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INTRODUCTION

Qualifications

1. MY name is Eric van Rongen. | am a radiobiologist by training. Since 1992, !
have been employed by the Health Council of the Netherlands, a scientific
advisory body of the Netherlands Government, as Scientific Staff Member. As
such, my main task is to study the scientific literature on electromagnetic fields
(EMF) and health and to draft reports on this issue for the Heaith Councif's
Electromagnetic Fields Committee, for which | am the Executive Secretary.
These reports deal with explanation and interpretation of the relevant scientific
literature. In some reports, recommendations for exposure limits have been
provided,

2. FROM 2002 to 2007, | was part time seconded to the World Health
Organization, to work on the International EMF Project. | have been member
of the Task Groups and Editorial Committees that drafted the WHO's
Environmental Health Criteria monographs Static Fields (2006} and Extremely
Low Frequency Fields {2007). | have also been member of the international
expert commitiee that drafted the report Health effects of electromagnetic
fieids for the irish Government in 2007.

3, I have been member of a2 working group of the [nternationat Commission on
Non-ionizing Radiation Protection (JCNIRP) that drafted a revision of ICNIRP's

guidelines for exposure to static magnetic fields.
4, CURRENTLY | am a member of Standing Committee |l {Biology) of ICNIRP,
5. Fconfirm that | have read and am familiar with the Code of Conduct for Expert
Witnesses in the Environment Court Consclidated Practice Note (2006). |
have approached the preparation of this evidence in the same way that | would

for the Environment Court.

Scope of evidence

6. IN this statement of evidence, | will first discuss the current scientific

knowledge on low frequency EMF and healih issues. Next, | will discuss how
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scientific knowledge has served to formulate recommendations for exposure
limits by several expert groups. This is followed by an overview on how these
recommendations have been incorporated in European guidelines and in
policy in the Netherlands.

CURRENT SCIENTIFIC KNOWLEDGE

7. A comprehensive overview of current scientific knowledge on the effects of
exposure o extremely iow frequency (ELF) electric and magnetic fields is
given in the WHO monograph, Exiremely Low Frequency Fields.! The
Executive Summary of this document is provided as Appendix 1 to this

evidence. 1 will give a brief summary.

Electric fields

8. EXTERNAL electric fields may induce electric fields in tissue. These may
stimulate nerves. At environmental electric fields levels, this effect will not

occur, however,

9. ELECTRIC fields wili also induce an electric charge on the surface of the
body. This can be perceived, and it can resuit in painful microshocks when

touching a conductive object.

10. THESE responses depend on the field strength, the ambient environmental
conditions, and individual sensitivity. The thresholds for direct perception by
10% of volunteers varied between 2 and 20kVm'? while 5% found
15-20 kV m™ annoying. The spark discharge from a person o ground is found
o be painful by 7% of volunteers in a field of 5kV m™. Thresholds for the
discharge from a charged object through a grounded person depend on the
size of the object and therefore require specific assessment on a case by case
basis,

. THE mean values of the electric field in the home are in the range of several

tens of volts per metre, so these effects will not occur. Near power lines,

 World Heaith Organization. Extremely fow frequency fields. Environmeniai Heaith Criteria 238, Geneva: World
Heaith Organization, 2007. (sse hup/wwrvhnintoen-emioubicationsisi she dex find) {See Common
Bundle of Exhibits).

? The unit of electric field strength is volts per metre (V m”') or kilovolts per metre (kv m'y.
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however, electric fields may reach up to several kV m”, which means that

perception and spark discharges are possible.

Charged particles

12. HIGH-VOLTAGE power lines may produce electrically charged particles
(corona discharge). Power lines are designed to prevent this as much as
possible, because i results in power foss, but under moist atmospheric
conditions it cannof always be avoided. it has been suggested that corona
discharges could increase the deposition of airborne poilutants on the skin and

on airways inside the body, possibly adversely affecting heaith.

13. HOWEVER, on the basis of measurements and theoretical considerations of
the National Radiation Protection Board (NRPB) of the United Kingdom®,
WHO considers it unlikely that this will have more than a smali effect, if any,
on long term health risks. This is also the conclusion of a more recent report
by the National Institute for Public Health and the Environment (RIVM) of the
Netherlands.*

Magnetic fields

14. EXTERNAL ELF magnetic fields result in internal electric fields that can
stimulate peripheral or central nerve tissue. This effect only occurs at high
field strength, several hundreds of microtesia (WT).” Such field strengths are
not normally found in the environment. in homes, the mean magnetic fieid
ranges between 0.025 and 0.07 uT in Europe and 0.055 and 0.11 uT in the
USA. The WHO Monograph states that undemeath 400 kV power lines, paak
field strengths, may reach up to 20 uT.°

15. A flickering light sensation, called magnetic phosphenes or

magnetophosphenes, results from the interaction of an induced electric field

* National Radiological Protection Board. Particle deposition in the vicinity of power tines and possible

effects on health. Report of an independent Advisory Group on Non-ionising Radiation and its Ad Hoc Group on
Corona ions. Documents of NRPB 15 (1) 2004 (see

:*m « ‘

Keifkens . 1terature survey. Bilthoven; National
|nsizmte for Public Hea th and lhe Enwronment 2007 {report nr 61{)7900011’2007 in Dutch with English summary;
see DD Ry 3 SRGOen/ 8107 8000 . ogD

® For magnetlc felds lhe flux density is measured in tesla (T), or more commonly in millitesia (mT) or microtesla
(W)

* Overhead transmission lines operate at various voltages up to 1150 kY. In the UK, the largest power lines in use
operate at 400 kV {WHO, 2007: see footnole 1), In the Netherands, the maximum voltage is 380 kV.
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186.

17.

18.

18.

20.

with electrically excitable cells in the retina. This may occur by exposure to
much weaker ELF magnetic fields than those that cause direct nerve
stimidation. The effect is only perceived in low ambient light conditions. The
Heaith Council of the Netherlands does not consider it to be an adverse heailth

effect. | professionally support this approach.

SOME people claim to be hypersensitive to EMF in general. However, the
evidence from studies performed under controlled laboratory conditions

suggests that the reported symptoms are unrelated to EMF exposure,

FOR a number of diseases and other effects, a possible relationship with ELF
magnelic field exposure has been investigaied. For most of them, the
svidence is inadequate fo draw any firm conclusions. These include
depressive symptoms, suicide, effects on sleep quality, effects on the
neuroendecrine (hormone} system, effects on the immune system, effects on
the blood and blood forming systems, on the occurrence of Amyotrophic
Lateral Sclerosis and Aizheimer's disease and effects on development and
reproduction.

MORE data is available on cardiovascular disease. It indicates that there is no

association with ELF exposure.

MOST concerns have focussed on a possible association between ELF
exposure and an increased cancer risk. A large number of studies, both
epidemiological and experimental, have been performed on this subject. For
most of the investigated types of cancer, there is inadequate evidence fo draw
any firm conclusions. There are fwo exceptions. The first is female breast
cancer: the available data indicates that there is no association between ELF
magnetic field exposure and this disease. The second is childhood

leukaemia.

BASED on the combined results of a series of epidemiological studies, an
association bhetween long term exposure to ELF magnetic fields higher than
approximately 0.3-0.4 T and a doubling of the childhood leukaemia risk was
found. This epidemiological evidence is not supported, however, by the
results of the many experimental studies that have been performed in the past
decades. So overall, there is no evidence that exposure o ELF magnetic

fields alone causes tumours.
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21, THE limited evidence of the childhood leukaemia data led the International
Agency for Research on Cancer (IARC) to classify ELF magnetic fields in

2002 as "possibly carcinogenic to humans”.’
RECOMMENDATIONS FOR EXPOSURE LIMITS

22. IN 1998, the ICNIRP published recommendations for exposure limits for
electromagnetic fields in the frequency range of 0 Hz (static fields) up to 300
GHz (radiofrequency fields).® The proposed exposure limits are based on
preventing scientifically established health effects from occurring. For the low
frequency range, ICNIRP considered effects on nerves and the induction of
magneiophosphenes tc be established effects. ICNIRP used the then
available knowledge to derive minimum field levels above which these effects

may occur.

23. THE maximum permissible exposure levels were set at a lower level by
applying a safety margin, which is larger for the nerve stimulation than for the
induction of magnetophosphenes. For 50 Hz fields, the limits are 100 pT for
the magnetic field and 5 kV m™ for the electric field. ICNIRP specifically states
that fong term effects, such as the induction of cancer, have not been
scientifically established, and therefore not been used to derive exposure

fimits.

24, THE 'safety margin’ is used to be absolutely sure that established effects do
not occur; precaution is used in case of effects that have not been established,
but that are considered a possibility. Depending on how strong this possibitity
is perceived, precautionary measures can be recommended or taken; such
measures are discussed below, with the childhood leukaemia data and several

national policies, but are not included in the exposure limits,

TIARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Ner-ionizing radiation, Part 1: Static
and extremetly low-frequency (ELF) slectric and magnetlc faelds Lyon LARC, 2002 (Monographs cn the Evaluation
of Carcinogenic Risks to Humans, 80). (see htinimonograpis iarc HENGM onoaranhss @80 pof)

" International Commission on Non-ionizing Radiation Protection {1998). Guidelings for ¥ xposure to time-
varymg eleclnc magnehc and e!eciromagnenc fields {up to 300 GHz). Health Phys, 74(4%484-522, (see

i

it o ded nasisemicdliadh (See Comman Bundle of Exhibits),
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25,

26.

27.

28.

THE Health Council of the Netherlands performed a new analysis of the data,
that was published in 2000." Based on more recent data and insights, the
Health Council came to the same conclusion as ICNIRP conceming the
cancer data, but derived other, slightly less restrictive, exposure limits. The
limit for the magnetic field at 50 Hz was 120 uT and for the electric field
8kVm’

THE most recent major analysis of this data is that of the IEEE International
Commitiee on Electromagnetic Safety on Non-lonizing Radiation, published in
2002."° For 50 Hz, the recommended limits are 904 uT for the magnetic field
and 5 kV m™ for the electric field. The reasons for the large difference of the
magnetic field limit with that proposed by the ICNIRP and Health Council are
twofold. First, the approach 1o safety factors is different in IEEE. Second, like
the Health Council of the Netherlands, IEEE does not consider
magnetophosphenes to be an adverse effect and does not take them into
consideration in setling exposure limits. The Health Council considered that
magnetophosphenes can induce indirect effects by startling and that these
should be avoided. A smaller safety limit was applied than would have been if

the effects were considered adverse (nerve stimulation).

THE differences between the three sets of exposure limits have various
origins.  The first one is an increased knowledge of the exposure-effect
relationship between electric fields in the body and effects on nerves and
innervated organs. This has allowed a more precise determination of the
levels above which stimulation effects occur and of the relation between the
field strength and the strength of the effect. The basic exposure limits are
given in terms of these internal electric fields {or the current densities that
result from them) and are called basic resirictions. Since these parameters
are not readily measurable in living organisms, they are not convenient for

practical radiation protection purposes.

THEREFORE, sirengths of the undisturbed external electric and magnetic
fields have been derived using mode! calculations, that correspond to these

internal electric fields or current densities. External electric and magnetic

® Heaith Council of the Netherlands - ELF Electromagnatic Flelds Committee. Exposure to electromagnetic fields (0
Mz - 10 MHz). The Hague: Health Councll of the Netherandgs, 2000 (publication no. 2000/08E). {see

+ Fen- Ty
numiea

a o nndl ahn D=5 8 0=1)

* IEEE Standards Coordinating Committes 28. |EEE standard for safely ieveis with respect {o human exposure to
slectromagnetic fields, 0-3 kHz. New York, NY, IEEE - The Institute of Electrical and Electronics Engineers, 2002
{I£EE Std £95.6-2002). {See Common Bundle of Exhibits),
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fields can be measured relatively easy. The limits in terms of these derived
electric and magnetic fields are called reference levels. These are the limiis
guoted above. They are not the actual exposure limits (which are the basic

restrictions), but they are used as such for practical purposes.

29, THE reference levels have been derived in such a way that it is certain that
when they are not exceeded, the basic resirictions are also not exceeded, For
the derivation of the reference levels from the basic resirictions different
methods have been used by the ICNIRP, the Health Council of the
Netherlands, and the IEEE. This is a second reason for the differences in the

limits presented above.

30, FURTHER reasons for the differences in limits are differences in approach to
safety factors and what are considered adverse effects. An example of this

has been discussed in paragraph 26.

31. IN a recent report, the Health Council of the Netherlands has argued that the
ICNIRP limits up to 10 MHz (that include the 50/60 Mz frequencies relevant to
electricity systems) are now outdated and should be renewed.’” ICNIRP is

currently engaged in this process.

EUROPEAN GUIDELINES AND STANDARDS

32. IN 1998, the Councll of the European Union issued a Recommendation for
exposure limits for the general public.'”® These limits are based on the 1998
ICNIRP exposure guidelines. This EU recommendation is not mandatory, and

so Member States do not have to implement it into national legislation.

