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The British Medical Association is the voice of the medical profession in the UK. With a
membership of more than 120 000 - more than 13 500 of whom live in Scotland - the BMA
represents more than 80% of British doctors.

Introduction

In 1999 the BMA’s Board of Science published The Impact of Genetic Modification on
Agriculture, Food and Health – an interim statement1.  At this time, the BMA called for a
moratorium on further expansion of the planting of commercially produced Genetically
Modified (GM) crops until trials could be assessed for environmental contamination and
ecological impact.  However, in recent years, the number of crop trials has increased
steadily, without public consultation, since their introduction in the UK in the early 1990s.

The BMA report is one of only a few that consider directly the potential health impact of GM
crop trials and we would urge the Health and Community Care Committee to consider it as
one of the main supporting documents for use during this inquiry.

This written submission also takes into consideration the longer-term use of Genetically
Modified Organisms (GMOs), in particular the possibility of growing GM crops for commercial
interests and the risks of GM foodstuffs.  It is essential that these issues are considered at
the earliest opportunity in order to address the future impact of GM crops on the environment
and on public health.

Should the Executive prevent GM crop trials from continuing on the grounds that it is
against the precautionary principle to allow them to continue?

Yes.  As with scientific matters, it can be difficult and time-consuming to demonstrate safety
to an acceptable standard.  Safety is a relative matter and is generally based on the results
of a robust and thorough search for possible harm.  There has not yet been a robust and
thorough search into the potentially harmful effects of GM foodstuffs on human health.  On
the basis of the precautionary principle, farm scale trials should not be allowed to continue.

GM crop trials are being held at 178 sites in the UK, 12 of which are in Scotland.  GM Crop
trials have been authorised by the Scottish Executive to take place at Munlochy, Ross and
Cromarty, Daviot, Udny, Tilliecorthy and Rothienorman, Aberdeenshire, Newport-on-Tay,
Fife, Invergowrie, Perth and Kinross, and Bilston and Woodhouselea in Midlothian.

Trials have been running in the United States for a number of years now, however evidence
of environmental safety from the US may not necessarily be applicable to UK farming
circumstances.  In the UK, farmland constitutes 70 per cent of land area, whereas in the US
it is only 10 per cent.  The effects of GMOs on the UK’s wildlife and ecosystem are not yet
known.

SUBMISSION OF THE BRITISH MEDICAL ASSOCIATION
TO THE HEALTH AND COMMUNITY CARE COMMITTEE
ON THE HEALTH IMPACT OF GM CROP TRIALS
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Prior to farm scale trials, the BMA believes that the crop must be subject to rigorous
assessment, including consulting on the content and context of all applications.  Longer-term
environmental and economic effects may have health consequences and need to be
considered and regulated at a national level.

Until these risks are fully understood and quantified by field trials, there should be a
moratorium on any further planting of GM crops on a commercial basis.  If field trials are to
be permitted, the precautionary principle requires the most rigorous safeguards in order to
contain any potential risk to a strictly delineated area.  In practice, applying a satisfactory
safety margin around trial crops in the UK may prove very difficult to achieve, due to the old-
established pattern of land usage.

In 1998, the BMA published Health and Environmental Impact Assessment2.  It concluded
that the decisions regarding the environment and health should be evidence-based and that
where there is uncertainty the precautionary principle should always be applied.  The
concerns doctors have about the impact genetically modified foodstuffs may have on our
long-term health are serious enough to warrant a precautionary approach.

There is a precedent to adopt the precautionary principle even where it has not been proven
that there is a link.  In September this year, the European Court of First Instance upheld a
ban on the use of certain antibiotics as additives in animal feed, even though there was no
proven link between the use of antibiotics and the potential risks of resistance of these
antibiotics in humans.  In this particular case it was “possible to take preventative measures
without having to wait until the reality and seriousness of the risks perceived become fully
apparent.”3

Is the risk of assessment procedure for GM crops currently in place sufficiently robust
from a public health perspective?

Following public health disasters such as the BSE crisis and foot and mouth disease, public
confidence in the scientific community’s approach to agriculture has been undermined.
Scientists, farmers and politicians need to re-establish public trust.  Further research is
required into the health and environmental effects of GMOs before they can be permitted to
be freely cultivated.  This must be executed in such a way as not to expose the population to
possibly irreversible environmental risk, which may, in turn, have as yet unquantified public
health implications.

In the UK, not enough is known to enable us to give an accurate risk assessment of the
health impact of GM crops on the health of local communities.

The BMA recommends that the only way to assess the impact on health is to track any subtle
changes in the trial areas.  Routine health surveillance currently in place would not pick up
adverse effects on the health of people living in the vicinity of GMO trial sites in Scotland and
indeed is not intended to do so.

In the longer term, the BMA recommends ongoing health monitoring to assess the impact
and address questions raised regarding the consumption of GMOs.  We would expect food
producers to clearly label GM foodstuffs to indicate that they contain GMO derived products.
Inevitably, there will be people who make a decision to avoid GMOs based on personal
choice, whereas others may consume a lot of GMO foods.  Monitoring must look for
emerging differences in these groups.

At present instead of making plants more resistant to damaging pests and better able to
compete with weeds, many GM researchers are making them more resistant to insecticides
and herbicides.  This may lead to an increase in insecticide or herbicide residues in food.
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The BMA has real concerns that the health of those living close to GM crops may be affected
by the use of pesticides.  Pesticides are known to have an impact on public health.  We do
not know the effect of the use of different concentrations of single agents and the BMA
recommends further investigation into the impact of this on the public’s health.

Perhaps most worryingly of all, a report by the Royal Society4 highlighted the issue of
antibiotic resistance.  Antibiotic resistance 'markers’ help identify GM plants and there is
evidence that these genes may be transferred to non-GM plants.  There is a significant risk
that antibiotic resistance markers may progress through the food chain, possibly into
pathogenic organisms causing human disease.  The BMA supports the Society’s call for
further research to determine whether such gene transfer could occur, and to what extent.
Although the risk is not yet known, any increase in the number of resistant micro-organisms
through the transfer of markers from GM foods would potentially have very serious adverse
effects on human health.  The BMA believes that the use of antibiotic resistant markers in
GM foodstuffs is a completely unacceptable risk, however slight to human health, and we
therefore believe that the use of antibiotic resistant markers in GMOs be prohibited
immediately.

One further concern is the potential effects of allergenicity on human health from genetically
modified products.  Transgenic products may adversely affect people suffering from allergies.
The BMA believes that further research and tests on GM foodstuffs for allergenicity needs to
be undertaken.  Until this is completed, there must be an open-ended moratorium on
transgenic products, especially introducing nut genes and proteins etc. into cereals.

The BMA would like to see independently funded and reviewed research in the public
domain which considers the long term health and environmental health impact of GM crop
planting and the consumption of GM food.

Are the guidelines to prevent conventional crops being cross-contaminated by GM
crops adequate?

Research monitors weeds and insects in both GM and non-GM crops, and in the margins.
Research is also looking into how pollen travels from the GM crop.

A number of crops are being grown as part of the UK trial programme, but oilseed rape is the
only GM crop to be trialled in Scotland.  Oilseed rape is described as a “high-risk crop for
crop-to-crop gene flow and from crop to wild relatives.  At the farm scale low levels of gene
flow will occur at long distances and thus complete genetic isolation will be difficult to
maintain.”5

The BMA has concerns about the effect of GMOs on the ecosystem.  There is evidence that
there is cross-contamination of non-GM crop sites some distance from growing areas and
there is some evidence of adverse effects to the local wildlife.

The separation distance between GM and non-GM trial crops is intended to prevent cross
pollination.  The recommended distances should be reviewed as we believe that they
underestimate the effects of conditions such as moderate wind speeds.

