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ABSTRACT

The microwave leakage from current microwave ovens, which are manufactured to meet
government emission standards, is reviewed. Typical leakage values imply exposure values well
below the most conservative exposure standards in the world.
A review of recent developments discloses increasingly stringent government regulation
along with advances in techniques for suppression of microwave leakage. The nature of the
leakage field is described and studies relating emission to exposure are reviewed. Field survey
data are reviewed and it is found that the overwhelming majority of certified ovens in the field
show leakage well below permissible limits with an increasing degree of certainty as time goes
on.
The conclusion is that microwave ovens are not only just as safe as they were in 1973 but
they are being accepted as safe under essentially equivalent emission regulations in various
countries including those in Eastern Europe.
INTRODUCTION AND HISTORICAL REVIEW

Microwave ovens have been in use over twenty-five years following their invention by P.
L. Spencer [ 1]. Operating microwave power levels have ranged from 300 W to 1 kW in
consumer models and up to 2 kW in some commercial models. The great majority of ovens have
operated at 2450 MHz. In a properly designed microwave oven a very small fraction (generally
much less than 1%) of this power escapes from the structure through various leakage paths. The
most prominent of these paths is the door seal-i.e., the region of the door that is in close
proximity to the periphery of the oven cavity opening. By virtue of its function the door seal is
potentially subject to progressive change following extended use or even abuse of the appliance.
The other principal source of leakage is that of the viewing screen which, however, is not subject
to progressive change.
Since conceivable leakage power in any professionally manufactured oven is much smaller
than the power of 50-100 watts used in microwave (2450 MHz) diathermy, it is not surprising
that there never has been any verified case of injury to a human due to exposure from
microwave leakage from microwave ovens. This was recognized [2] by the U.S. Surgeon General
in 1970 and since then this general statement remains true.
Despite this, however, concern over potential radiation hazards of the microwave oven has
continued to exist since the first well-publicized inclusion of the microwave oven as a radiation
producing device in the 1968 hearings [3] of the U.S. Senate that led to the Radiation Control for
Health and Safety Act,of 1968 (P.L. 90-602). It should be stressed that the microwave oven was
included in this act not because of demonstrated injury or hazards but as part of an umbrella
policy of prudence by which Congress intended to prevent significant "radiation" to the
consumer by any electronic product. By this act Congress blurred the meaningful differences
between the more potent hazards of ionizing radiation, such as from color television, and the
more benign non-ionizing radiation which includes microwaves.
In the United States there had been developed in 1966 an exposure safety standard [4], the
ANSI C95.1 standard, which stated that a whole-body exposure of up to 10 mW/cm 2 was safe
• Manuscript received December, 1977.
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for unlimited duration under normal environmental conditions. Thus, during the 1968 Senate
Hearings and in semi-formal discussions of industry groups, it was generally agreed that a safe
upper limit for microwave leakage should be related to the ANSI C95 exposure limit. This was
done in a conservative way by applying the IO mW/ cm 2 limit at a distance of 5 cm from the
external surface of the microwave oven-because, as one industry spokesman said, "that is as
close~ the human eyeball can come to the oven". Industry was to later regret this choice
because it hindered a clear appreciation of the difference between exposure (the average power
density to which the body is exposed over some period of time) and emission (the localized
power density near a typically small source of diverging microwave radiation).
Thus many commentators assumed that the microwave oven industry was suggesting that the
ANSI C95 standard apply to microwave oven owners whereas in fact the so-called consensus
leakage emission standard of IO mW/ cm 2 at 5 cm (2") was much more conservative than the
exposure standard of 10 mW/cm 2•
Thus the publication [5] of microwave oven leakage surveys by the U.S. Bureau of
Radiological Health was interpreted by many as evidence that many existing ovens had exposed
people to levels in excess of safe exposure limits whereas the survey cited only the leakage values
at 5 cm, of which roughly one third exceeded IO mW/cm 2•
A logical consequence of the pressures generated by loose interpretation of this survey, with
a blurred distinction between exposure and emission, was the adoption by BRH of a leakage
standard [6] which specified an upper limit of I mW/cm 2 at 5 cm when manufactured with an
.
allowance for degradation in the field to a limit of 5 mW/ cm 2 at 5 cm.
By now it was clear to most industry scientists and others that a serious problem of
interpretation of emission versus exposure standards existed. This was not completely
unanticipated. During the development of the analogous emission standard for x-radiation near
color TV sets leading scientists wrestled with the problem of balancing the convenience of an
emission test close to the set with the potential confusion of emission values with exposure
values.
Thus Mosely [7] said, "the small-field sizes of stray beams from these sources decrease the
potential for injury since the dose must be integrated over a moving area larger than the beam
size".
