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Abstract: Safety limits for the protection of persons against the established adverse health effects
of exposures to electric, magnetic, and electromagnetic fields in the frequency range
0 Hz to 300 GHz are presented in this standard. These exposure limits are intended to apply
generally to persons permitted in restricted environments and to the general public in unrestricted
environments. These exposure limits are not intended to apply to the exposure of patients by or
under the direction of physicians and medical professionals, as well as to the exposure of informed
volunteers in medical or scientific research studies, and might not be protective with respect to the
use of medical devices or implants.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE SA”) Standards Board. IEEE (“the Institute™) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI™), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in
the consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of
any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a
particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of
material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE
standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. 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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. 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 personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
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 comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, 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.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. A current IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, 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 order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://ieeexplore.ieee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards
development process, visit the IEEE SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

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 by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C95.1-2019, IEEE Standard for Safety Levels with Respect to Human Exposure
to Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz.

In 1960, the American Standards Association approved the initiation of the Radiation Hazards Standards
project under the co-development of the Department of the Navy and the Institute of Electrical and
Electronics Engineers, Incorporated (IEEE; called the “Institute of Radio Engineers (IRE)” at the time). 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 the “Standards Coordinating Committee 28 (SCC28)” under
the development of the IEEE Standards Board. In 2001, the IEEE Standards Association Standards Board
approved the name “International Committee on Electromagnetic Safety (ICES)” for SCC28 to better reflect
the scope of the committee and its international membership. In accordance with the policies of the IEEE,
C95 standards are issued and developed as IEEE standards and submitted to ANSI for recognition.

In June 1995, the IEEE Standards Board approved the establishment of “Standards Coordinating Committee
34 (SCC34), Product Performance Standards Relative to the Safe Use of Electromagnetic Energy.” Standards
developed by SCC34 do not specify limits for human exposure to electromagnetic fields, but refer to
established limits found in science-based standards such as IEEE Std C95.1™-2005, IEEE Standard for
Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to
300 GHz.

In 2005, SCC28 and SCC34 became “Technical Committee 95” and “Technical Committee 34,” respectively,
under a new IEEE Standards Coordinating Committee, SCC39, which is now called “ICES.”!
The present scope of IEEE ICES Technical Committee 95 (TC95) is as follows:

“Development of standards for the safe use of electromagnetic energy in the range of 0 Hz to 300 GHz
relative 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.”

There are six TC95 Subcommittees, each of whose area of responsibility is described as follows in
correspondence with its designated Subcommittee number:

SC 1: Techniques, Procedures, Instrumentation, and Computation

SC 2: Terminology, Units of Measurements, and Hazard Communication
SC 3: Safety Levels with Respect to Human Exposure, 0 Hz to 3 kHz

SC 4: Safety Levels with Respect to Human Exposure, 3 kHz to 300 GHz
SC 5: Safety Levels with Respect to Electro-Explosive Devices

SC 6: EMF Modeling and Dosimetry

1 Standards Coordinating Committees are established by the IEEE SA Standards Board and provide a mechanism to oversee the
development of standards that are beyond the scopes of individual technical committees within IEEE’s societies.
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This standard was prepared by Subcommittee 3 and Subcommittee 4 of TC95. TC95 has issued three
standards, four recommended practices, and one guide. The present versions are as follows:

IEEE Std C95.1™-2019, IEEE Standard for Safety Levels with Respect to Human Exposure to
Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz.

IEEE Std C95.1-2345™-2014, IEEE Standard for Military Workplaces—Force Health Protection
Regarding Personnel Exposure to Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz.

IEEE Std C95.2™-2018, IEEE Standard for Radio-Frequency Energy and Current-Flow Symbols.

IEEE Std C95.3™-2002 (R2008), IEEE Recommended Practice for Measurements and
Computations of Electric, Magnetic, and Electromagnetic Fields With Respect to Human Exposure
to Such Fields, 100 kHz to 300 GHz.

IEEE Std C95.3.1™-2010, IEEE Recommended Practice for Measurements and Computations of
Electric, Magnetic, and Electromagnetic Fields with Respect to Human Exposure to Such Fields,
0 Hz to 100 kHz.

