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Amount of 
technical 

Note to readers: 
This publication contains 
a moderate level of technical 
detail. See page 40 for other 
BPA publications on this 
subject. 

MASTER 

INTRODUCTION 

ost people know that electric power lines, like M the wiring in our homes, can cause serious 
electric shocks if we're not careful. Many people 
also want to know whether the electric and mag- 
netic fields (EMF) produced by power lines and 
other electrical devices cause health effects. 

The purpose of this .booklet is to answer some 
common questions that the Bonneville Power 
Administration (BPA) receives about the possible 
effects of power lines on health. (BPA is the Pa- 
cific Northwest's Federal electric power marketing 
agency.) First, some basic electrical terms are 
defined, and electric and magnetic fields are de- 
scribed. Next, answers are given to several ques- 
tions about recent scientific studies. Some impor- 
tant information about electrical safety follows. We 
then describe how BPA i s  addressing public con- 
cerns about potential health effects of power lines. 
The last section tells you how to obtain more de- 
tailed information about the health and safety issues 
summarized in this booklet. 
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Electric Power Backaround 

BACKGROUND INFORMATION 

Electric Power Basics 

2 

This booklet uses six basic electrical terms- 
conductor, current, voltage, load, power, and 
circuit. The conductor is the wire you see between 
power poles or towers; it carries the electricity. 
Current is the movement of electrons in the conduc- 
tor (right). Voltage is the electric force that causes 
current in a conductor. Load is the electric power 
needed by homes and businesses. When a conduc- 
tor energized with voltage is connected to a load, a 
circuit is completed and current will flow. Electri- 
cal terms are summarized on page 3 in a compari- 
son with more familiar examples involving water. 

Electric Power Facilities 

I Direct current (DC) 

Current 
moves in one 
direction from 
negative to 
positive voltag 

AIternating current (AC) 
AC generator + 

alternates voltage. 

direction (60 times 
per second for 60 Hertz). 

There are two basic types of power lines: transmis- 
sion lines and distribution lines. Transmission lines 
are high-voltage power lines. The high voltage 
allows electric power to be carried efficiently over 
long distances from electrical generation facilities to 
substations near urban areas. BPA uses mostly 
alternating current (AC) transmission lines operat- 

Overhead ground wires 
(Protect the conductors 
from lightning strikes) 

ing at voltages of 115 kV, 230 kV, and 500 kV 
(1 kV or kilovolt = 1000 volts). BPA also operates 
one of only six direct current (DC) transmission 
lines in the U.S. . 

Utilities use lower-voltage distribution lines to 
bring power from substations to businesses and Typical Transmission Line 
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Electric Power Backaround 

Voltage. Electrical pressure, the potential 
to do work. Measured in volts (V) or in 
kilovolts (kV). 1 kV = 1000 volts. 

Camp plugged in ff 

Current. The movement of electric 
charge (e,g, electrons]. Measured in 
Amperes (A). 

Lamp plugged in 
and turned on: 

Switch 
1 A  on 

I Power. The product of volts and current. 
Measured in watts (W). In the above 
example: 

1 2 0 V x l  A=120W 

You can raise the voltage and lower the 
current and produce the same power: 

240V~0.5A=120W 

9 Conductor. Material that will carry electric 
current. 

Excellent conductor: Copper 
Fair conductor: Human body 
Non-conductor 
(an insulator): Rubber 

Hose connected to an open faucet 
but with the nozzle turned off. 

Water pressure in hose. 

Nozzle closed. 

Hose connected to an open faucet 
and with the nozzle turned on. 

Moving water in hose. 

I 

1 -  .. , . 

Nozzle open. 

Low pressure and large hose. 

I -- 

I 
Same water 

output. 
High pressure and small hose. \ 

Good conductor: open hose. - -”’ - ,  

Poor conductor: kinked hose. - 
3 



Electric Power Background 

homes. Distribution lines operate at voltages such 
as 25 kV and 12 kV. These levels are further 
reduced to 120/240 V when the power gets to 
homes and businesses. 

Electrical substations serve many functions in 
controlling and transferring power on an electrical 
system. Several different types of equipment may 
be present, depending on the functions of the par- 
ticular substation. For example, transformers 
change the high voltages used by transmission lines 
to the lower voltages used by distribution lines. 
Circuit breakers are used to turn lines on and off. 
The figure below shows how these facilities fit 
together in an electric power system. 

I Hydroelectric 
generator I l l  

Home wiring Pole-mounted Distribution 
1201240v transformer lines 

4-25kY 

Substation 
transformer 
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Electric & Maunetic Fields 

I 
f '  

DC magnetic field 
around a bar magnet. 

QUESTIONS AND ANSWERS 

What are electric and magnetic fields 
(EMF)? 

Power lines, electrical wiring, and appliances all 

invisible lines of force that exist in the area sur- 
rounding any electrical device. The DC magnetic 
field from a magnet (left) can be shown by sprin- 
kling iron filings around a magnet placed on a sheet 
of paper. Electric and magnetic fields have differ- 
ent properties, and possibly different ways of 
causing biological effects. Therefore, at times it is 
useful to talk about the two fields separately. The 
two fields are compared below. 

' produce AC electric and magnetic fields. EMF are 

1, Produced by voltage. 
Lamp but turned plugged off. In g79 
Voltage produces 
an electric field. 

@ 4  4 + 
2. Measured in volts per meter (V/m) or in 

kilovolts per meter (kvlm). 

1 kV = 1000 V 

3. Easily shielded {weakened) by conducting 
objects like trees and buildings. 

4, Reduced in strength with increasing 
distance from the source. 

1. Produced by current 
Lamp plugged in and 
turned on. Current 
now produces a 
magnetic field, also. 

2. Measured in gauss (€3) or tesla (T) 
1 milligauss (mG) = 0.1 microtesla {pT) 
milli (m) = 1 thousandth 
micro (p) = 1 millionth 

3. Not easily shielded (weakened) by 
most material: 

4. Reduced in strength with increasing 
distance from the source. 

5 



Electromagnetic Spectrum 

lo"- 

6 
10- 

1 0"l 
2 

10- 

0 1  
Hz 

How do electric power EMF compare to 
other types of fields? 

The electromagnetic spectrum (right) covers an 
enormous range of frequencies which are expressed 
in Hertz (Hz) (cycles per second). Electric power 
(60 Hz in North America, 50 Hz elsewhere) is in the 
extremely-low-frequency (ELF) range. ELF in- 
cludes frequencies below 3,000 Hz. 

In general, the higher the frequency, the greater the 
amount of energy in the field. Microwave fre- 
quency fields can have enough energy to cause 
heating in conducting material. Still higher fre- 
quencies like X-rays cause ionization: breaking of 
molecular bonds that damages genetic material. In 
comparison, ELF fields have very low energy levels 
which do not cause heating or ionization. However, 
AC fields, including those in the ELF range, do 
create weak electric currents in conducting objects, 
including people and animals (see page 15). 

Some points about the figure on the right: 
Frequency is shown in Hertz (Hz}. 1 Hz = 1 cycle per second. 
(Note that f O  means 10x1 0x1 O x l O  = 10,000 Hz, etc. ) 
kHz = kilohertz = 1,000 Hz, MHz = megahertz = million Hz 

1 cycle, 1 wavelength 

A3 As frequency goes up, wavelength 
gefS shorter, and more energy 
i s  transferred to  objects similar 
in size to the wavelength. 
Examples: 
Source Frequency Wavelength 
Power line 60 Hz 5,000 km (3s100 mites) 
Microwave oven 2,450 MHz 12.2 cm (4.8 in.) 

Electro- 
magnetic 

waveform v v 

6 

d Gamma rays 

Electromagnetic 
Spectrum 

22 
10 

10 ~ 

20 

18 
10- 

16' 
105 

800- 900MHz ~~ 

15-30 kHz. 

Direct Current + 



Earth's EMF, Appliances 

Earth's DC electric 
field comes from 
thunderstorms. 

Earth's DC magnetic 
field comes from 
currents in the earth. 

Doesn't the earth produce EMF? 

Yes, the earth produces EMF which are mainly DC 
(also called static fields). Electric fields are pro- 
duced by thunderstorm activity in the atmosphere. 
Near the ground, the DC electric field averages less 
than 200 V/m. Much stronger fields occur directly 
beneath electrical storms. 

