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Is living near power lines bad for our health?

Ray Copes, MD,
Prabijit Barn, MSc

he debate of whether there are

I adverse effects associated with

electromagnetic fields from

living close to high-voltage power lines

has raged for years. While research

indicates that large risks are not pre-

sent, the possibility of a relatively

small risk cannot be conclusively
excluded.

Electromagnetic fields (EMFs) are
produced by electrical appliances,
electrical wiring, and power lines, and
everyone is exposed to them at some
level. Numerous studies have investi-
gated EMF exposure and health. Al-
though earlier studies did suggest
associations between exposure and a
variety of health effects including
brain cancer, breast cancer, cardio-
vascular disease, and reproductive
and developmental disorders, most of
these associations have not been sub-
stantiated by more recent research.
One notable exception to this is the
association with childhood leukemia,
which the International Agency for
Research on Cancer regards as suffi-
ciently well established to rate extreme-
ly low frequency magnetic fields as a
“possible™ human carcinogen.!

The first study to link childhood
leukemia with residential EMF expo-
sure was published in 1979 and since
then, a number of studies have found
weak associations to support this
original finding. Studies investigating
childhood leukemia as a health out-
come of EMF exposure have used

Dr Copes is the directar of BCCDC's Envi-
ronmental Health Services Division. Ms
Barn 1s an environmental health scientist at
BCCDC

measured and calculated magnetic
fields. as well as distance of homes to
power lines, as an exposure measure.
Studies using magnetic field strength
as an exposure measure have found
that exposures greater than the range
of 0.3 to 0.4 x4 T lead to a doubling risk
of leukemia, with very little risk below
this level.! This exposure range is
approximately equal to a distance of
60 m within a high-voltage power line
of 500 kV.

However, a more recent study
showed an elevated risk of leukemia
among children living in homes with
distances much greater than 60 m from
high voltage power lines.’ This study
involved close to 30000 matched
case-control pairs of children living
in the United Kingdom. It was found
that children living in homes as far as
600 m from power lines had an ele-
vated risk of leukemia. An increased
risk of 69% for leukemia was found
for children living within 200 m of
power lines while an increased risk of
23% was found for children living
within 200 to 600 m of the lines." This
study was notable in that it found some
elevation of risk at much greater dis-
tances than previous studies.

Although distance of homes from
power lines can be considered a crude
measure of exposure, the results of
this study do merit attention. A limit-
ed understanding exists of how expo-
sure to EMF can affect health. The
underlying biological mechanism is
unknown, making it difficult to deter-
mine which measure of EMF 1s most
appropriate when evaluating health
outcomes. Use of residential proxim-
ity may be a reasonable surrogate for
direct measurements of EMF, but may
also reflect other factors that are relat-
ed to proximity to high voltage lines,

If the association found in the UK
study does reflect a causal relation-
ship, what are the potential impacts in
BC? Using current BC leukemia rates*
and assuming similar proportions of
the population live near high voltage
lines, on a statistical basis, there may
be one additional leukemia in BC every
2 years. To eliminate this risk, one
would need to achieve a separation
distance of 600 m between every high
voltage power line and the nearest res-
idence. While this could be done, it
would require substantial changes to
existing land use patterns and would
require significant resources. While it
can be argued that this action 1s con-
sistent with some forms of the precau-
tionary principle, based on best avail-
able evidence, one can achieve much
greater risk reduction or health bene-
fits if resources are directed 1o other
larger, better established risks.
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Childhood cancer in relation to distance from high voltage power
lines in England and Wales: a case-control study

Gerald Draper, 1im Vincent, Mary E Kroll, [ohn Swanson

Abstract

Objective To determine whether there is an association
hetween distance of home address at birth from high voltage
power lines and Lhe incidence of leukacrnia and other caneers
in children in Fngland and Wales.

Design Casc-conirol shudy.

Sciling Cancer registry and National Grid records.