IEEE Std C95.4™-2002 (R2008), IEEE Recommended Practice for Determining Safe Distances
from Radio Frequency Transmitting Antennas When Using Electric Blasting Caps During Explosive
Operations.

IEEE Std C95.7™-2014, IEEE Recommended Practice for Radio Frequency Safety Programs, 3 kHz
to 300 GHz.?

IEEE Std 1460™-1996 (R2008), IEEE Guide for the Measurement of Quasi-Static Magnetic and
Electric Fields.

Dedication

This edition of IEEE Std C95.1 is dedicated in memory of Ronald C. (Ron) Petersen. Ron served on various
IEEE committees beginning in the 1970s, particularly SCC28, SCC34, and SCC39 (ICES). He also served
as chair of the International Electrotechnical Commission (IEC) TC 106 (EMF exposure) through its first
15 years. Ron’s passing represents a great loss for the IEEE, and especially for ICES. His constant attention
to the workings of this committee and the development of standards documents formed the glue that ensured
the continued cohesiveness and success of ICES. We will all miss Ron in our meetings—he lives forever in
our memories.

2 The latest revisions of IEEE Std C95.1, IEEE Std C95.1-2345, IEEE Std C95.2, IEEE Std C95.3, IEEE Std C95.3.1, and
IEEE Std C95.7 are available at no cost (at the time of publication of this standard) through the IEEE Get Program.
(https://ieeexplore.ieee.org/browse/standards/get-program/page/series?id=82).
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IEEE Standard for Safety Levels with
Respect to Human Exposure to Electric,
Magnetic, and Electromagnetic Fields,
0 Hz to 300 GHz

1. Overview

1.1 Scope

This standard specifies exposure criteria and limits to protect against established adverse health effects in
humans associated with exposure to electric, magnetic, and electromagnetic fields in the frequency range of
0 Hz to 300 GHz.1? These limits, incorporating safety margins, are expressed in terms of dosimetric
reference limits (DRL) and exposure reference levels (ERL). DRLs are expressed in terms of in situ electric
field strength, specific absorption rate (SAR), and epithelial power density. ERLS, which are more easily
determined, are limits on external electric and magnetic fields, incident power density, induced and contact
currents, and contact voltages intended to ensure that the DRLs are not exceeded. The limits, which protect
against adverse health effects associated with electrostimulation of tissue and local and whole-body heating,
are intended to apply to the described human exposure conditions. However, these levels are not intended to
address exposures of patients or human research subjects under the care of medical professionals for which
other risks and benefits might apply. These exposure limits might not prevent interference with medical and
other devices that might exhibit susceptibility to electromagnetic interference (EMI).

1.2 Purpose
The purpose of this standard is to provide science-based exposure criteria to protect against established

adverse health effects in humans associated with exposure to electric, magnetic, and electromagnetic fields;
induced and contact currents; and contact voltages, over the frequency range of 0 Hz to 300 GHz.?

1 The limits in this standard are intended to protect against adverse health effects except in certain cases of contact current exposures or
RF arcing exposures that could result in highly localized burns or transient adverse reactions (e.g., startle or pain).

2 The limits at 300 GHz for persons permitted in restricted environments are the same as the corresponding values in existing standards
for exposure in the infrared frequency range, which begins at 300 GHz (cf. ANSI Z136.1-2014 [B69] and IEC 60825-1 [B653]).

% The frequencies and wavelengths covered by this standard are in the “nonionizing radiation” region of the electromagnetic spectrum.
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1.3 General introduction

1.3.1 General

This standard is a revision and merging of IEEE Std C95.1™-2005 [B668] and IEEE Std C95.6™-2002
[B671].* Updated information is also included from IEEE Std C95.1-2345™-2014 [B669] (military
workplaces and personnel protection), which preceded this standard in combining and updating IEEE
Std C95.1-2005 and IEEE Std C95.6-2002, introduced expanded frequency-dependent exposure levels for
contact currents, and introduced new terminology such as “safety program initiation level” and “unrestricted”
and “restricted environments.” Recommendations to protect against established adverse health effects to
humans from exposures to electric fields, magnetic fields, electromagnetic fields, and contact currents are
defined on the basis of a comprehensive review of the scientific literature.

