teer and feral populations.

25 Mark L. Winston. 1997. Nature Wars: People vs. Pests (Cambridge, Mass.: Harvard Univer-
sity Press): 146.

26 M. Brookes. ‘Running Wild’. New Scientist. 31 October 1998.
27 Department of the Environment, Transport and the Regions. 1999. Environmental Risks of

Herbicide-Tolerant Oilseed Rape: A Review of the PGS Hybrid Oilseed Rape.
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Again, however, there is not as yet a sufficient body of research evi-

dence on, and practical experience of, these crops to warrant com-

placency about the possible risks. From an Irish point of view, this is

another issue to be taken into account in the programme of research

recommended in chapter 5.

It should be noted, finally, that even if transferred herbicide-resistance

genes survive, they present a problem only in areas in which herbicides

are used and relied upon. Outside farm areas, such transfers would not

present problems in areas such as woodland, though they could cause

difficulties in areas dependent on chemical control such as roadside

verges, railway tracks and airport runways.28 In that event, they, like the

GM crops from which they derived, would be resistant only to a restric-

ted range of herbicides and could be attacked with alternative herbicide

products.

Gene Transfer to Non-GM Crops

The likelihood of gene transfer to non-GM crops depends, like that to

wild plants, on the biology of the crop species and its location. The

possibility of such transfer poses risks for organic farmers and farmers

who wish to remain GM-free, and may present a threat to their status

and viability. These concerns are not dissimilar to those which organic

farmers have about the accidental spread of fertilizers, pesticides, or

other chemicals onto their land from neighbouring farms.

The report of the Chairing Panel of the National Consultation Debate

about GMOs and the Environment noted that policy on GMOs, while

positive about the potential economic benefits, should ‘also reflect a

fundamental national commitment to safety and environmental sus-

tainability, including the avoidance of any impact which would under-

mine the overall viability of conventional or organic farming.’29 We

endorse this conclusion and believe that it should be reflected in future

28 House of Lords, op. cit. EC Regulation of Genetic Modification in Agriculture::para. 79
29 National Consultation Debate on GMOs and the Environment. Report of the Chairing

Panel: 32.
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policy. As the commercial cultivation of GM crops compatible for

breeding purposes with crops grown organically draws closer, effective

procedures, such as prescribed isolation distances, will be needed to

minimize the risk of gene transfers.

It should be noted, in conclusion, that the genetic engineering of plant

sterility might offer an effective, if controversial, solution to the spread

of transgenes through pollen dispersal. So-called ‘terminator tech-

nology’ being developed by US researchers enables the seeds of GM

crops to be prevented from germinating. As the use of this technology

would require farmers to buy new seed every year, its implications for

poorer farmers in developing countries have been the subject of particu-

lar criticism. Though it is certainly open to objection on these grounds,

its potential for environmentally benign applications in preventing

unwanted gene flow should not be discounted.30

Presence of GM Material in Seed of Conventional Varieties

The risk of gene transfer from GM to non-GM crops was underlined

by the disclosure in May 2000 of the presence of GM material in seed

of two conventional oilseed rape varieties imported from Canada and

sown commercially in 1999 and 2000 on farms in seven EU countries

on an area in excess of 15,000 hectares. It is understood that this came

about as a result of cross-pollination in Canada between the conven-

tional oilseed rape and a variety genetically modified for herbicide

tolerance.

The affected seed varieties were also included in small scale field trials

undertaken by the Department of Agriculture, Food and Rural

Development in 1997 and 1998. Such trials are carried out to test new

crop varieties for potential value for cultivation and use to Irish agri-

culture. The affected varieties were submitted and accepted for testing

on the basis that they were conventionally bred. The total area sown in

each of the two years in which trials took place in this country was less

30 A. Jackson & C. Ingleheart. 1999. ‘This should not be the end for terminator technology in
GM crops’. Nature, vol 402, 2 December 1999.
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than one-tenth of an acre. Following the conclusion of the 1998 trial,

the two seed varieties were not incorporated in the National Catalogue

of Approved Varieties for commercial use. No subsequent applications

have been made to the Department of Agriculture, Food and Rural

Development for either the evaluation or marketing of the varieties

concerned.

Though the GM presence in the seed batches in question was at a

relatively low level (between 1 and 2.4 per cent) and posed no threat

to human health, the incident aroused understandable unease in this

and other EU countries. The Minister for Agriculture, Food and Rural

Development stated that the submission, accidentally or otherwise, of

contaminated seed for variety trial evaluation in this country was a

source of ‘great concern’ and indicated that the Irish Government was

determined to prevent its recurrence.31 The Department of Agriculture,

Food and Rural Development, in consultation with the Environmental

Protection Agency, is to establish an appropriate monitoring and control

system to ensure that contaminated seed is not imported in the future.

The establishment of such a system further underlines the need for a

facility for GM-related analysis in this country along the lines recom-

mended in chapter 5. The circumstances of this case also point up the

need noted earlier for erring on the side of caution in assessing the risk

of cross-pollination in the case of out-breeding GM crops such as

oilseed rape whose conventional varieties are widely grown and which

have wild weed relatives. The protocols for field trials of GM crops

recommended by us in chapter 5 should take this fully into account in

setting minimum isolation distances designed to prevent out-crossing

between such crops and their conventional counterparts.

Finally, the incident also highlights the need for additional measures at

EU level to deal with the presence and testing of GM material in seed.

The European Commission is bringing forward legislation to address

31 Statement by Mr Joe Walsh T.D. Minister for Agriculture, Food and Rural Develop-
ment on Evaluation of Oilseed Rape Varieties Hyola 38 and Hyola 401, Adjournment
Debate 31 May 2000.

●81



the problem as a matter of urgency. Though its provisions have yet to

be finalized, they are likely to include:

• measures for the identification of third country seed imports into

the European Union

• agreed testing and sampling procedures

• obligations on importers to ensure imports are free from con-

tamination

• procedures for dealing with contaminated crops sown acciden-

tally, including provisions for the destruction of such crops.

This country should strongly support legislative proposals that will offer

an effective framework for the detection and testing of GM material in

seed imports and the prevention of further incidents of contamination

of this kind.

Herbicide-Tolerant Crops and Biodiversity

Herbicide-tolerant crops may prove to reduce total herbicide use, but

their appeal to farmers is based squarely on their greater effectiveness in

destroying weeds. It has been claimed as a result that their cultivation

will inevitably have an adverse effect on the availability of habitats for

insects and other invertebrates. It will also affect the organisms associated

with the root systems of weed species. This will in turn lessen the supply

of food for the predators that feed on these insects and organisms.

Others take a different view, arguing that, as a general rule, undisturbed

ecosystems are more diverse and that there is no reason to suggest that

a reduction in the biodiversity of hedgerows and other crop surround-

ings will necessarily result from the cultivation of herbicide-tolerant

crops. British trials of herbicide-tolerant sugar beet provide some pre-

liminary support for this view in finding that, as weeds could be allowed

to grow for longer than with some conventional herbicides, the bare

earth which normally surrounds sugar beet was replaced by a mulch of

dead and dying weeds which attracted insect populations.32 Though this

type of research is still at an early stage, the findings from a number of

32 House of Lords, op. cit. EC Regulation of Genetic Modification in Agriculture: para. 68.
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studies to date indicate that the impact of GM crops on biodiversity

will be significantly influenced by the practices adopted by farmers in

the course of their cultivation.

Further trials currently underway in a number of countries will help to

provide a more authoritative picture of the relative impact of conven-

tional farming and GM technology on biodiversity. In Britain, for

example, large-scale four-year trials designed to compare the impact of

conventional farming and biotechnology on the natural world com-

menced in 1999.33 In the course of the trials, GM crops will be planted

alongside conventional crops at various sites around Britain, either in

each half of the same field or in identical neighbouring fields.

Researchers from government institutes will then monitor weeds and

wildlife to establish if there are consistent differences associated with the

two farming methods. Studies of this kind are of vital importance in

providing us with reliable data on the environmental impact of GM

crops. A programme of research designed with Irish conditions in mind

is included in our recommendations in chapter 5.

Any consideration of this subject must recognize the damage to biodiv-

ersity from conventional farming methods and other causes. On aver-

age, around a quarter or more of mammal, bird, reptile, amphibian and

fish species were defined as being under threat in industrialized countries

in the early 1990s.34 In some countries, the figure was even higher —

in Germany, for example, around one-half of mammal and bird species

and three-quarters of reptile, amphibian, and fish species were regarded

as threatened. In Britain, it is estimated that, in the past twenty years,

ten million breeding individuals of ten species of farmland birds have

disappeared from the countryside.35 The intensification of agriculture is

generally seen as the cause of these wildlife losses, in particular factors

such as the increased use of agrochemical inputs, the introduction of

new crop types, increased land drainage, reductions in traditional

33 Nature 10 July 1999.
34 OECD. 1996. Saving Biological Diversity: table 7.
35 John K. Krebs et al. ‘The second Silent Spring?’, Nature, vol. 400, 12 August 1999: 611-12.
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rotation practices, and hedgerow removals. One U.S. scientist has esti-

mated that pesticides alone may kill up to 67 million birds and between

6 and 14 million fish each year in the United States.36

Evaluations of the risk to biodiversity from GM crops should conse-

quently take due account of the environmental damage caused by the

corresponding conventional crops. As the British Advisory Committee

on the Release of GMOs to the Environment has noted:37

It is inappropriate to demand no non-target effects from the use of GM crops,

while tolerating them from the use of non-GM crops... For example, planting a

GM crop which, as a side effect, has the potential to slow down ladybird repro-

duction may be considered acceptable if the non-GM crop it replaces is receiving

insecticides which kill the ladybirds and other beneficial insects.

The Environmental Effects of Insect-Resistant GM Crops

Plant-eating insects can cause great damage to crops; the European corn

borer, for example, can destroy up to 20 per cent of maize yields. Over

the past half-century, insecticides have become the main weapon of

choice against insect pests. In the 1960s, concerns about their adverse

health and environmental effects led to the prohibition or restriction

of the most powerful broad spectrum contact poisons such as DDT.

Alternative insecticides have been developed which attack selectively

instead of indiscriminately and which break down into non-toxic sub-

stances in the environment. Though these are subject to stringent test-

ing, concerns about their effects persist, particularly about residues in

food and water and their effects on non-target insects.38 The annual

report of the British Pesticide Safety Directorate for 1998, for example,

found that 25 per cent of foods analysed contained pesticide residues,

with 1.4 per cent of samples exceeding the prescribed ‘maximum resi-

due limits’ above which growers and retailers are liable to prosecution.39

36 Mark L. Winston. 1997. Nature Wars: People vs Pests (Cambridge Mass.: Harvard University
Press): 13.

37 Advisory Committee on Releases to the Environment. 1999. The Commercial Use of Gen-
etically Modified Crops in the United Kingdom: The Potential Wider Impact on
Farmland Wildlife: para. 26.

38 OECD. 1997. Agricultural Pesticides and the Environment: 8-9.
39 The Guardian, 16 September 1999.

●84



A typical lettuce in Britain has been treated with an average of 11

pesticide applications by the time it reaches the shops.

The development of transgenic crops to enhance resistance to insect

pests has been a focus of the agricultural biotechnology sector since the

1980s. Genes expressing toxins from the soil bacterium Bacillus thuringi-

ensis (Bt) were first engineered into tobacco in the middle of the decade.

Bt toxins are highly specific to, and highly effective against, particular

groups of insects but are not harmful to other organisms. They are also

biodegradable and have been used as commercial insecticides in spray

formulations since the 1950s. Though environmentally benign, their

utility in spray form has been limited by high production costs and

variable operational persistence.

Several varieties of Bt maize, cotton, and potatoes have received regu-

latory approval in the United States. Bt maize and cotton are estimated

to have accounted for 25-30 per cent of the total US acreage of these

crops in 1999.40 A variety of Bt maize which also incorporates a gene

for herbicide tolerance has received marketing approval in the EU, but

the acreage under cultivation in member states is negligible. Other

transgenic crops incorporating Bt toxin genes are currently in develop-

ment, as are genetically modified plants incorporating other proteins

with insecticidal properties such as lectins and protease inhibitors.

Crops genetically modified to incorporate Bt genes, and thus to produce

the Bt insecticide inside the plant tissues, offer growers a number of

advantages over other insect pest control methods.41 Unlike insecticide

sprays, their utility is not dependent on weather conditions; plant parts

difficult to reach by spraying are also protected. Particularly in the case

of crops which require heavy applications of insecticide, there are sig-

nificant potential savings to growers in pesticide, labour and equipment

costs.

40 USDA Economic Research Service. June 1999. Genetically Modified Crops for Pest
Management.

41 Nottingham. 1996, op. cit.: 54-55.
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It has also been claimed that crops modified for insect resistance offer

environmental advantages compared with conventional insecticide

spraying. Spraying, especially from the air or in windy conditions, tends

to be indiscriminate in its impact and often affects non-target plants in

the vicinity. Bt toxin produced within the plant by genetic modification

only kills insects which eat the plant tissue, and only certain kinds of

insects at that because of its specificity. Contamination of ground water

around farmland should also be reduced as the Bt toxin is a natural

protein which is readily biodegradable into non-toxic substances.

Critically, the use of Bt crops should mean that less insecticide is needed

as the insecticidal material is contained in the plant tissue. United States

Department of Agriculture survey data for 1997 show that, in most

cases, the adoption of Bt cotton reduced insecticide treatments normally

used on pests targeted by Bt.42 Insecticide use was also found to be

significantly lower among Bt maize growers. Research conducted by

Iowa University into Bt maize cultivation in the US Mid West found

that reductions in pesticide usage increased each year from 1996 to

1998; 26 per cent of farmers planting GM maize reported reduced pes-

ticide use in 1998 compared with 19 per cent in 1997 and 13 per cent

in 1998.43 In all, half of the farmers planting GM maize stated that

they did not use insecticides. If maintained, this outcome holds out the

prospect of benefits for food safety and human health as well as for the

environment.

Risk of Enhanced Resistance among Target Insects

There are possible risks associated with the modification of crop plants

for insect resistance. Concerns have been expressed, first, that insects

will evolve resistance to GM plants. This has been a long-standing prob-

lem with conventional insecticide treatments. As one commentator has

written:44

42 USDA, Economic Research Service. 25 June 1999. Genetically Engineered Crops for Pest
Management.

43 EuropaBio News: http//ecom/netbeat.corn/news.
44 Mark L. Winston. Nature Wars: People vs. Pests (Cambridge, Mass.: Harvard University

Press): 14.
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Pesticides are an especially powerful selective agent, since they initially kill most

pest individuals. However, the few that survive find themselves growing and

reproducing in an environment in which competition for foods and other

resources has been vastly diminished by the thinning power of pesticides. They

also wind up mating with other resistant individuals, which magnifies the genetic

resistance of the next generation. Thus, the surviving populations quickly rebound

with resistant individuals, leading growers to apply higher levels of pesticides,

which in turn select for further resistance. Pesticide use soon becomes a quickening

treadmill, in which increasing quantities and frequencies of pesticide application

are necessary, and the pesticide industry has to invent new chemicals continuously

to keep pace with pesticide-induced evolution of resistant organisms.

There are worries that resistance to genetically modified crops might

develop more rapidly than that to crops treated with conventional insecti-

cide as the toxins incorporated into Bt crops are continuously switched on

and expressed in most parts of the plant, as opposed to being intermittently

sprayed. If entire farm areas were to be cultivated solely with Bt crops, it

is feared that few susceptible insects would survive and that insects resistant

to the toxin would soon dominate the population.

