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Alan Cameron’s response to the Petitions Committee
 
Alan Cameron’s letter is not a response to the requests made by the Petitions 
Committee on 21st Feb, nor my June 2008 letter, but rather a defence of the official 
position with regard to power line EMFs, which prompted the submission of PE812 
back in 2004. It therefore takes PE812 no further forward and addresses not one of the 
questions raised, and certainly not the Committee’s request for a precautionary 
approach to be supported. On the basis of a substantial and growing body of scientific 
evidence (including the latest studies on Alzheimer’s disease) Stirling Before Pylons 
continue to hold very serious concerns for public health from high-voltage overhead 
transmission lines (HVOTLs). We are not alone in this, and Germany has now joined 
other European countries in legislating meaningful precautionary measures.  
 
With regard to Alan Cameron’s letter I wish to make the following points: 
 

• There is no reference as to a how a precautionary approach could be adopted 
by planning authorities – perhaps in deference to a forthcoming announcement 
by Westminster (expected before Christmas). Neither is reference made to the 
Public Petition Committee’s calls for a precautionary approach, as minuted 
at the February 19th meeting. 

  
• My previous response to the Petitions Committee and Stephen Garland’s letter 

(June 2008) questioned the scientific basis for advice offered by the HPA to 
government. Cameron’s response fails to address any of the issues raised, 
merely affirming the Scottish Government’s confidence in this body. I still 
maintain that the HPA letter to government of Oct 15th 2007 is inconsistent 
and ill informed, referencing not a single study published since 2004 (copies 
attached). Also attached is a recent letter from the UK’s pre-eminent professor 
in the field (Denis Henshaw of Bristol University), which likewise raises 
serious concerns at the HPA letter of advice to government. 

 
• Cameron’s letter makes no reference to recent scientific studies into the 

association between HVOTLs and Alzheimer’s disease. The recent 
publication of the Swiss National Cohort Study (Huss et al., American Journal 
of Epidemiology Nov 5 2008 - attached) into the relationship between 
Alzheimer’s disease and residential proximity to HVOTLs was reported in 
the Express newspaper (Nov 11 2008, 
http://www.express.co.uk/posts/view/70485/Pylons-double-risk-of-dying-from-
dementia-), at the end of which a spokesperson from the Department of Health 
said it “was reviewing its position in the light of the study”. This major study 
analysed over 4.7 million people over a 5 year period and shows a clear and 
quantifiable association between HVOTLs and the disease. The association 
becomes stronger with closeness to power lines and duration of exposure. 
Living within 50 metres of a high-voltage power line for 15 years or more 
reveals a doubling of risk of Alzheimer’s disease. 

http://www.express.co.uk/posts/view/70485/Pylons-double-risk-of-dying-from-dementia-
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This Swiss study is not isolated, but consistent with the combined analyses of 
risk of Alzheimer’s with occupational exposure to power-frequency magnetic 
fields (Garcia et al, 2008). Moreover, I understand that Alzheimer’s sufferers 
display significantly reduced melatonin levels, so this study adds credibility to 
the plausible biological mechanism based thereon. 
 
The evidence for risk of Alzheimer’s from HVOTLs is now quantitatively 
comparable with that for Childhood Leukaemia, for which magnetic fields 
have been internationally recognised as an IARC class 2B carcinogen, with the 
UK’s own Draper Report (2005) quantifying the risk with distance from 
HVOTLs. Terry Pratchett's petition to Gordon Brown this week highlighted 
(http://news.bbc.co.uk/go/em/-/1/hi/health/7746478.stm) that there are 
700,000 Alzheimer’s sufferers in the UK, costing the economy £17bn pa. The 
numbers involved are therefore significantly higher than with childhood 
leukaemia, so the CBA must surely swing in favour of precautionary measures 
for the most vulnerable, young and old alike, in our society. 

  
• With regard to the SAGE process, yes it did produce a First Interim 

Assessment, but one with which many stakeholders could not identify – to 
the extent that several key players have now left the process. I have 
already submitted my review of SAGE Phase1 to the PPC. New facilitators 
have been appointed with a specific remit not to force consensus where 
none exists. I regularly communicate with and attend SAGE meetings, but 
the Scottish Government representative has only attended 1 of the 3 most 
recent main group meetings (2007-8). This is disappointing, for although 
high-voltage lines only directly threaten the health and well-being of a 
minority of the population, there were 15,000 objections to the Beauly to 
Denny proposal specifically on this issue. Moreover, if Scotland intends to 
develop its Renewable Energy potential, then the necessary growth in grid 
infrastructure will massively increase this problem for the Scottish people 
unless it is addressed responsibly now. 

 
Neither the HPA nor SAGE has seriously addressed the now overwhelming peer-
reviewed scientific evidence of adverse health effects associated with HVOTLs. 
Indeed, Phase 1 of SAGE had a specific policy not to review scientific evidence 
(thankfully overturned in Phase 2). There is over 25years of research showing adverse 
health effects, but in the last four years key papers and reviews including the Draper 
Report 2005, the Lowenthal study 2007, the BioInitiative Report 2007, and the Garcia 
et al. & Huss et al. studies 2008 highlight the serious public health threat posed by 
HVOTLs. 
 
By way of contrast, the July 2007 Westminster Cross-Party Inquiry Report did 
address the results of some of these recent studies, including the government funded 
Draper report. It came to very different conclusions, recommending “a moratorium on 
the building of new HVOTL within 60m of existing homes and schools”….extending 
this distance to 200m for the highest voltage lines” (up to which distance The Draper 
Report found a 75% increased risk of childhood leukaemia). Recent German 
legislation also relates directly to the latest scientific evidence and calls for a 
moratorium on new HVOTLs within 200m for individual properties, extending to 

http://news.bbc.co.uk/go/em/-/1/hi/health/7746478.stm


400m for residential areas. The German situation is directly comparable to that of 
Scotland in that their precautionary legislation has arisen as a direct result of the 
promotion of Renewable Energy, but with the condition that its transmission should 
not damage communities through which it passes. 
 

• Alan Cameron’s final paragraph justifies the Scottish Government’s failure to 
undertake an analysis of the scientific research by its dependence on the work 
of COMARE (Committee on Medical Aspects of Radiation in the 
Environment). Yet COMARE’s remit covers ionising radiation, not power 
frequency ELF EMFs, nor the critical long-term biological effects (cancers) 
thereof. The Scottish Government’s reliance on advice from COMARE is 
therefore irrelevant to PE812. 

 
However, numerous scientific reports and epidemiological studies of direct relevance 
have been ignored, with not one having been addressed or even referred to in Mr 
Cameron’s response or the advice presented to government by the HPA. If 
government wants public confidence in its forthcoming guidelines, then it must at the 
very least engage with the relevant bodies and research, and particularly studies which  
public money has financed (The Draper Report was part-funded by the Scottish 
Executive). Otherwise the public will be justified in asking whether this reflects a 
waste of public money, or if the results presented “an inconvenient truth”?  
 

• Cameron’s attempt to close the debate with a selective, though unreferenced 
quote from the WHO assuages none of our concerns, as this body has recently 
come under intense criticism for its direct links to the electricity industry 
(Panorama May 2007) and systemic failure to address evidence (Oxman et al. 
The Lancet, June 2007). Also, the source and date of the selective WHO quote 
are required, as their latest 2007 report EHC238, section 1.1.11 comes to a 
more cautious (if contentious) conclusion “Thus, on balance, the evidence is 
not strong enough to be considered causal, but sufficiently strong to remain a 
concern”. Indeed, an arm of the WHO, IARC (International Agency for 
Research on Cancer) officially classifies magnetic fields as a possible human 
carcinogen (2B). On this basis, even the WHO (1.1.12) recommend that 
“provided the health, social and economic benefits of electric power are not 
compromised, implementing very low cost precautionary procedures to reduce 
exposure is reasonable and warranted”. 

 
An unreferenced one line quote from the WHO is patently no substitute for an 
“analysis of the broad conclusions being formed though current and available national 
and international scientific research”.  
 
Stirling Before Pylons is therefore not willing on the basis of Mr Cameron’s letter to 
close PE812. The outstanding issues are much the same as those submitted back in 
2004, except that the number of scientific studies concluding that there is the risk of 
serious adverse health effect from living in close proximity to HVOTLs continues to 
grow. Already this year two critical studies (Garcia et al. & Huss et al.) put the 
increased risk of Alzheimer’s disease associated with HVOTLs on a similar footing as 
the association with childhood leukaemia. To my knowledge none of the evidence 
pointing to an association between powerline EMFs and ill health has been 
convincingly refuted. PE812 cannot therefore be closed on the basis of the latest 



scientific evidence. It would be a damning indictment if industry and government fail 
to address this now substantial body of evidence, while we still have the chance to 
take precautions and safeguard future lives prior to the approval of major new 
infrastructure projects such as the Beauly to Denny 400kV proposal.   
 
If the PPC is unable to urge the Scottish Government to acknowledge the 
internationally acknowledged potential health hazards associated with HVOTLs, then 
there is clearly no means of persuading them to introduce precautions as a matter or 
urgency. However, failure to do so, will potentially affect thousands of members of 
the Scottish public for generations to come – and not for want of trying on the part of 
the public, whose interests Stirling Before Pylons has taken great pains to place before 
this Committee.  
 
