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Dear Dr Stoate  

 

Parliamentary Commission on Childhood Leukaemia and EMF 

 

Thank you for your letter of 1
st
 June. 

 

You have already acknowledged receipt of my letter of 17
th
 May in which I suggested that the 

total number of cases of childhood leukaemia annually that might be attributed to exposure to 

magnetic fields from the electricity supply in the UK could be as high as 60. In addition, possibly up 

to a further 25 cases might be attributed to proximity to powerlines if the results of the 2005 Draper 

et al. study were to be replicated for the 132 kV distribution lines in the UK. In this letter I would 

like to summarise my view of the recent advances in understanding of how exposure to electric and 

magnetic fields from the electricity supply (ELF-EMFs) may result in increased health risks. 

 

Firstly, we need to understand the nature of scientific proof.  In science proof of an effect rarely 

appears overnight. It is more usually the case that advances in science occur step by step leading to 

increases in understanding.  Some individual or group may well become credited with some form of 

‘breakthrough’ but it is usually the case that this occurs on the shoulders of previous research. When 

it come to “proof”, 100% scientific proof is very hard to achieve and it is often subjective as to 

whether it has been achieved. 

 

Thus, we often hear statements such as: “there are no proven health effects from EMF 

exposure”, or “there are no known health effects from EMF exposure”. Such comments misrepresent 

the situation because they do not give due credit to the weight of epidemiological evidence of 

adverse health effects of ELF fields, and give no credit to the considerable advances in mechanistic 

understanding as to how these effects may occur. In fact, the science is advancing so quickly that I 
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think we have reached the point of no return and we now have serious hypotheses concerning the 

mechanisms underlying ELF EMF health effects. 

 

I will now outline the main areas where advances in understanding have been made. 

 

 

1. Epidemiological evidence of ELF-EMF health effects  

 

Although an association between exposure to magnetic fields above levels of 0.4 microtesla 

(µT) and a doubling of the risk of childhood leukaemia has been acknowledged, it would be most 

unusual to find an environmental agent that caused such an increase without also affecting the risk of 

other illnesses. In fact, a number of cancer and non-cancer illnesses have been associated with ELF-

EMF exposure. The 2002 report by the California Department of Health Services, CDHS concluded 

that EMF exposure was possibly causal in relation to increased risk of five health endpoints: 

childhood leukaemia, adult leukaemia, adult brain cancer, amyotrophic lateral sclerosis (or ALS a 

form of motor neurone disease) and miscarriage. 

 

In understanding this conclusion it is interesting to note the overall findings of the CDHS Report 

(see Table 1 appended below).  In total, the Report considered 212 epidemiological studies.  Taking 

one representative risk ratio per study (as defined by the California assessors), 158 of the 212 risk 

ratios were positive (i.e. greater than 1.00, indicating increased risk) and 50 were both positive and 

statistically significant in their own right.  The statistical probability that this combination of studies 

within the 212 total occurs simply by chance is so small that we can firmly rule out chance as an 

explanation for the total body of findings.  We must therefore seek other possible explanations. If we 

are going to argue that the findings occur as result of some form of bias introduced in the 

methodology of the epidemiological studies, then we are entitled to ask for quantitative details as to 

how this may occur.  Importantly, we need to take seriously the possibility of a causal association 

between EMF exposure and these adverse health effects. 

 

A breakdown of the California findings of epidemiological studies for individual health 

endpoints is summarized in Table 2 appended below.  In many cases, based on the very small 

probability that the findings for a given set of studies occur by chance, we can again rule out chance 

to explain the positive links with EMF exposures.  This simple yet fundamental analysis does not on 

its own justify EMFs as possibly causal in relation to a given health endpoint, but it does provide 

relevant statistical information. As stated above, an overall assessment of the evidence led the 

California Report to class five endpoints as possibly causal. 

 

In the light of the findings of the California Report, we can look at one of the other major EMF 

reports, namely the 2002 report of the International Agency for Research on Cancer (IARC).  It is 

noteworthy that whereas the report's authors classify only childhood leukaemia as a possible 

carcinogen, in the case of cancer health outcomes, the IARC report considers essentially the same set 

of studies as in the California Report.  These are laid out in tables 26, 29 and 30 of the IARC Report.  

An analysis of these aggregate findings for adult leukaemia and adult brain cancer produces 

essentially the same results as for the California Report.  It would appear that while the IARC 

authors considered the various studies individually, there is no evidence that they considered the 

aggregation of results other than subjectively, thereby missing the important statistical information it 

contained.   
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2. The radical pair mechanism   

 

In the field of Chemistry, scientists have found that low level magnetic fields can increase the 

lifetime of chemical species know as ‘free radicals’. Magnetic fields do this by altering the spin 

states of pairs of radicals and the phenomenon has become known as the ‘radical pair mechanism’.  

