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Abstract

The use of devices generating high magnetic fields in induwstria
processes, energy production and storage, medicd diagnastics, new
transport vehicles and large scde reseach fadlities is expeded to
expand significantly in the nea future. Scientific and pubic interest
has focused recently on the biologicd effeds and the potential hedth
risks asociated with the exposure to magnetic fields. Over the last
twenty yeas svera laboratory studies and epidemiologicd surveys
have been caried ou in this field bu no dfinite nclusions
concerning the related risks for personrel or general pullic have been
drawn. The am of this article is to provide an owerview of these
investigations together with an analysis of the well-established effeds
of the interadion between static or ELF magnetic fields and living
matter. The international guidelines and standards for expaosure to
magnetic fields are al so reported and dscussed.

1. INTRODUCTION

Magnetic fields are produced by eledrica appliances, power lines, eledromagnets and
everything that caries eledric aurrent. The level of magnetic fields at which humans may be
exposed has considerably increased ower this last century. The exposure level is normally
limited for pradicd reasons. To work in places with appredable magnetic fields would be
nealy unredisable nowadays: computer disks may be eased, monitors would be distorted,
magnetic light objeds may experience rotational or tranglational forces. A much more
important question regards the possble hedth risks associated to static and ELF magnetic
field exposure. The potential hedth effeds of biomagnetic interadions have been under
discusson ower the last twenty yeas and the debateis gill open.

This article is a review of the known hiologicd effeds caused by the interadion
between magnetic fields and living matter together with a survey of the laboratory and
epidemiologicd studies described in the scientific literature. We focus our attention onstatic
and Extremely Low Frequency (below 3 kHz) magnetic fields. In the ELF range ionising
effeds (when the energy carried bythe field is @ large that it can damage internal organs and
biologic moleaules like DNA) do nat play arole; usualy also the thermal effeds (due to
induced eledric aurrentsin the tisaues) are negligible if we consider the typica magnetic field
strengths associated to common eledricd equipment. Nevertheless there ae other ways in
which magnetic fields may interad with biologicd matter to produce biologicd changes.
Whether these changes can lead to hedth risks, in the longterm, is gill an open question. The
initi atives to establish gudelines and dficial standards for occupetional or puldic exposure to
static and ELF magnetic fields will be described and dscussed.



2. THE MAGNETICFIELD

A magnetic field isaregion d spacethat results from the motion o eledric charges, it
is always associated with everything that caries eledric aurrent. The field may be pictured as
lines of force aso cdled flux lines: the diredion d the field at any pant is given by the
diredion d the linein that point and its magnitude is propational to the density of lines nea
the paint. Unlike dedrostatic field lines, the flux lines are continuows withou beginning and
end (this means that isolated magnetic poles do nd exist). The magnetic field is described by
two vedor quantities: the magnetic field strength H and the magnetic flux density B. These
two quantities are related by the relation B= x-H. The onstant of propartionality z, the
magnetic permeability, depends on the medium and in the cae of biologicd tisaues is
assumed to be egual to the value of the permedbility of freespacey, = 4n x 107 (Tem/A™).

The magretic flux density B may be defined in terms of the Lorentz force F ading on
a dharge q that movesin amagnetic field with avelocity v [1]:

F=q-(VxB) (1)

The unit of the magnetic field, in the SI system, is the teda (T) while in the @@s gystem it is
the gauss (G) with 1G = 10"T. Thestrength of the magnetic field deaeases with the distance
from the source In the gproximation d alongwire carying an eledric aurrent (valid for
small distances r compared to the straight portion d the wire) the magnitude of the field
varies as.
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In the cae of adipde gproximation (valid for example for field cdculation at large distances
from coil s carrying eledric aurrent) the field amplitude decgys more rapidly as:

1
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where mis the dipoe magnetic moment of the @il and ¢ the angle with resped to the dipole
axis.