Subjeds Records of 20 03] children with cancer, including
U700 with leukaemia. Children were aged 0-14 vears and born
in Ingland and Wales, 1962-95. Conlrols were individually
mralched for sex, approximnale date ol bivth, and birth
regisiralion disbricl. No active parlicipation was required.

Main oulcome measures Distance from home address at hirth
w the nearest high voliage overhead power line in existence at
the time.

Results Compared with those who lived > 600 m from a line al
hirth, children who lived within 200 m had a relative risk of
lenkaemia of 1.69 (95% confidence interval 1.13 to 2.53); those
born between 200 and 600 m had a relative risk ol 1.25 (102 10
1.49). There was a signilicanl (P</0.01) renidd in risk i relation
Lo the reciprocal ol distance [rom ihe line. No excess visk in
relation to proximity to lines was found for other childhood
cancers.

Congclusions There is an association between childhood
leukaemia and proximity of home address at hirth to high
vollage power lines, and the apparenit visk extends 1o a grealer
distance than would have been expected [rom previous stiudics,
Abowt A% of children in Ungland and Wales live within 600
of high voltage lines at birth, If the association is causal, about
1% of childhood leukaemia in England and Wales would be
atributable to these lines, though this estimate has considerable
statistical uncertainly. There is no accepted biological
mechanismn Lo explain the epidemniological resulis; indeed, the
relation may be due Lo chance or conlounding.

Introduction

The electric power system produces extremely low frequency
electric and magnetic fields. Since 1979 there has been concern
that these fields may be associated with cancer.' Concern has
concenraled on magnetic ralher than clectric lelds and on
childhood leukacmnia in parlicular. A pooled analysis of nine
studics that mel specilied qualily crileria found that children liv-
ing in homes with 24 hour average fields of = 0.4 pT have twice
the risk of leukaemia® In 200 the Internatonal Agency for
Research on Gancer dassified extremely low frequency magnetic
felds as “possibly cardnogenic” on the basis ol “limited”

BM] VOLUME 53¢ 4 JUKE 20053 bunjcom

cpidemiological  evidence and  Cinadequate” evidence from
anirnals,

Magnetic fields in homes arise mainly from low voltage
distribution wiring, howse wiving, and domestic appliances. Only
a small fraction ol homes are close 16 high vollage overhead
power lines (transmission lines), but in these homes the power
line is likely 1o be Lthe oain source of magnetic leld.

Wo investigaled whether proximity ol home address at birth
to transmission lines in England and Whales is assodiated with
increased risks of childhood cancer. It is not known which period
ol lile, il any, is relevani Lo indwaion ol cancer by magnetic Gelds.
Previous rescarch has considered address at diagnosis or
throughout some specified period. Over half (53%) of cases of
childhood leukaemia and 43% of other cancers in childhood
oceur by Lthe age o' B yoars,

Methods

Cascs and conirols

Children aged 0-14 yoars with cancer (malignant neoplasms and
namonrs ol the conbral nervous syslem and brainy in ]-'_ngl;m(t,
Scotland, and Wales, ascertained through several sources includ-
ing the National Cancer Registration System and the TK
Children’s Cancer Study Group, are incduded in the National
Regisiry ol Childhood Tumours a the Childhood Cancer
Research Group.

Wo idenlilicd nearly 33 000 cases ol childhood cancer in
children born in Fngland and Wales, 1962-95, and diagnosed in
England, Wales, or Scotland over the same period. We obtained
birth information for just over 31 000 cases, 1700 having been
excluded because the child was adopted or the birth record
could nol be iraced. For cach case we selected [rom birth regis-
ters a control matched for sex, date of birth (within six months),
and birth registration district. Registration districts vary greatly
in size and are requently redelined; there are earrently abont
400. We attempted to find the postcode and approximate grid
reference of the address at hirth for all cases and controls, but
Lhis was not always possible. The nal dalaser comprised 29 081
malched case-control pairs (9700 [or leukacmia) thal we could
majp with respect to ransmission lines.