33. THIS is different to a Directive containing limits for maximum exposure of
workers that was issued in 2004 by the European Parliament and the

Council.” The limits in this Directive are alsc based on the 1998 ICNIRP

" Health Council of the Netherlands. Comments concerning possibie MRI restrictions due to implernentation of a
EU Directive. The Hague: Health Council of the Netherlands, 2007 {publication no. 2007/17). (see
oy Grnindi nhp D= 857 801y

* Council of the European Union. Council Recommendation of 12 July 1899 on the limitation of exposure of the
general pubhc to eieclromagneuc re ids {0 Hz to 300 GHz) {199%/519 EC) Off J Eur Comm, 1998; L199{58). (see
e‘m Lexiirize UnServ douni=0 00 1808, 10w G082 007G ENPDE)

Europeaﬂ Parilament and Cauncil of the European Union. Directive 2004/40/EC of the European Parliament and
of the Council of 20 April 2004 on the minimum health and safely requirements regarding the exposure of workers
0 the risks arising from physical agents (electromagnetic fields) (18th individual Diractive within the meamng of
Articte  16{1 of Directive 88/381/EECY Oﬁ’ J Eur 2004;  L1B4{1). (see

e sron AriSere doPunis0 i Rend - Te s POFY
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guidelines, but in this case they are mandatory and Member States have fo
implement them in national legislation. This should be done by 30 April 2008.

34, HOWEVER, because with the application of these limits, severe limitations
were expected in the use of Medical Resonance Imaging (MRI), as was
argued among others by the Health Councii of the Netherlands (see focinote
10}, the European Commission proposed in December 2007 to posipone the
implementation of this Directive until 2012.* One of the argumenis for this
proposal is to give ICNIRP the opportunity to renew ifs 1988 exposure

guidelines for low frequency fields.

EMF POLICY INITALY AND SWITZERLAND

35. WHILE most European countries have adopted iegally or in practice the EU
guidelines, some countries have additionally taken a precautionary approach
for specific sources of EMF, such as power lines. Examples are ltaly,
Switzerland and the Netherlands.

36. ITALY adopted a decree in 2003 regulating the exposure of the general public
to EMF from power lines.” The general exposure limits are similar to the
ICNIRP reference levels at 50 Hz, i.e. 100 pT and 5 kV m™". However, the
decree states that "As a cautionary measure to profect against any possible
fong-term effecis that might be related to power frequency {80 Hz) magnetic
fields, an attention value of 10 uT is adopted in children’s playgrounds,
residential dwellings, school premises, and in areas where people are staying
for 4 hours or more per day.” An attention vaiue is an emission value for a
singie source of EMF. For new situations, a "quality goal” of 3 uT is set for the

specified locations.

37. SWITZERLAND issued the "Ordinance relating fo Protection from Non-

lonising Radiation" in 1999.® The general exposure limits for the public are

" European Commission. Proposal for a Directive of the European Parliament and of the Council amending
Directive 2004/40/EC on minimum health and safety requiremeants regarding the exposure of workers to the risks
arising from physical agents (electromagnetic fields) {sighteenth individual Directive within the meaning of Article
16 1) of Directlve 89/391JEEC} Brussels, 26, 10.2007 (publacatzon COM(2007) 669 final, 200770230 {COD)). (see
Wi eurang fempioyment soois sioth)

Decree of tha President of the Counci of Ministers 8 Juy 2003. Establishment of exgosure limils, atiention
vaiues, and quality goals to protect the population agamsi powaer frequeﬂcy (50 riz) electric and magnetic fi felds
gcneraied by power hnes el 1w
; aly atcied ¥ LJf i s
Yerordnung Gber den Schutz wOr mf:htlom nder Strahiung (NISV) vom 23. Dezember 1999 {Ordinance
reh:ang to Protect:on from Non iomsmg Radiation {ONIRY of 23 December 1899} (see
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identical to those proposed by ICNIRP. For overhead transmission lines and
cables, transformer stations, substations and switchyards “precautionary

emission limitations" are given.

38. FOR these installations, the emission vaiue at "places of sensitive use” is
1 uT. Places of sensitive use are designated as "a) rooms in buildings that are
reguiarly occupied by persons for prolonged periods; b) public or private
children’s playgrounds designated in spatial planning legisiation; ¢) those
areas of undeveloped sites on which uses according to letters a and b are
permitted”. New and existing instaflations have to comply with the emission

fimitation, but exemptions may be given to existing installations.

EMF POLICY IN THE NETHERLANDS

39. IN the Netherlands, exposure limits have not been formalized in legislation. In
practice, however, the limits proposed by ICNIRP in 1998 are used as
guidelines. For low frequencies, this is primarily of importance for workers,
since there are virtually no situations in the living environment where these
limits are exceeded. The only exception is the electric field directly
undereath overhead power lines. The highest electric field strength at

ground level from 400 KV overhead lines is typically around 10 kv m™."/

40, IN 2005, the Netherlands government issued a recommendation to local
authorities to limit long term exposure of children near overhead power lines to
below 0.4 uT (Appendix 2). The epidemiological data on childhood
leukaemia were the driving force for this precautionary recommendation.
Because of the large uncertainties that still exist and since a causal
retationship between childhood leukaemia and exposure to low frequency
magnetic fields has not been demonstrated, the recommendation applies only
to new situations and only to structures where children may spend a significant

portion of time,

7 Advisory Group on Non-lonising Radiation. ELF electromagnetic fields and the risk of cancer. Chillon, Mational
Radiologicat  Protection  Board, 2001 (Documents  of NRPB, Vol 2, No.i) (see
Mipdvese o s ukiadistion nobications/danuments of nmbiodf 2 32 Gadl) (See Common Bundle of
Exhibits).

National Institute of Environmental Heaith Sciences. Questions and answers about EMF electric and magnetic

fields associated with the use of electric power. Washington, DC, National Institute of Environmenta! Health
Sciences, 1995 (DOE/EE-0040].
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41.

42,

43.

44,

45,

[N an explanatory note to the recommendation, these are specifically indicated
to be dwellings, schools, créches and day-care centres {Appendix 3). Other
locations where children may spend time but where the duration of stay can be
considered short in comparison to homes, such as sports fields, playgrounds,

swimming pools, etc. are specifically excluded.

'NEW situations’ are considered to be new spatial plans (land use planning
documents), or changes to existing ones, and new overhead high-voitage
power lines, or changes to existing ones. The recommendation only applies to
these specific new situations because it is not considered warranted, in the
face of the scientific uncertainty about health risks, to spend considerable
amounts of money to modify existing situations.  Moreover, it is a

recommendation and therefore not mandatory,

A guideline has been drawn up by the National Institute for Public Heaith and
the Environment of the Netherlands on how to determine the area around a
power line where the annual averaged field strength exceeds 0.4 uT
{Appendix 4). The most up-to-date version {in Dutch} can be found at

nitn v rivmoni/hoogspanningsliinen).

IN practice, the Netherlands Government recommendation has resulted in
more problems than the Government anticipated. For instance, in the case of
a sportsground planned parily directly underneath an existing power line,
objections were filed by concerned citizens. This ended up in the highest
administrative court in the Netherlands, the Council of State, which recently
ruled that there is no a priori reason to exclude sportsgrounds and that the
possible health implications of being exposed to the relatively high fields

underneath power lines during presence at the fields should be analysed.

THE Health Council of the Netherlands is currently drafting a report on this
matter. The preliminary main conclusions are as follows. The epidemiological
data only pertain to exposure due to fiving near overhead power lines. This
implies long ferm exposure, which is operationally defined in the repont, based
on two pooled analyses of the epidemiological data, as exposure during 3
months {0 one year and during 14 to 18 hours per day. The infiuence of the
pattern of exposure (e.g. the effectiveness of short exposures to high field

strengths versus long exposures to low field strengths) has not been
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486,

47,

48,

49,

investigated. Therefore, no inferences can be made about the risk associated

with being present at the sportsgrounds.

THE draft report also concludes that is not possible to define a 'dose’ metric
based on any mathematical relationship between the field strength and the
exposure time. It is also indicated that the maximum field strength calcuiated
on the projected sporisgrounds, approximately 8 uT, is aiso encountered in
daily life, for instance as a resuit of distribution cables located undemeaath
sidewalks. ELF field strengths of several microtesia have also been measured
on the back seais of cars; these result from the motion of steel belted radial

fires,

ANOTHER problem on which the Heaith Council's advice has been requested
is associated with upgrading of an existing line — the question is whether an
increase of the average field strength to levels above 0.4 uT is associated with
a proportionally increased risk. This question is also addressed in the above
mentioned draft Meaith Council report. The preliminary conclusion on this
matter is that the pooled analyses of the epidemiciogical data only indicate an
increased risk for living in an environment where the field strengihs is higher
than approximately 0.3-0.4 uT.

PRIMARILY because of a lack of sufficient data on subjects living in field
strengths exceeding 0.3-0.4 uT, no conclusions can be drawn about changes
in risk with increasing exposure. The Health Council considers a stepwise
increase in risk not biologically plausible, however. A gradual increase is more
likely. One of the pooled analyses has also modelled the data as a continuous
function of field strength. This resulted in a statistically significant increase in
risk with increasing field strength. However, it is not possible to determine up

to what field strength this relationship is valid.

IN November 2007 the Health Councif of the Netherlands sent a leter o the
Minister of Housing, Spatial Planning, and the Environment concerning the
possible health effects of undergrounding power lines {Appendix 5). The
report indicated thai, except directly above the buried lines, there will be a
reduction in magnetic field strength compared to overhead power lines.
However, the conclusion was that it is highly uncertain whether this reduced

field strength will be associated with a reduced risk of childhood leukaemia.
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50. THE reason for this is that a causal relationship between magnetic field
exposure and childhood leukaemia has not been established. if a causal
reiationship were to be established, burying power lines would have a limited
positive influence on the incidence of childhood leukaemia, In the
Netherlands, approximately 15,0C0 children live near power lines in areas
where the magnetic field strength exceeds 0.4 uT. It has been calculated that,
if the relationship was causal, nationwide in the Netherlands approximately
one case of childhoed leukaemia in two years could be explained by this, out

of a total of approximately 220 new cases in this period.

CONCLUSIONS

51. THE point of view of the Health Council of the Netherlands is, that only acute
effects of exposure to ELF fields have been scientificaily established. These
concern the influence of these fields on nervous tissue. The exposure limiis
proposed by the Health Council are designed o prevent such effects. Similar
conclusions have been made and a similar approach to designing exposure
limits have been followed by the IEEE and the ICNIRP.

52. THE ICNIRP guidelines form the basis of European recommendations and
guidelines regarding limits to the exposure to electromagnetic fields of the
general public and workers, respectively. The conclusion can be drawn that
the approach of the ICNIRP, IEEE and Health Council {o setting exposure

guideiines reflects the general scientific opinion.

53. IT is also generally acknowledged that no established effect can be derived
from the data on long term effects. The strongest and most consistent
epidemiciogical data indicate an association between being long term
exposed to ELF magnetic fields higher than 0.3-0.4 47 and an approximate
doubling of the risk for childhood leukaemia. However, there are no indications

from a wealth of experimental studies that there might be a causal

relaiionship.
A
L i \[C} N {
FL WA A @’ -

Eric van Rongen

25 January 2008
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APPENDIX 1

This report containg the colfective views of an
international group of expens and does not
necessarily represent the decisions or the stated
policy of the International Commission of Non-
lonizing Radiation Protection, the Interational
Labour Organization, or the World Healih
Organization.

Environmental Health Criteria 238

EXTREMELY LOW FREQUENCY FIELDS

Published under the joint sponsorship of
the International Labour Organization,
the Intemanonal Comimission on
Nen-lonizing Radiation Protection, and
the World Health Organization.

World Health
Organization




1 SUMMARY AND RECOMMENDATIONS FOR FURTHER
STUDY

This Environmental Health Criteria (EHC) monograph addresses
the possible health effeas of exposure to extremely low Trequency (ELE)
electric and magnetic Nelds. It reviews the physical characteristics ol LT
fields as well as the sources of exposure and measurement. However, s
main abjectives are t review the scientific literature on the biological effects
of exposure to ELF fields in order to assess any health risks {from exposure 1o
these fields and 1o use this health risk assessment to make recommendations
to national autherities on health protection programs.

The frequencies under consideration range from above 0 Hz o 100
LkHz By far the majority of studies have been conducted on power-{requency
{30 or 60 Hz) magnetic fields, with a few sidies using power-frequency
clectric ficlds. In addition, there have been a number of studies concerning
very low frequency {(VLE, 3-30 kMHz) fields, switched gradient magnetic
fields used in magnetic resonance imaging, and the weaker VLF fiekds emit-
ted by visual display units and televisions,

This chapter summarizes the main conclusions and recommenda-
tions from each section as well as the overall conclusions of the health risk
assessment process. The terms used in this monograph to describe the
sirengih of evidence for a given health outcome are as follows. Evidence is
termed “limited” when it 15 restricted to a single study or when there are
unresolved questions concerning the design, conduct or interpretation of a
number of studies. “Inadequate”™ evidence is used when the studies cannot be
mierpreied as showing either the presence or absence of an effect becanse of
major qualitative or quantitative limitations, or when no data are available,

Key gaps in knowledge were also idemified and the research
needed to fill these gaps has been summarized in the section entitled “Rec-
ommendations for research”.

1.1 Summary

1.1.1 Sources, measurements and exposures

Electric and magnetic fields exist wherever electriaity is generated,
transmined or distributed in power Hines or cables, or used in electrical appli-
ances. Since the use of electricity is an integral part of cur modern lifestyle,
these fields are ubiquitous in our envirenment.

The unit of electric field strength is volis per metre (V m™) or kilo-
velts per metre (kV m™) and for magnetic fields the flux density is measured
intesla (T3, or more commonly in mijlitesla (mT) or microtesla (a1 is used.