Braestrup [8] commented on the decision to measure the X-ray emission at 5 cm from a
color TV as follows: "The 5 cm distance was chosen as it was considered the shortest practical
distance at which the effective center of the measuring device could be placed. Longer distances
comparable to the average viewing distance were ruled out due to the difficulties of measuring
radiation levels of the order of background. Furthermore, the greater the distance the larger is
the area to be covered by measurements. The principal objection to the short distance is the
impression sometimes created that the viewer is exposed to the 0.5 mR/hour".
Furthermore, Mosely [7] states with respect to the potential for eye injury: "In the case of the
eye and a small beam, it is difficult to believe that unless the head was fixed in position it would
be possible to keep the small beam directed at the 9 mm diameter object".
Clearly it is extremely important to not confuse emission and exposure values while at the
same time it is important to have some estimate of what typical exposure is implied by a given
emission value. What is important is the safety factor which could be defined as the ratio of
potentially harmful exposure values ( e.g., ~100 mW/ cm 2 if permitted over a duration of many
minutes) to typical exposure values over a duration of minutes. In 1971 it was already accepted
that the typical safety factor implied by the new oven emission standard was of the order of
10,000 (an editorial [9] in the Journal of the American Medical Association). An appreciation of
this safety factor relative to exposure is important in interpreting the degree of potential hazard
resulting from emission values over the regulatory limit. Clearly violation of the regulatory limit
is less serious when the exposure safety factor is 10,000 than when the exposure safety factor is
only 10.
It is useful at this point to recognize, by comparison, the typical safety factors implied in
common exposure to infrared radiation. The thresholds [ 10] for pain and damage from
exposure to infrared radiation are in the range of several hundred mW/ cm 2 • Since typical
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exposure flux of 50-100 mW/ cm 2 exists a few feet from the fireplace, surface range or in full
sunlight, it is clear that a safety factor of 10 is not uncommon in a realistic situation of common
radiation exposure.
The importance of the distinction between emission and exposure was further highlighted in
1973 when Consumer's Union published [ 11] an article questioning the adequacy of the emission
standard of 5 mW/cm2 at 5 cm because "the U.S. permitted level in the home is 500 times
higher" than the Soviet 0.01 mW/cm 2 exposure limit. (This error of comparing emission and
exposure limits was later admitted by CU). U.S. Senate Hearings [ 12] immediately followed the
CU publication and probed the questions raised by CU and others. Most of the scientific
community rallied [ 12] to the support of BRH and industry in support of the adequacy of the
oven emission standard. It was during these hearings that a new body of consensus opinion on
microwave hazards appeared-that of the Committee on Man and Radiation (COMAR) which
was organized in 1972 within the Institute of Electrical and Electronic Engineers (IEEE) to
develop consensus positions on public issues involving benefits and risks of non-ionizing
radiation. CO MAR in 1973 issued a statement [ I 3] rebutting CU's arguments and supporting
the adequacy of the U.S. oven emission standard.
It was in 1973 also that CU petitioned [14] the U.S. Government to require warning labels
on microwave ovens because of the possibilities of abnormal operation or damage not included
in the specified emission test under the regulatory standard [6]-which states that leakage is to
be measured with a standard water load of 275 ml centered in the oven cavity and with the door
"fixed in any other position which allows the oven to operate". The concerns voiced included the
fact that leakage varies with size of the load and with the possibility of trapped objects in the
door seal region. Most of these concerns were dispelled during meetings [ 15] of the Technical
Electronic Products Radiation Safety Standards Committee (TEPRSSC). It was pointed out that
possible increase of leakage under abnormal loads and other operating conditions was
recognized in the development of the emission standard and was indeed one argument in
support of the conservative emission limit imposed for the standard test conditions.
Concurrently, in a paper [16] at the 1973 IMPI Symposium the implications of such variations
were explored and it was shown that potential exposures implied near ovens meeting the
emission standard still were below the most conservative exposure standards in the world.
Beginning at the 1973 IMPI Symposium and repeated at several meetings in 1974, Dr. P.
Czerski, a leading researcher in Eastern Europe on microwave bioeffects, joined the author in
agreeing [17, 18] that exposures implied by the U.S. emission standard were compatible with the
most conservative exposure standards in Eastern Europe.
Despite this international consensus on the adequacy of the U.S. oven emission standard the
U.S. Department of HEW promulgated in 1974 the requirement of a warning label visible on
the inside of a microwave oven-warning against operation with no load, trapped objects in the
door or with a damaged door. The regulation permits an exemption, however, if a manufacturer
can show convincing evidence that the oven model design is such that the regulatory limit on
emission is obeyed under the adverse conditions addressed by the labels and that there is a very
low probability of occurrence of the adverse conditions because of the nature of the oven design.
Since then, exemptions from the warning label requirement have been obtained for a few of the
oven models presently on the market.