Free radicals are chemically highly reactive and if created in or near to DNA they can cause DNA 

damage of the type that can lead to cancer. Although individual free radicals live for short periods of 

time, they are continually produced in the body, notably by agents which are known to be 

carcinogenic (chemicals, background radiation etc). Clearly if magnetic fields can increase the 

lifetime of free radicals, then this increases their potential to cause DNA damage. 

 

Much of the understanding of how magnetic fields affect the lifetime of free radicals has been 

carried out by Dr Christiane Timmel and colleagues at the Oxford University (Timmel et al. 1998; 

Woodward et al. 2002), and explicit alteration of the lifetime of free radicals in experimental systems 

has been observed (Vink & Woodward 2004). 

 

There is a growing body of evidence that ELF magnetic fields enhance the effect of known 

carcinogenic mutagenic or otherwise harmful physical or chemical agents. Juutilainen et al (2006) 

reviewed 65 studies involving both in vitro and short-term animal experiments.  The in vitro studies 

covered a wide range of cell types.  The authors found that a high proportion of the studies reported a 

positive effect such that this could not be explained as a chance finding (p-value < 0.0001).  A 

number of similar studies have been published more recently also showing these positive effects (for 

example Mairs et al. 2007).  These observations are all supportive of the radical pair mechanism. 

 

A study of particular interest is that carried out by Dr Lupke and colleagues at the University of 

Rostock, Germany (Lupke et al. 2004).  The authors found that ELF magnetic fields released reactive 

oxygen species (these are free radicals) in monocyte cells taken from human umbilical cord blood. 

Colleagues have advised me that if monocytes can respond to EMF exposure by producing radicals, 

we have a reasonable carcinogenic mechanism by which magnetic fields may increase the risk of 

childhood leukaemia.  This is because these monocyte cells would be recruited to sites of 

inflammation and proliferation where their reactive oxygen species could generate genetic 

aberrations.   

 

 

3. Melatonin 

 

Melatonin is a powerful antioxidant and natural anti-cancer agent which is produced in the 

pineal gland at night triggered by a message from the eye indicating the onset of darkness.  Reduced 

levels of nocturnal melatonin have been associated with increased cancer risk in both animals and in 

breast cancer in women (Blask et al. 2005).  There is evidence that human populations chronically 

exposed to EMFs suffer disruption in their nocturnal production of melatonin.  The evidence has 

been reviewed by Henshaw & Reiter (2005) where it was also hypothesized that this could also result 

in increased risk of childhood leukaemia.    

 

The so-called Melatonin Hypothesis appears to be fundamentally different to the radical pair 

mechanism described above, although it is not exclusive.  The hypothesis is attractive in that 

melatonin disruption might be a common factor in the otherwise disparate range of health effects 

associated with EMF exposures such as certain cancers, miscarriage and depression.   
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4. Animal Navigation 

 

Animals across a wide range of species are known to be able to detect tiny changes, below 

0.1 µT, in the Earth’s natural static magnetic field which they exploit for the purposes of navigation.  

In recent years there have been considerable advances in understanding the mechanism by which 

animals detect such small magnetic field changes (Wiltschko & Wiltschko, 2006).  In birds, for 

example, the magnetic compass consists of a receptor system in the right eye.  Of particular interest 

is the fact that this receptor system exploits the radical pair mechanism described above.  The system 

relies on visible light creating pairs of radicals whose spin-state are then modified by small changes 

in magnetic fields, which are in turn detected by the brain.  The existence of this magneto-reception 

system illustrates that living systems can indeed detect small changes in magnetic fields.  Of further 

interest is that the system appears to be intricately connected to processes between the eye and the 

pineal gland (in salamanders, for example, the magneto-reception system is actually found in the 

pineal gland), the site of melatonin production.    

 

 

5. Health effects associated with changes in the geomagnetic field      

 

The Earth has a natural static magnetic field whose intensity varies between approximately 20 

and 70 µT depending on the location on the Earth’s surface.  Superimposed on this static field are 

small variations in magnetic intensity brought about principally by an irregular flux of small particles 

emitted from the sun, of which solar flares is a particular example.  At the Earth’s surface 

fluctuations in magnetic intensity, typically 0.3 µT over a three hour period are quite common.   