3. THEEARTHISMAGNETICFIELD

The geomagnetic field o the Earth isdipdar (the magnetic poles are not coincident with
the geographic poles) and varies at the surfacefrom 26 uT nea the eguator to abou 60 uT
nea the paes. In the last centuries the dipole moment is continually deaeasing and it is
asuumed that it reverses every ~ 200,000 yeas. The magnetic field is maintained by the so
cdled geodyramo: theinteradion d the drealy existing Earthis field with the molten iron o
the outer core, that flows aroundthe solid inner core, induces an eledric aurrent just asin a
metalli c wire that moves acossa magnet. Oncethe dedric aurrent is established it generates



a sdlf-perpetuating magnetic field that sustains the Earthis field. The forces driving the
conduwcting fluid arise from baoth the rotation o the Earth and hed.

4. ARTIFICIAL MAGNETIC FIELDS

The Earthis gatic magnetic field has rougHy na excealed 100 uT over the last 80
million yeas. The natura magnetic field consists also of time-varying comporents,
asociated mainly with solar adivity and thunderstorms, whose intensiti es vary from about 0.1
uT to 0.1 fT in the ELF range. Prolonged exposure to higher static and ELF fields is
nowadays an ardinary situationas shownin Table 1.

Tablel
Typicd values of static and ELF magnetic flux densiti es associated with diff erent
sourcesin hames, workplaces and pubdic aeas.

Field source Frequency Magnetic flux density
(H2)
Offices, homes
Badkground 50/60 0.050.4uT
Household appliances 50/60 0.0:20.5uTatlm
0.1-30uT a 0.3m
Video displays 30-3,000 0.020.6uT at 0.3m
Resear ch facilities (personnel areas)
Linea accéerator 0 0.1-5mT
Bubbe damber 0 >50mT
MHD andfusion gdants 0 1-50 mT
NMR 0 1-60mT
Industries
Eledrolytic processes 0, 5060 1-10mT
Aluminium production 0 1-10mT /60 mT
Eledric andinduction furnaces 1-10,000 1-50mT
Welding madiines 0, 5060 0.2-10mT
Seaurity systems 0.1-10,000 upto 1mT
Average exposure of workers 50/60 1uT, eledricd
0.17uT, noneledricd
Power systems
380 KV transmisson lines 50/60 1-20uT
15 KV distribution lines 50/60 0.050.4uT
20 MWh S/IC Magn. energy storage 0 0.5T (max. accessble
(SMES) field)
10mT at 300m
Transportation
Magneticdly-levitated trains 0 26 mT (hed level)
(MAGLEV) 20-50 mT (floor level)




Subway | 5060 | 0.7-1mT
Medicine
Magnetic resonanceimaging 0 0.5-2 mT (operator)
(MRI) 2T (patient)
Therapeutic devices 12-75 1-10mT

Static fields of significant intensity are encourtered mainly in industrial processes and
in large scde scientific fadliti es but may be experienced by the puldic in medicd equipment
for diagnastic or therapeutic purposes and in new emerging techndogies like magneticaly-
levitated trains.

Exposure to ELF magnetic fields, esentially from 50/60 Hz sources, is an ardinary
situation. The magnetic field badgroundlevel in hanes (away from appliances and averaged
over time) ranges from 0.05uT to 0.4uT (based ona EPRI study d nealy 1000 hanes) and
higher locdised magnetic fields are present nea househadld appliances. People living in the
proximity of power transmisson lines, or workersin some industria sites, may be exposed all
the time to magnetic fields higher than 1 uT. Levels of tensof uT can occur for short periods
in certain working situations.

In the cae of both static and ELF fields, ionising and thermal effeds are negligible but
other mechanisms play a role. Scientists are investigating the dfeds of these magnetic
environments on humans. The well-established effeds of the interadion between static or
ELF magretic fields and living aganisms may be divided into three main caegories:
eledrodynamicd, magnetomedanicd and indwtion o eledric aurrents. The last one is
effedive only for expasure to ELF magnetic fields or in the case of rapid motionin high static
fields.