I am therefore asking the Public Petitions Committee not to close PE812, and seek 
your advice on how to take the unresolved concerns of thousands of citizens, as 
reflected in PE812, forward. Scotland with its ambitious Renewable Energy 
programme should be leading the way in introducing precautionary measures for 
public health from new grid infrastructure projects. 
 
Yours sincerely, 
 
 
Caroline Paterson 
Stirling Before Pylons.  



 
 
 
 

 
 
H H Wills Physics Laboratory 
Royal Fort, Tyndall Avenue, Bristol, BS8 1TL 
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Denis L Henshaw 
Professor of Physics  

 
 
 
RT Hon Dawn Primarola MP 
Minister of State for Public Health 
Department of Health 
Richmond House 
79 Whitehall 
London, SW1A 2NL 
 
4th November 2008 
 
Dear Minister 
 

Stakeholders Advisory Group for EMF (SAGE) 
 

Enclosed advice letter of 15th October 2007 from the Health Protection Agency 
(HPA)  

 
I am informed that the government is shortly to give its response to the SAGE First 

Interim Assessment of 27th April 2007 and I would be grateful if you could take these 
comments into consideration before reaching a conclusion. 

 
The Government will have received the above HPA advice letter, copy enclosed, 

signed by the then Chief Executive Professor Pat Troop. 
 
May I draw particular attention to the statement on page 2, paragraph 5:  
 
“The evidence to date suggests that in general there are no adverse effects on the 

health of the population of the UK caused by exposure to ELF EMFs below the 
guideline levels”,  

 
and later in the same paragraph: 
 
 “At present there is no plausible biological mechanism to explain this excess [of 

childhood leukaemia in relation to ELF EMFs], if real, ....””   
 



As a practising researcher of EMF health effects and member of the SAGE 
committee which compiled the first interim report, my advice is that this opinion is 
not only unsustainable but irresponsible in the light of the scientific evidence to the 
contrary.  The claim that the evidence suggests no adverse effect (even with the 
qualification in the sentence) is also contrary to previous advice issued to Government 
by the former NRPB and contrary to the World Health Organisation’s (WHO’s) 
assessment which has classed exposure to power frequency magnetic fields as a Class 
2B ‘possible carcinogen’. In fact, this latest HPA advice appears to award an IARC 
Class 4 status (probably not carcinogenic to humans; extended here to probably not 
causing any adverse health effects) to power frequency magnetic fields. No other 
body has made such an assessment. 

 
Please allow me to explain further. 
 
Most research into the health effects of exposure to electric and magnetic fields 

(EMFs) associated with the electricity supply has actually concerned the magnetic 
fields or MFs. The peer-reviewed scientific literature contains many thousands of 
research papers on the interaction of MFs with biological systems, including adverse 
health effects of exposure to MFs associated with our electricity supply. 
Unfortunately, partly owing to their restrictive terms of reference and manner of 
operation, only a small fraction of this literature has been cited by the various bodies 
tasked with advising on health effects of exposure to power frequency MFs. As a 
result, many such bodies have prevaricated or otherwise failed to acknowledge the 
extent of our knowledge and understanding of these effects. One result has been the 
poor and inadequate advice that the former NRPB at Chilton and now the HPA has 
provided the UK Government on this issue.  

 
The association between exposure to power frequency MFs above a level of 0.4 

microtesla (µT) and increased risk of childhood leukaemia has been acknowledged by 
the HPA and indeed by many other bodies internationally. It should be noted that 0.4 
µT is a factor of 250 below the HPA and international advice guideline levels of 100 
µT. Therefore, the statement on page 2, paragraph 5 of the HPA letter appears to be in 
direct contradiction to the previous HPA position, which accepted the possibility of 
causation of cancer. 

 
The are other reports which in my view share the prevarication of the HPA on the 

EMF health issue, for example the 2002 IARC report, the 2007 World Health 
Organisation (WHO) Environmental Health Criteria Report 238 and the 2007 EU 
SCENIHR Report, although all of these reports contain considerable overlap in the 
individuals who sit on the committees which have compiled them.  

 
In contrast, the 2002 California Health Department Services (CHDS) Report 

concludes that five adverse health outcomes are associated with power supply 
magnetic fields: childhood leukaemia, adult leukaemia, adult brain cancer, 
amyotrophic lateral sclerosis or ALS and miscarriage. The greater prevalence of these 
diseases compared with the incidence of childhood leukaemia alone is such that a cost 
benefit analysis favours substantial active precaution against public exposure to power 
frequency MFs, including the avoidance of building houses near powerlines. 

 



As part of the deliberations within SAGE, Professor Mike O’Carroll and I tried to 
understand how the 2002 IARC and California Reports could reach such different 
conclusions using essentially the same available epidemiological evidence.  We found 
that in fact both Reports contained evidence of an association between magnetic fields 
and both adult leukaemia and adult brain cancer but that the IARC Report had 
neglected to carry out the necessary analysis. In fact, we concluded that in the case of 
adult leukaemia, the association with magnetic fields was as strong as for childhood 
leukaemia. Our findings have since been published in the peer-reviewed journal Risk 
Analysis (Vol. 28, pages 225-234, 2008). A copy is enclosed herewith. 

 
It is also of interest that Garcia et al. (2008) have recently carried out a review and 

meta-analysis of several independent occupational studies and concluded that the 
incidence of Alzheimer’s disease is also associated with power frequency magnetic 
fields. A copy of the paper by Garcia et al. is also enclosed. 

 
The HPA advice letter claims there is “no plausible biological mechanism” to 

explain this association. To whom is it not plausible? This term was used by Bradford 
Hill in considering when association might be regarded as causation, and was later 
used by NRPB without definition. The WHO gave an outline definition in 2007 and 
suggested recognising degrees of plausibility. Given the depth of understanding 
(outside the circle of WHO and HPA) of the mechanisms by which MFs may be a 
causal factor in leukaemia risk, one fears that the HPA is failing in its duty to properly 
advise Government on this issue. 

 
Indeed, in recent years considerable gains have been made in understanding the 

mechanisms by which magnetic fields interact with biological systems, which in the 
cases of humans could potentially explain the range of adverse health effects 
associated with exposure. It is of course the case that as with many diseases we may 
never achieve full proof of causation, but you should be aware that such level of proof 
is not required for precautionary measures to be introduced against exposure. 

 
EMFs stand apart from other environmental hazards in the denial of scientific 

knowledge and an unreasonably high level of proof that seems to be required in order 
to accept that precaution against exposure is needed. For example, in the field of air 
pollution the health hazards are well acknowledged, allowing Government to make a 
political decision on limiting emissions and public exposure. 

 
Whole areas of relevant research have been all but ignored, for example our 

detailed knowledge of how many animal species navigate by detecting tiny changes in 
the Earth’s magnetic field (although animal navigation is mentioned in some EMF 
reviews), how plants can detect magnetic fields, the body of evidence of human health 
effects arising from fluctuations in the Earth’s magnetic field and whole areas of 
research by particular scientists. Overall, I would estimate that as little as 10% of the 
relevant research literature has ever been considered by official review bodies.   

 
Notwithstanding this present state of affairs, in 1996, based on much less evidence 

than we have now, Sweden introduced precautionary measures to mitigate public 
exposure to power frequency magnetic fields including measures to avoid the siting of 
powerlines near homes. Italy and Switzerland followed suit in 2000. 

 



SAGE was conceived in 2004 from an initiative of the National Grid Company 
when the NRPB/HPA failed to provide leadership on the EMF health issue. The 
expectation of many SAGE members was that our depth of knowledge of adverse 
health effects would finally be brought to the surface and that we might at last 
introduce proportionate precaution against exposure in the UK. 

 
Throughout the SAGE process, in which the HPA was represented, a body of 

scientific evidence and understanding of the adverse health effects from EMF 
exposures was circulated. Independently, the HPA Chairman Sir William Stewart 
chaired an EMF discussion group (EMF-DG) of interested parties of which I too was 
a member. As part of this group a large number of scientific papers reporting adverse 
health effects from EMF were circulated. 

 
One would have thought that some of this extensive information would have been 

taken on board by the HPA, but their statement: “The evidence to date suggests that in 
general there are no adverse effects on the health of the population of the UK caused 
by exposure to ELF EMFs below the guideline levels”, gives the appearance that HPA 
have simply ignored the advise and evidence put their way by the SAGE and EMG-
DG processes. 

 
This is disappointing for senior professionals who have given their time to SAGE 

and the EMF-DG. It seems almost to undermine the efforts of other Government 
Departments, especially the Department of Health in participating and helping to fund 
and manage SAGE.  The HPA letter was signed by Professor Pat Troop, Chief 
Executive at the time, now retired. Professor Troop was not known to be a specialist 
in EMF health effects and perhaps the letter was drafted by the former NRPB at 
Chilton. The letter seems at a stroke to have marginalised SAGE and rendered it 
irrelevant. 

 
I am naturally wondering what was behind your decision to refer the SAGE report 

back to HPA. If the purpose was to seek the HPA’s reaction to the SAGE Report then 
why do this? Surely the spirit of SAGE was that all Stakeholders have their view, so 
the HPA’s view is already incorporated within the SAGE Report? Indeed, the Report 
specifically identified the “WHO/HPA view”. 

