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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fithess for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents areAsipplied “

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioked to chec
to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate acti@réo prep
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subjgct mat-
ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not part of IEEE Std C95.6-2002, IEEE Standard for Safety Levels with Respect to Human Expo-
sure to Electromagnetic Fields, 0-3 kHz.)

In 1960, the American Standards Association approved the initiation of the Radiation Hazards Standards
project under the co-sponsorship of the Department of the Navy and the Institute of Electrical and Electron-
ics Engineers.

Prior to 1988, C95 standards were developed by accredited standards committee C95 and submitted to the
American National Standards Institute (ANSI) for approval and issuance as ANSI C95 standards. Between
1988 and 1990, the committee was converted to Standards Coordinating Committee 28 under sponsorship of
the IEEE Standards Board, and in 2001, became also known as the International Committee on Electromag-
netic Safety (ICES). In accordance with policies of the IEEE, C95 standards will be issued and developed as
IEEE standards, as well as being submitted to ANSI for recognition.

The present scope of ICES is:

“Development of standards for the safe use of electromagnetic energy in the range of 0 Hz—300 GHz relative
to the potential hazards due to exposure of such energy to man, volatile materials, and explosive devices. The
committee will coordinate with other committees whose scopes are contiguous with ICES.”

ICES is responsible for this standard. There are five subcommittees concerned with:

| Techniques, Procedures, Instrumentation, and Computation,

I Terminology, Units of Measurements, and Hazard Communication,
Il Safety Levels with Respect to Human Exposure, 0-3 kHz,

IV Safety Levels with Respect to Human Exposure, 3 kHz—300 GHz,
V Safety Levels with Respect to Electro-Explosive Devices.

Two standards, two guides, and three recommended practices have been issued. Current versions are:

IEEE Std C95.1™-1999 Edition, IEEE Standard for Safety Levels with Respect to Human Exposure to
Radio Frequency Electromagnetic Fields, 3 kHz—300 GHz (Replaces IEEE Std C95.1-1991).

IEEE Std C95.2™-1999, IEEE Standard for Radio Frequency Energy and Current Flow Symbols (Replaces
ANSI C95.2).

IEEE Std C95.3™-1991 (Reaff 1997), IEEE Recommended Practice for the Measurement of Potentially
Hazardous Electromagnetic Fields—RF and Microwave (Replaces ANSI C95.3-1973 and ANSI C95.1-
1981).

ANSI C95.5-1981, American National Standard Recommended Practice for the Measurement of Hazardous
Electromagnetic Fields—RF and Microwave.

IEEE Std 1460™-1996, IEEE Guide for the Measurement of Quasi-Static Magnetic and Electric Fields.

ANSI C95.4-1978, American National Standard Safety Guide for the Prevention of Radio-Frequency Radia-
tion Hazards in the Use of Electric Blasting Caps.

This standard was developed by an ICES Subcommittee 3 (SC 3) formed in 1991 to address the frequency
range from 0-3 kHz (SC 3). In the early years, the subcommittee discussed the science relating to both long-
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term and short-term exposures and concluded that the effects of long-term (chronic) exposure were not
convincingly established as were effects of short-term exposures.

Disclaimer

This IEEE standard was developed through the collaborative effort of an international group of volunteers
with expertise in many disciplines ranging from medicine to engineering. While this standard represents a
consensus among this volunteer group, it is not the only view on the safety issues addressed herein. As with
any guidance, use of this standard, does not provide proof of or guarantee of absolute safety. Use and com-
pliance with this IEEE standard is wholly voluntary.

Participants
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Kent Jaffa, Chair
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Louis Williams, Jr.
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IEEE Standard for Safety Levels with
Respect to Human Exposure to
Electromagnetic Fields, 0-3 kHz

1. Overview

This standard is divided into six clauses. Clause 1 defines the scope and purpose of the standard. Clause 2
lists references to other standards that are useful in applying this standard. Clause 3 provides definitions that
are either not found in other standards or have been modified for use with this standard. Clause 4 defines the
protected population and the mechanisms of interaction. Clause 5 defines the exposure limits. Clause 6
details the rationale used in developing this standard.