Residential exposure 1o power-frequency magnetic flelds does not
vary dramatically across the world, The geometric-mean magnetic field in
homes ranges between 0,025 and G.07 uT in Europe and 8,053 and 0.11 oT
in the USA. The mean values of the electric field in the home are in the range
of several tens of volts per metre. In the vicinity of certain appliances, the




instantancous magnetic-fiekd values can be as much as a faw hundred
microtesla, Near power lines, magnetic {ields reach approximately 20 u'T and
electric fields up to several thousand volts per metre,

Few children have tme-averaged exposures to residential 30 or 60
Hz magnetic fields in excess of the levels associated with an increased inci-
dence of childhood leukaemia (see section 1.1.10). Approximately 194 to 4%
have mean exposures above 0.3 17 and only 1% to 2% have median expo-
sures in excess of 0.4 uT.

Occupational exposure, although predominantly fc power-fre-
quency fields, may also include contributions from other frequencies. The
average magaetic field exposwres in the workplace have been found to be
higher in “electrical decupations™ than in other occupations such as office
work, ranging from (.4-0.6 w1 for electricians and electrical engineers o
approximately 1.0 pT for power line workers, with the highest exposures for
welders, mitway engine drivers and sewing machine operators (above 3 nTh.
The maximum magnetic ficld exposures in the workplace can reach approxi-
mately 10 mT and this is invariably associated with the presence of conduc-
tors carrying high currents. In the elecirical supply indusiny, workers may be
exposed Lo electric fields up 0 30 kV m™,

1.1.2 Electric and magnetic fields inside the body

Exposure to external clectric and magnetic fields at extremely low
frequencies induces electric fields and currenis inside the body, Dosimetry
deseribes the refationship between the external ficlds and the mduced electric
field and current density in the body, or other parameters associated with
exposure o these fields. The locally induced electric field and current den-
sity are of particular interest because they relate to the stimulation of excit-
able tissue such as nerve and muscle.

The bodies of humans and animals significantly perturb the spatial
distribution of an ELF electric field. At low frequencies the body is a good
conductor and the perturbed field lines owtside the body are nearly perpen-
dicular vo the body surface. Oscitlating charges are induced on the surface of
the exposed body and these induce currents inside the body. The key features
of desimetry for the exposure of humans o ELF electric fields are as fol-
fows:

. The electric field inside the body is normally five to six arders of
magnitude smaller than the external electric field,

. When exposure is mostly to the vertical field, the predominant
direction of the induced fields is also vertical.

, For a given external electric field, the sirongest induced fields are
for the human body in perfect contact through the feet with ground
(electrically grounded) and the weakest induced fields are for the
bady insulated from the ground (in “free space™).




* The total current flowing in o body in perfect coniact with ground is
determined by the body size and shape {including posture), rather
than tissue conductivity,

. The distribution of induced currents across the various organs and
tissues is determined by the conductivity of those tissues

o The distribution of an induced electric field is also affected by the
conducuvities, but less so than the induced current,

. There 13 also a separate phenomenon in which the current in the
body is produced by means of contact with a conductive object
located in an electrie feld,

For magnetic fields, the permeability of tissue is the same as that of
air, so the field in ussue is the same as the external fleld. The bodies of
humans and animals do not significantly perturb the field. The main interac-
tion of magnetic fields is the Faraday induction of electric fields and associ-
aled current densities in the conductive tissues. The key features of
dosimelry for the exposure of humans (o ELF magnetic fields are as follows:

’ The induced electric field and current depend on the orientation of
the external field, Induced fields in the body as a whole are greatest
when the field is aligned from the front to the back o' ihe body, but
for some individual organs the highest values are for the field
aligned from side 10 side.

. The weakest electric fields are nduced by a magnetic field oriented
along the vertical body axis.

* For a given magnetic field strength and orientation, higher eleciric
ficlds are induced in larger bodies.

. The distribution of the induced eleciric field is affecied by the
conductivity of the various organs and tissues. These have a limited
effect on the distribution of induced current densiiy.

1.1.3  Biophysical mechanisms

Various proposed direet and indirect interaction mechanisms for
ELF electrie and magnetic fields are examined for plausibility, In particular
whether a “signal™ generated in a biological process by exposure to a {ield
can be discriminated from inherent random noise and whether the
mechanism challenges scientific principles and current scientific knowledge.
Many mechanisms become plausible only at fields above a certain strength,
Nevertheless, the lack of identified plausible mechanisms does not rule out
the possibility of health effects even at very low field levels, provided basic
scientific principles are adhered to.

Of the aumerous proposed mechanisms for the direct interaction of
fields with the human body, three stand out as potentially operating at Jower
field levels than the others: induced electric fizids in neural nerworks, radical
pairs and magnetite.
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Elecric fields induced in tissue by exposure to ELTF electric or
magnetic flelds will direety stimulate single myelinated nerve fibres in a
biophysically plausible manner when the internal field strength exceeds &
few volts per metre. Much weaker fields can affect svnaptic transmission in
neural networks as opposed 1o single cells. Sach signal processing by
nervous systems is commonly used by multicellular organisms to detect
weak  environmental  signals. A Jower bound on neural network
diserimination of T mV m'' has been suggested, but based on current
evidence, threshold values around 10-100 mV m™ seem o be more likely.

The radical pair mechanism is an accepied way in which magnetic
ficlds can affect specific types of chemical reactions, generally increasing
concentrations of reactive free radicals in low fields and decreasing them in
high flelds. These increases have been seen in magnetic fields of less than
mT. There i3 some evidence Hinking this mechanism {o navigation during
bird migration. Both on theoretical grounds and because the changes
produced by LLF and static magoetic fields are similar, it is suggested that
power-frequency fields of much less than the geomagnetic field of around 30
uT are unlikely 1o be of much biological significance.

Magnetite crystals, small ferromagnetic erystals of various forms of
iron oxide, are found in animal and buman Gssues, although in trace
amounts. Like free radicals, they have been linked to orientation and
navigation in migratory animals, although the presence of trace quantities of
magnetite in the human brain does not confer an abitity to detect the weak
geomagnetic field. Caleulations based on extreme assumptions sug
lower bound for the effects on magnetite erystals of ELI fields o 5 uT.

Other direct biephysical interactions of fields, such as the breaking
of chemical bonds, the forces on charged particles and the various narrow
bandwidth “resonance” mechanisms, are not considered to provide plausible
explanations for the interactions at field levels encountered in public and
occupational environments.

With regard to indirect effects, the surface electric charge induced
by electric fields can be perceived. and it cap result in painful microshoecks
when touching a conductive object. Contact currents can eceur when young
children touch, for exampie. s 1@ap in the bathtub in some homes. This
produces small electric fields, possibly above background noise levels, in
bone marrow. However, whether these present a risk to healith is unknown.

High-voltage power lines produce clouds of electrically charged
ons as a consequence of corona discharge, 1t is suguested that they could
increase the deposivion of airborae poliutants on the skin and on airways
inside the body, possibly adversely affecting health. However, it seems
unlikely that corona ions will have more than a small effect, i any, on long-
term health risks, even in the individuals who are most exposed.

None of the three direct mechanisms considered above seem plausi-
bl causes of increased disease incidence at the exposure levels generally
encountered by people. In fact they oniy become plausible at levels orders of
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magnitude higher and indirect mechanisms have not vet been sufficiently
investigated. This absence of an identified plausible mechanism does not rule
out the possibility of adverse health effects, but it does create a need for
stronger evidence from biology and epidemiology.

1.1.4 Neurobehaviour

Exposure to power-frequency electric fields canses well-defined
biclogical responses, ranging from perception to annoyvance, through surface
clectric charge effects. These responses depend on the field strength, the
ambient envirenmental conditions and individual sensitivity. The thresholds
for direct perception by 10% of volunteers varied between 2 and 20 kY m™,
while 5% found 15-20 kV m™ annoying. The spark discharge from a person
to ground is found 1o be painful by 7% of volunteers i a field of KV m™.
Threshelds for the discharge from a charged object dwough a grounded per-
son depend on the size of the object and therefore require specific assess-
ment,

High field sirengtl, rapidly pulsed magaetic fields can stimulate
peripheral or central nerve tissue; such effects can arise during magnetic res-
onance imaging (MRI) procedures, and are used in transcranial magnetic
stimulation. Threshold induced electric field strengths for divect nerve stimu-
lation could be as low as a few volts per mewe. The threshold is likely w be
constant over a frequency range between a few hertz and a few kKiloheriz,
People suffering from or predisposed (o epifepsy are likely to be more sus-
ceptible to induced ELF electric fields in the central nervous system (CNS)
Furthermore, sensitivity to electrical stimulation of the CNS seems likely to
be associxed with a family history of seizure and the use of ricyclic antide-
pressants, neuroleptic agents and other drugs that lower the seizure threshold,

The function of the retina, which is a part of the UNS, can be
affected by exposure to much weaker ELF magnetic fields than these that
cause direct nerve stimulation. A flickering light sensation, called magnetic
phosphenes or magnetophosphenes, results from the mteraction of the
induced etectric Held with electricatly excitable cells in the retina, Threshold
induced electric field strengths in the extracellular fluid of the retina have
been estimated 1o He between about 10 and 100 mV m™ at 20 Hx. There is,
however, considerable uncertainty armached 10 these values,

The evidence for other neurobehavioural effects in volunteer stud-
ies, such as the effects on brain electrical activity, cognition, sleep, hypersen-
sitivity and mood, is less clear. Generally, such studies have been carried out
at exposure levels below those required to induce the effects described
above, and have produced evidence only of subtle and transitory effects at
best. The conditions necessary to elicit such responses are not well-defined at
present. There is seme evidence suggesting the existence of field-dependent
effects on reaction time and on reduced accuracy in the performance of some
cognitive tasks, which is supported by the results of studies on the gross elec-
trical activity of the brain. Swdies investigating whether magnetic fields
affect sleep quality have reported inconsistent resulis. [t is possible that these
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inconsistencies may be auributable in part to differences m the desi
studies.

an of the

Some people claim (o be hypersensitive 1 EMFs in gencral. Howe
ever, the evidence from double-blind provocation studies sugaests that the
reported symptoms are unrelated 10 EMF exposure,

There 15 only inconsgisient and inconclusive evidence that exposure
o ELF electric and magnetic fields canses depressive symptoms or suicide.
Thus, the ¢vidence is considered inadequate,

in animals, the possibility that exposure w0 ELF fields may affect
neurobehaviourat functions has been explored from a number of perspectives
using a range of exposure conditions. Few robust effects have been estab-
lished. There is convincing evidence that power-frequency electric fields can
be detected by animals, most likely as a result of surface charge effects, and
may elicit transient arousal or mild siress, In rats, the detection range is
between 3 and 13 kV m™" Rodents have been shown to be aversive to field
strengths greater than 50 kV m!, Other possible field-dependent changes are
less well-defined; laboratory studies have only produced evidence of subtle
and transitory effects. There is some evidence that exposure 10 magnetic
fietds may moeduiate the functions of the opioid and cholinergic neurotrans-
mitter systems in the brain, and this is supported by the results of studies
investigaling the effects on analgesia and on the acquisition and performance
of spatial memory tasks.

1.1.5 Neurcendocrine system

The results of volunseer studies as well as residentiai and oecupa-
tional epidemiological studies suggest that the neuroendocrine sysiem is not
adversely alfected by exposure to power-freguency electric or magnetic
fields. This applies particularly to the circulating levels of specific hormones
of the neuroendocrine system, including melatonin, released by the pineal
gland, and 1o a number of hormones invelved in the control of body metabo-
lism and physiology, released by tie pituitary gland. Subtle differences were
sometimes cbserved in the tming of melatonin release associated with cer-
tain characteristics of exposure, but these results were not consistent, 11 is
very difficult to eliminate possible confounding by a variety of environmen-
tal and lifestvle factors that might also affect hormone tevels. Most labora-
tory studies of the effiects of ELF exposure on night-time melatonin levels in
vojunteers Tound no effect when care was taken w control possible con-
founding.

From the large number of animal studies investigating the effects of
power-frequency electric and magnetic felds on rat pineal and serum mela-
torin levels, some reported that exposure resulted in night-iime suppression
of melatonin. The changes in melatonin levels first observed in early studies
of electric field exposures up 10 100 KV m™' could not be replicated. The
findings from a series of more recent studies, which showed that circulariy-
polarised magnetic fields suppressed night-time melatonin levels, were
weakened by inappropriate comparisons between exposed animals and his-
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torical conirols. The data from other experiments in rodents, covering inten-
sity levels from a few microtesla to 3 mT, were equivocal, with some resulis
showing depression of melatonin, but others shewing no changes, In season-
ally breeding animals, the evidence for an effect of exposure w0 power-fre-
quency fields on melatonin levels and melatonin-dependent reproductive
status is predominanty nezative. No conviacing effect on melatonin Jevels
has been seen in a study of non-hwman primates chronically exposed to
power-frequency fields, although a preliminary study using two animals
reporied melatonin suppression in response (o an irregular and intermittent
SXPOSUTE.

The effects of exposure w0 ELF fields on melatonin production or
release in isolated pineal glands were variable, although relatively few in
vitro studies have been undertaken. The evidence that ELF exposure inter-
feres with the action of melatonin on breast cancer cells in vitro 18 inlriguing,
However this system suffers from the disadvaniage thar the celf lines fre-
auently show genotypic and phenotypic drifl in culiure that can hinder {rans-
ferability between laboratories.

No consistent effects have been seen o the stress-related hormones
of the pituitary-adrenal axis in a variety of mammalian species, with the pos-
sible exception of short-lived stress following the onset of ELT electric field
exposure at fevels high enough o be perceived. Similarly, while few studies
have been carried out, mostly negative or inconsistent effects have been
observed in the levels of growth hormone and of hormones involved in con-
trolling metabolic activity or asseciated with the contral of reproduction and
sexual development,

Owverall, these data do not indicate that ELF electric and/or mag-
netic fields affect the neurvendocrine system in a way that would have an
adverse impact on human health and the evidence is thus considered inade-
qllﬂl(l.