5. INTERACTION MECHANISMSBETWEEN MAGNETIC FIELDS AND
BIOLOGIC SYSTEMS

5.1 Eledrodynamic dfeds

A well-remgnised effed of the interadion d magnetic fields with the cadiovascular
system is the change in eledrocadiograms (ECG). Moving ionic charge cariers
(eledrolytes) in the blood, when exposed to a magnetic field, are subjeded to the Lorentz
force reported in Eq. (1), that induces an eledric potential ¢ given by:

¢=v-B-d-sing 4

where v isthe velocity, d is the diameter of the atery and ¢ is the angle between the diredion
of the blood flow and the magnetic field. This phenomenonis the basis of the Hall effed in
soli d-state materials and magnetohydrodyramic (MHD) power generation. For example, in a
man with abloodflow rate of 0.6 m/s and an aortic diameter of 0.025m, the expeded induced
potential is 15 mV/T [2]. These induced eledric potentials have been olserved by ECG on
mammali ans exposed to magnetic field [3]. Clea typicd modificaionsin the ECG signal are
visible in the T-wave region delimiti ng the opening and closing times of the aortic valve.

The experimental investigations confirmed that:



a) the magneticdly induced dteration in the flow potential is generaly well observed
above 0.1T —0.3T (depending on bodysize);

b) the anplitude of the T-wave increases linealy with the field;

Cc) nochangesinthe ateria presaure ae observed,

d) the dfed iscompletely reversible withou adverse dfeds and dsappeas instantly at the
end d the exposure.

The last consideration is important to underline that an olserved change in a biologic
system, duingfield exposure, is not necessarily an evidencefor adverse human hedth effeds.

5.2 Magnetomedanical effeds

5.2.1 Magnetic orientation

In auniform magnetic field, bah damagnetic and magnetic substances, are subjeded to
atorgue that will tend to arientate them. In biologicd systems, there ae several examples of
orientation in strong static fields. Diamagnetic macomolealles undergo a magneto-
orientation aving to the anisotropy in their magnetic susceptibility alongthe diff erent axes of
rotational symmetry. These moleaules, generaly with a rod-li ke shape, will tend to rotate in
order to achieve aminimum energy configuration. The degreeof aignment gZis usualy very
small; however for stadked assemblies of N maaomoleaular with paralel rotational axes, gis
increased of afador N, givingriseto large dfeds. Observed examples, by in-vitro studies, of
nealy complete magnetic dignment in static fields of 0.5 T — 2 T, are the outer segments of
retinal rods [4] and cdls containing chloroplasts [5]. Also sickled red bood cdls have been
observed to arient perpendicular to magnetic fields of 0.2T to 0.5T [5, §. Both these dfeds
happen at field strengths used in MR imaging systems and may be important for safety
considerations. However, the magnitude of the resporseis snall and probably does nat result
in any detedable dinicd consequencesin humans.

Also some gel-li ke tisaues, such as the vitreous fluid of the gye and the synowvia fluid of
the skeletal joints, may be dfeded by exposure to magnetic fields. The gelation temperature
of aqueous 1.4 % agarose solutions, similar to these biologic fluids, showed an increase & a
function d the magnetic field strength [7].

There ae some interesting cases of orientations of living aganisms that synthesise
organic chain structures, containing magnetite (Fe,0,) crystals with a net permanent magnetic
moment, cdled magnetosomes. It was discovered that these magnetosomes influence the
diredion d motion o magnetotadic baderia. They dign themselves with the Earthis
magnetic field lines and swim toward the north and davnward (due to the verticd comporent
of the geomagnetic field) in the northern hemisphere and to the south and davnward in the
southern hemisphere. This motion alows them to survive in the oxygen-poa mud d their
aguatic environments.

There is aso experimenta evidence that the Earthis magnetic field influences the
geomagnetic orientation and ravigation d some migratory (such as some spedes of salmons)
and elasmobranch (such as darks, skates and rays) fish, migratory bird speaes, haming
pigeons, monarch buterflies and horeybees (during their waggle dances) [8, 9.

5.2.2 Magnetic trandation



Ferromagnetic and paramagnetic materials exposed to a magnetic field gradient are
subjeded to a magnetomedanicd force (that tends to move them alongthe gradient diredion)
given by

sz.i.B.d_B (5)

Ho dx

where V is the volume of the magnetic substance and 4 the magnetic susceptibility. Owingto
the limited amount of magnetic substances in most living beings, the influence of this effed
on bologicd functionsis negligible.