The literature review conducted for IEEE Std C95.1-2005 remains as a strong foundation for the present
standard (see C.2 to C.7). As discussed in A.1.7, the International Committee on Electromagnetic Safety
(ICES) literature review working group (LRWG) found that many recent health agency and expert group
reviews confirm the protectiveness of the existing limits; the major changes in limits in this standard are the
DRLs and ERLs above 6 GHz based on recent thermal modeling studies. Detailed reviews of scientific
studies dealing with effects at frequencies above 6 GHz are included in C.8. Review of the extensive literature
on electromagnetic field (EMF) biological effects revealed that electrostimulation is the dominant effect at
low frequencies and that thermal effects dominate at high frequencies. Examination of the radio frequency
(RF) exposure literature revealed no reproducible low-level (nonthermal) adverse health effects. Moreover,
the scientific consensus is that there are no accepted theoretical mechanisms that would explain the existence
of low-level adverse health effects. Since the publication of ANSI C95.1-1982 [B68], advances have been
made in the scientific knowledge of the biological effects of exposure to electromagnetic energy. This
additional and cumulative knowledge helps strengthen the basis for and confidence in the assertion that the
ERLs and DRLs in this standard are protective against established adverse health effects.

Based on the results of the latest ICES LRWG literature review, relevant mechanisms of interaction were
found to be stimulation of excitable nervous tissue by electric fields induced within the body due to electric
and/or magnetic fields and produced by contact current (frequencies between 0 Hz and approximately
5 MHz)," as well as by tissue heating (frequencies above approximately 100 kHz). In the transition region of
100 kHz to 5 MHz, the more restrictive of the two limits apply; generally: 1) ERLSs associated with heating
are more restrictive for long-term exposures (i.e., greater than the averaging time) to continuous-wave (CW)
fields, and 2) ERLs based on electrostimulation are more restrictive for short-term exposure (e.g., short
isolated pulses of low duty factor).

The whole-body average (WBA) DRLs and ERLs incorporate conservative safety factors that take into
account biological and dosimetry uncertainties in laboratory studies and the variability of response thresholds
within the human population. (See B.1.3 for the derivation and detailed aspects of the safety factors.) Because
the ERLSs are conservatively derived from the DRLs, it is possible to exceed an ERL while still complying
with the DRL. While numerous refinements are described in this document, a fundamental aspect of this
standard is that it continues to support the findings of earlier editions.

The following short-term reactions associated with electrostimulation at frequencies below 100 kHz for CW
exposures have been established: 1) aversive or painful stimulation of sensory or motor neurons; 2) muscle
excitation that can lead to injury while performing potentially hazardous activities; 3) excitation of neurons
or direct alteration of synaptic activity within the brain; 4) cardiac excitation; and 5) adverse health effects
associated with induced potentials or forces on rapidly moving charges within the body, such as in blood
flow. These findings are consistent with the conclusions of interdisciplinary panels of scientists that have
evaluated the literature on exposures to electric and magnetic fields for scientific and governmental
organizations through 2017 (see C.1). Data from studies published between 1901 and 2017 were considered

4 The numbers in brackets correspond to those of the bibliography in Annex E.
® The effects associated with electrostimulation are categorized as short-term effects.
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for frequencies below 100 kHz, including those studies that involve exposures below electrostimulation
thresholds.

For frequencies between 100 kHz and 300 GHz, tissue heating and whole-body heating predominate. The
most sensitive reproducible effect is disruption of food-motivated behavior in animal species, ranging from
rodents to primates and over a wide range of frequencies. These findings are consistent with those of
interdisciplinary panels of scientists from scientific and governmental organizations that have evaluated the
literature, including chronic (long-term) exposure studies (see Annex C). Data from studies published
between 1948 and December 2017 were considered for frequencies from 6 GHz to 300 GHz, including those
studies thgt involve low-level exposures where increases in temperature could not be measured or were not
expected.