The main counter-measure at present against the threat of enhanced

resistance consists of the provision of ‘refuges’, that is areas of non-GM

crops, which can support pest populations that are not resistant to Bt

toxins. The Environmental Protection Agency in the United States

insists that, when farmers grow Bt cotton, 4 per cent of the crop must

consist of unmodified cotton that has not been treated with any pestic-

ide; if growers wish to spray with other pesticides, 20 per cent of the

crop must be non-Bt cotton.45 In the case of Bt maize, the Agency’s

new regulations announced in January 2000 provide that unmodified

maize must account for at least 20 per cent — and in some cases up to

50 per cent — of the total crop.46 While such provisions may help to

address the problem, some recent research findings have raised questions

about the effectiveness of refuges.47 This underlines the need for con-

tinued careful monitoring of the risk of enhanced resistance to Bt crops

among target insects.

45 Nature, vol. 397. 14 January 1999: 98.
46 The Wall Street Journal. 17 January 2000.
47 Nature, vol. 401, 16 September 1999: 207.
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Effects on Non-Target Insects

The other main concern about insect-resistant crops concerns their

possible impact on non-target insects, some of which play an important

role in the control of insect pests. On the one hand, the impact of such

crops might be expected to prove beneficial because, unlike sprays

which may affect all susceptible insects in the field, they should directly

affect only insects which attack the plant. On the other hand, GM crops

may adversely affect non-target insects by depleting the supply of prey

on which they feed. This problem also arises with non-GM pest control

measures and gives cause for concern only to the extent that Bt crops

are more effective in killing insect pests.

The majority of field and laboratory studies to date have not shown

evidence of other adverse effects of insect-resistant GM crops on non-

target insects. One study, however, has reported reduced survival rates

among lacewings fed on prey reared on Bt maize, though its findings

have been subject to criticism by other scientists.48 Another piece of

research has reported reduced fertility among ladybirds fed on aphids

reared on potatoes modified to express a lectin gene.49

The study that has attracted most attention is the laboratory research by

John Losey and his colleagues which suggested that Monarch butterfly

larvae were killed by eating pollen from maize genetically modified to

express Bt toxin.50 The monarch butterfly breeds in the United States

and Canada in the spring, particularly in the maize belt of the Midwest.

Its caterpillars feed on milkweed and, after observing that milkweed

growing near maize became covered with maize pollen, Losey under-

took a laboratory experiment in which he sprinkled pollen from Bt

maize onto milkweed leaves which were then fed to monarch caterpil-

lars. Almost half died within four days, whereas none of the caterpillars

which ate leaves sprinkled with pollen from non-GM maize perished.

48 Nuffield Council on Bioethics. 1999, op. cit: para. 6.29.
49 D. MacKenzie. ‘Altered maize kills friend as well as foe’, New Scientist, 2 May 1998. D.

Concar. ‘Dispatches from the killing fields’, New Scientist 27 March 1999.
50 Nature, vol. 399. 20 May 1999: 14. K. Kleimer. ‘Monarchs under siege’ New Scientist, 22

May 1999.
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Despite the fact that its authors cautioned against drawing general con-

clusions from the results, this study has been widely cited as proof of

the environmental hazards of GMOs. In response, other scientists have

pointed out that the laboratory conditions created in the experiment do

not occur in nature.51 Milkweed leaves are unlikely to contain sufficient

pollen to kill the butterfly larvae, while butterflies do not tend to feed in

the period when the pollen is present in the fields. The Environmental

Protection Agency in the United States is currently reviewing and eval-

uating the emerging data on possible harm to non-target insects, as are

GM crop trials in a number of European countries.52 Careful attention

should be paid to the results of these studies when they become avail-

able. The U.S. Agency’s regulations on Bt maize issued in January 2000

stipulate that, when it is grown near cotton crops where Monarch but-

terflies are found, up to 50 per cent of the grower’s crop should be

made up of conventional maize.

III Biotechnology: the Balance of Risks and

Benefits

There are risks associated with genetic modification, and these should

neither be minimized nor overstated. The risks associated with the cur-

rent applications of GM technology are capable, in our view, of being

adequately assessed and managed by a combination of effective pre-

release testing, ongoing research, and post-release monitoring in the

context of a modern regulatory framework. The risks presented by

future GM products must at all times and in all instances be assessed on

a case-by-case basis and in accordance with the step-by-step principle.

The risks associated with modern biotechnology should also be evalu-

ated in the light of the risks posed by conventional farming (including

organic farming) and food production methods. Though modern agri-

cultural and food manufacturing methods have provided cheap, safe,

51 Peter Kendall.‘Monarch butterfly not so far imperilled’. Chicago Tribune, 2 November 1999.
52 Nature, vol. 401, 9 September 1999: 107.
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and plentiful food in a historically unparalleled way, this has been at the

cost of some harm to the natural environment and occasional, limited

threats to food safety and human health. Many of the hazards attributed

to genetic modification such as antibiotic resistance, allergenicity, and

adverse effects on biodiversity were established trends in contemporary

societies long before the introduction of GM crops and foods.

Genetic engineering offers benefits as well as risks. The existing benefits

in the pharmaceutical area, and the great potential benefits in medical,

agricultural, and environmental biotechnology, were outlined in chap-

ter 1. Even staunch critics of modern biotechnology acknowledge this

potential. Jeremy Rifkin, for example, has written that:53

Who wouldn’t approve of some of the extraordinary advances coming out of the

biotech laboratories? ... They promise a better way of life. Some, but not all of

the new products and services will even deliver on those promises ... there is value,

great value, in some of the products of genetic engineering.

There is agreement similarly that biotechnology will be a critical source

of economic growth and innovation in the future.

The benefits offered by modern biotechnology — and the economic

and other costs of missing out on them — must be considered alongside

the possible risks. The potential gains they offer individuals and societies

across a wide range of areas should not be jeopardized unless there is

good cause to believe that they will be outweighed by the harms. On

the evidence to date, we believe that effective provision for pre-release

testing and regulation, ongoing independent research, and post-release

monitoring and review can ensure that the benefits of modern biotech-

nology are maximized and the risks minimized without compromising

on the protection of human health and the environment. Our recom-

mendations in chapter 5 reflect this approach and include the strength-

ening of the regulatory code governing biotechnology; a systematic

programme of research into GM crops and food designed with Irish

53 Jeremy Rifkin. 1998. The Biotech Century (London: Gollancz): xiii.
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conditions in mind; improved resources for regulatory bodies; the intro-

duction of detailed protocols governing GM crops; and a programme

of managed development of GM crops which, in accordance with the

precautionary principle, would provide for a phased, gradual pro-

gression to their commercial cultivation.

As we saw in chapter 1, Europe currently lags behind the United State

in the level of development of its biotechnology sector. Both the EU

and the governments of member states have recognized that this gap

must be bridged if European countries are to safeguard their prosperity

and competitiveness in the years ahead. There is a real, but under-

appreciated, risk that the gap could widen further if a hostile climate of

public opinion threatens investment in European biotechnology firms

and the maintenance and further development of a world class research

base in European centres.

This point has particular relevance for Ireland. Our current prosperity

has its origins in large part to the crucial decisions taken in the 1970s

and 1980s to position ourselves in order to benefit as fully as possible

from the expected growth of the emerging electronics sector. As a result

of establishing the right kind of infrastructure and developing good

quality human resources, we have been able to attract many of the

world’s leading firms in information and communication technologies

to this country and to build up a thriving indigenous software sector. If

we wish to avoid a return to the stagnation and unemployment of the

past, we must now be prepared to take similar positive steps, balanced

where necessary by sensible precautions, to prepare for the technologies

of the future.

In the next chapter, we look at the public unease about genetic modifi-

cation that has arisen in this and other European countries in recent

years. We also examine some of the objections commonly expressed to

genetic engineering on ethical grounds.
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Chapter 3 — The Public Disquiet about Genetic Modification

I The Growth of Public Disquiet about Genetic

Modification

Genetic engineering, and in particular the genetic modification of crops

and foods, has become an issue of growing public controversy in Ireland

and other European countries. Alleged health and environmental risks

of GM products, widely publicized in the media, have led to increased

consumer concern about their cultivation and sale. According to an

EU-wide survey conducted in late 1996, just one-in-four European

consumers would buy GM fruits even if they tasted better.1 Many of

Europe’s leading chefs and food writers have come out in opposition

to genetically modified foods.2 Environmental activists have engaged in

campaigns of sabotage against test sites for genetically modified crops.

Four of the ten trial sites in this country have been vandalized in the

past three years; in Britain, 70 of the 200 or so test sites have been

damaged by protestors.3

In response to the public concern on the issue, a number of leading

supermarket chains and food manufacturers across Europe have under-

taken to ensure that their own-brand products are free of genetically

modified ingredients. The chairman of a leading food manufacturing

company, with interests in Ireland as well as in Britain, who was pre-

viously a strong supporter of GM technology has stated that, in the face

of the prevailing public antagonism, ‘GM has been a pain in the neck.

It has just been an added cost.’4

Popular unease about genetic engineering in Europe contrasts with the

prevailing view in scientific and industrial circles that biotechnology is

1 John Durant et al. 1998. Biotechnology in the Public Sphere: A European Sourcebook
(London: Science Museum): 263.

2 Observer 31 January 1999.
3 Irish Times 17 August 1999. Guardian 17 August 1999.
4 Lord Haskins, chairman Northern Foods, Financial Times 9 June 1999.
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a vital source of future innovation and growth. It contrasts also with

the situation in the United States where, despite some signs of a possible

shift in attitudes, public opinion remains relatively positive. In this chap-

ter, we look first at the reasons for the unease about genetic engineering

in this and other European countries. We then examine some of the

objections expressed to genetic engineering on ethical grounds.

II The Causes of Public Disquiet about Genetic

Engineering

There is no single reason for the unease about genetic engineering that

has emerged in Europe in recent years. A key factor has arguably been

the problems encountered in understanding and communicating novel

scientific ideas and developments. These difficulties have been aggra-

vated by the context in which GM crops and foods came to public

prominence — a context strongly influenced by the following factors:

• Increased public concern about food safety resulting from the BSE

outbreak and other cases of food contamination and food-borne

disease

• A decline in public confidence in regulatory bodies and scientists

in the wake of the BSE outbreak.

• Mistrust of the large corporations that have pioneered GM crops

• The campaign against GM crops and foods waged by environ-

mental groups.

The effect of these factors has been to create a climate of opinion recep-

tive to expressions of concern about GM crops and foods. We will

discuss each of them in turn, beginning with the problems encountered

in understanding and communicating the scientific advances under-

pinning genetic modification.
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Understanding and Communicating Scientific Developments

Though modern societies are largely driven by scientific innovation,

science does not ordinarily feature as a subject of everyday debate.

Much modern science is complex and lies outside most people’s

immediate knowledge and experience. When scientific issues come to

the fore, it is generally because a new advance is of a particularly dra-

matic kind, touches on central aspects of people’s lives, or is said to

pose a threat to public health or the environment. The day-to-day work

of scientists, the slow incremental advances punctuated by setbacks that

characterize most scientific activity, attract little public attention.

The emergence of GM crops and foods as a subject of popular concern

bears out these points. When first proposed to the public, the tech-

nology appeared novel, startling, even frightening. The emphasis in

popular discussions of the subject was mainly on the risks which it posed

to human health and the environment. Relatively little attention was

paid to the quarter-century of scientific research which preceded the

introduction of GM crops and foods, to the extensive experience with

the contained use of genetically modified micro-organisms, or to the

widespread application of genetic engineering in medicine and pharma-

ceuticals.

Not surprisingly, people have found it difficult to keep abreast of the

advances in modern biotechnology. Surveys of public attitudes to

biotechnology conducted on behalf of the EU have periodically

included a question intended to test respondents’ level of knowledge of

the subject. A sample of the questions put in 1996 and of the answers

given by respondents in Ireland and the EU is given at table 1 below.

On the evidence of the responses presented in this table, it would appear

that half or more of the population in most European countries do not

possess the kind of basic knowledge of genetics that is arguably necessary

to form an informed opinion on genetic modification. The health,

environmental, and ethical issues raised by genetic engineering are com-

plex and challenging even for those with a reasonable knowledge of the
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Table 1: Responses to Statements Related to Genetic Engineering and

Biotechnology 1996

Ireland EU

True False Don’t True False Don’t

Know Know

% % % % % %

Ordinary tomatoes do not

contain genes while genetically

modified tomatoes do 28.5 20.2 51.3 30.6 35.8 33.6

By eating genetically modified

fruit a person’s genes could also

become modified 22.5 33.8 43.7 23.2 48.6 28.3

Genetically modified animals are

always bigger than ordinary ones 43.9 17.3 38.8 34.6 36.1 29.3

Source: Durant et al. 1998. Biotechnology in the Public Sphere: 341-42

subject. Where the issues are clouded by misconceptions of the kind

evident here, rational public debate is that much harder to achieve.

There is clearly a need to find more effective ways of improving public

understanding of biotechnology. We return to this subject in our con-

clusions and recommendations in chapter 5.

As table 1 shows, Irish respondents’ knowledge of biotechnology was

below the EU average; the gap was most marked between Ireland and

countries such as the Netherlands and Denmark. A survey of Irish con-

sumers undertaken in early 1999 found that 79 per cent of respondents

stated that they knew little or nothing about genetic engineering.5 A

feature of Irish responses to surveys on science-related topics is the high

level of ‘don’t knows’. In a commentary on a recent Eurobarometer

poll on food safety, for example, the European Commission noted that

‘the Irish are the most hesitant and seem to be the least interested in

food safety. Most of them tend to answer ‘‘Don’t Know’’ rather than

5 Lansdowne Market Research. 1999. Report of Survey on Consumer Attitudes to Genetic
Engineering and Food Safety.
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express an opinion on the subject.’6 It is reasonable to assume that the

relatively low level of knowledge of scientific issues among Irish people

revealed by these surveys is related to the past neglect of science edu-

cation in the Irish educational system.

The Role of the Media

Given the level of public confusion on the subject of genetic engineer-

ing, the role of the press, television and radio as a source of information

takes on added importance. The emergence of issues like genetic engin-

eering into the public arena presents the media with an undoubted

challenge. Complex scientific topics once reserved for the pages of

academic journals must be dealt with in the daily newspapers and tele-

vision and radio bulletins amid the pressure of deadlines, the limitations

of broadcasting time and newspaper space, and the need to maintain

reader and viewership levels. Journalists and broadcasters must attempt

to communicate what are often abstruse subjects in ways that are both

accurate and accessible.

In Britain in particular, there have been no shortage of instances in

which newspapers — some of which have a sizeable readership in this

country — have misled rather than informed the public about genetic

modification. Distorted presentations of the facts, lurid accounts of

‘Frankenstein foods’, have been commonplace in the treatment of the

issue in mass-circulation newspapers. The media in this country have

generally covered the public debate about genetic modification in a

more balanced way than their British counterparts. The sensationalistic

and one-sided character of some of the press coverage in Britain led Sir

Robert May, the British government’s chief scientific adviser, to com-

ment : ‘I really worry about how we can report science accurately in a

democracy when I see stuff like this.’7 A survey of scientists in Irish

universities conducted in 1999 found that half thought that media

coverage of GM food issues lacked balance.8

6 European Commission DG XXIV. 1999. Eurobarometer 49 — Food Safety.
7 Observer, 23 May 1999.
8 Irish Times, 16 September 1999.
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Even where the media have striven to present the issues in a measured

way, difficulties have sometimes been experienced in interpreting

developments within a broader context and a longer-term perspective.

The media’s desire for strong, stand-alone stories is not always easy to

reconcile with the incremental, provisional nature of scientific findings.

This is evident from the coverage of the two GM stories which have

received most attention in the media to date and had the greatest impact

on public attitudes.