 
Against the background of the considerable evidence and understanding of adverse 

health effects from power frequency MF exposures and of the precautionary measures 
introduced by some other countries, it is my opinion that the difficulties in the UK 
started with the former NRPB at Chilton and has now come round full circle within 
the HPA. The remarks of the Rt Hon Dr John Reid MP, who famously found the 
Home Office “unfit for purpose”, come to mind. 

 
There seem to be two structural factors at work in the advice you have received 

from the HPA: 
 
(i) First, it seems strange that Government relies solely on the NRPB/HPA for 

advice on EMF health matters. This is quite at variance with other disciplines. For 
example, Government receives all manner of advice on economic matters, so why 
then would it seem strange if it solicited advice from more than one quarter on EMF 



and health? An appraisal commissioned by SAGE this year referred to issues of 
“trespassing on HPA territory”, suggesting perhaps a barrier to balanced advice. 

 
(ii) Second, there appears to be a considerable misrepresentation of our scientific 

understanding of EMF health effects which is then used as an excuse for inaction in 
relation to precaution. This is quite unlike the case of air pollution where the findings 
of adverse health effects are openly discussed and acknowledged by Government and 
its advisers. If, for example, the Government decides to go ahead with the third 
runway at Heathrow airport, then that will be seen as within its prerogative i.e. a 
political decision based on a thorough airing of arguments, including the expected 
increase in health effects resulting from the increased air pollution. 

 
It seems strange that HPA members rarely attend scientific meetings on EMF 

health effects. Only two weeks ago, on 21st & 22nd October, at HPA Training Centre 
at Chilton, the Department of Health held a meeting of scientists involved in its 
Radiation Protection Research Programme, with one presentation reporting new 
findings on effects of magnetic fields on cells in vitro. This meeting was held just 
yards from the offices of the same civil servants who are advising you of “no adverse 
effects on the health” from EMFs, but who nevertheless did not attend the meeting.  

 
Thus, I know of no other branch of public health where a Government Body has 

been placed between science and Government in a manner which seems to prevent 
full and balanced advice being given to ministers, and to prevent some results of the 
scientific process from ever reaching Government and which results in briefing 
against science. 

 
I have concluded that sending scientific papers to members of the HPA serves no 

purpose – they will simply be ignored. I hope I may send future communications 
directly to the appropriate Government department. 

 
 In summary, unless and until you seek plurality of advice directly to Government, 

I fear you will continue to be ill-advised on the EMF health issue. EMF health issues 
are not going to go away, so sooner or later they will have to be properly addressed by 
Government. 

 
Yours sincerely 
 
Professor Denis L Henshaw 
 
Copy to: 
Rt Hon Gordon Brown MP, Prime Minster 
Lord Mandelson, Secretary of State for Department for business, Enterprise & 

Regulatory Reform 
Rt Hon Hilary Benn MP, Secretary of State for Environment, Food & Rural Affairs 

Enclosures: 
1. Letter from HPA to the Minster of Public Health “HPA comments on the SAGE 

First Interim Report” dated 15 October 2007 
2. O’Carroll MJ Henshaw DL, 2008.  Aggregating epidemiological evidence: 

comparing two seminal EMF reviews.  Risk Analysis, 28(1), 225-234 



3. Garcia AM, Sisternas A, Hoyos S P.2008 Occupational exposure to extremely 
low frequency electric and magnetic fields and Alzheimer’s disease: a meta-
analysis Int. J. Epidemiol. 37, 329-340. 
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Prof Pat Troop,       
Chief Executive       
Health Protection Agency      
7th Floor, Holborn Gate      
330 High Holborn 
London WC1V 7PP      22nd November 2007  
 
Dear Prof Pat Troop,  
 
A copy of your letter of Oct. 15th advising government on precautionary measures in 
relation to extremely low frequency electric and magnetic fields (ELF EMFs) 
addressed to the Minister for Public Health, the Rt Hon Dawn Primarolo MP, has 
recently come to my attention. This letter follows a letter dated Aug 29th from the 
Chairman of the HPA, Sir William Stewart, the contents of which I am not privy to, 
but which should clearly be read in conjunction. 
 
I am a member of the public who has followed this debate closely on account of 
representing the health case for Stirling Before Pylons at the Beauly to Denny 400kV 
Public Inquiry. I am not a scientist, but I do consider myself an informed member of 
the public, having submitted PE 812 to the Scottish Parliament back in 2004 and been 
a member of the SAGE process since 2006. I have a personal interest in ensuring that 
public health is protected from power line EMFs. 
 
I consider the HPA’s advice to government to be ill-informed, inaccurate, inconsistent 
and out-of-date, and in direct contradiction to this letter’s claim “to support the 
provision of high quality, evidence-based, scientific and technical information in the 
public domain, including details of the strength of evidence and risks” (p.3, no.6).  
 
The HPA ’s failure to recommend any real practical precautionary measures (with one 
vague exception on p.3, no.1) is disappointing, but to base this absence of precaution 
on inaccurate assertions is scandalous. It begs the question what the HPA has been 
doing for the past three years, given all the high quality research they have had access 
to. At the very least, the public deserves an accurate interpretation of the evidence.  
 
I will highlight a couple of points to illustrate this: 
 
1. The letter frequently uses generalisations to hide the internationally acknowledged 
serious adverse health effects associated with power line ELF EMFs. For example 
(p.2, para 2), “overall evidence for adverse effects of ELF EMFs on health at levels of 
exposure normally experienced by the general public is weak”.  This is misleading, 
for the vast majority of the population do not live in close proximity to a HVOTL! 
The words overall, normally and general mislead the reader, for the evidence of 
serious adverse health effects for those people living in close proximity to high 
voltage overhead power lines (HVOTLs) is far from weak. The following line’s 
“least weak evidence” is likewise inappropriate. Such use of language is clearly used 
to misinform, and is I guess a form of political spin with which we are sadly now all 
too familiar. Since 2004 major international bodies from the WHO to the NRPB (now 
subsumed within the HPA) have acknowledged a doubled increased risk of 
childhood leukaemia associated with long term exposure to magnetic fields of 0.4 
microtesla or greater, as found in close proximity to HVOTLs. In June 2005 the 



massive, publicly funded Draper Report (BMJ no.7503) quantified this risk: a 100% 
increased risk within 100m, a 70% increased risk within 200m, with a statistically 
significant increased risk extending up to 600m. For the HPA to then state (p.2, no.1) 
that “the evidence to date suggests that in general there are no adverse effects on the 
health of the population of the UK caused by exposure to ELF EMFs below the 
guideline levels (100 microtesla)” is a blatant fallacy and a total abdication of your 
public responsibilities. 
 
2. Although the above is followed by a brief reference to epidemiological studies 
which show “a small excess of childhood leukaemia” the adjective small is again 
inappropriate and presumably used to play down the associated risks. The HPA would 
no doubt claim that the risk for the whole population, which the “in general” refers to, 
is small, but that is no comfort to the thousands of families currently living in close 
proximity to HVOTLs or threatened by new power line proposals. For this significant 
sector of society the increased risk of childhood leukaemia is high – 70% for those 
within 200m.  
 
Possibly the HPA would explain its phrase “small excess” of childhood leukaemia on 
account of its unquestioning acceptance of data stating that few children are actually 
exposed to dangerous ELF EMFs, presumably based on SAGE’s adoption of a 
threshold effect (with all risk stopping at exposure levels below 0.4 microtesla). This 
is an artificial threshold - not suggested by the data, as the HPA claim (p.2, no.2), but 
rather adopted by SAGE as a working assumption. Indeed, further research by Prof 
Ahlbom suggests that many more children may be adversely affected by exposure 
levels below the 0.4 threshold than above it, on account of increased population 
densities at greater distances from HVOTLs. Alternative estimates based on the more 
likely scientific scenario, as suggested by the data of a linear no-threshold 
approach present a very different picture. Studies in the US suggest that as many as 
11% of childhood leukaemia cases may result from electricity supply, equating to c.60 
new cases of the disease in the UK pa – a far cry from the HPA’s estimate of 2-5 
cases. Such figures can hardly be described as a “small excess” number of children 
suffering from the UK’s largest child killer disease (and that despite an 80% initial 
recovery rate), which is on the increase. 
 
3. Rather than investigating the scientific evidence underlying the need for 
precautionary measures, the HPA’s “proportionate response” appears to have been 
predetermined by financial considerations (p.3, para 1, p.3 no.1). To suggest money 
would be better invested in treating existing cases of CL than in preventing future 
cases (p.4, no.7) contradicts the philosophy of “prevention rather than cure”, and will 
probably lead to vast numbers of avoidable cases in the future, if practical 
precautionary measures are not implemented now. I hope no weight is placed upon 
the CBA discussions in the Interim SAGE Report, which from my own knowledge in 
the area of XLPE undergrounding costs, were grossly inaccurate. For the HPA to give 
unfavourable CBA as a justification for not implementing practical precautionary 
measures, illustrates the serious implications of flawed CBA.  
 
