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Abstract: Elements of a radio frequency (RF) exposure safety program that can prevent or control
potential risks associated with exposure to the electromagnetic fields from RF sources that oper-
ate in the frequency range of 3 kHz to 300 GHz are described in this recommended practice. The
means for accomplishing this are classifying exposure locations into one of four categories based
on the potential hazard, as defined by exposure limits, and specifying appropriate controls for each
category. Such controls include engineering and administrative controls as well as the use of
personal protective equipment, placement of appropriate RF safety signage, designation of
restricted access areas, the use of personal RF monitors, and RF safety awareness training.
These recommendations are not intended to apply to the purposeful exposure of patients by or
under the direction of medical practitioners, but can be used in the development of safety pro-
grams for medical staff and other persons working with or incidentally exposed to RF fields, and
for those wearing implanted or external medical electronic devices. Although designed to comple-
ment IEEE Std C95.1, this recommended practice may also be used for the development of
programs to insure conformance with IEEE Std C95.6 and with other guidelines, standards, or reg-
ulations for controlling human exposure to electromagnetic energy.

Keywords: access restriction, electromagnetic exposure, electromagnetic fields (EMF), exposure
assessment, exposure categorization, non-ionizing radiation (NIR), personal monitors, personal
protective equipment (PPE), radio frequency (RF), radio-frequency exposure, radio frequency
safety program (RFSP), RF awareness training, RF protection, RF safety committee, RF safety
officer, signage
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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 development pro-
cess, 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 without compensa-
tion. While the IEEE administers the process and establishes rules to promote fairness in the consensus development 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 damage, of
any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the pub-
lication, 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 fitness for a specific purpose, or that the use
of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

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 revision or reaffir-
mation. 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 cautioned to check 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 competent profes-
sional 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 appli-
cations. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare appro-
priate 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 societies
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. At lectures, symposia, seminars, or educational courses,
an individual presenting information on IEEE standards shall make it clear that his or her views should be considered the per-
sonal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

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 sup-
porting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

NOTE—Attention is called to the possibility that implementation of this standard may require use of subject matter 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 re-
quired 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 Electri-
cal and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To arrange for pay-
ment 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. 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 C95.7-2005, IEEE Recommended Practice for Radio Frequency Safety
Programs, 3 kHz to 300 GHz.

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, Inc. 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
(SCC 28) under the sponsorship of the IEEE Standards Board. In 2001, the IEEE Standards Association
Standards Board approved the name “International Committee on Electromagnetic Safety (ICES)” for SCC
28 to better reflect the scope of the committee and its international membership. In accordance with policies
of the IEEE, C95 standards are issued and developed as IEEE standards, as well as submitted to ANSI for
recognition.

The present scope of IEEE ICES is as follows:

“Development of standards for the safe use of electromagnetic energy in the range of 0 Hz to 300 GHz rela-
tive to the potential hazards of exposure of man, volatile materials, and explosive devices to such energy. It
is not intended to include infrared, visible, ultraviolet, or ionizing radiation. The committee will coordinate
with other committees whose scopes are contiguous with ICES.”

Subcommittee 2 of the ICES is responsible for this recommended practice. There are five ICES subcommit-
tees, each of whose area of responsibility is described below in correspondence with its designated subcom-
mitte number:

1) Techniques, Procedures, and Instrumentation;

2) Terminology, Units of Measurements and Hazard Communication;
3) Safety Levels with Respect to Human Exposure, 0-3 kHz;

4) Safety Levels with Respect to Human Exposure, 3 kHz-300 GHz;
5) Safety Levels with Respect to Electro-Explosive Devices.

Three standards, two recommended practices and one guide have been issued. Current versions are:

IEEE Std 1460'"-1996 (R2002), IEEE Guide for the Measurement of Quasi-Static Magnetic and Electric
Fields.

IEEE Std €95.1™, 1999 Edition, IEEE Standard for Safety Levels with Respect to Human Exposure to
Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz.

