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Introduction

In 1960, the American Standards Association approved the initiation of the Radiation Hazards Stan-
dards Project under the co-sponsorship of the Department of the Navy and the Institute of Electrical
and Electronics Engineers (IEEE). This led to one of the earliest of the safety standards for the
frequency band 300 kHz to 100 GHz issued in 1974 as follows:

ANSI C95.1-1974 American National Standard Safety Level of Electro-magnetic
Radiation with respect to personnel

This standard was fairly simple with an incident power density limit of 10
mW/cm 2 regardness of frequency.

The C95.1-1982 Safety Standard
Major revisions in the 1974 standard were made in 1979 to take into account considerable expansion
of the experimental data base [1], the recognition of whole body resonance of electromagnetic en-
ergy absorption [2] and the general advances in dosimetry of RF radiation [3]. This led to a fre-
quency-dependent standard being issued as ANSI C95.1-1982 [1] in 1982. A major underpinning of
the C95.1-1982 standard was the observation in several laboratories of behavioral disruption (task
stoppage) of laboratory animals such as rats, monkeys, etc. for whole body averaged rates of electro-
magnetic energy absorption (specific absorption rates or SARs) of 4-8 W/kg in exposure times on
the order of 30-60 minutes [1, 4, 5]. Even though these observed behavioral effects under acute
exposures were fully reversible and the animals were capable of performing the same tasks under
microwave exposure on subsequent days, it was argued that an acute reversible effect would lead to
irreversible injury for chronic exposures at such whole-body-averaged SARs. The RF Protection
Guide (RFPG) was, therefore, set to limit the whole-body-averaged SAR to 0.4 W/kg for all pos-
sible sizes and age groups of humans from children to adults. Dosimetric information on EM energy
absorption in human beings [2, 3, 6, 7] was used to obtain the power density as a function of fre-
quency so that under worst case exposures (incident electric field vector parallel to the length of the
human body, grounded or ungrounded conditions), the whole-body-averaged SAR would be less
than 0.4 W/kg. The ANSI/IEEE C95.1-1982 RF Safety Standard is shown graphically in Fig. 1 for
power densities averaged over any 0.1 hour period and corresponding incident electric fields in the
frequency range 300 kHz (0.3 MHz) to 100 GHz that should not be exceeded. The limiting magnetic
field strengths in A/m at each of the frequencies (with H 2 averaged over any 0.1 hour period) are
given by E/377 where E is the limiting electric field strength in V/m. Recognizing the highly non-
uniform nature of SAR distribution, including some regions where there may be high local SARs
e.g. the neck, the 1982 Standard further stipulated that the local SAR in any 1-g of tissue taken in the
form of a cube averaged over any 0.1 hour period must not exceed 20 times the whole-body-aver-
aged limit i.e. 8 W/kg [1].



The following exclusion clauses were also incorporated as a part of the ANSI/IEEE C95.1-1982
Safety Standard [1]:

1. At frequencies between 0.3 and 100,000 MHz, the safety limits shown graphically in
Fig. 1 may be exceeded if the exposure conditions can be shown to produce SARs below
0.4 W/kg as averaged over the whole body and peak SAR values below 8.0 W/kg as
averaged over any 1-g of tissue.

2. At frequencies between 0.3 and 1000 MHz, the safety limits shown in Fig. 1 may be
exceeded if the RF input power of a radiating device is seven watts or less.

The ANSI/IEEE C95.1-1991 Safety Standard [8}

Additional research pointed out deficiencies in the ANSI C95.1-1982 Safety Standard particularly
relating to the problems of RF shock and burn and significant induced RF currents for frequencies in
the VLF-VHF range of frequencies [9]. Also RF magnetic fields were shown to couple less strongly
than electric fields associated with incident EM waves [9]. The new safety standard approved by
ANSI in 1992 [8] includes an expanded frequency range (3 kHz to 300 GHz), limits on induced
body current to prevent RF shocks and burns, a relaxation of limits on exposure to magnetic fields at
low frequencies (below 10 MHz) and exposure limits and averaging time at high frequencies that are
compatible with existing infrared maximum permissible exposure (MPE) limits. A very important
change in the new IEEE C95.1-1991 Safety Standard [8] is that it is a two-tier standard with distinc-
tion between controlled and uncontrolled environments, the latter for locations where there is expo-
sure of individuals who have no knowledge or control of their exposure e.g. living quarters or work
places that are not clearly identified. The maximum permissible exposures for controlled and uncon-
trolled environments are given in Tables 1 and 2, respectively. It can be seen that the MPEs for
uncontrolled environments in Table 2 are lower than in controlled environments (Table 1) under
certain conditions such as resonance or for situations with associated hazards such as RF shock or
burn. Also as seen in the footnotes of Tables 1 and 2, the exposure values for electric and magnetic
fields are obtained by spatially averaging over an area equivalent to the vertical cross section of the
human body rather than the local values. This would, therefore, allow considerably higher limits
when nonuniform, rather than uniform, whole-body exposures are involved with an upper limit that
is not to exceed 20 E 2 .or 20 H 2 both for controlled and uncontrolled environments. This relaxation
of exposure, however, does not apply for exposure of the eyes and the testes since these organs are
not as well perfused as the rest of the body. Furthermore, because of lack of scientific data on the
transient discharge energies required for startle reactions, the current limits given in Parts B of
Tables 1 and 2 are for continuous contact rather than intermittent contacts.

