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INTRODUCTION: QUALIFICATIONS AND EXPERIENCE

8209359

MY name is James Mark Elwood.

I am a medical practitioner, epidemiologist and specialist in Public Heaith Medicine,

with over 30 years experience in these fields.

| present this evidence as an independent consulting epidemiologist and public health

physician.

I am currently Vice-President, Family and Community Oncology, at the British
Columbia Cancer Agency in Vancouver, Canada. This agency provides cancer health
services, including preventive and screening services, to the population of British
Columbia. My role includes involvement in several aspects of these services as well
as research and graduate student supervision. | hold an honorary professornial
appointment in the Department of Heallh Care and Epidemiology at the University
of British Columbia.

I have previously worked in New Zealand, Australia, and the United Kingdom, and
have held universily professorial appointments and specialist appointments in
public health medicine in all those countries. | have held medical specialist
qualifications since 1976, and university appointments at full Professor rank since
1981,

FROM 2000 to 2006, 1 was Director of the National Cancer Contro} Initiative in
Australia, which was concerned with advising the federal government on
scientifically based initiatives to reduce the impact of cancer, and held professorial
appointments at Monash University and at the University of Metboumne.

FROM 1988 until 1999, | was Professor of Cancer Epidemiology at the University of

Otago in Dunedin, New Zealand.

FROM 1981 to 1989, | was Professor and Chairman in the Department of
Community Medicine and Epidemiology at the University of Nottingham, in the UK:
and prior to that, | was Mead of the Division of Epidemiology at the Cancer Control
Agency of British Columbia, in Vancouver, Canada.

 have academic qualifications in Medicine (MB, BCh, BAQO: Medicine, Queen's

University, Beifast); and in epidemiology {Master of Science, Harvard Schooi of
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10.

11.

12.

13.

14,

15.

8209959

Public Health). | have higher qualifications based on research in epidemiology: MD
{Doctor of Medicine, with honours, by thesis, Queen's University, Belfast); and DS¢

{Doctor of Science, Queen's University, Belfast).

MY professional qualifications include specialist qualifications in Public Heaith
medicine in Australia and New Zealand {Fellow, Australasizn Faculty of Public
Health Medicine), in Canada (Fellow, Royal College of Fhysicians and Surgeons of
Canada}, and in the United Kingdom and the European Community {(Fellow,
Faculty of Public Health Medicine, Royal College of Physicians).

| was President of the Australasian Epidemiological Association in 1995-96, and

am a Fellow of the American College of Epidemiciogy.

| have been a consultant on aspects of epidemiology to many groups. in Canada, |
am a member of the Advisory Council on Cancer Control of the Canadian
Partnership against Cancer, which is the key federal program of action against
cancer, and have been a consultant to the federal health depariment and to cancer
agencies in Onfario and Alberta. In Australia, | have been an adviser to the
Depariment of Health and Aged Care, the Cancer Councils of Victeria and of
Queensland, and the Cancer Institute of New South Wales. In New Zealand, | have
been a consultant to the Ministry of Health, the Health Research Council, and the
NZ Cancer Society. | have been a consultant io the International Agency for
Cancer Research (which is part of the World Heallh Organisation).

| have been a consultant on epidemiological issues to the Radiofrequency
Exposure Standards Working Group of the Australian Radiation Protection and
Nuclear Safety Agency (ARPANSA), which had the responsibility to develop a new
exposure standard for radiofrequencies for Australia. In 2000, | presented

information on this topic to the Australian Senate Electromagnetic Radiation

{nguiry,

I have consulted on health related issues related to low frequency (power line)
electric and magnetic fields and to radiofrequency fields to several government and

non-government agencies, and to commercial and legal groups.

I have held over 30 major peer-reviewed research grants, in Canada, the United
Kingdom. Australia and New Zealand. | have published over 250 scientific papers
and other reports, mainly on the causes, prevention, and early diagnosis of cancer,

the epidemiology of congenital defects, and on epidemiological methods, These
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include research relating 1o several exposures in the eleclromagnetic spectrum,
including extremely low frequency (ELF) fields, radiofrequencies, and ultraviolet

radiation.

16. | have published several books, including a graduate level textbook on the
assessment of epidemiological evidence and of cause and effect relationships,
published by Oxford University Press, which is now in iis third edition {Elwood
1888; Elwood 2007},

DECLARATION

17. I confirm that | have read and agree fo comply with the code of conduct for expent

witnesses in the Environment Court consolidated practice note (2008). | have
approached the preparation of this evidence in the same manner that | would for
the Environment Court.

SCOPE OF EVIDENCE

18.

19.

20,

| have been asked to provide this evidence in relation to the proposal by

Transpower New Zealand Limited for the North Island Grid Upgrade Project.

I have been asked to review the available scientific literature relating to
relationships between exposures to the electric and magnetic fields from
fransmission lines and related faciliies and health problems, particularly cancer, in
humans. and to assess if the epidemiclogical evidence supporis a conclusion that

such exposure is a likely cause of adverse hsalth effects.

IN my evidence, | will review the main epidemiological evidence relevant 1o the
health effects of exposures io electric and magnetic fields at low intensities. | will
relate this to the exposures to electric and magnetic fields which may occur if the
proposed project proceeds.

SUMMARY OF CONCLUSIONS

21.

8209559

I have reviewed some general issues, and the key findings of major reports, in the
material given above. | have also reviewed many of the original scientific papers in

detail, and presented my review and conclusions in this evidence.
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22.

23.

24,

25,

26.

8208859

FOR human health effects, it is the long-term average exposure levels to magnetic
fields which are most relevant. From the information provided to me, the intensity of
the electric and magnetic fislds exposures to the general public from the new
transmission lines will be very low at the edge of the easement, and quite fow even
directly under the line. it seems unlikely that the levels of exposure to magnetic
fields io which people will be exposed for a considerable time, for example inside

homes, will be increased by the new transmission fine.

THERE are many scientific studies which have set out to assess potential health
risks from low intensity magnetic and electric fields. There is evidence from
epidemiological studies of an association between increased rates of childhood
leukaemia and exposure levels in the child's home, usually estimated as the
average exposure over 24 hours or longer, at levels higher than three or four

milligauss.

SEVERAL reputable multi-discipiinary scientific groups have assessed this
evidence and have concluded that the interpretation of this asscciation is unclear. |t
might be due to a causatl link, but this interpretation seems uniikely and cannot be
made with confidence. The general conclusion has been that the associations seen
in the epidemiological studies are more likely fo be produced by the influences of
other risk factors for leukaemia, and/or by limitations of the studies such as
selection biases applying to the small numbers of children included in the studies

with higher levels of exposure.,

FIVE highly regarded interdisciplinary reports, two from the National Radiological
Protection Board in the UK, and reports from the JARC, the Environmental Health
Criteria 238 report of the World MHealth Organization, and from the NIEHS, have
concluded that the current scientific evidence is insufficient to show that electric or
magnetic fields cause childhood cancer. That remains a possibility, requiring further
research to confirm or refute it. Extensive iaboratory studies in animals and in
laboratory systems designed to demonstrate biological processes which relate to
cancer development have not produced substantial or consistent evidence of a
cancer causing &ffect of electric or magnstic fields at these tevels of exposure or

even at higher levels,

| agree with the conclusions of these interdisciplinary groups. The studies do show
an association between an increase in risk of leukaemia in a small number of

children in the highest category of exposure to magnetic fields, being either above
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27,

28,

29,

30.

8209959

3 or above 4 mG, depending on the analysis. However, the data are insufficient to
conclude that this association reflects causality; | do not conciude from these
results that such magnetic fields cause childhcod cancer. That remains a possibility

neading more research,
THE main reasons for my conclusions are that;

(a} The results for the highest exposure category are based on small
numbers of subjects, and those who participated in the studies and had
the highest exposure levels may be unrepresentative because of factors

affecting participation in the studies;

{h) It is possible that children with exposure to higher levels of electric and
magnetic fields also have other exposures or characteristics which may

give them an increased risk of cancer.

{c) The third reason to treat these resuits with caution is that there is no
consistent evidence from cell, animal, or other human studies that
magnetic fields at these exposure levels are invelved in the development

of leukaemia or other cancers.

MY overall conclusion is that these results raise questions which need to be
addressed by further scientific studies. However, the scientific evidence is
insufficient to establish that a hazard exisis to the population at these low levels of

exposure.

i am aware of contrary views of other scientists and of other repors. | have
reviewed the main findings of the 2002 California report on health effects of electric
and magnetic fields, and the relevant pants of the 2007 Biolnitiative Report. These
give less weight to the relevant animal and experimental evidence, and differ in
some of the interpretations of epidemiologicat data. Neither reports substanifal
new evidence beyond that reviewed by the IARC and AGNIR committees and other
authoritative groups such as the WHQ. | am not convinced that the opinions
expressed in these reporis are more valid or accurate than those of the
multidisciplinary expert groups involved in the other major reports, and | do not

agree with their conclusions.

IN regard to other diseases in children or in adults, the amount, quality, and

consistency of epidemiclogical evidence suggesting a hazard is less extensive than
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31,

that relating to childhood leukaemia. | support the conclusions of the 1ARC, AGNIR,
and WHO committees which regard the evidence of associations with other

diseases as being inadequate to support a conclusion of causality,

MY overall conclusion, based on all the material that 1 have reviewed is that the
magnetic and electric fields from the Upgrade Project are not likely to affect the

health of those living in or near the development.

DESCRIPTION OF RELEVANT HEALTH ISSUES IN REGARD TO THE PROPOSED
DEVELOPMENT

32,

33.

34.

35.

36.

37.

8206859

I am aware that the proposed development has several components, including a
new overhead transmission line from Whakamaru to Brownhill Road, which will
operate initially to 220 kV but will be buiit to be capable of operating al 400kV in
the future, modifications to existing substalions and some new substations, and

sections of 220 kY underground cables.

THE key issues of relevance to human health are the levels of electric and
magnetic fields which will occur in public areas and near and within houses, and at

various distances from the powerling, as a result of the new transmission line.

FOR my purposes. for comparison with field strengths used in epidemiological

studies, a long-term average of the magnetic fields is relevant.

THE relevant issue in regard to health effects is whether there will be any health

hazard created from the levels of exposure caused by the new power line.

AS | will discuss later in my evidence, nearly all the epidemiological evidence deals
with associations between health effects and exposures to magnetic fields. The
most defailed studies, such as the studies of childhood leukaemia, assess
residential exposure to magnetic fields by measuring such fields, often over 24
hours, in the bedroom, living room, or other areas inside the house. Most
measurement protocols make measurements at or near the floor, for example at
bed height. (For example in the large UK study of children wiih leukaemia,
measurements within rooms were done at 1 metre above the floor (UK Childhood

Cancer Study Investigators 1999)).

INFORMATION of anticipated magnetic field strengths is given in the evidence of

Mr Khot 1o this inquiry. For example, maximal estimates of the fields anticipated
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38.

39.

40,

directly below the line are assessed as between 5.2 microT in year 2012 up to 29
microT after 2042 (para 155).

OF more relevance with respect to my evidence are the fields at the edge of the
easements, as these represent the highest fields which are likely to be experienced
on a long-term basis, assuming buildings can be constructed right up to the
easement line. These fields range from about 1.0 to 4.6 microT. The field strengths
most relevant are those within residences, and as these residences are normally

farther away, the fields experienced will be considerably smaller.

THESE fields are an order of magnitude lower than the exposure limits for the

general populalion recommended by ICNIRP, which is around 100 microT.

THUS the relevant evidence relating to human exposures will include studies of
residentiai exposures to electric and magnetic fields. For a more compiete
assessment, the studies relating to occupational exposures and cancer are also
included, although some occupational exposures will be considerably higher than

these levels.

EPIDEMIOLOGY, AND ITS ROLE IN ASSESSING CAUSATION

41,

42,

8208958

MY evidence is based on an epidemiological approach to assessing the causes of
disease. Epidemiology is "the study of the distribution and determinants of disease
in human populations” (MacMahon & Pugh 1970) (page 1). it is the science which
studies the causes of disease in people, in contrast to studying causal mechanisms

in experimental animals or cell systems.

VERY occasionally, where a particular causal agent is the only (or almost the only)
cause of a specific disease and has a very clear and strong effect, a causal
relationship can be established on the basis of one, or only a few, weli-conducted
studies. One example is the very specific relationship between asbestos exposure
and one particular type of cancer, mesothelioma, where the disease hardly ever
occurs in the absence of asbestos exposure. Another is given by the studies of
those affected by radiation from the atomic bombs in Japan in 1945, providing
unique and detailed information on the effects of ionising radiation. (Neither of

these examples has relevance to electric or magnetic fields exposure).
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45,

48,

MUCH more commonly, however, the causes of a disease are established by the
cumulative evidence provided by a large number of different studies, rather than by
one particular study.