1.1.6 Neurodegenerative disorders

It has been hypothesized that exposure to ELF fields is associated
with several neurpdegenerative diseases. For Parkinson discase and multiple
sclerosis the number of studies has been smal] and theve is no evidenge for an
association with these diseases. For Alzheimer disease and amvotrophic lat-
eral sclerosis (ALS) more studies have been published. Some of these reports
st that people employed in electrical occupations might have an
increased risk of ALS. So far, no biological mechanism has been established
which can explain this association, although it could have arisen because of
confounders related o electrical occupations, such as electric shocks. Over-
all, the evidence for the association between ELF exposure and ALS is con-
sidered 1o be inadequale,

The few studies investigating the association between ELF expo-
sure and Alzheimer disease are inconsistent. However, the higher quality
studies that focused on Alzheimer morbidity rather than mortality do not



indicate an association. Altogether, the evidence for an assoctation between
ELY exposure and Alzheimer disease is inadequate,

1.1.7 Cardiovascuiar disorders

Experimental studies of both short-term and long-lenm exposure
mdicate that while elecuic shock 15 an obvious health hazard, other hazard-
vus cardiovascular effects associated with ELF fields are uniikely 1o ocour a
exposure levels commonly encountered environmentally or occupationally.
Although various cardiovascular changes have been reported in the litera-
ture, the majority of effects are simall and the reselis have not been consistent
within and between studies. With one exception, none of the studies of car-
diovascular disease morbidity and mortality has shown an association with
exposure. Whether a specific association exists between exposure and altered
autonomic control of the heart remains speculative. OGverall, the evidence
does not support an association between ELF exposure and cardiovascular
disease.

1.1.8  Immunclogy and haematology

Evidence for the effects of ELF electric or magnetic fields on com-
porents of the immune system is generally inconsistent. Many of the celt
populations and funciional markers were unaflected by exposure. However,
in some human studies with felds from 10 uT to 2 m7T, changes were
observed i natural killer cells, which showed both increased and decreased
cell numbers, and in total white blood cell counts, which showed no change
or decreased numbers. In animal studies, reduced natural killer cell activity
was seent in female mice, but not in male mice or in rats of either sex. Whitz
tood cell counts also showed inconsistency, with decreases or ne change
reported in different studies, The animal exposures had an even broader
range of 2 uT 10 30 mT. The difficulty in fnterpreting the potential health
impact of these data is due to the large variations in exposure and environ-
mental conditions, the relatively smail numbers of subjecis tested and the
broad range of endpoints.

There have been few studies carried out on the effects of ELF mag-
netic fields on the haematological system. In experiments evahuating ditfer-
ential white blood cell counts, exposures ranged from 2 p¥ w 2 mT. No
congistent effects of acute exposure 1o ELE magnetic fields or o combined
ELF electric and magnetic fields have been found in either human or animal
studies.

Overall therefore, the evidence for effects of ELF electric or mag-
netic fields on the immune and haematological system is considered inade-
quate.

1.1.9 Reproduction and development

On the whole, epidemiological studies have not shown an associc
1ion hetween adverse human repreductive outcomes and maternal or paternal
expasure to ELF fields. There is some evidence for an increased risk of mis-




carriage associated with maternal magnetic ield exposure, but this evidence
is inadequare,

Exposures to ELF electric fields of up to 130 kV m™ have been
evaluated In several mammalian species, including studies with large group
sizes and exposure over several generations, The results consistently show
no adverse developmental effects.

The exposure of mammals to ELF magnetic fields of up o 20 T
does not result iy gross external, visceral or skeletal malformations. Some
studies show an increase in minor skeletal anomalies, in hoth rats and mice,
Skeletal variations are relatively comman findings in teratological studies
and are ofien considered bmionl" v insignificant, However, subtde effects
of magnetic fiekds on skeletal LIL.\-‘cI(Jpnwm cannol be ruled oul. Very few
studies have been published which address reproductive effects and no con-
clusions can be drawn from them.

Several studies on non-mammalian experimental models (chick
embryos, fish, sea urching and insects) have reporied findings indicating that
ELF magnetic fields ar microtesla levels may disturb carly development.
However, the findings of non-mammalian experimental models carry tess
weight in the overall evaluation of developmental toxicity than those of cor-
responding mammalian studies.

Overall, the evidence for developmental and reproductive effects is
inadequate.

1.1.10  Cancer

The TARC classification of ELF magnetic fields as “possibly carci-
nogenic w humans™ (IARC, 2002) i based upon all of the available data
prior to and inchuding 2001, The review of literature in this EHC monograph
tocuses mainly on studies published after the JARC review,

Epidemiotogy

The IARC classification was heavily influenced by the associations
observed in epidemiological studies on childheod leukaemia, The classifica-
tion 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 inad-
equale,

Subsequent o the FARC monograph a number of reports have been
published concerning the risk ol female breast cancer in adults associated
with ELF magnetic 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 FLF magneiic field exposure and the
risk of female breast cancer is weakened considerably and does nol support
an association of this kind.



In the case of adult brain cancer and leukaemia, the new studies
published afier the JARC monozraph do not change the conclusion that the
overall evidence for an association between ELEF magnetic fields and the risk
of these diseases remains insdequate.

For other diseases and all other cancers, the evidence remains inad-
equale.

Laboratory animal studics

There is currently no adeguate animal model of the most commuon
form of childhood feukaemia, acate ymphoblastic leukaemia. Three inde-
pendent farge-scale studies of rats provided no evidence of an effect of ELF
magnetic fields on the incidence of spontancous mammary tumours. Most
studies report no effect of ELI magnetic fields en leukaemia or lymphoma in
rodent models, Several large-scale long-term studies in rodents have not
shown any consistent increase in any type of cancer, including haematopoie-
tie, mammary, brain and skin tumours.

A substantial number of studies have examined the effects of ELT
magnetic fields on chemically-induced mammary tumours in rius, Incons
tent results were obtained that may be due in whole or in part w differences
in experimental protocols, such as the use of specific sub-strains. Most stud-
ics on the effects of ELT magnetic field exposure on chemically-induced or
radiation-induced leukaemia/lymphoma models were negative. Studies of
pre-nenplastic liver lesions, chemically-induced skin tumouwrs and brain
tumours reported predominantly negative results. One study reported an
acceleration of UV-mduced skin wumourigenesis upon exposure (o BLF mag-
netic fields.

Two groups have reported increased levels of DNA strand breaks in
brain tissue following in vivo exposure o ELF magnetic Nelds, However,
other groups, using a variety of different rodent genotoxicity models, found
ne evidence of genotoxic effects. The resulis of studies investigating non-
genotoxic effects relevant to cancer are inconclusive.

Overali there is no evidence that exposure to ELF magnetic fields
alone causes lumours, The evidence that ELF magnetic field exposure can
enhance tumour development in combination with carcinogens is inadequate.

i vitro studies

Generally, studies of the effects of ELF field exposure of cells have
shown no induction of genotoxicity at {ields below 30 mT, The notable
exceplion is evidence from recent stadies reporting DNA damage at field
strengths as Jow as 35 uT) however, these studies are still being evaluated
and our understanding of these findings is incompiete. There is also increas-
ing evidence that ELY magnetie fields may interact with DNA-damaging
agents,
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There is no clear evidence of the activation by ELF magnetic fields
ol genes associated with the control of the cell oyele. However, systematic
studies analysing the response of the whole gepome have yet 1o be per-
Tormed,

Many other cellular studies, for example on cell proliferation, apop-
tosis, calcium signalling and mahgnant wansformation, have produced incon-
sistent or inconclusive resuhs,

Cverall conclusion

New human, animal and 1n vivo swdies, published since the 2002
IARC monograph, do not change the overall classification of ELF magnetic
fields as a possibie human carcinogen.

1.1.11  Heaith risk assessment

Aceording to the WHO Constitstion, health is a state of complete
physical, mental and social well-being and not merely the abssence of diseas
or infirmity, A risk agsessment is a conceptual framework for @ structured
review of mnformation relevant o estimating health or environmental out
comes. The health risk assessment can be used as an input to risk manage-
ment that encompasses all the activities needed to reach decisions on whether
an exposure requires any specific action(s) and the undertaking of these
aclions,

Ir the evaluation of human health risks, sound human data, when-
ever available, are generally more informative than animal data. Animal and
in vitro studies can support evidence from human siudies, 11l data gaps lefi
in the evidence from human studies or be used w make a decision about risks
when human studies are inadequate or absent.

AN studies, with either positive or negative effects, need 1o be eval-
nated and judged on their own merit and then all together in 2 weight-ol-evi-
dence approach. 1t is important to determine to what extent & set of evidence
changes the probability that exposure canses an outcome, The evidence for
an effect is generally strengthened if the results from different types of stud-
les {epideniology and laboratory} point to the same conclusion and/or when
multiple studies of the same type show the same resull,

Acute effects

Acute biological effects have been established for exposure to ELF
electric and magnetic fields in the frequency range up to 100 kHz that may
have adverse consequences on health, Therefore, exposure limits are needed.
International guidelines exist that have addressed this issue. Compliance
with these guidelines provides adequate protection for acute effects.

Chronic effects

Scientific evidence suggesting that evervday, chronic low-intensity
{above 0.3-0.4 1T power-frequency magnetic field exposure poses a health
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risk is based on epidemiological studies demonstrating a consistent pattern of
increased risk for childhood feukaemia. Uncertzintios in the hazard assess-
ment include the role that control selection bias and exposure misclassifica-
rion might have on the observed relationship between magnetic fieclds and
chiidhood leukaemia. In addition, virtually ali of the laboratory evidence and
the mechanistic evidence lait $o support a relationship between tow-level
LLF magnetic fields and changes in biological function or disease status.
Thus, on balance, the evidence is not strong enough 1o be considered causal,
but sufficiently strong to remain @ concern,

Although a causal relationship between magnetic field exposure
and chiléhood leukaenia has not been established, the possible pubiic heaith
impact hias been cateulated assuming causality in order Lo provide a polen-
tigly useful input into policy. However, these calculations are highly depen-
dent on the exposure distributions and other assumptions, and are therefore
very imprecise. Assuming that the association is causal, the number of cases
of ehildhood leckaemia worldwide that might be attribuiable to exposure can
be estimated to range from 100 w0 2400 cases per vear, However, this repre-
sents 0.2 to 4.9% of the total annual incidence of leukaemia cases, estimated
10 be 49 000 worldwide in 2004, Thus, in a global context, the impact on
public health, if any, would be imited and uncertain,

A number of other diseases have been investigated for possible
associalion with ELT magnetic field exposure. These include cancers in both
children and adults, depression, suicide, reproductive dysfunction, develop-
mental disorders, immunological modifications and neurojogical disease,
The scientific evidence supporting a linkage between ELF magnetic fields
and any of these diseases 1s much weaker than for childhood leukaemia and
in some cases (for example, for cardiovascular disease or breast cancer) the
evidence is sufficient to give confidence that magnetic fields do not cause the
disease,

1.1.12 Protective measures

135 essential that exposure limits be implemented in order to pro-
tect against the established adverse effects of exposure to ELF ¢lectric and
magnetic fields. These exposure limits should be based on a thorough exami-
nation of all the relevant scientific evidence.

Only the acute effects have been established and there are two inter-
national exposure limit guidelines {(JCNIRP, 1998a: ] , 2002 designed o
protect against these effects.

As well as these established acute effects, there are uncertainties
about the existence of chronic effects, because of the limited evidence for a
link between exposure to ELF magnetic fields and childhood leukaemia,
Therefore the use of precautionary approaches is warranted. However, it s
not recommended that the Hmit values in exposure guidelines be reduced 1o
some arbitrary level in the name of precaution, Such practice undermines the
scientific foundation on which the limits are based and is likely 10 be an
expensive and not necessarily effective way of providing protection,
12



Implementing other suitable precautionary procedures o reduce
exposure is reasonable and warranted. However, eleciric power brinzs obvi-
ous health, social and economic benefits, and pracaugionary approaches
should not compromise these benefits. Furthermore, given both the weakness
of the evidence for a link between exposure to ELF magnetic fields and
childhood leukaemia, and the limited impact on public health if there s a
link, the benefits of exposure redection on health are unclear. Thus the costs
of precautionary measures should be very low, The costs of implementing
exposure reductions witl vary from one country to another, making it very
difficult to provide a generat recommendation for balancing the costs against
the potential risk from ELF fields.

I view of the above, the following recommendations are given,

* Policy-makers should estabiish guidelines for ELF field exposure
for both the general public and workers. The hest source of
guidance for both exposure levels and the principles of scientific
review are the imternational guidelines,

that includes measurements of fields from all sources to ensure that
the exposure iimits are not exceeded either for the general public or
workers,

. Provided that the health, social and economic benefits of eleciric
power are nol compromised, implementing  very  low-cost
precautionary procedures to reduce exposure is reasonable and
warranted,

. Policy-makers, community planners and manufacturers should
implement very low-cost measures when constructing new facilities
and designing new equipment including appliances.

. Changes (o enginéering practice to reduce ELF exposure from
equipment or devices should be considered, provided that they vield
other additional benefiis, such as greater safety, or little or no cost.

. When changes to existing ELF sources are contemplated, ELF field
reduction should be considered alongside safety, reliability and
eCconomic aspects.

