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11. Laser Exemptions. Identify laser products that are covered
by the exemption and establish procedures to assure that only
those lasers so identified are manufactured or procured pursuant
to the exemption.

12. Laser Procurement. Include safety provisions in procurement
specifications, a$ required by the exemption, and perform safety
studies and reviews of exempt lasers. Provide a written
notification to the manufacturer for each laser product that is
covered by the exemption. A sample notification is at enclosure
8. The manufacturer shall be required to label each exempt laser
with the "caution" specified in the sample notification.

13. Laser Inventory. Maintain inventory control and a permanent
record of the status of all exempted laser products, including
their ultimate disposition.

14. Excess Lasers. Report excess lasers to the Defense
Reutilization and Marketing Service (ORMS) for utilization
screening within the Department of Defense. The reporting DoD
Component shall maintain accountability during the screening
period. Transfer of excess shall be made directly between the
gaining and losing organizations. Identify supply system
requirements for usable parts after utilization screening is
completed; remove and return required parts to the system.
Dispose of exempted lasers in accordance with 000 4160.21-M-l
(reference (f». No disposal of potentially usable lasers or
laser parts through utilization outside of the Department of
Defense, donation, or sale shall be made without the prior
approval of the DOSD(ES) or his/her designee.
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APPLICATION AND MEASUREMENTS

A. Guidance on measuring procedures and techniques for evaluat
ing hazards from RF sources are in the following IEEE standards
that are available for purchase from the Institute of Electrical
and Electronics Engineers, Inc., Customer Service, 445 Hoes Lane,
Piscataway, NJ - 08854-1331, telephone (800) 678-I~:

1. IEEE C9S.1-1991 (reference (d». Safety Levels With
Respect to Buman Exposure to Radio Frequency Electromagnetic
Fields, 3 kHz to 300 GBz (order number SB-14878).

2. IEEE C9S.3-1991 (reference (j». Recommended Practice
for the Measurement of Potentially Bazardous Electromagnetic
Fields - RF and Microwave (order number SB-14886) •

3. The guidance ~, references (d) and (j), or in the
application and measurement sections, below, that is derived from
reference (d), is not intended to preclude use of other
appropriate RF hazard measuring and evaluation methodologies.

B. SECTION A.• TABLES 6-1-1 AND 6-2-1 or A'l"l'AClDQWTS 6-1 ANn 6-2

1. The PELs refer to time-averaged exposure values obtained
by spatial averaging of S or the .ean squared E and B values over
an ·area equivalent to the vertical cross-section of the human
body (projected area). In nonuniform fieldS, spatial Peak values
could exceed the PELs even though the spatially averaged value
does not exceed the PELs. Spatial Peak values are limited by the
partial-body PELs given in section D. of tables 6-1-1 and 6-2-1
(attachments 6-1 and 6-2).

2. For exposures at frequencies less than 300 MHz, the
applicable PEL is given in terms of rms E or 8 values. Although
not technically correct under near-field conditions, PELs also
JDay be expressed in terms of plane-wave-equiYalent values as
shown by the S values in parentheses for the E and B fields,
respectively, at frequencies less than 100 MHz.

3. The PELs in section A. of table 6-1-1 (attachment 6-1)
refer to values averaged over any 6-minute period for frequencies
less than 15 GHz, and over shorter periods for higher frequencies
(e.g., 10 seconds at 300 GBz). The PELs in section·A. of table
6-2-1 (attachment 6-2) refer to values generally averaged over
any 6-minute or 30-minute period for frequencies less than 3 GHz.
For certain frequency intervals, the averaging period will vary
as a function of frequency as shown in section A. of tables 6-1-1
and 6-2-1 (attachmen 6-1 and 6-2).

4. For exposure durations less than the averaging Period,
the maximum permissible exposure level, PEL', in any time
interval equal to the averaging period is, PEL' - PEL (T~/T~J,
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current density as averaged over any 1 em2 area of tissue and
over 1 second does not exceed 0.0157(f) mA/em2 where f is in kHz.

(b) At frequencies between 100 kHz and 6 GHz,
the PEL may be exceeded if the exposure conditions can be shown
to produce SARs below 0.08 W/kg as averaged over the whole body,
and spatial peak SARs not exceeding 1.6 W/kg as averaged over any
one gram of tissue; except for the hands, wrists, f.~t, and
ankles where the spatial peak SAR shall not exceed 4 W/kg as
averaged over any 10 grams of tissue, and the induced body
currents conform with the values in section B. of table 6-2-1
(attachment 6-2).

(c) At frequencies above 6 GJlz, where body
absorption is quasi-optical and body resonance considerations do
not apply, the PELs may be relaxed using the time-averaged limits
for partial-body exposures given in section D. of table 6-2-1,
attachment 6-2.

c. Loy-Poxer Device Exclul ion. At ~requencies between
100 kHz and 1.5 GJlz, the PELs Cliven in tables 6-1-1 and 6-2-1
(attachments 6-1 and 6-2> may be exceeded under the following
conditions for devices in which the radiating structure is not
maintained within 2.5 em of the body:

(1) Controlled environment low-power device
exclusion pertains to devices that emit RF energy under the
control of an aware user. That exclusion addresses exposure of
the user.