Calculation of distance from power lines

We looked at overhead power lines forming ihe National Grid in
England and Wales—that is, all 275 and 400 kV overhead lines
{the highesi vollages used) plus o small racion of 132 KV lines,
about 7000 ki altogether, We obiained the grid relerences ol all
21 800 pyvlons concerned from the records of National Grid
Transco. Using the postcode at birth we identified subjects living
wilhin 1 ki ol a iransmission line, For $3% ol these addresses we
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Table 1 Distance of address at birth fram nearest Mational Grid line for cases and contrals in each diagnostic graup, and estimated relative risk (AR}

Leukaemia CNS/brain lumours Other diagnoses

Digtance lo line (matres) Cases Controls RR Cases Conlrols RR Cases Conlrols RR
049 5 3 167 3 7 0.44 7 & 1.17
50-29 19 11 178 4 [ 0,69 13 16 0
100-198 40 23 1.64 i 22 0.8z 7 43 0.8
200-299 44 38 118 38 28 1.35 66 L] 087
300-289 &1 54 115 35 a0 1.19 79 65 1.21
400-49% 78 63 1.23 40 42 0.96 80 a7 0.82
500-589 75 56 1.28 54 # 1.33 88 83 1.01
=600 (reference aroup) 9378 9447 1.00 £405 6419 1.00 12 406 12 388 1.00
Tatal 9700 g700 6605 B605 12 776 12778

CH3=zentral nervous systam.

obtained, from the Ordnance Survey product AddressPeint, a
0.1 m grid reference and hence calculated the shortest distance

Lo any of the ransmission lines that had existed in the year of

birth, re-creating previous locations of lines when necessary and
possible. For calculated distances less than 50 m, we took the
average ol the nearesl and lurthest points ol the building o
the line, using large scale maps. We aimed Lo oblain a complete
set of accurate distances for all subjects within 600 m of a line, a
distance chosen to be well hbeyvond that at which the magnetic
ield from the line is thoughi (o be important.

Statistical analysis
We used conditonal logistic regression on the matched
casc-conlrol pairs (o caleulale relative risks and ¢* values.

Resulis

Lable 1 shiows the disuibuton of distances [om the nearest ue
for cases, subdivided into leukaemia, central nervous system.’

brain, and “other)” and lor malched conrols, Most (97%) ol
these distances were = 600 1L The relative visk is an estitnale ol

the indidence compared with that at distances =600 m. For leu-
Kaemia, al cach distanee calegory <2600 m the relative risks are
greater than 1.0y there is some evidenee that the risk varics
according to distance from the line, though there is no smooth
trend. For the other diagnoses, our data suggest no increased
risk.

In general, emanations [romn a line source are expecled Lo
reduce in stwength as the reciprocal of distance, but the
magnetic field from a power line generally falls as the inverse

square of distance, or sometimes the inverse cube’ For each
(1i;1gnosl.i(: EVOup, we lested whether the misk is some lunclion ol
distance () [rom the nearest line (Lable 2, using three models:
that the risk depends on the rank of the distance band, the
reciprocal of the distance (L/d), or the inverse square {(1/&).
There  were no o significant resalis Tor cenlral
systemnbrain tumours or for “other lamours” For leukaemnia,
the results of two of the trend analyses were significant
(P < 0.01); these analyses suggest the risk might depend ejther
on the rank of the distance category or on the reciprocal of dis-
ance. The latier seemns more plausible. We therelore retabulated
the results for lenkaemia at intervals corresponding to roughly
equal intervals of 1/d (table 3). This change in the grouping of
the dala does not change the patlern ol relative risk estimales
shown in lable 1T or the signilicance of the test Tor irend wilth
L/d. For simplicity we also analysed risk of leukaemia in hands
0- 199 m and 200-599 m. The risks relative to =600 m were | .69
and 1.23; the trend with 1/ was significant (P<0.01).