IF an association is seen hetween a possible causal factor and a disease (for
example, between exposure to electric and magnetic fields and the development of
cancer) a careful evaiuation of the extent and quality of the studies showing that
association is necessary, before concluding that there is likely to be a cause and
effect relationship, or whether the associalions seen are more likely to be due to

other factors.

STUDIES in human populations, unlike experimental studies of animals or
biclogical samples in a laboratory, are limited to what can he done ethically and
logistically in free-living human subjects. Thus the accuracy of the data collected,
and the ability {o isolate the effects of one factor from those of other factors, are
less controllable than they are in a laboratory situation. I contrast, epidemiological
studies, unlike laboratory studies, are direclly relevant to causation of disease in

human individuals and populations.

ASSOCIATIONS seen in epidemiological studies wili often be due to limitations of
the study design or analysis, rather than to a cause and effect relationship. Such
associations may be produced by errors or bias in the data, the influence of other
relevant faclors, or by chance variation, These all have 1o be assessed carefully
before the study can be interpreted as showing a cause and sffect relationship.
Such assessment requires expertise in epidemiology. There are weil-established

principies which assist in interpreting epidemiological data.

Types of epidemiclogical study

47,

8209958

THERE are several major types of study, and the reiative strengths of these studies
i3 generally acknowledged (Elwood 1998). The study types are often described as
a hierarchy, but of course the quality of the study needs to be assessed as well as

its general design.

THE best possible studies to assess potential hazards are studies in which
individuals are selected for a study and specific information is collected on the
suspected causal factor, the disease ouicome, and (most importantly} other

relevant factors which could be related 1o the disease ouicome. Such studies are
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49,

50,

51.

of two main types, cohort and case-control studies. These are the methods by
which most recognised causes of human cancer have been identified (such as
smoking, asbestos, ionising radiation, and so on). Usually, many such studies are

compieted before a consensus is reached on & particular causal situaiion.

STUDIES comparing health outcomes in two or more groups with different
exposures are cohort studies. For electric and magnetic fields, the studies of
individuals include some cohorl studies of occupational groups whose exposure
levels are likely to be much higher than the general population. For example, a
major British review gives examples of average magnetic fisld exposures in
occupational settings, with average exposures of up to 17 t¢ 185 mG for power
industiry workers ({Advisory Group on Non-ionising Radiation 2001), page 27).

STUDIES comparing subjects with a particular disease to an unaffected controi
group are case-contro! studies. In a case-control study, people with the disease in
question (the 'cases’, for example, children with leukaemia) are compared fo
generally similar people who do not have the disease {(the 'controls’, for example,
other children the same age), and the information on factors considered to be
important is collected from both groups, usually by questionnaires supplemented by

measurements. if an exposure such as eleciric and magnetic fields is a causal

factor in producing the disease, the extent of exposure to the factor wili be greater

in the cases {ihe subjects with the disease), than in controls.

IN case-control studies it may be difficult to choose appropriaie contrels, and also
difficuit 1o obtain accurate exposure information, because the relevant exposures
have happened some time in the past. Despite those limitations, such studies have
provided important information on many issues, but they need careful

interpretation.

Criteria used in assessing causality

52,

8209959

CRITERIA have been developed which are generally and internationally accepted
both for the assessment of an individual study, and for the assessment of the

totality of evidence derived from a number of studies. These are set out in Table 1.
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53.

54,

8209959

Table 1: Generally accepted features for causality in epidemiological studies

Non-causa! explanations fo be excluded:
Bias in observations
Effacts of other faciors (confounding)
Chance variation

Features expected if causation applies:
Correct fime relationship
Consistency of resulis, both within and among studies
Sirong association
Dose-response effect
Specificity of effect, by causal factor and oufcome
Plausibility: biological mechanism; analogy
Coherence with distribution of causai factor and outcorne
From: (Hill 1865), (Elwood 2007), and others.

THERE are two seis of these criteria:

non-causal explanations to be excluded;

features expected if causation applies.

THE first process in assessing whether a particular study gives a valid cause and

effect assessment is {o see if altermative explanations can be reasonably excluded.

As a result, the first set of criteria comprises three factors which could explain an

apparent association between an exposure and a disease, apari from a cause and

effect relationship. These non-causal factors are:

(&)

Bias in the observations which are made. For example, in a study based
on an interview recall of exposures, people affected with cancer may be
more ready to recafl and report a previous exposure (such as the use of a
prescribed drug) than people who have not had cancer. If this bias
occurs, even if there is no true relationship between the drug and cancer,
the study will show an (incorrect) positive association. In the case-control
studies of electric and magnetic fields and cancer, the accuracy and
possibility of bias in the exposure measurements is a major issue in

interpretation.

The effect of ofther relevant facfors, often known by the term
"confounding”. For example, there may be an association reported
between ice cream sales (cause) and drownings in coastal areas (effect),
but this is due to other related factors, good weather and the numbers of

people swimming. Many case-control studies of electric and magnstic

Page 11



55.

56.

8208959

(c)

fields and cancer are basically comparisons between cancer cases and
controls in terms of their places of residence. Thess places of residence
may differ in regard to electric and magnetic fields, but they are likely to
differ in many other respects also. I may be that some of these other
differences (for example, proximity to major roads) may be also linked {o

cancer.

Confounding can occur or be increased because of selection or non-
participation bias. For example, in a case control siudy of electric and
magnetic fields, appropriate samples of children with leukaemia {cases)
and of healihy children (controls) may be chosen for study, with similar
distributions in terms of age and socio-economic status. Then the chitdren
and their families are asked to participate by accepting a measurement
device in their home for one or two days, and completing questionnaires
and interviews. Only the children and families who complete all paris of
the study will be included in the final analysis. Participation may differ
between case and control children, and may be related fo other factors
such as the child's age or the family’s educational level. If so, the analysis
may be based on samples of children and families who are not
representative of those originally chosen, and differ from them in variocus
characteristics., This type of bias is referred to as selection or non-

paricipation bias.

Apparent associations may be due to chance vanafion. This is assessed

by statistical methods. {l will discuss this further in my evidence below.)

AFTER excluding non-causal explanations, the next process is to look for specific

features which we would expect to see if a biological cause and affect refationship

applies. This second set of criteria were developed by (amongst others) a British

statistician, Sir Austin Bradford Hill, and are often called the Bradford Hill criteria

{see Table 1). They are used by many multidisciplinary international groups in the

assessment of cause and effect in cancer and in other major diseases.

THE criteria are quite logical. They are best regarded not as essential criteria, but

rather features which, if present, make it easier to conclude that causation exists

and if absent they may limit the interpretation.
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57. THEY are:

(a)

(b)

(d)

(e)

{

(9}

8209958

The time relationship should be clear. 1t is an absolule criterion that the
action of the suspected cause must precede the development of the

disease: but demonstrating this may not be easy.

Consistency is an important criterion and is assessed in two ways. First as
consistency within a sfudy. For example, if electric or magnetic fields
cause a particular cancer, we would expect to see that relationship in men
and in women, in different social groups, in different geographical areas,
and so on. Second, as consistency among various studies. Rarely is one
study sufficient on its own. When there have been many studies
performed, in different populations, with differences in the methods used,
the consistency or otherwise of the results will be very important in

deciding whether a cause and effect relationship is likely.

If the relationship is strong - that is, there is a substantially higher rate of
disease in subjects exposed to the potential causal factor than in those

not exposed — it should be easier to show causation.

There shouid be (in many situations) a dose-response refationship - that
is, subjects with greater exposure should have greater disease outcome

rates.

Specificity of effect may be helpful, although it is not always applicable.
This means that a particular causal agent causes a particular disease

rather than a whole range of diseases.

Plausibility may be a useful criterion. This means that a biological
mechanism for the relationship between the causal agent and the disease
ouicome can be recognised, based on knowledge of the underlying
biology of the situation. A related criterion which is sometimes added is
analogy - ie., the relationship is similar to some other established

relationship.

Coherence implies that there should be an overall association seen

between the general distribution of the causal agent and the distribution of
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58.

the disease which it causes. It is a less useful criterion, as it holds only if

the causal relationship is very strong.

THUS, most epidemiologists will react cautiously when one new study shows a
previously unsuspected relationship between a causal factor and a disease. The
study will be freated as important in that it indicates that further research needs o
be done. But unless the relationship is extremely strong and clear, the normal
reaction of epidemiologists will be to seek confirmatory evidence from other studies

of a similar or more powerful type.

The results of epidemiological studies

59.

60.

61,

8209359

I will try to keep my evidence as free as possible from mathematical data and
complax terminology. However, it is essential to explain and understand the way in

which the results of epidemiclogical studies are surmnmarised.

THE main resultis usually expressed as a measure of association, the refative risk,
which is the risk of disease in people exposed to the factor under consideration, as
a ratio of the risk in those people not exposed. Depending on the study design,
different measures may be used for the relative risk, for example incidence or
mortality ratio. Case-conirol studies give the odds ratio, which is interpreted in a

sirpilar way to the relative risk and often referred to as relative risk. For example:

{a) i the relative risk is 1.5, the study is estimating that people exposed to the
factor under consideration have 1.5 times the disease risk of those not

exposed. This may also be expressed as a 50% increase in risk.

{t) A relative risk of 1 means that there is no association, that is, the risk of
disease in people exposed 1o the factor under consideration is the same

as the risk in those people not exposed.

{c) A relative risk of less than 1 means that the risk in those exposed is less
than in those not exposed - in other words, the association suggests a
protective effect. A relative risk of 0.75 means that the frequency of
disease is reduced by 25%.

THIS result (the relative risk) is the size of the association provided by the study, for

example 1.5 in the first example above. The accuracy or statistical precision of this
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62,

63.

64.

65.

§6.

67,

8209559

estimate is shown by confidence limits, for example 1.2 to 1.9. These define the

lower and upper bounds of the estimate, using a pre-set criterion of precision.

THE precision is usually expressed as "95% confidence limits®, meaning that in
statistical terms there is a 95% probability (95 chances in 100) that the frue result
will be within the range between the lower and the upper confidense limits; that is,
between 1.2 and 1.9 in this example. However, even if the study has been done
well, without bias or confounding, the true result could be below 1.2 or above 1.9
because of random variation, and this will occur on about 5% of occasions. The

precision of the study depends mainly on the number of subjects in the study.

A small study will be imprecise, and will have wide confidence limits. For example,
suppose a study gives a relative risk of 2.0, but the 95% confidence limits are from
0.26 to 15.2. That is, the result is compatible with anything from a 74% reduction in
risk (RR 0.26) to a 15 times increase in risk {RR 15.2). The study is 50 smail that it

gives us virtually no reliable information.

IF the confidence limits include the value of 1.0, the study is said to be "not
statistically significant”, in other words, it is still compatible with no association and

a relative risk of 1.0,

A large study will give a more precise result, shown by narrower confidence fimits:
for example, another study may also give a relative risk of 2.0, but if it is a very
large study the 85% confidence limits will be quite close together, for example from
1810 2.2

IF the lower confidence limit is higher than 1.0, it means that the study shows an
increased risk or a positive association which in technical terms is "stafistically

significant”.

IF there is an association between greater exposure to electric or magnetic fislds
and the occurrence of a disease like cancer, a good study will show this by giving a
relative risk greater than one. If the study is large enough, the 95% confidence
limits will also be both above one: a hypothetical exampie would be a relative risk
of 1.5, with limits of 1.2 to 1.8. This resuit would be described as showing an
increased risk, which is statistically significant. However, even this result does not
mean that & cause and effect relationship has been shown. To assess if a causal

relationship is likely, there needs to be an assessment of the altemative
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68.

69.

70.

71.

72,

8208859

explanations for the association, such as whether the study is free of biases in the

data used, and whether the effecis of related factors have been taken into account.

IF, on the other hand, electric or magnetic fields do not cause {or prevent) the
disease, a good study will give a relative risk close to one. However, it is unlikely
that the relative risk will be precisely one, because of the impossibility of coliecting
perfectly accurate data and having no influences of other factors, and also because
of the effects of chance variation. The 95% confidence limits will usually include the
value of 1.0: a hypothetical example would be a relative risk of 1.1, with limits of 0.8
to 1.3. This result would be described as showing no increased risk (or only a small

increased risk), which is not statistically significant.