Ca> At frequencies between 100 kHz and 450 MHz,
the PEL may be exceeded if the radiated power is 7 watts, or
less.

Cb) At frequencies between 450 and 1500 MHz,
the PEL may be exceeded if the radiated power is (7) (450/f)
watts, or less, where f is in MHz.

(2) Uncontrolled environment low-power device exclu
sion pertains to devices that emit RF energy without control or
knowledge of the user.

Ca) At frequencies between 100 kHz and 450 MHz,
the PEL may be exceeded if the radiated power is 1.4 watts, or
less.

(b) At frequencies between 450 and 1500 MHz,
the PEL may be exceeded if the radiated power is (1.4) (450/f)
watts or less, wh~~e f is in MHz.

7. In applying the PELs listed in tables 6-1-1 and 6-2-1
(attachments 6-1 and ~-2) for different situations, such as
characterizations of the EMFs, deter.mining the PEL safe distances
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or assessment of personnel exposures, different measurement
considerations may be applied as follows:

a. RF Field CharacterizAtion. For reactive near-field
conditions, generally both the E and H fields must be determined
for frequencies less than 300 MHz. For frequencies equal to or
less than 30 MHz, that can only be accomplished by measurement of
both field strengths. The need to measure both E and_H fields
below 300 MHz derives from a consideration of the spat1al
variation in E and H field strengths in the reactive near field
of an antenna. PEL boundary locations are to be established by
determining the farthest distance from the radiating source that
a PEL value can be exceeded using appropriate measurement
techniques for the conditions of measurements.

b. A •••••meot of Personnel ExPosure. In detez:mining
whether a person has received exposure in excess of the PEL,
exposure ave_aginq times and whole-body spatial ave~-,qinq are
important factors in makinq the asses.ment. Onder certain
conditions, measurement of the vertical E ~ield component rather
than the total E field may be used ~or deter.mininq compliance in
tez:ms of whole-body-averaqed SAR.a. For low-power devices, such
as hand-held, mobile, and marine transmitters, the low-power
exclusion criteria of paraqraph B.6.c., above, can be used in
assessing exposure conditions. Even thouqh those low-power
devices may have localized fields that exceed the PEL field
values, the actual whole-body or spatial peak SARa will not be
exceeded.

8. For mixed or broadband fields at a number of frequencies
for which there are different values of the PEL, the fraction of
the PEL in tez:ms of £2, B2, or S incurred within each frequency
interval should be detez:mined and the sum of all such fractions
should not exceed unity. A detailed example for that type of
calculation is in Appendix C of IEEE C9S.1-1991 (reference (d».

c. SECTION B., TABLES 6-1-1 AND 6-2-1 OF ATTACHMENTS 6-1 AND 6-2

1. Guidance is provided for limitinq the RF induced
currents (averaged over any 1 second) in the human body for free
standing conditions (no skin contact with metallic objects); and
under conditions of grasping contact with metallic bodies to
limit the maximum RF current through an ~pedance equivalent to
that of the human body.

2. For controlled environments, adherence to the induced
body current limits will prevent localized SAR in the ankles or
wrists from exceedinq 20 W/kg. For uncontrolled environments,
where indio•. Juals would not be aware of the exist~ "e of RF
currents, the values are set at levels that will not be normally
perceptible to individuals. In qeneral, between 3 kHz and 100
kHz, the perception threshold is related to a tinqling or
prickling sensation; while between 100 kHz and 100 MHz, the
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perception threshold is related to a sensation of heat or warmth.
Onder some conditions, touching conductive objects that are in
the vicinity of a radiating RF antenna could result in a flow of
RF current of sufficient magnitude to be painful or that may
produce a burn at the point of contact.

3. Evaluation of induced RF currents will generally require
a measurement to deter.mine the RF current flowing to ground
through the feet of the individual, or the RF current flowing
through the hand in contact with a conductive surface. Currents
may also be measured by use of instrumentation which can simulate
the electrical characteristics of the human body at the frequency
of the current to assess the expected current that would flow if
a person were to come into contact with a conductive object.

... Onder various exposure conditions, application of the
field strength 1~1ts in section A. of tables 6-1-1 and 6-2-1
(attachmen~~ 6-1 and 6-2), in conjunction with th~ induced
current limits in section B. of tables 6-1-1 and 6-2-1
(attachments 6-1 and 6-2), may not be consistent or amenable to
analysia. Many variablea, such aa, near-field expoaure
conditiona, phyaical contact with or close proximity to nearby
conductive surfacea, RF absorption enhancement under resonance
frequency conditiona, inherent differences in human body aizes,
will affect the measured induced currents.

a. While aection A. of tables 6-1-1 and 6-2-1
(attachments 6-1 and 6-2) specify max~um time-averaged exposure
field strengths, it ia recommended that in thoae caaes where RF
ahock and burn conditions exist, action be taken to prevent
occurrence, either by reducing the induced currents or by
restricting area accesa.

b. In controllecl enviroZUl\enta, mitigative measures can
be taken to reduce the probability of hazardoua conditions. Such
measures may include: protective glovea, awarenesa programs so
that individuals are alerted to the possible presence of induced
currents between the human body and conductive objects, and work
practices which lessen the probability of receiving unexpected
shocks or burns.

c. Short or momentary exposure in which induced body
currents may be above the levela in section B. of tables 6-1-1
and 6-2-1 (attachments 6-1 and 6-2), such as may occur While
moving through or in an area near an antenna, can be permitted
when conditions are not likely to cause an individual to
encounter RF shock or burns from inadvertent contact with
conductive surfaces.