The first, and most important, of these stories was the claim in August

1998 by Dr. Arpad Pusztai that rats fed transgenic potatoes suffered

immune system suppression and stunted growth.9 This fuelled under-

standable fears about the effects of GM foods on human health. The story

gained additional momentum when Dr. Pusztai was suspended from the

Rowett Research Institute where he worked after its director claimed that

his data were ‘a total muddle’ and when, some months later, 21 European

and American scientists released a memorandum in his support. Inevitably

perhaps, the circumstances of the case gave rise to claims that Pusztai was

being victimized because his findings were unwelcome to the biotechnol-

ogy industry and the government. Dr Pusztai’s research, and the response

to it, are outlined in more detail at annex C of this report.

The second story to receive widespread coverage in the media con-

cerned the findings of a US research team led by John Losey, an ento-

mologist at Cornell University, that pollen from maize genetically engi-

neered to incorporate the natural Bt insecticide was toxic to Monarch

butterflies when it drifted onto leaves eaten by caterpillars.10 This

research heightened concerns about the effects of GM crops on benign

non-target insects and about their wider implications for biodiversity.

Within a matter of months, therefore, apparently authoritative claims

by scientists about the detrimental effects of GM crops and foods on

9 New Scientist. 20 February 1999. Dr. Pusztai’s findings were subsequently published in revised
form in The Lancet, vol. 354, no. 9187, 16 October 1999.

10 J. Losey et al. Nature, vol 399, 20 May 1999: 214.
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both human health and the environment received widespread coverage

in the media. Given the extensive publicity they received, these reports

may account for much, if not all, of many people’s knowledge of the

subject. There is little doubt that Dr. Pusztai’s claims in particular had

a considerable impact on public attitudes to genetic engineering.

According to a spokesman for EuropaBio, the representative body for

Europe’s biotechnology industry, these ‘caused a tremendous amount

of confusion among consumers which will take years to undo’.11

A number of aspects of the coverage of both stories in the press and

television merit comment here. First, the limitations of the studies and

the caveats entered by their authors received noticeably less coverage

than the main findings. Thus Pusztai’s study had not been subject to

the normal peer review process prior to its publication, while the Cor-

nell team indicated that, as their research had been conducted in the

laboratory, it was ‘inappropriate to draw any conclusions about the risk

to monarch populations in the field based solely on these initial results.’12

Professor Losey also urged that the benefits of GM crops be considered

as well as the risks.13 The subsequent rebuttals of Dr. Pusztai’s claims

by, among others, the Royal Society, Britain’s most senior scientific

body, received less attention than the original report.14 Similarly, a

wide-ranging U.S seminar on the effects of GM crops on the Monarch

butterfly at which a number of contributors expressed scepticism about

any significant adverse impact received little or no media coverage in

Europe.15

In some media accounts of the Pusztai and Losey studies, moreover, the

conclusions drawn went well beyond the research findings to suggest or

imply that all forms of genetic modification were harmful to health and

11 Martin Enserink. ‘Institute copes with genetic hot potato’. Science Magazine, vol. 281 no.
5380: 1125.

12 Biotechnology Industry Organisation. Press Release 21 June 1999.
13 We can’t forget that Bt corn and other transgenic crops have a huge potential for reducing

pesticide use and increasing yields.’ Financial Times, 22 May 1999.
14 The Royal Society. 1999. Review of Data on Possible Toxicity of GM Potatoes.
15 Peter Kendall. ‘Monarch butterfly not so far imperilled.’ Chicago Tribune, 2 November 1999.
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the environment. Dr. Pusztai himself acknowledged that the concerns

raised by his research were ‘totally blown out of all proportion’ by the

media.16 The editor of the Lancet, in which Dr. Pusztai’s research was

later published in revised form, stated that the findings were ‘prelimi-

nary and non-generalisable’.17 Even if the claims made in the Pusztai

and Losey studies were fully validated — which they have not been —

it would not warrant general conclusions about genetically modified

foods and crops. The impact of GMOs on health or the environment

must be studied on a case-by-case, application-by-application, basis.

Increased Public Concern about Food Safety

The introduction of GM crops and foods into Europe occurred at a

time when consumer confidence in food safety had been badly hit by

the BSE crisis. The outbreak of BSE in the mid-1990s followed, and

was followed by, a number of other cases of food contamination and

food-borne disease such as the E.coli 0157:H7 food poisoning outbreak

in which 20 people died in Scotland in 1996-97, and the contamination

of Belgian meat and poultry products by dioxin in 1999. There is no

doubt that these incidents have weakened public confidence in the

safety of the food they consume and raised questions about modern

farming and food production methods. These events have also shaken

public trust in the ability of governments and regulatory bodies to

respond in an open and effective way to public health crises.

Table 2 below gives the responses of people in Ireland and the EU

when asked in 1996 who they trusted to tell them the truth about

biotechnology and genetic modification. It can be seen that trust in

industry, public authorities, and political parties was low, while that in

consumer and environmental organizations, the medical profession, and,

to a lesser extent, the universities was relatively high. Repeated assur-

ances from regulators and scientists that GM foods pose no threat to

human health have had limited impact in this context. Again, there is

16 New Scientist, 6 March 1999.
17 R. Horton. ‘Genetically modified foods: ‘‘absurd’’ concern or welcome dialogue? The Lancet,

vol. 354, no. 9187, 16 October 1999.
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a contrast with the United States where people express higher levels of

trust in official regulatory bodies. Over 75 per cent of American con-

sumers, for example, claim to be satisfied with the policies of the Food

and Drug Administration on the labelling of GM foods.18

Table 2: Trusted Sources of Information on Biotechnology 1996

Category Per Cent Expressing Confidence

Ireland EU Average

Consumer organizations 15.5 19.0

Environmental organizations 16.3 16.4

Animal welfare organizations 4.3 3.8

Medical Profession 21.7 14.5

Universities 6.8 11.5

TV and newspapers 3.3 4.7

National public bodies 3.5 4.9

Industry 0.6 1.3

Political parties 0.4 0.4

Other 10.3 8.1

None of these 3.9 6.3

Don’t Know 13.6 9.3

Source: Durant et al. 1998. Biotechnology in the Public Sphere: 267.

Public trust in science and scientists may also have been dented by the

BSE and other food safety crises. A poll carried out in Britain in June

1999 found that, in general, 35 per cent of people said that they trusted

scientists a lot, 54 per cent a little, while 12 per cent did not trust them

at all.19 On the specific issue of GM foods, however, 40 per cent of

respondents stated they did not trust scientists; 16 per cent of people said

they had a lot of trust, while the remainder said that they had a little trust.

Mistrust of Large Biotechnology Corporations

As we saw in chapter 1, large corporations have assumed an increasingly

prominent role in the biotechnology industry, particularly in the

18 T.J. Hoban. 1998. ‘Trends in consumer attitudes about agricultural biotechnology’, AgBi-
oForum vol 1(1):3-7.

19 A. Travis. ‘Scientists take flak over food scares’, Guardian, 8 June 1999.
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pharmaceutical and agricultural biotechnology sectors. The role of giant

corporations such as Monsanto, Novartis, and Dupont in bringing GM

crops and foods to the marketplace has added to consumer scepticism

about these products. This scepticism has been reinforced by the fact that

the first generation of GM crops was designed to improve output traits of

advantage to farmers, but have been of no apparent benefit to consumers.

Public hostility to genetically modified foods in Europe has its origins

in part in the shipment in late 1996 of US soybean consignments that

mixed genetically modified and conventional soya. As soya is used in a

great many processed food products, European consumers effectively

found themselves deprived of choice over whether or not they ate foods

that might contain soybeans modified to include a gene for herbicide

tolerance. A senior executive from a leading biotechnology company

later commented of the hostile public reaction that:20

The issue ... [was] the elimination of choice. It’s not about genetic engineering.

It’s an issue of no one’s going to tell me what to eat’’.’

Though the shipment was in accordance with the EU legal provisions

then in force, the episode strengthened opposition to GM foods as

something which American corporations were trying to foist on Euro-

pean consumers by underhand means. As Professor John Durrant,

author of a comparative study of European and American attitudes to

biotechnology, noted:21

The fact that GM food is a North American product derived from a North Amer-

ican seed company, which was then shipped as unsegregated material to Europe

had asignificant effect on the public debate.

A number of leading figures in the industry have since acknowledged

that the introduction of GM crops and foods to the European market-

place was not well handled.22 The companies concerned lost sight of

20 A. Coghlan. ‘Mutiny against Monsanto’, New Scientist, 31 October 1998.
21 Financial Times, 31 March 1999.
22 Robert Shapiro, Monsanto chairman and CEO, for example, told a Greenpeace conference in

October 1999 that: ‘We have irritated and antagonised more people than we have persuaded.
Our confidence in biotechnology has been widely seen as arrogance and condescension. Guard-
ian, 7 October 1999.
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the fact that, in a market economy, the consumer is the ultimate arbiter

of the acceptability of products and did not take effective steps to address

public concerns or convince consumers of the benefits of their products.

As we saw in chapter 1, the effects on the agricultural biotechnology

industry in terms of reduced sales, lower share prices, and diminished

commercial prospects have been significant. Their credibility with con-

sumers has also suffered greatly. As table 2 above shows, just 1 per cent

of European respondents trusted the biotechnology industry to tell them

the truth about genetic engineering.

The Campaign against GM Crops and Foods by Environmental

Groups

If the biotechnology industry currently enjoys little public confidence,

the reverse is true of environmental and consumer organizations. As can

be seen from table 2, people place greater trust in information on gen-

etic engineering from these bodies than in that from any other source

except the medical profession. Bodies such as Greenpeace and Friends

of the Earth have a long history of effective campaigning on environ-

mental issues. They have been strongly opposed to GM crops and foods

from the outset, and their message has undoubtedly influenced people

who would not necessarily share their stance on other issues. A senior

figure in the biotechnology industry has conceded publicly that ‘Green-

peace and so on are doing a much better job than we are.’23

Representatives of the organic farming and food sector have also been

prominent in the campaign against GM crops and foods. We accept that

organic farmers have grounds for concern about the possible transfer of

genes from GM crops and have stated that account should be taken

of these concerns. We appreciate also that the debate about genetic

modification has given organic producers an opportunity to draw atten-

tion to the merits of their produce. If GM crops are approved by inde-

pendent regulators after a thorough assessment, however, we see no

reason why they cannot form part, with organic farming, of a broad

23 Hendrik Verfaillie, Monsanto president, The Guardian, 30 May 1999.
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mix of crop types and farming practices. As we saw in chapter 2, the

evidence suggests that certain GM crops can reduce pesticide use and,

provided they are shown to have no other adverse effects, can thus

claim to have benefits for the environment.

The Risk Profile of GM Crops and Foods

According to the generally accepted technical definition, risk is a multiple

of the probability of a particular outcome occurring and the severity of

the harm caused by that outcome. A wide range of other factors influence

people’s assessment of risk, however, and help account for the fact that

popular estimates of risk sometimes differ significantly from scientific

assessments. There is now a considerable body of research evidence on

the factors which influence the public perception of risk and which result

in some risks triggering markedly higher levels of anxiety than others. Box

1 below summarizes the findings of this research.

Box 1: Factors Influencing Perceptions of Risk

Risks generally arouse more concern if perceived:

1. to be involuntary (e.g. exposure to pollution) rather than voluntary (e.g.

dangerous sports or smoking)

2. as inequitably distributed (some benefit while others suffer the consequences)

3. as inescapable by taking personal precautions

4. to arise from a novel or unfamiliar sources

5. to result from man-made rather than natural causes

6. to cause hidden and irreversible damage — e.g. through damage to health

or the environment many years after exposure

7. to pose a particular danger to small children or pregnant women, or more

generally to future generations.

8. to threaten a form of death or illness/injury which arouses particular dread

9. to damage identifiable rather than anonymous victims

10. to be poorly understood by science

11. to be the subject of contradictory statements from reputable sources

Source: Department of Health (Great Britain). 1998. Communicating About

Risks to Public Health: 7.
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It can be seen that, in the particular circumstances in which they came

to public attention to Europe, GM crops and foods rank relatively high

on many of these anxiety indices. Thus, the risks associated with them

are generally perceived to be involuntary, inequitably distributed, and

difficult to avoid (because of the presence of GMOs in a wide range of

processed foods); to stem from novel, man-made sources; to be inad-

equately understood by science, and to be subject to contradictory state-

ments from reputable sources. It is little surprise therefore that the intro-

duction of GM crops and foods gave rise to widespread public concern.

In summary, therefore, the antipathy to GM crops and foods which has

arisen in this and other European countries is not difficult to understand.

Products that were novel and had potentially alarming overtones emerged

at a time when people’s confidence in the safety of their food, and in the

ability of public authorities to safeguard it, had been shaken by the BSE

crisis. The introduction of GM crops and foods was insensitively managed

by industry and effectively opposed by environmental groups.

III Ethical Objections to Genetic Engineering

As the foregoing account of the controversy over GM foods suggests,

there are a variety of grounds for opposition to genetic engineering.

Concerns about the possible effects on health and the environment

loom large as discussed in the previous chapter. As a recent Irish study

has noted, however, there are also a range of social, moral, and justice

issues of concern to individuals and groups which can collectively be

labelled as ethical issues.24 In considering the ethical issues raised by

modern biotechnology, it is useful to distinguish between ethical objec-

tions to the entire process of genetic engineering and objections which

focus on the ways in which it is applied and exploited and their impli-

cations for farmers, consumers, and developing countries. We will look

at each of these issues in turn.

24 F. Barbagallo and B. Trench. 1999. Genes on the Agenda (School of Communications, Dublin
City University): p. 76.
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Fundamental Ethical Objections to Genetic Modification

For some, the very project of genetic engineering is wrong in itself

regardless of whether its effects are benign or malign. The grounds

for this view are often a religious belief that tampering with the build-

ing blocks of life in this way is the prerogative of God and not man.

The evidence suggests that this kind of root and branch opposition

to genetic engineering is not supported by the majority of the popu-

lation in Ireland and the rest of Europe. Surveys conducted on behalf

of the EU show that a clear majority of people in this and other

member states consider medical and pharmaceutical applications of

biotechnology to be morally acceptable, though opinion is more div-

ided on its use in food production. An EU-wide survey conducted

in 1996 found that 48 per cent of respondents felt that the use of

biotechnology in food production was morally acceptable, 40 per cent

felt that it was unacceptable, while the remaining 12 per cent did not

know.25

It is relevant to note in this connexion that, to date, none of the main

Christian churches have declared the genetic modification of crops,

foods, or pharmaceutical products to be contrary to their teachings.

In October 1999, the Roman Catholic Church’s Pontifical Academy

for Life published the findings of a study of ethics and genetic tech-

nology.26 The report restated the Church’s opposition to human clon-

ing, but gave a ‘prudent yes’ to the genetic engineering of plants

and animals. According to Bishop Elio Sgreccia, the Academy’s vice

president:

We are increasingly encouraged that the advantages of genetic engineering of

plants and animals are greater than the risks. The risks should be carefully followed

through openness, analysis, and controls, but without a sense of alarm. We cannot

agree with the position of some groups that say it is against the will of God to

meddle with the genetic make-up of plants and animals.

25 J. Durant et al. 1998. Biotechnology in the Public Sphere: A European Sourcebook: 253
26 A. Barnett. ‘Vatican theologians say ‘prudent yes’ to GM foods. Observer, 28 November 1999.

J. Thavis. 22 October 1999. ‘Vatican experts approve plant and animal genetic engineering’:
www.bio.org.food&ag/vatican.
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The Unnaturalness of Genetic Modification?