 

There is a body of evidence associating a number of adverse health effects with such so-called 

geomagnetic disturbances (see review by Palmer et al. 2006).  Studies have tended to be confined to 

acute effects rather than cancer and so the areas of investigation have had limited overlap from those 

into health effects of power frequency EMFs.  Nevertheless, studies have suggested that unusually 

high values of geomagnetic fluctuations have an effect on human cardiovascular health.  There are 

also suggestions of effects on melatonin disruption, of increased incidence of depression and of 

increased risk of suicide.   

 

A feature of these reported ill health effects is that they do not relate to constant level fields, 

rather to changes or fluctuations in the magnetic field.  The effects provide an analogy with the 

adverse health effects association with power frequency EMFs.  However, while the latter are 

commonly described in terms of their association with average field levels, there is an ongoing 

debate as to what feature of the power frequency field might be responsible for the effects.  It could 

be that fluctuations in the power frequency field could be the feature most responsible for the 

reported ELF-EMF health effects. 

 

 

 Summary 

 

The body of epidemiological studies reporting adverse health effects associated with ELF-

EMFs contains a significant excess of studies reporting positive effects such that this could not be 

explained purely by chance.  In the absence of any other plausible explanation for these 

epidemiological findings we have to take seriously the possibility that exposure to ELF-EMFs does 

result in increased risk of a range of illnesses.  In the UK such exposures could be responsible for up 

to 60 or even more cases of childhood leukaemia annually as well as a proportion of the incidence of 
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adult leukaemia and brain cancer, ALS and miscarriage.  There are also reports of associations with 

depression and depressive symptoms. 

 

In recent years there have been considerable advances in understanding how ELF-EMF 

exposures may interact with the body in a manner leading to increased risk of ill health.  

Observations such as the ability of low level magnetic fields to increase the lifetime of free radicals 

have become established science and there is a growing body of evidence of such effects in 

biological systems. Evidence that non-acute exposure to magnetic fields disrupts the nocturnal 

production of melatonin in the pineal gland could have a bearing on the otherwise disparate set of 

health effects associated with EMF exposure.  Our detailed knowledge of how animals detect very 

low magnetic fields for the purposes of navigation provides important clues to the biological 

detection of such fields.  The body of adverse health effects associated with fluctuations in the 

geomagnetic field provides important analogous information concerning EMF and ill health.   

 

Overall, we are seeing solid advances in the science of how power frequency EMFs may affect 

health. 

 

 

 

Yours sincerely 

 

 

 

 
 

 

Professor Denis L Henshaw 
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Table 1. Summary of the findings of epidemiological studies considered by the 

California Department of Health Services EMF Report 2002 

 

 

Disease Studies Positives Significant 

positives 

Significant 

negatives 

 

Childhood leukaemia 19 16 3 0 

Adult leukaemia 43 32 11 0 

9 other diseases 

Total  

150 

212 

110 

158 

36 

50 

1 

1 

 

p-value for total 

  

2.5 x 10
-13 

 

4.4 x 10
-15 

 

 

Notes: 

 

1. The column headed ‘Studies’ refers to the number of epidemiological studies considered in 

each category.   

2. The column headed ‘Positives’ represents the number of positive odds ratios found in each 

category, taking one representative odds ratio per study as assessed by the California panel.   

3. The column headed ‘Significant positives’ represents the number of positive odds ratios 

which were statistically significant in their own right at the 95% confidence level.   

4. The ‘p-values for total’ represent the probability that the total number of Positives and the 

total number of Significant positives was a chance finding.  The very small p-values indicate 

that the overall findings cannot be explained by chance alone. 

 

 

 

 

Table 2.  Epidemiological studies reviewed by CHD (2002) and the corresponding number of 

odds ratios > 1.0, number which were statistically significant and p value for each set. 

 

Disease 
 

Number 
of studies 

Positive studies: 
number,  p value* 
 

Significant positives: 
number, p value* 

 
1.   Childhood leukaemia 

 
19 

 
16     

 
0.0014 

 
3      

 
0.01 

2.   Adult leukaemia 43 32     0.0007 11.5  <<0.00001 
3.   Adult brain cancer 32 25  0.0007 6    0.0001 
4.   Miscarriage 37 27.5  0.0015 9       <<0.00001 
5.   ALS 7 6    0.06 3     0.0004 
6.   Childhood brain cancer 12 6    >0.5 2     0.04 
7.   Female breast cancer 24 17.5  0.012 5.5   0.0001 
8.   Male breast cancer 16 11.5  0.04 -  
9.   Alzheimer’s disease 6 4      0.34 2.5    0.001 
10. Suicide 8 6.5  0.02 3       0.0007 
11. Heart disease 8 6.5   0.02 5.5   <<0.00001 

*Null hypothesis, result occurs by chance 

 