Magnetic fields are thought to be produced by 
electric currents flowing deep in the earth. The 
earth acts like a large magnet. The DC magnetic 
field averages around 500 mG. This number is 
larger than typical AC electric power magnetic 
fields, but DC fields do not create currents in 
objects in the way that AC fields do (see page 15) 

How do EMF from transmission lines and 
appliances compare? 

Electric fields close to transmission lines are much 
stronger than the fields found near electrical appli- 
ances. However, remember that electric fields are 
reduced in strength greatly by objects like buildings, 
trees, and vehicles. Magnetic fields ve.y close to 
electrical appliances are often stronger than the 
fields directly beneath power lines. However, 
appliance fields decrease in strength with distance 
more quickly than do power line fields (page 8). 

Some appliances also produce both 60-Hz and 
higher-frequency fields. For example, video dis- 
plays such as TV sets and video display terminals 

7 



Aadiance Fields 

(VDTs) used with computers produce radio-fre- 
quency fields (10-30 kHz) as well as ELF fields. 
Typical 60-HZ magnetic fields for some appliances 
are shown in the box below. Appliance electric 
fields are usually less than 100 V/m at 30 cm (1 ft.) 
from the appliance. Some typical EMF levels for 
transmission lines are shown on page 9. 

Magnetic Fields Measured At Two Distances From Appliances on the Left 
27 cm 1.17 m 
(10.5 in) (46 in) 

1.4 mG 

0.4 mG € 0.02 mG 

Maximum 18.6 mG Maximum 

343 Color TVs 
Measured 

0 Median f 7.0 mG I Median 

Minimum 0.4 mG Minimum 

383 Electric 
Ranges Measured 

Maximum 

Median 

Minimum € 
28.6 mG 

9.0 mG 

0.5 mG 
Q 

Maximum 

Median 

Minimum 

6.2 mG 

0.3 mG 

0.0 mG 

17.2 mG 

2.1 mG € 0.2 mG 

Maximum 263.9 mG Maximum 

Median 1 36.9 mG Q Median 485 Microwave 
Ovens Measured 
(Outside 60-Hz field, Minim u m 0.9 mG Minimum 
not inside the oven) 

3.2 mG 

0.3 mG 

0.0 mG 

Maximum 41.2 mG Maximum 

11 8 Analog Clocks - Median f 14.8mG I Median 
Measured 

Minimum 1.8mG Minimum 

SOURCE Zaffanella 1993 

- 1  
! 1 8 ,  

. - .  
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Transmission Line Fields 

i=+% 
Approx. Edge 
of Right-of-way 

15 m 30 m 61 m 91 m 
(50 n.) (100 n.) (200 n.) (300 n.) 

Electric Field (kV/m) 1.0 0.5 0.07 
Mean Mag. Field (mG) 29.7 6.5 1.7 

0.01 
0.4 

0.003 
0.2 

Electric Field (kV/m) 2.0 1.5 0.3 0.05 0.01 
Mean Mag. Field (mG) 1.8 0.8 

Approx. Edge 
of Right-of-way 

20m 30m 61 m 91 m 
ft.1 

Electric Field (kvlm) 7.0 
Mean Mag. Field (mG) 86.7 

3.0 
29.4 

1 .o 
12.6 

0.3 
3.2 

0.1 
1.4 

Electric fields from power lines are rela- 
' tively stable because line voltage doesn't 
: change very much. Magnetic fields on 

Magnetic Field From a 500-kV Transmission 
Line Measured on the Right-of-way 

Every 5 Minutes for 1 Week 
70 

60 

50 

40 

E 30 

20 

10 

0 

u) 

m m 

f 

' most lines fluctuate greatly as current 
~ changes in response tokhanging loads. 
. Magnetic fields must be described statisti- 
1 cally in terms of averages, maximums, etc. 
2 The magnetic fields above are means 
calculated for 321 BPA lines for '1990 
annual mean loads. During peak loads 

, (about 1 % of the time) magnetic fields are 
about twice as strong as the mean levels 
above. The.graph on the left is an example 
of how the magnetic field varied during 1 

For This 1-Week Period: 

Minimum field = 22.4 mG 
Maximum field = 62.7 mG 

- - 
Thur Fri Sat Sun Tue Wed Thur week for one 500-kV transmission line. 

' These are typical EMF at 1 m (3.3 ft.) above ground for various distances from BPA lines. They are for general infor- 
mation. For information about a specific BPA line, see page 33. For other lines, contact the utility that operates the line. 
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Substations, EMF Exposures 

How strong are the EMF from electric power 
substations? 

In general, the strongest EMF around the outside of 
a substation come from the power lines entering and 
leaving the station. The equipment within the 
station typically does not produce large EMF 
beyond the substation fence. The strength of the 
EMF from transformers decreases rapidly with 
increasing distance, in a way similar to that of 
household electrical appliances. 

What are some typical EMF exposures? 

First, "exposure" must be defined. Scientists are 
still uncertain about the best way to do this. One 
problem is that we are usually exposed to EMF 
from a large number of sources every day. Should 
exposure be an average of the time spent in these 
fields, or is it important to know how much time we 
spend in high fields above certain levels? 

Several kinds of small meters are now available that 
can be carried or worn by a person to record mag- 
netic field exposures automatically. The figure on 
page 11 is an example of data collected with one of 
these meters. It shows the magnetic field measured 
every 24 seconds over a 24-hour period. For this 
person, field exposure at home was very low. The 
occasional spikes (short exposures to high fields) 
occurred when the person drove or walked under 
power lines, or was close to appliances in the home * 

or office. 

The strength of the EMF from 
electric transformers weakens 
rapidly with distance, as it does 
from electrical appliances. 

"AVERAGES" 
There are two common ways of 
describing a middle value in a , 

sample of measurements: 
Mean = The sum of all measure- 
ments in a sample divided by the; 
number of measurements. , I  

Median = The middle measure- 
ment in a sample arranged in : 
order of size. There are as many ' 
measurements larger than the , 

median as there are smaller. 
The median is useful for data 
with sope very high or very low 
measurements. 

~ 
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EMF ExDosures 

The figure below is a random 
sample of the magnetic field 
exposure of a BPA employee : 
over a 24-hour period. This 
person works in an office with 
a computer, and lives in an all-, 
electric house by a "very low - j  
current configuration" power 
line (see page 12). 

Some studies have used these automatic gaussme- 
ters to measure human exposure to magnetic fields 
(see page 12). These studies tend to show that 
appliances and building wiring contribute to the 
low-level background magnetic field exposure that 
most people receive. People living close to large 
power lines tend to have higher overall field expo- 
sures. However, as shown on page 12, there is 
much individual variation among homes. 

Example of 24-Hour Magnetic Field Exposure 
20 

16 

12 

Magnetic 
Field 8 
(mG) 

4 

0 

6 

Around h o u s e  Going t o  & work 

S l e e p i n g  
(No e lec t r i c  blanket)  

- 
Lunch 

o u t  

- 
Work 

Going 
home 



EMF Exwosures 

The five categories below were used to estimate magnetic field exposures in some studies 
of cancer in people living near power lines (see page 17). 

4.0 

3.5 

3.0 
Magnetic 

2.5 Field 
(mG) 2.0 

1.5 

1 .o 
0.5 

25% of Homes Higher 
' ,Than This Value 

- Median Value 

\25% of Homes tower 
Than Thisvalue 

I 7 P  Y, 2.01 

II 
1IL 

1 .26 
v 

0.92 a 
0.76 0.88 

I I 1 1 I I 
VHCC 

0.0 ' 
UG VLCC OLCC OHCC 

Underground Service: 
No overhead lines 
within 40 m (130 ft.) 
of home. ' /  (77 homes) 

Vety Low Current 
Configuration: 
Only overhead 
line within 40 m 
(130 ft.) is the line 
serving the home. 

(41 homes) 

I 
Ordinary Low 
Current 
Configuration: 
Primary or secon- 
dary distribution 
line within 40 m 
(1 30 ft.) of home. 

(79 homes) 

I 
Ordinary High 
Current 
Configuration: 
Transmission 
line within 40 m 
(130 ft.), or 
primary distri- 
bution line within 
20-40 m (64-130 ft.), or 
secondary distri- 
bution line within 
15 m (50 ft.) of home. 