STATISTICAL significance should not be confused with 'significance’ in the usual
meaning of being important and relevani. If the truth is that eleciric and magnetic
fields do not cause disease, the best performed studies, which will be very
significant in terms of their importance and relevance, will have statistically non-

significant results.

IT is important to emphasise thal the reported value of relative risk and its
confidence limits, in a simple analysis, may take account only of the size of the
study and the arithmetic of the study. It does not necessarily assess whether the
observations have been collected without bias, or whether the association is due to

factors other than the one being assessed.

THESE issues have o be addressed by a careful review of how the study was
done and how it was analysed. There are accepted methods of adjusting for the
influence of a confounding variable. For factors which are measured, such as age,
a statistical process of adjustment may be used, or the study may be designed as a
‘matched’ study by choosing controls to be very similar o the cases in regard to
certain factors such as age. These methods will give an estimate of the relative risk
and its coenfidence limits which is adjusted, or controlied, for that factor: if this is

done, it should be made clear in the description of the study.

AT various times in my evidence, | will quote the relative risk estimate from a study
and either its confidence limits or a statement of whether the result is significant or

not in siatistical terms.

Page 16



The impossibility of proving the absence of an effect

73.

74.

75.

8209959

IT is impossible to prove, with absolute certainty, the absence of an effect. To prove
with certainty that electric and magnetic fields, or any other aspect of the human
environment, is completely safe is therefore also impossible: as to do so requires
proof of the absence of any association hetween axposure to electric and magnetic
fields and any one of an infinite number of health outcomes. Consider the
statement "Tasmanian tigers are extinct”. This can be disproved by observing one
living Tasmanian tiger; the only issue would be the accuracy of that obsarvation,
sorresponding io the quality of scientific study. But fo prove, with absoclute
cerfainty, ihat Tasmanian tigers are exiinct is impossible, as there will always
remain a possibility, even if infinitesimal smali, that somewhere a living Tasmanian

tiger {perhaps a very small one!) exists which has not been found.

THE logical difficulty is expressed in the approach of epidemiology and science in
general which regards the currently accepted assessment of an issue not as
something which has been proven with absolute certainty, but as the best current
explanation of the available resuits of scientific studies. Many scientists regard the
best way to design scientific studies is not to expect them to give "proof”; rather,
studies are designed io disprove or “falsify" a current hypothesis or accepted
viewpoint on an issue. |f well performed scientific studies of strong design are
carried out and fail {o disprove the hypothesis, the hypothesis becomes stronger,
thal is, it gains more validity and is more iikely to be true, but it never reaches the

point of being "proven” with absolute certainty.

TO he asked to give complete assurance of the "safety” of electric and magnetic
fields is equivalent to being asked to prove that no health effects exist. This is
logically impossible. All that can be done is to assess the information that exists,
paying greatest attention to the scientific studies which are strongest in design, that
is, which have the greatest ability to detect a health effect if such an effect does
exist. If the balance of the available evidence overall is that health effects have not
been demonstrated, despite some studies of reasonable quality having been done,
then the likelihood that electric and magnetic exposures are safe is increased. The
evidence pointing to safety may well be sufficient so that scientists, decision-
makers, and the great majority of individuals will accept the evidence as sufficien!

10 allow normal activities based on the assumption of safety. However, no scientist
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or anyone else can "prove” the total safety of electric and magnetic fields, or indeed

of any envircnmental exposure.

IT follows from this that a claim that health effects, even if not demonstrated,
remain possible, will always be true. But because it is always true, it is not very
helpful. The claim that heaith effects may exist is of no value unless it is based on
some evidence either of the existence of such effects, or of other scientific
evidence which make such effects likely, rather than just possible. Thus groups
who set standards for exposure limitation need to base their conclusions on

documented scientific evidence, rather than on mere speculation.

EXPOSURE TO ELECTRIC AND MAGNETIC FIELDS

Electric and magnetic fields

77.

78.

79.
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EVERYONE is exposed to magnetic and electrical fields from a wide variety of
natural and man-made sources. Natural sources include those related to solar
activity, and atmospheric effects including lightning (international Agency for
Research on Cancer 2002), p 51.

ELECTRIC and magnetic fields associated with electric power supplies are referred
0 as extremely low frequency {(ELF) fields, with a frequency (the number of times
per second that the direction of the field changes) of 50 cycles per second or Hertz
{Hz) in New Zealand and 50 or 60 Hz in most other countries. The wavelength at
50 Hz is 6000 kilometres. At frequencies up to 100,000 Hz {100 kMz), including

ELF fields, the major effect on a living body is by induction of currents in tissues.

OTHER types of electromagnetic energy have much higher frequencies, up to
many millions of times higher. These other types of energy include
radiofrequencies, used for radio and ielevision broadcasting, mobile phones, radar,
and microwave heating. Radiofrequencies are at 100 kHz to 300 GHz (100,000 o
360 million Hz), and interact with living bodies by heating and by stimulation of
excitable tissues such as nerves. At higher frequencies is infrared, visible light with
the frequency increasing from red to blue, and ultraviolet radiation. Visible light has
a frequency of 10" (ten followed by 13 zeros) times higher than power line
frequencies. As frequency increases, the photon energy increases. At the highest
frequencies are x-rays and alpha and gamma radiation, which are “ionising

radiation”; so-called because it can affect materials and living cells by changing
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neutral atoms into ionised atoms. in living cells ionisation can have many effects,
including damage to DNA which may lead 10 cancer. This is why exposure to x-rays
and other high frequency radiation is so strictly controlled. Visible light is at much
lower frequency, and although we are exposed to it all the time it does not have
sufficient energy to cause harm. The higher frequency ultraviolet radiation can
cause sunburn and skin cancer. The extremely low frequency electric and magnetic
fieids associated with electric power are at much lower frequency, and therefore

much less energy, than visible light.

ELECTRIC fields are caused by electrical potentiai or voltage and can be found
near any electrical appliance that is switched on at a power outlel, even if it is not
operaling, and near distribution powerlines and cables and electrical substations.
Electric fields are measured in volis per metre (Vim). High electric fields are
created by high voltage and are strongest close to their source, and they weaken

rapidly with increasing distance from the source.

MAGNETIC fields are caused by flow of electricity {current) through a conduclor
{such as a wire or powerline). Electrical appliances must be switched on and
operaling to create a magnetic field. Like electric fields, magnetic fields are
greatest ciose to the source, and increase as the current increases. Magnetic field
strength, which is measured in milligauss {mG) or in microTesla (uT) for low
strength fields, also weakens rapidly with increasing distance from the source. 10

mG equals 1 u7.

ELECTRICAL fields from powerlines are easily shielded by conducting objects
such as frees and buildings. This is because most objects conduct the electric field
10 the ground, in a similar fashion to earth wires in homes. Shielding from magnetic
fields is more difficult as these fields are not weakened effectively by vegetation
and most other objecis. Magnetic fields can only be shielded by structures

containing large amounts of ferrous metals or simitar malerial.

Exposures of the general public to extremely low frequency magnetic and electric

fields

83.
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THE strongest magnetic fislds to which psople are commonly exposed are from
household electrical appliances. Typical magnetic fields generated by household
appliances are shown in Table 2 below, from a British source (Advisory Group on
Nen-ionising Radiation 2001},
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AS the table shows, these fields decrease rapidiy with increasing distance from the
source, and many appliances with high exposure levels are used only for short
limes, such as electric shavers. Appiiances which can contribute substantially to
high average exposures in the home environment include electric blankets,

electrically heated water beds, and underfloor heating.

Table 2: Typical magnetic fields from common electrical appliances

From (Advisory Group on Non-jonising Radiation 2001).

85.

8209959

Magnetic Flux at given distance from
EMF Source Scms 50 cms 1 metre
Electric shavers 1648 8.4 1.2
Hand blenders 768 9.7 1.5
Food mixers 699 6.9 1.1
Central heating 611 5.1 1
Extractor fans 452 5 0.8
Vacuum cleaners 395 7.8 1.6
Microwave oven 273 16.6 3.7
Hair dryers 174 1.2 0.2
Food processors 128 2.3 0.4
Washing 77 9.6 2.7
Dish washers 59 8 2.3
Cooker hoods 48 2.8 0.6
Tumble dryers 39 3.4 1
Fan heaters 36 2.2 0.6
Liguidisers 33 2.9 0.9
Hifi systems 16 0.8 0.2
Coffee Makers & 0.6 0.2
VCR 4 0.1 0.05
Fridge/freezers 2 0.5 0.2

THE studies of the Jong-term health effects of electric and magnetic fields have
generally either been based on occupational or on residential exposures.
Frolonged exposure {o fairly high fields may occur in certain occupations,
particularly those involving the electricity industry or working constantly with
electrical equipment,
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Average levels of residential magnetic fields relevant to children

86. HOWEVER, the average field strengths to which the general public are exposed
are generally ilow. The association between residential magnetic fields and
childhood leukaemia is the relationship that has bheen of most concern. The
exposure that is relevant is the long-term average magnetic field exposure of
chiidren either in the home, or assessed as their iotal exposure taking into account
fime spent at home, outdoors, and at school. The results of studies include
measurements for many healthy children (the contro! groups in the studies) who
are reasonably representative of the general poputation, and so provide dstailed
measurements or calculations that give a picture of typical exposures. Average

magnetic field exposures from some of these studies are shown in Table 3.

Tabile 3: Distribution of average magnetic field exposures {milligauss, mG) assessed in
chifdren in control groups in recent studies

UK study: estimated average (arithmetic mean ) exposures over 1 year (UK Childhood
Cancer Study Investigators 1999, Table 4 in the paper

all controls
mG No %
< 2054 §92.3%
1-2 128 5.8%
2-4 35 1.8%
4+ 9 049
Total 2228 100.0%

Ahlbom et al. : combined data ¢ studies; average (geometric mean) 24 or 48 hour in-home
exposure {Ahlbom et al. 2000), Table 2 in the paper

all controls
mG No %
<1 8707 97 9%
1-2 &4 0.9%
2-4 45 0.7%
4+ 37 0.5%
Total 6853 100.0%

Canadian study: 48 hour time-weighted average (arithmetic mean) personal exposure
{McBride et at. 1999), Table 4 in the paper

all controls

mG No

<1 192 56.6%
1.2 35 28.0%
2-3 29 8.6%
3-4 g 2.7%,
4-5 8 2.4%
S+ 8 1.8%
Total 339 100.6%

87. IN the large study in the United Kingdom (UK Childhood Cancer Study

Investigators 1999), a very comprehensive assessment of exposures was made to

give an estimate of total average magnetic field exposures from all sources. Of

8209959
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2226 control children assessed, 92% had average exposures of less than 1
milligauss, and 0.4 percent, 9 out of 2226 children, had average exposures of 4

milligauss or higher.

THE results of a combined anaiysis of nine studies assessing average exposures
in the home were very similar, with 98% of children having exposures iess than 1
milligauss, and 0.5 percent having exposures of 4 milligauss or higher {Ahlbom et
al. 2000).

IN a detailed Canadian study assessing average exposures from all sources, 57%
of children had exposures less than 1 milligauss, and about 4 percent had averags
axposures of 4 milligauss or higher (McBride et al. 1999). The generally higher
exposures in this study may be because the measurement process was different,
but in general US and Canadian electricity systems based on a 110-120 volt
system will give higher magnetic fleld exposures than the UK distribution system
based on 220-240 volts ({Advisory Group on Non-ionising Radiation 2001), page
17).

THE New Zealand electricity distribution system is similar to that in the UK, so
residential exposures are likely to be similar. There appears to be no large survey
of electric and magnetic fields in New Zealand, but the studies of childhood
leukaemia by Dockerly give some information. Measurements were done in the
homes of 115 children with leukaemia and 117 comparison healthy children, in the
living room and the child's bedroom, but the only published data appears to be on
those who had lived in the same house for at least years; of 40 such comparison
children, 2 {6%) had average exposures of 2 mG or higher (Dockerty et al. 1999).
In Australia a survey of about 40 homes in the Melbourne area has been reported,
with measurements made in 1987 and 1993. The mean magnetic fields were 0.8
mG under low power conditions and 1.4 mG under high power conditions (that is,
with most iights and appliances turned on) in 1993, with similar results in the earlier
survey (Wilson et al. 1994). A pilot study in 2005 of 26 homes in the Metbourne
area, undertaken to assess what methods could be used in a larger survey, found
low participation rates, and average levels of 0.9 mG, and that 12% of homes had
levels above 4 mG, but with wide confidence limits of 1 to 30% (Karipidis & Martin
2005),
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SCIENTIFIC STUDIES OF THE POSSIBLE HEALTH EFFECTS OF ELECTRIC AND
MAGNETIC FIELDS

91.