We examined the possibility that the relaton between
distance and risk of leakacmia is a consequence ol a relation
between distance and socdoeconomic stams. We used the
Carstairs deprivation index to allocate a measure of socioeco-
niomic slalis 1o the censis ward in which cach ehild was living a
birth.* ‘The resulls in lable 4 conlirm the previously reported
association between atffluence and risk of childhood leukaemia
(P for wend <(L01)" Adjusunent for socoeconomic status had
nio cllect on the relative visks Tor distance (Lable 53

Power lines produce simall air ions through a process known
as “corona.’ Fews et al suggest that this could lead to health

TICT YOS

Table 2 Tests of hypotheses relating trends in relative risks to alternative measures of proximity to nearest line (based an the eight distance categaries™ in

table 1). Figures are " for trand {with 1 df}) and P value

Leukaemia CNS/brain tumours Other diagnoses
Fanked distances 8,78, P=0.002 0.01, P=0524 064, P=0.424
Reciprocal of distance (14 6.72, P=0.0095 1.08, P=0.296 012, P=0.733
Reciprocal of square of distance (1707 1.47, P=0.225 1.83, P=0177 003, P=0.873
*Distance {4 for 2ach case is taken as midpeint of limits of band within which it lies (as spacifisd in table 1)
Table 3 Relative risk (RR) estimates for leukaemia using revised distance categorias {see text)
Distanes, o (metras) 1d RR {95% CI) RR* [95% CI)
0-4% 0.040 167 (0400 697) 1685 (03%t0 6.8%
B0-55 o7 151 (0480 4780 153 (048t0 4.88)
7050 ooz 202 (07610539 200 (07510 532
100-198 0007 1.64 (1.00t0 2710 1.64 (09910 2700
018 0010 169 (11310253 168 (11210 2.52)
200-593 0.003 123 (1.02t0 1.4 122 (1.01ta 147
=600 (refersnos group) 0000 1.00 1.00

*Adjustad for seciceconamic status.
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Table 4 Relative risks for categories of saciceconamic status

Socineconomic status Leukaemia CNS/brain tumours  Other diagnoses
1 (most affluent) 1.00 1.00 1.00
2 096 097 1.04
3 0.84 083 099
4 0.80 097 085
5 (most deprived 053 082 098
% far trend £.79, P=0.008 1.38, P=0.240 1.07, P=0.302

effects when winds blow the ions away from the line.” We have
made an initial test of this hypothesis using a simple model sug-
gested by Precce eloal (p(rrsmml communicalion), assming the
provailing wind is rom Lthe sowh west. The case-conlrol ralio was
no greater downwind than upwind of power lines, so, using this
admittedly oversimplified approach, we have no evidence to
supporl this hypothesis,

Discussion

“Liy dhate Lhis is the Largest study ol childhood cancer and power
lines, with roughly twice the number of children living close to
power lines than in the next largest swdy” We found that the
relative risk ol lenkacmnia was 1.69 (95% conlidence imerval 1.13
1o 2.55) lor children whose home address al bivih was within 200
m of a high voltage power line compared with those more than
600 m [rom the nearest line, For 200-600 m the relative risk was
123 {1.02 16 1.19). The Linding thal Lhe increased leukacmia risk

apparently extends so far from the line is surprising in view of

the very low level of immagnetic field that could be produced by
power lines al these distances.

Possible explanations for findings

There is no ohvicus source of bias in the choice of cases or con-
trols. The study is based on records of childhood cancer in Eng-
land and Wales over most ol the period thal the Natonal Grid
has  exisled. Regisiration Tor childhood  cancer is nearly
compete, and it seems improbable that the likelihood of regis-
tration is related to proximity of hirth address to transmission
lincs, Controls were selecled [rom regislers compiled through
the  legally  requived  process ol birth regisiration. No
participation by cases or controls was required. We calculated
distances withoul knowing casc-conlrol stalus, and we were able
Lo include 88% ol the cligible cases, cach wi th a malched
control.