D. SECTION C.. TABLES 6-1-1 and 6-2-1 OF ATTACBMQiTS 6-1 and 6-2

1. Peak power exposure limitations are provided for pulsed
conditions where each pulse is leas than 100 milliseconds (msec)
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and there are no more than 5 pulses in the time averaging period.
Those limits are given to prevent unintentionally high exposure
and to preclude high SA for decreasingly short widths of pulses.
If there are more than 5 pulses during any t~e period equal to
the averaging time, or if the pulse durations are greater than
100 msee, the time-averaged S should not exceed the PELs given in
section A. of tables 6-1-1 and 6-2-1 (attachments 6-1 and 6-2).

2 • For exposure to RF pulses in the ~requency range of 0.1
to 300,000 MHz, exposure is l~ted by either a peak (temporal)
E field of 100 kV/m for each pulse or in terms of a peak S value
for each single pulse, whichever is more limiting. A maximum
exposure to five such pulses, with a pulse repetition rate of at
least 100 msee, is permitted during any period equal to the
averaging time. For low ~requencies and sbort pulses, 100 kV/m
will be the more conservative limit. For higb frequencies and
longer pulses, peak S will be more conservative.

3. The limitation on RF ~ields under pulsed conditions,
(less tban 100 ..ec), ..eans that the PEL as averaged over any
100 msec is reduced by a ~actor o~ ~ive, and a maximum o~ ~ive

such pulses is permitted during any period equal to the averaging
time. For example, in the microwave region ~or exposure to a
single pulse, the SA over any 6-minute period is limited to
28.8 J/kg per pulse (apatial average) with a maximum of five such
pulses (i.e., (5) (28.8 J/kg) - 144 J/kg), which is equivalent to
a sn of 0.4 W/kg over a 6-minute period.

E. SECTION Pel TPW;S 6-1-1 aHD 6-2-1 or ATTACBM£NTS 6-1 and 6-2

1. Implicit in the PEL de~iDitioD of a whole-body averaged
SAR of 0.4 W/kg ~or a controlled environment and 0.08 W/kg for an
uncontrolled environment, is the assumption that spatial peak
SARs may occur that exceed the whole-body averaged values by a
factor of more than 20 times. The values provided in section o.
of tables 6-1-1 and 6-2-1 (attachments 6-1 and 6-2) allow for
equating substantially nonuniform ~ield exposure or partial-body
exposure to an equivalent uniform field exposure.

2 • For exposure of parts of the body, the spatially
averaged PELs given in section A. of tables 6-1-1 and 6-2-1
(attachments 6-1 and 6-2) may be relaxed provided the peak value
of the mean squared field strength does not exceed 20 times the
square of the allowed spatially averaged values at ~requencies

below 300 MHz, or the equivalent S levels cio not exceed the
levels shown in section D. of tables 6-1-1 and 6-2-1 (attachments
6-1 and 6-2) as averaged over the T.~ periods given for
frequencies above 300 MHz.

3. The rules above for relaxation of the limits for
partial-body exposure do not apply for direct exposure of the
eyes, but the SAR exclusion rules in paragraph 8.6.b., above, can
still be used to show conformance to the PEL, despite localized S
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values above the specified whole-body average. In such cases,
exposures to the eyes are limited by the basic exposure criteria
of a whole-body averaged SAR of 0.4 W/kg (controlled environment)
or 0.08 W/kg (uncontrolled environment), and spatial peak SARs of
8 W/kg (controlled environment) or 1.6 W/kg (uncontrolled
environment) as averaged over anyone gram of tissue.

F. SEC'l'ION A •• - TABLE 6-3-1 OF ATTACBMENT 6-3

1. The exposure guidance given is based on RPM narrow-band
systems operating within the following parameters: maximum pulse
width of 10 microseconds, peak S of 0.1 to 10 kW/cm2

, frequency
greater than 100 MHz, repetition rate not greater than 10 pulses
per second.

2. The exposure guidance is specific for RPM narrow-band
systems and does not apply to exposure from EMP broad-band
simulat~r systems. If the RPM system is not ~:~hin those
parameters, then the PELs in table 6-1-1 of attachment 6-1 apply.

3. For personnel exposure to RPM in a controlled
environment, the measured fluence is not to exceed the values
given in section A. of table 6-3-1 (attachment 6-3) for any
single pulse or series of multiple pulses lasting less than 10
seconds. The total fluence delivered over any 6-minute period
shall not exceed the values in section A. of table 6-3-1
(attachment 6-3). In all cases, the instantaneous E field shall
not exceed 200 kV/m.

4. If the exposure values given in section A. of table
6-3-1 (attachment 6-3) cannot be met, then the total measured SA
to the head shall not exceed 150 J/kg for any single pulse or 150
J/kg for multiple pulses in any 6-minute period.

G. SECTION B. , TABLE 6-3-1 OF ATTACHMENT 6-3

Measurements of EMF from broad-band EMP simulator systems
require special instrumentation and techniques because of the
inherent rapid rise time and the high field strengths associated
with EMP. Refer to the technical office of the 000 Components
for measurement and evaluation assistance.