4. In 2004 the NRPB advised government to consider the need for further 
precautionary measures for ELF EMFs on the basis of the internationally 
acknowledged doubled risk of childhood leukaemia. To my knowledge there has 
been no scientific evidence to refute this association. On the contrary, numerous 



scientific reports, including the UK’s Draper Report (BMJ June 2005) have affirmed 
the leukaemia association. Yet, this letter states that “in general there are no adverse 
effects on the health of the population of the UK caused by exposure to ELF EMFs 
below the guideline levels“. This is simply not true, unless the caveat “in general” 
allows for a significant proportion of the population to be marginalized beyond the 
reach of any health protection.   
 
5. Moreover, the statements (p.2, no.1 & 3) that “at present there (are) no plausible 
mechanisms” are also untrue. There is no internationally accepted mechanism, but 
several highly plausible mechanisms have been proposed, including the melatonin 
theory, which I believe even appears on the HPA website. 
 
6. Throughout the developed world, from Switzerland, Sweden, the Netherlands, 
some Italian states, some German federal states, some US states etc governments are 
reviewing the same scientific evidence, on the basis of which they are adopting 
practical precautionary measures to protect their populations from harmful power line 
EMFs. In line with such approaches is the key recommendation from the 
Westminster Cross-Party Report (July 2007) that there should be a building 
moratorium of 60m extending to 200m for HVOTLs.  
 
7. There is serious public and political support for such a recommendation, as 
reflected in Westminster in EDM 403 with over 220 signatures, and in public and 
political support for PE 812 in the Scottish Parliament. In August, The BioInitiative 
Working group recommended governments adopt an immediate interim planning 
limit of 0.1 microtesla for homes near new lines. Such recommendations, unlike the 
advice from the HPA, are firmly grounded in the scientific evidence, which strongly 
suggests the urgent need for a precautionary approach. In the light of all this evidence 
it would be grossly negligent for the Minister to adopt the few vague 
recommendations contained in this letter. Where “uncertainties” exist – it is essential 
that precautions are adopted. Once a casual mechanism has been established, the time 
for precautionary measures has passed. Although not opposed to on-going research 
(p.4, no.8), there is little point in the HPA promoting (and paying for) further research 
(particularly into evaluating processes such as SAGE), whilst ignoring the wealth of 
current international research in this field, which even members of the public like 
myself are aware of.                                                                          
 
8. Some of the blame for this ill-informed response from the HPA lies with the 
Interim SAGE Report, which is deeply flawed, and internally inconsistent. SAGE did 
not work as an innovative stakeholder process. Several industry delegates left when 
their demands were not met, and not one of the pro-precautionary members of the 
public, such as myself, had a single recommendation included. We were presumably 
invited to justify the title of “stakeholder”. SAGE’s failure is reflected not only in the 
inaccuracies and inconsistencies apparent in its contents, but in the only contributions 
allowed by some members – namely their 250 word summaries – and even these were 
vetted! Little, if any weight should be put on the results of such a shambolic exercise. 
 
9. More learned criticism of this letter will no doubt follow once it has been made 
public. However, I wanted to inform you that from the public’s perspective, the 
advice contained in this letter is unsatisfactory and patently fails to meet the HPA’s 
own criteria of supporting “high quality, evidence-based, scientific and technical 



information in the public domain, including details of the strength of evidence and 
risks” (p.3, no.6). I understand the HPA is in the main publicly funded. As a member 
of the public I would suggest that with regard to power line ELF EMFs the HPA is 
failing in its duty to protect the UK public, general or otherwise.  
 
10. Having spent three years looking at this issue, the HPA should have reviewed the 
scientific evidence – it would be remiss not to have done so – and having done so 
should have moved on from its 2004 published position, when it originally 
recommended further precautions be investigated. Yet it appears to have done neither. 
Indeed the letter repeatedly returns to the NRPB’s 2004 publications (p.1, para 5, p.2, 
para 1 - 2, p.2, no.3) to support its assertions. However, it makes reference to not a 
single scientific paper post dating 2004, despite critical new studies including the 
Draper Report (June 2005) and The BioInitiative Report (Aug 2007), or individual 
studies like the Lowenthal et al paper (Journal of Internal Medicine 2007).  Not only 
does this indicate that the HPA is out-of-date in its assessment, but it suggests that it 
has no genuine intention to investigate precautionary measures.  
 
11. Practical precautionary guidelines from the HPA are necessary with regard to 
power lines, as this is an imposed risk from the electricity industry, which with the 
exception of moving house, the public cannot protect themselves from. If comparison 
is to be made with other hazards – these must also be of a similarly imposed nature. 
The HPA’s supposedly “precautionary approach”(p.2, para 3) fails to recommend 
any practical precautionary measures, with the exception of a brief reference to the 
attention of planning authorities and electricity companies being drawn to “a possible 
small increase in childhood leukaemia which may result from siting new buildings 
very close to power lines, or new power lines very close to existing buildings (p.3, 
no.1). “Very close” is not quantified, and there is no reference in the letter to any 
recommended reduction in the current 100 microtesla upper limit, allowing HVOTLs 
to continue to be built directly over homes and schools in the UK.  
 
Should the Minister decide to adopt the non-precautionary stance reflected in this 
letter from the HPA, I predict there will be a massive public outcry, coupled with a 
severe loss of confidence in the HPA, with serious questions being asked as to its role 
and continued existence.  
 
My only hope is that this letter will be considered alongside other, more reputable 
documents, including the Westminster Cross-Party Inquiry Report. I understand from 
correspondence with the Department of Public Health in the Scottish Government 
(26th Oct) this will be the case in Scotland. This will hopefully result in practical 
precautionary measures being adopted in line with the latest scientific evidence and 
the public’s growing knowledge and understanding of the situation. From the 
evidence I am aware of, it would be criminal not to do so. 
 
Yours sincerely 
 
Mrs C.Paterson 
 
 
Ccs: Rt Hon Dawn Primarolo MP, Sir William Stewart & Jill Meara, HPA; Hilary 
Walker & George Hooker, Dept of Health; Rt Hon Gordon Brown MP, Dr Howard 



Stoate MP,  Michael Connarty MP, Dr Ian Gibson MP, Sandra Gidley MP, Nick Hurd 
MP, Alex Salmond MSP, Nicola Sturgeon MSP, Bruce Crawford MSP, Shona 
Robison MSP, Roseanna Cunningham MSP, Richard Simpson MSP, Keith Brown 
MSP, Rob Gibson MSP, Prof Chris Harvie MSP, Mary Scanlon MSP, Murdo Fraser 
MSP, Elizabeth Smith MSP, Jamie McGriger MSP, Sylvia Jackson, John Campbell 
QC. 
 



HPA Advice on the First Interim 
Assessment of SAGE  
 
The Agency has given advice to Health Ministers on the first interim assessment of 
SAGE (Stakeholder Advisory Group on ELF EMFs (Extremely Low Frequency 
Electromagnetic Fields)) regarding precautionary approaches to ELF EMFs and 
specifically regarding power lines and property, wiring and electrical equipment in 
homes. 

The first interim assessment of SAGE was published on 27 April 2007 and it can be 
found at 
www.rkpartnership.co.uk/sage/Public/SAGE%20first%20interim%20assessment.pdf 
[outside link] (  PDF, 65 pages, 2.24 MB). 

Following a request from Ministers, the Agency’s Chief Executive, Professor Pat 
Troop, wrote to RT Hon Dawn Primarolo MP on 15 October 2007 giving advice on 
the SAGE publication. The full text of her letter is reproduced below. 

Letter from Professor Pat Troop to 
RT Hon Dawn Primarolo MP, Minister of State for 
Public Health, 15 October 2007 
Dear Minister  

HPA comments on the SAGE First Interim Assessment 

This letter follows on from Sir William Stewart’s letter dated 29 August 2007, please 
find enclosed the detailed response to the SAGE Report, originally requested by your 
predecessor Caroline Flint MP. 

The Stakeholder Advisory Group on ELF EMFs (SAGE) First Interim Assessment1 
considers practical precautionary measures to protect the public from the possible 
health effects of extremely low frequency electromagnetic fields (ELF EMFs), in 
relation to power lines, and wiring and electrical equipment in homes. The Health 
Protection Agency (HPA) was one of the stakeholders involved in the SAGE process 
which was led by the Department of Health (DH) with three funding partners (DH, 
the Electricity Industry and the charity, Children with Leukaemia). The Minister for 
Public Health asked the HPA to consider the implications of SAGE recommendations 
for public health and to provide advice to Government. These considerations and 
advice are provided here and should be read in conjunction with the SAGE First 
Interim Assessment1. These observations are also relevant to the findings of the 
Parliamentary Cross Party Inquiry into childhood leukaemia and ELF EMF which 
recommends among other things a moratorium on building homes or houses within 
60 metres of high voltage powerlines2. 

http://www.rkpartnership.co.uk/sage/Public/SAGE%20first%20interim%20assessment.pdf


The impact of exposure to ELF EMFs on health is a difficult and controversial area 
with mixed views on the extent of any health risk. One major difficulty is that 
although there are a number of high quality studies and reviews, health effects, if any, 
are not clear cut; and more work still needs to be done to resolve uncertainties. HPA 
recognises the difficulties faced in bringing together stakeholders with widely 
differing views and developing the common ground between them. SAGE has 
assembled a wealth of material in the supporting papers but has not yet considered all 
exposure situations.  