92.

83.

94,

THERE have been a very large number of scientific siudies which have assessed if
any refationship exists between exposures to slectric or magnetic fields at power
frequencies (ELF, extremely low frequency) and human diseases or health
complaints. Some of these studies have been extensive high-guality studies

performed by leading scientists. Others are small studies with limited methods.

WHEN there are many epidemiological studies available, there are methods by
which the data or results from several studies can be combined; the process is
called mefa-analysis. One meta-analysis can therefore include information from

many separate studies.

IN issues of great public health imporiance, such as any question of the causation
of cancer or other serious diseases, assessmenis are made of all the scientific
evidence by groups of appropriately qualified and independent scientists who are
internationally regarded as having the necessary expertise to interpret the scientific
studies. The many studies of possible health effects of electric and magnetic fields
have been assessed by several recognised expert and independent groups, who

have produced book-length reporis.

IN reviewing the extensive scientific information, we thus have available the reporis
of individual studies, the results of meta-analyses, and the reporis of expert review
groups. | will discuss the scientific work on low frequency fields and disease by
going from the less to the more detailed sources, that is, first | will review the
findings of major review groups, which cover the issues with many diseases. Then
in regard to particular diseases, such as childhood {eukaemia, | will discuss meta-

analyses when available, and then | will discuss individual studies.

The reports of major review groups

95.
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THE reports generally regarded as most valuable, because of their expert
muitidisciplinary authorship and their detailed reperting including assessments of
the key original studies, are those of the National Radiological Protection Board in
the UK, through its Advisory Group on Non-lonising Radiation (AGNIR); it produced
a major report in 2001 (Advisory Group on Non-ionising Radiation 2001), and an
updated report in 2004 (National Radioclogical Protection Board 2004). The

international Agency for Research on Cancer (JARC) produced a very detailed
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report on cancer in 2002 (International Agency for Research on Cancer 2002). The
International Commission on Non-lonizing Radiation (ICNIRP) published & detailed
report n 2003. The most recent major report, Environmenial Health Criteria 238,
was published by the World Health Organisation in 2007 {World Health
Organization 2007).

A report from the National Institute for Environmenta!l Health Sciences (NIEHS) in
the USA in 1998 and 1999 (National Institute of Environmental Health Sciences
1998; National institute of Envircnmentai Health Sciences 1999) is now somewhat

outdated.

THERE have been many other reviews and reports, some from government
sponsored groups in other countries such as Ireland {Government of Ireland Dept
of Communications 2006), or from individual or groups of experts. Most of these
add little tc the comprehensive assessments aiready noted, so they will not be

reviewed in detail.

Report from the National Radiation Protection Board (NRPB), through the Advisory Group
on Non-icnising Radiation (AGNIR), UK, 2001

98.

99,

100,

5208858

AGNIR was set up by the NRPB in the United Kingdom. Their 2001 report
(Advisory Group on Non-ionising Radiation 2001} is a very detalled and
independent review of the scientific results relevant to ELF fields and cancer. It was
produced by a group of seven scientists from several disciplines who were chosen
for their expertise and alsc their independence. There were no industry-based
experis in the group. it is sometimes referred to as the 'Doll report’, after iis
chairman, Sir Richard Doll, a world renowned epidemioclogist whose work has been
a major contributor in establishing the cancer producing actions of tobacco,

asbestos, and many other agents.

THIS report like the others deals with the two main types of scientific evidence
which are relevant. First, epidemiological studies looking at health effects in people
exposed {o electrical or magnetic fields. The AGNIR report emphasises the
association seen with childhood leukaemia, but concludes ithat this cannot be
clearly interpreted as a causal effect. The second type of evidence comes from

taboratory-based studies.

THE general conclusion of the report is given on p.164, and is quoted here in fuil;

"Laboratory experiments have provided no good evidence that exiremely low
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frequency elecfromagnelic fields are capable of producing cancer, nor do human
epidemiological studies suggest that they cause cancer in general. There Is,
however, some epidemiological evidence that prolonged exposure to higher levels
of power frequency magnetic fields is associated with a small risk of leukasmia in
children. In practice, such levels of exposure are seldom encountered by the
general public in the UK. In the absence of clear evidence of a carcinogenic effect
in adults, or of a plausible expianation from experiments on animals or isolated
cells, the epidemiological evidence is currently not strong enough to justify a firm
conclusion that such fields cause leukaemia in children. Unless, however, further
research indicates that the finding is due to chance or some currenily unrecognised
artefact, the possibility remains that intense and prolonged exposures {0 magnetic

fields can increase the risk of leukaemia in children."

FOR animal studies, including studies involving exposure o ELF fields over the
whole lifetime, the AGNIR group concluded (Advisory Group on Non-ionising
Radiation 2001). page 162: "Overall, no convincing evidence was seen from a
review of a large number of animal studies to support the hypothesis that exposure

to pawer frequency electromagnetic fields increases the risk of cancer.”

LABORATORY experimenis of effects on cells have not shown that ELF electric or
magnetic fields are capable of producing changes that would indicate a mechanism
for causing cancer: the AGNIR report states {page 161): "At the ceilular level, there
is no clear evidence that exposure to power frequency electromagnetic fields at
fevels that are fikely to be encountered can affect biological processes”, and
"There is no convincing evidence that exposure to such fields is directly genotoxic
rior that it can bring about the transformation of cells in culture and it is therefore

unlikely fo initiate carcinogenesis”,

THERE has been much interest in whether electric or magnetic fields could have
effects on the hormonal system, particularly on a hormone called melatonin, or on
the immune system. The AGNIR report concludes that almost all studies show no
effects (page 161-2); "Mosi evidence from human volunteer situdies suggests that
melatonin rhythms are not delayed or suppressed by exposure o power frequency
magnetic fields..." and further "There is no consistent evidence of any inhibitory
effect of power frequency magnetic fieid exposure on those aspects of immune
system function relevant fo tumour suppression that have been examined"
although the report drew attention to one sjudy which shows some effects and
requires confirmation (Wood et al. 1998).
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The report of the International Agency for Research on Cancer (IARC), 2002
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THE IARC is part of the World Health Organization, with headquarters in Lyon,
France. The IARC method is to convene a group of experts from a wide range of
relevant disciplines, who are independent and act in their individual capacity rather
than representing their institutions or employers. The process involves
approximately a year of preliminary work in identifying ail the available relevant
scientific studies and preparing draft reviews, followed by a meeting of the working
group for several days during which the report is prepared. The report on extremely
low frequency electric and magnetic fields resulted from the working group meeting
held from the 19 to 26 June 2001, and the report was published in the first half of
2002 (International Agency for Research on Cancer 2002). Their working group
consisted of 21 members, chaired by Professor Nicholas Day, a prominent
epidemiologist and statistician who is internationally regarded for work on the
causes and prevention of disease and in the development of methods of analysis of

epidemiological and clinical studies.

THE 1ARC has a system for the evaluation of carcinogenic risks to humans, which
is very well regarded intemnationally. The IARC process classifies each agent which

is assessed into one of five groups, which are definad as follows:
Group 1: the agent is carcinogenic to humans.
Group 2A: the agent is probably carcinogenic to humans.
Group 28: the agent is possibly carcinogenic to humans.
Group 3: the agent is not classifiable as o its carcinogenicity to humans.
Group 4: the agent is probably not carcinogenic to humans.

THERE are defined criteria for the assessment of the available studies, which take
into account both the epidemiological and experimental scientific resuits to reach
the final classification. In the latest update (November 2007), 885 substances or
mixtures have been assessed by the IARC
(hitp://monographs.iarc ffENG/Classification/index.php).  Of these 102 were
classified in group 1, 69 in group 2A, 246 in group 28, 516 in group 3, and only one
in group 4. In addition to magnetic fields, group 2B includes coffee, gasoline and

marine diesel fuel, pickled vegetables, welding fumes, exposures associated with
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carpentry and joinery, dry cleaning, printing processes, and textile manufacturing;

bracken fern, chioroform, lead, nickel, and styrene.

THE conclusions of the IARC review (International Agency for Research on Cancer
2002) are very similar to those of the AGNIR repert. The JARC review concludes
that an association has been shown between residential exposures to magnetic
fields in excess of three to four mG and the cccurrence of childnood leukaemia
{pages 332-3). i concludes that there is no consistent evidence in regard to other
cancers either in children or in adults, and there is no consistent evidence from
animal siudies or studies of postulated mechanisms, for example that due to

melatonin,

THE overall evaluation reached by 1ARC was that "There /s fimited evidence in
fiumans for the carcinogenicity of exfremely low frequency magnetic fields in
refation to childhood leukaemia®. As a result, the overall evaluation was "Exiremely
low-frequency magnelic fields are possibly carcinogenic to humans (group 28)"
{(page 338).

THE |ARC concluded that extremely low-frequency electric fields coudd not be

classified as to their carcinogenicity in humans, and placed them in Group 3.

THE TARC report noted that most studies in experimental animals gave negative
results and the conclusion was that there is 'inadequate evidence' in experimental
animals for the carcinogenicity of ELF magnetic fields {international Agency for
Research on Canger 2002).

THE |ARC alsc reviewed the scientific reporis relevant io reproductive effects, and
for other effects including effects on melatonin, and found that the results were

inconsistent and unconvincing.

THE !ARC assessment was based largely on the same sclentific studies as the
AGNIR report, which has been discussed. The 395 page report of the IARC gives
a considerably more detailed assessment of many of studies, but the conclusions

are simitar.

Report of the International Commission on Non-lonizing Radiation Protection, 2003

113.
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THE section on epidemiology in this report was produced by the ICNIRP standing

commitiee on epidemiology with 6 named scientists, all well respected in this area.
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The section on experimental investigations was produced by the standing
committee on biology, with 14 named authors. Each of these committees has
further consuiting members.

IN regard to epidemiology, this report provides useful comments on different topics
and on individual studies, which will be discussed elsewhere in this report when
relevant. The overall conclusions are summarised (p. 479-80). After some
commaenis on the limitations of epidemiclogicai studies and the particular difficulties
of exposure measurement, the conclusion given is "In the absence of evidence
from cellular or animal studies, and given the methodological uncertainties and in
many cases inconsistencies of the existing epidemiological literature, there is no
chronic disease cutcome for which an aetiological relation to EMF exposure can be
regarded as established.”

IN regard to the asscciation seen with childhood leukaemia the report conciudes
"This is unlikely to be due to chance but maybe partly due to bias. This is difficult to
interpret in the absence of a known mechanism or reproducible experimental
support. In the large pooled analysis, only 0.8 percent of all children were exposed
above 4 mG. Further studies need fo be designed to test specific hypotheses such

as aspects of selection bias or exposure.”

THE summary notes another issue, 1o do with a neurological disease in adulis and
occupational exposures, stating (page 480) "On the basis of epidemiological
findings, there is evidence for an association of amyotrophic lateral sclerosis with

occupational EMF exposure although confounding is a potential explanation.”

Further report from the NRPB, UK, 2004
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THE NRPB produced a further report in 2004 (National Radiclogical Protection
Board 2004). It states that advice was taken from the UK and international scientific
experis, and concemns raised at a public open meeting on power lines in December
2002 were listened to. This report recommended that UK exposure restrictions
should be based on those issued by ICNIRP in 1988.

THE findings on cancers were similar to the previcus report. An association with
fields above 4 mG and leukaemia in children was noted, with the comment
"However, the evidence is not strong enough to justify a firm conciusion that such

fields cause leukaemia in children.” (p. 38).
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THE report found that there was litle evidence to suggest any increased risk of
childhood leukaemia at lower magnetic field strengths, or to suggest that other

cancers in either children or adults were increased by magnetic field exposures.

IN regard to laboratory experiments, the report concluded that "The results of
animal studies do not suggest that magnefic fields can cause cancer or affect its
development” (p. 54), although it noted that "the possibility that exposures may
affect chemically induced mammary tumours cannot be dismissed". 1t alsc noted
“the lack of a natural animal model for the most common form of childhood
leukaemia, acute lymphoblastic leukaemia, and similarly of spontaneous brain

fumotir, are potential shortcomings of these data."

IT further concluded "The resuits of epidemiclogical studies, taken individuaily or as
collectively reviewed by expert groups, cannot be used as a hasis for the derivation

of quantitative restrictions on exposures to EMFs." (p.38).