(84 homes) 

\ 
Very High 
Current 
Configuration: 
Transmission 
line or large 
distribution 
line within 15 m 
(50 ft.), or a small 
distribution 
line within 7.6 m 
(25 ft.) of home. 

(50 homes) 

SOURCE Bracken 1994 
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EMF Standards 

Are there any standards for 60-Hz EMF? 

In the U.S., there are no Federal health standards 

ety, the American Conference of Governmental 
Industrial Hygienists (ACGIH), has developed 

. “Threshold Limit Values” for EMF which include 
60 Hz (below). These are guidelines for use by 
industrial hygienists in occupational settings. They 
are not a line between safe and unsafe EMF levels. 

specifically for 60-Hz EMF. A professional soci- 

’ 

Electric Field 

Occupational exposures should not exceed 

25 kV/m (from 0 Hz to 100 Hz), 

Prudence dictates the.use of protective 
devices (e.g. suits, gloves, insulation) 
in fields above I5 kV/m, 

For workers with cardiac pacemakers: 
Maintain exposure at or below I kVlm. 

Magnetic Field I 
Routine occupational exposure should 
not exceed: 

10 G (1 0,000 mG). 

For workers with cardiac pacemakers, the 
field should not exceed: 

1 G (1,000 rnG). 
SOURCE ACGIH 1993 

At least six states have set standards for transmis- 
sion line electric fields; two of these also have 
standards for magnetic fields (see page 14). The 
two state magnetic field standards (New York and 
Florida) are basically the maximum fields that 
existing lines in those states produce under maxi- 
mum load-carrying conditions. Interim guidelines 
on limits of exposure to 50/60-Hz EMF have been 
developed by the International Commission on 
Non-Ionizing Radiation Protection. These limits 

13 



EMF Standards 

are based on established effects of EMF (e.g., nerve 
stimulation) and they are much higher than EMF 
levels found typically in occupational and residen- 
tial environments (see table below). 

State Electric Field 
On R.O.W. Edge R.O.W. 

Florida 

Minnesota 

Montana 

New Jersey 

New York 

Oregon 

8 kVlm 2 kVlm 
1 0 kVlm 

. 8 kVlm 

7 kV/m 

-- 

I I .8 kVlm 
11 kVlm 
7 kVim 

9 kVim --- 

--- 
I kVlm 

3 kVlm 

1.6 kV/m 

Magnetic Field 
On R.O.W. Edge R.O.W. 

Y- 150 mG;(max. load) 
200 mG (max. load) 
250 mGC(max. load) 
-- 

--- 

I- 

--- 
200 mG (max. load) 

Maximum for highway crossings 
e Maximum for private road crossings 

R.0.W = Right-of-way 

a For lines of 69 to 230 kV 
For 500-kV lines 
For 500-kV lines on certain existing R.O.W. 

Electric Field Magnetic Field I Exposure (50/60 Hz) 
Occupational: 

Whole working day 1 0 kV/m 5 G  (5,000 mG) 
Short terma 30 kV/m 50 G (50,000 mG) 
For limbs -- 250 G (250,OO.O mG) 

Up to 24 hours per day 5 kV/m I G (1,000 mG) 
Few hours per dav 1 0 kV1m 10 G (10,000 mG) 

General Public: 

a For electric fields of 10-30 kV/m, field strength (kV/m) x hours of exposure should not exceed 80 for the Source: 
IRPA I INlRC 1990 whole working day. Whole-body exposure to magnetic fields up to 2 hours per day should not exceed 50 G. 

14 



Biological Effects 

Whaf happens when I am exposed to EMF? 
A person standing in an 
electric field (blue lines) 
showina induced current 

AC fields create weak electric currents in the bodies 
of people and animals. This is one reason why (white dgshed lines). 

A person standing in a 
magnetic field (blue lines) 
showing induced current 
(white dashed lines). 

Most of the 60-Hz current 
occurs between the cells. 

there is a potential for EMF to cause biological 
effects. As shown on the left, currents from electric 
and magnetic fields are distributed differently 
within the body. The amount of this current, even if 
you are beneath a large transmission line, is ex- 
tremely small: millionths of an ampere. The 
current is too weak to penetrate cell membranes, so 
the current is present mostly between the cells. 

Currents from 60-HZ EMF are weaker than natural 
currents in the body-such as those from the electri- 
cal activity of the brain and heart. Some scientists 
argue that it is, therefore, impossible for EMF to 
have any important effects. Other scientists point to 
results of some studies which show that biological 
effects can be caused by exposure to EMF (see page 
27). In most cases, however, it is not clear how 
EMF actually produce these demonstrated effects. . 

Strong electric fields, such as those found beneath 
large transmission lines, can also cause hair on your 
exposed head or arms to vibrate at 60 Hz. This is 
felt by some people as a tingling sensation. 
EMF from transmission lines can also cause nui- 
sance shocks from voltages created by EMF on 
objects like metal fences (see page 37). 



Erkiemioloav 

How do scientists study possible effects of 
power lines on people? 

They use a type of research called epidemiology. 
Epidemiology is the study of patterns and possible 
causes of diseases in human populations. Epidemi- 
ologists study short-term epidemics such as out- 
breaks of food-poisoning, and long-term diseases 
such as cancer and heart disease. Results of these 
studies are reported in terms of statistical associa- 
tions between various factors and disease. The 

, , , I  I - , I  I I I 

Epidemiologists.want to 
: find out whether some I 

' factor may be a cause of ! 
a particular disease. They f 

, often conduct case-control I 

studies to help answer i 
.their questions, The basic , 

steps in a case-control 1 
study are summarized 1 
in the table below. 

I I I 1,1 I ,, ,,, , I  , , 

The Process Examples 

1. A list of people with a particular disease is 
assembled. These are the cases. 

2. A list is assembled of people who are 
similar to the cases, but who do not have 
the disease. They are the controls. 

3. The numbers of cases and controls who were 
prevfously exposed to  factor X is estimated, 
This is often one of the most difficult parts of 
the study because exposures have often 
occurred many years in the past. 

4. The exposure ratio of the cases is compared 
to the exposure ratio of the controls. If the 
ratios are the same, there is  no association 
between factor X and the disease. If cases 
have a highei ratio, there is a positive 
association, and factor X maybe a cause of 
the disease, If the cases have a lower 
exposure ratio than the controls, there is a 
negative associafion. This would suggest 
that factorX may help protect people 
from the disease. 

Here are some examples of possible outcomes of a study of 
some factor X involving 300 cancer cases and 300 controls: 

If 71 cases were exposed40 factor X and 229 weremot exposed, 
the case exposure ratio = 71 i 229 = 0.31 .,If 71 controls were also 
exposed, the'controf exposure ratio is also 0.31. Dividing the case 
exposure ratio by th'e control ratio gives the odds ratio (OR), 
sometimes called relative risk ( 0.31 + 0.'31 = 1.00). 
An OR of 1 .OO means the odds that the caseswere exposed to 
factor X was the same as for the controls. Therefore& the 
example, there is no assoqiation between factor X and cancer. 

Now suppose 110 cases were exposed (ratio = 110 i 190 =,0.58 ), 
and 71 controls Were exposed (ratio = 0.31). The OR is 0.58 90.31 
= 1.87. If the OR is above 1.'00, there is a positive association 
between factor X and the disease. With certain assumptionsJhis 
means that, in fhe example, people exposed to factorX had ~ 8 7 %  
increased risk of having cancer. 

Even when the OR is above 1-00, calculations must be done to 
see whether it is statistically significant (more than just chance). 
In the example, the OR of 1.87 is statistically significant. Suppose 
another study was done also with 300 cases and 300controls. In 
this study, however, there were only 11 exposed cases an6 6 
exposed controls. Although the OR = 1.90, it is not statistically 
significant because of the small numbers of exposed subjects. 
See the box on page 17 for more on statistical significance. 