. Local authorities should enforce wiring regulations 1o reduce
unintentional ground currents when building new or rewiring
existing facilties, while maintaining safety. Proactive measures to
identify  violations or existing problems in wiring would be
expensive and unlikely 10 be justified.

. National authorities should implement an effective and open
communication strategy to enable informed decision-making by all
stakeholders; this sheuld include information on how individuals
can reduce their own exposure.



» Local autherities should improve planning of ELF EMF-emitiing
facilitics, including better consultation between industry, local

governmend, and citizens when siting major ELF EMF-emilting
SOUTCES,
* Government and industry should promote research programmes (o

reduce the uncentainty of the scientific evidence on the health
effects of ELF field exposure.

1.2 Recommendations for research

Identifying the gaps in the knowledge concerning the possible
health effects of exposure (o ELF fields is an essential part of this health risk
assessment. This has resulted in the following recommendations for further
research (summarized in Table 1.

As an overarching need, further research on intermediate frequen-
ctes {IF), usually taken as frequencies between 300 Hz and 100 kHz, is
required, given the present lack of data in this area. Very litle of the required
knowledge base for a health risk assessment has been gathered and most
existing studies have contributed inconsistent resulis, which need to be fur-
ther substaniiated. General requirements for constituting a sufficient IF data-
base for  health risk  assessment  include  exposure  assessment,
epidemiolpgical and human laboratory stadies, and animal and cellular (in
vitre) studies (ICNIRP, 2003; ICNIRP, 2004; Litvak, Foster & Repacholi,
2002).

For all volunteer studies, it is mandatory that research on human
subjects is conducted in full accord with ethical principles, including the pro-
visions of the Helsinki Declaration (WMA, 2004).

For iaboratory studies, priority should be given to reported
responses {1) for which there is at least some evidence of replication or con-
firmation, (ii} that are potentially relevant to carcinogenesis (for example,
genotoxicity), (i) that are strong enough o allow mechanistic analysis and
{iv} that occur in mammalian or human systems.

1.2.1 Sources, measurements and exposures

The further characterization of homes with high ELF exposure in
different countries (o identify relative contributions of internal and external
sources, the influence of wiring/grounding practices and other characteristics
of the home could give insights into identifying a relevant exposure metric
for epidemiological assessment. An important component of this is a better
understanding of foetal and childhood exposure to ELF fields, especially
from residential exposure w underfloor electrical heating and from trans-
formers in apartment buildings.

It is suspected that m some cases of occupational exposure the
present ELEF guideline limits are exceeded. More information is needed on
exposure {including 10 non-power freguencies) related to work on, for exam-
ple, live-line maintenance, work within or near the bore of MRI magnets
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{and hence to gradieni-switching ELF ficlds) and work en transportation sys-
tems. Similarly, additional knowledge is needed abour general public expo-
sure which could come close to goideline limits, inciuding sources such as
security systems, hbrary degaussing systems, induction cooking and water
heating appliances,

Exposure (o contact currents has been proposed as 2 possible expla-
nation for the association of ELF magnetic fields with childhood leukaemia,
Research is needed in countries other than the USA to assess the capability
of residential electrical grounding and plumbing practices to give rise (o con-
tact currents in the home. Such studies would have priority in countries with
important epidemiclogical results with respect o ELF and childhood leu-
kaemia.

1.2.2  Dosimetry

In the past, most laboratory rescarch was based on induced electric
currents in the body a5 a basic metric and thus dosimetry was focused on ihis
quantity. Only recently has work begun on exploring the relationship
between external exposure and induced electric fields. For a bewer under-
standing of biotogical effects, more data on internal electric fields for differ-
ent exposure conditions are needed.

Computation should be carried out of internal electric fields due o
the combined influence of external electiic and magnetic fields in different
configurations. The vectorial addition of our-of-phase and spatially varying
contributions of electric and magnetic fields is necessary o assess basic
restriction compliance issues,

Very little computation has been carried out on advanced models of
the pregnant woman and the foetus with approprizte anatomical modeliing. It
i3 imporiant w0 assess possible enhanced induction of electric fields in the
foetus in relation to the childhood leukaemia issue. Both maternal occupa-
tional and residential exposures are relevant here,

There is a need o further refine micro-desimetric models i order
tg take into account the cellular architecture of neural neiworks and other
complex suborgan systems identified as being more sensitive to induced
electric field effects. This modelling process also neads o consider influ-
ences in cell membrane electrical potentials and on the release of neurotrans-
mitters.

1.2.3  Biophysical mechanisms

There are three main areas where there are obvious limits to the cur-
rent understanding of mechanisims: the radical pair mechanism, magnetic
particies in the body and signal-to-noise ratios in muiticell systems, such as
neuronal networks,

The radical pair mechanism is one of the more plausible fow-level
inferaction mechanisms, but it has yet to be shown that it is able 10 mediaie
significant effects in cell metabolism and function. 1 is particularly impor-
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tant 1o understand the lower limit of exposure at which it aets, 50 as 1o judge
whether this could or could not be a relevant mechanism for carcinogenasis.
Given recent studies in which reaclive oxypen species were increased in
immune cells exposed to ELF fields, it is recommended that cells from the
immune systern that generate reactive oxygen species as part of their immune
response be used as cellular models for investigating the potential of the rad-
ical pair mechanism.

Although the presence of magnetic particles (magnetite erystals) in
the human brain does not, on present evidence, appear W confer a sensitivity
o environmental LI magnetic fields, further theoretical and experimental
approaches should explore wheiher such sensitivity could exist under certain
conditions. Moreover, any modification thar the presence of magnetite might
have on the radical pair mechanism discussed above should be pursued.

The extent 1o which multicell mechanisms operate in the brain so as
to improve signal-to-noise ratios should be further investigated in order to
develop a thearetical framework for quantifving this or for determining any
limits on it. Further investigation of the threshoid and frequency response of
the neuronal networks in the hippocampus and other parts of the brain should
be carried out using in vitro approaches.

1.2.4 Neurobehaviour

It is recommended that laboratorv-based volunteer studies on the
possible effects on sleep and on the performance of mentally demanding
tasks be carried out using harmonized methodological procedures, There is a
need to identify dose-response relationships at higher magnetic flux densities
than used previously and a wide range of frequencies (Le. in the kilohenz
range).

Studies of adult volunteers and animals suggest that acute cognitive
effects may oceur with shori-term exposures to intense electric or magnetic
fields. The characterization of such effects is very important for the develop-
ment of exposure goidance, but there is a lack of specific data concerning
ficid-dependent effects in children. The implementation of faboratory-based
studies of cognition and changes in electroencephalograms (EEGs) in people
exposed to ELF fields is recommended. including adulis rezularly subjected
to eccupational exposure and children,

Behavioural studies on immature animals provide a useful indicator
of the possible cognitive effects on children. The possible effects of pre- and
postnatal exposure to ELE magnetic fields on the development of the ner-
vous system and cognitive funciion should be studied. These studies could be
usefully supplemented by investigations into the effects of exposure to ELF
magnelic fields and induced electric fields on nerve cell growth using brain
slices or cultured neurons.

There 15 a need to further mmvestigate potential health consequences
suggested by experimental data showing oploid and cholinergic responses in
animals. Studies examining the modulazion of opioid and cholinergic
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responses in animals should be extended and the exposure parameters and
the biotogical basts for these behavioural responses should be defined.

1.2.5  Neuwroendocrine system

The existing database of neuraendocrine response does not indicate
that ELT exposure would have adverse impacts on human health. Therefore
no recommendations for additional research are given.

1.2.6 Neurcdegenerative disorders

Several studies have observed an increased risk of amyotrophic lat-
eral sclerosis in “elecirical pecupations”, It is considered important o inves-
tigate this association further in order w discover whether ELF magnetic
fields are involved in the causation of this rare neurodegenerative disease,
This research requires large prospective cohort studies with information on
ELF magnetic field exposure, electric shock exposure as well as exposure 1o
other potential risk factors.

Horemains questionable whether ELF magnetic fields constitute a
risk factor for Alzheimer’s disease. The data currently available are not suffi-
cient and this association should be further investigated. Of particular impor-
tance is the use of morbidity rather than morality data.

1.2.7 Cardiovascular disorders

Further research into the asscciation between ELF magnetic fields
and the risk of cardiovascular disease is not considered a priority.

1.2.8 Immunology and haematology

Changes observed in immune and haematological parameters in
aduits exposed to ELEF magnetic fields showed inconsistencies, and there are
essentially no research data available for children. Therefore, the recommen-
dation is fo conduct studies on the effeas of ELF exposure on the develop-
ment of the immune and haematapoietic systems in juvenile animals,

1.2.8  Reproduction and development

There is some evidence of an imcreased risk of miscarriage associ-
ated with ELF magnetic field exposure. Taking into account the potentially
high public health impact of such an association, further epidemiological
research is recommended.

1.2.10 Cancer

Resolving the conflict between epidemiological data (which show
an association between ELF magnetic field exposure and an increased risk of
childhood lenkaemia) and experimental and mechanistic data {(which do not
support this association} 1s the highest research priority in this field. ft is rece
ommended that epidemiclogists and experimental scientists collaborate on
this. For new epidemiological studies to be informative they must focus on
new aspects of exposure, potential interaction with other factors or on high
exposure groups, or otherwise be innovative in this area of research. 1n addi-
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ton, 11 is also recommended that the existing pooled analyses be updated, by
adding daia from recent studies and by applying new insights into the analy-
sis.

Childhood brain cancer studies have shown inconsistent results. As
with childhood Jeukaemiza, a pooled analysis of childhood brain cancer stud-
ies should be very informative and is therefore recommended. A pocled anal-

ysis of this kind can inexpensively provide a greater and improved nsigh
into the existing data, including the possibility of selection bias and, if the
studies are sufliciently homogeneous, can offer the best estimate of risk,

For adult breast cancer more recent studies Iaave convineingly
shown no association with exposure 10 ELF magnetic fizlds. Therefore fur-
ther research into this association should be given very Tow ;)numy.

For adult Jeukaemia and brain cancer the recommendation is 1o
update the existing large cohorts of occuparionally exposed individuals,
Occupational studies, pooled analyses and meta-analvses for leukaemia and
brain cancer have been inconsistent and inconclusive. Mowever, new data
have subsequently been published and shouid be used 1o update these analy.
ses,

The priority 15 (o address the epidemiological evidence by estab-
lishing appropriale in vitro and animal models for responses to low-level
ELF magnetic fields that are widely iransferable berween laboratories.

Transgenic rodent moedels for childhood feukaemia should be devel-
oped in order to provide appropriate experimental animal models to study the
effect of ELT magnetic field exposure. Otherwise, for existing animal stud-
ies, the weight of evidence is that there are no unum)ﬂum effects of ELF
magnetic fields alone. Therefore high priority should be given to in vitro and
animal studies in which ELF magneuc fields are ns:omusl\ evaluated as a

co-carcinogen.

With regard 10 other in vitro studies, experiments reporting the
genotoxic effects of intermittent ELF magnetic field exposure should be rep-
licated.

1.2.11 Protective measures

Research on the development of health protection policies and pol-
icy implementation in areas of scientific uncertainiy is recommended, specif-
ically on the use of precaution, the interpretation of precaution and the
evatuation of the impact of precautionary measures for ELT magnetic Nields
and other agenis classified as “possible human carcinogens”. Where there are
uncertainties about the potential health risk an agent poses for society, pre-
cautionary measures may be warranted in order o ensure the appropriate
protection of the public and workers. Only limited research has been per-
formed on this issue for ELF magnetic fields and because of tts importance,
more rescarch is needed. This may help couniries 1o integrate precaution indo
their health protection policies.




Further research on risk perception and communication which is
specifically focused on electromagnetic fields is advised. Psychelogical and
seciolo ogical mums that influence risk perception in general have been
widely investigated. However, Himited research has been carried out 1o anal-
yse the relative importance of these {actors in the case of electromagnetic
fields or to identify other factors that are specific to electromagnetic fields,
Recent studies have suggested that precautionary measures which convey
implicit risk messages can medify risk perception by either increasing or
reducing concerns. Deeper investigation in this area is therefore warranted.

Research on the development of a cost-benefiveost-effectiveness
analysis for the mitigation of ELF magneric fields should be carried ouwt. The
use of cost-benefit and cost-effectiveness analyses for evaluating whether a
policy option is beneficial to society has been researched in many arcas of
public policy. The devck}pnwm of a framework that will identify which
PArAMELers are necessary in order fo perform this analysis for ELF magnetic
fields is needed. Due 1o uncertainties in the evaluation, quanmmhk and
unquaniifiable parameters will need to be incorporated.