IN regard to the neurological disease in adults and occupational exposure, the
raport noted that "Workers in electrical occupations do appear to have an increased
risk of developing amyotrophic lateral sclerosis, but this may be due to effects of
electric shocks rather than any effect of long-term exposure to ELF- EMFs per se."

The World Heaith Organization 2007 report, Environmental Health Criteria 238

123.
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THE WHO Environmental Health Criteria Programme was set up in 1973 and has
produced reports on various environmental hazards and related issues. The
reports on EMF are produced by the WHOQ [nternational EMF Project, established
in 1996. The 2007 report (World Health Organization 2007) describes its process
of production involving a Task Group, whose meambers serve as individual
scientists, not as representatives of their organisation, and an editorial group. The
task group members are listed and inciude several scientists who have published
on the topic; members are affiliated to universities, government research groups
and reguiatory bodies, and one member was from the International Labour
Organisation. Representatives of several utility companies and utility sponsored
research institutes attended as observers, who could contribute to the discussion
but did not pariicipate in the final evaluation, The Task Group was supported by a

secretariat from WHO. The report also describes four specific worksheps, on

Page 29



124.

125.

1286,

8209959

neurodegenerative disorders, cardiovascular disorders, childhood leukaemia, and

on protective measures, whose members are also listed.

THE report acknowledges the importance of the previous reports, and emphasises
further assessments, and reviews studies published since the 2002 report of the

International Agency for Research on Cancer in detail.

THERE is a summary, along with recommendations for further research. For
potential human health effects, the summary is divided into sections by type of
disease. In regard to epidemiciogical studies, for childhood leukaemia, the report
concludes that the evidence does not change substantially with the more recent
studies, and for other childhood cancers and adult cancers, the evidence remains
inadequate. The report notes that several recent studies on female breast cancer
have shown no association, so that the overall evidence linking EMFs and female
breast cancer is now considerably weaker than previousiy. Thus, the conclusions of

the WHO report in regard to human cancer are stated as: (page 9):

"The IARC classification was heavily influenced by the associations
observed in epidemiological studies on childhood leukaemia. The
classification of this evidence as limited does not change with the addition of
two childhood leukaemia studies published after 2002. Since the publication
of the IARC monograph the evidence for other childhood cancers remains
inadequate. Subsequent to the IARC monograph a number of reports have
been published concerning the risk of female breast cancer in adults
associated with ELF magnefic field exposure. These studies are larger than
the previous ones and less susceptible to bias, and overall are negative.
With these studies, the evidence for an association between ELF magnetic
field exposure and the risk of female breast cancer is weakened considerably
and does not support an association of this kind. In the case of aduwf brain
cancer and leukaemia, the new studies published after the IARC monograph
do not change the conclusion that the overall evidence for an association
between ELF magnelic fields and the risk of ihese diseases remains
inadequate. For other diseases and all other cancers, the evidence remains
inadeguate.”

FOR laboratory animal studies, the report notes there is no adeguate animal model
for acute lymphoblastic leukaemia in children, and that several large-scale long-
term studies of EMF exposures in rodents have not shown any consistent increase
in any type of cancer. Studies of the effect of ELF magnetic fields on chemically
induced tumours in animals had mixed results, but the report's conclusion was that
the evidence that magnetic field exposures can enhance tumour development in
combination with carcinogens was also inadeguate. The report notes that two

research groups have reported increased levels of DNA strand breaks following
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exposure t0 ELF magnetic fields, but other groups using various other experimental

systems found no evidence of damaging genetic effects.

IN regard to in vitro studies of cells, the WHO report notes that generally no
genotoxic effects were seen al fields below 50 milliT but that some recent studies
reporied DNA damage with fields as low as 35 microT {350 mG), but the studies
were still being evaluated. The report notes that there is increasing evidence that
magnetic fields can interact with DNA damaging agents.

THE WHO report's overall conclusion in regard to cancer is "New human, animal
and in vifro studies published since the 2002 IARC monograph, do not change the
overall classification of ELF magnetic fields as a possible human carcinogen.”
{(p.11).

THE report considers as inadequate the evidence linking ELF magnetic fields with
changes in  the neurcendocrine  system. cardiovascular  disorders,
neurodegenerative disorders, immunologic and haematological disorders, and

effects on reproduction and development,

Report of the National Institute of Environmental Health (NIEHS), in the US, 1999
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THE NIEHS, part of the National Institute of Health in the United States, published
its report somewhat earfier, in 1999, with a preliminary report in 1998 (National
institute of Environmental Health Sciences 1998; National institute of
Environmental Health Sciences 1999), it is therefore not as up-to-date as the other
reports.  The report is based on the conclusions of a panel of 28 scientists
representing a wide range of scientific disciplines. The production of the repor
involved three symposia for different areas of research, each attended by over 100
people including representatives of the public, stakeholders and regulatory
agencies, and scientists from many disciplines. These were followed by further

discussions and by four public meetings, and review of 178 written comments.

THE conclusions of the 1999 NIEMS report (National Institute of Environmental
Heaith Sciences 1999) are very similar to those of the later AGNIR and 1ARC
reports. In terms of cancer, the NIEMS report precedes the other two reporis and so
does not include some later studies. The majority of the members of the working
group (19 of 28) concluded that exposure to powerline frequency electric and
magnetic fields is a "possible” human carcinogen (page 35, Conclusions and

recommendations). This decision, as in the AGNIR and IARC reports, was based
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on the epidemiological evidence of an association between an increased risk of

childhood leukaemia and exposure to average magnetic fields of over 3 or 4 mG.

THE NIEMS report also accepted as “limited evidence" the epidemiological data in
aduits suggesting an increased occurrence of chronic lymphocytic leukaemia
associated with occupational exposure; as noted above, the more recent reports of
the AGNIR and JARC groups do nol regard this evidence for occupational
exposures as sirong. The levels of exposure in these cccupational groups are very
variable but generally considerably higher than residential magnetic fields; for
example, average magnetic field exposures of power industry workers could be up

to 180 mG (Advisory Group on Non-ionising Radiation 2001), page 27.

THE NIEHS report considers diseases other than cancer. In regard to such
diseases and also cancers other than the leukaemias mentioned already, the
NIEHS group concluded that "rio other cancers or non-cancer health cutcomes
provide sufficient evidence of a risk to warrant concern”. {Conclusions and

recommendations, p.38).

THE NIEHS statement of conclusions illustrates, as do the other major reports, the
weakness of the evidence but also the impossibility of reaching a firm negative
conclusion. The NIEHS report states that "The NIEHS agrees that the associations
reported for childhood leukaemia and adult chronic lymphocytic leukaemia cannot
be dismissed easily as random or negative findings. The lack of positive findings in
animals or in mechanistic studies weakens the belief that this association is actually
due to ELF-EMF, but cannot completely discount the finding.” {page 36). And, "The
NIEHS believes that the probability that ELF-EMF exposure is truly a health hazard
is currently small.  The weak epidemiological associations and lack of any
faboratory support for these associations provide only marginal, scientific support

that exposure to this agent is causing any degree of harm.” (page 38).

Summary of conclusions of the major reports

135.

1386.

8209959

EACH of these major reports was prepared by a group of experienced scientists
from many relevant disciplines, and the reports present interpretations and

conclusions based on a detailed review of the major studies.

THE five multidisciplinary groups (NRPB, IARC, ICNIRP, NIEHS, and WHO)

provide detailed discussions of both the epidemiological studies and the laboratory
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studies relevant to possible health effects of electric and magnetic fields. Their

conclusions are substantially in agreement.

THE scientific studies are of two major types. Studies under experimeantal
conditions in laboratory systems or using animals can test whether exposuras to
electric or magnetic fields at measured intensities can cause disease, or cause
biciogical findings in cells which are characteristic of disease-causing mechanisms.
A very large number of such studies using different methods and looking at
different aspects of biolegy have been performed. The five major expaert groups
conclude that the scientific evidence from these animal and laboratory siudies does
not show any consistent disease-producing effects of ELF fields. Attention is given
to some experiments which show some biological effects, and for these, further
research is recommended; but the overall conclusion is that no disease-producing

effects have been confirmed.

FOR human epidemiological studies, in regard to residential exposures 10 magnetic
fields, all these reports agree that there is an association shown between chiidhood
leukaemia and exposures to residential magnetic fields in the highest category of
exposure {for example, in-home fields of over 3 or 4 mG based on a 24 hour
average), but that the interpretation of this association is unclear. All the reporis
agree that the iaboratory evidence does not suggest any consistent effects in
experimental systems and does not show any biclogical mechanism which is

consistent with the epidemiological association found for childhooed leukaemia.

IN regard to occupational exposures, the NIEHS group also concluded that there is
an  association ssen between adull chronic lymphocytic leukaemia and
cccupational exposures, while the other groups, reporting more recently, are less
certain, The ICNIRP 2003 report, the NRPB 2004 repori, and the WHO 2007 report
also note an association between cccupational exposures and amyotrophic lateral

sclerosis, although they did not conclude this was due to magnetic field exposures.

ALL groups found that the evidence of any association with other cancers or with

other diseases is weaker and even more uncertain.

ALL ihese groups have concluded that the scientific evidence does not establish
that exposure to electric or magnetic fields is the cause of cancer or any other

human diseass.
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Some other reports with differing views

The report of the California Department of Health Services

142.
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148,
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THIS report was issued by the California EMF Program, with the full tite of "An
Evaluation of the Possible Risks from Electric and Magnetic Fields (EMFs) from
Power Lines, Internal Wiring. Elecirical Cccupations and Appliances". 1t was
published in 2002 on the California EMF website (Neutra et al. 2002). it deals with
associations between electric and magnetic fields and a wide range of human

diseases.

THE report is based on the published literature, and inciudes only a few studies
which have not already been assessed in the AGNIR, IARC, and NIEMS reports.

HOWEVER, uniike these other reporis which were based on reviews by a group of
senior scientists from different disciplines and working in different institutions, the
California report was prepared by three epidemioclogisis employed by the California
Depariment of Health Services, Drs Vincent DelPizzo, Raymond Neutra, and
Geraldine Lee. They are described respectively as a physicist and epidemiologist,
a physician epidemiologist, and an epidemiologist with training in genetics (page 7).

All have published original research con electric and magnetic field topics.

A background literature review was prepared by other specialists, and each chapter
of the review had assistance from another California Department of Healh
Services epidemiologist or loxicoiogist {page 7). There was aiso a science advisory
panel of 11 scientists from different disciplines, ali in the United States. Thus a
range of oiher scientists were invelved in association with the authors. However the
report is presented clearly as the opinions of the three named epidemiologists
rather than a wider group of scientists from many disciplines. The report states that
“All three reviewers worked for the EMF program for at least five years and to some
extent they influenced each other's thinking through their constant interaction and

the review of each other's chapters”. (page 7).

I have reviewed this report, and present comments on it later in this report. For the

reasons given there, | do not regard the report as equivalent in authority or validity
1o the major reporis already noted.
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The 2007 Bioinitiative Report

147.
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THIS report (Campenter et al. 2007), released on August 31st May 2007, was
produced by an organising committee of four, with 10 other participants, with
comments and other input from others. [t consists of a number of presentations,
individually authored. The consensus of this group is that the existing public safety
limits are inadequate for both ELF and RF (p.5).

THE report considers both low-frequency and radiofrequency electromagnetic
fieids. These two wavelength regions are considerably different. In the context of
these proceedings, the relevant parts of Bicinitiative report are a chapter on
childhood leukaemia {Kundi 2007), and a chapter which deals in part with breast
cancer {Davanipour & Sobei 2007), in the coniext of low-frequency magnelic fields.
These chapters are reviews by individual named authors, and can be considered
as useful for discussion, but they do not equate in defailed consideration or

authority to the major reviews aiready mentioned.

| have reviewed these sections and include my comments later in this report, and

have considered the issues raised in making my own conclusions.

STUDIES OF CHILDHOOD LEUKAEMIA AND RESIDENTIAL ELF FIELDS

Childhood leukaemia

150.

151.

152.
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THE most controversial studies relate to childhood leukaemia. Cancer occurring in
childhood is rare. In the most recent published data for New Zealand, for 2004,
there were 43 cases of leukaemia diagnosed before age 15 in New Zealand,
amongst 884, 650 children, giving an annual incidence rate of 4.86 per 100,000
{New Zealand Health Information Service 2007). The chance of a child contracting
leukaemia from birth to age 15 is about 0.07%, or 1 in 1400. There were 7 deaths

from leukaemia under age 15 in 2004.