Attachments - 3
1. PELs for Controlled Environments
2 • PELs for Uncontrolled Environments
3 • - -Ls for RPM and EMP Simulator Systems
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TABLE 6-1-1. PELS FOR CONTROLLED ENVIRONMENTS

A. RF EMF

Frequency
Range (f)
(MHz)

0.003 - 0.1
0.1 - 3.0

3 - 30
30 - 100

100 - 300
300 - 3000

3000 - 15000
1"-:'00 - 300000

Electric
Field (E)
qTjm)!

614
614
1842/f
61.4
61.4

Magnetic
Field (H)
(AIm)

163
16.3/f
16.3/f
16.3/f
0.163

Power
Density (S)
(mW/cm2)
(E , H Fields)

(10', 10')
(10', 104/~)

(900/~, 104/~)
(1.0, 104/r)
1.0
f/300
10
10

Averaging
Time ('1'... )
(minutes)

6
6
6
6
6
6
6
616000/f 1

•
J

B. SF INDUCED CtlRRENT RESTRICTIONS

Frequency
Range (f)
(MHz)

0.003 - 0.1
0.1 - 100

Maximum Current
Through Both Feet
(mA)

2000f
200

Maximum Current
Through Each Foot
(mA)

1000f
100

Contact
Current
(mA)

1000f
100

c. PULSED SF FIELDS

Frequency.
Range (f)
(MHz)

0.1 - 300000

Peak Electric
Field (E)
(ky/m)

100

Peak Power Density/Pulse for
Pulse Durations < 100 msec
(mW/eml

)

(PEL) (T...) / (5) (pulse width)

D. PARTIAL-BODY EXPOStlBES

Frequency
Range (f)
(MHz)

0.1 - 300
300 - 6000

'-"1100 - 96000
96000 - 300000

Peak Value of Mean
S~ared Field
(V Iml Qr AI Im l

)

< 20E' or 20HI

6-1-1

Equivalent
Power Density
(mW/em')

< 20
< 20 (f/6000) 0.8

40



,:e, •. ".
6055.11 (Encl 6. Attach 1

'l'ABLE 6-2-1. PELS FOR UNCONTROLLED ENVIRONMEN'l'S

A. RF EMF

Frequency
Range (f)
(MHz)

Electric Magnetic
Field (E) Field (8)
(VIm) (Aim)

Power
Density (S)
(mW/em')
CE , 8 Fields)

Averaging
Time (T.~)

_ (minutes)
~', S or 8'

6
6
6
6
.0636f1 • U7

30

0.003 - 0.1
0.1 - 1.34

1.34 - 3.0
3.0 - 30

30 - 100
100 - 300
300 - 3000

3000 - 15000
15000 - 300000

614
614
823.8/f
823.8/f
27.5
27.5

163 (10', 10')
16.3/f (10',10·/f')
16.3/f (180/f', 10·/f')
16.3/f (180/f', 10·/f')
158.3/f1.... (0.2, 9. 4xl0·/fJ

•
uf)

0.0729 0.2
f/1500
f/~500

10

6
6
f2/ .3
30
30
30
30
90000/f
616000/f1.,

B. BF :nmUCED CQBBEHT RESTRIC'1'IONS

Frequency
Range (£)
(MHz)

0.003 - 0.1
0.1 - 100

Maximum Current
Through Both Feet
(mA)

900f
90

Maximum Current
Through Each Foot
(mA)

450f
45

Contact
Current
(mA)

450f
45

C. PULSED BF FIELPS

Frequency
Range (f)
(MHz)

0.1 - 300000

Peak Electric
Field (E)
CItV/D)

100

Peak Power Density/Pulse for
Pulse Durations < 100 msec
(d/em2 )

(PEL) (T.~)/(5) (pulse width)

D. PARTIAL-BODY EXPOSQUS

Frequency
Range (f)
(MBz)

0.1 - 300
300 - 6000

6000 - 30000
30000 - 300000

Peak Value of Mean
Squared Field
(ya/~ or A'/m2 )

< 20E' or 20a'

Equivalent
Power Density
(I'W/c;m')

4
f/1500
20

Table 6-2-1. PELs for Uncontrolled Environments
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TABLE 6-3-1. PELS FOR HPM AND EMf SIMULATOR SYSTEMS

A. RPM (NARROW-BaND SYSTEMS)

Frequency
Range (f)
(MHz)

100 - 300
300 - 3000
> 3000

Peak Electric
Field (E)
IkY/m)

200
200
200

Max~um Fluence Level in Controlled
Environments for Any S~ngle Pulse or
or Series of Multiple Pulses Lasting
Less Than 10 seconds Within Any
6-Minute Period
lJIt;m2)

0.36
3.6(f/3000)
3.6

B. EMP sXMtJLATOBS (BRQAP-rwm SYSTEMS)

Frequency
Range (f)
1MBz)

0.1 - 300000

Ta.1:>le 6-3-1.

Peak Electric Field (E) in
Controlled Environments
lky/m)

100

PELs for RPM and EHP S~ulator Systems

6-3-1
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FACT SHEET
ELECTROMAGNETIC ENERGY ASSOCIATION

"PRUDENT AVOIDANCE" POLICY
Based on Science or Fear?