16 



Power Line Cancer Studies 

,,. , .,, , ,- " ""  , ,. . , -, , ,* , , " . I  

70 estimate sampling variability, 
.95% confidence are a true causal association. This includes assessing 
:calculated. For positive associa- ' 
:tions, a risk is statistically signifi- : possible effects of other factors (confounders) that 
:cant if the lower limit of the intewa( could affect study results. A statistically significant 
'is greaterthan unity, e&',, >1-00+ I finding does not necessarily mean a cause-effect 

box be'ow shows how I association. Usually, supplemental data are needed numbers of exposed subjects can : 
result in wide confidence intervals,; from studies of laboratory animals before scientists 
and nonsignificant results. i conclude that some factor is a cause of a disease. 

challenge is to discover whether the results indicate 

... . . I , I  .... . . . . .  < 

An OR is an estimate; there is a 95% chance that 
the true OR is within the 95% confidence interval 

7i35 
2 
- E 4  
a¶ 

a¶ 
0 

IEl E 3  *Statistically 2.66 Not statistically 
;c: significant significant P 

0 Above 1-00 
s 1.31 <- 
2 1  1 

OZI (These examples are based on studies 1 3 10.75 

g o  of 300 cases and 300 confrols) Below f -00 

What have the studies of cancer in people 
living near power lines found? 

Several studies have reported positive associations 
between cancer and power lines (see page 18), but a 
causal association has not been established. The 
first study to report an association between power 
lines and cancer was done in Denver in the late 
1970s. The study found that children who had died 
from cancer were two to three times more likely to 
have lived near high-current distribution lines 
compared to children who did not have cancer. 

A 1979 study in Denver by 
Wertheimer and Leeper 
first reported that children 
who developed cancer 
were more likely to have 
lived within about 15-40 m 
(49-1 31 ft.) of high-current 
distribution lines. 
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Power Line Cancer Studies 

c 

. 

Study Location Leu kern ia Other Cancers 

Wertheimer & Leeper'79 
Fulton et al. '80 
Tomenius '86 
Savitz et at. '88 
Coleman et at. '89 
t in & Lu '89 
Myers et al. '90 
London et at. '91 
Lowenthat et al. '91 
Feychting & Ahlborn '93 
Olsen et ah '93 I 

Petridou et al. '93 
Verkasalo '93 

Fajardo-Gutierrez et at. '93 

Denver, CO 
Rhode Island 
Sweden 
Denver, CO 
U.K. 
Taiwan 
U.K. 
Los Angeles, CA 
Australia 
Sweden 
Denmark 
Greece 
Finland 

Mexico 

OR = 2.95" 
OR = 1.09 
OR = 0.30 
OR = 1.54 
OR = 1.50 
OR = 1.31 
OR = 1.141 
OR =2.15* 
OIE = 2-00 
OR = 3.80* 
OR=1,50 
OR = 1.19 
SIR = 1.60 

OR =2.63* 

All Cancer OR = 2.22* 
Not Studied 
CNS Tumors OR = 3.70* 
Aft Cancer OR = 1.53' 
Not Studied 
All Cancer OR = 1.30 
All Cancer OR = 0.98 
Not Studied 

All Cancer OR = 1.30 
Alf Cancer OR = 5.60' 
Not Sfudied 
All Cancer SIR = 1.50, 
CNS Tumors in Boys, SIR = 4.20* 
Not Sfudied 

Wertheimer & Leeper '82 
McDowall'86 
Severson et at. '88 
Coleman et at. '89 
Youngson et at. '91 
Eriksson & Karlsson '92 
Feychting & Ahlbom '92 
Schreiber et at. '93 

Denver, CO 
U.K. 
Seattle, WA 
U.K. 
U.K. 
Sweden 
Sweden 
The Netherlands 

OR = 1 .OO 
SMR = 143 
OR = 0.80 Not Studied 
OR = 0.90 Not Studied 
Leukemia & Lymphoma OR = I .29 
Not studied 
OR = 1 .OO (Leukemia Subtypes OR = 1.70) 
No Cases 

All Cancer OR = 1.28' 
Lung Cancer SMR = 215* 

Multiple Myeloma OR = 0.94 

All Cancer SMR = 85, 
Hodnkins Disease SMR =469 

Notes: This table is intended to summarize briefly some of the selected, often-cited results of the residential 
cancer studies. The full papers should be consulted for details (see References section). 
Abbreviations: 
OR = Odds Ratio (see page 16). An OR of 1.00 means no increased or decreased risk. 
SMR = Standardized Mortality Ratio. An SMR of 100 means no increased or decreased risk. 
SIR = Standardized Incidence Ratio. An SIR of 1.00 means no increased or decreased risk. 
CNS = Central nervous system 
O/E = Observed number of cases divided by the expected number of cases. 

* This means that the number is statistically significant (greater than expected by chance), page 17. 
t For nonsolid tumors. which includes leukemias and IvmDhomas. 
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Swedish Studv 

- .  I ,,, 

Child Cancer Rates 
For children in the U S  

, Exposure to magnetic fields was identified as a 
possible factor in this finding. Magnetic fields were 

under age about, l4 Out 
- '  of lOO,OO,O deveiops,some , 

type,of cancepeach year I i 

from all causes, Aboutone- 1 

not measured in the homes. Instead, the researchers 
devised a substitute method to estimate magnetic 
fields from power lines based on (1) the size and 

' third otthese cases are i 
leukemias. During 1994, it is. , 

estimated that there, will be, : 
i 

child cancer in the,U.S., and 

(Sources: National Cancer ! 

Cancer Society 1994), 

i about 8;200,new cases of 

' about 1,,604 deaths. i 

Institute, 1992, American i 

.I , . I .. .. I .  _ ,  

number of power line wires, and (2) distance of 
power lines from the home (see page 12). 

A second study in Denver in 1988, and one in Los 
Angeles in 199 1 , also found significant associations 
between living near high-current-configuration 
power lines and childhood cancer. However, in 
these two studies the associations were not signifi- 
cant when measured magnetic fields were used in 
the analysis. Studies in Sweden, Finland, Denmark, 
and Mexico, found increased cancer risks for 
children living near high-voltage transmission lines. 

To date, 8 of 14 studies found at least one statisti- 
cally significant association between various types 
of childhood cancer and power lines (page 18). 
Two of eight studies of adults found significant 
associations between cancer and power lines. 
Although studies are often characterized this way, 
the diverse studies can't simply be "added up" in 
this manner (also, see the margin notes on page 22). 

What about the Swedish cancer study of 
people living near transmission lines? 

In late 1992, researchers in Sweden reported results 
of a study of cancer in people living near high 
voltage transmission lines. The Swedish study 
generated a great deal of interest among scientists, 
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Swedish Studv 

the public, and the news media. Relative risk for 
leukemia increased in Swedish children who lived 
within 50 m (164 ft.) of a transmission line. The 
risk was found also to increase progressively as the 
calculated average annual 50-Hz magnetic field 
increased in strength. However, the risks above 
were based on very small numbers of cases (see 
summary below). For adults, overall no statistically 
significant elevated cancer risks were found. 

The Swedish researchers concluded that their study 
provides additional evidence for a possible link 
between magnetic fields and childhood leukemia. 
However, differing opinions have been expressed 
by scientists about the study. For example, some 
scientists believe that the study is important because 
it is based on calculated magnetic fields existing 
around the time the cancers were diagnosed. Others 
are skeptical because of the small numbers of 
cancer cases, and because no cancer association was 
seen with present-day magnetic field levels. 

Finland 
Denmark { 

\ x '  

EUROPE 

, ,  , I^ 

Nordic Studies 
Researchers in Sweden, 
Finland, and Denmark recently : 

. combined the results of their ; 
transmission line studies. The 

. combined relative risk for child: 
leukemia was  2.1 and it was 

' statistically significant. This 
was based, however, on 13 : 
total cases, No significant risks : 
were found for lymphoma or I 

. for nervous system tumors. 
{Ahlbom et al. 1993) 

,, ,,,, I , 

E Cancer cases (from 1960-85) and controls selec- m for homes within 50 m (164 ft.) of transmission lines 
(6 cases) relative risk for child leukemia was 2.90 
and it was on the borderline of statistical significance, 

ted from the 500,000 people who had lived on pro- 
petty within 300 m (984 ft.) of 220- and 400-kV lines. 

E Magnetic field exposure was estimated by: 
1) in-home measurements, 2) dwelling distance 
from lines, and 3) calculated average annual mag- 
neticfield before and near time of cancer diagnosis. 