“Releasing GMOs into the environment is effectively irreversible as once gone it is
impossible to get them back…”

Dr Charles Saunders
Chairman, Scottish Committee for Public Health Medicine and Community Health
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Should it be incumbent on the Scottish Executive to monitor the health of people
living around GM farm scale evaluation sites?

Yes.  The Scottish Parliament has a responsibility to protect the health of the population and
it should be incumbent on the Scottish Executive to monitor the health of people living nearby
GM crop trial sites.  The BMA are disappointed that to date, the Scottish Executive’s have
decided not to include health monitoring of local populations as part of the farm scale
evaluation programme.

Potential local adverse health effects from GMOs might only effect small numbers of people,
any symptoms could be unusual or idiosyncratic, difficult to ascribe to GMOs or take many
years before resulting in frank illness.  Setting up a specially designed surveillance
programme to identify adverse effects would be a complex task.  Such a surveillance
programme would need to be on a national or UK basis to have the best chance of being
effective in picking up potentially rare events.

Conclusions

The BMA believes that insufficient care has been taken with regards to public health and the
introduction of GM crops to the UK.  We believe there is a greater need for more
comprehensive risk assessments which include interactions between GMOs and the long
term effects on health and the environment before field trials are taken any further.

GM crop trials present us with profound uncertainties.  The BMA recommends that a
cautious approach be taken.  More research is needed to improve our understanding of the
issues.  Where there is uncertainty the precautionary principle should always be applied.
Extension of the current farm-scale trials would be ill advised and potentially irresponsible
until the health and environmental impact is fully assessed and in the public domain.

The BMA would like to see more public consultation on the growing of GM crops in Scotland.
The provision of more information to the public on GM crops will increase awareness and
understanding of the issues.  Information on Local Authority planning applications for GM
crop sites should be more publicly available and prominently displayed so that the public
have an opportunity to voice their concerns in advance of the trial.

The BMA does not support the argument that GM foods can solve the problems of feeding
the starving millions worldwide.  There is no global shortage of food; maldistribution of food is
the problem. Currently, GMOs benefit the companies and supermarkets involved in the
production and distribution of GMO products.  The benefits, for example being able to grow
crops in adverse conditions, have not yet been proven.  Others such as inclusion of vaccines
in food crops raise huge concerns about liberties, public trust.  It is essential to consider the
risk against the perceived benefits.

                                                     
1 British Medical Association. The Impact of Genetic Modification on Agriculture, Food and Health – An
Interim Statement. London: BMA 1999
2 British Medical Association. Health and Environmental Impact Assessment: An Integrated Approach.
London: BMA 1994
3 Judgements of the European Court of First Instance Press Release 11 September 2002
4 The Royal Society. Genetically Modified Plants for Food Use.  London: September 1998
5 European Environment Agency. Genetically modified organisms (GMOs): The significance of gene
flow through pollen transfer. Environmental Issue Report No. 28
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Submission by the Advisory Committee on Releases to the Environment to
the Health and Community Care Committee of the Scottish Parliament

Introduction

This paper sets out the response of the Advisory Committee on Releases to the
Environment (ACRE) to the questions raised by the Health and Community Care
Committee of the Scottish Parliament in their press release of 8 October 2002.

Background

ACRE is a statutory advisory committee that is responsible for advising Scottish
Ministers on the deliberate release of genetically modified organisms (GMOs) to
the environment. Details of ACRE’s relationship to the relevant legislation and the
Committee’s terms of reference are given in Annex 1.

In the European Union the deliberate release of GMOs into the environment is
regulated by Directive 2001/18/EC. The purpose of the Directive is to protect
human health and the environment from harm caused by the deliberate release or
marketing of GMOs. Central to all decision making processes under the Directive is
a rigorous science-based assessment of associated risks. This is carried out on a
case-by-case basis by ACRE which then advises Ministers whether the release or
marketing of specific GMOs pose risks to human health or the environment. Risk
assessments are continually up-dated in the light of new scientific information. If
this raises concern or unresolved doubt about the safety of a GMO, ACRE can
advise that consent for release be revoked. ACRE also advise on any conditions or
limitations which should be attached to consents, including post-release monitoring
and provision to make amendments to consents. As well as consulting ACRE the
regulatory authorities have a mandatory legal requirement to seek the advice of the
Health and Safety Executive and the Department of Health (concerning human
health issues), Statutory Conservation Bodies and the Food Standards Agency and
its expert advisory committees (the Advisory Committee on Novel Foods and
Processes (ACNFP) and the Advisory Committee on Animal Feedingstuffs(ACAF))
. The chair of ACNFP sits on ACRE ex officio.

The legislative framework recognises two types of release of GMOs: (i) for
purposes other than marketing, i.e. research (‘Part B’ applications); and (ii) for the
purpose of marketing (‘Part C’ applications). Part B applications are dealt with at
Member State level and for crops this usually consists of small-scale, carefully
monitored field trials. Over the past 3 years consent has been issued for 32 Part B
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releases in the UK; since devolution 6 Part B releases have been located in
Scotland. Part C applications enter a centralised EU procedure – if a marketing
consent is issued it applies throughout the EU although, in principle, conditions
may be attached to the consent that restrict marketing in some territories or
regions. To date 12 marketing consents for GM plants have been issued in the EU.
Since 1998 the EU approvals process has been blocked and there are 14
applications awaiting decision. No GM crop has been grown commercially in the
UK.

ACRE has considered carefully the 4 questions posed by the Health and
Community Care Committee and the responses are given below.

Should the Scottish Executive prevent GM crops trials from continuing on the
grounds that it is against the precautionary principle to allow them to continue?

The precautionary principle is specifically invoked in Directive 2001/18, which
states (Article 4) that ‘Member states shall, in accordance with the precautionary
principle, ensure that all appropriate measures are taken to avoid adverse effects
on human health and the environment which might arise from the deliberate
release or the placing on the market of GMOs.’. ACRE’s risk assessments are
guided by the precautionary principle. The principle states1 that if a preliminary
scientific assessment shows there are reasonable grounds for concern that
potentially dangerous effects will occur on valued and protected aspects of the
environment, human, animal or plant health then a release will not proceed until
sufficient knowledge has been gained to be able to make a decision based on risk
assessment. As a result ACRE would advise Scottish Ministers, on a case-by-case
basis, not to issue consent  for any GM crop trial where there were reasonable
grounds for concern or unresolved doubts. This was not considered necessary for
the releases so far approved in Scotland. While ACRE does not consider the
herbicide-tolerant crops released in the Farm Scale Evaluations to pose a risk to
public health, it does not follow that ACRE would approve the release of other GM
crops. For example, crops modified to contain genes conferring resistance to
antibiotics that are of clinical importance would pose much greater cause for
concern and ACRE may not recommend the release of such crops.

The Farm Scale Evaluation trials themselves are an example of  ACRE’s
precautionary approach. While the Committee is clear that there is sufficient
certainty to conclude that the crops do not pose a risk to human health, the impact
of the use of herbicide tolerant crops on farmland biological diversity is less clear.
As a result ACRE recommended a series of carefully controlled studies – the Farm
Scale Evaluations – to address this area of uncertainty before any decisions are
made regarding the further use of these crops.

Is the risk assessment procedure for GM crops currently in place sufficiently robust
from a public health perspective?
                                                
1 ‘Communication on the use of the Precautionary Principle’ (EC Com (2000)1: 2 Feb)
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The risk assessment for the release of GM crops into the environment is made
after information on the crop, including that pertinent to public health, has been
gained from growth in contained conditions. Prior to any release to the
environment, the GM crop will have been cultivated extensively under contained
conditions, where strict measures prevent release of the GM plant. At this stage
only the researchers involved in the development of the GM crop are exposed to it,
and only then to an extent that is consistent with the potential risks. Following this
detailed work, permission may be sought for a small scale research trial releases
carried out under carefully regulated conditions. If these small scale releases are
successful and no adverse effects are identified, then the scale of release may be
increased until ultimately permission may be sought for a commercial release. At
each stage in this process the GM crop is subject to a risk assessment that
depends upon the outcome of the previous smaller scale release. The uncertainty
about potential adverse effects associated with the GM crop reduces as it passes
through this procedure.