Important safety considerations concern the possble displacanent of metal implants
and prosthesis that may experience significant forces and torques in strong magnetic field
gradients.

5.3 Eledric aurrentsinduction

Time-varying magnetic fields induce dedric aurrentsin bhiologicd systems that may be
evaluated by the Faraday law of induction. In the cae of sinusoidal fields with amplitude B,
and frequency f, the magnitude of the induced current density is given by:

J=rm-r-f-0-By 4)

The propationdlity of the induced currents on loopradius r and tissue dedricd condictivity
o has important consequences for biologicd systems. A fixed time-varying field may induce
notable aurrents at the maaoscopic level but much smaller ones at the cdlular level. These
currents are usually small er than those naturally produced bythe brain, nerves and heat.

5.3.1 Magnetophaspenes

A well known biologicd effed of ELF magnetic field is the induction d visual
sensations (flickering white light in the eyes), cdled magnetophasphenes, when exposed to
fields having frequency in the range 10-100 Hz and amplitude @ove 10-100 mT [3].
Magnetophasphenes have been foundto occur also in strong magnetic field duing movement
of the head and in transient fields during energising or deenergising of high-field magnets.
This effed was first described by dArsonval in 1896[10] and the posshble explanation was
reported by Lovsund [11]. The maximum sensitivity is at 20 Hz where the flashes are
synchronised with the field.

Other biologicd effeds of circulating currents in the body are: bore heding, rerve
stimulation, eledroshock anaesthesia (therapy) and reat fibrill ation. They may be dassfied
onthebasis of threshold values of the induced current densities [12] as shown in Table 2.

Table2
Threshald values of ELF induced current densities for producing bologicd effeds



Induced current density Effeds
(mA/m?)
<1 Same order of naturally flowing hiocurrents, noeffeds.
1-10 Minor biologicd effeds.
10-100 Magnetophaspenes, bore fradure heding, passble nervous
system effeds.

1001000 Influence on reuron excitability; stimulation threshod for
sensory receptors, nerve and muscle cdls with posgble hedth
hazads.

> 1000 Posghility of ventricular fibrillation, continuows muscle
contradion; definite hedth hazads.

Owing to dfferences in biologic matter condictivities and unknavn current loops, the
cdculation d induced currents is rather complicated. However, using cautious assumptions,
an estimation d the threshold magnetic field values for the different effeds may be made as
reported in Ref. [12]. These estimated values give an ideaof the ELF magnetic fields that
shoud na producebiologicd effeds but may nat be used as sfe limit values.

6. LABORATORY STUDIES

Several kinds of biologicd eff eds have been reported in studies of exposure to magnetic
fields by animal experimentation and bywork with cdl cultures, trying aso to find bologicd
evidence of adverse hedth effeds. It is not possble to report here on the extensive literature
existing onthis topic [13]. Some of the results (change in functions of cdls and tisaues,
deaease in the hormone melatonin, aterations of immune system, accéerated tumour growth,
changes in brain adivity and heat rate) were obtained with field levels that are orders of
magnitude larger than fields invalved in ordinary cases. Some dfeds on cdl cultures due to
ELF low fields of afew uT andlessthan 100uT were dso reported [14].

Laboratory studies confirmed, as siown above, no biologicd effeds for induced
currents lower than 10mA/n?. Inthe cae of exposure to static fields, the reported studies for
fields lower than 2 T sean to indicae the dsence of irreversible dfeds on the main
biologicd functions.

These results shoud be treaed, in any case, with gea attention kecaise the human
organism has many compensating mecdhanisms that may modify the dfeds observed in cdl
cultures.

Some reseachers also reported data on bodetedion d high static magnetic fields or
gradients. In ore experiment [15], rats avoided systematicdly to enter into regions where the
field strength was 4 T and the gradient was up to 13T/m. These findings were not observed
albT.