E The relative risk of child leukemia was 1.50 for calc- 
ulated fields of 1 to 2.9 mG (based on four leukemia 
cases), and 3.80 for fields above 3 mG (based on. 
seven cases). The trend for increasing risk with 
increasing field strength was statistically significant. 
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Excess leukemia risks were confined to one-family 
homes, and there were no elevated risks for other 
types of child cancers. 

There were no statistically significant elevated cancer 
risks for adults, 

m Control for possible effects of air pollution and socio- 

SOURCE Feychting & Ahlborn 1992,1993 
economic status did not change study results, 



Cancer Clusters 

Cancer cases (x's below) in a 
city may show patterns which 

I appeaito be "clusters." They 
r'  may seem to suggest a 

common environmental cause. 
Usually such patterns are just 
due to chance. Delineation of a 
cluster is subjective (where do 
you draw the circles?). 

CLUSTERS 
,As an analogy, think about how an 
.uncommon family name mighf be 
distributed at homes located 

'throughout a city. Would it be 
j unusual fo find neighborhoods where 
$two or three unrelated families with 
ithis same last name live in the same 
Tsmall area? Statistically, this may be ' 
ishown to be expected due just to I 

'chance. While four or more such 
'families may be very unlikely due to I 
]chance, this does not mean that it is : 

, :impossible. One possible cause ; 
(other than chance) for some such ' 

i"name clusters" is that the families ; 
:are part of the same ethnic group , 

and they choose to live close 
together. For perceived neighbor- 
: hood cancer clusters, however, 

' 

'health agencies generally never find 
a common environmental cause. It is : 
also apparent that the definition of a 
"cluster" depends on how large an ; 
area (neighborhood) is included. ' 

, : 

Are there high cancer rates in some neigh- 
borhoods close to electric power facilities? 

Scientists call unusual occurrences of cancer in an 
area or in time a "cancer cluster." In some cases, a 
cancer cluster has served as an early warning of a 
health hazard. For most reports of cancer clusters, 
however, the cause is never determined, or the 
perceived cluster is not really an unusual occur- 
rence. 

Concerns have been raised about seemingly high 
numbers of cancers in some neighborhoods and 
schools close to electric power facilities. In recent 
years, three state health departments have studied 
apparent cancer clusters near electric power facili- 
ties. A Connecticut study involved five cases of 
brain and central nervous system cancers in people 
living near an electrical substation. The local rates 
for these types of cancer were found to be no 
different from state-wide rates. Examination of 
cancer rates at various distances from the substation 
also failed to show evidence of clustering. In North 
Carolina, several cases of brain cancer were identi- 
fied in part of a county that included an electric- 
power-generating plant. An investigation showed 
that brain cancer rates in the county, however, were 
actually lower than state-wide rates. Among staff at 
an elementary school near transmission lines in 
California, 13 cancers of various types were identi- 
fied. Although this was twice the expected rate, the 
state investigators concluded that the cancers could 
have occurred by chance alone. 
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Electrical Workers 

Do electrical workers have higher risks of 
cancer? 

p Several studies have reported increased cancer risks 
for jobs involving work around electrical equip- 
ment. To date it is not clear whether these risks are 
caused by EMF or other factors. A brief report 
published in 1982 by Milham was one of the first to 
suggest that electrical workers have an increased 
risk of leukemia compared to other occupations. 
The study was based on death certificates from 
Washington state, and included workers in 10 
occupations assumed to have elevated exposure to 
EMF. About 49 studies have now reported statisti- 

Notes about thetable betow: '. 
Study results are presented in 
very general terms, The studies ' 

, can't be "added up" this way to 
reach some conclusion about , 

' health effects. This is because ' 

many types of studies are 
included. Also, many studies that- 
reported no significant risks did ' 

report elevated risks (above 
' 1.00):The risks were not 
, significant possibly because of 

small sample sizes. For studies 
included as significant, some 
found only one or a few signifi- 
cant risks out of several that : were calculated. When a large 

cally significant increased risks for various types of number of risks is calculated, 
cancer in occupational groups exposed to EMF (see ' Some can be "sigl'ificanr' due to 

chance, Also, studies with 
table below). Relative risk levels in these studies positive findings may tend to be 
are mostly less than 2.00, and the possible influence published more often than 
of other factors such as chemicals has not been I , .  . I, ,, , 

' 

, , .  
, negative studies. 

Cancer Type Significant Increased Risks No Significant Increased Risks Totals* 
Leukemia 22 23 45 

Brain Cancer 

Male Breast Cancer 

Female Breast Cancer 

13 

3 

1 

17 

7 

3 

30 

i o  

4 

Other Cancers 18 23 41 

Totals .57 73 7 30 

* Many studies included more than one cancer type, so the total number of studies is about 79 rather than 130. Of 
these 79 studies, about 49 reported increased risks (Le., at least one risk above 1.00 that was statistically significant). 
SOURCE Based on published and unpublished studies in national reviews listed on page 46, with newer individual studies added. 
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Electrical Workers 

I I ' I ,  I I 

Occupations included'in. tho I 
. "electrical" category in 3 

: Electrical engineering techs. . 
Electrical engineers, 

Power line & cable workers 
Power station operators i 

. the fable on the right: i 

; Electricians ! 
! 

G Telephone line workers 
, W &  radio repairmen 
I Welders & flame cufters ' . . __ ., ., . . . .. . ," .,. 

,, I , 

Canada-France Study I 
This.large,study focused on : 
cancer types. associated 
.previouslywith magnetic fields ' 
including lymphoma, leukemia, ' 
brainxancer, and skin mela- I 
.noma. All other cancers were , 

.studied on an exploratory basis.; 
. . , . . . . 

ruled out. At least 30 other studies did not find any 
significant cancer risks in electrical workers. In 
most of the studies summarized on page 22, EMF 
were not measured. Instead, "electrical" job titles 
were used as indicators of assumed elevated expo- 
sure to EMF. 

A recent study provided some information on EMF 
exposures for various electrical workers. As shown 
in the table below, electrical workers in Los Ange- 
les and Seattle did have higher EMF exposures than 
non-electrical workers. The Los Angeles electrical 
workers also had a 29% increase in leukemia, but 
there was no association between leukemia and 
magnetic field exposures among jobs within the 
group (no "dose-response" trend). 

A new study looked at 4,151 cancer cases in over 
223,000 workers from two utilities in Canada and 
one in France. For certain leukemia types, Theriault 
found statistically significant elevated risks of up to 
threefold (for cumulative magnetic field exposures 
above the median). Risk was also elevated signifi- 
cantly (1 2.3) for one type of brain cancer, but only 
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Cancer Reviews 

at 'the highest 10% level of exposure. There were 
inconsistencies in results among the three utilities, 
and no clear indication of a dose-response trend. 
The authors, therefore, said that their results do not 
provide definitive evidence that magnetic fields 
were the cause of the elevated risks found in leuke- 
mia and brain cancer. For nearly 30 other types Of 

; A iicent'eIectricaI worker study in 
t the US. inv0lved36~000 workers I 
at a large utility in California (Sahl ; 
et al. 1993). Some eIevated risks 

' 

' for leukemia of less than 2.00 were i 
found, but they weren't statistically 

, significant. No consistent evidence 
I of an association between me;L- I 

Sured magnetic fieIds and cancer I 

was found in this study. 
.,, I ,,,, ,,, , , , .  I ,  

cancer, no significant elevated risks were found. . "  

What have governmental reviews con- ' cluded about EMF and cancer? 

. Governmental reviews have concluded that existing 
scientific evidence, although suggestive, does not 
show that EMF cause cancer. These include na- 
tional reviews by: an Advisory Board to the U.S. 
Environmental Protection Agency, Advisory Panel 
to the Australian Minister of Health, National 
Radiological Protection Board of the United King- 
dom, Danish Ministry of Health, French National 
Institute of Health and Medical Research, and 
reviews by the states of California, Texas, Con- 
necticut, Illinois, Maryland, and Colorado. 