Existing HPA advice 

In 2004, the National Radiological Protection Board (NRPB - now the Radiation 
Protection Division of the HPA) recommended the adoption in the UK of guidelines 
from the International Commission on Non-Ionizing Radiation Protection (ICNIRP) 
for limiting exposures to ELF EMFs3,4. This advice remains extant. ICNIRP is an 
independent body recognised by the World Health Organization (WHO) that provides 
advice on the health effects of exposure to non ionising radiations. Guidelines for ELF 
EMFs are based on the plausible and coherent scientific evidence related to effects on 
the central nervous system and other excitable tissues. The review of scientific 
evidence that underpinned this recommendation was published as Documents of the 
NRPB Volume 15 No 35. 

In addition, the uncertainties in the underlying evidence base led NRPB to 
recommend in its 2004 document that the Government should consider the need for 
further precautionary measures in respect of exposure of people to ELF EMFs. In 
doing so, it should note that the overall evidence for adverse effects of ELF EMFs on 
health at levels of exposure normally experienced by the general public is weak. The 
least weak evidence is for the exposure of children to power frequency magnetic 
fields and childhood leukaemia5. The Government welcomed this advice from NRPB. 

HPA advice on the SAGE Report 

Adopting a precautionary approach, HPA has considered two questions: First, is there 
any evidence that ELF EMFs can cause adverse health effects at levels to which 
members of the public would normally be exposed? Second, based on the strength of 
the evidence, what would be an appropriately proportionate precautionary response?  

The evidence 

SAGE was not set up to review the scientific evidence relating to the health effects of 
ELF EMFs. Rather, it took as its starting point the NRPB advice to “consider the 
possible need for further precautionary measures….” However, SAGE identified two 
broad viewpoints on the science. In one, exposure to ELF EMFs is assumed to be a 
risk factor (possibly causal) for childhood leukaemia. This is termed by SAGE the 
“WHO/HPA” position, short-handed as CL. The other viewpoint allows for the 
possibility of a larger number of illnesses attributable to exposure to ELF EMF (e.g. 
adult leukaemia and brain tumours, miscarriage and amyotrophic lateral sclerosis). 
This viewpoint is short-handed as CL+, or the “ California” position in the SAGE 
report. The HPA’s published view of the scientific evidence is broadly in line with 
that described as the WHO/HPA position in the SAGE report.  



1. The evidence to date suggests that in general there are no adverse effects on 
the health of the population of the UK caused by exposure to ELF EMFs 
below the guideline levels. However, there are a number of epidemiological 
studies, including studies from the UK, showing an association between 
exposure to ELF EMFs at home and/or living close to high voltage powerlines 
and a small excess of childhood leukaemia. At present there is no plausible 
biological mechanism to explain this excess if real, or certainty about what 
aspect of ELF EMF exposure, if any, might be responsible.  

2. The results to date are equivocal because of uncertainties resulting from the 
small number of attributable cases of childhood leukaemia and the difficulties 
of undertaking epidemiological studies with adequate measures of exposure. 
Assuming a threshold effect (as suggested by the data), and taking into 
account how few children are exposed at this level in the UK; it is estimated 
that 2-5 cases from the total of around 500 cases of childhood leukaemia per 
annum in the UK, could be attributable to ELF EMFs. In these cases the 
sources of exposure include residential proximity to high voltage power lines, 
lower voltage distribution lines, appliances, wiring in the home or other 
sources of ELF EMFs.  

3. The evidence for an association between exposure to ELF EMFs and a number 
of other diseases (the California position) is much weaker than that for 
childhood leukaemia and also lacks plausible biological support. In its 2004 
review5, NRPB concluded that the results of studies (including those relating 
to childhood leukaemia) taken individually, or as collectively reviewed by 
expert groups, are insufficient either to make a conclusive judgement on 
causation, to quantify the effects or to estimate the benefits of precautionary 
measures. This conclusion is in accord with the manner in which other expert 
bodies – for example, ICNIRP (1998)4 – have developed exposure guidelines 
for ELF EMFs.  

HPA advice on the precautionary measures suggested in the SAGE Report 

The scientific evidence, as reviewed by HPA, supports the view that precautionary 
measures should address solely the possible association with childhood leukaemia and 
not other more speculative health effects. HPA advises that it would be wise to err on 
the side of caution, but with a proportionate response. The possible number of 
attributable cases of childhood leukaemia in the UK (2-5) has been calculated 
assuming a threshold response. However, if a linear no-threshold model is postulated, 
the number of attributable cases could be larger, and so would the cost of 
precautionary measures since they would apply to more exposure situations and 
people. HPA supports precautionary measures that have a convincing evidence base 
to show that they will be successful in reducing exposure, are effective in providing 
reassurance to the public, and where the overall benefits outweigh the fiscal and social 
costs. 

On this basis, HPA makes the following points:  

1. HPA notes that the “corridor option” considered by SAGE for separating new 
dwellings from high voltage powerlines and vice versa is not supported by the 
cost benefit analysis, even assuming a causal link between exposure to ELF 
EMFs and childhood leukaemia. Therefore a decision to implement this 



precautionary option should be weighed against other health benefits 
obtainable from the same resources. Nevertheless, HPA recommends that, 
within the existing government planning framework, the attention of local 
authority planning departments and the electricity companies be drawn to the 
evidence for a possible small increase in childhood leukaemia which may 
result from siting new buildings very close to powerlines, or new powerlines 
very close to existing buildings.  

2. On the basis of existing information, and bearing in mind all the associated 
uncertainties, HPA agrees with SAGE that it is not justified to recommend 
removal of existing dwellings from close proximity to powerlines, and vice 
versa at this time. HPA notes that, in terms of current exposures to ELF EMFs 
from high voltage power lines, people living near lines could be considered 
the “critical group”. However, given that the “corridor option” for new builds 
is not supported by the economic analysis using the assumptions for the 
WHO/HPA position of SAGE, there are no logical reasons to recommend 
action for existing situations unless new information becomes available.  

3. HPA supports the SAGE recommendations to implement optimal phasing of 
high voltage dual circuit powerlines to reduce ELF EMF exposures in their 
vicinity. However, it would be impossible to evaluate the effectiveness of this 
intervention, as the small reduction in the number of cases would be 
undetectable. HPA notes that optimal phasing is generally desirable for other 
reasons in the electricity industry and is considered to be of low cost.  

4. HPA supports the SAGE proposal for manufacturers to test the design, 
manufacture and marketing of low magnetic field appliances. However there 
is a need to ensure the proportionality of any “health claims” or energy 
efficiency claims used in the promotion of such products.  

5. HPA supports the SAGE proposal for an investigation of changes to wiring 
practices in homes, assuming they are shown not to compromise safety or 
breach regulations. HPA recommends a wider consultation on these measures 
to determine their impact. Existing knowledge does not allow quantification of 
the health benefit of these measures therefore care would be needed in 
implementation to ensure that new measures are, and are portrayed as, 
proportionate to the hazard involved.  

6. HPA strongly supports the provision of high quality, evidence-based, 
scientific and technical information in the public domain, including details of 
the strength of evidence and risks. There may be advantages to dovetailing 
public information with information about electrical safety and energy saving. 
In the view of HPA the advice given should be proportionate to the risks 
identified by authoritative bodies and risks should be presented in the context 
of other hazards in everyday life. Evidence shows that information is most 
likely to be acted upon when there are clear messages and when those at 
potential risk can take action for themselves or their family. In relation to ELF 
EMFs, because of all the uncertainties it is not easy to define a clear message. 
Raising awareness of a hazard without giving advice on how to reduce 
exposure could cause anxiety and attendant health detriment especially for 
those who currently live near to high voltage powerlines. This is an important 
consideration when viewing the potential public health benefits from the 
measures that SAGE has proposed.  

7. HPA notes the costs of any proposed precautionary approaches should be 
considered alongside other potential uses for the money, for example, to 



improve services for the treatment of leukaemia, or to enhance research into 
the causes and treatment of leukaemia.  

8. HPA notes the on-going research of the UK Childhood Cancer Study 
Investigators and recommends that they should continue to monitor the 
incidence of childhood leukaemia in the UK, and encourages them and others 
to identify further studies that would improve knowledge of the causal factors.  

9. HPA has submitted proposals to the Department of Health for support for 
research work that would in part provide the necessary information to evaluate 
the likely benefit in terms of reducing exposures.  

10. HPA will keep under review the possible relationship between childhood 
leukaemia, other causes of ill-health and exposure to elevated levels of ELF 
EMFs in the home and/or through proximity to powerlines.  

I hope this detailed response is useful.  