IntroduC1l\ln
The expression "prudent avoidance" has
become popular in discussions about pos
sible risk related to exposure to electro
magnetic fields, which is often referred to
as EMF - fields present wherever electricity
is used.

The concept of"prudent avoidance"
has been proposed to Congress as a policy
option to regulate exposure to such fields.
The Electromagnetic Energy Association
has examined in detail the origin and logic
of this policy option.

For years, the Association has sup
ported the adoption of federal guidelines
for exposure to electromagnetic fields
based on scientific consensus. "Prudent
avoidance" is inconsistent with this objec
tive. In the view of the Association, "pru
dent avoidance" is merely a quick-fIX pre
scription aimed at reducing perceived risks
but having no scientific basis.

What Does "Prudent Avoidance"
Mean?
"Prudent avoidance" is an intuitively ap
pealing, simple phrase that is easily picked
up and used. Unfortunately, it can mean
different things to different people. Ac
cording to those who originally put forth
the cOP' eN, "prudent avoidance" was de
fined as follows:

"By avoidance we mean taking steps
to keep people out of fields ... By pru
dence we mean undertaking only those
avoidance activities that carty modest
cos!:;"

The originators of "prudent avoid
ancc" suggested this concept hecause they

were faced with a dilemma. Potential aa
verse effects on human health due to expo
sure to electromagnetic fields had been
studied for years. However, after reviewing
the research, they were unable to conclude
whether there was any risk at all, or even
which physical property of the electromag
netic fields might be chosen to character
ize risk. Unable to decide what was "safe."
and anxious about "increasingly suggestl\'e
science and growing levels of public con·
cern," they proposed the concept of "pru·
dent avoidance."

Isn't ThatJust Common Sense?
At first glance, "prudent avoidance" seems
like common sense. If you are concerned
about something but are not sure there is a
problem, you tty to avoid it, proVided
avoidance isn't too expensive or onerous.
It seems to strike a balance between per·
ceived risk and cost. As a basis for indi
vidual behavior, it is not of much concern
to society whether the risk is real or imag
ined.

For example, many people believe
that consulting their horoscope to guide
their behavior is prudent and many hotels
find it prudent to avoid having a floor num
bered thirteen. We can tolerate such prac
tices in our private lives, but how wr .1,1 we
feel if governmental regulations required
us to consult our horoscope every morning
and act accordingly? Or prohihited hotels
from having a floor numbered thirteen)

As ahasis for Jaws and regulations, "pru
dent avoidance" has great consequ~nce for in
dividuals and socierv-ir costs all of us dollars
ancl the loss of technological progress. it

makes us fearful ofeveryday items which en
hance our quality oflife, and it sets a prece
dent for the adoption ofgovernment polides
which are based on fear and superstition,
rather than science.

In the Association's view, "prudent
avoidance," as applied to common expo
sure to electromagnetic fields in the home
or other environments, is based on fear of
the unknown. As an option for personal
practice, it is a matter ofchoice. However,
as a legislative or policy oprion, it is not
only inappropriate, but unwise. "Prudent
avoidance" represents a rejection of the
SCientific approach to public policy, and a
return to the medieval practice of acting to
alJay fear based on emotion and unin
formed opinion.

What Are The Alternatives?
The Association strongly supports federal
adoption ofan interim guideline for expo
sure to electromagnetic fields developed
rhrough scientific consensus and based on
current scientific knowledge, with provi
sion made for constant updating of the
guideline as that knowledge increases.
Such aguideline will provide up-to-date
recommendations for exposure limits to
electromagnetic fields and give the public
actual, scientifically based benchmarks it
can use to determine whether or not there
is a risk.

Numerous scientific groups have ex
perience in reviewing the scientific litera
ture and making sound, reasoned judg
mems ahout risk. Among those that have
already established interim guidelines for
elcctromagnetic fields arc the International



Radiation Protection Association of the
World Health Organization and the Insti
tute of Electrical and Electronics Engineers,
Standards Coordinating Committee 28.
The Association would welcome federal
adoption of these guidelines as the hasis of
any official policy on this issue.

It should be noted that the exposure
levels recommended in these guidelines
correspond roughly to the strength of
fields which are created in the human hody
hy normal biological processes. Public con
cern about electromagnetic fields has fo
cused on fields whose strength is 1,000

, times lower than the guidelines developed
hy these respected scientific organizations.

What Should I Do?
You are already doing the most important
thing by becoming be,. ~r informed. The
subject is complex and there are many new
words and technical concepts with which
you may be unfamiliar. To help you further
understand the issue, the Association has
available a number of informational publi
cations which can be obtained free of
charge hy writing or calling the Association.

Conclusion
It is important to remember the scientific
question is not whether electromagnetic
fields can have effects, but whether the
strength of the fields to which we are com
monly exposed can have effects that might
involve risk. We do know that these fields
are weaker than those we normally have in
our body.

Should scientific research determine
sometime in the future that electromagnetic
fields do pose a risk at these low levels, then,
and only then, can decisions be made on
what to do. In the meantime, adopting "pru
dent avoidance" as ageneric public policy is a
simplistic solution to an incredibly complex is·
sue-and one that diverts attention and re
sources from finding the real answers to the
questions before us.