Populations near power lines imay have different characteris-
tics [rom the rest of the popilalion. [ our conirol daia there is a
slighl. lendency inarban areas lor grealer allluence measured by
the Carstairs index) closer to lines, though in rural areas there is
no clear wend. There is known to be a positive assodlation
belween allluence and rvates ol childhood leakacmia 1lowever,
adjusument for socioeconomic stams of the census ward of birth
address did not explain our finding. Population mixing has heen
associaled with childhood leakacmia® bt in o cases individizal
m()l)ilil.}-‘_, moeasured by (:h;mg(rs of p()sl(.‘od(‘. brelween bivth aned
diagnosis, was no more comunen for those whose home at birth
was closer to the lines. Other characteristics of the population
{for inslance parity, which has sometimes been found Lo be asso-
daled with childhood lenkacmia® Ey vary with proximily Lo
power lines, but we do not have the data to determine whether
these explain our result.

The vesulis are highly significant bul could nevertheless be
due to chance—for example, if the levkaemia contwols are not
sufficiently representative of the relevant population. Some sup-
port Tor ihis explanalion can be dervived rom the dillevent
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distance distributions observed for the leukaemia and non-
levkaemia contols in table 1. Comparison of the leukaemia
cases with the Lalter sl suggests thal there is an inoreased risk
[or leukacmia but i is much lower than thatl found using the
matched controls. We emphasise, however, that the use of the
matched controls is the most appropriate approach.

Six of the studies included in the pooled analysis relerred (o

above? contain, or have been extended (o include, analyses ol

proximity to power lines.” " Of these, one, a previous UK
study,” with 1582 cases of leukaemia diagnosed during 1992-6
{mosL ol which will be contained within our 97003, lound 4 rela-
live risk of 142 {083 10 2.37) lor acuwe lymphocytic leukaemnia
within 400 m for 275 and 400 kV lines; this supports our results.
Smdies in Ganada' and Sweden™ also found increased risks for
childhood leukacrnia (Canada: relalive visk 1.8 (0.7 10 4.7) lor
residenice within 100 m ol ransmission nes of B kV or more,
and 1.3 within 50 m; Sweden: 2.9 (1.0 to 7.3) for residence = 50
m versus 101-300 m from 220 and 400 KV power lines, with no
increase for other childhood cancers). Studics rom Denmark,
Norway,” and the United States™ Tound relative risks below 1.0
but were based on smaller numbers. None of these estimates
relates to distances as great as ours; some used a reference
calegory Lhal is wilhin the distimee where we found an inareased
risk.

Our study concerned home address at hirth, whereas much
previous magnetc field epidemiology has concerned address at
other times. all of the children wilh leukacmia in this study had
the same address at dingnosis as al birth: we have ne
corresponding information for the control group.

The most obvicous explanation of the assodation with

distance from a line s that il s indeed a consequence ol

exposure Lo magnelic felds. For magnetc lelds in the home the
pooled analysis l)\ Ahlbom eLal loumd a velative risk of 200 (1.27
Lo 3.13) lor exposires 204 pl versus <2001 W the risks Tor
fields << 0.4 pT were near the no effect level” Another pooled
analysis, including additonal studies, found a similar result with
a lhreshold of 0.8 W1 For the power lines we investigated, the
magnetic Geld Falls o 0. W al an average ol aboul 60  [rom
the line (based on calculations using one vear of recorded loads
for a sample of 42 lines). Our increased risk seems to extend to
al least 200 m, and al Lthal distance typical calealated Helds rom
power lines are <01 pland often <007 pl' thal s, less Lhan
the average fields in homes from other sources. Thus our results
do not seem to be compatible with the existing data on the rela-
Lion between magnetic Helds and risk. The estimated relative risk
was ore closely relaled Lo the reciprocal ol the distance [rom
the line than to the square of the reciprocal of the distance.

Conclusions
While few children in England and Wales live close to high volt-
age power lines at birth, there is a slight tendency for the birth
addresses ol children with leukactnia (o be closer o these lines
than  those ol matched conrols. An assodialion  belween
childhood leukaemia and power lines has been reported in sev-
eral studies, but it is nevertheless surprising to find the effect
cxtenieing so Far from the lines. We have no salislclory expliana-
Lion Tor our resulls in lerms ol causation by magneiic lields or
association with other factors. Neither the assocation reported
here nor previous findings relating to level of exposure to mag-
nielic fields are supporied by convindng labovalovy data or any
accepled biological mechanism.