1.1 Scope

This standard defines exposure levels to protect against adverse effects in humans from exposure to electric
and magnetic fields at frequencies from 0-3 kHz. This standard was developed with resgpadtished
mechanisms of biological effects in humans from electric and magnetic field exposures. It does not apply to
exposures encountered during medical procedures. The defined exposure limits do not necessarily protect
against interference of medical devices or problems involving metallic implants (see 6.12).

Established human mechanisms fall within the category of short-term effects. Such effects are understood in
terms of recognized interaction mechanisms. Exposure limits defined in this standard are not based on the
potential effects of long-term exposure because:

a) There is not sufficient, reliable evidence to conclude that long-term exposures to electric and mag-
netic fields at levels found in communities or occupational environments are adverse to human
health or cause a disease, including cancer.

b) There is no confirmed mechanism that would provide a firm basis to predict adverse effects from
low-level, long-term exposure.

The Subcommittee is aware of reported epidemiological associations between long-term exposure to
magnetic fields and disease, including childhood leukemia in residential environments and chronic
lymphocytic leukemia in occupational environments. The interpretation of these associations is unclear,
especially since exposure to magnetic fields does not appear to initiate or advance the development of
leukemia or other forms of cancers and other diseases in animals exposed over much of their lifetime. This is
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consistent with the findings of interdisciplinary panels of scientists that have evaluated the literature on long-
term exposures for scientific and governmental organizations. The most recent of these major reviews
include the Advisory Group on Non-lonizing Radiation of the UK National Radiological Protection Board
(AGNIR [B3]1), the Health Council of the Netherlands (Netherlands [B63]), the U.S. National Institute of
Environmental Health Sciences (NIEHS [B64]; Olden [B68]), the Institution of Electrical Engineers (IEE
[B45]), the International Agency for Research on Cancer (IARC [B42]), the International Commission on
Non-lonizing Radiation Protection (ICNIRP) [B43], and the U. S. National Research Council (NRC [B65]).

Because none of the above reviews concluded that any hazard from long-term exposure has been confirmed,
this standard does not propose limits on exposures that are lower than those necessary to protect against
adverse short-term effects. The Subcommittee will continue to evaluate new research and will revise this
standard should the resolution of present uncertainties in the research literature identify a need to limit long-
term exposures to values lower than the limits of this standard. The Subcommittee will also continue to
evaluate new research on short-term effects and modeling. As stated below, this standard makes reasonable
assumptions based upon available data. As new data becomes available, the committee will revisit these
assumptions for future revisions.

1.2 Purpose

The IEEE has previously defined safety standards for human exposure to electromagnetic fields in the
frequency regime from 3 kHz—300 GHz (IEEE [B46]). The purpose of this standard is to define exposure

standards for the frequency regime 0-3 kHz. For pulsed or nonsinusoidal fields, it may be necessary to
evaluate an acceptance criterion at frequencies outside this frequency regime as explained in 5.2.4.2.

2. References
This standard shall be used in conjunction with the following publicafions:
Accredited Standards Committee C2-1997, National Electrical Safety’GhiEsC®).3

IEEE Std 644™-1994, IEEE Standard Procedures for Measurement of Power Frequency Electric and Mag-
netic Fields from AC Power Linés.

IEEE Std 1460™-1996, IEEE Guide for the Measurement of Quasi-Static Magnetic and Electric Fields.

3. Definitions, acronyms, and symbols

3.1 Definitions

For the purposes of this standard, the following terms and definitions @pghAuthoritative Dictionary of
IEEE Standards TermSgeventh EditioriB47], shall be referenced for terms not defined in this clause.

3.1.1 action potential:A response of a nerve cell to a stimulus involving a propagating rapid depolarization
of the potential across the cell membrane.

1The numbers in brackets correspond to those of the bibliography in Annex A.
The IEEE standards referred to in Clause 2 are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

3The NESC is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ
08855-1331, USA (http://standards.ieee.org/).

4EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 18®8&yPisca
NJ 08855-1331, USA (http://standards.ieee.org/).
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3.1.2 adverse effectAn effect detrimental to the health of an individual due to exposure to an electric or
magnetic field, or a contact current.

3.1.3 adverse reaction factorK,): A multiplier used to derive maximum permissible exposure (MPE) lev-
els, which converts from a threshold reaction to an adverse one.

3.1.4 averaging distanceThe distance over which thee situ electric field is averaged when determining
compliance with basic restrictions.

