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RF Guideline Issues
Identified by members of the federal RF Interagency Work Group, June 1999

Issue: Biological basis for local SAR limit
The C95.1 partial body (local) exposure limits are based on an assumed ratio of peak to whole body
SAR; that is, they are dosimetrically, rather than biologically based. Instead of applying a dosimetric
factor to the whole body SAR to obtain the local limits, an effort should be made to base local SAR
limits on the differential sensitivity of tissues to electric fields and temperature increases. For example, it
seems intuitive that the local limits for the brain and bone marrow should be lower than those for muscle,
fat and fascia; this is not the case with the current limits which implicitly assume that all tissues are
equally sensitive (except for eye and testicle). If no other data are available, differential tissue sensitivity
to ionizing radiation should be considered.
If it is deemed necessary to incorporate dosimetric factors into the resulting tissue-specific SAR limits
these should be based on up-to-date dosimetric methods such as finite-difference time-domain
calculations utilizing MRI data and tissue-specific dielectric constants. For certain exposure conditions
FDTD techniques and MRI data may allow better simulation of peak SAR values. Consideration
should be given to the practical tissue volume for averaging SAR and whether this volume is relevant to
potential effects on sensitive tissues and organs.

Issue:

Selection of an adverse effect level

Should the thermal basis for exposure limits be reconsidered, or can the basis for an
unacceptable/adverse effect still be defined in the same manner used for the 1991 IEEE guidelines?
Since the adverse effect level for the 1991 guidelines was based on acute exposures, does the same
approach apply for effects caused by chronic exposure to RF radiation, including exposures having a
range of carrier frequencies, modulation characteristics, peak intensities, exposure duration, etc., that
does not elevate tissue temperature on a macroscopic scale?
Selection criteria that could be considered in determining unacceptable/adverse effects include:
a) adverse effects on bodily functions/systems
b) minimal physiological consequences
c) measurable physiological effects, but no known consequences
If the adverse effect level is based on thermal effects in laboratory animals, the literature on
human studies (relating dose rate to temperature elevation and temperature elevation to a physiological
effect) should be used to determine if the human data could reduce uncertainties in determination of a

safety factor.

Issue:

Acute and chronic exposures

There is a need to discuss and differentiate the criteria for guidelines for acute and chronic exposure
conditions. The past approach of basing the exposure limits on acute effects data with an extrapolation
to unlimited chronic exposure durations is problematic. There is an extensive data base on acute effects
with animal data, human data (e.g. MRI information), and modeling to address thermal insult and
associated adverse effects for acute exposure (e.g., less than one day). For lower level
("non-thermal"), chronic exposures, the effects of concern may be very different from those for acute
exposure (e.g., epigenetic effects, tumor development, neurologic symptoms). It is possible that the
IEEE RF radiation guidelines development process may conclude that the data for these chronic effects
exist but are inconsistent, and therefore not useable for guideline development. If the chronic exposure
data are not helpful in determining a recommended exposure level, then a separate rationale for
extrapolating the results of acute exposure data may be needed. In either case (chronic effects data that
are useful or not useful), a clear rationale needs to be developed to support the exposure guideline for
chronic as well as acute exposure.

Issue: One tier vs two tier guidelines:
A one tier guideline must incorporate all exposure conditions and subject possibilities (e.g., acute or
chronic exposure, healthy workers, chronically ill members of the general public, etc.). A two tier
guideline, as now exists, has the potential to provide higher limits for a specific, defined population (e.g.,
healthy workers), and exposure conditions subject to controls, while providing a second limit that
addresses greater uncertainties in the data available (about chronic exposure effects, about variations in
the health of the subject population, etc.). A greater safety factor would have to be incorporated to deal
with greater uncertainty in the scientific data available. Thus, a two-tier guideline offers more flexibility in
dealing with scientific uncertainty, while a one-tier guideline would force a more conservative limit to
cover all circumstances including the scientific uncertainties that exist.