Assuming that the higher risk in the vicinity of high voltage
lines is indeed a consequence of proximity to the lines we can
cslitnale the attributable annual number ol cases ol childhood
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Power [requency magnede [elds, produced by the clectric
power systemn, are “possibly carcinogenic”

A pooled analysis of case-conirol sudies Lound tual,
children living in homes with high magnelde felds (0.4
uT)y had twice the rigk of childhood leukaiemia

1ligh vollage power lines are one source of these elds

A UK study of 20 )00 cases of childhood cancer, including
9700 cases of leukacmia. lound a raised risk ol childhood
leukacmia in children who lived within 200 m ol high
voltage lines at birth compared with those who lived
bevond 600w (reladve risk 1.7}

There was also a slightly increased risk for those living:
2006000 m from the lines at bivth (relative visk 1.2, P tor
rend <0001 as this is lurther than can readily be
explained by magnetic lelds i may be duc o other
aetiological factors associated with power lines

lenkacrnia in Mngland and Wales. The ammual incddence of
childhood leukaemia in England and Wales is about 42 per mil-
lion; the excess relatve risks at distances of 0-199 m and
200-599 m arc abow LG9 and 0.23, respeclively, giving excess
rates of 23 and 10 per million. (These two estimates allow for the
fact that the incidence for England and Wales is itselt’ partly
basced on cases ocanring in the vicinily ol power lines.) We esti-
mate that of the 9.7 million children in the population {2003
estitnale), at birth abowt 80 000 would have yved within 199 m
ol a line and 520 000 belween 200 and H99 . Thus, ol the A00-
420 cases of childhood leukaemia occurring annually, about five
would be associated with high voltage power lines, though this
cstitnale is imprecise. We emphasise again the uncerlainiy aboul
whether this statistical association represents a causal relation.

Weare gratefill 1o colleagnies at the Childhood Cancer Research Groupandd
at Natioral Grid Transeo for help with this study and (o caneer regisiries
and the United Eingdom Children's Cancer Study Groups [or naotificadons
of cascs of childhood cancer.
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Science commentary: Power to confuse
Geoll Watls

Ever since Nancy Wertheimer of the University of Colorado
reported her 1979 findings of an excess of cancer in children liv-
ing near ()\-‘(‘.l'h(‘.;i(tp()w(‘.r lines, seldom has a YOAr pass(r(i wilhol
aflurry of public debate over the safety or otherwise of these ugly
{the one thing all parties agree on} but essential installations.
Much ol the argument has been aboul the very exisience of
the alleged hazard, As recenily as lasi month, the organisers of
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the 15 year UK childhood cancer smdy declared that “perceived
risk factors such as living near sources of electromagnetic fields .

care ol principal canses, iUl all, of leukaemia in children” B
a clutch of smidies reporting a positive assodation—of which this
week’s by Draper and colleagues is the most recent'—has
cncowraged  researchors Lo conline  invesligaling  possible
nechanisons.,
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Electrical and magnetc fields can induce currents that might
alter the voltages across cell membranes. Magnetic fields might
cause the movement of ferromagnetic particles within cells. They
might also influence free radicals: atoms with unpaired electrons
thal ave highly reactive and play a partin all soris of biochernical
processes, Low [requency cleclromagnelic elds have been said
Lo alter the progress ol cells through the cell evele and rediace the
cllecliveness ol the immune system, Power lines might even
deflect and conceniirale cosmic vays on people living within their
vicinity, Evidence to support these and other ideas, however, is at
hest thin and at worst non-existent.