As well as those with deep-rooted objections to genetic engineering,

there are others who, while not expressing complete opposition, feel

nevertheless that it is in some way unnatural or distasteful. The strength

of such sentiments generally increases in line with the species distance

between the organisms involved in gene transfers. Thus, unease is more

likely to be expressed at the incorporation of a fish gene into a straw-

berry than at the incorporation of an apple gene.

It is, of course, true to say that the natural transfer of a gene from a fish

into a strawberry, although conceivable, is very unlikely to have hap-

pened, nor is it likely to happen in the future. Proponents of genetic

engineering would contend in response that, as the transfer of a fish

gene into a strawberry by genetic engineering is possible only because

all life forms have a common origin and shared features, it is in another

sense quite ‘natural’. As discussed at annex A, genetic engineering is

feasible only because, at a fundamental level, the underlying structure

of the DNA molecule is identical among all living things and, at a

practical level, because any two fragments of DNA cut by the same

restriction enzyme can be joined together.

The data emerging from the various projects that are currently mapping

the genomes — the DNA sequence of all of an organism’s genes — of

a range of organisms from the E.coli bacterium to the worm, the fruit

fly, the apple, the pig, the puffer fish, and Homo sapiens are revealing

widespread genetic similarities between the genomes of organisms

which are not at all closely related. Parts of the nucleic acid sequences

of E.coli are recognizably related to those of organisms such as grasses,

birds, amphibians, and mammals — including humans. As Richard For-

tey has observed:27

all life — from bacterium to elephant — shares common characteristics at the level

of molecules. There is a common thread that runs through the whole of biological

existence ... There is a set of variations which superficially sound very different

27 Richard Fortey. 1997. Life: An Unauthorised Biography — A Natural History of the
First Four Thousand Years of Life on Earth. (London: Harper Collins): 39-40.
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but which are underpinned by a deeper similarity that binds the whole... We are

one tribe with bacteria that live in hot springs, parasitic barnacles, vampire bats,

and cauliflowers. We all share a common ancestor.

Unease about genetic modification may also, in part at least, be a result

of the ways in which is depicted. Accounts of ‘Frankenstein’ or ‘mutant’

organisms appear to view genes as analogous to the parts of an organism.

Genetic modification is thus seen to involve the removal of an integral

part of one organism in order to install it as something of an alien

presence in another organism. There are other ways, however, in which

the process can be understood. As a recent report on the ethical dimen-

sions of biotechnology asked:28

In what way is a gene that is found in a fish and which might be very similar in

structure and function to one found in a micro-organism, plant, or animal, a ‘fish’

gene? Some would say that it is no more than a defined stretch of DNA in a

fishcell.

Current Applications of Genetic Engineering

Some accounts of the subject tend also to present a distorted picture of

the nature and extent of the transformations brought about by genetic

modification. Most applications of genetic engineering in agricultural

biotechnology to date have involved the transfer of one, two, or three

genes, and their associated control elements, into plants which typically

have in the region of 50,000 genes. As Aldridge has observed:29

A transgenic organism usually contains just one gene from another organism

within a vast sea of its own DNA. So it is hardly surprising that transgenic sheep,

for example, with a gene for a human protein, do not suddenly acquire human

faces (or any other noticeably human characteristics) ... [though] they are some-

what different from the creatures that have emerged during the course of

evolution.

It is important to appreciate in this connexion that the genetic modifi-

cation of crops and foods which has occurred to date has been relatively

restricted in character. The current applications of agricultural biotechn-

ology fall into three main categories. First, the engineering of crops

28 Nuffield Council on Bioethics. 1999. Genetically Modified Crops: The Ethical and Social
Issues, para. 1.34

29 Susan Aldridge. 1996. The Thread of Life: The Story of Genes and Genetic Engineering
(Cambridge: Cambridge University Press): 113.
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such as soybean, cotton, and maize for herbicide tolerance. An oilseed

rape plant known as ‘Smart Canola’ which carries genes for tolerance

to two families of herbicide, however, has also been created, however,

by conventional breeding techniques and is now under cultivation in

Canada.30 It is difficult to contend, therefore, that there is anything

fundamentally ‘unnatural’ about this particular application of genetic

engineering.

The second main application of genetic engineering to agriculture at

present involves the modification of crops such as corn, cotton and

potatoes to protect against insect damage. This is done by incorporating

a gene that expresses a protein toxic to certain insects from a common

soil bacterium called Bacillus thuringienis, or Bt. Bt is a natural pesticide

which is widely used by organic farmers. Again, it is difficult to maintain

that this application of genetic engineering is innately ‘unnatural’. Some

would contend in fact that the genetic modification of crops to incor-

porate the Bt gene is a more ‘natural’ way of dealing with insect damage

than the alternative of chemical pesticides.

The third main form of crop genetic engineering to date involves the

incorporation of genes for output traits such as enhanced flavour, longer

shelf life, and reduced fat content. Though genetic modification makes

it possible to accomplish such changes more speedily and extensively

than conventional techniques, improvements of this kind are very much

in keeping with the aims of traditional breeding methods. In other cases,

similar ends are achieved by the addition of chemical preservatives and

other agents to foods. It can reasonably be asked why such processes

should necessarily be considered more ‘natural’ or acceptable than the

genetic modification of crops to include desired qualities. As the Nuf-

field Council on Bioethics observed:31

... it seems that public unease is focused on the stage at which the plant breeder

intervenes. It seems to be considered acceptable to add vitamins to bread flour but

30 D. Concar and A. Coghlan. ‘A question of breeding’, New Scientist 27 February 1999.
31 Nuffield Council on Bioethics. 1999. Genetically Modified Crops: The Ethical and Social

Issues, para. 5.8.
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not, one suspects, to modify the wheat plant genes to enable the plant to produce

the vitamins itself. Why might it be acceptable to ‘put back’ nutrients lost in

processing, but not to modify the plant?

For these reasons, we do not consider that there is a compelling ethical

case for objections to the current applications of genetic engineering.

We fully accept that others may take a different view. Debate on these

matters is essential and should be encouraged in every way possible. As

knowledge of plant and animal genomics increases, and as GM tech-

nology develops, it is likely that future, more far-reaching applications

of genetic engineering will raise more difficult moral issues. At present,

there is no forum or mechanism whereby these kinds of issue can sys-

tematically be raised and discussed. We have recommended conse-

quently in chapter 5 that the Royal Irish Academy be asked to consider

the ethical issues raised by genetic engineering in an informed, dis-

passionate, and independent way.

Opposition to genetic modification on ethical grounds should, in our

view, be respected and, as far as possible, be taken into account by

policymakers and regulators. This applies both to general objections and

to opposition on more specific grounds — the incorporation of animal

genes into plants, for example, is unacceptable to many vegetarians and

to members of some religions. In particular, persons with ethical,

religious or other objections to genetic engineering should, by means

of clear and consistent labelling provisions, be able to identify genetically

modified foods and to avoid their consumption. We consider this issue

further in chapter 5.

IV Corporate Dominance of Agricultural

Biotechnology

Some of the opposition to genetic engineering reflects public concern

about the aims and activities of the large biotechnology companies

responsible for its commercialization. Fears have been expressed that a

small number of giant corporations will effectively control the entire
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body of knowledge and techniques behind GM technology and, by

vigorously enforcing patent protections, will exercise an undesirable

degree of dominance over key sectors like the seed industry, food pro-

duction, and pharmaceuticals.32

Biotechnology and Intellectual Property

Developments in intellectual property law governing biotechnology are

central to many of the concerns expressed about the commercial prac-

tices of biotechnology companies. Prior to the emergence of genetic

engineering, patents were, with limited exceptions mainly covering

yeasts and other micro-organisms, not generally granted for living

organisms in the United States or Europe.33 As we saw in chapter 1,

the US courts approved a patent on a genetically engineered micro-

organism in 1978. Patent protection for a GM maize plant followed in

1985, while in 1988 a patent was granted for a mouse which had been

genetically engineered for the purposes of cancer research. The various

enabling processes and technologies which make genetic modification

possible are similarly the subject of extensive patent protection.

The legal position in Europe concerning the patenting of living organ-

isms has been uncertain until recently. In 1995, an appeal board of the

European Patent Office [EPO] refused a patent application for a herbi-

cide-tolerant crop. A subsequent patent application by Novartis for a

plant modified to contain pathogen-resistance genes — and for the pro-

cess used to create it — was also turned down. In December 1999,

however, the EPO’s supreme legal authority overturned the ruling of

the appeal board in the Novartis case and held that patents on plants

and animals were not excluded under the provisions of the European

32 Greenpeace. September 1999. Genetically Engineered Foods, part 8 et passim.
33 An alternative form of international legal protecion for plant breeders has been in force since

the establishment of the Union for the Protection of New Varieties of Plants [UPOV] in 1961.
This entitles breeders to royalties on the sale of seeds of approved new plant varieties for periods
of 20-30 years subject to two main conditions. First, a research exemption permits other breeders
to use protected varieties to develop new varieties. Second, farmers are permitted to save seed for
subsequent use. OECD. 1996. Intellectual Property, Technology Transfer, and Genetic
Resources: An OECS Survey of Current Practices and Policies.
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Patent Convention.34 Following the judgement, the EPO has begun to

process some 1,200 applications for patents on GM plants and animals

which have been in abeyance since 1995.

The EPO’s judgement in the Novartis case was broadly in line with the

Directive on the Legal Protection of Biotechnological Inventions

adopted by the European Council and Parliament in July 1998 after

almost ten years of consultations. Member states were required to ensure

that their laws were consistent with the provisions of the Directive by

30 July 2000. The Directive permits patents on plants and animals

where these satisfy the general requirements for patent protection of

being novel, involving an inventive step, and being capable of industrial

application.35

Patenting of Gene Sequences

It is misleading in our view to see patenting simply as a device for

monopolizing knowledge. Patents are awarded and protected on the

basis that valuable information is made publicly available in return for

the payment of royalties. They give protection for a specified period —

generally twenty years — only to information which is in the public

arena. A strong intellectual property code is essential to encourage

research and innovation and has been one of the cornerstones of the

development of Western technology.

The high cost of innovation in modern knowledge-based industries has

arguably made the existence of such a code even more important than

in the past. It is estimated that biotechnology companies devote almost

half of their annual income to research and development — a huge

figure compared with most other industries.36 On average, it takes 12

years and $300-500 million to bring a pharmaceutical product from

34 Q. Schiermeier & D.Dickson. ‘Europe lifts patent embargo on transgenic plants and animals’,
Nature, vol. 403, 6 January 2000: 3.

35 Directive 98/44/EC on the Legal Protection of Biotechnological Inventions. Official Journal
L 213, 30/07/98, pp. 13-21.

36 OECD 1999. Policy Brief: Modern Biotechnology and the OECD: 2.
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early stage research to the market.37 Without an effective system of

patent protection to prevent others from reaping the benefits of their

ideas and outlays, institutions and individuals in both the public and

private sectors would inevitably be deterred from making investments

of time and money in research and development.

The pursuit of patent protection by biotechnology firms, however,

undoubtedly raises important issues of public concern. In particular, the

rapid progress of the various genome projects has focused renewed atten-

tion on the issue of the patenting of gene sequences, particularly human

DNA sequences. Fears have been expressed that biotechnology companies

will patent gene sequences without having first identified a utility for

the sequence — that is, that they will monopolize a sequence without

understanding its function. These concerns recently led the U.S. President

and the British Prime Minister to issue a statement urging biotechnology

companies to emulate the policy of scientists working on the Human

Genome Project in releasing ‘raw fundamental information about the

human DNA sequence and its variants rapidly into the public domain.’38

The presidents of the U.S. National Academy of Scientists and of the

British Royal Society supported this call, arguing that:39

Given the enormous potential of the human genome sequence, the granting of

broad monopoly patent rights to any portion of it should be regarded as extraordi-

nary — and occur only when new inventions are likely to confer benefits of

comparable significance for humankind.

It is a trivial matter today — using a computer search of public databases — to

use DNA sequences to identify new genes with particular types of biochemical

functions. In our opinion, such a discovery should not be rewarded with a broad

patent for future therapies or diagnostics using these genes when the actual appli-

cations are merely being guessed at.

We share these concerns. Sequence data from the human and other

genome projects should be readily accessible to scientists in free

databases. Monsanto’s decision announced in April 2000 to release a

37 OECD. 1992. Economic Aspects of Biotechnology Related to Human Health.
38 T. Radford. ‘Blair and Clinton in plea on genetic code’, Guardian 15 March 2000.
39 B. Alberts and Sir A. Krug. ‘The human genome itself must be freely available to all humankind’,

Nature vol 404, 23 March 2000, p. 325.
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‘working draft’ of the rice genome to the International Rice Sequencing

Project is to be welcomed in this context.40 This is the first time a

private company has shared a large volume of genome data in this way.

The European Union Directive on the Legal Protection of Biotechnol-

ogical Inventions acknowledges that that the patentability of gene

sequences is ‘controversial’.41 The Directive provides that the granting

of a patent for inventions which concern such sequences should be

subject to the same criteria of patentability as in all other areas of tech-

nology: novelty, inventive step, and industrial application. Critically, it

stipulates that the industrial application of a gene sequence must be

disclosed in the patent application — in other words that a mere DNA

sequence without indication of a function is not a patentable invention.

Biotechnology and Developing Countries

The impact of agricultural biotechnology on developing countries has also

been the subject of considerable debate and criticism. Some groups have

contended that genetic engineering will do nothing to help, and may do

much to harm, smallholder agriculture in poorer countries.42 According

to this view, the research agenda of Western biotechnology companies

will focus on the profitable crops of the developed world and ignore the

staple crops grown by farmers in the rest of the world. The tight patent

protections governing genetic modification will also make it prohibitively

expensive for poorer countries to adapt GM technology to their own

needs. It has been argued in addition that the so-called ‘terminator gene’

which prevents the seeds of GM crops from germinating will threaten the

time-honoured practice among subsistence farmers of saving seed for

future use.43 Such farmers often buy small amounts of improved varieties

40 M. Wrong, ‘Monsanto opts to work with the grain’, Financial Times 11 April 2000. Monsanto
4 April 2000, ‘Scientists achieve major breakthrough in rice: data to be shared with worldwide
research community’: www.monsanto.com/monsanto/mediacenter/2000/00apr4—rice.

41 Directive 98/44/EC on the Legal Protection of Biotechnological Inventions: Preamble 22-24, &
Article 5.

42 Christian Aid. 1999. Selling Suicide: Farming, False Promises and Genetic Engineering
in Developing Countries.

43 R.F. Service. ‘Seed-sterilizing terminator technology’’ sows discord’. Science Magazine, vol.
282, no. 5390, 30 October 1998: 850-51.
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and breed them with local varieties to boost yields. There are concerns

also that pollen from seed-sterilizing genes could pollinate neighbouring

crops and make their seed sterile. Though Monsanto has given a commit-

ment not to commercialize ‘terminator’ genes, similar gene use restriction

technologies are being developed by other companies.44

Others have drawn attention to the possible effects of GM crops on the

environment, sustainability, and biodiversity in developing countries.

Some of these crops may be grown on a large scale in some developing

countries, mainly for export to industrialized countries. If so, there is a

real risk, according to some commentators, that the lack of effective and

enforceable regulatory provisions in these countries will make it imposs-

ible to prevent adverse environmental effects. The introduction of GM

crops might also threaten the employment of local agricultural labour;

herbicide-tolerant crops, for example, could eliminate the need for much

of the manual weeding still widely undertaken in poorer countries.