The previous standard IEEE Std C95.1-2005 [B668] contained two exposure tiers: 1) an upper tier for “people
in controlled environments,” and 2) a lower tier designated an “action level,” above which steps should be
initiated to protect against exposures that exceed the upper tier (specifically, implementation of an RF safety
program). The upper boundary of the lower tier was considered to be an exposure limit for the general public.

Various new definitions are introduced in this standard. The terms unrestricted tier (lower tier) and restricted
tier (upper tier) refer to ranges of permissible exposure values, with each tier having an upper limit.” The
lower tier limit is designated as the “safety program initiation level” (rather than as the “action level”) to
emphasize that an RF safety program is necessary. It should be noted that in this standard, the upper tier
exposure limit is referred to as applicable to “persons permitted in restricted environments,” to emphasize
that individuals might occupy restricted environments, where the higher ERLs and DRLs are applicable, if
those individuals follow the applicable safety program guidance and procedures. This standard specifically
avoids the declaration that only individuals who are exposed because of their occupation may enter restricted
environments. For portable devices, such as mobile phones and professional two-way radios, the lower tier
DRL is applicable to devices available to the general public. The higher tier DRL is applicable to devices for
which user awareness information/training is provided.

The literature review also evaluated the possibility of adverse health effects associated with chronic low-
level exposure. For exposures to electric, magnetic, and electromagnetic fields at frequencies between 0 Hz
and 300 GHz, the following two conclusions were reached:

a) The weight-of-evidence provides no credible indication of adverse effects caused by chronic
exposures below levels specified in this standard.

b)  No biophysical mechanisms have been scientifically validated that would link chronic exposures
below levels specified in this standard to adverse health effects.®

& Although the literature review cutoff date of IEEE Std C95.1-2005 [B668] was December 2003, several papers published in 2004 and
2005 were included thereunder. While review of the 2003 to 2017 high-frequency literature remains ongoing, the review findings used
for this revision cover the literature for frequencies above 6 GHz to address the corresponding changes in the exposure limits between
6 GHz and 300 GHz.

" In this standard, the terms “upper tier” and “lower tier” are used interchangeably with “restricted tier” and “unrestricted tier,”
respectively.

8 ICESTC95 is aware of epidemiological studies and reviews that have reported positive associations between cancer and
electromagnetic fields in both the ELF and RF frequency ranges. The World Health Organization (WHO), in analyzing the 2002
International Agency for Research on Cancer (IARC) evaluation of exposure to ELF magnetic fields came to the following conclusion:
“Thus, on balance, the evidence related to childhood leukaemia is not strong enough to be considered causal”
(WHO [B1496] and WHO/IARC [B1501]). At higher frequencies, most epidemiologic studies have addressed the reported association
of adult brain cancer with inferred RF exposure from the use of mobile telephones. The preponderance of epidemiologic evidence does
not provide a sufficient basis for concluding that adult brain cancer is positively associated with mobile telephone use and, by
implication, with RF exposures. IARC classified RF electromagnetic fields as a possible human carcinogen (Group 2B) in its
classification system (Baan et al. [B93]). After this IARC classification, WHO issued a revised fact sheet 193 (WHO [B1494]) indicating
that, “A large number of studies have been performed over the last two decades to assess whether mobile phones pose a potential health
risk. To date, no adverse health effects have been established as being caused by mobile phone use.” Furthermore, WHO also indicated
that, “lARC has classified radiofrequency electromagnetic fields as possibly carcinogenic to humans (Group 2B), a category used when
a causal association is considered credible, but when chance, bias or confounding cannot be ruled out with reasonable confidence.” The
[Footnote 8 continued from previous page] International Commission on Non-lonizing Radiation Protection (ICNIRP) Standing
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Based on the collective findings of recent reviews, the weight of the evidence continues to indicate that
chronic exposure at levels specified in this standard is unlikely to cause adverse health effects. The ICES
Subcommittees will continue to evaluate new research and will, if appropriate, initiate revision of this
standard.