Table 1. Recommendations for further research

Sources, measurements and exposures Priority

Fusther charactenization of homes with high £LF magnestic field expe- Mediuvm
sure in different countries

idenlify gaps in knowledge about cccupational ELF exposure, such  High
as in MR

Assess the ability of residential wiring outside the USA to induce con- Medium
tact currents in chilkiren

Dosimetry

Further compulational dosimetry relating external electric and mag-  Medium
netic figlds to internal electric fields, particularty concerning exposure
to combined electric and magnetic fields in diferent orientations

Calculation of induced electric fields and currents in pregnant women  Medium
and in the foetus
Furher refinement of microdosimetric models taking into account the  Meaditm

celtular archilecture of neural networks and other complex subsrgan
sysiems

Biophysical mechanisms

Further study of radical pair mechanisms in immune cells thal gener- Medium
ate reaclive oxygen specigs as parl of their phenotypic function

Further theoretical and experimental study of the possibie role of Low
magnetife in ELF magnetic field sensilivity
Cetermination of threshold responses 1o interna! electic fields High

induced by ELFs on multicell systems, such as neural natworks,
using theoretical and in vitro approaches
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Tabkle 1. Continued

mitigation of £LF fields

Neuro behavio ur
Cognitive, sleep and EEG studies in volunleers, including children WMedium
and occupationally exposed subjects, using a wide range of ELF fre-
quencies at high flux densities
Studies of pre- and posi-nalal exposure on subsequent cognitive Medium
function in animals
Further study of opioid and cholingrgic responses in animals Low
Neurodegencrative disorders
Further studies of the risk of amyotrophic laleral sclerosis in “electric”  High
occupations and in relation to ELF magnetic field exposure and of
Alzheimer's disease in relation to ELF magnelic field exposure
immunoclogy and haematology
Sludies of the consequences of ELF magnetic fiald exposure on Low
immune and haematcpoietic system development in juvenie ani-
mals.
Reproduction and development
Further study of the possible fink between miscarriage and ELF mag- Low
netic field exposure
Cancer
Update existing pooled analyses of childhood leukaemia wilh new High
information
Pooled analyses of existing sfudies of childhood brain tumour studies  High
Update existing pooled and meta-analyses of adult leukaemia and Medium
brain tumour sludies and of cohorts of occupationally exposad indi-
viduals
Davelopment of fransgenic rodent models of childhood leukaemia for  High
use in ELF studies
Evaluation of co-carcinogenic effects using in vitro and animal stud-  High
ies
Altempled replication of in vitro genotoxicity studies Medium
Protective measures
Research on the developmeni of heallh protaction policies and policy  Medium
implementation in areas of scientific uncertainty
Further research on risk perceplion and communication focused on Medium
eleciromagnelic fialds
Development of a cost-benefit/cost-effectiveness analysis for the Medium
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APPENDIX 2
NETHERLANDS GOVERNMENT RECOMMENDATION

Atin:

The Municipal Executives

The Provincial Executives

The PO (Association of Provineial Authorities?

The VNG (Association of Netherlands Municipalities)

EnergieNed {(Netherlands Association of Energy Distribution Companies)
The Electricity Grid Administrators

Recommendalions with regard (o overhead high-voltage power lines

Date Rel’ Copy 10
03 Oer 2003 VROBM Inspectic FVROM Inspeatorate]
GO [Muntoigal Medioal and Health Sorvice]

A Sensible Approach to Risks

In October 2004, the Duich Lower House debated the memorandum entitied *A Sensible Approach w Risks™, which
focuses on making decisions with an awareness for insecurities’. The essence of this addition w the existing risks policy
15

. the dangers and risks of an activity are weighed against the social advaniages and disadvantages of that
activity.

. the role of citizens in decision-making is intensified.

- {he possible accumulation of risks is taken inte account during the decision-making.

- the responsibility of the government, business communily and citizens is made more explicit,

“ the political decision-making process becomes more transparent.

Background information on the recommended policy

One of the subjects used to Hlustrate this policy is the range of problems relating tw living in the vicinity of overkead
high-voltage power lines. In past decades, a Tot of research hias been carried out into the possible effects on people’s
health due 1o the magnetic fields generated by these lines. This research has produced varying results. Two analyses
were carried oul at around the turn of the century, which invalved an assessment of all these resufts on the basis of their
scieniific value, afier which the methodologically sound studies were combined. This revealed & weak, but statistically
significant asseciation between the cecurrence of leukaemia in children aged up to 15 and the magnetic fields generaged
by overhead high-voltage power lines. Both the Gerondheidsraad {National Health Councily and RIVMT (National
Institute for Public Health and the Environment) seere asked 16 issue recomniendations on the basis of these analy
They both came 1o the conclusion that the analyses were sound bt alse indicated that, despite the large amount of
rescarch into the matter, o indications have vet been found of a causal link between exposure o magnetic fields from
high-voltage power lines and the ocourrence of leukaemia in children. 11 is not clear whether further research in the
Tuture will show that the increased risk of leukaemia is indeed caused by these flelds, or that other causes will be
established.

in the memorandum entitled *A Sensible Approach 10 Risks™ | draw the conclusion, party on the basis of the scientific
data, of the social concern which is repeatedly apparent regarding kigh-voltage power lines and of the principle of
precagtion, that new situations in which children experience tong-term exposure 1o magnetic ficlds from overhead high-
voltage power lines should be avoided as ofien as is reasonably achievable, In doing so, 1 have pointed out that the
social advantages and disadvantages musi be faken into account and that the further interpretation of this policy should
take place after consultation with those directly involved,
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1 have Himibed this policy conclusion, on the basis of reasonableness criteria, 10 new siinations beeause the health effects
are unclenr and because measures in existing sitnatons ofien have socially substantial consequences {for example the
relocation of dweilings or overhead high-voltage power Tines). On the other hand, new situations often offer a lot more
options and prevention can be considerably cheaper than redevelopment.

ssaciation of

Following on from this, consultations have been started with representatives of, among others, the 110 {;
Provincial Authorities), the VNG {Association of Netherlands Municipalities) and EnergieNed that involved discussions
as 1o how this policy can best be implemented. | informed the Lower House of the results of this project and my policy
conclusions at the end of 20047, These consultations generated a sionificant degree of consistency znd consensus in the
respanses of the various parties. There appears (0 be a need for 2 national uniform policy that focuses on new situations.
I1is in this context that the zoning imstrument was suggested.

The recommendations

On the basis of the above, | recommend that, when determining spatial plans and the 1rajectory of overhead
high-voltage power lines, or in the event of changes to existing plans or existing overhead high-voliage power
lines, the creation of new sitarions be avoided as much as is reasonably possible, whereby children undergp
fong-term stays in the areas around overhead high-voltage power lines within which the annually averaged
magnetic field is greater than 0.4 micratesla (the magnetic field rone)’.

For the implementation of these recommendations, RIVM has developed a web site
{www.rivimanl/hgogspanningslijnen) where the indicative zone of each line in a province or municipality can he found.
In the event of new regional or zoning plans which overlap with the indicasive zones, | recommend that the local
authorities, in consultation with the grid administrator and using the enclosed (;u:clpimes . determine the specific rone
of the overhead high-voltage power lines concerned. If the new spatial plan (or an existing plan that is being changed)
overlaps the specific zone, 1 then recommend that the fewest possible sensirive designared uses such as dwellings,
créches and day-care centres are situated in that zone (see also Annex 1) in the case of new lines, the specific zone can
be used directly as a bagis. When determining the trajectory | 1 recommend that, as few sensitive designated uses as
possibie are located in the specific zone. | also recommend thar, when planning new sensir ‘
overhead high-veltage power lines, investigations are carried out o Lstm!]sh possibie ade ditional me asures in order 1o
narrow the specific zone. Examples of such measures can be found in the KEMA (Testing, Research and Engineering
Consultants to the Electric Power Industry) reports of 20027, These show that, depending on the situation and the
measure, reductions in the zone width of 20%-90%% are possible. However, in such contexts, the basic principle will be
that the financial consequences will be bore by the party aking the initiative (in the case of a new spatial plan e.g. the
local authority and in the case of a new overhead high-voltage power line the grid administrator).

In the context of the above, | regard it acceptable, on the basis of the reasonableness principie, that exceptions are made
{or small-scale concentrations of semsitive wses (for example isolated company accommodation or farms). On the other
hand, the accumulation of negative environmental factors may indicate that extra precautions or measures need to be
taken. The value of 9.4 microtesla will remain the basic vale for the interpretation of the precautionary principle,
Muoreover, there is no objection o changes 1o existing lines or spatial plans as a resuli of which the number of sensitive
designaied uses does not increase in the specific zone,

In order 1o avoid claims for compensation and a loss of time, | recommend that the local authorities designate plan
changes which have already been initiated and which are advanced, bat not vet irrevocable, in principle as existing
situations. However, wherever it is reasonably possible to implement these recommendations in cases in which the plan
changes have already been initiated and not yet detesmined, 1 woutd stili advise that this precautionary policy be taken
info account,

 Lower House,
* The terms shown in it
“ Qe Annex 2

o5 in s letter are dantied and explained i wore detzl in Annex |




Relattonship with other averhead high-voltage power lines policy
Lo circula from 19937 it s advised that accomnt be taken of the recommendations from the International Radiation
Protection Association and the recommendations of National Health Council, which wore valid a1 that time.

These days, the Dutch government uses the recommendations of the Furopean Commission” as a basis., As a result, the
cireuiar from 1995 is no longer valid. As regards overhead high-voltage power lines, it appears that the reference values
that the Exropean Commission secommends are generally ot exceeded in publicly accessible places. In general {erms
they do not, therefore, determine spatial policy.

i

On the basis of private law, a "restricted use zone” generally exists around an overhead high-voltage power line, As
regards these strips (owo strips of usuzlly around 30 metres calculated from the heart of the line) it has been detennined
that they must be kept free of buildings. On the basis of mutuai consultations, the administrator of the overhead high-
voltage power line can grant the site owner a full or partal exemption. In addition, the prevailing spatial plan can result
in the focal authority refiging 1o grant a building permit. Lastly, on the basis of Arlicte 9 of the Housing Act, Article
2549 of the (Model) Building Regulations 1992 is important for the granting of the building permit. On the basis of
this article. a ban applies o buildings which are subject 1o 2 building permit {other than those which are part of the
overhead high-voltage power line) within 2 distance of 6 metres from the wires intended for the conduction of
cleetricity of the overhead high-voliage power lines. When determining this distance, account has 10 be taken of the
movement of the wires in the wind. The Municipal Executive can grant an exemption o this ban if the electrical voltage
from the overhead high-voltage power lines does not constitute a danger. | recommend that the local authorities contact
the grid administrator before granting such an exemption,

Lastly I wish ta point out that questions are regularly asked concerning the possible additional risks that might arige
due, for example, 10 it being impossible or more difficult 1o extinguish burning homes located underneath overhead
high-voliage power lines. In that context § refer 1o a recent study by the Nederiands !m‘/imm voor Brandweer en
Rampenbesirijding {Netherlands Institute for Fire Service and Disaster Management]'™. One of the conclusions of this
study is that there are scarcely any additional risks i the fire brigade applics the national protocol entiled *Blussen
ander hoogsparmingstifnen” [Extinguishing under overhead high- \'oh'auc power Hnes]. In so far as applicable for vour
local authority, 1 therefore recommend that you take cognisance of this protocel which is soon to be made available via
the Nethertands Association for Fire Service and Disaster Management (hitp:/Avwaw nvbr.nlemsishow),

Information

A transparent decision-making process should be accompanied by thoreugh communication initiatives. It has transpired
that a great deal of care needs to be paid to communication on the risks, 1t is for this reason that § requested that
quaiitative and quantitative research be carried out into the pereeption of overhead high-voltage power Hines and
passible risks in the eves of citizens.

One of the mest important conctusions is that people living near oveshead high-vollage power lines prefer 1o receive
information on the matter via their local authority. The general public, which has no direet interest in overhead high-
voliage power lines, expect the national government o provide information on iis website and via brochures, Moreover,
it applies e both target groups that energy companies ¢an play an information role as infosmation channels.

In this context, the Ministry of VROM {AMinistry of Housing, Spatial Planning and the Environment) has developed
public awarencss material on overhead high-voltage power lines that lecal authorities and other organisations involved
can use (ncluding the 10 most FACHs and respective answers, an information leaflet on overhead high-valtage power
lines and web texts). This public awareness material has been available since mid October, but can also be requested via
www yrom.ninformatiepakket. In October vou will also be sent the digitl information package by mail. [nterested
citizens can also visit the VROM site for additional information on overhead high-voltage power lines (www
Hyou, as a local or provincial authority, or grid Admmzstr.uor snil require additional information on the policy
regulations, you can contact the InfoMil helpdesk (v or+31 (0)70-373 35755,

Conclusion

I have every faith that, using the above information, I have made clear how | decided on the recommended policy
following extensive and constructive consultations with representatives of, for example, the VNG, IPO and EnergieNed,
In doing so, | have opted for an advisory instrument rather than supplementary regulations because you already have
suflicient possibilities 1o fulfi] your responsibilities. Morcover, the usual feedback and respanse procedures guarantee
sufficient contributions by citizens and other parties involved.

renlar relanng o extremely low-frequaeney eleatricsd and rmagnetic flelds {DGMSVSOTA9006, dued 1
h*c. Couvnal’s recommendations dated 12 Dy 1999 Offierad Journal of the Buropean Communities, L |
 Homes within the danger zane ol high-voltaze fines, et auishing risks, 27 June 2005 N




5 1 am concerned, my contribution 10 a sensihle approach o this matter will comprise communicaiion which s
as clear as possible and the making available of public awareness material,

The State Secretary of Housing,
Spatial Planning and the Environment

Drs, PLB. A van Geel



APPENDIX 3
EXPLANATORY NOTE TO

NETHERLANDS GOVERNMENT RECOMMENDATION

Annex 1o the letter with recommendations regarding the overhead high-voltage power Hges

Elaboration of the recommendations by the VROM State Secretary with regard to overhead
high-voltage power lines

Introduction

This memorandum pertains to the recommendations by the VROM State Secretary as expressed in
the letter of October 2003 with reference SAS/2005183118 1o the Municipal and Provincial
Executives, the IPO (Association of Provincial Authoritiesy, the VNG (Association of Netherlands
Municipalities), the electricity grid administrators and FnergieNed.

In order to implement these recommendations, a number of terms need o be explained in more
detail and clarified. This will also guarantee a uniform approach.