LEUKAEMIA is the commonest type of cancer in childhood {35% of the total of 124
cases in 2004), followed by cancers of the brain and central nervous system,
lymphomas, connective tissue cancers, and cancer of the kidney. The commonest
type of leukaemia, accounting for 29 cases in 2004 (67% of all leukasmia) is

lymphoid leukaemia, mainly acute iymphatic laukaemia (ALL),

THE predominance of ALL in New Zezland is similar to that found in other

developed countries.
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Leukasmia in childhood: possible causes

153. WHILE there are few factors accepted as causes of childhoed leukaemia, there are
many that have been suggested in one or a few studies and are under investigation
as possible causes. The distinction between different types of leukaemia is
advancing, and specific genetic subtypes have been distinguished, which may have

different causes.

154, THERE is a 350 page book on this subject, 'Epidemioiogy of childhood cancer’ by
Professor .. Litlle, published by the International Agency for Research On Cancer
and the World Health Organization in 1999 {Little 1999). Based on this and on
other published reviews (Belson et al. 2007; O'Connor & Boneva 2007; Ross et al,
1994), a list of factors which have bean considered as related to the causes of

childhood leukaemia is shown as Table 4.

Table 4: Summary of factors investigated in relation to leukaemia in children.

Subiipes: ALL, Acute lymphocytic leukaemia; AML, Acute myeloid leukaemia
Factors generally accepted as associated with leukaemia
Pre-natal exposure to lonizing radiation;

Intrauterine {maternal) exposure o diagnostic X-rays, risk seen for abdominal X-rays in pregnancy in
carlier studies, but no increased risks in more recent studies,

{but no evidence of increased risk in children with intra-uterine exposure to the 1945 atomic bombs in
Japan).

Posi-natal exposureg 1o fonizing radiation:
Childhood exposure to the atomic bombs in Japan.
-~ Childhood exposures to therapeutic radiation,

{but no increased risk with exposure 10 Chernobyl accident, and inconsistent results for exposure {0
- diagnostic X rays).

Assoctations with other genetically-linked diseases in the same child:

For example: Down syndrome, Fanconi's syndrome, Bloom syndrome (all pariicularly AML), ataxia
welangtectasia, Shwachman syndrome, neurofibromatosis.

Certain types of heredity immunoedeficiency.

8209959
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Associarions with other diseases in the family

Leukasmia in siblings

Leukaemia or other haematopoietic cancers in first- and second-degree relatives

{but no increased risk with family history or other cancers)

Factors which have been associated with leukaemia with some degree of consistency
Higher matemai age

Higher birth weight

Spatial clustering of place of residence

Maternal alcohol consumption during pregnancy

Neonatal jaundice (AML, possibly secondary to Down's syndrome)
Exposure 1o chemicals:

- Paternal cccupational or residential exposure to pesticides or insecticides, and to benzene, solventis,
paints, plasties, metals, hvdrocarbons including gasoline.

Pomdaticn mixing (Kinter's hypothesis):

Residence in areas with much recent population influx and mixing
Delayed infection experience {Greaves' hvpothesis):

Increased risk if fewer common infectious diseases in early childhood
Decreased risk if influenza immunisation in infancy

Factors for which the evidence is inconsistent

Higher socio-cconomic status

Seasonal variation in diagnosis date {more in summer)

Higher birth order

Fetal losses in mother's previous pregnancies

Interval between discontinuation of oral contraceptive use and the conception of the index chifd
Threatened miscarriage of index pregnancy

Intrautering exposure to ulirasound

Maternal anaesthesia during labour

Maternal folic acid consumption (higher consumption may be protective).

8209939
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- Preconception paternal irradiation: exposure o ionizing radiation though work at nuclear facilities -
{no evidence of increase i children of male atomic bomb survivors)

Preconception X-ray exposure of the father
Residence in the vicinity of nuclear reprocessing plants
Residential exposure {o higher fevels of magnetic fields

Residence in areas with high exposures to benzene and other carcinogenic air pollwtanis, or proximity
to some industrial sifes

Maternal immune function disturbances
B.C.GL vaceination of the index child
Contact with pets
Maternal infections during pregnancy
Maternal smoking during pregnancy
Paternal smoking
Neonatal exposure to photosensitizing lighting (ALL)

Intramuscular vitamin K prophylaxis

Allergy in the index child
Heighi of the index child

Factors for which associations have been shown in one or two studies but do not
appear to have been investigated further

Childhood exposure to insecticidal shampoos (pyrethroid-based, one recent study)
Maternal marijuana use in pregnancy

High consumption of cured meats by the child

Incense burning during the index pregnancy

- Multiple sclerosis in the mother

Skin diseases in the mother or in the father

Maternal consumption of milk during pregnancy reducing risk

Lse of chloramphenicol or syntomycin by the index child

- Use of cod liver oil by the index child

Maternal use of anfi-nauseants during pregnancy

8208859
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AMONGST accepted causes, some cases occur in children with other genetic
diseases. For example children with Down syndrome have an increased risk of

leukaemia.

THE most weli documented environmental cause is ionising radiation (such as X-
rays and atomic radiation). The evidence suggesting effects of chemicals, including

solvents, pesticides, and insecticides is substantial.

A large number of other factors are under investigation as potential causes or risk
factors, or have been shown to be associaied in one or a few studies, but not is

clearly established as a cause.

A great deal of research has explored possible infectious causes, as feukaemia in
some animals is caused by viruses, and one type of leukaemia in adults (acute T
cell leukaemia) is very likely to be caused by a virus. A different experience of
infections could explain the associations oflen seen with higher socio-economic
status, and the finding of ‘clusters’ of leukaemia, that is, leukaemia cases tending to
occur close to each other in time and space but without any obvious external agent.
However, no simple links to infectious agents have been shown. There are two
leading theories which are under investigation (O'Connor et al. 2007). One, by
Professor Greaves (Greaves 1988), is that infectious agents such as viruses are
important but their effect depends on a first event, such as exposure o another
carcinogen before birth, and children with delayed exposure to common infectious
agents could be at higher risk. For example, a British study has shown that children
with greater social activity such as aftending day care have a lower risk of
leukaemia, which may be because they have more exposure to infectious agents
early in life (Gilham et al. 2005). Another theory by Professor Kinlen {Kinien et al.
1990) is that leukaemia is a rare response to some relatively common viral
exposure, which is more likely to occur when there are changes in the population in
terms of common shared immunity and new infections. Several studies have shown
that childhood leukaemia is increased in communities in which there has been
considerable population mixing and exposure to new infectious agents. The two

theories are not incompatible.

FACTORS directly affecting the child, which have been associated with an
increased risk of childhood leukaemia, include: higher birth weight; being the first

born or the only child; ionising radiation from therapy for cancer or treatment of
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other conditions with local radiotherapy: anti-nausea medications; the antibiotic
chloramphenicol; and the use of the anaesthetic nitrous oxide by the mother during
delivery. Vitamin K given at birth was suspected as a cause, bul not confirmed in
later studies,

A recent and important observation, because it suggests a practical preventive
strategy, is that leukaemia may be reduced in children whose mothers have taken
supplemental folic acid during pregnancy (Thompson et al. 2001}, Folic acid is an
imporiant vitamin refated to nucleic acid synthesis and cell development. It has
been shown to prevent some common birth defects, and is being assessed for
protective effects against cancers and hear disease. Protective effects of folic acid
or other dietary factors on childhood leukaemia have been shown in some other
recent studies (Goh el al. 2007; Jensen et al. 2004; Ross et al. 2005) but not in
others, including & small study in New Zealand {Dockerty et al. 2007; Ross et al.
2005; Thompson et al. 2001). Some other studies have suggested related
associgtions of aspects of folate metaboiism with the prognosis of leukaemia after
treatment {Ge ef al. 2007), which may be relevant as magnetic fields have also

been linked 1o prognosis.

MUCH of the evidence relating eleciric or magnetic fields to childhood cancer is
based on geographical patterns of where these children live. In regard to the
places of residence of children who develop leukaemia, one of the largest studies
{Knox & Gilman 1997) is relevant. in this study, the addresses of all 22 458 children
who had died of leukaemia or other types of cancer in England, Wales and
Scotland between 1953 and 1980 were mapped. A complex analysis was carried
out to assess if the addresses were close to various potential sources of
environmental hazards. The results show refative excesses of leukaemias and
other cancers close to five different types of industrial sites, which could be
considered as having potential envirenmental hazards. These were. oil refineries
and oil storage facilities; factories making or repairing motor cars or car bodies;
industrial processes using petroleum products including solvents, paints, plastics;
users of kilns and furnaces, such as steel works, power stations, cement makers,
brick works, crematoria. and foundries; and airfields, railways, motorways and

harbours.

THIS list includes some sites at which there could be high levels of electric and

magnetic fields, but the authors of this study concluded the most likely hazards
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were in relationship to chemicals derived from petroleum, or the smoke, gases and

effluents from kilns, furnaces and internal combustion engines.

Summary

163.

164,

MY purpose in presenting this summary is to demonsirate that it is a very complex
process to assess a single postulaied causal factor, such as electric or magnetic
fields, in connection to a single disease. The range and variety of factors which
have been shown to be associated with childhood leukaemia shows the complexity
of the subject. The assessment of a particular potential hazard such as electric or
magnetic fields on the basis of epidemiclogical results requires a thorough review

of all the relevant evidence, and a balanced conclusion based on all such evidence.

IN regard to childhood leukaemia, there are many environmental factors which
have been suggested as causes. For most of these, the evidence is not

conclusive. Further research is being done on many of these.

Types of study used in investigations of electric and magnetic fields

165,

THE scientific interest in the question of electric and magnetic fields and cancer
arose in the 1980's, and a considerable number of high-quality epidemiological
studies have been performed. The strongest epidemiological designs relevant to
the assessment of potential hazards are case-control studies and cohort studies. #f
well performed, these designs have the ability to identify potential causal agents,
and these have been the main method by which established causes of major
human diseases have been identified, such as smoking, asbestos, and ionising
radiation such as x-rays. Scme descriptive studies are of also interest, although

descriptive studies do not assess individuals and so are less powerful studies.

Descriptive studies

166.
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SEVERAL studies have assessed geographical variations, and time trends. in
childhood leukaemia in relationship to the introduction and spread of electricity in
the 20" century. A paper by Milham and Ossiander (Milham & Ossiander 2001)
looks at long term time trends in childhood leukaemia mainly in the U.S., and
follows earlier work by Court Brown and Doll (Court Brown & Doll 1961) in Britain,
showing an increase over 50 years since 1911 and showing that a peak in mortality

between ages 2 and 4 years became more prominent over that period. These
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trends and the changing age distribution in children have been described by
several authors and are seen in both morality and incidence data. The age 2-4
peak is specific to 'common’ acute lymphoblastic leukaemia, and thers is evidence

that this disease may have a prenatal origin.

THE changing trends suggest an environmental aetiology, and many possible
factors have been investigated. Severai of these involve infections. The facts about
the age distribution and trends in childhood leukaemia are not in dispute, but the

identification of efectricity as a relevant environmental factor is controversial.

MILHAM and Ossiander show that in the U.S. the spread of electrification is
associated with leukaemia mortality both geographically and over time, particularly
for leukaemia deaths at ages 2 to 4. They nole that residential power consumption
in the U.S. increased by factor of 8 between 1940 and 1960. They say that "It could
be argued that some other new urban factor in the 1920s and 1930s caused the
childhood peak to emerge when it did”, but they do not consider other factors in any
detail. Thay further argue that, if their hypothesis is correct, the low relative risks
shown in recent analytic studies of EMF and cancer arise because everyone is
exposed to EMFs. They conclude that 75% of common childhood acute
lymphoblastic feukaemia, and equivalently 60% of all chii¢hood cancer, may be
associated with EMFs and therefore be preventable; but they do not give a

derivation of these estimates.

A paper by Ramot and Magrath (Ramot & Magrath 1982), which is quoted by
Milham and Ossiander proposes that lymphomas and leukaemias in childhood vary
by economic status. The only new information presented is data on Arab and
Jewish patients seen in Tel Aviv from 1972-1880, which shows over time an
increase in ALL in Gaza Strip Arabs, and no clear trends in Jews. However the
numbers are smali, and there is no consideration of changes in the source

population or in referral patterns. The paper therefore adds little new information.