1.3.2 Protected population

This standard is intended to apply to all people, with the exception of patients undergoing procedures for
medical diagnosis or treatment that requires exposure to fields or current in excess of the DRLs and ERLSs of
this standard. This exemption is provided under the expectation that the medical staff is appropriately trained
in minimizing the risk concomitant with the provision of a recognized benefit from the exposure. Likewise,
this standard does not apply to exposure of informed volunteers in medical or scientific research studies, such
as those subject to approval by institutional review boards for the use of human subjects, nor is it intended to
prevent interference with medical and other devices that can exhibit susceptibility to EMI.°

Application of this standard is intended to offer protection to all persons in unrestricted exposure
environments such as living quarters, public areas, and workplaces (unrestricted tier), as well as to persons
permitted in restricted environments (restricted tier). DRLs and ERLs recommended in this standard are
intended to protect against established adverse effects. Examples of exposure mitigation include engineering
controls (engineering controls are the preferred approach to exposure mitigation in most exposure scenarios),
administrative controls, personal protective equipment (PPE) such as insulative gloves and/or protective
clothing, awareness programs, and operator training documentation designed to alert personnel to the
possibility of effects, or specific work practices that lessen the duration or intensity of exposure (e.g., per
IEEE Std C95.7™).10

1.3.3 Safety factors

1.3.3.1 General

Safety factors and their rationales are different for frequencies below approximately 100 kHz (but possibly
up to 5 MHz for pulsed fields), where the adverse effect being minimized is electrostimulation, and above
100 kHz where the adverse effects being protected against are related to tissue heating.** In the transition
region of 100 kHz to 5 MHz, both electrostimulation and heating can occur. For frequencies above 6 GHz,

Committee on Epidemiology also published an epidemiology review to conclude that, “Although there remains some uncertainty, the
trend in the accumulating evidence is increasingly against the hypothesis that mobile phone use can cause brain tumours in adults”
(ICNIRP [B650]).

In both frequency ranges, cancer bioassays in rodents have been predominantly negative (no persuasive evidence of effects have been
found at the exposure levels permitted in the standard). Furthermore, no plausible biophysical mechanisms have been verified that
explain hypothesized adverse effects at low-level exposures. Thus, ICES concludes that only the established acute mechanisms related
to electrostimulation between 0 Hz and 100 kHz (and up to 5 MHz for exposures to pulses) and tissue heating between 100 kHz and
300 GHz need to be addressed to provide a valid basis for the DRLs and ERLS designated in this standard.

ICES is also aware of the U.S. National Toxicology Program’s draft study reports and peer-review outcomes on the effects of Global
System for Mobile Communications (GSM) and Code Division Multiple Access (CDMA) RF signals on whole-body exposure of rats
and mice at levels that exceed the DRLs in this standard. The NTP studies were conducted for the purpose of hazard identification. As
is the continuing practice of ICES, the final NTP reports and subsequent evaluations and risk assessments by other organizations will
be addressed in future revisions of the standard. A careful assessment of the NTP study by ICNIRP describes several difficulties in
interpreting the results of the study for development of standards, in particular, the use of exposure levels in the NTP study that were
considerably above the existing or proposed whole-body exposure limits of IEEE Std C95.1; “ICNIRP NOTE on recent animal
carcinogenesis studies,” Sep. 4, 2018 (https://www.icnirp.org/cms/upload/publications/ICNIRPnote2018.pdf).
® While the issue of RF emissions from wireless transmitters causing electromagnetic interference with medical devices is outside the
scope of the current standard, the reader is directed to several relevant standards that recommend immunity levels for external medical
devices (e.g., IEC 60601-1 [B651] and IEC 60601-1-2 [B652]), as well as implantable medical devices (e.g., ANSI/AAMI PC69:2007
[B71] and ISO/TR 21730:2007 [B690] offer guidance for the use and operation of mobile wireless transmitters within healthcare
facilities).

10 Information on references can be found in Clause 2.
11 At low frequencies, safety factors apply to the amplitude of the in situ field; at high frequencies, the safety factors apply to the square
of amplitudes of the in situ or incident fields.
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the effect being protected against is tissue surface heating. The three types of effects (i.e., electrostimulation,
whole-body heating, and local heating) are protected against through three separate sets of DRLs and ERLS
that are applicable within the respective frequency ranges, as described in 1.3.3.2 through 1.3.3.4.