Clarification and Explanation of Terms:

1. Magnefic field zone
The recommendations and this memorandum are restricted to the magnetic fields due to
overhead high-voltage power lines'. The strength of the magnetic ficld is expressed in
microtesla {pT).
The magnetic field zone is the area which extends along both sides of the overhead high-
voltage power line and within which the magnetic field is, on average over a year, higher
than 0.4 1’1" or can become so in the future,

The maximum distance with regard 1o the heart of the fine along which magnetic fields of
more than 0.4 nT can oceur, is often half the width of the magnetic {ield zone at the Jocation,
although the zone can also be asymmetric.

The magnetic field around an overhead high-voltage power line is dependent on a number of
properties of the line. One important determining property is the line’s capacity. This is, in
turn, determined by the line’s voltage level and the current that can be carried by the line.
Because the current carried by an overhead high-voltage power line varies with time (for
example depending on the time of day and the day in the vear), it is best o caleulate the
annually averaged magnetic field strength. RIVM (National Institute for Public Health and the
Environment) has drawn up Guidelines on how to perform this caleulation. These Guidelines
are enclosed with this memorandum and the most up-to-date version (in Duteh) can be found

' This memorandum does not, therefore, apply to the fields caused by underground high-voliage lines, the distribution
network and all kind of electrical equipment such as vacuum cleaners, razors and electric blankets and the flelds
generated by broadeasting systems such as those for mobile telephony or radin and television.
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Annex 1o the lettar with recommendations regarding the overhasd high-voltage power lines

Indicative and specific zones
This memorandum differentiates between the “specific zone” and the “indicative zone™ around
an overhead high-voltage power line.

The *specific zone’ is the magnetic field zone calculated according to the Guidelines
drawn up by RIVM {see Annex 2).

Itis important (o point out that the Guidelines assume fields as might occur in the future, in
accordance with the design capacity” of overhead high-voltage power lines. The present fields
may, therefore, be lower, but they can increase further towards the limit of the zone without
modifications on the power line. It is only necessary to determine the specific zone around an
overhead high-voltage power line whenever new developments occur near the line in a spatial
sense, or if changes o the line are necessary (see also below tor the description of the term
‘new situation’). In order o acquire. on the one hand, an insight into what 1s understood by “in
the vicinity” and, on the other hand. o avoid having to caleulate all the current zones, KEMA
(Testing, Rescarch and Engineering Consultants o the Electric Power Industry), RIVM and
Tenne'T have laid down indications of the distances around overhead high-voltage power lines
within which magnetic fields exceeding 0.4 0T may exist. The areas between these distances
are referred to as “indicative zones”.

The indicative zone is the magnetic field zone calculated on the basis of a number of
conservative estimates,

The indicative zones are included for each overhead high-voltage power line on the
hitp:/fAwww rivimanlhoogspanningslijnen site.

Long-term exposure of children and sensitive designated uses
International epidemiological research has shown a statistical link between children aged up
o 13 who live near overhead high-voltaze power lines and an increased risk of leukaemia.

In this memorandum ‘children’ are people aged between 9 and 15,

Strictly speaking, the term *long-term stay’ could, on the basis of the rescarch, be limited 1o
children who live in the magnetic field zore around an overhead high-voltage power line. As
a precaution, the term “long-term” has been interpreted more extensively to include schoals,
créches and day-care centres.

“The design capacities as included in the Capacity Plan at the end of 2003 by the Office of Energy Regulation of the
Nethertands Competition Authority determine the cajculation of the specific zone
hitp:wawew die ninederlands/elekriciiei/ransporykwaliteitsplannen/Capaciteitsplannen Netbeheerders.asph.
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As regards Yong-term exposure’, the assumption is chiildren who live or spent time in
schools, créches or day-care centres that are located in the magnetic field zones.

Dwellings, schools, créches or day-care centres are designated ‘sensitive designated uses’.

Locations at which children may be but where the duration of stay can be branded short in
comparison 1o homes, such as sports fields, playerounds, swimming pools, ete. are not,
therefore, designated as sensitive designated uses.

4. New situations
‘The policy recommendations are restricled (o ‘new situations’.

The following are regarded as ‘new situations’:
a.  New spatial plans, or changes to the existing ones;
b.  New overhead high-voltage power lines, or changes fo the existing
ones.

[fa new sensitive designated use is 1o be realised in accordance with a prevailing spatial plan,
this is designated an ‘existing sitvation” and not. therefore, as a ‘new situation®. Existing
rights remain intact.

The same also applies to existing overhead high-voltage power lines. To each line belongs a
specific zone outside of which no annually averaged magnetic field of more than 0.4 uT
occurs. By analogy with the situation in the case of new construction, in accordance with a
prevailing spatial plan, it also applies that changes in accordance with the line’s original
design are not designated as a new situation. In the calculation of the specific zone it must be
taken into account that the design capacity of the line may be completely filled in the future.
[n addition it applies that, if’a overhead high-voltage power line has to be adapted in a way
not covered by the design specifications because, for example. there is 2 need for increased
capacity, such must be possible if the specific zone does not increase as a result (for example
through the implementation of additional measures).

More detailed elaboration of the recommendations with regard 1o above-ground high-voliage lines Page 33
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Introduction

Crovar!

These guidelings lay down a method for the caleulation of the specific 0.4 microtesla zone
i the vicinity of an overhead high-voliage power line. The outfined approach is an
claboration of the policy recommendations for overhead high-voltage power lines us
formulated by the State Secretary of VROM (Housing, Spatial Planning and the
Environment) in October 2008,

Targe! group

The guidelines are intended, first and foremost, for the grid administrators who want to
stipulate the specific 0.4 micratesla zone around the overhead high-volmge power lines
they manage in new situations, or in the event of technical measures affecting existing
lines. In addition, the guidelines also offer other parties (local and provincial authorities,
national government, and consultants) the possibility of caleelating, or of having
caleulated. the specific 0.4 microtesla zone in 2 way which corresponds to the palicy
formulated.

The overhead high-voltage grid is a complicated system. That is why expertise in the field
of electricity transport and distribution and knowledge of the software used is essential for
calculating the specific 0.4 microtesla zone.

Struciure

The guidelines are structured in three parts. The first past s a summary of the data
required for the caleulation of the specific zone. This is followed by detalls on the
softvare currently used {or the caleulation of the 0.4 microtesla zone. The last part
explains how the input data and the calculation results can be reported in a transparent and
verifiable manner,

i‘n



2 Data

2.1 Introduction
In order 1o allow a meaningful caleulation of the specific zone in the vicinity of overhead
high-voltage power lines, data is firstly required on the location for which the calculation
has i ke place. In addition, mput data on the high-voltage power line are required for
the software packages used for the caleulation. This chapter summarizes the required data.

2.2 Location

2.2.1 Spatial plan
The party taking the inftiative for a new spatial plan, or an existing one that is o be
changed, indicates the focation for which the calculation of the widih of the 0.4 microtesla
zone is 1o ke place. This is done by stating the name of the high-voltage line(s) and ihe
numbers of the pylons o be included in the caleulation.

"[\)
o]
3

High-veltage line

New strefch

The party taking the initiative for & new streteh of an overhead high-voltage power line
provides the relevant design details for the calculation of the width of the 0.4 microtesla
zone. IF different pylon types, conductor configurations, vector sequences, ete. are to be
used on the intended path, this daw is given separately for cach sub-path. These guidelines
exclusively deseribe how the width of the 0.4 microtesla zone is calculated. The optimal
spatial adaptation of the power line stretch takes place within a wider context.

Existing stretch

In the event of changes to an existing overhead high-voltage power Jine which may, in
principle, affect the width of the specific 0.4 microfesla zone, the grid administrator has to
issue ali the data referred o under Error! Reference source not found. in the situation as
itis and in the intended new sination. By calculating the magnetic field zone for the
original and the new situations, it can be demonstrated whether and to what extent, the
width of the specific 0.4 microtesla zone is altered by the intended changes.

2.3 High-voltage power line

The calculation takes place at the fevel of a line section, between two conseoutive pylons.
The input data is recorded at the fevel ef a line section and the calculation then applies o
that line section, Often, the relevant data is the same for a number of consecutive line
sections. In that case, a caleulation for just one line section will suffice. The following
data is relevant for each line section.
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31 General data

2.3.1.1  Line name

The line name is the geographical designation of 1he overhead high-voltage power line or
of the new path 1o be created.

2.3.1.2  Pylon number and location

Lach line section is demuarcated by two pylons. The numbers of these pylons and the

location are recorded (using national trianguiation coordinates), If the pylon locations for
anew path are not yel known, a more general determination of location musi be chosen,

2.3.1.3  Pylon type

The grid administrator uses the line name and pylon numbers provided 1o determine the
type of pytons. A diagram with dimensions must be supplied for cach tvpe of pylon. In the
case of a new stretch, this will be a sketch. The diagram must show;
-~ the configuration of the circuit (triangular, horizontal, vertical, ete)
- for each cireoit: the height (above ground level) of the bundle conductors and the
fateral distance of these conductors from the {imaginary) centre line of the pylon
- the height {above ground level) of each earth wire and the jateral distance of these
wires from the {imaginary) centre line of the pylen

2.3.1.4  TField length

The grid administrator records the field length (distance between the pylons of the line
section in guestion), In the case of a new path, this means an estimate which is as accurate
as possible.

2.3.1.5  Sagat 10°C

During construction of the line, the conductors are tensioned 1o a certain sag, The grid
administrator records this sag by indicating the sag for the line section ar 10 C ' This
10 °C is used as a reference during construction of the line. The actual sag when
tensioning the conductors is then adjusted according 10 the temperature at that moment.

2.3.1.6  Number of circuits
An indication has to be given of the number of circuits for which the line has been

designed. This number may exceed the actual number of cireuiis at the time of the
calculation.

" the caleulation (EPC-400), this sag is converted into the sag which belongs 1o the standard conditions as 1z down

F

wENEN 1060 oumside remperature 30°C, wind spead 0.6 metresfec, ingress of sunbizht 1009 Wim? and drafl cursent,

30
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Circunit data

2.3.2.1  Voliage

The voltage for which the circuit has been/is being designed. 11 the current operating
veltage is 130 kV, but the design voltage is 380 kV, 380 kV must be indicated.

2.3.2.2  Design load

The design foad of the cirewit in MV AL The design load is the product of the design
valtage and the design current imes V3,

- oo E w o

Sdes “ des " Udes ™ V3

Sges: design load (volt.ampere)
ldes: design current (ampere}
Ugag: design voltage (volt)

The design voltage for existing overhead high-voltage power lines is derived from the
Capacity Plan 2003-2012, as submitted on | December 2003 to the Directie Toezicht
Energie [Office of Energy Regulation] (DTe} of the Netherlands Competition Authority.
In the course of 20006, 1his will be available from the DTe (al www dtenl ). In the case of
anew stretch, the design load is derived from the design details.

2,323 Circuit designation

The name and colour coding for the circuit as used by the grid administeator, or as the grid

administralor wants fo use for a new path.

2.3.2.4  Current

The current transported through an overhead high-voltage power line changes in strength
every hour, day, week and season. Beeause epidemiological investigations have
established links between long-term exposure and possible effects on people’s health, it is
chosen to base the caleulations on the average value of the current over a period of a year.
Because the caleulated zone width also has to be relevant for the fufure, it is alse chosen
to estimate an upper 1imit for the annually averaged current expected in the futare, This
estimate is based on the current for which the circuit has been designed and the annual
averages observed i 2003, An analysis of the currents during 2003 for all 380 &V and
220 KV circuits shows that an annually averaged current corresponding 1o approximately

671]



30% of the capacity, is a good future-oriented estimate of the annually averaged current

through a clreuit. For these voliage Jevels, we therefore assume:

leg 5037 lcap" 2003 (for 380 kY and 220 kV circuits)

beal current used as inpuat for the zone calcuiation
IC;—‘.!;}__ZU{J 5 current related to the capacity of the connection as laid down in

the Capacity Plan 20052012

The current related o the capacity faid down in the Capacity Plan 2003-2012 is caleulated
according 10:

leap 2005 = 8 cap 2005 7 (U cap 2005 7 V3)

Scap_”?.ﬂf.) 3 capacity in Capacity Plan 2003-2012 (voli.ampere)
Ueap 2005 operating voltage in Capacity Plan 200352012 {voi)

Currently, insulficient data is available on the regional grids (vollage levels 130 kV,
HO KV and 30 kV) 0 allow a detailed analysis of the load. That is why an annually
averaged current has been assumed for these circuits which corresponds v 30% of the
capacity laid down in the Capacity Plan 2005-2012. For these erids, the calculation is
therefore hased on:

Loy 0,3% !-ca;} 2005 {for 130 KV, 110 kV and 30 kV circuits}.

2.3.2.5  Protective earth resistance

The protective earth resistance does not have to be inciuded in the caiculation.
2.3.2.6  Phase

The phase angle is laid down for cach phase wire, for exampte: 0%, 1207 or 240°,
2.3.2.7  Characferistics of conductors

Here data on the construction of the conductor are supplied. The standard conductor is
aluminum with steel inver sheath. The dimensions are laid down as a diamater, for
example:

Aluminum ;240 mm?®
Stegl 40 mm?

~d
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2.3.3

2.3.2.8  Bundle conducters

The number of sub-conductors which make up a condector bundle and the distance and
position between these conduclors.

Farth wires
2.3.3.1  Number and position

The number of earth wires and the position at which the earth wires have o be connected
1o the pylon (height and lateral distance of the snspension point of each earth wire).