ACRE’s risk assessments consist of two stages: first, the identification of potential
hazards caused by the GMO and its use, and, secondly, an assessment of the
exposure of the environment (including humans) to the identified hazards. This
assessment is carried out on a case-by-case basis for each GMO to be released.
The committee advises whether the GMO poses any greater risks than the non-
modified version of the same organism.

Regarding the identification of hazards, ACRE has recently published a report
(attached to this submission as Annex 2) discussing the approach used by the
Committee to gauge harm, including human health impacts. As part of this
assessment the Committee first considers in detail the nature of the GM plant that
is being released, and the context of that release. In the case of considerations
concerning human health the types of questions for which answers are sought are:

� Are the properties of the plant likely to affect human health (e.g. via increased
toxic effects or allergies)? ACRE pays particular attention to the potential
toxicity and allergenicity of introduced novel proteins.

� Which groups of people are likely to be exposed to the release?
� What form would exposure take, and how would people be affected?

The Committee then splits potential harm into seven attributes, seeking answers to
the following questions:

� What are the direct effects on human health from exposure to the released
plant?

� What groups of people would be indirectly affected?
� Does the proximity of the release to people (residence and work) increase the

likelihood of impacts on human health?
� How long will effects on human health persist?
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� What is the severity of effects on human health?
� What delayed effects would be realised or observed on human health?
� If the released plant was removed from use would all impacts on human health

cease?

For the assessment of exposure, ACRE uses the best available scientific
knowledge, and, where there is uncertainty, considers the potential outcome of
unlikely or uncertain hazards were they to actually occur.

ACRE’s risk assessments are comprehensive and structured and are based the
consideration of an extensive dossier of information and experimental work that is
submitted by the applicants. ACRE considers these dossiers thoroughly, making a
detailed scientific evaluation of the quality of the experimental work and arguments
presented by the applicants. The Committee usually asks for further work and
clarification before reaching its final decision.

After careful consideration the committee arrives at a maximum estimate of the
risks associated with the release of the specific GMO under consideration. ACRE
believes that this process is robust and only advises that consent to release a
GMO should be issued if there are no additional risks to human health and the
environment resulting from the release.

Are the guidelines to prevent conventional crops being cross-contaminated by GM
crops adequate?

In carrying out its risk assessment ACRE’s concern is the consequence of the
presence of GM material rather than its presence per se. The Committee
recognises that there are wider issues concerning the presence of GM material in
non-GM crops in addition to those concerned with risk. However, the legislation
covering the deliberate release of GMOs, and therefore ACRE’s advice, is limited
to considerations of risk to human health and the environment only. For example,
the Committee recognises that small quantities of pollen from GM crop trials may
be found in honey, and therefore considers the potential impact of its presence on
people consuming the honey. The risk assessment takes this into account and
ACRE would only advise that a crop be released if the Committee is content that
there are no additional risks associated with consuming pollen from the crop.

The current guidelines to prevent cross pollination between GM and non-GM crops
are based on the use of separation distances. ACRE has considered these
guidelines on a number of occasions and is content that they ensure that cross
pollination of non-GM crops by GM pollen is routinely kept below the threshold
which the guidelines are designed to achieve (currently 1%). When carrying out its
risk assessment ACRE takes a precautionary approach and assumes that if cross
pollination can occur it will occur. Accordingly, the Committee assesses the
potential impact of human consumption of the GM crop even though the material is
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not intended for consumption. As stated above, ACRE would not advise that
consent be issued for a GM crop that posed additional risk to human health.

Should it be incumbent on the Scottish Executive to monitor the health of people
living around GM farm scale evaluation sites?

As stated above, ACRE would not advise that consent be issued for any GMO that
posed a risk to human health. As a result it is the Committee’s view that there are
no requirements for health monitoring of people living near to GM releases. It is
extremely unlikely that ACRE would support the release of any GMO that
warranted such monitoring. The Committee also notes that there is widespread
commercial cultivation of GM crops, including those lines currently being grown in
the UK Farm Scale Evaluation programme, and there have been no instances of
associated effects on public health.

The Advisory Committee on Releases to the Environment
November 2002



HC/02/30/1

6

Annex 1

The terms of reference of the Advisory Committee on Releases to the
Environment (ACRE)

ACRE is a statutory advisory committee appointed under section 124 of the
Environmental Protection Act 1990 (the EPA) to provide advice to government
regarding the release and marketing of genetically modified organisms. The
Committee works within the legislative framework set out by Part VI of the EPA and
the Genetically Modified Organisms (GMO) Deliberate Release Regulations 2002
which together implement Directive 2001/18/EC1. ACRE is an independent
committee made up of scientific experts from a range of relevant disciplines. The
Committee is appointed in lines with guidance of the Commissioner for Public
Appointments2 and operates in line with Office of Science and Technology Code of
Practice for Scientific Advisory Committees3. The Committee's terms of reference
are:
� To advise the Secretary of State for Environment, Food and Rural Affairs, the

Scottish Ministers and the Assembly Secretaries on behalf of the National
Assembly for Wales (hereafter collectively know as 'the Ministers') and other
bodies as appropriate on the exercise of powers under Part VI of the
Environmental Protection Act 1990.

� To advise the Ministers and other bodies as appropriate on releases into the
environment of Great Britain of animals and plants covered by sections 14 and
16 of the Wildlife and Countryside Act 1981.

� To advise the Department of the Environment (Northern Ireland) on releases of
genetically modified organisms into the Northern Ireland environment for the
purposes of The Genetically Modified Organisms (Deliberate Release)
Regulations (Northern Ireland) 1994

� To provide to the Ministers on request scientific advice on GMOs, including
advice to the Health and Safety Commission and Executive in respect of the
human health aspects of releases to the environment.

� To advise the Ministers and other bodies as appropriate on research needs.

                                                
1 Prior to 17 October 2002 the Committee worked within the legislative framework set out by Part VI of the EPA and the GMO
Deliberate Release Regulations 1992 which together implemented Directive 90/220/EEC. On 17 April 2001 a new Directive (2001/18)
came into force and was implemented in England on 17 October 2002 through the GMO Deliberate Regulations (England) 2002. In
Scotland the new Directive will be implemented through the GMO Deliberate Regulations (Scotland) 2002 which are currently in draft
form
2 See http://www.ocpa.gov.uk/
3 See http://www.ost.gov.uk/policy/advice/index.htm
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The criteria used by ACRE to gauge

harm when giving advice on the risks of

releasing genetically modified organisms

to the environment

SUMMARY

This publication is primarily written for those who make applications for consent to

release or market genetically modified organisms in the United Kingdom in

accordance with the requirements of Directive 2001/18/EC. The document has been

drawn up by the Advisory Committee on Releases to the Environment (ACRE).

Whenever ACRE advises on the risks to human health and the environment posed by

releasing a GMO a judgement is made concerning the likelihood that harm will result.

This document is intended to provide an insight for applicants on the criteria used by

ACRE to gauge harm.