SEVERAL other studies have considered the trends in childhood leukaemia in
relalionship to electricity consumption, with different conclusions. A lack of
correlation between increasing consumption and a clear trend in the incidence of
childhood feukaemia has been reported from Denmark, where electricity

consumplion increased 30 times since 1945 (Olsen et al. 1993).
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SIMILARLY other reports from the USA, Canada from 1971-1976, and New
Zealand show no correlation ((Little 1999), p.171). However ali of these analyses

assess the incidence of total childhood leukaemia, and are not specific to ALL.

IT has also been pointed out that although total consumption may have increased,
magnetic field exposures may have decreased in recent years due to changes in
the high voltage primary distribution systems, and changes in wiring and earthing
systems (Little 1999). An analysis in the UK estimated that average exposure to
magnetic fields had increased greatly between 1849 and 1970, and then was fairly
constant to 1989; the total increase over 40 years was about 4.5 times, whereas

electricity consumption per capita rose about 3.2 times (Swanson 1996).

Interpretation of geographical and trend analyses

173.
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THERE are considerable difficulties in interpreting ecological data of this type; the
major one being that while the data may be consistent with one hypothesis, it is
usually impossible to exciude other possible causative factors which may have a
similar distribution in geography and in time to that factor. Detailed studies at the

individual level are needed to identify or exclude such confounding factors.

ELECTRIFICATION is a component of modern living, and its introduction and
geographical spread are likely to be associated with very many other
characteristics of modern life, which result in changing exposures to many other
physical, chemical and biological agents. These ecologicai studies are not able to
distinguish the causal agent as being electrification, as distinct from any other

correlated factor of modern life.

THE ecological analysis that has been presented by Milham and Ossiander makes
a reasonable case for the hypothesis, but does not provide sufficient evidence of a
causal relationship. Such a situation would be regarded by mosi scientists as
justifying further research, but not justifying changes in social policies. Indeed, the

authors suggest such research, but do not comment on any other actions.

THESE and other points have been raised in a published critique of these studies
{Kheifets et al. 2006b), which concludes: "Both incidence rates and exposures have
increased, but there are so many approximations and assumplions involved in

connecting the two irends that we cannot regard the ecological evidence as
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providing any meaningful evidence for or against a causal link.” This conctusion is
also shown in the 2007 WHO report (World Health Organization 2007), p.268.

Case-control studies of leukaemia and residential ELF fields

177.

MOST of the relevant studies are case-control studies. in these studies, the 'cases'
are children who have been diagnosed with leukaemia, and it is important that the
study attempts to inciude all children diagnosed in a certain population and time
period. The controls are (usually) other children without leukaemia who are chosen
to be similar to the cases in terms of age, gender and perhaps other characteristics;
the appropriaie choice of controls is one of the most difficult issues in carrying cut
these studies. If electric or magnetic fields cause leukaemia, the group of children
who have developed the disease will overall show a greater amount of exposure
than the controls.

The measurement of exposure

178.

179.
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THE major challenge in the studies is how exposures over a number of years can
be reasonably estimated, using the same methods in the cases and in the controls.
The ideai method would be {o monilor exposure to electric and magnetic fields
continuously from birth (indeed from or even before conception) for all children in
the community, and then compare the exposures of the few who develop
leukaemia with the rest. Such continuous monitoring is possible in some other
siluations, for instance it is done on workers exposed io occupationai x-rays and
other ionising radiation, but it is clearly impossible in a normal population of
children. Therefore the estimates of exposure have o be made retrospectively,
comparing children who have developed leukaemia with a selecied group of

controls.

MOST of the studies concentrate on magnetic fields. The assessment of exposure
o electric fields is even more difficult, as electric fields are usually affected by any
conducting object including the human body. Trees and other objects can partially
or completely shield electric fields, and electric fields fo which people are exposed
inside buildings are generally produced by internal wiring and appliances rather
than by external sources (International Agency for Research on Cancer 2002),
p.59.
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THE earlier studies used methods such as visiting the house the child had lived in
and judging from the proximity of the closest distribution power lines and
transformers how intense the magnetic fields would be, an assessment method
referred to in the United States as "wire codes” (Wertheimer & Leeper 1979). The
first studies were of this type. It is a relatively easy type of study 1o do, as the wiring
configurations can be based on outside observations, with no requirement for entry
into the house. Wire codes are obviously unsatisfactory for several reasons. The
field strengths within the home will depend on details of the internal wiring, the
appliances used, and the amount they are used. Many children will have lived in
different homes, and few of these studies included previous residences. There are
particular difficulties in judging wiring codes for apartments and large buiidings, and
those with underground wiring. In studies where both wire codes and more direct
measurements of magnetic fields have been used, the fwo assessmenis have often
given considerably different resuits (Intemational Agency for Research on Cancer
2002), p.97-8.

OTHER studies have estimated exposures by a consideration of the distance of the
house from major powerlines, transformers, and so on; this study design has been
particularly used in the Scandinavian countries, along with historical information on
the amount of electricity carried by the power lines (line load). This has the
advantage of using historical information, and may be done entirely from maps,
without visits to the home. It takes no account of sources of magnetic fields within
the home. A comparison of the estimated field strengths with measurements in
Sweden showed reasonable agreement for single-family homes, but poor
agreement for apartments (International Agency for Research on Cancer 2002),
p.99.

LATER studies have used direct measurements of magnetic figld strengths. Some
studies have simply used a few 'spot’ measurements inside or even outside the
child's home. The more recent and more extensive studies have attempted to
obtain much more information. For example, a recent large study in the UK (UK
Childhood Cancer Study Investigators 1989) used spot measurements in the child's
bedroom and a 80 minute monitoring process in the living-room, pius some
measurements in the child's school. For children with apparently high exposures,
further spot measurements were done along with a continuous measurement over
48 hours carried out in the child's bedroom. Recent studies in the United States

and Canada also used continuous measurements (Linet et al. 1997; McBride et al.
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1999). In the Canadian study, 24-hour monitoring was carried out by an instrument
placed in the child's bedroom, and a 48-hour measurement used a magnetic field
meter placed in an attractive small backpack, which the child was asked to wear
continuously, thus geiting measurements of both home and out of home

exposures.

Selection bias

183.

SUCH complex measuremenis however have their own problems. The more
complex the measurement procedure is, the greater the requirement for co-
operation from the children and their families. For example in the UK study
measurements were only completed for 58% of the children with leukaemia whe
were interviewed, although in the Canadian study 75% provided measurements,
Also measurements apply directly only to the time at which they are done; so the
assessments of electric and magnetic field exposure were being done on children
who had already developed leukaemia, but the relevant exposure is the levels of
magnetic fields perhaps one year, perhaps several years, before the diagnosis of
leukaemia. The studies make the assumption that the electric and magnetic field
exposures measured will give a good indication of exposures in the past. The
studies using in-home measurements are often restricted o leukaemia cases and

controls who have lived in the same home for several years.

Statistical power

184.
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THERE are two other major problems with all these studies, The first is one of size.
To get a reasonably accurate assessment of risk of leukaemia in chiidren who have
parlicularly high exposures to residential magnetic fields, the study has to include a
substantial number of both cases and controls with high levels of exposure, Butin
general, most of the popuiation has low residential exposures, and few have
exposures much above 1 or 2 mG, as discussed earlier. The UK study {UK
Childhood Cancer Study Investigators 1999) was an exiremely large study lasting
several years and cosling a considerable amount. There were 1094 children with
teukaemia and 1096 controls who provided data on measured magnetic field
exposures. Of these, there were only 42 cases and 46 controls with exposure
leveis of 2 mG or greater, which was the highest exposure category defined in
advance for analysis. There were only 5 cases and 3 controls with exposures of 4

mG or greater. With numbers as small as these, not only is the statistical precision
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of the estimate of risk poor, but problems with the study such as incomplete
measurements, variation in the response to guestions, and other characteristics

can have a large effect,

Confounding factors

185.

186.

THE other major problem is that the risk of & child developing leukaemia may
depend on a large number of other factors. as discussed earlier. These include
general characteristics such as age, gender, ethnic group, location and soccio-
economic factors; potential causal factors include for example chiidhood infections,
vaccinations and use of medication. Thus in & good study considerable care is
taken to assess many other factors as well as electric and magnetic fields and to
anajyse the study taking such factors intc account, a process known in
epidemiology as controlling for confounding. The ability to control for confounding
also depends on the numbers of cases and controls in the study, and if there are
very small numbers, confounding factors cannot be dealt with adequately, even

with the most sophisticated methods of analysis.

THESE important methodolegical issues explain why the results of a number of
studies may show considerable differences. Because any study will have certain
strengths and weaknesses, no single resull can be interpreted in isolation.
Moreover, even the largest and most detailed studies available will still be limited,

particufarly in regard to the risk estimates at unusually high fevels of exposure.

Pooled analysis and meta-analysis; the combined analysis of several studies

187.

8203959

THE AGNIR and IARC reviews place a great deal of emphasis on the resuits of two
combined analyses, where the data from a number of individual studies are brought
together, and the combined data are re-analysed basically in the same way in
which the individual studies are analysed. This analysis of combined data has the
advantage of the large numbers of subjects contributing, which may make the
results clearer than those of the individual studies. However a disadvantage is that
some aspects of individual studies, which depend on the particular ways in which
data have been collected in that particular study, may be ignored because the other
studies have more restricted methods. | wili refer to this procedure of combining the

original data from many studies as pooled analysis.
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THE more general term mefa-analysis is often used to include both pooled
analyses and other analyses that combine the resuits, but not the original data,
from many studies. Meta-analysis is an analytical technique that allows the results
of a number of epidemiological studies to be combined, to produce a single overall
result. This result is not a simple arithmetical average, as it takes into account the

different sizes of the studies, giving more importance te the larger studies.

META-ANALYSIS is primarily a statistical method, whose main value is to
overcome the limitations of individual studies in terms of the small numbers of
cases or controls that they contain. The simplest form of meta-analysis simply
combines the final results of several studies; such an analysis will not address
other problems of study design, such as errors or bias in the measurement of
exposure, the response rate fo participation in the study, or the effects of
confounding.

THE pooled analyses that have been done for the studies of magnetic fields and
childhood leukaemia comprise new analyses using the basic data collected in each
study. The pooled analysis requires a consistent categorisation of field strengths,
and also allows for adjustment for major confounding variables that have been
measured in all the studies. Such analyses require the co-operation of the original
investigators of the studies, and are usually done with direct involvement of these

investigators.

SINCE the 1980s, there have been at least 15 epidemiological studies published
assessing the association between the incidence of childhood leukaemia and prior
residential exposure to the ELF magnetic fields associated with electric power
supply and eleciric appliances. There have been two imporiant pooled analyses,
including data from 9 and 13 studies respectively. These pooled analyses {Ahlbom
et al. 20C0; Greenland et al. 2000) each reported a siatistically significant
association between risk of leukaemia and averaged magnetic fields of,
respectively, 4 mG (milligauss) or over, and over 3 mG {10 mG = 1 yT). The results
of the pooled analyses have been given considerably more atiention than the
results of individual studies in the reviews of influential groups, such as the AGNIR
and JARC reports.
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Pooled analysis by Ahlbom and colleagues

192.

183.

194,

185,
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THE pooled analysis by Ahibom and colleagues {Ahlbom et al. 2008) inciudes 9
different studies. This combined analysis includes 3247 children with leukaemia
and 10400 comparison children (controis).

THERE are 5 studies with measurements of magnetic fields in the child's home,
including the largest and most detailed studies carried out in the USA, Canada, and
the UK, and 4 studies, from Scandinavian couniries, which estimated residential
magnetic field exposures from calculations based on wiring configurations,
proximity to electrical distribution systems, and data on fine load. These
calculations do not include contributions from wiring and electrical appliances
within the home, except in one study, which had spot measurements for some
subjects {(Feychting & Ahlbom 1993).

IN the pooled analysis the average exposure during the year prior to diagnosis for
the cases and the corresponding age for the controls was estimated. Where there
were measurements, ine geometric mean of the magnetic field measurement in the
bedroom or elsewhere in the home of the child before or at the time of diagnosis,
and an eguivalen! time for the control children, was used, based on a 24- or 48-
hour measurement; for studies using calculated fields, the estimate made was for
the home based on its position and wiring. The reference group was children with
average exposures less than 1 mG, and the other categories chosen were 1 to <2
mG. 2 to <4 mG, and 4 mG or higher. These divisions were chosen prior to the
pooled analysis, but based on the available numbers of cases and controls.
Various pre-set levels of exposure had been defined in the individual studies,
before the analysis was done. For example, the large US and UK studies used a 2
mG cut off for their main analysis, but also report results for higher categories (Linet
et al. 1997; UK Childhood Cancer Study Investigators 1999).