Scientists and others have countered by pointing to the potential of

genetic engineering to assist developing countries. The development of

‘golden’ rice to tackle the Vitamin A deficiency that annually kills and

blinds many adults and children in poorer countries was noted in chap-

ter 1. Another strain of genetically modified rice developed by scientists

from Japan and the United States may, on the basis of initial tests,

increase yields by up to 35 per cent.45 As rice is a staple food for almost

half of the world’s population, this may prove to be a vital break-

through. Other research now underway is attempting to improve yields

and increase disease-resistance in other staple crops in developing coun-

tries such as cassava and sweet potato.

Corporate Power and Commercial Policies

The debates about the corporate power and commercial policies

of biotechnology companies, and the intellectual property regime

44 P.Brown. ‘GM giant bows to terminator gene protest’, Guardian, 7 October 1999.
45 P. Brown. ‘Unveiled: the GM rice that could feed world’, Guardian, 31 March 2000.
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governing biotechnology, raise many important issues. Though we are

unable to cover them in this report in the depth or detail they require,

we would like to comment briefly on them.

We have no wish to defend large biotechnology corporations and

understand the reasons for the public unease about some of their prac-

tices. In the case of the agricultural biotechnology sector, public dissatis-

faction also reflects the fact that it has et to deliver any tangible benefits

to consumers.46 Were it to do so, people would have gains of various

kinds to set against their ethical or environmental concerns.

We are concerned, however, that disapproval of some of the practices of

biotechnology companies has unduly coloured the entire debate about

modern biotechnology. The biotechnology industry is not unique in

its corporate structures or commercial strategies. A similar process of

concentration has seen the emergence of giant global corporations in

many other sectors — electronics, automobiles, media, aircraft, pharma-

ceuticals, and consumer electrical goods among others.

Companies in other industries pursue market share and protect their

intellectual property with the same vigour as biotechnology corpor-

ations but are seldom subject to the level of criticism directed at the

latter. Where they are so criticized, the distinction between the possibly

undesirable nature of some corporate practices and the beneficial

character of the technology is readily appreciated. Few would suggest

rolling back the revolution in information and communication techno-

logies because of dislike of the power or policies of major electronics

corporations. Nor should the advances in modern biotechnology be

dismissed solely on these grounds.

These points notwithstanding, the ethical issues raised by biotechnology

differ in important ways from those associated with other industries.

46 Heinz Imhof, president of Novartis Seeds, the leading Swiss biotech company, has acknowledged
that companies had ‘perhaps asked for trouble’ in first introducing crops which, although ben-
eficial to farmers, offered few benefits to consumers. Nature, vol 398, 1 April 1999.
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Because biotechnology has considerable potential for benefit or harm

in areas as central to human concerns as food supply, the plight of the

poor in developing countries, healthcare, and the environment, its ethi-

cal dimensions are more direct and far-reaching than those of many

other industries. The patenting of DNA sequences raises different and

more difficult issues than the patenting of software. We hope that the

independent committee on bioethics recommended in chapter 5 will

be able to consider some of these issues and bring the benefit of its

informed views and analysis to future public debate.

The Consequences of Public Hostility to Biotechnology

There is no doubt that the public opposition which it has encountered

in Europe has created problems for the agricultural biotechnology

industry. This development has had positive aspects. It has underlined,

first, the importance of taking every practicable step to test, research,

and monitor genetically modified crops and foods in order to ensure

that they do not have an adverse impact on human health or the envir-

onment. Second, it has brought it home to biotechnology firms that

consumers determine the commercial success or failure of products and

companies and cannot be taken for granted.

There is a danger however that reasonable concerns about possible

health or environmental risks, or about the denial of consumer choice,

could quickly turn into unreasoning and unyielding opposition to any

form of genetic modification. As we saw in chapter 1, the opposition

to genetic engineering in Europe may well have reached a point at

which it is beginning to put the future progress of European biotechnol-

ogy at risk. It has affected companies involved in pharmaceutical appli-

cations of genetic engineering as well as those in the agricultural

biotechnology sector.

The advances that have made genetic engineering possible represent a

great scientific achievement. Properly managed and regulated in a man-

ner which adequately reflects public concerns, they have the potential
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to be of considerable benefit to individuals and societies in a wide range

of ways in the future. Whether and to what extent this potential is

realized will depend on a number of factors — corporate policies, con-

sumer choices, and political decisions. It would be a serious setback in

our view, however, if the possibility of its realization were put at risk

by a failure to appreciate and fully address public concerns through a

science-based assessment of the risks and benefits of biotechnology as

well as by adequate research, information, education, and com-

munication.

In the next chapter, we look at the regulatory system governing genetic

engineering. Precisely because biotechnology impacts on critical aspects

of human life and the natural world — food, the environment, biodiv-

ersity — it is essential that it be subject to the most stringent regulatory

provisions.
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Chapter 4 — The Regulation of GMOs in Ireland and the EU

I The Development of a Regulatory Framework for

GMOs

From the outset, it has been recognized that genetic engineering must

be subject to thorough and effective regulation. After the transfer of

genes from one organism to another of a different species was first

accomplished by American scientists in 1974, US researchers in the field

agreed that there should be a voluntary moratorium on the creation of

transgenic organisms until appropriate regulations were in place.1 In

June 1976, the National Institute of Health in the United States intro-

duced guidelines governing genetic engineering. Other countries in

which genetic modification was being researched and applied intro-

duced guidelines similar to those in operation in the United States. The

first Irish guidelines were drawn up by Trinity College which estab-

lished the Genetic Manipulation Safety Committee at the start of the

1980s.

There is now an extensive body of regulations in this country governing

genetically modified organisms (GMOs). This regulatory framework

derives from EU Directives which have been transposed into domestic

legislation here, and from EU regulations which are directly applicable

and binding in Member States. The development by the EU of a har-

monized regulatory framework for modern biotechnology dates from

the second half of the 1980s and stemmed from a concern that separate

national control systems might present a barrier to the European single

market. It was recognized also that, as environmental issues did not

respect national boundaries, their regulation equally needed to extend

beyond the nation state.

Box 1 overleaf lists the eight EU Directives and four EU regulations

dealing with GMOs in force at January 2000. The foundation Directives

1 R. Bud. 1993. The Uses of Life: A History of Biotechnology (Cambridge University Press):
175-76.
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— those dealing with the contained use of genetically modified micro-

organisms (90/219/EEC) and the deliberate release of GMOs to the

environment (90/220/EEC) — were transposed into Irish law in

December 1994 by the Genetically Modified Organisms Regulations

1994 (S.I. No. 345 of 1994), as amended in 1996 and 1997. The further

amendment of the Regulations in line with the amendment of the Con-

tained Use Directive by Directive 98/81/EC is at an advanced stage.

The body of legislation outlined here comprises a comprehensive regu-

latory code which covers all the main stages of the innovation cycle —

from the contained use of GMOs in the laboratory for research pur-

poses, to their deliberate release into the environment in field trials, to

the placing on the market of products containing or consisting of

GMOs. It covers the use of GMOs in crops, foodstuffs and animal feed,

as well as in medical, veterinary and plant protection products. The

transportation of genetically modified (GM) products, and the health

and safety aspects of their use within the workplace are also the subject

of regulation.

The EU’s regulatory code governing GMOs is set to be supplemented

and strengthened in the coming years as existing Regulations and Direc-

tives are amended and new Regulations and Directives enacted. Agree-

ment with a view to a common position on a European Commission

proposal to amend the Deliberate Release Directive 90/220/EEC was

reached at a meeting of the Council of Environment Ministers in June

1999.

Two new Regulations on food labelling were adopted in January 2000

and will come into force in April 2000.2 The first, Regulation

49/2000/EC, amended Regulation 1139/98/EC on the labelling of

foodstuffs produced from GMOs in order, among other things, to set a

1 per cent threshold for the adventitious contamination of non-GM

2 Commission of the European Communities. Commission Regulation (EC) No 49/2000.
Commission Regulation (EC) 50/2000.Official Journal of the European Communities 11
January 2000, L6/13-L6/17.
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Box 1: European Union Legislation Regulating Genetically Modified Organisms

Directive/Regulation Purpose Competent Authority Aspects Regulated

Directive 70/524/EEC • To regulate the • Dept. of Agriculture, • Authorisation procedures;
as amended authorisation, marketing Food & Rural conditions of use; labelling

and use of additives in Development and distribution of additives
feediingstuffs in animal nutrition

• Establishes an EU list of
approved additives

Directive 87/153/EEC • To establish guidelines for • Dept. of Agriculture, • Sets out the studies to be
as amended the assessment of additives Food & Rural undertaken and information

in animal nutrition Development provided in an additive
dossier submitted for
assessment

Directive 90/219 • Regulates the contained use • Environmental Protection • Contained use of GMMs
of Genetically modified Agency (EPA) and GM animals and plants
Micro-organisms (GMMs)

Directive 90/220 • Regulates the deliberate • Environmental Protection • Environmental assessment
release of GMOs into the Agency (EPA) for the cultivation and
environment for: • Dept. of Environment and importation of GMOs in

• R&D purposes (field trials) Local Government are the EU
• Placing GMO products on responsible for certain • Animal feed aspects

the market functions e.g. decisions to • Human health aspects
place GMOs on the market relating to the cultivation of
under Article 21 of 90/220 GM crops in the EU

Directive 90/679 • Regulates biological agents • Health and Safety Authority • Workplace contact
in the workplace (HSA)

Directive 94/55 • Regulates the transportation • Department of Enterprise • Transportation
of certain GMOs Trade and Employment

Regulation 258/97 • Regulates novel food and • Department of Health and • Food and food ingredients
novel food ingredients Children* containing or consisting of
including GMOs GMOs

• Food and food ingredients
produced from but not
containing GMOs

Regulation 1139/98 • Regulates the labelling of • Department of Health and • Labelling of foods from GM
certain foodstuffs produced Children soyabeans and GM maize
from GMOs

Regulation 50/2000 • Regulates the labelling of • Department of Health and • Labelling of food and food
foodstuffs and food Children in products containing
ingredients containing additives and flavourings
additives and flavourings containing or produced
that have been genetically from GMOs.
modified or have been
produced from GMOs

Regulation 2309/93 • Regulates GMOs for • Irish Medicines Board • Regulates medicinal and
medicinal and veterinary veterinary products
uses including those containing

or consisting of GMOs

Directive 91/414 • Regulates the use of plant • Department of Agriculture, • Regulates the use of
protection products Food, & Rural pesticides on crops

Development including GM crops.

Directive 98/95 • Regulates the marketing of • Department of Agriculture, • Regulates GM seed to be
GM Plant varieties and Food, & Rural placed on catalogues.
amends current Directive Development
relating to seed

* The competent authority functions will be transferred to the Food Safety Authority of Ireland before the end of 2000.
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foods. The second, Regulation 50/2000/EC, provides for specific

additional labelling requirements for foods containing GM additives and

flavourings intended for final consumers and mass caterers. In addition,

amendments are planned to Regulation 258/97/EC on Novel Foods

and Novel Food Ingredients, and Directive 91/414/EEC on Plant Pro-

tection Products.3 New Regulations or Directives are also to be intro-

duced to cover novel animal feed, genetically modified seeds, and the

labelling of GMO-free foodstuffs.

In the next sections, we look in more detail at the standards and pro-

cedures prescribed in the Directives and Regulations for the use of

GMOs in a range of applications and contexts. First, we note the main

features of the approach taken to the regulation of GMOs in the rel-

evant EU Directives and Regulations, namely:

• an emphasis on the protection of human health and the

environment;

• a requirement for prior approval by a competent national auth-

ority for the use, release, or marketing of GMOs;

• provision for communication, consultation and joint decision-

making among Member States.

II Main Features of the EU Regulatory Framework

1. Emphasis on the Protection of Human Health and the Environment

All regulatory activity involves an attempt to strike an appropriate bal-

ance between, on the one hand, the needs of the economy and industry

and, on the other, the need to ensure that social, health, environmental,

or ethical concerns are given due weight. Though the European Union

attaches great importance to the development of a thriving biotechnol-

ogy sector in Europe, the Directives and Regulations dealing with

GMOs place a clear and consistent emphasis on health and environmen-

tal concerns.

3 Commission of the European Communities. 2000. White Paper on Food Safety: 37-52.
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The first article of the first EU Directive directly to address the use of

GMOs, the Contained Use Directive 90/219/EEC, states that it lays

down common measures ‘with the view to protecting human health

and the environment.’ This emphasis is maintained throughout the

Directive and the companion Deliberate Release Directive. Both

expressly enjoin Member States to take ‘all appropriate measures ... to

avoid adverse effects on human health and the environment’ which

might arise from the use of genetically modified organisms.4

2. Prior Approval Required for the Use, Release or Marketing of GMOs

This emphasis on safeguarding human health and the environment

informs the standards and procedures laid down in the Directives and

Regulations governing GMOs. The cornerstone of the EU’s regulatory

code is the requirement for prior approval by a designated competent

authority for the use, release or marketing of GMOs. Competent auth-

orities are Government Departments or public bodies with a relevant,

specialized scientific expertise. In this country, for example, the

Environmental Protection Agency (EPA) is the competent authority for

Directives 90/219/EEC and 90/220/EEC. The Agency is assisted by

an Advisory Committee on GMOs which comprises representatives of

relevant Government Departments, of organizations involved in

biotechnology research and environmental protection, and of the

biotechnology industry. The EPA also receives advice on food and feed

issues concerning ‘live’ GMOs from the GMO and Novel Foods Sub-

Committee of the Food Safety Authority of Ireland.

Applicants seeking approval from the competent authority of any Member

State for the contained use, deliberate release, or marketing of products

containing or consisting of GMOs must, among other requirements,

submit:

• a technical dossier providing extensive information on the proposed

use, release, marketing, and, where relevant, labelling of the GMO;

• a detailed assessment of the risks to human health and the

environment.

4 Commission of the European Communities. Commission Directive 90/219/EEC, article 6,
and Commission Directive 90/220/EEC, article 4.
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Applications are considered on a case-by-case basis. Where the intro-

duction of GMOs into the environment is involved, a step-by-step

principle is followed whereby the scale of the release can be gradually

increased if evaluation of the initial release indicates that this can be

done without detriment to human health and the environment.

3. Shared Responsibility among EU Member States and the EU

Commission

A distinctive feature of the EU’s regulatory framework for GMOs is

the express provision made for communication, consultation and,

where the marketing of GMOs is concerned, shared decision-making

among Member States. The Deliberate Release Directive, for example,

provides that, if even one Member State objects to a proposed consent

for the placing of a GM product on the EU market, the notification

must be referred to a regulatory committee comprising representatives

of all EU Member States and must secure a qualified majority of the

votes on that body.

The next section looks in more detail at the provisions of the main EU

Directives and Regulations governing GMOs — the Contained Use

Directive 90/219/EEC and the Deliberate Release Directive

90/220/EEC. Subsequent sections outline the regulations governing

GM foods and food ingredients, and food labelling. Finally, we briefly

examine the regulatory provisions governing GM medicines, plant pro-

tection products (pesticides), animal feed, and novel seed.

As we saw in the previous chapter, biotechnology is very much a

research-driven industry. The cultivation of tens of millions of hectares

of GM crops, or the production of millions of units of GM drugs, have

their origins in the analysis and manipulation of micro-organisms in

research laboratories. We must begin therefore with the regulation of

genetically modified micro-organisms (GMMs) in the controlled uni-

verse of the laboratory or factory.
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III The Contained Use of Genetically Modified

Micro-organisms

Directive 90/219 deals with the ‘contained use’ of genetically modified

micro-organisms (GMMs) — defined as uses where ‘physical barriers,

or a combination of physical barriers, together with chemical and/or

biological barriers, are used to limit their contact with the general popu-

lation and the environment.’5 The Directive is transposed into Irish

law under the GMO Regulations 1994. Subject to limited exceptions

provided for in article 11, no contained use of a GMM can be carried

out other than in compliance with the requirements of the Regulations.

To date, over 90 per cent of the users of GMOs in Ireland on the

register maintained by the EPA fall into the category of contained use.

The Regulations distinguish, first, between Type A operations —

small-scale facilities used for teaching, research, development or non-

industrial and non-commercial purposes — and Type B operations

— those which do not come within the definition of Type A oper-

ations, such as commercial laboratories or enclosed factories. It further

differentiates Group I micro-organisms — those considered unlikely

to cause disease to humans, animals or plants, or to have adverse effects

on the environment — and Group II micro-organisms — those

other than in Group I. These distinctions give the fourfold typology for

the classification of operations using GMMs set out below.

Figure 1: Classification of Contained Use Operations

Type A Type B

Group I

GMMs

Group II

5 Commission of the European Communities. Directive 90/219/EEC: article 2 (c).
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The notification requirements, containment measures, and safety pro-

visions prescribed in the Regulations vary in scope and stringency

according to the type of micro-organism being used and the nature of

the research or production facility. The most exacting requirements

apply to Group II micro-organisms in Type B operations, and the least

exacting to Group I micro-organisms in Type A operations.

Notification Requirements for the Contained Use of GMMs

When the contained use of a particular GMM in a particular installation

is proposed, the operator must notify the designated national competent

authority — in this country, the EPA — in advance. This notification

must include an assessment of the risks to human health and the envir-

onment in accordance with detailed parameters set out in the Regu-

lations; information must be supplied under some fifty different head-

ings covering the characteristics of the micro-organism, and the health

and environmental implications of its use.

Where it is intended to carry out a contained use in a particular instal-

lation (e.g. a laboratory or factory) for the first time, approval for the

first-time use of the building for this purpose must be obtained from

the EPA. The requirement to secure approval for the installation is in

addition to the notification and consent requirements for the specific

contained use which it is proposed to carry out. If the first proposed

contained use involves a Group I (low risk) GMM, the installation may

be regarded as approved for such uses if the EPA has not given an

indication to the contrary within 90 days of the notification. The

explicit written consent of the EPA is required for the approval of

installations proposing the use of Group II (higher risk) GMMs; this

must be granted or refused within 90 days.

The notification requirements for the carrying out of specific contained

uses in approved installations also differ depending on the nature of the

GMM and the type of operation involved. Box 2 below outlines the

different procedures in force under the Regulations:
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Box 2: Notification Requirements for Contained Use of GMMs

Group I

Type A: No notification. Records must be kept and made available for

inspection by EPA.

Type B: Notification required but use may proceed after 60 days if no con-

ditions or requirements have been indicated by EPA in that time.

Group II

Type A: Notification required but use may proceed after 60 days if no con-

ditions or requirements have been indicated by EPA in that time.

Type B: Explicit consent required prior to contained use commencing; EPA

decision must be given with 90 days.

Safety Standards and Containment Measures

Micro-organisms have been used in scientific research, food processing

and industrial production for decades and there are well-developed pro-

cedures for ensuring that they are effectively contained and safely hand-

led. The Directive enumerates a number of principles of good microbi-

ological practice and occupational health and safety for the use of

GMMs. A detailed set of additional containment measures are set out

for higher risk Group II micro-organisms ‘so as to ensure a high level

of safety’.

Amendment of the Contained Use Directive

Based on a proposal from the European Commission in December

1995, Council Directive 98/81/EC amending Directive 90/219/EEC

on the contained use of genetically modified micro-organisms was

adopted in October 1998. The purpose of the amendment proposal

was to update the 1990 directive in the light of subsequent operational

experience and advances in scientific knowledge and technical pro-

cesses. The main objectives were to:

• introduce a risk based classification system for GMMs in line with

international practice;

• clarify containment and control measures for the protection of

human health and the environment;
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• link administrative procedures and notification requirements to

the real risk of proposed contained use activities;

• ease administrative procedures without compromising on safety;

• introduce flexibility for adaptation to technical progress.

In the amending Directive, the new classification system is based on

four classes of contained uses under which a class one activity is gener-

ally to be regarded as giving rise to no or negligible risk, whereas a

class four contained use is to be regarded as high risk. The amendment

clarifies the containment and control measures necessary for the pro-

tection of human health and the environment by identifying four

corresponding containment levels which increase in line with the

classifications of use. Thus, in the case of higher-risk uses, more strin-

gent conditions apply in areas such as air filtering, inactivation of

waste, and emergency provisions to deal with the possible accidental

escape of GMMs.

The agreement reached on the amendment of the Contained Use

Directive signified a consensus among Member States to update the

provisions of the Directive without, on the one hand, compromising

the protection of human health and the environment, or, on the other,

unfairly inhibiting the development of the biotechnology sector. Mem-

ber States were required to transpose the amending Directive into

national law by 5 June 2000. In Ireland’s case, the substantial amend-

ment of the GMO Regulations, 1994, particularly Part II and Schedules

I-VI, which this entails is at an advanced stage.

IV The Deliberate Release of Genetically Modified

Organisms

After new GM products have been developed in contained settings,

the next stage of the EU regulatory process deals with their deliberate

release into the environment for R&D purposes, i.e. their release
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without the physical or other barriers of the laboratory or factory to

limit contact with the general population and the environment. The

Deliberate Release directive covers all types of release of GMOs,

including plants and animals, from small-scale field tests to the placing

of products on the market. It distinguishes between and makes separate

provision for:

• deliberate releases undertaken for the purpose of research and

development or any purpose other than the marketing of GMOs

(part B of the Directive);

• deliberate releases involving the placing on the market of products

containing or consisting of GMOs (part C of the Directive).

In accordance with the step-by-step principle which underlies the EU’s

regulatory framework, the Directive stipulates that products containing

or consisting of GMOs shall not be considered for placing on the market

without first having been subjected to satisfactory field testing at the

research and development stage in ecosystems which could be affected

by their use. We look first, therefore, at the deliberate release of GMOs

for research and development purposes, e.g. field trials in the case of

crop plants like sugar beet.

Deliberate Release for R&D Purposes

Box 3 below outlines the procedures governing the deliberate release

of GMOs into the environment for R&D purposes under Directive

90/220/EEC. These provisions exemplify the key features of the EU

regulatory framework noted previously: (i) the emphasis on the protec-

tion of human health and the environment; (ii) the requirement for

prior notification to, and approval by, a designated competent authority

and (iii) the arrangements for communication and consultation among

Member States.
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Box 3: Procedure for Field Trial Releases of GMOs in Ireland

Step 1 Procedure

1 Notification of proposed release submitted and acknowledged by EPA.

2 Summary of notification sent to European Commission by EPA.

3 Notification details entered in public register by EPA*

4 Within 14 days of EPA acknowledgement, applicant must:

• issue a public notice, and

• notify the local authority and any land owners concerned.

5 Representations by third parties must be submitted to EPA within 21

days of public notice.

6 EPA must advise applicant of its decision on the information, if any,

to be treated as confidential — applicant has 14 days to withdraw

notification.

7 EPA may request additional information from applicant.**

8 EPA must evaluate potential risks posed by the deliberate release,

including consideration of any observations received from other EU

Member States or representations received from third parties, and

make a decision within 90 days.

9 EPA may decide either to:

• grant consent with or without conditions, or

• refuse consent.

10 Applicants must submit results of deliberate releases to EPA.

* Information which is identified by the applicant as confidential, and agreed

by the EPA, may not be entered in the public register pending the outcome

of step 6. Some information cannot be kept confidential — for example a

description of the GMO.

** The 90 day period within which notification must be determined by the EPA

stops pending receipt of such additional information.

Applications for deliberate release must, first, include a detailed technical

dossier dealing with the GMO, the conditions of its release, the receiv-

ing environment, the interaction between GMO and the environment,

as well as the provision made for monitoring, control, waste treatment

and emergency response plans. Details of previous releases of similar
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GMOs must also be furnished. In all, applicants must furnish infor-

mation under more than one hundred headings. Second, applications

for deliberate release must contain a statement evaluating the impacts

and risks to human health and the environment posed by the GMO.

The applicant may only proceed with the release of a GMO if written

consent has been granted by the EPA and the release must be carried

out in conformity with any conditions imposed by that consent. In

considering a notification of the proposed release of a GMO, the EPA

is required to:

• examine it for compliance with the Regulations,

• evaluate the risks posed by the release,

• record its conclusions in writing, and if necessary,

• carry out such tests or inspections as may be necessary for control

purposes.

Subsequent to granting consent, the EPA may modify the conditions

of, suspend, or end a field trial if information indicating significant con-

sequences for the risks involved becomes available.

In this country to date, one field trial of two GM sugar beet products,

took place in the 1997 growing season, five field trials of one GM sugar

beet product were undertaken in the 1998 season, and four field trials

with a GM sugar beet were planted at three locations in 1999. In the

EU as a whole, notifications of over 1,500 field trials of some 70 differ-

ent genetically modified plant species were issued in accordance with

the provisions of part B of the Directive from October 1991 to Sep-

tember 1999. After such trials have been completed, those undertaking

them must send a report to their competent national authority outlining

any new information obtained about the risks to human health and the

environment.
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Placing GM Products on the EU Market

The second form of release under Directive 90/220/EEC involves the

placing of products containing or consisting of GMOs on the EU mar-

ket. The term ‘‘placing on the market’’ is defined in the Directive as

‘‘supplying, or making available, such products to third parties’’. The

approval of GM products for open availability and sale represents the

final stage of the environmental protection requirements and is conse-

quently of particular importance.

The main difference between the consent procedures for market

approvals and field trials lies in the enhanced role given to other EU

Member States in determining marketing notifications. Consents

granted for the marketing of GM products have Community-wide

effect and, under EU law, it is not possible for individual Member States

unilaterally to exclude a product which has received approval under the

directive. For this reason, the competent authorities in all Member

States must be consulted under the Community procedures for

determining marketing notifications and are permitted to raise any

objections which they may have.

If an objection by even one of the competent authorities cannot be

resolved, the notification must be referred by the European Com-

mission to a regulatory committee comprising representatives of all EU

Member States and must secure a qualified majority of the votes in that

body.6 In other words, a margin of over 70 per cent to 30 per cent is

required for the committee to approve a proposal from the European

Commission to grant marketing consent for a product. A unanimous

decision of the committee is required to reject or amend a proposal. If

a proposal to grant consent for the marketing of a GM product is not

approved by the committee by qualified majority, it must be referred

to the Council of Ministers for a decision. Qualified majority support

is again required to approve a notification and unanimity to reject or

6 Regulatory Committee on the Release of GMOs to the Environment provided for under Article
21 of Directive 90/220/EEC.
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amend it. If the Council cannot reach a decision within three months,

the proposals must be adopted by the European Commission.

These provisions effectively add an additional layer of supra-national

supervision to the national arrangements in place for the regulation of

GMOs. While some favour the additional checks and balances which

this brings to the regulatory process, others believe that it makes EU

procedures unnecessarily cumbersome. In the recent negotiations on a

European Commission proposal to update the Deliberate Release

Directive, Ireland has consistently taken the view that a high level of

precaution and transparency are necessary in this relatively new and

rapidly developing sector.

Marketing Approvals Under the Deliberate Release Directive

To date, eighteen marketing consents have been granted at EU level

for sixteen GM products under part C of the Deliberate Release Direc-

tive. These products which can thus be sold or otherwise made available

in any Member State are as follows:

• three animal vaccines: two for Ausjeszky’s diseases and one for

rabies

• herbicide-tolerant tobacco

• four varieties of oilseed rape modified for herbicide tolerance and

hybrid production

• herbicide-tolerant soybeans

• herbicide-tolerant male sterile chicory

• four varieties of maize modified for herbicide tolerance and insect

resistance

• micro-organism kits for the detection of antibiotics in milk, and

• three varieties of carnation modified for colour change and

increased vase life.
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It should be noted that the Deliberate Release Directive permits any

Member State with justifiable reasons for considering that a product

approved under the Directive constitutes a risk to human health or the

environment to restrict or prohibit its use or sale on its territory on a

provisional basis. The European Commission and other Member States

must be informed of any such action and of the reasons for it. In such

cases, a decision must be taken within three months in accordance with

the procedure laid down in Article 21 of the Directive. To date, Austria,

Luxembourg, France, Germany, and Greece have invoked this pro-

vision to prohibit genetically modified maize that had received market-

ing authorization under the Directive. Resolutions of these provisional

actions were not reached within the prescribed three-month period and

they remain unresolved.

Amendment of the Deliberate Release Directive

In February 1998, the European Commission issued a proposal to

update the Deliberate Release Directive in the light of operational

experience and developments in science and technology since the

Directive came into effect in October 1991.7 The main objectives of

the proposal were to:

• extend and clarify the scope of the Directive so that the pro-

cedures to be followed are commensurate with the risks;

• speed up the administrative procedures by early transmission of

information and the introduction of a mediation period;

• develop greater uniformity in decision-taking between Member

States, based on common principles for risk assessment;

• extend the flexibility of the Directive while maintaining a high

level of protection for health and the environment;

• increase transparency; and

7 Proposal for a European Parliament and Council Directive amending Directive
90/220/EEC on the Deliberate Release to the Environment of Genetically Modified
Organisms — COM (1998) 85 final, OJ no. C139, 4.5. 1998.
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• facilitate the link between the Directive and EU product

legislation.

The European Parliament completed its first reading of the amending

proposal in February 1999 and the European Council of Environment

Ministers reached political agreement with a view to a common posi-

tion on it in June 1999. The main feature of the Council agreement

was an overall strengthening of the safety and transparency provisions

of the Directive through a range of specific amendments including—

• new common principles to ensure consistency in undertaking

environmental risk assessment of product notifications;

• a new provision imposing a ten-year time-limit on first-time con-

sents to market GM products in the EU, plus specific new

requirements for post-release monitoring;

• improved labelling requirements linked to a provision to facilitate

full traceability of GM products through all stages of the pro-

duction process;

• new provisions for public participation in the regulatory pro-

cedures for the placing of GM products on the EU market; and

• a recognition of the ethical issues raised by genetic modification

and the consideration of provisions whereby they could be

addressed.

Following the adoption of the common position by the Council of

Environment Ministers, the European Parliament completed its second

reading of the proposal. The amending Directive will now be finalized

between the Council and the Parliament in accordance with Com-

munity co-decision procedure. After its final adoption, Member States

will have eighteen months to transpose the Directive into national law.

In the case of Ireland, this will involve a substantial amendment of

national regulations.
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V Food Safety

The health and safety implications of genetically modified foods were

the subject of detailed investigation and regulation before any such

foods came onto the market. Procedures for assessing the safety of foods

produced by genetic engineering were devised by expert groups estab-

lished by the Food and Agricultural Organization and the World Health

Organisation in 1991, and by the OECD in 1992.8 These guidelines

had a major influence on the approach to the regulation of GM foods

followed subsequently in the European Union and elsewhere.

The concept of substantial equivalence is central to the assessment pro-

cedures developed by the OECD and FAO/WHO.9 This involves a

comparison of the GM food with its conventional counterpart on the

basis of agronomic, compositional, and toxicological tests. If the modi-

fied food is determined to be substantially equivalent to an existing

food, it is not considered to present significant safety or nutritional

concerns, though further safety assessments are still carried out. If the

modified food is not substantially equivalent to any existing food, more

detailed nutritional, toxicological, immunological, and other tests are

required to establish its safety.

In the European Union, foods and food ingredients derived from

GMOs are governed by the Novel Foods and Novel Food Ingredients

Regulation (EC) 258/97. A novel food is a food or food ingredient

which has not, as of 15 May 1997, been used for consumption to a

significant degree within the European Union. This includes foods con-

taining, consisting of, or produced from GMOs. The Novel Foods

Regulation introduced a statutory pre-market approval system for all

novel foods. This means that a company may not market such a food

in the EU if it has not received advance clearance under the Regulation.

8 World Health Organization. 1991. Strategies for Assessing the Safety of Foods Produced
by Biotechnology: Report of a Joint FAO/WHO Consultation. OECD 1992. Safety
Considerations for Biotechnology. OECD. 1993. Safety Evaluation of Foods Derived
by Modern Biotechnology: Concepts and Principles.

9 OECD. 1993., op. cit: pp 13-16. Professor L. Donaldson and Sir R. May. 1999. Health Impli-
cations of Genetically Modified Foods, paras. 71-73.
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Box 4 below outlines the procedures dealing with the placing of novel

foods on the market in the European Union.

The Department of Health and Children was designated the competent

authority for Ireland under the Novel Foods Regulation; it acts on the

advice of the GMO and Novel Foods Sub-Committee of the Food

Safety Authority of Ireland. The FSAI is due to take over as the com-

petent authority and assessment body for this country for the purposes

of Regulation (EC) 258/97 before the end of 2000.

The procedures for marketing approvals under Regulation (EC) 258/97

embody the key features of the regulatory system noted already: an

emphasis on the protection of human health and the environment; a

requirement for pre-market authorization by a designated authority; and

arrangements for communication, consultation and, in this case, joint

decision-making among EU member states.

Applicants seeking marketing approval for their product are required to

supply a detailed dossier of information on the GMO, the conditions

of its release, the characteristics of the receiving environment, the inter-

actions between GMO and environment, and the provisions made for

monitoring, control, waste treatment, and emergency planning. An

assessment of the risks to human health and the environment must also

be supplied by the applicant. The environmental risk assessment is car-

ried out under the provisions of the Deliberate Release Directive, while

the health risk assessment is done under the Novel Foods Regulation.

In order to help ensure a common approach by member states, the

European Union’s Scientific Committee on Food has produced guide-

lines dealing with the information needed to support an application and

the format in which it should be presented. Guidelines have also been

produced on the way in which an initial assessment report should be

prepared by the designated national authorities.

The Regulation permits applicants seeking approval for novel food

products to make the claim that their product is substantially equivalent
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Box 4: Procedures for Placing Genetically Modified Food Products on

the Market under Regulation (EC) 258/97

1. The application containing a complete dossier of the required information,

must be submitted by the company to the Competent Authority in the

Member State where the product will be launched (in Ireland, the Depart-

ment of Health and Children). At the same time, the applicant must forward

a copy of the request to the European Commission.

2. Upon receipt of the request, the Member State must ensure that an initial

assessment is carried out within a period of three months.

3. The initial assessment, accompanied by the opinion formed by the Member

State (either favourable or unfavourable), must then be forwarded to the

Commission. If the report is unfavourable then an additional safety assess-

ment must be carried our (see 6). The EU Scientific Committee on Food

must be consulted on any matter within the scope of the Regulation likely

to have an effect on public health.

4. The Commission then forwards the initial assessment to the other Member

States and any comments or objections must be presented to the Com-

mission within a period of sixty days.

5. Where no objection is raised the initial Competent Authority must, follow-

ing consultation with the Commission, inform the applicant who may then

freely launch the product.

6. Where an additional assessment is carried out or an objection is raised, the

Commission is assisted by the Standing Committee for Foodstuffs. If this

Committee approves the application with a qualified majority* the initial

Competent Authority must inform the applicant who can freely launch the

product.

7. If no qualified majority is reached the Commission forwards the application

to the Council of Ministers. The Council has three months to make a quali-

fied majority decision.

8. If no qualified majority is reached, or if the Council has not acted, the

proposed measures must be adopted by the Commission.

* To reach a qualified majority 62 votes are required out of a possible 87. These

votes are weighted by country where the weighting broadly reflects the coun-

try’s population. Under qualified majority voting rules, Ireland has 3 votes,

medium sized countries such as Greece and Belgium have 5 and larger coun-

tries such as the UK & Germany have 10.
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to existing foods or food ingredients. Applicants who take this option

must notify the European Commission when they first market the

product; in support of the claim, they must submit evidence based on

generally available and recognised scientific findings, or an opinion

delivered by one of the competent authorities designated for the pur-

poses of the Directive. The Commission must then forward a copy of

this application to other member states and must publish annually a list

of such notifications.

A new Regulation amending the provisions laid down in Regulation

258/97 for the authorisation of novel foods and novel food ingredients

is in preparation. Its aim is to strengthen the clarity and transparency of

the existing procedures.

European Union White Paper on Food Safety

The BSE crisis and other cases of food contamination and food-borne

disease have undoubtedly undermined the confidence of people in

Europe in the safety of the food they eat. In response, the European

Commission published a White Paper on Food Safety in January 2000.10

This stated that assuring the highest standards of food safety was a key

policy priority for the European Union and proposed a radical new

approach to achieve it.

The measures proposed in the White Paper include, first, the establish-

ment of an independent European Food Authority by 2002. The pro-

posed Authority is to have responsibility for, among other things, the

provision of independent scientific advice on all aspects of food safety,

for communication and dialogue with consumers on food safety issues,

and for the operation of rapid alert systems to deal with outbreaks of

food contamination.

The White Paper proposes, second, that a new legal framework for

food safety be put in place in the European Union. This would cover

10 Commission of the European Communities. 2000. White Paper on Food Safety.
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the whole of the food chain, including animal feed production, establish

a high level of consumer health protection, and place primary responsi-

bility for safe food production with producers and suppliers. As noted

earlier, a wide range of new legislative measures are outlined in further-

ance of this objective, including new and amended Regulations and

Directives dealing with GMOs. The White Paper states, third, that a

EU-wide framework will be developed for the operation of national

control systems in order to ensure that legislation is implemented and

enforced in a consistent way in all Member States. The European Union

Food and Veterinary Office which is based in this country will play a

key part in the attainment of this objective.

The White Paper sets out an ambitious and far-reaching programme of

institutional and legal reform. When fully implemented, it should ensure

that the European Union will be in a position to achieve standards of

food safety that are second to none. In doing so, it will help to restore

public confidence that the food they eat is safe and that the procedures

in force to ensure its safety are effective.

VI Labelling of GM Products

Prior to 1997, the labelling requirements for GM products under the

Deliberate Release Directive were regarded as incomplete in that there

was no express requirement for labels to indicate that such products

contained GMOs. The granting of marketing approval for a GM

soybean in 1996 and a GM maize in early 1997 increased the pressure

for stronger labelling requirements. In July 1997, a technical amend-

ment to the Deliberate Release Directive introduced the following

additional requirement:11

Proposed Labelling. This must include in a label or an accompanying document

an indication that the product contains, or consists of genetically modified organ-

isms. In the case of products to be placed on the market in mixtures with non-

genetically modified organisms, information on the possibility that the genetically

modified organisms may be present is sufficient.

11 Genetically Modified Organisms (Amendment) Regulations 1997 (S.I. 332 of 1997).
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Regulation 258/97/EEC on Novel Foods and Novel Food Ingredients

which had come into effect several months earlier in May 1997 also

contained provisions about product labelling. Article 8 of the Regu-

lation provides that special labelling of novel foods was required where:

• The novel food differs from the equivalent convention food due

to a change in composition or nutritional value

• Consumption of the novel food has health implications — if,

for example, it contains an allergen not present in the equivalent

food.

• The novel food creates ethical considerations — for example, a

food plant containing DNA of animal origin.

• The novel food is or contains a GMO.

The labelling requirements of the Novel Food Regulation could not

be applied retrospectively to the GM soya and maize products whose

marketing authorizations under the Deliberate Release Directive ante-

dated its adoption. Regulation (EC) 1139/98 was enacted in May 1998

as a result in order to set down detailed labelling requirements for foods

and food ingredients produced in whole or in part from GM soya or

maize which are to be delivered as such to the final consumer. Products

produced using GM techniques, but which do not contain DNA or

proteins resulting from the genetic modification, are exempt from these

requirements. The Regulation does not apply to food additives and

flavourings.

In October 1999, member states agreed to amend EC Regulation

1139/98 in order to cover foods which are to be delivered as such to

mass caterers and to introduce a 1 per cent threshold for the adven-

titious, or accidental, contamination of non-GM produce. These pro-

visions were enacted in Regulation (EC) 49/2000 adopted in January

2000 and came into effect on 10 April 2000.12 The aim of the threshold

12 Commission Regulation (EC) No 49/2000 of 10 January 2000. Official Journal of the
European Communities 11 January 2000, L6/13-L6/14.
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is to ensure that food ingredients obtained from non-GM sources do

not have to be labelled as such if they contain low levels of GM material

as a result of adventitious contamination. The threshold applies only to

ingredients obtained from non-GM sources; there is no threshold for

supplies obtained from sources of unknown origin. In order to establish

that the presence of GM material is adventitious, companies will have

to be able to demonstrate to the competent national authorities that

their ingredients are of non-GM origin. Finally, the 1 per cent threshold

applies at the level of each ingredient considered separately, and not to

the whole food.

Regulation (EC) 50/2000 adopted in January 2000 which came into

force on 10 April 2000 deals with additives and flavourings that have

been genetically modified or produced from GMOs and are used as

ingredients in foodstuffs; these were not covered by the labelling pro-

visions of previous Regulations.13 The Regulation makes it obligatory

to indicate on the labelling of foodstuffs containing such additives or

flavourings that these contain, consist of, or have been produced from

GMOs. The Regulation does not apply to GM additives and flavourings

sold as such to the final consumer. A separate Regulation is to be intro-

duced at a later stage for this purpose. A new Regulation is also to be

introduced on the labelling of GMO-free foodstuffs. Its aim is to give

operators the possibility of using labelling claims which refer to the non-

use of genetic engineering techniques in the production of foodstuffs.

VII GM Medicines

Medicinal Products

All medicinal products, including those derived from, containing, or

consisting of genetically modified organisms must be licensed in accord-

ance with both national and European Union legislation before they

can be placed on the market in Ireland. An essential element of the

13 Commission Regulation (EC) No 50/2000 of 10 January 2000. Official Journal of the
European Communities 11 January 2000, L6/15-L6/17.
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licensing process is that the applicant must demonstrate the safety, qual-

ity, and efficacy of the medicinal product concerned to the satisfaction

of the regulatory authority. It is only on the basis of such proven safety,

quality, and efficacy that the authorities will licence the product having

due regard to the relative risk/benefit ratios.

The Irish Medicines Board is the competent authority in Ireland for

the licensing of medicinal products. However, under Regulation (EC)

2309/93 medicinal products developed by the following biotechnolog-

ical processes are required to be licensed by the European Commission

on the advice of the European Agency for the Evaluation of Medicinal

Products [EMEA]:

• recombinant DNA technology;

• controlled expression of genes coding for biologically active pro-

teins in prokaryotes and eukaryotes, including transformed mam-

malian cells;

• hybridoma and monoclonal antibody methods.

A Commission communication on the Regulation has indicated that

products intended for gene therapy, vaccines from strains developed by

means of recombinant DNA technology, including gene deletion, and

medicinal products for which a monoclonal antibody is used at any

stage in the manufacturing process are included among the products

which must be licensed centrally by the European Commission. Veter-

inary medicinal products, including those not derived from biotechnol-

ogy, intended primarily for use as performance enhancers in order to

promote the growth of treated animals, or to increase yields from

treated animals, must also be licensed by the Commission.

An application for the authorization of a medicinal product for human

use, whether it is required to be submitted to the Irish Medicines Board

or, in the case of GM products, to the European Commission, must be

accompanied by the particulars and documents specified in the relevant
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Directives. In the case of a medicinal product containing or consisting

of GMOs, the application must also be accompanied by:

• a copy of any written consent or consents of the competent auth-

orities to the deliberate release into the environment of the gen-

etically modified organisms for research and development pur-

poses where provided for by Part B of Directive 90/220/EEC;

• the complete technical dossier supplying the information

requested in Annexes I and II to Directive 90/220/EEC, the

environmental risk assessment resulting from this information, and

the results of any investigations performed for the purposes of

research and development.

Articles 11-18 of Directive 90/220/EEC do not apply to medicinal

products for human use containing or consisting of genetically modified

organisms.

Labelling of Medicinal Products

Both Irish and European law contain specific provisions for the labelling

of medicinal products and for the provision of package leaflets (patient

information leaflets) relating to such products. There is also provision

in law as to the manner in which such products may be advertised to

the general public.

There are no provisions dealing with labelling and package leaflets

which relate specifically to medicinal products containing or consisting

of genetically modified organisms. Rather, the legislation sets out the

information that must be conveyed both on the packaging and in the

package leaflets for all medicinal products for human use. Such packag-

ing and leaflets must be approved by the relevant regulatory authority.

Advertising of Medicinal Products

Because of their nature, medicinal products containing or consisting of

GMOs are likely to be the subject of prescription control and, as such,
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may not be advertised directly to members of the general public. Such

products may only be advertised directly to health professionals, and the

advertising must:

• include essential information compatible with the summary of

product characteristics;

• contain information as to whether the product is subject to pre-

scription control;

• ensure that all the information is accurate, up-to-date, verifiable,

and sufficiently complete to enable the recipient to form his or

her own opinion of the therapeutic value of the product;

• ensure that quotations, tables, and other illustrative matter taken

from medical journals or other scientific works are faithfully

reproduced and the precise sources indicated.

In addition, employers of medical sales representatives are obliged to

ensure that such employees are given adequate training and have suf-

ficient knowledge to be able to provide information which is precise

and as complete as possible about any product which they promote.

VIII GM Animal Feedingstuffs, Seed, and Pesticides

A comprehensive set of legislation governing the quality, authorization,

and marketing of animal feedingstuffs, including feed additives, has been

adopted at EU level and is currently in operation in Ireland. In the

context of GMO controls, the principal legal instruments are Directive

70/524/EEC concerning additives in feedingstuffs and Directive

82/471/EEC concerning certain products used in animal nutrition

(non-conventional/novel feedingstuffs). The Department of Agri-

culture, Food and Rural Development is designated as the competent

authority in Ireland for all feedingstuffs legislation.

Directive 70/524/EEC sets out the procedures for the authorization,

marketing and use of feed additives. To obtain authorization, a
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manufacturer must submit a dossier, drawn up in accordance with estab-

lished guidelines (Directive 87/153/EEC) demonstrating the quality,

safety, and efficacy of the product. If the feed additive contains or con-

sists of a GMO, additional specific information and studies are required

which take account of the potential risks associated with this tech-

nology. A number of enzymes produced by GMOs have recently been

authorized as feed additives. To date, however, no genetically modified

micro-organism as such has been authorized for use in animal nutrition.

Genetically modified cereals and other seeds marketed as feedingstuffs

currently fall within the scope of Directive 90/220/EEC, since such

materials are capable of replication or of transferring genetic material.

However, by-products derived from GM crops intended for use as feed-

ingstuffs are not yet regulated at EU level. The Commission has indi-

cated its intention to submit a proposal to the Council of Ministers in

the near future to provide for specific legislation governing all feed-

ingstuffs whether containing or derived from GMOs. An amendment

to Directive 82/741/EEC is proposed as this Directive already deals

with feed materials requiring risk assessment.

Regulations Governing Marketing of Seed of Crop Species

Varieties of agricultural crop species may only be marketed in Ireland

if they are listed in either the Common Catalogue of Agricultural Crop

Species (Directive 98/95/EC) or the National Catalogue of Agricultural

Crop Varieties.