One of the more recent attempts at identifving a mechanism
sidesteps the need to invoke direct effects. For the past 10 years
or so, Bristol University physicist Dennis Henshaw has heen
working on the influence of powerful electric fields on the depo-
sition ol airborne particles. The relevanee ol this Lo power lines
cnlered public consdousness in 1999 with the publication ol two
papers by [enshaw and (:()Il(‘.;igu(rs.2 i | ligh cnergy power
systemns, they pointed owl, cause some breakdown in the
siwrrounding air moleeules and so generale posilive or negalive
ions. The systemns are designed to minimise this effect, butit does
still cccur—and any aerosol pollutants that pass through these
ion clouds can acquire an electrical charge,

If particles with a charge are inhaled, more of them will stick
o the ining of the respiratory system. The data are limited, but
one sindy thal used a model of the haman airway suggests thal

BM] VOLUME 53¢ 4 JUKE 20053 bunjcom

deposition could be increased by a factor of around three. A
2004 report by the (then} National Radiological Protection
Board conceded  the  plausibility o the mechanism and
suggested some lurther (rxp(n"im(mls." Draper and colleagues
refer to the Henshaw hypothesis but add that more work will be
necessary 10 rule il in or oul!

Like the Muoridalion ol drinking water and the genelic moodi-
fication of crops, the debate over power lines seems destined to
be with us for a while vet. So, in these risk averse times, and
belore aclivisls begin blowing up pylons, a bil ol perspective
might help. I 2002, according 1o the Child Acddent Preveniion
Trust, more than 536 000 children were hurt in road accidents
and arcund 200 were killed. Another 32 died in house fires.
Draper and  colleagues reckon that ve cases anmually ol
childhood leukaemia may be associated with power lines.

I Draper &, Vincent T, Krall ME, Swanson [ Childhend cancer in relation o disrance
from high voltage power lines in Fngland and Wales. a case-contrel smdy. BMY
2003 3Mpage nos
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3 Foews AP, Heshiw DL Wilding B, keich PA Cotona lons Bom powedines and
increased exposure to polliutanr aerosols fue f Radiad Fisl 1999.753.1323-31.

1 MNarional Radiological Trotecrion Board Tarticle deposition in the vicinity of power
Ly anel possible ellecls on hoallh Sherimerdy of NP 20041510,
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Electric and Magnetic Fields from
Power Lines

Elactric and magnetic fields, also known as
electromagnatic fields [EMF), consist of wavas of alectric Radiation Facts

and magnetic enarey moving together, Thesa enargy fizlds

surrannd us all the time. The Warld | lealth OrEanization, . .

_ ) o » Sciantific studias have
an agency of the United Marians, classifies extramely low
X i . K notclearly shown
frequency alactromagnetic fizlds as possibly carcinozanic
T ., K whethar axposure to
to humans based on limited avidence showing an X
L . . . L EMF incraases cancer
association with childhood leukemia, Howavar, scientific sk
risk.
studies have not consistzntly shown whather sxposure

o any source of EMF increasas cancer risk, Sciantists
cantinuera conduct research an rhe possible health effects
of expastre to CMFs in arder to imprese health risk assessments and prarection programs.

on this page:
# AboutClecrric and Magneric. Fialds from Power Linas

» What you can do

» Wherato learn more

About Electric and Magnetic Fields from
Power Lines

Electromagnetic Radiation (EMR)

Elactromagneatic radiation [EMRE) consists of wavas of alactric e

oa.goysinasdeEL

magnetic enargy moving togsther through space, An exampl

powear_l nes_power_ 1es.pige 1l
H

electromagnatic mdiation is visible light, Elactromagnetic ra_

can range from low to high frequency, which is measured in hartz, L
and can range from low to high energy, which is measurad in

al anorher term associated with

tron valts. Wavalan gth

electromagneric. radiarion, is the distance from the peak of ane

wave to tha naxt.

There are twa general kinds of electramagnatic radiation: ionizing

radiation and nan-ianizing radiation. lanizing radiarion is powarful Th'siza vcture oba telc ot

enough to knock elactrans ovt of their orbit arovnd an atom. This LN TS0 TIE

20 s [ To o o “TE R £
~icd pnftoeimage the e
AP IR 7RG AN TR

procass is called ionization and can be damaging to a body's cells,
Mon-ionizing radiation has enowgh energy to move atoms in a
molzcule around and cause tham to vibrate, which makes the atom LT posles.
heat up, bur natenough ra remee the electrans from tha arms.