~~---~~~~--~~ .-~_. ---
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of nonionizing electromagnetic energy.

Requests for publications should be ad
dressed to:

Electromagnetic Energy Association
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ELECTROMAGNETIC ENERGY ASSOCIATION

"PRUDENT AVOIDANCE":

THE ABANDONMENT OF SCIENCE

A Position

The purpose of this document is to outline the specific basis for disagreement
with respect to the concept of "prudent avoidance," a public polic¥ concept
originally advocated in the Office of Technology Assessment Report[1/ and later
referenced in other agency reports. The concept was proposed in response to
public concern regarding alleged risks from human exposure to the electric and
magnetic fields associated with electric power transmission and distribution
lines, and with certain electric appliances. This document will also point out
additional unfortunate and far-reaching implications of a general acceptance of
"prudent avoidance" as public policy that go far beyond the concern about
power frequency fields.

This paper was prepared by the Electromagnetic Energy Association [EEA],
formerly the Electromagnetic Energy Policy Alliance [EEPA], which is an
association of manufacturers and users of electronic and electrical systems that
utilize non-ionizi ng electromagnetic energy in telecommunications,
broadcasting, manufacturing, electric power distribution and consumer services.
EEA's primary objective is to work for a responsible and rational public policy
regarding electromagnetic energy. To that end, EEA actively promotes public
education, sponsors research, and serves in an advisory capacity to regulatory
and standard-setting bodies. Included on EEA's Board of Directors are
personnel from AT&T Bell Laboratories, Ericsson Radio Systems, General
Electric Company, GTE Corporation, Motorola Inc., the National Association of
Broadcasters, Nokia Inc. and Raytheon Company.

In May of 1989, Indira Nair, H. Keith Florig, and M. Granger Morgan, Chairman
of the Department of Engineering and Public Policy at Carnegie Mellon
University recommended[1,2J that a policy of "prudent avoidance" be adopted for
exposure to weak 60 Hz electric and magnetic fields. By virtue of their
relationship with the Office of Technology Assessment of the Congress of the
United States [OTA], this concept was in the forefront of legislative and
regulatory agency discussions on this subject. EEA has examined this concept

* Superscripted numbers are endnote call-outs for endnotes and supporting references set
forth at the end of the document. Asterisks denote footnotes within the document.
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in detail and finds that prudent avoidance as a public policy safety criterion is
diametrically opposed to EEA's goal of a scientifically-based national policy for
the safe use of electromagnetic energy. We urge all interested parties to
examine this concept critically and then carefully consider the broader societal
consequences of its acceptance by government as a regulatory strategy.

The concept of "prudent avoidance" is being applied across a broad spectrum
of public concerns involving the complexities of modern society. At first blush,
the idea seems attractive. The idea is: if, relative to public concern about any
environmental, health or safety matter, criteria readily understood and accepted
by the public cannot be established, then do what is prudent to avoid the source
of concern. Upon more critical examination, this concept is found to be
seriously flawed. In any area subject to scientific inquiry "prudent avoidance"
becomes the triumph of superstition over reason.

Despite the seductive phrase "prudent avoidance," and the representation of
the concept as a pragmatic response for policy setting when the scientific basis
is inadequate, an examination of the origins and implications of this proposal
reveals that it actually involves a rejection of the modern concept of rational,
scientifically-based guidance of safety policy and a return to the alternative,
emotional, medieval concept of acting to mitigate fear of the unknown. At the
risk of being accused of hyperbole, EEA perceives a great danger to society, as
we know it, if "prudent avoidance" becomes accepted as a principle for setting
public policy whenever there is scientifically unfounded public concern and/or
fear. At risk are not only the rational foundations of our modern technological
world, but also possibly the system of Anglo-Saxon jurisprudence that has been
compatible with its development. Surely such a catastrophe was not the
authors' intent; yet our society may be being nudged down that road.

In the remainder of this document, we examine the genesis of the concept of
"prudent avoidance," relying in the main upon direct quotations in sufficient
detail to maintain the OTA Report authors' context.

ACKNOWLEDGED FAILURE TO DEFINE RISK, IF ANY,
BY MORGAN ET AL.

"Why not just use the standard techniques of probabilistic risk
assessment and risk analysis to decide how serious the possible
risks of human exposure to 60 Hz fields may be and develop
appropriate regulatory recommendations from these studies?
Under support from the U.S. Department of Energy we have tried
to do this (authors' footnote references omitted)[3] but have found it
impossible to get very far. The basic problem precluding risk
analysis is the inability to define dose. We do not yet know what
attribute, or combination of attributes, of the field produces public
health effects. (For simplicity we will not continue to say 'if any'
after each mention of the word 'effects' in this discussion.
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However, readers are reminded that while biological effects have
been clearly demonstrated, the existence of adverse pUblic health
consequences from 60 Hz field exposure is still an open question.
Thus, whenever the word effects appears in this discussion, the
phrase 'if any' is implicitly assumed.)" (Emphasis added)J4]

The direct result of this "simplification" is that, overall, the document loses a
balanced perspective and fosters the impression that exposure to weak 60 Hz
fields causes adverse health effects.