Yours sincerely  

Professor Pat Troop  

Chief Executive
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The relation between residential magnetic field exposure from power lines and mortality from neurodegenerative
conditions was analyzed among 4.7 million persons of the Swiss National Cohort (linking mortality and census
data), covering the period 2000–2005. Cox proportional hazard models were used to analyze the relation of living in
the proximity of 220–380 kV power lines and the risk of death from neurodegenerative diseases, with adjustment
for a range of potential confounders. Overall, the adjusted hazard ratio for Alzheimer’s disease in persons living
within 50 m of a 220–380 kV power line was 1.24 (95% confidence interval (CI): 0.80, 1.92) compared with persons
who lived at a distance of 600 m or more. There was a dose-response relation with respect to years of residence in
the immediate vicinity of power lines and Alzheimer’s disease: Persons living at least 5 years within 50 m had an
adjusted hazard ratio of 1.51 (95%CI: 0.91, 2.51), increasing to 1.78 (95%CI: 1.07, 2.96) with at least 10 years and
to 2.00 (95% CI: 1.21, 3.33) with at least 15 years. The pattern was similar for senile dementia. There was little
evidence for an increased risk of amyotrophic lateral sclerosis, Parkinson’s disease, or multiple sclerosis.

dementia; neurodegenerative diseases; radiation, nonionizing

Abbreviations: ALS, amyotrophic lateral sclerosis; CI, confidence interval; ELF-MF, extremely low frequency magnetic field(s);
ICD-10, International Classification of Diseases, Injuries, and Causes of Death, Tenth Revision.

Research on the long-term effects of extremely low fre-
quencymagnetic fields (ELF-MF) has focused on cancer since
Wertheimer and Leeper (1) published their results on child-
hood cancer and wiring configurations in 1979. In 2001, the
International Agency for Research on Cancer classified expo-
sure to residentialmagnetic fields above0.4lTasa ‘‘possible’’
cause of childhood leukemia (2). For noncancer endpoints, an
initial report by Sobel et al. (3) on occupational ELF-MF
exposure and Alzheimer’s disease suggested that the risk
could be substantial. Studies published subsequently have
produced inconsistent results, but a recent meta-analysis (4)
reported elevated risks in cohort, as well as case-control, stud-
ies.A recent review of the evidence for an association between
ELF-MF and Alzheimer’s disease by the World Health Orga-
nization (5) concluded that the available datawere inadequate,
and the topic was identified as a key research priority.

To our knowledge, no study has so far examined whether
residential exposure from power lines is associated with an

elevated risk of neurodegenerative diseases. Even a small
association could be of high public health relevance, since
a considerable number of persons are exposed to these
fields. For example, 9.2% of the Swiss population live
within 600 m of a 220 or 380 kV power line. We used the
Swiss National Cohort, a longitudinal study of the Swiss
population (6), to investigate whether living in the vicinity
of power lines was associated with mortality from neuro-
degenerative diseases such as Alzheimer’s disease, senile
dementia, amyotrophic lateral sclerosis (ALS), multiple
sclerosis, and Parkinson’s disease.

MATERIALS AND METHODS

Study population

The present analysis was based on the 2000 national cen-
sus. Mortality data were available for the period 2000–2005,
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with causes of death coded according to the International
Classification of Diseases, Injuries, and Causes of Death,
Tenth Revision (ICD-10). Enumeration in the 2000 census
is nearly complete: Coverage was estimated at 98.6% (7).
Deterministic and probabilistic record linkages were used to
link census records to a death record or an emigration record
(6). Of death records of persons older than 30 years, 95.1%
could be successfully linked to a 2000 census record. At
present, the database includes follow-up data until December
31, 2005.

We excluded persons aged 29 years or less at the census,
as well as persons with incomplete information on building
coordinates. The database contains information on age, sex,
marital status, education, and occupation, as well as addi-
tional variables describing, for example, the degree of ur-
banization of the area or building characteristics such as the
number of apartments per building. The geo-coded place of
residence of the participants (i.e., Swiss-grid coordinates
extracted from the Swiss building registry) is also included
in the census data. In general, these coordinates pinpoint
a location within a few meters of the building’s midpoint.
Data from the 1990 census were used to identify the place of
residence at that time. The 1990 and 2000 censuses addi-
tionally include information on whether individuals had
lived at the same place 5 years before the census, that is,
in 1985 or in 1995. We were thus able to identify persons
who had lived at their place of residence for at least 5, 10, or
15 years.

Outcomes

We considered deaths from the following neurodegener-
ative diseases: Alzheimer’s disease, senile dementia, ALS,
Parkinson’s disease, and multiple sclerosis. These diseases
had to be listed on the death certificate as the primary or
a concomitant cause of death. The recording of neurodegen-
erative diseases on death certificates might be related to
socioeconomic position. We therefore included outcomes
that are known to be related to socioeconomic position:

cancer of the trachea, bronchus, or lung; alcoholic liver
disease; and all-cause mortality. The ICD-10 codes used
are listed in Table 1.

Exposure

Exposure assessment was based on the distance of the
place of residence to the nearest power line. We included
all 220–380 kV power lines in Switzerland, over 5,100 km
in total. We obtained geodata of the power lines from
the Federal Inspectorate for Heavy Current Installations.
Figure 1 illustrates localization of the power lines and build-
ings in Switzerland. We determined the shortest distance to
any of the transmission lines and derived the number of
persons living within the corridors around the power lines.
We defined corridors of 0–<50m, 50–<200m, 200–<600m,
and 600 m or beyond. We determined exposure at the time
of the 2000 census.

Information about the use of a building as a clinic or
nursing home was available from a separate building record,
which was completed by the owner of the building, and this
information was then matched to the personal records of
individuals. Some persons might live in a nursing home or
clinic because of a neurodegenerative disease. Therefore,
in order to obtain more appropriate exposure data for indi-
viduals living in such an institution in 2000, we used the
exposure for the place of residence at the time of the 1990
census instead. Persons who lived in a nursing home or
clinic in 1990 were excluded from the analysis.

Statistical analyses

We analyzed data using Cox proportional hazard models.
We compared the risk of dying from neurodegenerative
diseases across corridors and according to the duration of
residence in exposed corridors (at least 5, 10, and 15 years).
Person-years of observation were defined as the interval
between December 4, 2000 (the date of the census), and
death, emigration, or December 31, 2005.

Table 1. Number of Deaths by Cause, Recorded in Swiss Mortality Data Between December 4, 2000, and December 31, 2005

ICD-10 Codes
Total No.
of Casesa

No. of
Included
Casesb

% of
Total
Cases

Mean Age at
Death (Interquartile

Range), years

Female
Cases, %

All causes 294,833 282,378 96 78.2 (71.6–88.5) 51

Alzheimer’s disease G30 9,758 9,228 95 85.3 (80.0–90.5) 68

Senile dementia G30, F00, F03 29,975 28,288 94 86.9 (82.7–91.7) 68

Amyotrophic lateral sclerosis G12.2 759 744 98 70.3 (63.5–79.0) 46

Parkinson’s disease G20–21 6,994 6,683 96 83.7 (79.6–88.8) 48

Multiple sclerosis G35 838 773 92 67.0 (57.9–77.4) 67

Cancer of the trachea,
bronchus, or lung

C33–C34 14,384 14,281 99 70.0 (62.4–78.1) 26

Cancer of the esophagus C15 2,119 2,101 99 70.5 (61.5–79.9) 24

Alcoholic liver disease K70 3,356 3,303 98 63.4 (55.4–71.5) 28

Abbreviation: ICD-10, International Classification of Diseases, Injuries, and Causes of Death, Tenth Revision.
a Deaths that could be linked to the census (refer to the text).
b Excluded were persons with unknown building coordinates or who were under 30 years of age at the start of follow-up or death.
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We used age as the underlying timescale in our models.
All models were adjusted for sex; educational level (com-
pulsory education, secondary level, and tertiary level); high-
est reported occupational attainment by code (4 levels
extracted from the International Standard Classification of
Occupations of 1988—1) legislators, senior officials, man-
agers, and professionals, 2) technicians and associate pro-
fessionals, clerks, service workers, and shop and market
sales workers, 3) skilled agricultural and fishery workers,
craft and related trades workers, plant, machine operators,
and assemblers, and elementary occupations, and 4) no oc-
cupation reported); civil status (single, married, divorced,
widowed); urbanization category (city, agglomeration, rural
municipality); and language region (German, French, Ital-
ian). We also included the number of apartments per build-
ing into the model, a potential risk factor for magnetic field
exposure due to indoor wiring (8).

Finally, because Alzheimer’s disease might be associated
with benzene exposure, we adjusted models for living
within 50 m of a major road. We extracted proximity of
the buildings to the ‘‘major road network’’ using data from
the Swiss TeleAtlas database for this purpose. The major
roads network includes motorways and motorway exits, as

well as ‘‘major roads of high importance’’: nearly 8,700 km
with 7%of the population exposed tomajor roads in the 50-m
corridor. In sensitivity analyses, we repeated analyses for
persons aged less than 85 years, by sex, and examined
whether results differed between deaths where Alzheimer’s
disease or senile dementia had been coded as the primary or
concomitant cause of death.

We tested our models successfully for the proportionality
assumption using Nelson-Aalen survivor functions and sta-
tistical tests based on Schoenfeld residuals. Data were ana-
lyzed by using Stata 9 (StataCorp LP, College Station,
Texas) software. Results are presented as hazard ratios with
95% confidence intervals.

The Swiss National Cohort was approved by the cantonal
ethics committees of Bern and Zurich.