1.3.3.2 Frequencies below 100 kHz (5 MHz for pulsed fields)

Because the predominant interaction mechanisms are different above and below approximately 100 kHz
(5 MHz for certain pulsed fields), the nature of and the rationale for the safety factors differ. Below 100 kHz,
this standard protects against aversive or painful effects associated with electrostimulation, which has a
characteristic response time that is much less than 1 s and exposures are thus assessed in terms of
instantaneous fields or currents. DRLs for electrostimulation include upper and lower tier safety factors
(divisors, designated as SFy and SFy) that are applied to a median adverse-reaction threshold. The value of SFy,
which is 3 for all tissues, protects against adverse reactions for all but a small segment of the population
(< 1%). The value SF_ is 3 for the limbs and 9 for other tissues, thus, providing an additional margin to
further reduce the probability of adverse response in exposed individuals not covered by SFy. For the
restricted tier, SFy = 3 is applied to all tissues including brain tissue and neural tissue within the trunk, based
on the following observations:

a)  An adverse reaction for sensory perception at the upper tier of the DRL would be expected to occur
in no more than 1% of persons permitted in restricted environments and with no credible possibility
of cardiac arrhythmias.

b)  Electrostimulation that might occur at the upper tier limit has no lasting adverse health effect.
c) A safety program is required when exposures are anticipated above the lower tier ERL.

d)  Workers in occupational situations (persons permitted in restricted environments) can be made aware
of the potential for adverse reactions and mitigation measures.

1.3.3.3 Frequencies between 100 kHz and 6 GHz

Above 100 kHz, the effect associated with exposure to CW fields transitions from electrostimulation to tissue
heating, and exposures are assessed with reference to an averaging time that varies in accordance with whole-
body or local exposure. The frequency 100 kHz nominally represents a “thermal crossover” below which
electrostimulation effects dominate, and above which thermal effects dominate for CW exposure. However,
for pulsed waveforms, especially those of a low duty factor, the upper frequency at which electrostimulation
has been demonstrated reaches 5 MHz. This standard contains criteria to protect against adverse
electrostimulation effects for pulsed waveforms with fundamental frequencies above 100 kHz.

For short-duration exposures (less than the averaging time) at frequencies above 100 kHz, the DRLs and
ERLs associated with tissue heating are related to energy (i.e., specific absorption (SA) or incident energy
density). It is possible, however, to continue to use the DRLs and ERLs expressed in power terms (i.e., SAR,
power density, or equivalent fields), recognizing their time dependence. In this case the effect to be protected
against includes tissue damage that can result from excessive RF heating or from potentially adverse
behavioral effects consequent to heating.

For long-duration exposure (equal to or greater than the averaging time), the ERLS are extrapolated from the
exposure levels and SARs from laboratory studies of nonhuman species, specifically, exposure levels and
SARs that resulted in a behavioral disruption response. Behavioral disruption is considered to be the most
sensitive reproducible response to RF exposure indicative of a potential adverse health effect (D’Andrea et
al. [B313]). This process results in conservative DRLs and ERLSs because of the superior thermoregulatory
capacity of humans compared with laboratory animals.
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The safety factors for both whole-body and local exposures have been estimated to be approximately 10 and
50 or more in terms of SAR or power density for the upper tier and lower tier, respectively. (See B.4 and
B.7.6 for discussions of safety factors.) The safety factors for special exposure measures, such as local
exposures, peak (short pulse) limits, and contact and induced currents in the limbs, are also of the order of 5
to 10 above 100 kHz. The margin of safety for the DRLs and ERLSs is generally greater for whole-body
exposure in the resonance region than for local exposures.

Recently published research results have helped to provide a quantitative perspective on the magnitude of
these safety factors (Adibzadeh et al. [B34]). This research in which RF energy absorption rates have been
compared to tissue-damaging temperatures has estimated that the arbitrary safety factor of 10 used for the
upper tier exposure limits in this standard translates to actual values between 10.9 and 31.2 depending on the
target size of the exposed tissue, averaging times, and the degree of perfusion of the tissue of concern.