If a genetically modified variety (GMV) has received approval for release

and marketing under Parts B and C of the Deliberate Release Directive

90/220/EEC and fulfils the conditions for VCU (Value for Cultivation

and Use) and DUS (Distinctiveness, Uniformity, and Stability), it may

be added to the relevant National Catalogue. It then goes automatically

onto the Common Catalogue. This enables it to be presented for seed

certification and marketing in all Member States. If the competent auth-

ority in a Member State considers, however, that the variety might pose
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an environmental or health risk, it can impose additional test require-

ments before giving consent for commercial release.

A number of genetically modified seed varieties have been given mar-

keting authorizations under Part C of the Deliberate Release Directive

90/220/EEC and have then been placed on the Common Catalogue.

As such, seed of these varieties could be presented for certification and

marketed in Ireland. To date, no applications for certification of seed

of a GMV have been received by the Irish certification authorities.

Directive 98/95/EC — Seeds Package

From 1993 the Common Catalogue and Seed Certification regulations

were the subject of review and revision at EU level to take account

of developments in the area of genetic engineering. A new Directive,

98/95/EC, was adopted by the Council of Agriculture Ministers in

December 1998. Appropriate amendments to national legislation were

required to be enacted by 1 February 2000.

The main features of the new Directive as they relate to genetically

modified varieties are as follows:

• GMVs on the Common Catalogue will be clearly labelled as such;

• labelling procedures for seed certification will be modified

accordingly;

• GMVs will need both Part B and Part C authorizations under

Directive 90/220/EEC in order to enter the Common Catalogue;

• If it is established that a GMV on the Common Catalogue could

be harmful from the point of view of other species or present a

risk to the environment or to human health, the marketing of

that variety may be prohibited.

The current provisions for the testing and release of GMVs under

Directive 90/220/EEC will also be subject to revision in the light of

●147



the overall amendment of the Directive agreed by the Council of Envir-

onment Ministers in June 1999.

Pesticides

There is an extensive body of EU legislation governing the use of pes-

ticides. Directive 91/414/EEC is the cornerstone of this regulatory code

and stipulates that safety concerns should take precedence over plant

health considerations. The onus of proof is placed on the industry to

demonstrate that its products are safe and effective. Firms are required

to supply the necessary data and information to support claims about

the safety and efficacy of their products. The role of the regulatory

authorities is to assess the information and data provided by firms and

to make decisions about the authorization of plant protection products

on the basis of the data and information provided.

The competent authority in this country for the purposes of the main

body of EU legislation on pesticides is the Pesticide Control Service

[PCS] of the Department of Agriculture, Food and Rural Development.

To date, however, the role of the PCS in regard to the regulation of

GMOs has been peripheral. It is likely to remain so unless and until

GMOs are developed for use as biological pesticides.

The Pesticide Control Service has had an involvement in the following

three areas:

• processing applications for the authorization of specific pesticides

for use in trials to assess their effects on GM crops — for example,

the use of Roundup herbicide on herbicide-tolerant sugar beet;

• assessing the nature and content of residues remaining in geneti-

cally modified crops which have been treated with plant protec-

tion products and developing appropriate Maximum Residue

Limits [MRLs];

• providing advice, where requested, to the Environmental Protec-

tion Agency on issues relating to pesticides, their use and effects,

in the context of applications for the deliberate release of GMOs.
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IX The Regulation of GMOs in the United States

and Other Countries

The United States pioneered biotechnology and continues to lead the

way in its application to agriculture, healthcare, and other sectors. It

accounts, for example, for around three-quarters of the current global

acreage of genetically modified crops. This dominance means that the

regulatory system for GMOs in the United States is of influence and

importance well beyond its shores.

The regulation of the importation, interstate movement, and environ-

mental release of genetically engineered plants and micro-organisms is

primarily the responsibility of the Animal and Plant Health Inspection

Service [APHIS] of the US Department of Agriculture [USDA].14

Crops that have been genetically engineered for insect resistance by the

incorporation of genes from the soil bacterium Bacillus thuringiensis are

regarded as pesticides and are regulated by the Environmental Protec-

tion Agency which has regulatory responsibility for this area. The Food

and the Drug Administration is the regulatory body for GM foods with

the exception of meat, egg and poultry products which are the responsi-

bility of USDA.

Prior to 1993, permits were required from APHIS in all cases for (a)

the movement and importation of GMOs and (b) the environmental

release, or field testing, of genetically modified crops. Applicants seeking

such permits had to provide detailed information on the risks to health

and the environment. The US regulatory code in this period was thus

broadly similar to that in the European Union.

Recent years, however, have seen a progressive relaxation of the regu-

latory regime governing GM crops in the United States. In 1993, a

simpler, less onerous notification system was introduced for field trials

of six GM crops (maize, cotton, soybeans, potatoes, tomatoes, and

14 The account of the US regulatory code which follows is mainly drawn from the following
official websites: www.aphis.usda.gov/biotech; www.epa.gov/epahome.rules; and
www.fda.gov/oc/biotech.
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tobacco) whose safe use had, in the view of the US authorities, been

established through extensive field trials. Applicants for notification are

required to meet a number of specified criteria and to satisfy various

performance standards. In 1997, the notification procedure was

extended to all GM plant species not listed as noxious weeds. Almost

90 per cent of current field tests in America are now covered by the

notification, rather than the permit, procedure. American producers or

growers can also petition APHIS that particular GM plants or crops

should no longer be subject to regulation. In considering such petitions,

APHIS must prepare a Determination which examines whether the

genetically modified micro-organism or plant poses a plant pest risk and

an Environmental Assessment which considers the potential environ-

mental impact of deregulation. By 1999, APHIS had ruled that nineteen

varieties of seven crop plants should no longer be regulated.

These changes signalled that the US regulatory code had effectively

reached a point where GM crops were presumed safe unless there was

express evidence to the contrary. This has not prevented USDA from

tightening regulations where it has considered that GM crops present

possible health or environmental risks. As discussed in chapter 2, for

example, the regulations governing the cultivation of crops modified

for insect resistance by the incorporation of Bt toxins have been

strengthened because of concerns about enhanced resistance among tar-

get insects and adverse impacts on non-target insects.

The approach taken by US Food and Drug Administration to the regu-

lation of GM foods and food ingredients also differs significantly from

that followed in Europe. In 1992, the FDA determined that foods

derived from new plant varieties produced by genetic modification

should, unless special circumstances were applicable, be regulated no

differently than foods produced by conventional means. Reviews of

GM food products would be necessary only where specific safety issues

were raised — for example if the gene for peanut protein to which some

people are allergic were inserted into a food. The Authority specified a
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number of other particular safety issues which might require an eval-

uation of certain GM foods. A similar approach is taken by the FDA to

the issue of labelling. The Authority does not require food products to

be expressly labelled simply because they contain or consist of GMOs.

Labelling is necessary only where specific safety issues such as allergenic-

ity arise in connexion with GM foods.

Though the opposition to GM crops and foods in Europe has not, for

the most part, been mirrored to date in the United States, government

departments and agencies have recently taken a number of steps to

improve communication and consultation with the public on the issue.

In March 1999, the United States Department of Agriculture

announced the establishment of a biotechnology advisory committee

comprising scientists, farmers, industry groups, environmentalists, and

members of the public.15 In July 1999, the US Agriculture Secretary,

Dan Glickmann, announced the establishment of an independent scien-

tific review of his Department’s biotechnology approval procedures.16

He also expressed the view that ‘some type of informational labelling’

about GMO foods was likely to be introduced in the United States at

some stage in the future. In November 1999, the US Food and Drug

Administration began a series of public meetings in American cities in

order ‘to engage the public about foods using bioengineering’.17

Following these initiatives, the Food and Drug Administration

announced in May 2000 that it would henceforth require companies

introducing new GM foods to provide notice and supporting scientific

data 120 days in advance.18 This material would then be placed on the

Internet for public information purposes. The FDA is also to develop

guidelines for the voluntary labelling of GM foods; it will also permit

producers of food containing no GMOs to label it as GM-free.

15 Nature vol. 399, 10 June 1999: 508.
16 D. Glickman, Secretary of Agriculture, Address to National Press Club on New Crops,

New Century, New Challenges, Washington D.C, 13 July 1999.
www.usda.gov/news/releases/1999/07/0285.

17 Nature vol. 402, 9 December 1999: 571.
18 Nature vol. 405, 11 May 2000: 108.
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In Japan, regulations governing GM crops and foods have also been

significantly strengthened in the recent past in response to increased

public concern.19 In June 1999, authorizations of Bt crops were sus-

pended until criteria for evaluating their safety had been put in place

by regulatory authorities. In August 1999, draft regulations published

by the Ministry of Agriculture provided that some 30 food products

containing GM ingredients should contain labelling information to

this effect. In December 1999, the Ministry of Health and Welfare

stated that tests on the potential health risks of GM foods which are

currently carried out on a voluntary basis would be mandatory from

April 2001. The evaluation of new GM foods would be suspended

until that date. Most Japanese food manufacturers have indicated that

they have stopped using GMOs in their products. New or strength-

ened labelling requirements were also introduced in Australia and

New Zealand in 1999.20

World Trade and GMOs

In a global trading environment marked by a commitment to free

trade, differences in the regulatory provisions and procedures govern-

ing GM crops and foods in particular countries or trading blocs have

the potential to create difficulties and conflict. American producers,

for example, view the more restrictive standards on genetic modifi-

cation in operation in Europe and other countries as a covert form

of protectionism. The US government has argued that some such

restrictions may be in breach of World Trade Organisation [WTO]

rules. Though WTO agreements give member states the right to

adopt or enforce measures necessary to protect human, animal, and

plant life or health, they stipulate that any such actions must be based

on scientific evidence. In the American view, however, there is no

scientific evidence to suggest that GM crops and foods are unsafe.

High-level discussions between EU member states and the US at the

G8 summit in June 1999 and at the WTO meeting in Seattle in

November 1999 failed to resolve these differences.

19 Nature vol. 399, 24 June 1999: 719; vol. 402, 23 December 1999: 846.
20 Financial Times, 16 September 1999.
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These issues have also been a cause of contention in the context of

discussions on a Biosafety Protocol under the UN Convention on

Biological Diversity, article 19 of which committed some 175 signa-

tory governments to the development of an international legal frame-

work for the transfer, handling, and use of GMOs. Though a formal

working group began drafting such a protocol in 1996, it was not

adopted until January 2000, mainly because of differences between

the group of major agricultural exporters led by the US and the main

body of developing countries. The United States had pressed for a

Biosafety agreement which would be subject to the rules and pro-

cedures of the WTO, while the developing countries wanted a

stronger protocol that would permit countries to block the import of

GM crops and foods on safety grounds without breaking international

trade rules. The European Union’s position in the talks was generally

closer to that of the developing countries.

A meeting in Cartegena, Colombia in February 1999 failed to over-

come these differences and gave rise to considerable pessimism about

the future prospects of the Biosafety Protocol. In January 2000,

however, a summit in Montreal finalized an agreement, to be known

as the Cartagena Protocol on Biosafety, for protecting the envir-

onment from the risks posed by the transboundary shipments of gen-

etically modified organisms.21 The Protocol will permit countries to

reject imports of GM crops and foods if they have grounds to believe

that these pose a safety risk. It provides also that shipments of GM

products should bear labels stating that these may contain GMOs. The

outcome has been widely interpreted as a balanced accommodation

between environmental and trade considerations. Exporters who

believe that they are being treated unfairly on trade grounds will still

have recourse to the WTO, although the Protocol is not subordinate

to WTO rules.

21 Convention on Biological Diversity. Press Release 29 January 2000: ‘Global Treaty adopted
on genetically modified organisms’: www.biodiv.org/press/pr-2000-01-28-biosafety.
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X National Consultation on GMOs and the

Environment

Up to 1996, applications of genetic modification in this country mainly

involved contained use activities for research and industrial purposes.

Under the Deliberate Release Directive, EU-wide approval had only

been granted for the placing of four GM products on the market, three

of which were medical and the fourth a tobacco product. However, in

1996, marketing consent was granted for GM oilseed rape, soya bean

and chicory products, all herbicide- tolerant. In addition, the first notifi-

cation for the unlimited marketing, including food and feed uses, within

the EU of a GM product which was both herbicide-tolerant and insect-

resistant arose for determination at Community level.

As well as these developments at EU level, the first ever notification to

the Environmental Protection Agency seeking consent to carry out field

trials of two similar GM sugar beet products in this country was submit-

ted by Monsanto plc UK under Part III of the 1994 Regulations. In

May 1997, the Agency granted consent for the trials to be carried out at

Teagasc, Oakpark, Carlow, over a four year period. This development,

together with the level of activity at EU level in relation to the market-

ing of GM products, increased public awareness in Ireland of the

advances in genetic engineering and the potential use of GMOs in crops

and foods.

Against this background, the Minister for the Environment and Local

Government issued a national consultation paper on ‘‘GMOs & the

Environment’’ in August 1998 and invited views from all interests,

including the general public. The purpose of this initiative was to stimu-

late an informed public debate on the potential environmental impact

of deliberately releasing GMOs into the environment, including both

R&D releases (field trials in the case of agricultural crops) and the open

marketing of genetically modified products within the EU, and to

review national policy and practice in this area to date.
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Almost 200 written responses to the consultation paper were received

from a wide range of interests and individuals including members of the

public, industry, non-Governmental organisations, and the academic

world. In addition to environmental concerns, the submissions raised a

wide range of issues such as food quality and safety; ethical consider-

ations; consumer protection and choice; and agricultural and industrial

policy. The submissions reflected the many considerations, in addition

to environmental considerations, which were the focus of public atten-

tion at that time, including:

• perceptions that products were being developed too rapidly, with-

out sufficient independent research on health and safety;

• lack of knowledge on potential long-term consequences and

safety;

• possible impacts on the nutritional quality of food;

• concerns about allergenicity, pathogenicity and toxicity;

• possible impacts on Ireland’s high quality food production image

and on the expansion of organic food production;

• labelling and transparency concerns;

• concerns about who benefits — consumers or developers;

• impacts on third world countries.

In order to progress and conclude the consultation on GMOs & the

Environment, the Minister for the Environment and Local Government

invited all of the organisations and individuals who had responded to

the consultation paper to participate in a two-part debate on the critical

environmental issues arising from releases of GMOs. The debate was

held on 25 May and 3 June 1999 and was managed by an independent

Chairing Panel appointed by the Minister. The Panel’s report, which

was presented to the Minister on 28 July 1999, concluded that:
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The focus of national environmental policy in the area of deliberate release of

products containing or consisting of GMOs should, in our view, be positive. It

should reflect the potential economic benefits of genetic engineering and the

importance of a strong, proactive biotechnology sector if Ireland is to maximise

these benefits in terms of competitiveness, growth and employment. It should also

reflect a fundamental national commitment to safety and environmental sus-

tainability, based on scientific risk assessment and management.

A copy of the executive summary of the Chairing Panel’s report is

contained at annex D of our report.

On foot of the report from the Chairing Panel, and having regard to

the written submissions received, the Minister completed a review of

national policy and procedures on environmental protection in this area

to date, and in October 1999 issued a statement on the outcome of the

overall consultation and review process. In summary, the policy state-

ment confirmed Government acceptance of the conclusions of the inde-

pendent chairing panel and gave a commitment to act on its recom-

mendations. It clarified, in line with the main conclusion in the report,

that national policy must be balanced in terms of environmental protec-

tion and socio-economic considerations. In pursuing a positive but pre-

cautionary policy on releases of GMOs to the environment, the Mini-

ster stressed the primary emphasis which he placed on precaution well

grounded in scientific risk assessment and management. A full copy of

the Minister’s policy statement is provided at annex E of this report.
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