2.3.3.2  Characteristics of carth wires

This is where the data on the construction of the earth wires is laid down. The standard
assumplion is an aluminem conductor with a steel inner sheath, The dimensions are laid
down as a diameater, for example:

Aluminum 34 mm?
Staal : 32 mm?
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Calculation

Introduction

A number of commercial software packages are available for the caleulation of the
magnetic field strength in the vicinity of an overhead high-volage power line. Atthe
moment these packages have not explicitly been assessed in regard of their suitability {or
the calculation of the 0.4 microtesla zone and no comparative research has been carried
out into these software packag
described in Error? Reference source not found. are the ones most often used for the

es. In the Netherlands, the three software packages
calcutation of magnetic field strengths. These packages cannot directly calculate the widih

of the 0.4 microtesta zone. For this to be done the profile of the magnetic field needs to be
exported and processed.

Calculation of the magnetic field

Software

are suitable for the caleulation of the magnetic field

The following sofrware packag
sirengih. Af the moment, these three packages are regarded a5 equivalent,

EFC-400
Software from Forsefaigsgesellschaft fiiv Energie und Uimvelitechnologie (FGEU, mbH,
Berlin, Germany).

CDEGS
Current Distribtion, Electromagnetic Fields, Grounding and Soil Structure Analysis,
Software from Safe Engineering Services & rechnologies td., Quebee, Canada.

ATP
Alternative Transient Program
European EMTP-ATP Users Group (EEUG), Osnabriick, Germany.

1nput data
If a program requires more input parameters than stated under Error! Reference source
not found., average data for the Netherlands 1s entered for these extra paramelers.

Caleutation of the magnetic field strength

Using the set of input parameters, the program calculates the magnetic fleld strength in the
vicinity of the high-voltage line 1 m above ground level. In most situations only ong
overhead high-voltage power line s relevant. In these cases a ‘one-dimensional’




3.2.4

calculation is sufficient. If there ix more than one high-voltage Hine in the area for which
the calentation is taking place, a two-dimensional caloculation has o be carried out.

One-dimensional calcnlation
In order w0 eventually be able o determine the width of the 0.4 microtesla zone of one
overhead high-voliage power line, a caleulation is required of the magnedic Hield strength

as a function of the distance {step size at least 1 m), perpendicular 1o the high-voltage ine,
alihe centre of the sag (in the middle beoween two pylons), at a height of 1 m above
ground level © The caleulation is carried out until the distance to the high-volrage fine
mcreases such that the strength of the magnetic field has decreased 10 less than

0.1 microtesla. The profile of the strength of the magnetic field thus acquired is saved for
further processing. AL the same time, the distance and the strength of the magnetic field a1
that distance are saved in addition w the general datz on the calculation situation.

Two-dimensional calculation

Situations can occar in which the cateulation of a single profile of the strength of the
magnetic field is insufficient. This is, for example, the case in the event of Intersecting
overhead high-voliage power lines, two parailel lines or a high-voltage line which
branches off. In that case the area in which the magnetic field is stronger than 0.4
microtesla cannot be indicated as a simple distance. In this situation, a two-dimensional
caleulation s required in which the magnetic fleld strengihs from both paths are added up
as vectors at each location. The 0.4 microtesia zone is then shown in detail on a map of
the surrounding area. This is then used to check whether sensitive designated uses are
located inside the 0.4 microtesla zone. This map is alse the calewlarion method end
product, There is no need saving or carrving out any additional processing of a distance
profile.

Determination of zone width

The profile with the magnetic ficld strength ag a function of the distance forms the basis
{or the final caleulation of the zone width. By means of interpolation, this profile is used
to determine at which distance(s) from the centre of the overhead high-voltage power line
the magnetic field strength value of 0.4 micro is reached. Because the profife is usually
not symmetrical, this is done on both sides of the high-voitage ine, The distances to the
centre of the overhead high-voliage power line thus caleulated are rounded to the nearest
multiple of 3 m °, If these {rounded) values for the distance to the centre ine are the same
on both sides, then this value directly indicates half the width of the specific 0.4
microtesia zone. A zone width of 2 x 80 m means that the zone — calculated across the
ground from the centre of the high-voltage line - extends to 80 m on both sides. If these
{rounded) values for the distance 1o the centre line are different an both sides, then both
values must be indicated separately. An indication of which value belongs ro which side
of the line is given using the name (*colour™ of the corresponding circuit.

e

T Forthe sake of samplieity, o account s faken of e fot tat the contobr of the B4 miaro wesls zone 15 actually
curved and 15 wider a1 the imiddle point Between the pylons than (v the vicinity of the pylons,

In other words, 97,5 aad 102 4 are rounded 910 100 m and 1026 o 105 m

[EUER D!
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Reporting the results

The calculation results, the seftware used and the wapar data are recorded in a standardised
manner. The ensuing report contains, first and foremost, the name of the overhead high-
voltage power line, the numbers of the pylons involved and, for each line section, the
{rounded) distance of the .4 microtesla contour on cither side of the high-voltage line 10
the centre of the line. For example:

Results of the calculation of the 0.4 microtesla zone

name of the overhead high-voltage power line: location AAA (o location BBR

ling section distance 8.4 microtesla contour fo centre of the fine (m)

_pylon numbers black circuit side withe cireuit side
30-31 03 80
5152 70 ) 50
52-53 70 90
53-34 63 30

Software package
EFC-404, version 5.1

Input data
Here alf the data under 2.3 (including construction diagrams of the pylons) are listed.

[RIERE



Gezondheidsraad
Healih Councii of the Nelheriands Appendix 5

The minister of Housing. Spatial Planning

and the Environmoent

Subject : Power lines

Your reference -

Our reference U HSB\EVRMVOT3-E1 Publication nr. 2007725
Enclosure s -

Date 1 9 November 2007

Dear minister,

During the meeting with the Health Council Board of Management on 27 September you brought
up the 1ssue of “power lines and health™. You asked what is known about passible changes in
effects of exposure to the electric and magnetic fields that are generated by power lines, when they
are updergrounded. 1 have forwarded your question to the Council’s Electromagnetic Fields
Committee. This committee, after consultation of the Standing Commitiee on Radiation and

Health of the Council, reports as follows.

When power lines are undergrounded the field strength they cause at ground Jevel will change.
The electric fields are almost completety shielded, but this is not the case for the magnetic ficlds.
Whether, and how much the magnetic field strength is reduced by undergrounding the lines
depends on the depth of burying and the distance between the three phase conductors that form a
high voltage circuit’. When the cables are Jocated not too deep it is even possible that the magnetic
field strength in a narrow strip directly above them increases compared 1o the field strength
underneath overhead fines. On the contrary, at an horizontal distance of more than approximatety
10 m from this strip the magnetic fields strength will be lower. It should be noted that power lines
are not the only sources of these fields. They are also generated by, for instance, electrical
appliances and domestic wiring. Therefore these fields are also present in houses that are not
located close 1o & power line.

! The closer the phases are, the more extinction of the fields occurs. However, when the cables are close

together more cooling is needed. This incurs higher costs.

Visiting address Postal address
Parnassusplein & PO Box 16062

2511 VX The Hague 2500 BB The Hague
Telephone +31 70 340 5730 Telelax +31 70 340 75 23

E-mail; g.van.rongen@aqgr.nl www.gr.nl



Gerondheidsraad

Heaith Council of 1he Netherlands

Subject : Power lines

Qur reference LT 1458\ENRAUNGT3-E T Publication ar. 2007/23
Page 12

Duate 19 November 2007

The question is, whether any health effects of exposure to the electric and magnetic fields
generated by power Hnes will be reduced when the lines are undergrounded. To answer this
question a distinction has te be made between three types of presumed  health effects: indirect
effects of clectric fields, acute direct effects of electric and magnetic fields and tongterm effects of
magnetic fields.

Indirect effects result from a discharge current when touching large metallic objects tha
have been charged by the electric field. There is no risk for such effects wiwen the lines are buried.
Since the elecuic field 15 shielded by the so1l above the cables, virtually no electric field is present
at ground level. The risk of indirect effects occurring at the field strengths present near overhead
power lines 1 the Netherlands is very small. Electric field strengths that may result in such effects
may oniy be present underneath 380 kV lines.

Acute effects result from electric currents induced in the body. The exposure Hmats proposed
by vartous organization including the Health Council, are based upon these effects. They do not
occur near power lines, since the magnetic field strengths in the hiving environment are much oo
low. Undergrouding will not change this.

What remains are longterm effects, specifically the possible increase in childhood levkaemia
risk. It 1s uncertain whether a reduction in magnetic field strength resulting from undergrounding
has any influence on this, This 1s because it is not clear whether the association between magnelic
field strength and childhood leukaemia that has been observed in epidemiological studies is of
causal nature. If this would indeed be the case, then undergrounding would have a very limited
positive influence on the incidence of childhood leukaemia,

Clarificarion

To further clarify these conclusions a brief overview of the scientific knowledge on health effecty
of exposure to extremely low frequency (ELF) electric and magnetic fields such as generated by

power lines 1s given.

In June 2007 the World Health Organization (WHO) published the monograph “Extremely Low
Frequency Fields” (Environmental Health Criteria. volume 238), as yet only in electronic version

{see hitp/fwww.who.int/peh-emf/publications/elf ehc/en/index.himl). The printed version is

Visiting address Postal address
Parnassusplein 5 PG Box 16052

2511 VX The Hague 2500 BB The Hague
Telephone +31 70 340 5736 Telefax +371 70 340 75 23

E-mall: e.van.rongen@gr.nl www.gr.ni
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Health Council of the Netherlands

Subject : Power lines

Our reference DU T4SRAEVRNWVOT3-ET Publicaton nr. 2007725
Page 13

Date 29 November 2007

expected within several months.” This document presents a susimary of technical aspects, such as

the strength of ELT electric and magnetic fields in various situations, as well as an up-to-date

overview of the scientific knowledge on effects of exposure (o these fields. The conclusions on the

latter subject, that are endorsed by the Health Council, can be briefly summarized as follows.

= Negative health effects have only been scientifically established for exposure to high ficld
strength ELF electric and magnetic fields. Such effects result from the induction of electric
currents in the body. They may lead w involuntary stimulation of nerves and muscles. The
exposure limits such as proposed by the International Commission on Non-lonizing
Radiation Protection (ICNIRP) in 1998 and the Health Council of the Netherlands in 20007
aim at preventing such effects. In these exposure limits safety margins have been
incorporated. Because of this, the limits for the general population are a factor of 50, and
those for workers a factor of 10 lower than the levels above which adverse health effects may
oceur. Exceeding the limits therefore does not mean that there immediately is a risk for health
effects. Exposure limits are not statutory in the Netherdands. In practice, however, the
ICNIRP recommendations are followed. For 50 Hz, the frequency of the electricity supply in
the Netherlands, the magnetic field strength limit for the general population is 100 microfesla
{(uT) and for workers 500 pT. The limits for the electric field strength are 5 and [0 kilovolt
per metre, respectively. Field strengths higher than these values, that may result in negative
health effects, are not present in the living environment near power lines.

®  The WHO also conludes that there 15 limited evidence for a possible association between
acute tymphocytic leukaemia in children and longterm exposure to relatively low-strength
magnetic fields. This concerns field levels that can be present in an area of about 1060-200 m
on both sides of an overhead power line, depending on the actual situatien. This conclusion is
based on a weak but consistent association observed in epidemiofogical studies between

% With financial suppert from your ministry the Health Council has provided significant contributions, both in content and
logistics, to the production of this publicalion.

7 ICNIRP - International Commission on Noni-lenizing Radialion Protection. Guidelines for limiting exposure to time-varying
electric, magnatic, and electromagnetic fields (up fo 300 GHz). Health Phys, 1988; 74(4); 494-522.

Health Gouncil of the Nethedands: ELF Electromagnetic Fields Committee. Exposure 10 electromagnetic fields {0 Hz - 10
MHz). The Hague: Health Council of the Netherlands, 2000; publication nr 2000/06E.
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living in an environment where the calcudated strenght of the magnetic field is more than
approximately 0.4 uT and an approxamate doubling of the incidence of acute tymphocytic
leukaemia in children. The many experimental studies that have been performed, however,
have not resulted in any indications for a biological mechmism that could explain this
association. Therefore no causal relationship has been demonstrated between the increased
childhood leukaemia incidence and exposure (o ELF magnetic fields. It is possible thas other
{actors play a role.

According o caleulations of the Health Council and the National Institute for Health and the
Environment (RIVM), the observed association would mean one case of chiidhood leukaenia
per two years in the Netherlands, with an annual incidence of approximately 110 cases. it
should be noted that the total number of exposed children is refatively low. In the
Netherlands approximately 15,000 children are living in areas near power lines where the
strength of the magnetic fields exceeds (04 uT If there is indeed a risk, then for these
children this risk is about twice that as for children living outside these zones.

There are no indications that exposure to ELF electric fields may lead to diseases such as
childhood leukaemia,

Indirect effects may occur when large metallic object, such as a fence or a truck, are close 10
power fines. When these objects have not been grounded, they can be charged by the electric
field generated by the power kne. Upon touching of such an object, a discharge current may
flow. When that is strong enough it may lead 1o a perceptible electric shock. The exposure
limits for ELF electric fields recommended by FCNTRP and the Health Council have been

devised o prevent such effects.

Sincerely,

{signed)

Professor Marianne de Visser

vice-president

Visiling address Postal address
Parnassusplein 5 PO Box 18052

2511 VX The Hague 2500 BB The Hague
Telephone +31 70 340 5730 Telefax +31 70 340 75 23

E-mail: e.van.rongen@gr.nl www.gr.nl