As in the 1982 Safety Standard, upper limits are placed on the whole-body-averaged and peak 1-g
local SARs. For controlled environments at frequencies between 100 kHz and 6 GHz, the MPE of
Table 1 may be exceeded provided it is shown by appropriate techniques to produce a whole-body-
averaged SAR of no more than 0.4 W/kg and peak local SAR of no more than 8 W/kg for any 1-g of



tissue (defined as a tissue volume in the shape of a cube) except for the hands, wrists, and ankles
where the peak 1-g SAR shall not exceed 20 W/kg. The SAR limits in this range of frequencies
between 100 kHz and 6 GHz are five times lower for uncontrolled environments. The MPEs given in
Table 2 in this frequency region may thus be exceeded provided it can be shown by appropriate
(numerical or experimental) techniques to produce a whole-body-averaged SAR of less than or equal
to 0.08 W/kg and peak local SAR of no more than 1.6 W/kg for any 1-g of tissue (defined as a tissue
volume in the shape of a cube) except for the hands, wrists, and ankles where the peak 1-g SAR shall
not exceed 4 W/kg.

For simultaneous exposure at a number of frequencies for which there are different values of MPE
(in Tables 1 or 2 as appropriate), the fraction of the MPE in terms of E 2 or H 2 or power density S
incurred for each of the frequencies should be determined, and the sum of all such fractions should
not exceed unity both for controlled and uncontrolled environments.

For exposures to pulsed RF fields in the frequency range 0.1 to 300,000 MHz, the temporal peak
value of E-field should not exceed 100 KV/m for controlled or uncontrolled environments.

Concluding Remarks

Following the lead of ANSI/IEEE C95.1-1982 Standard back in 1982, the safety standards all over
the western world were altered to frequency-dependent exposure limits that recognized resonance of
the human body, and limited exposures to whole-body- averaged SARs of 0.4 W/kg for occupa-
tional exposures and 0.08 W/kg for general public
exposures. Of note here are the standards suggested by IRPA of WHO, NRPB in U.K., standards in
Canada, Australia, Germany, Japan, Scandinavia and elsewhere back in mid-to-late 1980�s. Because
of the more recent research on the problems relating to RF shock and burn and significant induced
RF currents for frequencies in the VLF-VHF range of frequencies, these standards are now being
revised to also incorporate limits on induced currents. Some of the recently revised standards are
listed in the following for possible further reading:

1. ICNIRP (International Commission on Non-Ionizing Radiation Protection), �Guidelines
for Limiting Exposure to Time-Varying Electric, Magnetic, and Electromagnetic Fields
(Up to 300 GHz),� Health Physics, Vol. 74(4), pp. 494-522, April 1998.

2.  AS/NZS 2772.1 (Int): 1998, �Interim Australian/New Zealand Standard,
    Radiofrequency Fields, Part 1: Maximum Exposure Levels - 3 kHz to 300 GHz,�
    published by Standards Australia, The Crescent, Homebush NSW 2140, Australia.

3.  Canadian Safety Code 6, �Limits of Human Exposure to Radiofrequency Electromag
     netic Fields in the Frequency Range from 3 kHz to 300 GHz,� Environmental Health
     Directorate, Health, Canada, Ottawa, Canada, 1998.



4. NRPB, �Board Statement on Restrictions on Human Exposure to Static and Time-
Varying Electromagnetic Fields and Radiation,� Vol. 4, No. 5, National Radiological
Protection Board, Chilton, Didcot, Oxon, U.K., 1993.
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