RESULTS

Of the 7.29 million persons recorded in the 2000 census,
2.59 million were excluded because they were under the age
of 30 years at the census. Furthermore, 39,871 persons with
unknown building coordinates were excluded. The cohort

Figure 1. Power lines and buildings in Switzerland. Data sources: Federal Inspectorate for Heavy Current Installations, Fehraltdorf (power lines);
Register of Buildings and Dwellings, Federal Statistical Office, Neuchâtel (building coordinates); and Federal Office of Topography swisstopo,
Wabern (background map of Switzerland).
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thus consisted of 4.65 million persons. During the study
period, 282,378 eligible and linked deaths from all causes
were recorded, including 9,228 deaths from Alzheimer’s
disease, 28,288 deaths from senile dementia, 773 deaths
from multiple sclerosis, and 6,683 deaths from Parkinson’s
disease (Table 1). The total number of person-years of
follow-up was 22.82 million for the whole study population
and 8.51 million for persons who reported living for at least
15 years at the identical place of residence (Tables 2 and 3).

The adjusted hazard ratio of Alzheimer’s disease for per-
sons living within 50 m of a 220–380 kV power line com-
pared with that for persons who lived at a distance of 600 m
or more was 1.24 (95% confidence interval (CI): 0.80, 1.92).
There was little evidence of an increased risk beyond 50 m.
Analysis by exposure duration revealed a dose-response re-
lation with respect to years of residence in the vicinity of
power lines: Persons living at least 5 years within 50 m had
an adjusted hazard ratio of 1.51 (95% CI: 0.91, 2.51), which
increased to 1.78 (95% CI: 1.07, 2.96) for persons with at
least 10 years and to 2.00 (95% CI: 1.21, 3.33) for persons
with at least 15 years (Figure 2; Table 2). These adjusted
hazard ratios of 2.04 (95% CI: 1.06, 3.93) and 1.96 (95%
CI: 0.88, 4.38) were similar for women and men, respec-
tively, and for persons under 85 years of age (adjusted
hazard ratio ¼ 1.94, 95% CI: 0.97, 3.89).

For senile dementia, we observed the same pattern as with
Alzheimer’s disease, although associations tended to be
weaker. For increasing exposure time in the vicinity of
power lines, the adjusted hazard ratio increased from 1.23
(95% CI: 0.96, 1.59) for any exposure duration to 1.34 (95%
CI: 0.98, 1.82) for persons with at least 5 years, to 1.36
(95% CI: 0.98, 1.89) with at least 10 years, and to 1.41
(95% CI: 1.00, 1.98) with at least 15 years of residence near
the power line (Table 2). For both Alzheimer’s disease and
senile dementia, there was little evidence for a difference in
effects between deaths coded as primary and deaths coded
as concomitant cause (Pinteraction > 0.2).

Parkinson’s disease and ALS were not associated with
residence in the proximity of power lines. The adjusted
hazard ratio for any duration of exposure in the 50-m cor-
ridor was 0.83 (95% CI: 0.46, 1.49) for Parkinson’s disease
and could not be estimated (no case occurred in the 50-m
corridor) for ALS. The adjusted hazard ratio for multiple
sclerosis was 1.20 (95% CI: 0.30, 4.80). Similar results were
obtained when restricting analyses to persons with at least
15 years at the same place of residence (Table 3).

No increased risk in the proximity of a power line was
found for all-cause mortality, cancer of the lung, bronchus,
or trachea, cancer of the esophagus, or alcoholic liver dis-
ease, for any duration of residence (data not shown) or when

Table 2. Number of Deaths, Person-Years of Follow-up, and Hazard Ratios for Alzheimer’s Disease and Senile Dementia Mortality According to

Distance to Power Lines, Entire Study Population and Individuals With at Least 15 Years at the Identical Place of Residence, Switzerland,

2000–2005a

Cause of Death
Distance to 220–380
kV Power Line, m

No. of
Cases

No. of
Person-Years

Crude Adjusted

Hazard
Ratio

95%
Confidence
Interval

Hazard
Ratio

95%
Confidence
Interval

Entire study population

Alzheimer’s disease 0–<50 20 58,423 1.18 0.76, 1.83 1.24 0.80, 1.92

50–<200 130 363,460 1.12 0.94, 1.33 1.13 0.95, 1.34

200–<600 572 1,688,323 0.99 0.91, 1.08 1.02 0.94, 1.11

�600 8,506 20,711,618 1 Referent 1 Referent

Senile dementia 0–<50 60 58,423 1.19 0.92, 1.53 1.23 0.96, 1.59

50–<200 371 363,460 1.06 0.96, 1.18 1.08 0.97, 1.19

200–<600 1,702 1,688,323 0.98 0.93, 1.02 0.99 0.94, 1.04

�600 26,155 20,711,618 1 Referent 1 Referent

Individuals living at least 15 years at the identical place of residence

Alzheimer’s disease 0–<50 15 22,320 1.90 1.14, 3.15 2.00 1.21, 3.33

50–<200 63 145,148 1.12 0.88, 1.44 1.15 0.89, 1.47

200–<600 259 641,017 0.96 0.85, 1.09 1.00 0.88, 1.13

�600 3,861 7,698,419 1 Referent 1 Referent

Senile dementia 0–<50 33 22,320 1.40 0.99, 1.97 1.41 1.00, 1.98

50–<200 169 145,148 1.00 0.86, 1.16 1.01 0.86, 1.17

200–<600 819 641,017 1.00 0.93, 1.07 1.01 0.94, 1.09

�600 11,930 7,698,419 1 Referent 1 Referent

a Cox proportional hazard models were based on either 4.65 million (entire study population) or 1.75 million (individuals with at least 15 years at

the identical place of residence) people, with age as the underlying timescale, crude and adjusted for sex, educational level, occupational

attainment, urban-rural area, civil status, language region, number of apartments per building, and living within 50 m of a major road.
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restricting analyses to persons with at least 15 years at the
same place of residence (Table 4).

DISCUSSION

This large study of the entire Swiss population found that
persons who lived within 50 m of a 220–380 kV power line
were at increased risk of death from Alzheimer’s disease,
compared with persons who lived farther away from power
lines. The risk increased with increasing duration of resi-
dence in the 50-m corridor. Notably, the risk declined rap-
idly with increasing distance, with only weak evidence for
an increased risk beyond 50 m. A similar pattern was ob-
served for senile dementia. In contrast, we found no consis-
tent association for ALS, Parkinson’s disease, or multiple
sclerosis. Our study thus indicates a possible association

between ELF-MF exposure and risks of Alzheimer’s disease
and senile dementia.

Comparison with previous studies

Established risk factors for Alzheimer’s disease include
age and genetic factors (9). Controversy remains regarding
environmental risk factors, including ELF-MF (10). The
association between Alzheimer’s disease and ELF-MF has
generally been studied with respect to occupational expo-
sures. Occupational exposures are typically about 0.5 lT for
electricians, some machine operators, or train drivers, above
1 lT for some machine operators, and around 3 lT for
electrical power installers and repairers (11). In occupa-
tional settings, increased risks of Alzheimer’s disease have
been reported with magnetic field exposures at levels around
0.5 lT (4). To our knowledge, an analysis of the potential

Table 3. Number of Deaths, Person-Years of Follow-up, and Hazard Ratios for Amyotrophic Lateral Sclerosis, Parkinson’s Disease, andMultiple

Sclerosis Mortality According to Distance to Power Lines, Entire Study Population and Individuals With at Least 15 Years at the Identical Place of

Residence, Switzerland, 2000–2005a

Cause of Death
Distance to 220–380
kV Power Line, m

No. of
Cases

No. of
Person-Years

Crude Adjusted

Hazard
Ratio

95%
Confidence
Interval

Hazard
Ratio

95%
Confidence
Interval

Entire study population

Amyotrophic lateral sclerosis 0–<50 0 58,423

50–<200 10 363,460 0.88 0.47, 1.64 0.85 0.46, 1.59

200–<600 39 1,688,323 0.74 0.54, 1.02 0.72 0.52, 1.00

�600 695 20,711,618 1 Referent 1 Referent

Parkinson’s disease 0–<50 12 58,423 0.95 0.54, 1.67 0.87 0.50, 1.56

50–<200 99 363,460 1.15 0.94, 1.40 1.06 0.87, 1.29

200–<600 416 1,688,323 0.98 0.90, 1.09 0.92 0.84, 1.02

�600 6,156 20,711,618 1 Referent 1 Referent

Multiple sclerosis 0–<50 2 58,423 1.11 0.28, 4.43 1.19 0.30, 4.79

50–<200 16 363,460 1.38 0.84, 2.26 1.45 0.88, 2.39

200–<600 60 1,688,323 1.12 0.86, 1.45 1.16 0.89, 1.51

�600 695 20,711,618 1 Referent 1 Referent

Individuals living at least 15 years at the identical place of residence

Amyotrophic lateral sclerosis 0–<50 0 22,320

50 –<200 7 145,148 1.05 0.50, 2.21 1.00 0.47, 2.11

200–<600 29 641,017 0.97 0.66, 1.41 0.93 0.63, 1.35

�600 389 7,698,419 1 Referent 1 Referent

Parkinson’s disease 0–<50 8 22,320 1.25 0.63, 2.51 1.15 0.57, 2.30

50–<200 56 145,148 1.25 0.96, 1.63 1.14 0.87, 1.49

200–<600 210 641,017 0.99 0.86, 1.14 0.93 0.81, 1.08

�600 3,006 7,698,419 1 Referent 1 Referent

Multiple sclerosis 0–<50 1 22,320 1.26 0.18, 8.98 1.35 0.19, 9.62

50–<200 11 145,148 2.09 1.15, 3.82 2.19 1.19, 4.01

200–<600 26 641,017 1.10 0.74, 1.65 1.14 0.76, 1.71

�600 299 7,698,419 1 Referent 1 Referent

a Cox proportional hazard model based on 4.65 million and 1.75 million people, with age as the underlying timescale, crude and adjusted for sex,

educational level, occupational attainment, urban-rural area, civil status, language region, number of apartments per building, and living within 50 m

of a major road.
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association of neurodegenerative diseases and residential
exposure has not been reported in the scientific literature,
even though ELF-MF exposure from power lines can be of
the same magnitude as in occupational settings. In the

United Kingdom, propagation of magnetic fields at levels
of about 0.5 lT at a distance of 50 m to a 275 kV line was
reported (12). At maximum load, these levels could, how-
ever, be considerably higher. In Switzerland, the Federal

Figure 2. Mortality from Alzheimer’s disease in relation to proximity to 220–380 kV power lines, Switzerland, 2000–2005. Cox proportional hazard
models for persons in Switzerland who reported living at the place of residence at the time of the 2000 census or at the identical place of residence
for at least 5, 10, or 15 years, using age as the underlying timescale, adjusted for sex, educational level, occupational attainment, urban-rural area,
civil status, language region, number of apartments per building, and living within 50 m of a major road.