3.1.5 averaging time:The appropriate time period over which exposure is averaged for purposes of deter-
mining compliance with a maximum permissible exposure (MPE) or Reference Level.

3.1.6 axial cross sectiom cross section of the body taken in a plane perpendicular to its long axis.
3.1.7 axial exposureExposure by a magnetic field perpendicular to the axial cross section.

3.1.8 basic restrictions:Limitations on thén situ electrical forces that avoid adverse effects, and with an
acceptable safety factor.

3.1.9 biphasic:A waveform that has a reversal of polarity.
3.1.10 cardiac excitation The electrical stimulation of a cardiac contraction.

3.1.11 central nervous system (CNSYT.he portion of the vertebrate nervous system consisting of the brain
and spinal cord, but not including the peripheral nerves.

3.1.12 cerebral cortex:The convoluted thin layer of brain cells (gray matter) forming the outer surface of
each cerebral hemisphere.

3.1.13 conductivity: A property of materials that determines the magnitude of the electric current density
when an electric field is impressed on the material, expressed in units of siemens per meter (S/m); the
inverse of resistivity.

3.1.14 contact current Current passed into a biological medium via a contacting electrode or other source
of current.

3.1.15 controlled environment:An area that is accessible to those who are aware of the potential for expo-
sure as a concomitant of employment, to individuals cognizant of exposure and potential adverse effects, or
where exposure is the incidental result of passage through areas posted with warnings, or where the environ-
ment is not accessible to the general public and those individuals having access are aware of the potential for
adverse effects.

3.1.16 corona (air):A luminous discharge due to ionization of the air surrounding a conductor caused by a
voltage gradient exceeding a certain critical value.

3.1.17 coronal cross sectiorA cross section taken through the long axis of the body in a plane parallel to
its front view.

3.1.18 coronal exposureExposure by a magnetic field perpendicular to the coronal cross section.
3.1.19 depolarization (cellular):The reduction of the resting potential across a cellular membrane.

3.1.20 direct electrostimulation:Stimulation via the electric field within the biological medium induced by
an external electric or magnetic field without direct contact with other conductors or spark discharges.
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3.1.21 electric field strength ): Force exerted by an electric field on an electric point charge, divided by
the electric charge. Electric field strength is expressed in newtons per coulomb or volts per meter (N/C =
Vim).

3.1.22 electrostimulation:Induction of a propagating action potential in excitable tissue by an applied elec-
trical stimulus; electrical polarization of presynaptic processes leading to a change in post synaptic cell
activity.

3.1.23 environmental field:An electric or magnetic field external to the body and measured in the absence
of the body.

3.1.24 established mechanismA bioelectric mechanism having the following characteristics: (a) can be
used to predict a biological effect in humans; (b) an explicit model can be made using equations or paramet-
ric relationships; (c) has been verified in humans, or animal data can be confidently extrapolated to humans;
(d) is supported by strong evidence; and (e) is widely accepted among experts in the scientific community.

3.1.25 extra systoleAn induced cardiac contraction, usually a premature contraction that interrupts the nor-
mal sinus rhythm; a forced heartbeat.

3.1.26 general public: All individuals who may experience exposure, except those in controlled
environments.

3.1.27 grasping contactAn electrical connection with a large energized conductor made by firmly holding
the conductor in the hand. In this standard, a contact area of2i§ assumed for such contact.

3.1.28 Hall-effect voltageThe voltage developed between two points within a conductive medium due to
the redistribution of moving charges in a magnetic field.

3.1.29 indirect electrostimulation Stimulation through contact with a conducting object under the influ-
ence of an electric or magnetic field, including spark discharges.

3.1.30 induction:An electric or magnetic field in a conducting medium caused by the action of a time-vary-
ing external (environmental) electric or magnetic field.

3.1.31in situ: Within biological tissue.

3.1.32 let-go current: The threshold current level at which involuntary muscular contraction prevents
release of a grip on an energized conductor.

3.1.33 lognormal distribution: A statistical distribution in which the logarithm of the statistical variate is
normally distributed.

3.1.34 Lorentz force:The force on a moving charge within a magnetic field.

3.1.35 magnetic field strengthH): The magnitude of the magnetic field vector; expressed in units of
amperes per meter (A/m).