Eleciromagnetic Fields (EMF)

Clecrramagnetic fields associared wirh elecrricicy are a type of low fraquency, hon-ionizing
radiation, and they can come fram bath natural and man-made saurces. For example, during a
thunderstorm the base of a cloud will develop a nemative charge whila the upper portion of a
cloud accumulatas a positive chargea, This separation of chargs leads to an 2lectric field which
increases in strength (measurad in volts par mater) as the 2lectric potential betwazn the base
and upper rezion of the cloud increases, At the same time, positive charge may begin to pool at
the surface of the earth. Wich sufficient strength, chis elecrric field can Iead ra a discharge
allowing the flow of electricity—the mavemanr of elacrrans, ar current—hetwean the sky and rhe
graund ii.e. lighrening. The flow of current generares a magneric fiald whose stran gt is
proportional to increasas in current {(maasurad in taslas), Tha image balow shows tha range of
frequencies for different forms of electromagnetic radiation found in the electromagnatic
spackrum.

The waves from power lines and 2lectrical devices have a much lower freguency than othar
typas of EMR, such as microwaves, radio wawves or gamma rays. However, a low frequancy wava
does not necassarily m=an that itis low enargy; a charging cable fora phone produces a low
fraquency, low enermy elactramaghetic field, while a high-rension power line can create a much
higher enargy elecrramagnetic fiald thatis still low in frequency.



EMIR associated with power lines is a type of low frequency non-ionizing radiation, Electric fields
are producad by alectric charges, and magnetic fizlds are produced by tha fllow of electrical
currant through wires or 2lactrical davices, Bacause of this, low frequency EMR isfoundin close
proximity to electrical sources such as powarlings, As currant moves through a powarline, it
creates a magnetic field called an electromagneric fiald. The strength of the CMF is propartianal
o tha amaounr of alecrrical current passing through the power ling and decreases as you maove
farther away, Bacavse of this proparty, the exposurs to an alectromagnetic fizld you would
receive fram a power line dacreases with distance,

What You Can Do

If wou arz concerned about possible health risks fram elactric and magnatic fields, you cam:

* Increase the distance hetween yourself and the seurce. The greater the distance betwesn
wall and the seurce of CMF, the lower your exposure.

Limit the time spent around the source. The less time vou spand near EMF, the lower your
exposure,

Where 1o Learn More

Multiple agencias within the federal sovernment regulate EMF. The agency that sets
standards far CMF depends on the fraquency af tha CMF. | loweser, in the United Srares,
thare are ha federal standards limitin g electramagnetic fields fram power lines and athar
similar soureas. Some srates set standards for the widrch of righr-of-ways under high-
voltage transmission lines bacavse of the potantial for 2lectric shock,

The World Health Organization (WHO)

The Wl G studies CMF and RF and invires scienrises fram all aver the warld ra callabarate
on thairreszarch,

Clecrramagnetic Fields [CMF) [ =hil s fwawonhicin.fpeh anefieads

This page discusses the World Haalth Greanization's [WHO's) EMF Project.

Department of Health and Human Services (HHS),
National Institutes of Health (NIH), National Institute of
Environmental Health (NETHS)

The Hational Institute of Environmeantal Health Sciences [MIEHS)'s mission is to discover
how the anvironmant affacts people in order to promots haalthiar lives,

Elzctric & Magnetic Fields [ <tz e, 7 ehs 7 haowhes 1140 7 eefagentsem Fides.c
This page includas a link to a report created by MIEHS that addrasses EMF from power
linas,

The States

Some state radiation protection programs have guidance and information on thair stata's
non-ionizing radiation regulations,

Radiation Control Frograms [ = 1=ps:ivave. crepd . mgm pega? naze
The Conferanca of Radiation Control Frogram Diractors (CRCPD
This webpage pravides links and contacr informatian for each state's Radiation Contral
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