In 1993 a Swedish agency concluded that, based on 
results of a recent study in that country (page 19), it 
is assumed that a causal link exists between mag- 
netic fields and childhood leukemia. The Swedish 
government is studying cost-benefits of possible 
magnetic field regulations and other actions that 
may be adopted. In nearby Denmark, a government 
agency concluded recently that there was no scien- 
tific reason for standards for high-current lines. 
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Cancer Reviews, Energy Use & Cancer 

" +.. some of the epideiniologkal evidence issuggestive of an association 
between surrogate measurements of magnefic-fielii exposure and 
certain cancer ouicomes... [lack of sufficieni data] ... prevents the 
inference of cancer causatiQfiom #rese associations at this time. ' 9  
(US. EPA Science Advisory Board f991) 

... It has not been scientifiaay established thaf magnetic fields of 
extremely low frequency initiate orpromofe cancer or have any other 
Itarnifil effects on liumans. However, it has nof been scientijicdy 

99 
(Advisory Panel to Australian Minister of Health 1992) 
estaldished that such jietds are not hannful. 

" ... the epidemiologic findings tlrai have lieen reviewedprovide no 
firm evidence of tlre ewistence of a carcinogenic hazard from 
exposure [fo EMF].. . the filldings fc date C M  be regarded on& 
as suffieiemt to just$? formukting a hypothesis far lesting by 
fitrtlrer investigaiions, 99 
(U.K. National Radiologlcal Protection Board 1992) 

66 ... the epitfemiobgic resulis presently 
avaifable do notpennU fhe exclusion 
of a role formagneticfiela3 in the 
incidence of ?eukemia% particuIarIy 
in chi&en. New invesfzgations are 
necessaty to confirm or deny this role. " 
(French National Institute of 
Health and Medical Research 1993) 

"... tlu? Board tviII act on fie assumption 
that there is a connection benveen power 
frequency magnetfc fields and clifldhood 
cancer, wJren preparing regularian on 
electrical instnllations. '9 
(Swedish Natlonal Electric Safety 
Board 1993) 

U.S. per capita 

If EMF really do cause or promote cancer, 
shouldnit cancer rates have increased 
along with the increased use of electricity? 

El 
electricity sales 
from 1950-91. 
(Kujawa et al. 1992) 

Not necessarily. Although use of electricity has 
12, I increased greatly over the years (left), EMF expo- 

sures have probably not increased in the same way. 
Changes in the way that buildings are wired, and in 
the way electrical appliances are made, have in 
some cases resulted in lower magnetic field levels. 
Rates for various types of cancer have shown both 

0' I 
'50 '70 '91 increases and decreases through the years. 
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Other Health Studies 

Child Cancer 
Morta l i ty  Rates 

For example, mortality rates (deaths) for the two 
most common cancers in children have decreased 

available beginning in the early 1970s.) Incidence 

because of better treatment and survival (right). 

have tended to increase for unknown reasons. 
(Reliable data on incidence rates only became 

1.5 

leukemia 
= 55% decrease Incidence rates (numbers of new cases), however, 

a, ~0.6 

rates can reflect changes in various exposures, and 
they are affected by changes in how cancers are 
diagnosed and reported. 

'73 '80 '89 
Source: Milter et at. 1992 

The effect of a major cancer risk factor, like smok- 
ing, is evident in the historic lung cancer rates. The 
possible effects of EMF would be mixed with those 
of many other factors having small or moderate 
risks to certain segments of the population. The 
individual contribution of these factors would be 
difficult to separate in the overall cancer rates. 

Child Cancer 
Incidence Rates 

'73 '80 '89 
Source: Miller et at. 1992 

Besides cancer, what other kinds of effects 
have been reporfed in epidemiologic 
studies involving EMF? 

Several epidemiologic studies have looked for 
effects of EMF on general health, reproduction, 
suicide and depression, and hypersensitivity. Most 
numerous are studies of possible effects on repro- 
duction. Sources of EMF exposure in the reproduc- 
tion studies included power lines and substations, 
electric blankets and heated water beds, electric 
cable ceiling heat, and VDTs (video display termi- 
nals). Although evidence is weak for effects from 
VDTs, guidelines developed in Sweden have been 
adopted by some makers of video monitors (right). 
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Limits for magnetic fields 
in the 5 Hz to 2 kHz range: 

At 50 cm 

Sources: MPR-II. SWEDAC 1990. 
TCO 1994. 



Laboratory Studies 

Several studies looked at the overall health of high- 
voltage electrical workers, and a few looked at the 
incidence of suicide or depression in people living 
near transmission lines. Some studies have also 
investigated the possibility that certain sensitive 
individuals may experience allergic-type reactions 
to EMF. 

Recent reviews have assessed the kinds of EMF 
research listed above. Typically, the reviews 
conclude that many of the studies have method- 
ological problems such as small sample sizes. To 
date, there is only weak evidence that EMF cause 
the type of health problems described above. 

What kinds of effects of EMF have been 
reported in laboratory studies? 

Several kinds of biological effects have been re- 
ported in studies of electric and/or magnetic fields 
(page 28). A biological effect is a measurable 
change in some biological factor. It may or may not 
have any bearing on health. Overall, effects attrib- 
uted to EMF have been small and difficult to repro- 
duce. Very specific laboratory conditions are 
usually needed for effects of EMF to be detected. It 

Cancer 
Laboratory studies have : 
shown that it is unlikely that 
EMF can initiate the cancer 
process, Some studies 
suggest, however, that 
power-frequency EMF may 
promote development of 

is not known how EMF actually cause these effects. 

Laboratory studies to date have not answered 
questions about possible human health effects. 

certain existing cancers. 
Several large-scale studies of 
laboratorv rodents are 

These studies ar;, however, providing clues about 
how EMF interact with basic biological processes. 

underwai which are testing 
this hypothesis. 

The cell membrane may be an important site of 
interaction with induced currents from EMF. 
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Melatonin , 

Decrease in bone fracture-healing rate (E) 

Avoidance of strong fields (E) 

Decrease in the hormone melatonin (E,M) 

Changes in stress hormones (E) 

Changes in tumor development (E,M) 

Changes in white blood cell counts (E) 

Temporary effect on growth (E,M) 

Changes in behavior tests (ExM) 

Field detection (E) 

Slowing of human heart rate (E,M) 

Changes in human brain activity (E,M) 
Source: Laboratory references listed on page 48 

Changes in biorhythms (E,M) 

Changes in functions of cells 
and tissues (E,M) 

(E = electric field, M = magnetic field) 

What about effects of EMF on the hormone 
melatonin ? 

Melatonin is a hormone produced mainly at night 
by the pineal, a small gland in the brain. In the 
1980s, scientists found that in rats exposed to 60-Hz 
electric fields, nighttime melatonin levels were 
reduced greatly. Other studies have since reported 
that both AC and DC magnetic fields can also affect 
melatonin levels. Recent studies, however, have not 
been able to confirm the large effect of electric 
fields on melatonin. Also, melatonin levels were 
not affected in sheep raised for nearly a year in the 
EMF directly beneath a BPA 500-kV transmission 
line. The Midwest Research Institute has begun a 
new study aimed at determining whether 60-Hz 
magnetic fields can affect melatonin levels in 
people. See page 29 for more on melatonin. 

Melatonin and Cancer 
One reason scientists are 
interested in melatonin is that 
it could help explain results of 
some EMF epidemiological 
studies. Melatonin seems to 
have a natural ability to slow 
the growth of some cancers, 
including breast cancer. If 
power-frequency EMF can 
affect melatonin in humans, 
this could be  a,mechanism to 
explain results of some EMF 
studies of breastcancer. 
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Melatonin . 

What is it ? 
Circadian rhythm 
generator 

Melatonin 
Pineal gland level in 

Noon Midnight Noon Midnight Noon Midnight 
The daily secretion of the hormone melatonin 
by the pineal gland is driven by a natural 
generator in the brain. Light regulates the generator 
so that melatonin secretion by the pineal matches the 
day-night cycle. 

Melatonin levels are very low during the day 
and increase rapidly at night. The secretion 
corresponds to the length of the night. This 
provides biological information about the time 
of day and the time of year. 

6 , '  

What does it do ? 
I ,  

<._1- 

circadian rhythms *;$, f &- suppress,ion , ,-, , .~ I Tumor I '" " 
Regulation of r'T;v +. :?;j., 

Melatonin helpsjregulateb~J~bio- : 
logical rhythms such~s&?ble3pa 
wake cycle. It alsoap@$idto 
influence mood and behavior. Some 
types of depression and " jet lag" 
may be related to irregularities 
in the melatonin rhythm. 