7. EPIDEMIOLOGICAL STUDIES



Althoughanimal experiments, cedl culture studies and computer models provide useful
data, most reseachers agreethat potentially adverse hedth effeds of static or ELF magnetic
fields may be provided by studies of human popuation that are ordinary exposed to magnetic
fieldsin residential or working areas. These observationa studies, cdled epidemiologic, may
show asciations that could pant out an increased risk of disease asciated with some
environmental fadors. They arealy alowed the important risk fadors for cancer to be
identified as cigarette smoke (relative risk of 10 for lung cancer) and lenzene. In severd
cases, scientists canna be sure whether the sssociation is one of cause and effed or if the
increased risk may be related to ather fadors.

This methoddogy requires caefully consideration kecaise a positive aociation
between a disease and exposure is not necessarily a definite proof espedally when therisk is
small. To judee if the increased incidence of risk is red other correlation criteria must be
considered such as consistency with ather studies invalving dfferent methods and popuiation,
dose-resporse relationships (increasing exposure levels soud correspondto higher disease
rates), plausible biologicd explanation suppated by laboratory results, reliability of
information.

Severa epidemiologic surveys on the possble hedth risks assciated with static and
ELF magnetic field exposure have been caried out over the last 20 yeas, principally on 5060
Hz fields, bu nore of them has definitively convinced the legislators.

Table 3 reports a review of epidemiologicd studies of occupational and residential
exposure to static and ELF magnetic fields. These studies examined mainly eledricd workers
that are ordinarily more exposed to ELF magnetic (mean exposure of abou 1 uT against 0.2
uT of workersin ather job caegories). The doses of field exposure in the first surveys were
based ony onjobtitles and nd on adua measurements fields.

Some goidemiologic residential and accupational studies have suggested aweek relation
with a few types of cancer in humans, particularly leukaemia in children as well as brain and
breast cancer in adults, while others reported no consistent evidence of relations between
magnetic field exposure and any type of cancer. Moreover, the studies reporting a positive
asciation are nat quite mncordant and do nd agree uponthe forms of cancer. Considering
three recent studies we may observe in fad some @ntroversial conclusions. The first one,
condwted by the Swedish Nationa Institute of Working Life, ore of the largest studies
invalving a broad range of indwstries and cccupations [24], foundan asociation with chronic
lymphacytic leukaamia and an increased risk for brain cancer for men exposed to an average
field of morethan 0.2uT. The second ore, condwcted by Canadian and French researchers on
223,292¢ledric utility workers, between 1979and 1989,foundarelative risk of 3 to contrad
aaute myeloid leukaamia [17]. The last study, the most recant one, condicted in North
Carolina, and invalving 139,000US utility workers found noassociation with bah types of
leukaamia but suppated an association with brain cancer [23].

A noteworthy survey has been condwcted in Sweden on people living rea high-voltage
transmisson lines [25]. This dudy, Hghly exposed in the media and gowernment circles,
sugeested for the first time adaose/resporse relationship, athoughit was based on a small
number of cases. The risk to contrad childlike leukaemia was foundto be 2.7 times higher
for magnetic fields expasure of 0.2 uT and 3.8times for fields above 0.3 uT. There were no



Table3

Epidemiologicd studies of occupational and
residential exposureto static and ELF magnetic fields

Human population

Average eposure

| Reported risks

Satic magnetic fields

Soviet workersin permanent
magnet production
(645 expaosed people)

2-5mT at hands
0.3-0.5mT at hedd

Subjedive aand minor physiologicd
effeds[16]

US workersin auminium Nofield valuesreported |Increased risk of al classes of
plants leukaamia[17]
High-energy accéerator labs, |[Upto 2T No incressed risk for 19 common
bublde dambers, high-field diseasesincluding cancers [18]
magnet fadliti es (792 controls)

50/60 Hz magnetic fields
US workers Field exposuresbased on |Incressed risk of aate myeloid
438,000 eéah records jobtitle leukaamia[19]
US workers Field exposures based on | Higher incidence of brain cancer, bu

deah datafrom 16 States

jobtitle

not leukaemia [20]

US eledric utility workers
(36,000 mople)

Field exposures estimated
on measurements in the
workplace

No detedion d risks for any type of
cance [21]