THE ABANDONMENT OF SCIENCE

"Better scientific understanding may in the future clearly
demonstrate the existence of adverse public health effects from
field exposure and may point the way to specific risk management
regulations. But, for the moment we will have to operate with what
we have. Available policy options include the following:

1. Do nothing until the science becomes better.

2. Make public information available but take no additional
actions.

3. Adopt a field strength safety standard approach to
transmission line fields based on the fiction that the numbers
are supported by a review of the science. Ignore fields from
all other sources.

4. Adopt a 'similarity' based approach to transmission line fields
which makes the exposures that people receive to these
fields 'similar' to those they receive from other sources in
modern life. Ignore fields from all other sources.

5. Adopt a 'prudent avoidance' strategy. That is, look systema
tically for strategies which can keep people out of 60 Hz fields
arising from all sources but only adopt those which look to be
'prudent' investments given their cost and our current level of
scientific understanding about possible risks."IS]

Morgan et al. recommended option 5. With respect to option 1, it was stated that
"[u]p until a few years ago we believe that option 1, 'do nothing until the science
becomes better,' was preferred by the majority of informed people dealing with
this topic. There are still people who argue vigorously for this option, but their
numbers are declining both because of increasingly suggestive scientific
findings and because of growing levels of public concern." (Emphasis added).r6]
It is explained that "[o]ur fifth and final option is a strategy of 'prudent avoidance'
of field exposures. By avoidance we mean taking steps to keep people out of
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fields, . . .. By prudence we mean undertaking only those avoidance activities
which carry modest costs. "[7]

The thoughtful reader may already have noticed the omission of a sixth option
that properly should have been the first; namely, adopt an interim standard
based on scientific consensus from the best available scientific evidence and
periodically review and revise the standard, down or up, to account for ongoing
improvements in scientific knowledge about the risk, if any. This represents the
course already taken by reputable standards-setting organizations.

CONCEPT OF PRUDENT AVOIDANCE

It should be clear to the reader from the foregoing quotations, that "prudent" is
synonymous with "modest costs." The illustrative examples relate prudence to
individual behavior. "When as individuals, we think a risk may exist but we are
not sure, we exercise prudence." Nevertheless, the thrust of this thesis
developed for the OTA concerns public policy, not individual choices. A
paraphrase might be that when as a society we think a risk may exist but are not
sure, our government should adopt a policy of prudent avoidance in designing
laws and regulations. In the presence of conflicting laboratory results when
determining acceptable "safe" levels of exposure or no risk at all, the application
of "prudent avoidance" translates into the existing ALARA (As Low As
Reasonably Achievable) concept of regulation.

THE ROLE AND SIGNIFICANCE OF PUBLIC CONCERN

If we inquire about how an individual or our modern society comes to believe
that a risk may exist, we confront the predominant source of public concern
about the risk of exposure to power frequency electric and magnetic fields;
namely, the modern media. While the impact of modern media on civilization
has been the subject of scholarly investigation, notably by M. McLuhan[8] there
is growing awareness that the video or sound bite is progressively becoming
the main source of pUblic information and awareness of risk. While growing
levels of public concern factor into the rejection of option 1, Morgan et a/. are not
satisfied with public information because "[p]ress accounts tend to be simplistic
and inflammatory."[9J His recent review[10j of P. Brodeur's Currents of Death[11]
also illustrates concern about media impact. Why then does public concern
weigh heavily in the decision to abandon scientific standard-setting as in the
rejection of option 1? Unlike others,[12j the authors of the OTA Report were
unable to weigh the scientific evidence and reach conclusions with respect to
human health risk and, consequently, devised an alternative option that is
"political" rather than "scientific". But EEA believes public education about what
we do know, communication of the results of peer review of some of the
questionable studies, and adoption of interim standards based on scientific
consensus are the proper vehicles to address public concerns about the risk of
exposure to weak electromagnetic fields.
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If we do not accept public concern (poorly informed) as a basis for rejecting
option 1, we are left with "increasingly suggestive science" as a basis. Taking
the assessment of the authors of the eTA Report at face value, and EEA
disagrees strongly about the quality of some of the science, is "suggestive
science" a basis to abandon scientific standard-setting?" The scientist has only
one answer to the question, a resounding no! Politicians, however, may very
well find option 5 appealing since it also dispenses with their requirement to
grapple with science and scientists in assuaging public concern about
perceived risk(s), be the risk(s) real or imagined.

TRIUMPH OF SUPERSTITION OVER SCIENCE?

Many people consult the horoscope in their daily paper as a guide to activity,
hotels routinely avoid designating a floor by the number 13, etc. Each of us can
find many examples of the persistent role and power of superstition in gUiding
human behavior even in our "enlightened" society. A root source of superstition
is fear of the unknown and the prescribed behavior serves to mitigate the fear.
Most people are properly tolerant of such beliefs and behavior by individuals.
Surely, however, most of us would not want our behavior prescribed and our
laws based upon fear of the unknown again. Witch burning[13] has gone out of
style, but fear remains as a powerful human motivator.

Despite the temperate, well-developed presentation of the eTA Report and the
apparent reasonableness and intuitive appeal of the "prudent avoidance"
option, this alternative represents a turning away from scientific knowledge and
logic and, instead, suggests a political prescription to mitigate fear of the
unknown.