This report is based on the experience gained by ACRE in reviewing past applications

and the deliberations of the ACRE Sub-group on Harm. The report will be reviewed

periodically in the light of comments on this document, new applications and the

development of new technologies.
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SECTION 1

INTRODUCTION, SCOPE AND AIMS OF THIS GUIDANCE

1.1 The release of genetically modified organisms1 (GMOs) in Europe has, until

recently, been controlled by Directive 90/220/EEC2. This has recently been

replaced by a revised and updated Directive (2001/18/EC) that member states

will have to implement by October 20023. The Directive provides a European

Community-wide regime so that no GMOs may be released or marketed in the

Community without consent from the regulatory authorities. Applicants for

release consent must supply a dossier of prescribed information4 about the

GMO, and this should include a detailed risk assessment of its possible impact

on human health and the environment.

1.2 In the UK, the Advisory Committee on Releases to the Environment (ACRE)

reviews all applications to release and market GMOs and advises Ministers5

on the risks to human health and the environment that would result from the

releases. The great majority of ACRE’s caseload currently involves the

assessment of risks associated with release of GM plants. The releases can be

for the purposes of research and development or for marketing.

1.3 ACRE recently decided to produce a report to provide applicants with insight

into how the committee makes a judgement as to whether a release of a GMO

will cause harm.  The ACRE sub-group on harm was formed to complete this

                                                
1 The term ”genetically modified organism” used in this guidance refers to the definition used in
section 106 of the Environmental Protection Act 1990.
2 In the UK, Directive 90/220/EEC is implemented by the Genetically Modified Organisms (Deliberate
Release) Regulations 1992 (amended 1995 and 1997), and Part VI of the Environmental Protection Act
1990.
3 Directive 2001/18 entered into force on the 17 April 2001, the date of its publication in the Official
Journal of the European Communities. Implementation of, and compliance with, most provisions in the
Directive will, however, require Member States to take measures at national level. Member States have
until 17 October 2002 to bring such measures into force. Directive 90/220 will also be repealed on that
date. Until then, the relevant provisions of Directive 90/220 will remain in force, although the UK
intends as far as possible to apply the principles of the new Directive ahead of formal implementation.
4 Annex III of Directive 2001/18/EEC
5 UK Government and Devolved Administrations of Scotland, Wales and Northern Ireland
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task. The sub-group’s terms of reference, minutes of their meetings and its

membership can be viewed at

http://www.defra.gov.uk/environment/acre/index.htm. This report is the end

result of a lengthy process involving the work of this sub-group and of ACRE

as a whole.

SECTION 2

THE STATUTORY REQUIREMENTS REGARDING HARM

2.1 Whilst the purpose of this report is to focus on the scientific issues relating to

harm, it would not be complete without reference to the legal framework

associated with the deliberate release of GMOs, in particular consideration of

the legal definition of ‘harm.’

2.2 The legal framework for decision making on the release and marketing of

GMOs in the European Union is set out in Directive 90/220/EEC (shortly to be

replaced by Directive 2001/18/EC).  In the UK this Directive is underpinned

by the associated Deliberate Release Regulations and the Environmental

Protection Act (EPA) 1990.

2.3 Copied in the boxes below are the references made to harm/adverse effects in

the relevant legislation. As can be observed, the references to ‘harm’ in both

the EPA 1990, and the references to ‘adverse effects’ in European deliberate

release legislation, lack clear definition.

2.4 The precautionary principle is used in decision making about releases. The

principle states6 that if a preliminary scientific assessment shows there are

reasonable grounds for concern that potentially dangerous effects will occur on

valued and protected aspects of the environment, human, animal or plant

health then a release will not proceed until sufficient knowledge has been

gained to be able to make a decision based on risk assessment.

                                                
6 ‘Communication on the use of the Precautionary Principle’ (EC Com (2000)1: 2 Feb)
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Environment Protection Act 1990 (Part VI)

Para 107 (3)

“Damage to the environment” is caused by the presence in the environment of genetically

modified organisms which have (or of a single such organism which has) escaped or been

released from a person’s control and are (or is) capable of causing harm to the living

organisms supported by the environment.

Para 107 (5)

Genetically modified organisms present in the environment are capable of causing harm if –

(a) they are individually capable, or are present in numbers such that together they are

capable, of causing harm; or

(b) they are able to produce descendants which will be capable, or which will be present in

numbers such that together they will be capable, of causing harm;

and a single organism is capable of causing harm either if it is itself capable of causing harm

or if it is able to produce descendents which will be so capable.

Para 107 (6)

“Harm” means harm to the health of humans or other living organisms or other interference

with the ecological systems of which they form part and, in the case of man, includes offence

caused to any of his senses or harm to his property.

Para 107 (7)

“Harmful” and “harmless” mean respectively, in relation to genetically modified organisms,

their being capable or their being incapable of causing harm.

Directive on deliberate release into environment of genetically modified organisms –

90/220/EEC (Article 4)

‘Member states shall ensure that all appropriate measures are taken to avoid adverse effects

on human health and the environment which might arise from the deliberate release or placing

on the market of GMOs.’
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Directive on the deliberate release into the environment of genetically modified

organisms – 2001/18/EC (Article 4)

‘Member states shall, in accordance with the precautionary principle, ensure that all

appropriate measures are taken to avoid adverse effects on human health and the environment

which might arise from the deliberate release or the placing on the market of GMOs.’

SECTION 3

ATTRIBUTES OF HARM

3.1 As has been shown in the previous section, what constitutes harm to the

environment and human health is not clearly defined in existing legislation.

The existing framework of questions for applicants does, however, give an

indication of the areas of concern that must be addressed. This is

supplemented by additional guidance from ACRE, particularly that concerning

the risks to wider biodiversity7.

3.2 In this section, we briefly review existing approaches to assessing potential

environmental harm, before setting out our detailed framework for risk

examination.

3.3 A wide range of traditions and approaches have been developed for the

assessment of environmental risk and the weighing of potential harm with

beneficial outcomes. These include (but are not limited to):

i. quantified risk assessments and environmental management systems8;

ii. dose-response thresholds, for assessing specific chemical compounds

using comparisons of toxicity with predicted environmental

concentrations, giving a toxicity:exposure ratio;

iii. environmental harm indices and multi-criteria mapping9;

                                                
7 Guidance on the Assessment of the impact on wider biodiversity from proposed cultivation of GM

crops. ACRE.
8 Pollard S et al. 2002. Environ. Sci. Tech. 36, 530-8; Lewis K A & Bardon. 1998. Environ. Modelling

& Software 13, 123-137; Lewis K A et al. J. agric. Engng. Res. 68, 271-279
9 DETR. 1998. Management of Harm to the Environment (London); AEA. Environmental Risk

Assessment Methodology (Environment Agency, Peterborough); Stirling A and Mayer S.
2000. Rethinking Risk (SPRU, Sussex)
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iv. environmental economics that seeks to put a monetary cost on positive

and negative impacts on natural and social resources that have no

market prices10;

v. energy accounting that compare inputs and outputs according to energy

content11;

vi. carbon accounting that measures the sinks and sources of greenhouse

gases in systems12;

vii. environmental audits for the development of management systems

(such as BS14001);

viii. key species approaches13;

ix. sustainability indicators as developed by DEFRA and the OECD14;

x. standards-based approaches15.

3.4 It is important to note that many of these methodologies are cost-benefit in

nature. We do not consider potential benefits in risk assessments.

3.5 It is well recognised that there is no simple single metric that can be used to

measure environmental harm. Causes and effects are too differentiated to

resolve to a single measure (such as monetary value), and so the critical

question involves balancing of often incommensurable information on risk.

This implies the need for expert judgement and the development of flexible

procedures, which take into account the levels of uncertainty.