Canadian and French eedric
utility workers
(223,292 pople)

Field expaosures estimated
on measurements in the
workplace

Relative risk of aaute myeloid
leukaemia anongworkers with higher
cumulative exposure [22]

US eledric utility workers
(138,000 pople)

Field exposures estimated
on measurements in the
workplace

No asxciation between occupational
exposure and leukaemia but link to
brain cancer [23]

1015 dfferent workplaces in

Field expaosures estimated

Increased risk for chronic lymphacytic
leukaemia. Increase risk for brain

Sweden invalving 169 on measurements in the fumour's for age under 40 and average
occupations workplace field above 2 T [24]. |

Swedish report on people|Field exposures estimated | Childlike leukaemia risk 2.7 times
living rea high vdtage|on measurements in the|higher for exposure of 0.2uT and 3.8

transmissonlines

residential aress.

above 0.3uT [25].

elevated risks for other types of cancer. The relative risk values are doser to the border line
of statisticd significance and the value of 0.2 uT distingushing exposed and urexposed
people may na provide, from current knowledge, a sufficient basis for setting threshold
expaosure limits of such low intensity.

On the mntrary, a recent survey on 36,000eledric utility workers reported no strong
consistent evidence of association between magnetic fields and any type of cancer [23].

As aready mentioned abowve, different studies disagreein important ways both on the
value of excessrisk asociated with magnetic exposure and onthe type of disease.




So far there is no laboratory evidencefor hedth effeds at the field values considered in
these studies. If some dfeds ocaur, they are likely to be so week that the bodyis almost able
to compensate, making them very hard to study.

8. STATIC AND ELF MAGNETIC FIELD EXPOSURE GUIDELINES AND
PROTECTIVE MEASURES

Currently available information has not confirmed evident and reproduwible alverse
hedth effeds in order to clealy indicae safe limit values and duations for magnetic field
exposure. There ae severa initiatives to establish official standards for occupational and
pulic exposure to static and ELF magnetic fields. Some governments, being urable to
determine standards with the suppat of the scientific knowledge, defined limit values based
onwhat istechndogicdly adcievable and nd on medicd or epidemiologicd studies.

Most of the guidelines reported in Table 4 have nat been issued by authoritative laws
but have been defined by international institutions as recommended limit values.

Table4

Limit values for occupational and puldic exposure to static and ELF magnetic fields.
(These referencevaues are not intended as a threshold to a dangerous level.)

Static magnetic fields
SLAC CERN CENELEC ACGIH
TC111
Working day/whaole body 20mT 200mT 200mT 60 mT
Working day/limbs 200mT 600mT
Short/whale body 200mT 2T 2T
Short/limbs 2T 5T 5T 2T
Genera pulic/whade body 10mT 40mT
General pulic/limbs 100mT
Persons with pacemaker 0.5mT 0.5mT 0.5mT
(or large metal implants)
Average Earth'sfield 50uT
ELF magnetic fields
CENELECTC| ACGIH ICNIRP Regulations
111 (50/60H2z) for transmisgson
lines (50/60 Hz)
Day/whade 80/f 60/f 0.5mT 100uT
body 1.6mT at 1.2mTa | 5mT (short) Italy 1mT
50Hz 50Hz (short)
Day/limbs 1250f 300/f 25mT Florida | 15uT




25mT at 50 6 mT at
Hz S50 Hz
Genera pulic/ 32/f 0.1mT New 20T
whole body 0.64mT at 1 mT (short) | York
50Hz
General pulic/ 500f
limbs 10mT a 50
Hz
People with 0.1mT
pacemaker
Badground 0.1uT
field

In Europe, a prestandard was approved in late 1994 by the Tedchnicd Committee
CENELEC TC111 iEledromagnetic fields in the human environmenti. This prestandard,
whose validity is limited initialy to three yeas, is divided into two parts dedicaed
respedively to occupational and public exposure to low frequency (0-10 kHz) and hgh
frequency (10 kHz — 300 Ghz) eledromagnetic fields [26]. It was isaued for provisiond
applicaion and may be modified, before mnwversion to a standard, on the basis of new
scientific findings and experiencegained duing its applicaion.