JUDGING THE "QUALITY" OF THE SCIENCE

Morgan et al. have wrestled with the dilemma posed by the literature on the
bioeffects of non-ionizing electromagnetic energy. Despite the lack of
perspective due to their "simplification," the assessment of the epidemiological
literature seems balanced and their perception of the problem of reconciling the
conflicting reports in the bioeffects literature and "dose" is appropriate. We do
not agree, however, that the primary reason for the inadequate state of
knowledge for scientific standard-setting is complexity of the subject matter;
rather EEA views the confusion as primarily attributable to insufficient "good"

* There is no such thing as "suggestive science" (Science, n. [OF., fr. L.] scientia to know;
Suggestive adj. tending to suggest). Suggestive science is almost an oxymoron. The phrase
appears to refer to results reported by scientists that the authors of the OTA Report regard as
suggestive of the possibility of "risk" due to exposure to ambient 60 Hz fields.
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science. While biology is a more complex subject than chemistry or physics
and biological experiments tend to be less "clean," the minimum requirements
for scientific acceptance of bioeffects results that are greatly at variance with
present scientific consensus are the same; namely, independent repeated
confirmation. Much of the research which is accepted by the authors fails to
meet that simple basic criterion. Of course, the problem of scientific acceptance
is greater the farther the claims are from rationalization with current
understanding.

Many of these studies concern field strengths at cells and in cells which are
many orders of magnitude below any established bioeffects and even appear to
violate basic laws of physics, a non-trivial objection. A particularly troublesome
feature of some of these laboratory studies is the claim of "intensity windows;"
that is, the effects are reported to disappear at intensities both stronger and
weaker than some narrow exposure range. If the reported phenomena are real
and if there is some relationship of the phenomena to human health, then one
does not know whether a reduction of exposure increases or decreases risk, if
any exists at present ambient exposure levels. If one accepts the phenomenon
of intensity windows, logically, the practice of "prudent avoidance" might also
increase risk.

THE OMITTED SIXTH OPTION

Others presented with the same data base have been able to formulate
scientifically-grounded safety guidelines for exposure to 50/60 Hz electric and
magnetic fields; that is, adopt the sixth option that was not presented in the OTA
Report. The International Radiation Protection Association [IRPA]/International
Non-Ionizing Radiation Committee [INIRC] interim guidelines are an example.f14J

The criterion selected was to not allow internal electric fields due to exposure to
exceed the level of the internal fields generated by the physiological processes
in the body. The sophistication of IRPA/INIRC in not equating any reported
bioeffect with risk, in recognizing the value of interim guidelines, and the
willingness to identify a criterion of risk, collectively allowed that body to make
decisions rather than being thwarted by some controversial reports of bioeffects
and abandoning the scientific approach. Presumably the OTA authors would
characterize the action of IRPA/INIRC, the sponsor World Health Organization
[WHO], and adopting governments (Australia, Sweden) as falling into option 3;
namely, fl ••• a field strength safety standard approach to transmission line fields
based on the fiction that the numbers are supported by a review of the science..
.." Others, with EEA included, might judge the two criteria documents[15,16]
which prOVide the basis for the IRPA/INIRC guidelines as even more
comprehensive, better balanced and more critical reviews than the OTA
Report:

* The characterization in option 3 of the attempts of others to develop guidelines based on
scientific consensus as "fiction" is, at best, ungenerous. This characterization impugns the
integrity and competence of those who have tried to develop such guidelines. It may
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The prospects of causing a major impact on the generation, transmission,
distribution and end use of electricity are actually contrary to the OTA Report
authors' perceptions of prudence. Nevertheless, the intuitive appeal of the
phrase "prudent avoidance" coupled with a "less is safer" mind set, could have
that end result. More importantly, the precedent for rejecting the scientific
approach to dealing with hazards in favor of deferring to the political need to
assuage media-induced public concern undermines the accepted role of
scientific knowledge as the proper basis for determining appropriate action by
legislators, regulators, judges and juries for all popularly perceived risks.

In this vein, it has already been recommended, by a lawyer who is a graduate
student in Morgan's department, that managers of businesses should
henceforth design equipment based not only upon an objective assessment of
"risk" but also based upon the public perception of risk[17] and, further, that"...
absent statutory or regulatory standards, the courts and juries have no
obligation to follow or heed scientific consensus."[18] The legal ramifications of
actions based on the tenuous grounds of "prudent avoidance" rather than on
"scientific consensus" have been compared by a specialist in tort litigation to a
If••• revisiting of the days of Galileo when empirical truth and judicial truth
diverged. "[19J

CONCLUSIONS

In EEA's opinion, a policy of "prudent avoidance" represents the triumph of fear
of the unknown over reason whenever the concern is subject to scientific inquiry
and understanding. The concern over possible health risks, if any, from
exposure to ambient 60 Hz electric and magnetic fields can and properly should
be resolved by scientific research. Interim exposure gUidelines should be
adopted that are based upon scientific consensus and reviewed periodically by
consensus groups such as IRPA/INIRC and the Institute of Electrical and
Electronics Engineers [IEEE] Standards Coordinating Committee SCC 28.

originate in the failure to distinguish between "a review of the science" and scientific review.
A scientific review is the rational sifting process that sorts the reports of scientists, and jUdges
the credibility based upon criteria such as consistency with prior knowledge and, if
inconsistent, by requiring evidence of "reality" based on independent confirmation.
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