3.6 We adopt a question-based approach derived from a detailed analysis of the

range of potential threats to environmental systems and human health. These

                                                
10 Daily G. 1997. Nature’s Services (Island Press, Wash.); Ecological Economics. 1999. Volume 25,

issue 1; Pretty J et al. 2000. Agric. Syst. 65 (2), 113-136
11 Leach G. 1976. Energy and Food Production (IPC Press, Guildford); Pimentel, D. 1980. Handbook of

Energy Utilization in Agriculture. (CRC Press, Boca Raton); Cormack B and Metcalfe P. 2000.
Energy Use in Organic Farming Systems (ADAS, Terrington)

12 Smith P et al. 2000. Global Change Biol. 6, 525-539; Royal Society. 2001. The role of land carbon
sinks in mitigating global carbon change (London); Pretty et al. 2002. Trans. Roy. Soc. Lond
A (in press)

13 Grieg-Smith P. 1992. Aspects appl. Biol. 31, 121-132; Cooke A. 1990. In Pesticide Effects on
Terrestrial Wildlife.

14  MAFF. 2000. Towards Sustainable Agriculture: A pilot Set of Indicators. MAFF, London . OECD.
1998. COM/AGR/CA/ENV/EPOC (98) 136, Paris;

15 RCEP. 1998. Setting Environmental Standards. Cmnd 4053. 21st Report. HMSO
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are adapted to fit the new harmonized regulatory framework of 2001/18/EC.

The approach is one of assessing risk as a relative measure, rather than against

arbitrary baselines.

3.7 It is important to draw a distinction between harm and change. If a release

brings about changes to the status quo it does not automatically follow that

these changes are harmful. The approach adopted here identifies all changes

but the risk assessment will only be concerned with those changes that are

potentially harmful.

3.8 We decompose harm into seven attributes and set out questions addressing

each of these for:

i. impacts on the receiving systems;

ii. impacts on non-target environments;

iii. impacts on human health.

Context of the release

3.9 Before potential harm is considered, the context of the release is identified.

This refers to the stock of environmental goods and services at risk, and is

concerned with properties of the receiving systems (e.g. presence of rare or

endangered species, presence of sexually compatible species). It asks how was

the organism transformed and how does the transformation alter the organisms

properties?

Seven attributes of harm

3.10 Direct effects: this attribute refers to the potential consequences of a release of

a transformed organism on agricultural and natural systems and humans.

3.11 Indirect effects: this attribute refers to the effects caused by the use or

management of the release organism. This will include changes in agricultural

practices arising from the adoption of a new crop or animal, or the effects of a

released micro-organism on soil and water, and the indirect effects on
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predators and parasites.

3.12 Spatial properties of the release: this attribute refers to the properties of the

release, in particular to size, location and confinement. This includes the

potential distribution of harm over a given geographic area. It also addresses

the potential spread of harm from a point of release.

3.13 Temporal extent of the release: this attribute describes the duration of the

release and the period of time during which impacts could be experienced. The

impact of a release may be short if a product is readily degraded, or long if it

persists in the environment beyond the duration of the release.

3.14 Severity of effects: this attribute refers to the magnitude of damage to

environments and human health, and includes both acute and chronic effects.

3.15 Latency and cumulative effects: this attribute refers to the potential for effects

to be delayed well beyond the normal period of observation or monitoring of a

release. Two elements are important: latency – the delay between cause and

effect, and cumulativeness – the capacity of a product or problem to

accumulate steadily over time until a critical threshold is passed, whereupon

effects become manifested.

3.16 Reversibility of effects: this attribute considers whether effects could be

reduced if the introduced organism were removed. It therefore addresses the

management techniques that can best help to reverse effects, as well as the

inherent properties of an organism that would increase the chance of

persistence.

3.17 We also recognize that the scientific assessment of harm is accompanied by an

important set of attributes that relate to the social responses to harm. For

example, there may be a very low probability of an event occurring, but

people may dread it much more than a daily sub-lethal threat to health that

accumulates with greater long-term effect. Whilst these social responses to

harm do not form a part of the scientific assessment procedures, they are
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clearly important in explaining and understanding public responses to

environmental challenges. This has important implications for the

effectiveness and legitimacy of public decision-making about risk and the

effects on democratic values16. The box contains a summary of the five

attributes of social responses to harm.

Social responses to harm: five attributes

Dread – the fear of harm, and which is related to perceptions (there is greater fear of cancer,

relative to other sudden illnesses, and greater fear of death from a plane crash than from a car

accident);

Distrust – the lack of trust of the characterisation of the impact by the messenger (lack of trust

relates to the compliance history of a particular site or process and whether there has been a

degree of culpability; the level of transparency and accountability associated with previous

and current activities; and whether independent and trusted sources of information are

available);

Equity – whether some benefit whilst others suffer the consequences, for example because

they cannot meet the costs;

Control – the degree of perceived personal control (there tends to be greater aversion to harm

that is outside our control and externally imposed; permissions granted without people's

knowledge are often seen as imposed; and voluntary exposures to harm (eg smoking, rock

climbing) are part of every-day choices);

Familiarity – the degree of knowledge and understanding of the harm (people tend to be more

comfortable with risks they are familiar with than with novel risks).

Conclusions

3.18  None of the existing methods for assessing harm are ideally suited to the

assessment of risk from GMOs. We propose a system based on identifying the

context of each release and then assessing the impact of seven attributes of

                                                
16 Weale (ed). 2002. Risk, Democratic Citizenship and Public Policy. British Academy, London
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harm on the receiving system, non-target environments and human health.

Examples of this system in operation are given in the next section.

3.19 The proposed system considers harm as a relative measure rather than against

an arbitrary baseline. In line with the relevant legislation the assessment is

strictly one of ‘harm’ rather than a cost/benefit type analysis. Social responses

to harm are beyond the remit of this assessment.

SECTION 4

MATRICES TO GUIDE THE DEVLOPMENT OF IMPACT STATEMENTS

4.1 In practice applicants are advised to consider the impact of the seven attributes

of harm on the receiving system, the non-target environment and human health

using a matrix. First the context of the release is considered, and then each

attribute of harm in turn.

4.2 This section of the report contains three worked examples of the matrix

approach. These examples use the same framework of seven attributes of harm

differentiated into the three areas of impacts on receiving system, impacts on

non-target environments, and impacts on human health. They are not intended

as exhaustive assessments of impacts but rather as illustrative of the procedure

in practice.

4.3 The three worked example refer to

i. GM plants;

ii. GM micro-organisms;

iii. GMOs in veterinary and medicinal products.
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Impacts matrix worked example – GM plants
(ACRE Sub-Group: The criteria used to assess possible harmful impacts when considering the risks of releasing GMOs to the

environment)

Context of Release Impacts on Receiving
Agricultural System

Impacts on Non-Target
Environments

Impacts on Human Health

How does the transformation of
the organism alter its properties,
and how do these changes affect
the receiving agricultural
systems, non-target
environments and  human
health? What are the
characteristics of the  receiving
environmental systems and the
uniqueness of key species?

• What are the ecological properties of
the crop?  (e.g. life-history, presence
of persistent life-history stages, pollen
production and dispersal, sexually
compatible wild relatives, seed
dispersal, particular spectrum of pests
and diseases, allelopathic or symbiotic
associations, and toxic plant
products)?

• What specific changes in the
phenotype could lead to novel
impacts?

• How was the plant transformed? What
genes were inserted? Are the inserted
genes stable, and how were they
characterised?

• Are there sexually compatible GM
crops already present in the receiving
environment?

• What native or naturalised flora and
fauna in agricultural systems would be
affected by the release and in what
way e.g. sexually compatible species?

• How many affected organisms are
identified in Habitat Action Plans?

• Are the ecological properties of the
crop likely to change in non-target
environments?

• What is the likelihood of the specific
novel properties of the released plant
having an altered impact on nearby
environments?

• What native or naturalised flora and
fauna in nearby ecosystems would be
affected by the release and in what
way?

• What sexually compatible plants grow
in local non-target environments?

• Are these nearby ecosystems officially
designated for conservation value or
nationally important (e.g. SSSIs)

• Are the properties of the plant likely
to affect human health (e.g. via
increased toxic effects or allergies)?

• Which groups of people are likely to
be exposed to the release?

• What form would exposure take, and
how would people be affected?
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Seven Impact Attributes

1. Direct effects

Are there any direct effects on
the receiving agricultural and
natural systems and humans?

• What consequences will there be of
novel gene products being released
into the environment?

• What would be the effects on
ecosystem diversity and/or in
community structure and function?

• What are the direct effects on human
health from exposure to the released
plant?

2. Indirect effects

Are there any indirect effects
arising from the use or
management of the crop?

• What changes in agricultural practice
(e.g. extent of cultivation, changed
herbicide use) would occur as a result
of adoption of the released plant?

• What indirect biotic and abiotic
effects would the released plant have
on the receiving agricultural
environment (including soil, water and
local agrobiodiversity)?

• What are the indirect effects on
beneficial organisms (eg predators or
parasitoids)?

• What indirect biotic and abiotic
effects would the released plants have
on the soil environment, biodiversity
and aquatic systems in non-target
environments?

• What are the effects of management
of the released plant on non-target
environments?

• What groups of people would be
indirectly affected?

3. Spatial properties of the
release

What are the spatial properties
of the release e.g. size, location,
confinement?

• What is the area of the release?
• What are the spatial properties of the

potential area over which the modified
plant would be adopted e.g. new
geographical areas?

• What is the spatial extent of non-
target environments in which the
effects of the release would be
manifested?

• How far will effects spread from site
of introduction and what non-target
environments would be affected?

• Are there nearby seed production
areas?

• Does the proximity of the release to
people (residence and work) increase
the likelihood of impacts on human
health?
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4. Temporal extent of release

What is the duration of the
release and over what length of
time would effects be
experienced?

• When will the release occur and over
what period of time?

• Would the released plants, their
descendants or their products persist
in the agricultural environment
beyond the duration of the release?

• Are there any additional effects from
later generations?

• Would the released plants, their
descendants or their products persist
in non-target environments beyond the
duration of the release?

• How long will effects on human
health persist?

5. Severity of effects

Would the release cause acute
and/or chronic impacts?

• What residues or products from the
released plant have sublethal or lethal
effects?

• What are the effects on distribution
and abundance of affected species and
populations?

• What are the effects on agricultural
ecosystems?

• What residues or products from the
released plants have sublethal or lethal
effects on populations and species?

• What are the effects on distribution
and abundance of affected species and
populations?

• What are the effects on non-target
ecosystems?

• What is the severity of effects on
human health?

6. Latency and cumulative
effects

Would the effects of the release
be delayed or accumulate
through time?

• What period of time would elapse
before delayed effects are realised or
observed?

• Would the effects accumulate over
time?

• What period of time would elapse
before delayed effects are realised or
observed in non-target systems?

• Would the effects accumulate over
time?

• What delayed effects would be
realised or observed on human health?

7. Reversibility of effects

Could the effects be reversed if
the introduced organism were
removed?

• Would any effects of the introduced
organism be reversed if it were
removed?

• What management techniques can
best help reverse/reduce effects?

• Would any effects of the introduced
organism be reversed if it were
removed?

• If the released plant was removed or
no longer used, would new hybrids
still persist?

• If the released plant was removed
from use would all impacts on human
health cease?
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Impacts matrix worked example – GM Micro-organisms
(ACRE Sub-Group: The criteria and baselines used to assess both harmful and beneficial impacts when considering the risks of

releasing GMOs to the environment)

Context of Release Impacts on Receiving
Environment

Impacts on Non-Target
Environments

Impacts on Human Health

How does the transformation of
the organism alter its properties,
and how do these changes affect
the receiving environment, non-
target environments and  human
health? What are the
characteristics of the receiving
environment and the uniqueness
of key species?

• What are the inherent properties of the
micro-organism that, if modified,
would have a significant effect on the
sensitivity of the receiving
environment (eg life-cycle,
homologous recombination with other
micro-organisms, pathogenicity,
symbiotic associations, genetic
stability)?

• What specific changes in the
phenotype could lead to novel
impacts?

• Are there any additional effects from
later generations?

• What recipient
organisms/environments would be
affected by the release and in what
way?

• What are the inherent properties of the
micro-organism that are likely
positively or negatively to affect the
sensitivity of non-target environments
or non-target hosts to any
modifications?

• What is the likelihood of the specific
novel properties of the released micro-
organism having an altered impact on
other environments?

• What other ecosystems and non-target
organisms would be affected by the
release and in what way?

• What related species are present in
local non-target environments?

• What re the inherent properties of the
micro-organism that are likely
positively or negatively to affect the
sensitivity or pathogenicity of the
recipient to humans?

• What are the specific properties of the
modified micro-organism?

• Are these likely to have any toxic
effects or cause allergies?

• How many people are likely to be
exposed to the release?

• What form would exposure take, and
how would people be affected?

Seven Impact Attributes

1. Direct effects

Are there any direct effects on
the receiving environment, non-
target environments and

• What changes in management of the
receiving environment would occur as
a result of adoption of the released
micro-organism?

• What are the effects on management
of non-target environments and non-
target organisms associated with the
adoption of the released micro-
organism?

• What are the direct effects on human
health and welfare from exposure to
the released micro-organism?



15

humans? • What would be the effects on
ecosystem diversity and/or changes in
community structure and function?

2. Indirect effects

Are there any indirect effects
arising from the use or
management of the micro-
organism?

• What indirect biotic and abiotic
effects would the released micro-
organism have on the receiving
environment, (including soil, water
and local biodiversity)?

• What effects on target organisms
would be passed on to predators or
parasitoids?

• What changes in management
practices would occur as a result of
the release?

• What indirect biotic and abiotic
effects would the released micro-
organisms have on the soil
environment, biodiversity and aquatic
systems in non-target environments?

• Are there any specific human groups
with allergenic susceptibility to the
released micro-organism or its
products?

3. Spatial properties of the
release

What are the spatial properties
of the release e.g. size, location,
confinement?

• What is the potential area over which
the modified micro-organism would
be adopted?

• How far will effects spread from site
of introduction?

• What is the spatial extent of non-
target environments in which the
effects of the release would be
manifested?

• How far will effects spread from site
of introduction?

• Does the spatial distribution of people
to the released micro-organism
(residence and work) increase the
likelihood of impacts on human health
or welfare?

4. Temporal extent of release

What is the duration of the
release and over what length of
time would effects be
experienced?

• What is the cell-cycle and generation
time of the modified micro-organism?

• Would the released micro-organisms
or their products persist in the
receiving environment? If so, for how
long?

• What is the persistence of the released
micro-organism and/or its products in
non-target environments?

• How long will effects on human
health persist?

• Can effects be passed onto progeny?

5. Severity of effects

Would the release cause acute
and/or chronic impacts?

• What are the effects on distribution
and abundance of affected species and
populations?

• Would residues or products from the
release organism have sublethal or
lethal effects?

• What are the effects on distribution
and abundance of affected species and
populations?

• Would residues or products from the
release organism have sublethal or
lethal effects on populations and
species?

• What are the potential sublethal and/or
lethal effects on human health ?
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6. Latency and cumulative
effects

Would the effects of the release
be delayed or accumulate
through time?

• What period of time would elapse
before delayed effects realised or
observed?

• Would the impacts accumulate or
concentrate over time, thus passing
key thresholds for harm?

• Would the modified micro-organism
result in changes in working practices
which would lead to indirect impacts?

• Is there a delay in effects in non-target
systems, and, if so, what is the likely
period?

• Could the impacts accumulate or
concentrate over time, thus passing
key thresholds for harm?

• What is the likelihood of gene
products recombining with human
DNA and/or pathogens of humans in
the long-term?

7. Reversibility of effects

Could the effects be reversed if
the introduced organism were
removed?

• Will any impacts of the released
micro-organism be reversed if it were
removed? Will the receiving system
return to its pre-release state?

• How long would reversibility take?
• What specific properties of the

released micro-organism would
increase persistence or pathogenicity?

• Will any impacts of the introduced
organism be reversed if it were
removed?

• How long would this take?
• Would new recombinants still persist

if the released micro-organism was
removed or no longer used?

• Will any negative impacts on human
health and welfare of the introduced
organism be reversed if it were
removed?
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Impacts matrix worked example – GMOs in Veterinary and Medicinal Products
(ACRE Sub-Group: The criteria and baselines used to assess both harmful and beneficial impacts when considering the risks of

releasing GMOs to the environment)

Context of Release Impacts on Receiving–
human/animal population

Impacts on Non-Target
Environments

Impacts on Human Health

How does the transformation of
the organism alter its properties,
and how do these changes affect
the receiving human/animal
population, non-target
environments and  human
health? What are the
characteristics of the receiving
population and the uniqueness
of key species? Is there a rarity
or abundance of receiving
populations and uniqueness of
key species?

• What are the inherent properties of the
organism that, if modified, would
have an effect on the sensitivity of the
receiving human/animal (eg life-cycle,
homologous recombination with other
organisms, pathogenicity, symbiotic
associations, genetic stability)?

• What specific changes in the
phenotype could lead to novel
impacts?

• Are there any additional effects from
later generations?

• What recipient human/animal
population would be affected by the
release and in what way?

• What are the inherent properties of the
organism that are likely positively or
negatively to affect the sensitivity of
non-target environments (e.g.
agricultural and water ecosystems) or
non-target hosts to any modifications?

• What is the likelihood of the specific
novel properties of the released
organism having an altered impact on
other environments including non-
target humans and animals?

• What other ecosystems (eg
agricultural/water) would be affected
by the release and in what way?

• What are the inherent properties of the
organism likely positively or
negatively to affect the sensitivity or
pathogenicity of the recipient to
humans?

• What are the specific properties of the
modified organism?

• Are these likely to have any,
pathogenic or toxic effects or cause
allergies?

• What population of people are likely
to be exposed to the release and what
form would that exposure take?

• What variability in response within
the human population would occur?

• How severe is the most extreme
response?

Seven Impact Attributes

1. Direct effects

Are there any direct effects on
the receiving human/animal
population, non-target
environments and humans?

• What changes in medical/veterinary
practices would occur as a result of
use of the released organism?

• What are the effects on management
of non-target environments associated
with the adoption of the released
organism?

• What would be the effects on
ecosystem diversity and/or changes in
community structure and function?

• What are the direct effects on human
health and welfare from exposure to
the released organism?
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2. Indirect effects

Are there any indirect effects
arising from the use or
management of the GMO?

• What indirect effects would the
released organism have on the
receiving human/animal population?

• What effects on target populations
would be passed on to predators or
parasitoids?

• What change in existing
medicinal/veterinary working
practices would occur as a result of
the release?

• What indirect effects would the
released organisms have on the soil
environment, biodiversity and aquatic
systems in non-target environments?

• Are there any specific human groups
with allergenic susceptibility to the
released organism or its products?

3. Spatial properties of the
release

What are the spatial properties
of the release e.g. size, location,
confinement?

• What is the potential area over which
the modified organism would be
adopted?

• How far will effects spread from site
of introduction?

• What is the spatial extent of non-
target environments in which the
effects of the release would be
manifested?

• How far will effects spread from site
of introduction?

• Does the spatial distribution of people
to the released organism (residence
and work) increase the likelihood of
impacts on human health or welfare?

4. Temporal extent of release

What is the duration of the
release and over what length of
time would effects be
experienced?

• What is the cell-cycle and generation
time of the modified organism?

• Would the released organisms or their
products persist in the animal or
human population? If so, for how
long?

• What is the persistence of the released
organism and/or its products in non-
target environments?

• How long will effects on human
health persist?

• Can effects be passed onto progeny?

5. Severity of effects

Would the release cause acute
and/or chronic impacts?

• What are the effects on distribution
and abundance of affected species and
populations?

• Would residues or products from the
released organism have sublethal or
lethal effects?

• What are the effects on distribution
and abundance of affected species and
populations?

• Would residues or products from the
released organism have sublethal or
lethal effects on populations and
species?

• What are the potential sublethal and/or
lethal effects on human health?

6. Latency and cumulative
effects

• What period of time would elapse
before delayed effects are realised or
observed?

• Is there a delay in effects in non-target
systems, and, if so, what is the likely
period?

• What is the likelihood of gene
products recombining with human
DNA and/or pathogens of human in
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Would the effects of the release
be delayed or accumulate
through time?

• Would the impacts accumulate or
concentrate over time, thus passing
key thresholds for harm?

• Would the modified organism result in
changes in working practices that
would lead to indirect impacts?

• Could the impacts accumulate or
concentrate over time, thus passing
key thresholds for harm?

the long-term?

7. Reversibility of effects

Could the effects be reversed if
the introduced organism were
removed?

• Will any impacts of the introduced
organism be reversed if it were
removed?

• How long would reversibility take?
• What specific properties of the

released organism would increase
persistence or pathogenicity?

• Will any impacts of the introduced
organism be reversed if it were
removed?

• Would new recombinants still persist
if the released organism was removed
or no longer used,?

• Will any negative impacts on human
health and welfare of the introduced
organism be reversed if it were
removed?

Report agreed for publication by ACRE
5 July 2002
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Introduction

1. The Royal Society of Edinburgh (RSE) is Scotland’s national academy of science and
letters. Founded in 1783, it has a Royal Charter for “the Advancement of Learning and
Useful Knowledge”. Its Fellowship includes distinguished individuals from the Sciences,
Arts, Letters, Technology, the Professions, Industry and Commerce. The Society is a
wholly independent body and provides an important neutral forum for informed
consideration of topics concerning the well-being of Scotland, with a third of its funding
provided by grant-in-aid from the Scottish Executive and the remainder from a range of
public, private and charitable sources. The Society’s diverse range of activities include
organising meetings and symposia, awarding Research Fellowships, Scholarships and
Prizes, and publishing learned journals. This response has been compiled by the General
Secretary, Professor Andrew Miller and the Research Officer, Dr Marc Rands, with input
from a number of Fellows with substantial experience in this area.

General

2. Extensive studies on the safety of GM crops in the environment, and on the safety of GM
crop-derived foods have been undertaken, published and embodied in regulation of the
technology for 10-15 years. No other agricultural process technology, or the food products
derived from it, has been subjected to this level of debate and analysis. There could, in
theory, be long-term effects on human health that have not yet been detected (OECD
2000a). There has been extensive study and scrutiny of the development of GM plants for
15-20 years. GM foods have been available for less than 10 years. After seven years of
widespread global uptake and practice, no risks to human health from GM crops have
been demonstrated. Continued research and monitoring is essential to check the longer
term situation.

3. There are a number of areas where there is on-going research and debate, including the
level and significance of GM gene flow, the impact of GM crops on the environment, and
the potential of GM technology in the future. The questions asked by the inquiry are now
addressed below:

Should the Executive prevent GM crops trials from continuing on the grounds that it is
against the precautionary principle to allow them to continue?

4. There is no scientifically proven evidence of any “threats of serious or irreversible
damage” to public health. All globally available scientific evidence and regulatory
approvals (since the mid-1980’s), together with practical experience of commercial-scale
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growing (200 million hectares over 7 years by 5.5 million farmers in 2001), and
consumption of GM crop-derived foods have shown no impact or harm to public health. A
number of National Academies of Science, the European Commission, Government
watchdog Commissions and Agencies, have concluded that GM crops pose no additional
threats or risks to humans compared with conventional crops.