COMPARED to the lowest exposure group with fields of up to 1 mG, there is no
substantial increased risk with residential magnetic fields of 1 to 2 mG (paoled
relative risk 1.08, 95% confidence fimits 0.89 to 1.31), or the next category of
exposures of between 2 and 4 mG {relative risk 1.11, 95% confidence limits 0.84 to
1.47). In other words the results for the 2 to 4 mG range were compatible
statistically with anything from a rate 16% lower than the rate in the lowest
exposure group to a rate 47% higher; the resulls show no statistically significant

difference.
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IN the highest category, defined for the purpose of this analysis as 4 mG or higher,
the relative risk was 2.00, with a statistical range (95% confidence interval) of 1.27
to 3.13. This is a statistically significant increased risk. This association in the 4 mG
or over category is based on six studies, and on 44 cases and 62 controls in the

high exposure category.

THE authors comment (p. 695) that using geometric rather than arithmelic means
results in higher relative risks for several studies, and a summary relative risk for
the highest category using arithmetic means was 1.59 (95% limits 1.04 — 2.45). A
continuous exposure analysis was also carried out, giving a significant odds ratioc of
115 (95% CL 1.04 to 1.27) per 2 mG increase in exposure, and statistical
assessment of the consistency of the study results based on the continuous
analysis showed no significant heterogeneity, showing that the results of the
studies were reasonably consistent. The data do not show a dose-response
refationship, as no increased risks were seen other than in the highest exposure
category; the authors comment {p 697): "we cannot refiably infer the underlying risk
function that would be consistent with the observed risk pattern’”.

THE finding of a statisticaily significant increased risk based on the combinad
results of nine studies is ohviously important, but it shows an association, not
necessarily a cause and effect relationship. One possible explanation for this result
is that in children with this level of exposure. the risk of leukaemia is increased due
to their exposure to magnetic fields. But this result could also be produced by errors
or biases in the exposure measurements, or by the influence of other factors
themselves associated with the types of housing with higher magnetic fields, or the

personal characteristics of the children and their parents.

OF the nine studies included in this pooled analysis, three had so few cases and
controls in the highest exposure category (of 4 mG or over) that a resuit could not
be calculated.

OF the six other studies, one, the UK study (UK Childhood Cancer Study
Investigators 1999) shows no increased risk, showing exactly the same leukaemia
risk in the highest exposure category as in the lowest (relative risk in the >4 mG
group 1.00. 95% confidence limits 0.30 to 3.37). This study is the largest overall,
and is one of the most careful and detailed studies, using extensive direct

measurements,
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THREE studies that show increased risks in the 4 mG and over category based on
personal measurements are those from the USA (Linet et al. 1997) and Canada
{McBride et al. 1999), and Germany (Michaelis et al. 1997). Of these, only the USA
study in itself shows a statistically significant increased risk in the category of over
4 mG. As will be discussed, the resuits from the US and the Canadian studies that
are used in this analysis differ from the resuits published in the main reports of

these studies.

THE other two studies that show higher risks at high exposure levels are from
Scandinavia. One of these, the Swedish study (Feychting et al. 1893) shows a
statistically significant result; the Finnish study (Verkasalo et al. 1993) shows a
higher risk, but with very wide confidence limits. These studies were based on

estimates of magnetic field sirength derived from caiculations.

CONSIDERABLE atfention was given to exploring the dose-response retationship;
there was little or no association below 2 mG and no particular dose-response
relationship was shown. The authors comment (p. 631-2) "The data appear to be
statistically consistent with anything from curves is that are nearly flat to curves that
rise and fall at high exposures to curves that rise faster than exponentially”; in other

words, whether any particular dose-response pattern exists cannot be determined.

IN the discussion of their resuits, Ahlbom and colieagues note that for the studies
using personai measurements, there may have been selection bias due o non-
participation. This arises because in general {and understandably) children with
lsukaemia and their families tended to parlicipale more than control children and
their families, and aiso families of higher socic-economic status tended 1o
participate more readily. Ahlbom and colleagues note evidence for such a
participation bias in both the US and UK studies, and conclude that "This suggests
that at least some of the elevation of risk estimates arose from differential

participation of cases and controfs” (p.697).

APART from parlicipation bias and measurement errars, the effects of other related
factors cannot be dismissed, Ahibom and colleagues used information on socio-
economic status, traffic exhausts, type of dwelling, and rural/urban residency in the
studies where it was available, which did not affect their results. However, they note

"knowledge about risk factors for childhood leukaemia is very limited so one cannot
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exclude the possibility that adjustment for some other variable would have an
effect” (p.6Y7).

THE final conclusion of Ahlbom and colleagues is that "The explanation for the
elevated risk is unknown, but selection bias may have accounted for some of the

increase." {p. 692).

Pooled analysis by Greenland and colleagues

207,

208,

209,
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THE second analysis was by Greenland and colleagues (Greenland et al. 2000),
and included 12 studies. Seven of these were also included in the Ahlbom
analysis. There are four small studies included in the Greenland combined analysis
which were not included in the analysis by Ahlbom; some of these siudies relied
only on wire codes for exposure assessment, and the IARC report notes that some
were 'less methodologically sound than more recent studies’ (International Agency
for Research on Cancer 2002), p.135. The data used from the study done in
Germany are somewhat different from those used from this study in the Ahlbom
analysis. More importantly, the analysis by Greenland does not include the large
recent UK study. and so includes rather fewer subjects, 2656 cases and 7084
controls.

THE measurement of exposure chosen for the analysis was the best approximation
to time-weighted arithmetic average exposure up to three months before diagnosis.
Calculated historical fields or averages of multiple measurements were preferred to

spot measurements.

GREENLAND et al. used a maximum exposure group of over 3 mG and a slightly
different reference group of exposures up to and including 1 mG. Again, there was
no increased risk in the intermediate groups of >1 1o 2 mG (odds ratio 1.01, 95%
CL 0.84 t0 1.21), and >2 to 3 mG {odds ratio 1.06, CL (.78 to 1.44). The odds ratio
for the highest exposure category, over 3 mG, was 1.68, with 95% limits of 1.23 to
2.31, based on 99 cases and 130 controls. The average magnetic field exposure in
this category was 5.8 mG ((Greenland et al. 2000), Table 4, page 627).

DESPITE considerable differences in detail, in general the results of the Greenland
analysis are similar to those of Ahibom, as is to be expected as seven studies were
included in both analyses. In their discussion, Greeniand and cofleagues also raise
the problems of selection and participation biases, and the question of other related

{confounding) factors. They specifically note that "Some resuits suggest that traffic
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density effects may be large enough to parily explain the associations seen here.
We thus recommended that future studies oblain data on traffic density and
ambient pollution levels, as weil as details of socio-economic status and residence
history.” (p. 632).

GREENLAND and colleagues also note the possible effects of biases due to
measurement errors and of selection biases. In regard o measurement errors, they
note that "Only under very restrictive conditions can one be certain that the net bias
due to such error will be toward the nuil™; (that is, the biases may not decrease the
association seen, they may increase ity and “if seems reasonable to suppose that
measurement and validity differences are responsible for some of the variation in

study-specific results.” (p. 632).

GREENLAND and colleagues conclude that "the inconclusiveness of our resuits
seems inescapable, resolution will have to await considerably more data on high
electric and magnetic-field exposures, childhood leukaemia, and possible bias

sources.” {p. 633).

OF the two analyses, that by Ahlbom and colleagues is the more useful, as it
includes the large UK study. The results of the two analyses are similar; the main
difference in technique is that the highest exposure category defined in the Ahlbom
study is children with average exposures of greater than 4 mG, while in the
Greeniand analysis the highest exposure category defined is 3 mG or greater. The
approximate nalure of the measurements is acknowledged by both groups, as is
the difficulty of knowing which of many possible measurements are biologically

relevant.

IN both pooled analyses, the authors make it clear that it is impossible to reach a
conclusion about the dose response relationship that applies, if there is indeed an
effect. Some discussion of aspects of the analysis has been published (Jaffa 20013,
but does not change the interpretation.

Individual studies of particular interest

215,

8209959

IN & pooled analysis, the influence of the particular study on the overall result
depends on the number of cases in the exposure group of interest contributed by
the study. In both the Ahlbom and Greenland pooled analyses, the studies that
carry most weight are those from the USA (Linet et al. 1997) and from Canada
(McBride et al. 1999). The US and Canadian studies confribute 30 of the 44
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children with leukaemia in the highest magnetic field category (4 mG or over) in the
Ahlbom pooled analysis, and 56 of the 99 cases in the highest exposure category
in the Greenland analysis. The large UK study is also particularly important. These
studies will therefore be described individually.

U.S. study by Linetf et al.

216.

217.

THIS {Linet et al. 1997) is a very substantial study, carried out by the National
Cancer Institute in the US. It included 638 children with acute lymphoblastic
leukaemia under age 15. Magnetic field exposures were based on 24-hour
measurements in the child's bedroom and 30 second measurements in three or
four other rcoms and outside the front door. An assessment of wire code categories

was also made.

THE study was designed with pre-set criteria for magnetic field categories, with the
highest category being 2 mG or over, and the reference category less than 0.66
mG (Linet et al. 1997), page 3. For this category of 2 mG or over, the relative risk
{odds ratio) was 1.24, with 95% confidence limits of 0.86 to 1.79 (summary, o.1).
The authors' conclusions were that "Our results provide little evidence that living in
homes characterised by high measured time-weighted average magnetic field
fevels or by the highest wire-code category increases the risk of ALL in children’
{(p.1). The analysis also assessed exposures above 2 mG in categories up to a
maximum of over 5 mG. This showed "a tendency for the risk to be higher among
subjects with summary exposure levels of 3mG or more, but the number of children
with such high level was small’, (p. 5). There was no significant dose response
trend. This study is the largest and most detailed US study.

US Study: distances from powerlines and facilities

218,

8209959

A specific further analysis based on this study assessed the risk of acute
lymphoblastic Jeukaemia in terms of an exposure index based on the distance of
the child's residence from transmission and three-phase primary distribution lines
within 40 metres of homes, based on 408 case-control pairs. There was no
association; residence near high-voltage lines did not increase the risk of acute
lymphoblastic leukaemia (Kleinerman et al. 2000). The odds ratio for those who
lived closest, within 14 metres of a powerline, was 0.79 {95% limits 1.46 to 1.34),
compared to the reference group who lived at least 40 metres away. This was

despite the fact that the mean magnetic field levels in these homes within 14
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metres was higher than in those more than 40 metres away (2.1 mG compared to
0.9 mG).

The Canadian study of McBride ef al,

218,

220.

THE Canadian study (McBride et al. 1999) was large and detailed, including 399
children with any type of leukaemia and 399 controls. Magnatic fisld exposure was
assessed by getting the child to wear a small backpack incorporating a
measurement device for 48 hours, placing it in the child's bedroom during sleep, as
well as by measurements in the home. Parents were also asked to complete a
diary of the child's activities, and a recall diary of the estimated proportion of time
the child spent in the same locations two years before the time of diagnosis, or
gquivalent time. In addition, wire codes were assessed. This was a most ambitious
study trying o get an average personal exposure for each subject. Ninaty per cent
of eligible children with leukaemia participated, along with 76% of controls. Of
these, personal measurements were successfully completed in 73% of cases and
85% of controls.

THE authors report that "Personal magnetic fields were not refated to risk of
leukaemia (adjusted odds ratio 0.95) or acute lymphatic leukaemia (odds ratio
0.93). There were no clear associations with predicted magnetic field exposure two
years before the diagnosisireference date or over the subjects' lifetime or with
personal electrical field exposure.... .. These results provide litile support for a
relationship between powerfrequency EMF exposure and risk of childhood
feukaemia." (p. 831). They comment that, in contrast 1o the U.S. study, they saw no
tendency for increased risks above 3 mG, and that the odds ratio even for

exposures greater than 5 mG was close to unity (p.841}.

United Kingdom siudy

221.

8208959

THE United Kingdom study {UK Childhocd Cancer Study Investigators 1999) is the
largest detailed case-control study of childhood cancer so far performed, and
included all children aged up to 14 years in England, Wales and Scotland
diagnosed in defined years between 1991 and 1996, with control children chosen
from the population. In the total study, 3838 cases and 7629 conirols were
interviewed, representing 87% of ali eligible cases and 64% of defined controls.
The study assessad many factors including chemicals and infections. For the EMF
part of the sludy 2226 children with cancer and an equaj number of matched

conirol children were included. An extensive schedule of EMF exposure
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