3.1.36 magnetic flux densityR): A vector quantity that determines the force on a moving charge or charges
(electric current). Magnetic flux density is expressed in teslas (T). One gauss (deprecated unit)‘éq'uals 10

3.1.37 magnetohydrodynamic effectA force or potential imparted on a fluid volume arising from its
motion in the presence of a magnetic field.
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3.1.38 maximum permissible exposure (MPE)he rms and peak electric and magnetic fields and contact
currents to which a person may be exposed without an adverse effect and with acceptable safety factors. The
MPE for magnetic field exposure in this standard may be exceeded if it can be demonstrated that the basic
restrictions are not exceeded.

3.1.39 meanThe arithmetic average of a series of measurements or other data.

3.1.40 median:The value within a statistical distribution at which 50% of data are above and below.

3.1.41 median thresholdThe threshold value within a statistical distribution at which 50% of subjects have
greater thresholds and 50% have lesser thresholds.

3.1.42 monophasicA waveform not reversing in polarity.

3.1.43 motor neuron:(a) A central neuron that initiates excitation of a peripheral nerve; (b) a peripheral
nerve that innervates muscle. Definition (b) is generally used in this standard.

3.1.44 myelinated nerveA nerve fiber containing insulating myelin sheaths that are interrupted by uninsu-
lated segments calletbdes of Ranvier.

3.1.45 nerveA bundle of axons.

3.1.46 nerve fiber:A single nerve axon.

3.1.47 neuron:A single cellular unit usually consisting of an axon, cell body, and dendritic tree.

3.1.48 nonuniform field: A field that is not constant in amplitude, direction, and relative phase over the
dimensions of the body or body part under consideration. In the case of electric fields, the definition applies

to an environmental field undisturbed by the presence of the body.

3.1.49 normal load conditionsThe maximum operating voltage and current of an electric power transmis-
sion line under conditions that exclude outages, or other emergency operating conditions.

3.1.50 open-circuit voltageThe potential difference between two conducting objects without a current load
being applied to the objects.

3.1.51 peripheral nerve:Nerve found outside the central nervous system and leading to and from the cen-
tral nervous system.

3.1.52 phase durationtf): The time between zero crossings of a waveform having zero mean. For a sine-
wave of frequency, t, = 1/(%). For an exponential waveforr, is interpreted as the duration measured
from the waveform peak to a point at which it decays to 0.‘317 ¢k its peak value.

3.1.53 phospheneVisual sensation caused by nonphotic stimuli. Electro-phosphenes are induced by elec-
tric currents; magneto-phosphenes are induced magnetically.

3.1.54 polarization (cellular): The electric potential formed across a cell membrane.
3.1.55 postsynaptic cellThe cell receiving excitation in a synaptic junction between two nerve cells.

3.1.56 presynaptic cell: The cell that provides excitation at a synapse, usually by release of a
neurotransmitter.
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3.1.57 probability factor (Fy): A multiplier used in the derivation of maximum permissible exposure
(MPE) or reference levels, which converts a median threshold to a low probability D¥g. (

3.1.58 proposed mechanismA bioelectric mechanism lacking the characteristics of an established mecha-
nism.(See alsoestablished mechanism.

3.1.59 relative phaseThe phase angle of a sinusoidal waveform relative to the phase angle of another
waveform measured at a different point within the conductive medium or with respect to a stated reference
waveform.

3.1.60 rheobaseThe minimum threshold intensity in a strength-duration relationship (applicable to a
stimulus duration that is long in comparison with the strength-duration time constant). Also applied to the
minimum plateau in a strength-frequency relationship.

3.1.61 root-mean-square (rms)A mathematical operation on a series of measurements (or a temporal
sequence of data) in which the square root of the arithmetic mean of the squares of the measurements or data
is taken.

3.1.62 safety factor E¢): A multiplier (< 1) used to derive maximum permissible exposure (MPE) levels,
which provides for the protection of exceptionally sensitive individuals, uncertainties concerning threshold
effects due to pathological conditions or drug treatment, uncertainties in reaction thresholds, and uncertain-
ties in induction models.

3.1.63 sagittal cross sectiorA cross section along the long axis of the body, parallel to its side view.
3.1.64 sagittal exposureExposure by a magnetic field perpendicular to the sagittal cross section.

3.1.65 short-term responseA biological response to an electric or magnetic stimulus manifested within a
few seconds after the exposure begins.

3.1.66 spark dischargeThe transfer of current through an air gap requiring a voltage high enough to ionize
the air, as opposed to direct contact with a source.

3.1.67 specific absorption rate (SAR)The time derivative of the incremental energy absorbed by (dissi-
pated in) an incremental mass contained in a volume element of given density. SAR is expressed in watts per
kilogram (W/kg).

3.1.68 strength-duration curve:The functional relationship between the threshold of excitation and the
duration of an excitatory stimulus.

3.1.69 strength-duration time constant {): The functional parameter in a strength-duration curve that
describes the temporal inflection point between the rheobase and the rising threshold segment.

3.1.70 strength-frequency curveThe functional relationship between the threshold of excitation and the
frequency of an excitatory stimulus.

3.1.71 synapseThe site of functional apposition between two neurons at which an electrical signal from
one neuron is transmitted to another by either electrical or chemical means. In the typical synapse, the
impulse is transmitted by a chemical substance calfeietransmitter.

3.1.72 systoleContraction of the heart.

3.1.73 threshold:The level of a stimulus marking the boundary between a response and a nonresponse.
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3.1.74 touch contactA contact of small area made between the human body and an energized conductor. In
this standard, a contact area of oné @tthe assumed touch contact area.

3.1.75 uniform field: A field that is constant in amplitude, direction, and relative phase over the dimensions
of the body or body part under consideration. In the case of electric fields, the definition applies to an envi-
ronmental field undisturbed by the presence of the body.

3.1.76 ventricular fibrillation: Arrhythmia of the ventricles of the heart characterized by rapid uncoordi-
nated contractions.

3.1.77 visual evoked potential (VEP)An endogenous potential ensuing in the brain and measured on the
scalp in response to a visual stimulus.

3.1.78 voxelA three-dimensional computational element.

3.1.79 waveform:The variation of an electrical amplitude with time. Unless otherwise stated, in this stan-
dard the ternwaveformrefers to values (or measurements) at sites within the biological medium.

3.2 Acronyms and abbreviations

B-field Magnetic flux density

CNS  Central nervous system

E-field Electric field strength

ECT  Electroconvulsive therapy

EMC Electromagnetic compatibility

IARC International Agency for Research on Cancer

ICNIRP International Commission on Non-lonizing Radiation Protection
IEE Institute of Electrical Engineers (United Kingdom)

MPE  Maximum permissible exposure

MRI Magnetic resonance imaging

NIEHS National Institute of Environmental Health Sciences (USA)
NRC  National Research Council (USA)

rms Root-mean-square

SAR  Specific absorption rate

S-D Strength-duration (time constant, curve, etc.)

VEP  Visual evoked potential

VF Ventricular fibrillation
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3.3 Symbols
a,b Semi-major and semi-minor axes of elliptical representation of exposed body part.
A The magnitude of thigh Fourier component of a waveform.

Magnetic flux density, expressed in tesla (T). Tesla and gauss (G) units are related by‘fG =10

B, The minimum flux density in a strength-duration or strength-frequency relationship (T).

B Time rate of change of magnetic flux dengi/dt expressed as teslas-per-second (T/s).

Bp Peak allowable limit on the time derivative of flux density.

d, Averaging distance used to determine compliance wiih aitu electric field basic restriction.

de Spatial extent of aim situ electric field.

E Electric field strength, expressed in volts-per-meter (V/m).

E, The minimum (rheobase) electric field strength in a strength-duration or strength-frequency

relationship (V/m).
Eot Rheobase threshold electric field strength.

Eop Rheobase basic restriction.

E; In situ electric field (V/m).

f Frequency, expressed in hertz (Hz).

fo Upper transition frequency in a strength-frequency relation (Hz).
f; Frequency of th&h Fourier component of a waveform.

Fa Adverse reaction factor.

Fp Probability factor.

Fs Safety factor.

h Height of standing person, expressed in meters (m).

H Magnetic field intensity, expressed in amperes-per-meter (A/m). Related to flux deriBityiby.
le Contact current, expressed in amperes (A).

J Current density, expressed in amperes-per-square mete%)(A/m

ME; Maximum allowable exposure of either thesitu electric field, the environmental field, or the
contact current at frequenty

sl Magnetic permeability, expressed in henries-per-meter (H/m).
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