Table 4. Number of Cases and Hazard Ratios for Comparison Outcomes of Total Mortality, Alcoholic Liver Disease, Cancer of the Esophagus,

and Lung Cancer According to Persons Who Reported Living at Least 15 Years at the Identical Place of Residence, Switzerland, 2000–2005a

Cause of Death
Distance to 220–380
kV Power Line, m

No. of
Cases

Crude Adjusted

Hazard
Ratio

95%
Confidence
Interval

Hazard
Ratio

95%
Confidence
Interval

Total mortality 0–<50 341 1.11 1.00, 1.24 1.07 0.96, 1.19

50–<200 2,144 1.01 0.97, 1.06 0.97 0.93, 1.01

200–<600 10,104 1.02 1.00, 1.04 1.00 0.98, 1.02

�600 135,851 1 Referent 1 Referent

Alcoholic liver disease 0–<50 4 1.01 0.38, 2.70 1.11 0.41, 2.96

50–<200 32 1.23 0.87, 1.75 1.31 0.92, 1.86

200–<600 94 0.82 0.66, 1.01 0.87 0.70, 1.07

�600 1,409 1 Referent 1 Referent

Cancer of the esophagus 0–<50 1 0.37 0.05, 2.62 0.36 0.05, 2.55

50–<200 16 0.88 0.54, 1.45 0.84 0.51, 1.38

200–<600 77 0.94 0.75, 1.19 0.92 0.73, 1.16

�600 1,055 1 Referent 1 Referent

Lung cancer 0–<50 19 1.02 0.65, 1.59 1.00 0.64, 1.57

50–<200 119 0.95 0.79, 1.14 0.94 0.78, 1.12

200–<600 551 0.98 0.90, 1.07 0.99 0.90, 1.08

�600 7,248 1 Referent 1 Referent

a Cox proportional hazardmodels, using age as the underlying timescale, crude and adjusted for sex, educational level, occupational attainment,

urban-rural area, civil status, language region, number of apartments per building, and living within 50 m of a major road. The study population is the

same as that for Table 3.
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Office for the Environment estimated that, at full load, 1 lT
would not be exceeded at a distance of 60–80 m from a 380
kV line and at 40–55 m from a 220 kV line (13).

For ALS, an association between the risk of ALS and
employment in electrical occupations, which is related to
both magnetic field exposure and the risk of experiencing
electric shock, has been reported (14). The electric shock
hypothesis would be consistent with our results, as we did
not observe an association with residential magnetic field
exposure. In the absence of a known biologic mechanism,
the World Health Organization recently concluded that
the available evidence on a possible association between
ELF-MF and Alzheimer’s disease, as well as ALS, was
inadequate (5).

Of the few studies so far that evaluated magnetic field
exposure and multiple sclerosis, none reported statistically
significant increased risks, which is in line with the incon-
sistent results observed here (15–17). Also in line with pre-
vious studies, our results for Parkinson’s disease provide
little evidence for an association (18).

Strengths and limitations

This study combined the mortality register data with
nearly complete population data from the 2000 census, com-
plemented with information on duration of residence from
the 1990 census. With the exception of persons emigrating
from Switzerland, particularly older immigrants who tend to
return to their countries after retirement, mortality data are
also virtually complete. Record linkage failed in some in-
stances, but this is unlikely to be associated with residence
in the vicinity of power lines. Linkage success is very high
in the age group above 30 years and highest in the age group
between 65 and 85 years. Because mortality from neuro-
degenerative diseases is negligible in younger people, we
restricted our analyses to persons aged 30 years or over. In
sensitivity analyses, we excluded people aged 85 years or
older and obtained virtually identical results.

The development of neurodegenerative disease, as well as
its recording on death certificates, may be associated with
socioeconomic position. The availability of data on educa-
tion and occupation and other potential confounders on an
individual level is an important strength of our study. This
allowed us to adjust for several indicators of socioeconomic
position, but this adjustment had only very small effects on
our estimates. In addition, causes of death known to be
associated with socioeconomic position were included for
comparison but did not show an increased risk in the 50-m
corridor.

There is no registry for neurodegenerative diseases in
Switzerland, and we had to rely on information given on
death certificates, where neurodegenerative diseases are
known to be underreported (19–21). The degree of under-
reporting varies by disease. Death certification of cases of
ALS and multiple sclerosis has been found to be reasonably
accurate (22, 23). Underreporting of Alzheimer’s disease, as
well as senile dementia, is more common and increases with
the age of the deceased (19, 21, 24–27). Mortality rates for
Alzheimer’s disease have been increasing since 1995, when
a specific code was introduced in the ICD-10 system, in-

dicating that reporting of Alzheimer’s disease on death cer-
tificates has become more complete in recent years.
However, it is unlikely that the completeness of reporting
is associated with living in the proximity of power lines.

The magnetic fields produced by power lines depend on
a variety of factors, including the load characteristics, dis-
tance between conductors, and the placement of phases.
Unfortunately, information on these characteristics was
not available in our study. We acknowledge that the use of
exposure corridors, without measurements or taking the
load of the line and other factors into account, may have
introduced Berkson-type error into the exposure assessment
(28), and this could have reduced the power of our study. On
the other hand, it is possible that our surrogate is not pre-
dictive for true exposures at all because other sources may be
more important, for instance, at work or when travelling.
This would imply that the observed association is due to
another factor that could not be controlled for in the analysis.
However, we believe that we allowed for the most important
factors in the analysis, and we are not aware of other expo-
sures that could plausibly explain the observed associations.

There is no consensus as to which exposures from over-
head power lines are biologically relevant and should be
measured (2). For example, ionized particles or contact cur-
rents may also be relevant (29–31). However, all of these
exposures are associated with distance to a power line. We
extended the corridors around power lines up to a distance
of 600 m to make our results comparable with those of the
study by Draper et al. (32). In contrast to their study, we
found little evidence for an increased risk beyond 50 m.
With respect to a potential mechanism, we can only specu-
late whether one of the mechanisms that have been proposed
in the literature (5) might be of importance in the context of
magnetic field exposure and neurodegenerative diseases.
For example, induced electric fields in neural networks
(electric fields induced in tissue by exposure to extremely
low frequency electric and magnetic fields) have been re-
ported to affect synaptic transmission in neural networks, as
well as the radical pair mechanism (5). Increased free rad-
ical concentrations can cause oxidative damage to cellular
components, which could play a role in the etiology of
Alzheimer’s disease.

Finally, underground cables that replace overhead power
lines in some urban areas may represent an additional source
of residential magnetic field exposure, but these were not
considered in our study. In Switzerland, underground cables
of 220–380 kV represent only around 0.8% of the grid, and
we decided to omit cables from our analyses.

Public health implication

Assuming that the associations observed in this study are
causal, what are the public health implications? Considering
the relatively small number of cases of Alzheimer’s disease
and senile dementia diagnosed in the 50-m corridor
(Alzheimer’s disease: 20 of 9,164 (0.22%); senile dementia:
59 of 28,045 (0.21%)), it is clear that the public health
impact appears limited. The true public health impact, how-
ever, is difficult to determine. Rates of Alzheimer’s disease
were reported to be from 2- to 8-fold higher if diagnoses were

Power Line Exposure and Neurodegenerative Diseases 7



based on clinical examination instead of death certificates
(20, 24). In addition, Alzheimer’s disease might go undiag-
nosed in another group of persons. Finally, although we
found only weak evidence for an increased risk beyond
50 m, it is unlikely that there is an abrupt change in risk at
50m. Nevertheless, our results do provide reassurance for the
population living at distances of 50–600m from a power line.

Conclusions

The results of our study support the hypothesis that mag-
netic field exposure plays a role in the etiology ofAlzheimer’s
disease and senile dementia but not of ALS or other neuro-
degenerative diseases. Despite the large sample size covering
the whole Swiss population, these findings must be inter-
preted with caution, because of the lack of known biologic
mechanisms.
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