Presently there ae no federa standards in the United States but the Federal Energy
Policy Act established in 1994afive-yea program, knowvn as EMF RAPID program (Eledric
and Magnetic Fields Research and Public Information Dissemination), managed by DoE and
the National Institute of Environmental Hedth Sciences. This program shoud explore the
potential relevance of EMF exposure for possble hedth effeds.

Among the most important international organisations that developed expaosure
guidelines dhoud be mentioned: the International Commisson on Non-lonising Radiation
Protedion (ICNIRP) [27], the European Organisation for Nuclea Reseach (CERN) [28] and
the American Conference of Governmental Indwstrial Hygienists (ACGIH) [29]. The first
widely used gudelines for reseachers working with high magnetic fields were formulated by
the Stanford Linea Accderator Laboratory (SLAC).

Some studies [24, 25 reported posshle longterm effeds on hedth associated with
magnetic field strengths lower than those spedfied in Table 4. However, as arealy
mentioned above, they do nd prove indisputably that harmful risks exist and are not
suppated by evident scientific confirmations. Consequently there ae no sufficient bases for
setting threshold exposure limits of such low intensiti es.

The American Physicd Society (APS issued abulletinin 1995 orthis subjed reporting
that both the scientific literature and reviews by aher panels show no consistent and
significant links between cancer and adinary ELF magnetic fields.

On the basis of extensive laboratory studies, various other significant biologicd
processes do nd sean to be influenced significantly by static magnetic fields up to 1-2 T.
These processes include: cdl growth and morphdogy, DNA structure, reproduction,
physiologicd regulation and circadian rhythms [30].



8.1 Pacemakersand implanted metal objeds

Low intensity magnetic fields may be considered to be safe from the biologicd paint of
view but may cause problems to people with pacenakers. The majority of pacemakers
implanted today are synchronows and are adivated orly when the heat rate, continuowsly
monitored, falls below a preset level. Incorporated in the pacenaker is usuadly a real relay
that adivates fixed-frequency puses and is helpful for the physician to test the wrred
working d the gparatus. It was found that certain types of cardiac pacemakers in the
presence of static fields, above 0.5-1.5 mT, may reverse into this fixed-rate mode (cdled
asynchronows mode). This circumstanceis potentially hazadous and may lead to fibrill ation
owing to the cmmpetitive padng between the natural heat rate and the rate stimulated by the
pacemakers [31]. Also time-varying magnetic fields, in excessof 0.1-0.4 mT, may alter the
pacemaker functioning, byinducing vdtages that may be recognised as cardiacsignals.

Since magretic fields deaease as the distance from the source increases, the best
protedive measure, when the magnetic field is higher than these limit values, is a separation
distance Inany case warning signs for people with cardiac pacanakers or metal implants and
prosthesis (that may experience significant forces and torques) must be displayed in accessble
places where magnetic fields are &ove 0.5mT.

9. CONCLUSIONS

There is controversy onthe possble hedth effeds of static and ELF magnetic fields on
humans [32]. It is difficult to prove indisputably whether harmful risks exist or not.
Althoughthe patentially expaosed popuationislarge, therisks, if any, appea to be small and
limited to spedfic situations. But, in any case, it is better to keep the pulic exposure well
below the limit values. A valuable suppat may come from the new techndogies that, if duly
stimulated, may solve problems in ways that are mmpatible with the environment. There ae
alrealy examples, in ather sedors, panting ou how high-tednology companies are ale to
find alternatives in ashort time to comply with new regulations.

Most of the puldic atention is now focused on ELF fields, associated to high vdtage
transmisson lines but studies on the dfeds of static fields are dso expanding after the large
diffusion d magnetic resonance imaging (MRI) systems employing static magnetic fields up
to 2T. Static fields are expeded to attrad much more atention when high magnetic field
tecdhndogies, based mostly on superconductors, like superconducting magnetic energy storage
plants (SMES), thermonuclea fusion readors and magneticdly levitated trains (MAGLEV),
begin to spread.
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