Issue: Controlled vs. uncontrolled (applicability of two IEEE exposure tiers)
The current "controlled" and "uncontrolled" definitions are problematic, at least in the civilian sector,
particularly since there are no procedures defined in the document to implement the "controlled"
condition. The new guidelines should offer direction for the range of controls to be implemented and the
training required for those who knowingly will be exposed (e.g. workers), along the lines of the existing
ANSI laser safety standards. This essential element needs to be included for whatever limits are defined,
be they one-tier or two-tier.
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For example, the OSHA position is that the "uncontrolled" level is strictly an "action" level which
indicates that there is a sufficiently high exposure (compared to the vast majority of locations) to merit an
assessment to determine what controls and training are necessary to ensure persons are not exposed
above the "controlled" limit. Many similar "action" levels are part of OSHA and public health standards.
Should this interpretation be incorporated into the IEEE standard as a means to determine the need to
implement a safety plan? [The laser standard has a multi-tiered (Class I, II, III, IV) standard which
similarly requires additional controls for more powerful lasers to limit the likelihood of an excess
exposure, even though the health effect threshold is the same.]
On the other hand, if it is determined that certain populations (due to their health status or age) are more
susceptible to RF exposures, then a multi-tiered standard, applicable only to those specific populations,
may be considered.
The ANSI/IEEE standard establishes two exposure tiers for controlled and uncontrolled environments.
The following statement is made in the rationale (Section 6, page 23): "The important distinction is not
the population type, but the nature of the exposure environment." If that is the case, consideration
should be given to providing a better explanation as to why persons in uncontrolled environments need
to be protected to a greater extent than persons in controlled environments. An uncontrolled
environment can become a controlled environment by simply restricting access (e.g., erecting fences)
and by making individuals aware of their potential for exposure. After such actions are taken, this
means that the persons who previously could only be exposed at the more restrictive uncontrolled levels
could now be exposed inside the restricted area (e.g., inside the fence) at controlled levels.
What biologically-based factor changed for these people? Since the ostensible public health reason for
providing greater protection for one group of persons has historically been based on biological
considerations or comparable factors, it is not clear why the sentence quoted above is valid.

Issue: Uncertainty factors
The uncertainties in the data used to develop the guideline should be addressed. An accepted practice
in establishing human exposure levels for agents that produce undesirable effects is the application of
factors representing each area of uncertainty inherent in the available data that was used to identify the
unacceptable effect level. Standard areas of uncertainty used in deriving acceptable human dose for
agents that may produce adverse (but non-cancer) effects include
(1) extrapolation of acute effects data to chronic exposure conditions,
(2) uncertainty in extrapolating animal data to humans in prolonged exposure situations,
(3) variation in the susceptibility (response/sensitivity) among individuals,
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(4) incomplete data bases,
(5) uncertainty in the selection of the effects basis, inability of any single study to
adequately address all possible adverse outcomes.
If guidelines are intended to address nonthermal chronic exposures to intensity modulated RF radiation,
then how could uncertainty factors be used; how would this use differ from the historical use of
uncertainty factors in establishing RF radiation guidelines to limit exposure to acute or sub-chronic RF
radiation to prevent heat-related effects?
There is a need to provide a clear rationale for the use of uncertainty factors.

Issue: Intensity or frequency modulated (pulsed or frequency modulated) RF radiation
Studies continue to be published describing biological responses to nonthermal ELF-modulated and
pulse-modulated RF radiation exposures that are not produced by CW (unmodulated) RF radiation.
These studies have resulted in concern that exposure guidelines based on thermal effects, and using
information and concepts (time-averaged dosimetry, uncertainty factors) that mask any differences
between intensity-modulated RF radiation exposure and CW exposure, do not directly address public
exposures, and therefore may not adequately protect the public. The parameter used to describe
dose/dose rate and used as the basis for exposure limits is time-averaged SAR; time-averaging erases
the unique characteristics of an intensity-modulated RF radiation that may be responsible for producing
an effect.
Are the results of research reporting biological effects caused by intensity-modulated, but not CW
exposure to RF radiation sufficient to influence the development of RF exposure guidelines? If so, then
how could this information be used in developing those guidelines? How could intensity modulation be
incorporated into the concept of dose to retain unique characteristics that may be responsible for a
relationship between exposure and the resulting effects?

Issue: Time averaging
Time averaging of exposures is essential in dealing with variable or intermittent exposure, e.g., that
arising from being in a fixed location of a rotating antenna, or from moving through a fixed RF field. The
0.1 h approach historically used should be reassessed, but may serve this purpose adequately. Time
averaging for other features of RF exposure is not necessarily desirable, however, and should be
reevaluated specifically as it deals with modulation of the signal, contact and induced current limits, and
prolonged, or chronic exposure. These specific conditions are discussed in a little more detail elsewhere.
If prolonged and chronic exposures are considered to be important, then there should be a
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reconsideration of the time-averaging practices that are incorporated into existing exposure guidelines
and used primarily to control exposure and energy deposition rates in acute/subchronic exposure
situations.

Issue: Lack of peak (or ceiling) limits for induced and contact current
A recent change in the IEEE guidelines allows for 6 minute, rather than 1 second,
time-weighted-averaging for induced current limits. This change increases the concern about the lack of
a peak limit for induced and contact currents. Will the limits for localized exposure address this issue,
i.e., for tissue along the current path?

Issue: Criteria for preventing hazards caused by transient discharges
The existing IEEE recommendation states that there were insufficient data to establish measurable criteria
to prevent RF hazards caused by transient discharges. If specific quantitative criteria are still not
available, can qualitative requirements be included in the standard to control this hazard (e.g., metal
objects will be sufficiently insulated and/or grounded, and/or persons will utilize sufficient insulating
protection, such as gloves, to prevent undesirable transient discharge.)?

ISSUE: Limits for exposure at microwave frequencies
Concerns have been expressed over the relaxation of limits for continuous exposures at microwave
frequencies above 1500 MHz. The rationale provided in the current guideline (Section 6.8) references
the fact that penetration depths at frequencies above 30 GHz are similar to those at visible and near
infrared wavelengths and that the literature for skin burn thresholds for optical radiation "is expected to be
applicable." The rationale then implies that the MPE limits at these high frequencies are consistent with
the MPE limits specified in ANSI Z136.1-1986 for 300 GHz exposures. This is apparently the rationale
for "ramping up" to the MPE limits for continuous exposure of 10 mW/cm2 at frequencies above 3 GHz
(controlled) or 15 GHz (uncontrolled). The rationale should be given as to why this ramp function has
been established at relatively low microwave frequencies (i.e., 1500 MHz and above), rather than being
implemented at higher frequencies that are truly quasi-optical. For example, one option could be two
ramp functions, one beginning at 300 MHz, based on whole- or partial-body dosimetry considerations,
and another at higher frequencies (say 30-100 GHz) to enable consistency with the laser standard. Such
a revision should help reduce concern that the standard is not restrictive enough for continuous exposures
at lower microwave frequencies where new wireless applications for consumers could make this an issue
in the future.
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Issue: Replication/Validation
Published peer-reviewed studies that have been independently replicated/validated should be used to
establish the adverse effects level from which exposure guidelines are derived. The definition of
"replicated/validated" should not be so restrictive to disallow the use of a set of reports that
are scientifically valid but are not an exact replication/validation of specific experimental procedures and
results.
Peer-reviewed, published studies that may not be considered to be replicated/validated, but are well
done and show potentially important health impacts provide important information regarding
uncertainties in the data base used to set the adverse effect level (e.g., incomplete data base).

Issue: Important Health Effects Literature Areas:
Documentation should be provided that the literature review process included a comprehensive review
of the following three areas:
1) long-term, low-level exposure studies (because of their importance to environmental and
chronic occupational RFR exposure);
2) neurological/behavioral effects (because of their importance in defining the adverse effect
level in existing RFR guidelines); and
3) micronucleus assay studies (because of their relevance to carcinogenesis).

Issue: Compatibility of RFR guidelines
Compatibility of national and international RFR guidelines remains a concern. It is important for the
IEEE Committee to address this issue by identifying and discussing similarities and differences in a
revised IEEE guideline and other RFR guidelines. Compatibility/noncompatibility issues could be
discussed in the revised IEEE guideline or as a companion document distributed at the time the revised
IEEE guideline is released to the public.