IEEE Std C95.2"-1999 (R2005), IEEE Standard for Radio-Frequency Energy and Current Flow Symbols.

IEEE Std €95.3""-2002, Recommended Practice for Measurements and Computations of Radio Frequency
Electromagnetic Fields with Respect to Human Exposure to Such Fields, 100 kHz-300 GHz.

IEEE Std €95.4™-2002, IEEE Recommended Practice for Determining Safe Distances from Radio Fre-
quency Transmitting Antennas When Using Electric Blasting Caps During Explosive Operations.

IEEE Std C95.6""-2002, IEEE Standard for Safety Levels With Respect to Human Exposure to Electromag-
netic Fields, 0-3 kHz.
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This recommended practice represents a unique product for ICES. Heretofore, no single document has been
available that provided guidance for the development of RFSPs. While RF exposure limits are prescribed in
IEEE Std C95.1-1999, RF measurement techniques in IEEE Std C95.3-2002, and RF safety signs and labels
in IEEE Std C95.2-1999, none of those documents provide specific insight on how to integrate the subjects
of those standards with exposure assessment to arrive at practical measures for controlling exposure of per-
sons subject to RF fields. This recommended practice provides a practical means for accomplishing this by
first characterizing areas into one of four exposure categories according to the potential risk for exposure
above defined RF exposure limits and then specifying the appropriate controls. A table is provided that spec-
ifies which of the several potential elements described in the document should be included in the RFSP
based on the assigned category.

Notice to users

Errata
Errata, if any, for this and all other standards can be accessed at the following URL: http:/

standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http:/standards.ieee.org/reading/ieee/interp/
index.html.
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IEEE Recommended Practice for
Radio Frequency Safety Programs,
3 kHz to 300 GHz

1. Overview

1.1 Scope

This recommended practice presents guidelines and procedures that can form the basis of a radio frequency
exposure safety proglram1 (RFSP) that provides guidance for controlling hazards associated with radio
frequency (RF) sources that operate in the frequency range of 3 kHz to 300 GHz. This is a general-purpose
document intended for application in most RF exposure scenarios with the goal of avoiding potentially
hazardous exposures to electromagnetic fields, currents, and/or contact voltages. In some complex cases,
however, the required elements of an adequate RFSP may exceed those described in this document. In such
cases, additional guidance may be necessary to effect a satisfactory RF safety solution. There are many ways
of accomplishing the goal of a satisfactory RF safety program. While this recommended practice outlines
certain schemes for providing a safe environment for persons who may be exposed to excessive levels of
electromagnetic energy, other schemes may be equally effective.

1.2 Purpose

These guidelines are provided to assist in the development of RF safety programs for the use of RF energy-
producing devices, equipment, and systems, and to control any potentially hazardous exposure of workers or
the public. The means for accomplishing this are by first characterizing areas into one of four exposure cate-
gories according to the potential risk for exposure above prescribed RF exposure limits, as described in 1.3,
then specifying the appropriate controls to reduce the likelihood of over-exposure. For many situations, this
guidance will assist in the development of site-specific RF safety programs, while in others the programs
may be developed to apply across a wide range of exposure environments. These guidelines are designed to
complement the IEEE C95 family of standards on electromagnetic safety, but may find use in the develop-
ment of effective programs to ensure conformance with other guidelines, standards, or regulations for con-
trolling human exposure to electromagnetic energy. This recommended practice provides guidelines for
establishing RF safety programs, but other reccommendations may already exist that are deemed sufficient by
local regulatory authorities for achieving RF safety in particular environments. Hence, other recommenda-
tions could potentially replace or be used in conjunction with the recommendations in this document. Guide-

IFor the purposes of this document, the term “RF safety” is a shorthand notation used to mean “RF exposure safety.” See definition
3.1.35.

Documents

Copyright © 2006 IEEE. Al rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 27,2026 at 01:46:23 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C95.7-2005


http://www.avadocuments.com/doc/ieee-c95-7-2005
http://www.avadocuments.com/doc/ieee-c95-7-2005

IEEE
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lines developed for specific applications, for example, radio amateur operations (see ARRL [B4]2), and
electrical transmission/distribution personnel working near mobile phone base-station antennas installed on
electric utility structures (see IEEE P1654 [B23]), represent two such examples.

1.3 Application

The objective of this recommended practice is to provide guidance for the implementation of an RF safety
program. Such programs are recommended whenever exposures have the potential to exceed a defined
action level or exposure limit. Action levels or exposure limits are typically defined in the applicable safety
standard. How the levels or limits are defined and controlled is an important part of an RFSP. For purposes
of this recommended practice, action levels are any of the following criteria (where applicable):

— The lower tier limits of IEEE Std C95.1.

— The general public (lower tier) of the International Commission on Non-lonizing Radiation Protec-
tion (ICNIRP) guidelines (see ICNIRP [B16]).

— The general population/uncontrolled exposure limits of the U.S. Federal Communications Commis-
sion (FCC) (see FCC 47 CFR 1.1310 [B12]).

— 1/5 of the American Conference of Governmental Industrial Hygienists (ACGIH) threshold limit
values (TLVs) (see ACGIH [B2]).

The assessment of the action levels includes all applicable aspects of temporal and spatial averaging as
specified in the associated standards, guidelines and regulations. It also includes a consideration of the pre-
cedence of fundamental limits [such as basic restrictions (BRs)] over derived limits (such as MPE levels,
investigation levels, and reference levels). For example, devices or systems that have been determined to not
be capable of producing exposures that would exceed the BRs of the relevant exposure limits may need no
RF safety program, even though the external fields may exceed the action level. Exposure conditions may
also consist of the presence of an RF field and/or the potential to contact or grasp objects energized by RF
fields.

A practical means for developing an RF safety program is to first categorize the RF sources and systems
according to their potential for producing RF exposure above action levels or exposure limits, and then to
specify appropriate controls for each category. The term “controls” refers to both engineering and adminis-
trative controls for eliminating or reducing the potential exposure above the applicable RF exposure limits.
Clause 4 gives details on possible controls.

Differentiation between uncontrolled, or general public, exposure environments, and controlled, or occupa-
tional, exposure environments, is primarily a matter of awareness and informed acceptance. The design of
an RFSP should carefully address the characteristics of the population defined as “general public” to assure
that the administrative and engineering controls implemented are sufficient to protect that population. For
example, if a controlled area is otherwise easily accessible by a visually handicapped person, signage may
not be sufficient to delineate the boundary between uncontrolled and controlled areas.

In simple situations, the examples in Annex B and Annex C can be used to determine the exposure category.
Some circumstances may require only a very minimal program, while others could require exposure assess-
ment by a competent RF safety professional. It should be noted, however, that the operation of many RF
sources and systems may be such that an RFSP is not needed at all (see Table 1, Category 1). RF sources and
systems with the potential for producing more intense exposures in accessible locations (Table 1, Category
2, Category 3, and Category 4), e.g., near RF dielectric heaters or high power broadcast antennas, will nor-
mally require additional RFSP elements. The categories shown in Table 1 are based on the potential for pro-
ducing exposures in accessible areas in excess of the action level or applicable exposure limit (see Clause 3,
definition 3.1.1 for “action level” relative to the potential for RF shocks and/or burns). Situations should be

2The numbers in brackets correspond to those of the bibliography in Annex 1.
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evaluated by sequentially determining which set of exposure conditions applies, beginning first with those
for Category 1. A summary of the recommended actions for each category is also included in Table 1.

Table 1—Summary of RFSP categories based on RF exposure conditions

RFSP Exposure condition® Control actions required

Category

1 Operational characteristics of source(s) | None, unless maintenance or other condi-
would not cause the action level to be | tions alter category.
exceeded.

2 Operational characteristics of source(s) | See Clause 4 and Table 3.
could cause the action level to be exceeded,
but would not cause the exposure limit to be
exceeded in accessible areas.

3 Potential to exceed the exposure limit in | See Clause 4 and Table 3.
accessible areas, if mitigating controls are
not applied.

4 Exposure will exceed exposure limit in | Restrict source output to achieve Category 3,
accessible areas. 2, or 1 conditions, or prevent personnel ac-

cess (see Clause 4 and Table 3)

n assessing the characteristics of an RF environment, consideration should be given to the potential for excessive exposure in the
case of an accidental failure of systems that normally preclude excessive exposure such as breaks in waveguides. See text in this
subclause for more information.

An effective RFSP can be used to control RF exposure of employees and the general public in areas where
RF exposure may exceed the exposure limits contained in applicable standards or guidelines, a few of which
are listed in Annex I (see ACGIH [B2], Australian Radiation Protection and Nuclear Safety Agency [B6],
Canada Safety Code 6 [B7], Department of Defense, Instruction 6055.11 [B9], FCC 47 CFR 1.1310 [B12],
ICNIRP [B16], IEEE Std C95.1-1991 [B18], and NCRP Report 86 [B26]. This document describes the vari-
ous elements that can be included in an RFSP. It also recommends when a specific element of the RFSP is
needed based on the potential risks from RF hazards. While most of the recommendations contained in this
document focus on occupational exposure situations, they will also be found applicable to public exposure
settings. An RFSP is generally recommended anytime and anywhere persons may have the opportunity to
occupy areas wherein RF exposures can exceed the exposure limits or action levels as defined in the applica-
ble standards or regulations. For purposes of this recommended practice, the applicable exposure limits are
those values that are relevant to the appropriate level of control, be it for occupational or controlled environ-
ment exposures, or for general public or uncontrolled exposures.

Owners and operators of equipment that produce (intentional or incidental) RF emissions and any conse-
quent exposure of persons, will generally be responsible for the development of an RFSP. It should be rec-
ognized, however, that there may be similar responsibilities carried by those who simply own, operate or
manage facilities in or on which RF sources may be located (see NCRP [B28]). While the actual legal
assignment of liabilities between these parties may vary between different countries and even between local
and/or state jurisdictions, the provider or owner of the RF source equipment should inform facility manage-
ment of those actions that they deem relevant to ensure compliance with applicable exposure limits and,
where relevant, provide necessary guidance for any required action. For example, property management
organizations having locations with RF sources, but who bear no direct operational responsibilities, should
share a common goal of ensuring the safety of both their own employees (and any subcontractors) and the
general public. Furthermore, in many cases, the successful implementation of an RFSP can be highly depen-
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dent on the level of cooperation between property management and the regulated entities operating the RF
sources (see NCRP [B28]). This same concept extends to broadcast sites where independent but multiple
broadcast stations use but do not own the site (see FCC [B10]). To this end, this recommended practice
offers guidance to such organizations relative to the administrative and technical considerations of RFSPs.

A device with potentially higher exposure capability might be placed in Table 1, Category 1 due to its oper-
ational characteristics. For example, the inherent duty-factor characteristics of a radar transmitter may pro-
duce time-averaged RF fields that are less than the action level in accessible areas. Repetitive antenna
rotations may also play a significant role in reduction of time-averaged exposures (for example, exposure
from a rotating antenna vs. a non-rotating antenna). However, Category 1 is not intended to include situa-
tions in which compliance with the applicable exposure limit requires some action by the exposed person,
such as limiting the amount of time spent in certain locations (time averaging). Furthermore, there may be
situations in which high power systems may be incapable of producing significant exposure under normal
conditions, but could produce serious exposures under abnormal conditions. Examples of such systems
include waveguides carrying high power, which do not produce significant exposures as long as the
waveguide remains intact with no leaks due to breaks in the waveguide itself or at the flange seals. Alterna-
tively, high power systems that are protected with interlocks to avoid significant exposures may be consid-
ered of no special consequence, but may produce high-level exposures if the interlock system fails. When
evaluating the characteristics of an RF exposure environment for purposes of categorization, consideration
should be given to the potential significance of an equipment failure relative to the requirement of an appro-
priate RFSP. Figure 1 provides a graphical representation of the categorization process described above.

The guidance of Table 1 is formulated to permit adaptation to either one-tier or two-tier RF exposure limits.
An example of one-tier exposure limits is found in the ACGIH threshold limit values for exposure to RF
fields (see ACGIH [B2]). Examples of two-tier exposure limits are IEEE Std C95.1-1999 [B18], FCC regu-
lations [B11], the ICNIRP guidelines [B16], and the National Council on Radiation Protection and Measure-
ments (NCRP) recommendations [B26].
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RF Safety Program Exposure Categorization
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Figure 1—Graphical representation of the RFSP categorization process corresponding to
Categories 1-4 of Table 1

2. Normative references

The following referenced documents are indispensable for the application of this document. In each case, the
latest edition of the referenced document (including any amendments or corrigenda) applies.
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IEEE Std C95.1", IEEE Standard for Safety Levels With Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to 300 GHz.>*

IEEE Std C95.2"™, IEEE Standard for Radio-Frequency Energy and Current Flow Symbols.

IEEE Std €95.3"", IEEE Recommended Practice for Measurements and Computations of Radio Frequency
Electromagnetic Fields with Respect to Human Exposure to Such Fields, 100 kHz—300 GHz.

IEEE Std C95.4™, IEEE Recommended Practice for Determining Safe Distances From Radio Frequency
Transmitting Antennas When Using Electric Blasting Caps During Explosive Operations.

3. Definitions, abbreviations, letter symbols for quantities, and unit symbols

For the purposes of this document, the following terms and definitions apply. The Authoritative Dictionary
of IEEE Standards Terms [B17] should be referenced for terms not defined in this clause.

3.1 Definitions

3.1.1 action level: The values of the electric and magnetic field strength, the incident power density, contact
and induced current, and contact voltage above which steps should be initiated to avoid exposures that
exceed the upper tier of the applicable standards, guidelines and regulations, and in areas that are in close
proximity (e.g., <2 m) to RF conductors that may cause shock and burn hazards on contact.

3.1.2 administrative controls: Procedures and information provided to personnel for the purpose of reduc-
ing exposure to potential RF hazards and that generally depend on the awareness and participation of per-
sonnel for their effectiveness. Examples include warning signs and visual/audible alarms, indicative barriers
(e.g., rails and chains), standard operating procedures (safe work practices), personal protective equipment
(PPE), time limits on the duration of exposure (time averaging), and RF safety training.

3.1.3 ancillary hazards: Those hazards that are subordinate to the primary hazard. lonizing radiation, toxic/
hazardous chemicals and gases, electrical hazards, and mechanical hazards, are examples of ancillary
hazards. Syn: associated hazard.

3.1.4 averaging time (T,,): The appropriate time period over which exposure is averaged for purposes of
determining compliance with a maximum permissible exposure (MPE) or reference level.

3.1.5 basic restrictions (BRs): Exposure restrictions that are based on established adverse health effects
that incorporate appropriate safety factors and are expressed in terms of the in situ electric field (3 kHz to 5
MHz), specific absorption rate (100 kHz to 3 GHz), or incident power density (3 GHz to 300 GHz). Depend-
ing upon the frequency of the electromagnetic field, the physical quantities used to specify these restrictions
are internal electric field strength (E;,,), current density (J), specific absorption rate (SAR), specific absorp-
tion (SA4) and power density (S). They are formulated in metrics that quantify RF field induced inside the
body, which consequently provide a more accurate measure of harmful exposure compared to derived limits
based only on ambient field-strength (E and H) exposures. However, BR quantities are often difficult and
impractical to measure.

3.1.6 contact current (I¢): Current induced at the point of contact between the body and an energized RF
conductor. Limits on contact currents are designed to protect against the possibility of RF shocks or burns

3EEE publications are 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/).

“The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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