For local exposure at frequencies where SAR is applicable, the averaging mass for peak spatial-average SAR
(psSAR) is 10 g of tissue defined as a tissue volume in the shape of a cube. The averaging volume of 10 g of
tissue would be represented as a cube with a volume of approximately 10 cm?, or about 2.15 cm per side. At
3 GHz, the penetration depth of the field in high-water-content tissues is about 1.6 cm, which is smaller than
the depth of the averaging volume. To harmonize with the new ICNIRP RF Guidelines,*? the frequency range
over which the DRL is expressed in terms of SAR has been extended to 6 GHz.

1.3.3.4 Frequencies above 6 GHz

For frequencies above 6 GHz, the effect being protected against is excessive RF heating—primarily surface
heating causing a sense of prickling pain on the skin or eyes and possibly leading to tissue damage (burns).
Because the heated layer of tissue is thin, the thermal time constant is considered to be short and heating can
be rapid. However, heat is conducted into surrounding structures and the temperature rise is limited unless
the exposure is prolonged. Also, the smaller the area of exposure, the greater the capacity of tissue to disperse
localized heating, thereby reducing the thermal impact of intense exposure.

The body has an efficient thermoregulatory system that is designed to protect the body from sizeable
variations in environmental temperature and thermal load due to exercise. Consequently, the DRLs (in terms
of epithelial power density) and ERLs (incident power density) are very conservative for whole-body
exposures. For whole-body exposures over the entire 6 GHz to 300 GHz range, the safety factor for whole-
body exposure (relative to excessive thermal load on the body) in ordinary room environments is more than
10, and for persons in unrestricted areas, it ranges from more than 10 to more than 100. While the safety
factors are smaller for individuals in very warm environments, the effect of RF heating of the body at the
ERL for the upper tier is far outweighed by effects due to ambient temperature and relative humidity and the
type of clothing worn. Consequently, the limits are considered to be sufficiently protective even for
individuals in warm environments. In all cases, the safety factors for unrestricted environments are five times
greater than those for restricted environments (Moore et al. [B1035]).

1.3.4 Risk assessment and safety programs

A safety program, such as described in IEEE Std C95.7, shall be implemented whenever the lower tier DRLs
(or corresponding ERLS) can be exceeded (safety program initiation level). For persons in unrestricted
environments, the lower tier DRLs shall not be exceeded. For persons permitted in restricted environments,
the lower tier DRLs may be exceeded but the upper tier DRLs shall not be exceeded. The identification of
restricted environments is accomplished via an exposure assessment. Any resulting RF safety program shall
implement appropriate controls for access to the restricted environment. The purpose of the safety program
is to prevent exposures that exceed the upper tier exposure limits. While safety programs are applied to fixed

12 The draft of the ICNIRP Guidelines on Limiting Exposure to Time-Varying Electric, Magnetic and Electromagnetic Fields (100 kHz
to 300 GHz) was published for public consultation in July 2018 (https://www.icnirp.org/en/activities/public-consultation/consultation-
1.html).
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(or stationary) sources of electromagnetic fields, portable devices such as mobile phones or professional two-
way radios are subject to separate requirements for limiting psSAR in tissues. Manufacturers shall provide
procedures to assure compliance with respect to the DRLs for either lower or upper exposure tiers as
appropriate.

1.4 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to).%34

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEEE Std C95.3™, IEEE Recommended Practice for Measurements and Computations of Radio Frequency
Electromagnetic Fields with Respect to Human Exposure to Such Fields, 100 kHz-300 GHz.® 16

IEEE Std C95.3.1™, IEEE Recommended Practice for Measurements and Computations of Electric,
Magnetic, and Electromagnetic Fields with Respect to Human Exposure to Such Fields, 0 Hz to 100 kHz.

IEEE Std C95.7™, IEEE Recommended Practice for Radio Frequency Safety Programs, 3 kHz to 300 GHz.

13 The use of the word must is deprecated and shall not be used when stating mandatory requirements, must is used only to describe
unavoidable situations.

14 The use of will is deprecated and shall not be used when stating mandatory requirements, will is only used in statements of fact.

15 |EEE publications are available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

16 The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics E