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Ethical problemEthical problem

- Do we have a duty of care to the, yet unborn, 
children of future generations?
- If yes, then should we have ethical review of 
research and development being conducted by 
industries, governments etc?
- If activities are ‘pervasive’, i.e. they impinge 
directly upon our lives, should developers have 
societal ‘permission’ BEFORE they start work?



“The discoverer of an art is not the best judge 
of the good or harm which will accrue to 
those who practice it.”

Plato, Phaedrus
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Formal Risk Assessment Formal Risk Assessment 
is a relatively recent is a relatively recent 

developmentdevelopment
Society has belatedly ‘reacted’ to disasters 
in the past, rather than anticipating harm.
Pollution of the planet with POPs and 
climate change are good 20th C examples
Of course the ability of the human race to 
alter and/or despoil the planet is not new –
the Sahara Desert is a case in point 



It is clear that a mode shift It is clear that a mode shift 
was requiredwas required

Simply reacting to disasters  was seen to be an 
inadequate approach
Man was clearly capable of causing changes to the 
environment and health on a global scale
There was a desire to adopt an anticipatory  mode 
to try to avoid failures by using past experience to 
predict likely areas of hazard
The options available are:
– Hazard assessment
– Risk assessment
– Precaution



The Precautionary PrincipleThe Precautionary Principle

"When an activity raises threats of harm to 
human health or the environment, 
precautionary measures should be taken, 
even if some cause and effect relationships 
are not fully established scientifically"
‘Wingspread Statement on Chemically-Induced Alterations 
to immune system.’ Environmental Health Perspectives, 
104:4, August 1996.
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Risk Assessment Risk Assessment 

The main tool used to stop the implementation of 
the Precautionary Principle
Deployed as ‘proof’ that technologies are safe
Usually presented as hard science, despite the use 
of unrealistic assumptions on many occasions. 
These assumptions are usually not explicitly stated 
and tend to be hidden in the text.



Risk Assessment Risk Assessment –– 4 phases4 phases

Hazard identification – requires insight and 
understanding of the system in question
Hazard assessment – costs time and money for 
hard science – positive findings require action
Exposure assessment – can be very expensive 
and, for human exposure, complex
Risk assessment – depends totally on the 1st three 
steps



Risk Assessment Risk Assessment ––
Invented by EngineersInvented by Engineers

Used to assess the integrity of structures
Most information required is available
Realistic risk assessments possible
Lead to over design of structures
– Bridges and buildings typically x 5
– Aircraft typically x 1.1 to 1.2
The tighter the margin – more research required



Risk assessment was designed by 
engineers to assess the reliability of 
engineered structures, where most 
of the facts are known or can be 
measured.



Risk assessment in Risk assessment in 
engineeringengineering

is not foolproofis not foolproof

Despite sophisticated models based on hard 
data and years of experience unpredictable 
events still happen
This represents either a failure of hazard 
identification or of hazard assessment







SooooSoooo -- Mathematical models Mathematical models 
can be problematiccan be problematic



Complex SystemsComplex Systems

Risk assessment is now being applied to 
very complex systems - such as ecosystems
It is impossible to have comprehensive 
hazard data for such systems
Missing data is often provided by ‘data 
models’, but these can be subjective
Sometimes the whole risk assessment can 
be based solely upon data models





Of Risk Assessment..Of Risk Assessment..

A former director of the US EPA said:

“We should remember that risk assessment 
can be likened to the captured spy: if you 
torture it long enough, it will tell you 
anything you want to know”



If you ask the wrong question If you ask the wrong question 
–– you get the wrong answeryou get the wrong answer



An example of a ‘factAn example of a ‘fact--free’ free’ 
model in environmental model in environmental 

chemistrychemistry
‘… summary data is presented of the estimates in the 
Environmental Statement for the worst case situation for 
the rate of deposition of various chemicals from the refuse 
to energy plant on local crops assuming continuous 
exposure. The human risk from consuming these is 
assessed for a hypothetical maximally exposed individual.
This individual is presumed to consume largely (60% of 
total intake) vegetables grown in the area (eg: from 
allotments) of the maximum impact of the stack plume (i.e. 
having maximum long term GLC values). As discussed 
above, continual emission is presumed. These are worst 
case assumptions. (Professor J. W. Bridges)



Areas of potential GM hazardAreas of potential GM hazard

Genetic instability – transgenes are 
inherently unstable
Horizontal gene transfer (eg antibiotic 
resistance)
Pleiotropic effects: allergy, toxicity



Substantial EquivalenceSubstantial Equivalence

A chemical test of composition

Not predictive of biological effects

What is needed is knowledge of:
– Allergenicity
– Unpredicted toxicological effects



‘Risk Assessment’ from Ag‘Risk Assessment’ from Ag--
Bio manufacturersBio manufacturers



Monsanto risk assessment for Monsanto risk assessment for 
GM sugar beet in EireGM sugar beet in Eire



Chardon LL Chardon LL –– T25 fodder T25 fodder 
maizemaize

Purified PAT protein taken from another 
plant species – Canola
Fed to a non-relevant species – rat
Irrelevant anti-nutrient, phytate, assessed
Non-substantial equivalence ignored 
(changes in fatty acid expression)
No whole food feeding trial to cattle



How long are the How long are the 
reassurances offered in a risk reassurances offered in a risk 

assessment good for?assessment good for?

A low probability

Given enough time

Becomes a racing certainty



Standard format for risk Standard format for risk 
assessments?assessments?

Pro-forma listings of:
– All hazards identified
– Those hazards identified but not assessed
– Those hazards not assessed but modelled
– Areas of uncertainty identified
– Levels of confidence in the results
– Time scale over which the risk assessment can 

be considered to be valid



How much hazard How much hazard 
assessment is being assessment is being 

performed on GM crops?performed on GM crops?
Dr Arpad Pusztai won a grant of £1.6 
million from the Scottish Office to develop
hazard assessment methods
He has published his results in Lancet
Industry did not like his results
This type of work appears to have stopped!



Peer pressure???Peer pressure???



CoinCoin--operated consultants?operated consultants?

"All policy makers must be vigilant to the 
possibility of research data being 
manipulated by corporate bodies and of 
scientific colleagues being seduced by the 
material charms of industry. Trust is no 
defence against an aggressively deceptive 
corporate sector."
- THE LANCET, April 2000



GOVERNMENT WATCHDOG GIVES GOVERNMENT WATCHDOG GIVES 
STARK WARNING OVER GM WEEDSSTARK WARNING OVER GM WEEDS

Tues 5 February 2001

Super weeds, resistant to a number of herbicides, 
are already resulting from growing  genetically 
modified crops, a new report from the UK 
Government's nature watchdog warns today. The 
findings will increase fears about the threat posed 
by GM crop trials growing in the UK to 
neighbouring crops and the environment.



GOVERNMENT ADMITS GM CROP GOVERNMENT ADMITS GM CROP 
SEPARATION DISTANCES ARE SEPARATION DISTANCES ARE 

INADEQUATEINADEQUATE
1818thth January 2002January 2002

In a little-publicised response [published 17/1/02] to a 
critical report into the controversial GM farm scale 
evaluations (FSE),Environment Minister, Margaret Beckett 
says that:the results of the GM evaluations are insufficient 
to allow for the commercial growing of GM crops, there 
will be a public debate on whether GM crops should be 
commercially grown; there is a case for separation 
distances to be massively increased to protect neighbouring 
farmers. The admissions are contained in the Government's 
response to the Agriculture and Environment 
Biotechnology Commission's report:
Crops on trial (www.aebc.gov.uk).



Separation DistancesSeparation Distances

The current separation distances between GM and non-GM 
crops have been set to ensure contamination is a maximum 
of 1% (50 metres for conventional oilseed rape). The 
Government now agrees “ there is a case for separation 
distances to be greater so as to ensure a maximum of, for 
example, 0.1% cross-pollination ”. This would represent a 
huge increase in separation distances. The EC proposed 
last year that for oilseed rape seed production to achieve a 
contamination threshold of 0.3% would require a 
separation distance of 5km.



Political pressure ??Political pressure ??



No risk is acceptableNo risk is acceptable
if it is avoidableif it is avoidable

Biotech industry spokesmen tell us that “nothing 
is 100% safe” 
Traditional foods have been tested for thousands 
of years, GM foods for < 10 years
We are being asked to risk eating GM food (not 
100% safe) for no immediate benefit except to the 
manufacturers
The rationale is that “we are all going to starve”



Precaution Precaution –– the best optionthe best option

Decision on the balance of probabilities
Reverse onus
Strict liability for “Pervasive Technologies”
Prior debate on a societal level before the 
development of new pervasive technologies
The use of risk assessment only in situations 
where it is appropriate