. , . " . .  . . .  I seasonal breeding- /' 
i.cI"'. Wildlife and anydom stic sfecies;;? 

such as sheep breed only at cehain 
times of the year. Melatonin provides 
the animals' reproductive system with 
the necessary time-of-year information. 
If melatonin patterns are altered, the 
timing of reproduction can be affected. 

# I $  . Melatonin seems to have an anti- 
tumor effect. In some studies, 
breast cancer in women was asso- 
ciated with low levels of melatonin. 
Some animal and cell studies also 
found that melatonin helps reduce 
the growth of tumors. 

What affects it ? 
Under certain conditions, night-time melatonin can be depressed by light, stress, alcohol, and EMF. 

Laboratory rats 

Studies in the 1980s first 
reported that 6WHt-electric 
fields redup@greptl$ pineal 
metatonin (b rats,,&wer 
studies,ha$e,not geen able 
to\Tep&?h&se.findings. 
Some studies have reported 
that 50/60-Hz magnetic fields 
affect melatonin, but other 
studies did not find this effect. 

Hamsters 

Two studies found that 
60-Hz magneticJf$lds 
reduce'dimelatonin*le~~ls 
in.h&mster . Exp sur6 
% th&~i?j~6Eqi&d 
for on19'15 minuted 
during the light period. 

Sheep /.,,\,. 

A ptuiij;"fijbxtia6i'effe& 
O~EMF on.melatonin j i i  
stieep raised beneatG a 
BP+ 500-kV transyhssion 
line ic@regon::here 
weredlso no effects 
on reproductive cycles, 
however, a possible 
effect on the immune 
system was found. 

HU!?!?,ns 
' '\.I 

One study $.iggpsted mel- 
atonin was%i@c\ed in certain 
women uqng s p e p l y  made 
electric blavketq ~ study IS 
under wakto setpvhether 
magnetic fields affect mela- 
tonin in people ujder labor- 
atory conditions. e study in 
Seattle isiattemptpg to see 
whether dreastpancer in 
women is re@ 'd to EMF. :J >., 
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Ongoing Research, Transmission Lines 

Are more studies of EMF being done? 

p Yes, worldwide, there are over 200 studies under- 
way or planned involving magnetic and/or electric 
fields. These include epidemiologic, laboratory, 
environmental, and engineering studies. Many of 
these involve some aspect of cancer development. 
These studies are sponsored by Federal and local 
government agencies and by private organizations, 
including electric utilities and appliance manufac- 
turers. 

The 1992 National Energy Policy Act included a 
provision for a 5-year, $65-million program of 
research and information dissemination on EMF. 
The program will be supported by both Federal and 
matching voluntary private funds. The program is 
being coordinated by the U.S. Department of En- 
ergy and the National Institute of Environmental 
Health Sciences. 

1s it safe to live close to a transmission 
line? 

Living close to a transmission line can increase your 
overall exposure to EMF (see page 12). As dis- 
cussed above, with the exception of Sweden, gov- 
ernment health or safety organizations worldwide 
have reportedly not assumed or concluded that EMF 
cause cancer or other health effects. 

It is generally acknowledged that several studies 
have reported increased cancer risks, especially for 
children living close to high-current power lines. 
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Although these studies suggest potential risks, 
scientists do not yet know whether EMF, other 
factors, or methodological problems are responsible 
for the findings of these studies. 

It is possible that future studies will provide suffi- 
cient information to establish whether or not EMF 
are a hazard to human health. The newer studies 
may also show that factors other than EMF were 
responsible for effects reported in earlier studies. 
is also possible that, even with more research, there 
will be no scientific resolution to the EMF issue in 
the near future. 

The answer to this question, therefore, involves: 
(1) a great deal of judgment about the meaning of 
existing scientific evidence, (2) speculation about 
the possible results of future studies, and (3) indi- 
vidual perception about the relative importance of 
various potential health risks. 

During this period of uncertainty, there are some 
things that you can do to help answer this question: 

1. Become well-informed about the EMF issue by 
reading and talking with people from a variety 
of sources. 

t 

2. Find out about the EMF levels produced by the 
particular transmission line you are interested 
in. (You may be far enough away from the line 
so that EMF levels are very low-see page 9.) 
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3. Try to place EMF in perspective with other 
potential and real health risks that are important 
to you (see BPA publication number 4 listed on 
page 40 for information on various risks). 

What can be done to limit EMF exposures? 

While scientific research is ongoing, there are a 
number of ways that individuals and organizations 
can reduce exposures to EMF if they choose to do 
so. Some methods entail little or no cost, while 
others could be very expensive. Because scientists 
are still trying to determine whether or not EMF are 
hazardous to health, it is not clear how much should 
be done at this time to reduce exposures. Below are 
some examples of general ways to reduce exposures 
to EMF. 

.- 
Moving your bedside clock 

Increase distance from a shod distance can 
the source. greatly reduce the field 0.8 ,,,G f 

level, 

Increase distance from a 

level, 

D,esign source to shield 
or cancel field. 

New transmission lines 
and some appliances 
are designed to produce 
lower field levels. 

4 Reduce time spent in field. Don't spend time in high 
fields if you don't have 
to. Some people use an 
electric blanket to warm 
up the bed, they then 
unplug it before going to bed. 
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Home EMF Measurements 
I 

How can I find out how strong fhe EMF are 
where I live or work? 

You can get a general idea about magnetic field 
levels around various kinds of electrical appliances 
from the figure on page 8. Also, page 9 shows 
typical EMF at various distances from BPA 
transmission lines. If you want more specific 
information about EMF from a particular BPA 
transmission line, contact your nearest BPA office 
(see page 41). If the line that you are interested in 
is not owned by BPA, you should contact the utility 
that operates the line. 

If you want to make your own field measurements, 
there are several companies that sell gaussmeters 
which measure 60-Hz magnetic fields. Some of 
these meters will also measure electric fields. For 
information on these meters, contact BPA or your 
local utility. 

Several companies make small 
meters that measure power- 
frequency magnetic fields. 
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Home EMF Measurements 

How does the magnetic field throughout my 
home compare to other homes? 

As a comparison with the magnetic field throughout 
your home, see the figure below. It summarizes 
spot measurements of magnetic fields made in the 
center of rooms in 992 homes throughout the U.S. 
The all-room mean magnetic field for all homes was 
0.9 mG. Only 15% of the homes had mean mag- 
netic fields greater than 2.1 mG. The measurements 
were made away from electrical appliances, so they 
primarily reflect the fields from outside distribution 
lines and electrical grounding sources. 

% of Homes That Exceeded 
Magnetic Fields on the Left All-Room Mean 

Magnetic Field 25% 50% 

0.6 mG 

1.1 mG 

2.1 mG 

2.9 mG 

50% 

7 
6.6 mG 

1 
I 

I 

The study of 992 homes was 
not designed to measure 
people's actual exposure to 
magnetic fields. Instead, it 
focused on identifying internal 
and external sources of these 
fields in the home. Your 
exposure to magnetic fields 
depends on how much time you 
spend near various sources, 
and on the strength of the fields 
produced by the sources (see 
pages 7 through 12). 

C 

L I I 

Source: Zaffanelia 1993 
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POWER LINES AND SAFETY 

The previous questions and answers dealt with 
possible health effects of EMF. When electric 
utilities refer to safety near power lines, they mean 
prevention of electric shocks which could seriously 
injure or kill people or animals. Safety hazards are 
well understood and they are managed in two basic 
ways: (1) by designing lines to minimize public 
exposure to these hazards, and (2) by educating 
people who live or work near the lines about safety 
hazards. 

People can live safely around power lines so long as 
care is taken. BPA and local utilities must be 
careful about how and where lines are built and 
maintained. BPA designs and builds transmission 
lines in accordance with the National Electrical 
Safety Code. The code specifies how far transmis- 
sion line conductors must be from the ground or 
from adjacent buildings or trees. BPA usually 
determines how wide its rights-of-way* must be on 
the basis of those safe clearance distances. 

The right-of-way is a strip of land for which a utility 
acquires permanent rights which allow the utility to build, 
operate, and maintain its transmission lines safely and reliably. 
These rights enable the utility to keep the right-of-way clear of 
trees, structures, and fire hazards that could compromise the 
safety of employees and the public. 