5. It is important to recognise that science never generates absolute certainty but can only
give a balance of probability in the light of current knowledge. Only through research and
experimentation can risks be estimated. The lack of full scientific certainty should not be
used as a reason for not doing something and it can never be certain that any course of
action is without risk. To try to invoke the "precautionary principle" in the absence of
substantiated risk would be wrong. However, there is uncertainty about the effects of
long-term exposure, so the current precautions to ensure low levels of contamination from
GM trials are sensible.

6. The European Commission, in February 2000, issued a communication on the use of the
precautionary principle in the EU and internationally (European Commission 2000).  It
recommended:

7. "Where action is deemed necessary, measures based on the precautionary principle should
be, inter alia:
- proportional to the chosen level of protection,
- non-discriminatory in their application,
- consistent with similar measures already taken,
- based on an examination of the potential benefits and costs of action or lack of action 

(including, where appropriate and feasible, an economic cost/benefit analysis),
- subject to review, in the light of new scientific data, and
- capable of assigning responsibility for producing the scientific evidence necessary for 

a more comprehensive risk assessment."

Is the risk assessment procedure for GM crops currently in place sufficiently robust
from a public health perspective?

8. All of the GM crops which are currently grown commercially have been exhaustively
assessed for food safety by public health authorities world-wide. Organisations involved
include the United Nations Food and Agriculture Organisation, Organization for
Economic Co-operation and Development, National academies of Sciences in America,
UK, Brazil, China, India, Mexico and the Third World Academy of Science, the United
States Institute of Food Technologists, Swiss Association for Research and Nutrition,
American Society of Toxicology and affiliates of the American Council on Science and
Health. GM food/crop risk assessment procedures exceed those applied to any other crop
technology, and will no doubt be improved as more information becomes available.

9. There has been some discussion about the use of substantial equivalence but there is a
consensus amongst toxicologists concerning its validity in the case of GM crops (Society
of Toxicology 2002). Substantial equivalence provides a simple investigative structure
whereby the safety of any novel food can be approached and is the start point for any
investigation not the end. Currently the OECD (2000b) recommendations require detailed
compositional comparisons between the genetically modified food and a non-GM
counterpart, and where considered necessary because of the nature of the GM
modification and on a case-by-case basis, toxicological testing of the novel trait (the
protein) and long term animal feeding experiments coupled with detailed anatomical,
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biochemical and histological examination of the test animals. The OECD
recommendations embrace the earlier requirements of the USA Food and Drugs
Administration in the use of substantial equivalence and toxicological and feeding
experiments to establish food and health safety. However the procedures of GM food
testing continue to evolve and simplify as new scientific technologies emerge. Currently
the RSE contains an archive of papers that describe animal feeding experiments with GM
food, toxicological testing of introduced traits and comparisons of composition between
GM and their non GM counterparts. This archive may be examined on request. However
discussions concerning the development of substantial equivalence should not be confused
with the safety assessments performed on the crops on trial in the UK.  These products are
considered as safe for consumption as their non-GM counterparts.

10. In October 2001 the European Commission published the results of the biosafety research
it has supported over 15 years (European Commission 2001). Research on the GM plants
and derived products so far developed and marketed, following usual risk assessment
procedures, has not shown any new risks to human health beyond the usual uncertainties
of conventional plant breeding. The Commission also concluded that the use of more
precise technology and the greater regulatory scrutiny probably make them even safer
than conventional plants and foods.

Are the guidelines to prevent conventional crops being cross-contaminated by GM crops
adequate?

11. Limited pollen transfer can be expected between the same or related species-but will not
occur between, for instance, between wheat and rapeseed. The question of transfer of
invasiveness of traits to wild relatives has been well assessed for both vertical and
horizontal gene transfer and it has been demonstrated that GM arable crop plants resistant
to herbicides or insects are not more invasive than their conventional counterparts. One
study  (Crawley et al. 2001) compared the persistence of conventional and GM lines of
four crop species over 10 years in 12 different habitats. In addition a recent report based
on many measurements in Australia (Reiger et al. 2002) has shown that the highest level
of cross-pollination movement from GM to conventional rapeseed was 0.07%. Given
these findings, the current guidelines should be adequate, but it is only through research,
of which the farm scale evaluations are a part, that such questions can be answered on a
firm basis.

12. The farm-scale trials use herbicide-tolerant crops and none of the genes contained in the
GM trial crops has been shown to pose a threat to humans. All have been thoroughly
tested, and passed as safe through the regulatory process.

Should it be incumbent on the Scottish Executive to monitor the health of people living
around GM farm scale evaluation sites?

13. The recent Royal Society of London report (Royal Society 2002) has noted that there was
no formal assessment of the allergenic risks posed by inhalation of pollen and dusts. The
route of exposure of the local population around a GM trial will be different from that for
the UK population as a whole, for example, through inhalation of air-borne particles or
through the skin from walking in the crop, rather than through diet  (the level of acute
exposure could also be higher). However, no practical monitoring programme will have
the power to show health effects within a reasonable time scale. Experience from US
strongly suggests that, if there are any health effects, they will be very small and long
term.  The most likely effects will be the result of anxiety. Hence, any proper study will
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need to include 'dummy' GM trial sites, which actually involve conventional varieties, so
as to avoid a placebo effect.

14. In this context it should be noted that that the Scottish Office (as it then was) found
difficulties in producing a protocol for assessing the possibility that allergies were
triggered in people by the presence of nearby conventional rapeseed crops. There are also
herbicide resistant crops commercially available which have been produced by
‘conventional’ techniques which involve mutation of the plant genome which would also
have to be subject to the same investigation as those being proposed for GM crops.

Additional Information

15. In responding to this Inquiry the Society would like to draw attention to the following
publications which are of relevance to this subject:

 Crawley M J , Brown S L, Hails R S, Kohn D D, Rees M (2001) Transgenic crops in natural
habitats. Nature 409, 682-683.

European Commission (2000). Communication from the Commission on the precautionary
principal. Brussels, 2.2.2000, COM(2000)1 final. (http://europa.eu.int/eur-
lex/en/com/cnc/2000/com2000_0001en01.pdf)

European Commission (2001). A Review of Results: EC-sponsored Research on Safety of
Genetically Modified Organisms. Edited by Charles Kessler and Loannis Economidis.
Office for Official Publications of the European Communities, L-2985, Luxembourg.
(http://europa.eu.int/comm.research/quality-of-life/gmo/)

OECD (2000a) Genetically Modified Foods: Widening the Debate on Health and Safety. The
OECD Edinburgh Conference on the Scientific and Health Aspects of Genetically
Modified Foods.

OECD (2000b). Report of the task force for the safety of novel foods and feeds. Organisation
for economic and Co-operative Development. C(2000)86/ADD1. Paris.

Rieger M A, Lamond M, Preston C, Powles S B, and Roush R T (2002). Pollen mediated
movement of herbicide resistance between commercial canola fields. Science 296,
2386-2388

Royal Society (2002). Genetically modified plants for food use and human health – an update.
Policy document 4/02

Society of Toxicology (2002). The Safety of Genetically Modified Foods Produced Through
Biotechnology, Position Paper, September 25th, 2002

World Health Organisation (2000). Safety aspect of genetically modified foods of plant
origin. Report of a Joint FAO/WHO Expert Consultation on Foods Derived from
Biotechnology. (http://www.who.int/fsf/GMfood/FAO-WHO_Consultation_report_
2000.pdf)

World Health Organisation (2001). Evaluation of Allerginicity of Genetically Modified
Foods. Report of a Joint FAO/WHO Expert Consultation on Allergenicity of Foods
Derived from Biotechnology. (http://www.who.int/fsf/GMfood/Consultation_Jan2001
/report20.pdf)
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