* 
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Nuisance Shocks 

The National Electrical Safety Code alone cannot 
guarantee complete safety. People must be careful 
around power lines. These lines can cause serious 
electric shocks if a person or anything he or she is 
carrying (such as an irrigation pipe or a ladder) 
comes too close to the line. If this happens, the 
high voltage on the line can cause the electricity to 
"arc" over to the nearby object; you would be 
seriously injured or killed. A BPA booklet, Living 
and Working Around High- Voltage Power Lines, 
describes safe practices near power lines (page 40). 

For safety purposes, buildings should never be 
located within transmission line rights-of-way. If a 
homeowner is not sure where the edge of the right- 
of-way is, he or she should check with the utility, 
planning department, or zoning department before 
starting to build anything close to a transmission 
line. A publication from BPA, called Landowner's 
Guide to Use of BPA Rights-of-way, may be helpful 
in learning about rights-of-way. (See page 41 on 
how to obtain BPA publications.) 

Can I receive shocks from objects near 
transmission lines? 

Yes, AC lines create voltages on nearby conducting 
objects-anything from trees and fences to people 
and animals. One effect associated with large 
transmission lines (usually with voltages greater 
than 230 kV) is the 'lnuisance shock." For instance, 
suppose a voltage were created on wire fencing 
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Nuisance Shocks 

mounted on dry wood posts ( insulating it from the 
ground). If you were to touch the fence, you could 
receive an annoying shock, much like the shock you 
can get from touching a door knob after walking 
across a rug. To prevent nuisance shocks, metal 
fences, gutters, buildings, or other such objects near 
transmission lines are grounded if they pose a 
problem. 

A person standing on dry Grounded Insulated 
fence person gravel orwearing rubber 

lnsulated Grounded 
fence person 

h 

boots may fee1 a tingling 
sensation when touching a 
grounded metal obiect 
(like a wire fence attached 
to metal posts). 

A person wearing Ieather shoes 
(especially on wet ground} could 
get a painful shock by touching 
a large metal oblect (like a fence 
on dry wood posts). Such ob- 
jects are routineIy grounded if 
they pose a shock hazard. Some 
metal posts connected to the 
fence can correct the problem. 

Lines are designed to have lower 
EMF levels where many vehicles 
are expected (like parking Jots 1 
fo prevent nuisance shocks when 

Grounded 
person 

touching cars and trucks. (Most 
----$(yb vdyml tires are actuaiiy partially con- 

ductive which prevents vehicles 
from being fully insulated 
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BPA's EMF Proaram 

What is BPA doing about the EMF issue? 

BPA has been reviewing and conducting research 
on EMF since the mid-1970s. Because of public 
concern and scientific uncertainty, in 1987-88 BPA 
conducted a review of how the agency was dealing 
with the EMF issue. As a result, in 1988 BPA 
adopted interim guidelines on EMF. These in- 
cluded a provision that EMF exposures of employ- 
ees and the public should not be increased if practi- 
cal alternatives can be found. BPA's right-of-way 
management practice was revised in 1990 to reflect 
public concerns over EMF. BPA no longer encour- 
ages new uses of its transmission rights-of-way 
which might increase public exposure to EMF. 

BPA transmits electric power 
from Federal hydroelectric 
dams in the Pacific Northwest. 

Because of public concern and scientific uncertainty about EMF, in 1988 BPA 
adopted ihterirn guidelines for addressing EMF issues. The guidelines were revised 
in 1992, and they will be reviewed approximately every 2 years. The full guidelines 
can be found in BPA publication number 4 listed on paqe 40. Below is a summarv. 
a It is not reasonable to adopt numerical health standards for EMF at this time, BPA 

will be consistent with EMF standards adopted by states in our service area to the 
maximum extent practicable. 

a BPA will continue to support research efforts dealing with EMF issues. 

For new transmission facilities, EMF exposure shall be a major decision factor, 
and we will attempt to keep EMF exposures as low as reasonably achievable. 

1 Where practical alternatives exist, public and employee exposure to EMF should 
not be increased. 

BPA employees will be kept informed on current research, and ways will be 
explored to reduce EMF exposures on the job. 

@J BPA will continue to inform and involve the public in decisions and issues 
involving EMF produced by BPA transmission facilities. 
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Are EMF a health hazard ? 

BPA's EMF Program 

Such uses include parks, playgrounds, and parking 
lots. Because of increasing interest in EMF, BPA 
adopted revised guidelines on EMF in 1992. Expo- 
sure to EMF is now considered a major factor that 
BPA evaluates when new transmission lines and 
substations are proposed. As a general goal, we 
attempt to keep new EMF exposures as low as 
reasonably achievable. 

What would BPA do if EMF were found to 
be hazardous to human health? 

p This would depend on the nature of the hazard and 
on how the hazard determination was made. A 
Federal energy, health or environmental agency 
could direct other agencies such as BPA to adopt 
specific EMF health standards, guidelines, or 
mitigation plans. Similarly, BPA could be directed 
to take specific actions as a result of Federal Execu- 
tive Office Orders, or as a result of Federal legisla- 
tion dealing with EMF. 

Significant BPA decisions about EMF which might 
involve major modifications of the existing trans- 
mission system, or could cause expansions of 
existing rights-of-way, could require following 
procedures of the National Environmental Policy 
Act (NEPA). NEPA provides BPA's customers and 
citizens in the Northwest with a formal opportunity 
to assist BPA in developing and evaluating alterna- 
tive courses of action. Concern about EMF is a 
societal issue, and BPA is committed to involving 
the public in policy discussions about this issue. 
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For More Information 
I 

FOR MORE INFORMATION 

From BPA: 

If you want to learn more about health and safety 
concerns related to transmission lines, the publica- 
tions below are free from BPA. 
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1. 

2. 

3. 

4. 

Level of 
technical 
detail: 

Living and Working Around High-Voltage 
Power Lines (9 pp.) 
This short booklet tells you about the safety 
precautions you should take when you are 

with ways to prevent electric shock. 
around a high-voltage line. It deals primarily Low 

What We Know (and don't know) About 
EMF (brochure) 
If you want a short summary of the health 
issues associated with electric and magnetic 
fields, you will find it in this publication. 

~ Low 

Health, Safety and New Electric Power 
Facilities (9 pp.) K a  I [I Moderate 
This brochure describes how BPA considers 
health and safety issues when new electric 
power facilities are planned. w 

Electrical and Biological Effects of Trans- 

This book contains detailed information about 
all types of biological and environmental 
effects of both AC and DC transmission lines. 

mission Lines: A Review (107 pp.) High 



For More lnformafion 

Copies of BPA publications may be ordered by 
calling BPA's document request line, 800-622- 
4520. You will reach a recorded message. Please 
ask for the documents you want by name. If you 
would like to speak with someone, please call our 
toll-free public involvement line at 800-622-45 19. 
(From outside the U.S. call 503-230-3478.) 

Or, call the nearest local BPA office: 

Portland 

Eugene 

Seattle 

Spokane 

Missoula 

Walla Walla 

Idaho Falls 

Boise 

(503) 230-4558 

(503) 465-6952 

(206) 553-4130 

(509) 353-2567 

(406) 329-3060 

(509) 527-6213 

(208) 523-2706 

(208) 334-9 137 

Washington, DC (202) 586-5640 



For More Information, References 

Information From Other Sources: 

The U.S. Environmental Protection Agency provides 
free publications on EMF, contact: 

EPA Public Information Center 
Washington, D.C. 20460 (202-260-775 1) 

Publications on EMF are available for sale from: 

Carnegie Mellon 
University 
Depart. of Engineering 
and Public Policy, P 
Attention: EMF 
129 Baker Hall 
Pittsburgh, PA 15213 
(41 2-268-2670) 

Edison Electric Institute 
Washington, DC 
(202-5 08 -5 424) 

Culver Company 
316 Merrimac Street 
Newburyport, MA 
0 1950 
(800-428-5837) 

Electric Power Research 
Institute Palo Alto, CA 
(5 10-934-4212) 

REFERENCES 

The references beginning on page 43 are grouped by 
the major topics covered in this publication. Most of 
these should be available in technical libraries such as 
at universities or medical schools. If you need to see 
a particular reference and you can’t find it at the 
library, you may want to call BPA’s toll-free public 
involvement line at 800-622-45 19. Ask to speak with 
an EMF specialist. The specialist may be able to help 
you obtain the reference. 
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