Since 1973 emission standards on microwave ovens roughly equivalent to the U.S. standard
have been developed throughout the world. This includes the emission standard [20] in Canada
which specifies I mW/ cm2 at 5 cm with a minimum load, a standard of 5 mW/ cm 2 at 5 cm
developed [21] by the International Electrotechnical Commission, and an emission standard of
0.01 mW/ cm 2 at50 cm in front of the door ofan oven being developed [22] in the USSR ..
It has become clear that the current debates over exposure standards do not affect the
adequacy of the current emission standard of 5 mW/cm 2 at 5 cm. This statement is not only
reflected in the equivalence of such emission standards throughout the world but also in the
consensus of the scientific community. This continues to be the position of COMAR as recently
expressed [23] in U.S. Senate Hearings during 1977.
This extensive review of the development and interpretation of the microwave oven emission
has been made so that a proper perspective can be maintained in assessing the field survey data
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on microwave oven leakage presented later in this paper. First a review of the physical
characteristics of microwave oven leakage is made and the computation of exposure related to
em1ss10n.
PHYSICAL CHARACTERISTICS OF MICROWAVE OVEN LEAKAGE AND RELATION TO EXPOSURE

We will present some experimental data to demonstrate the acceptable validity of the
inverse-square law for estimating exposure fields from the emission values close to an oven.
First we will review some theoretical considerations that serve as a basis for estimating leakage
of door seals and viewing screens.
It can be shown [ I 6] that microwave oven leakage through a door "seal" region can be
estimated assuming the seal region consists of a long leakage slot with a gap or spacings between
oven and door and excited by a uniform plane wave of incident power density Pi inside the oven.
If the gap is approximately>-../ 4 in width (from inside to outside), then the leakage power density
Pe at 5 cm distance from the leakage slot is given approximately by
(1)
Pe/pi= 16 s 2/(5>-)
of
case
the
In
centimeters.
in
both
are
width,
where >-.., the free space wavelength, and s, the slot
a slot with considerable attenuation (aL), this ratio is
(~
pe/pi = 16 s2/(S'-) e-2aL
These expressions can be used to estimate the range of possible leakage values for a 700 W
microwave oven where the leakage is due to door slot leakage.
If we assume a gap of 0.15 cm (0.060"), then equation (1) yields a ratio of ~0.6 percent at
2
2
2450 MHz. Thus, if Pi ~I W/cm , the leakage would be about 6 mW/cm • From equation
(2) we see that this leakage would be decreased by IO dB with an attenuation of IO dB in the
door gap.
To get consistently low leakage it is clear that additional techniques like chokes are required
in order to suppress leakage far below l mW/ cm 2 •
Close to the slot, uniformly excited along its length, the power density will vary inversely
with distance from the slot. In practice, leakage sources along a door seal are typically localized
within a length_of >-../2 along the slot so that at distances far from the slot we expect an inverse
square law decrease of power density with distance from the slot.
For a large area aperture, like a door screen or conveyor opening, more complicated fields
will exist depending on the nature of the excitation. For uniform excitation of such a large area
the far field is expected only at distances beyond (D" / 2>-..) where D is the largest dimension of
the aperture.
This distance is likely to be greater relative to the door screen dimension D than the
analogous distance for a localized door slot leakage which typically is less than>-.. in length-i.e.,
a distance of>-../ 2.
The door screen leakage for a circular hole screen can be estimated by formulas given by
Otoshi, [24] viz.
3
(3)
T = 20 log [3ab'-/(27Td cos ei)]-t32t/d
where T is transmission loss in dB, a and b are the two coordinate spacings between holes in the
screen, >-.. is the free-space wavelength, d is the hole diameter, t is the screen thickness, and Oi is
the angle of incidence. Note that the second term is dependent on screen thickness and turns out
not to be a negligible factor.
All of these formulas are based on simple models and can only be expected to be rough
guides to the properties of microwave leakage in a microwave oven where because of 60 Hz
modulation and mode-stirrer action there is a complicated change of field patterns with time.
There is also significant change in leakage fields as the load heats up.
Some of the time variations are noticeable in the oscilloscope traces in Figure I which show
detected leakage signals near a microwave oven. Considerable modulation with peak to average
ratios less than IO is seen. (These data are for a solenoid-magnetron but similar characteristics
are expected for current ovens which use permanent magnet magnetrons).
In measuring leakage normally, however, no account is made of modulation or fast changing
field patterns. Rather the power density averaged over about a second is used as an indication of
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(a) Light Load
(b) Heavy Load
Figure I Typical tube current (upper trace) and leakage waveform (lower trace) from a microwave oven.
Time scale: 0.2 s/ cm.

Curves A,B,C- Oven #1 with insignificant
screen leakage
Curves D,E,F - Oven #2 with considerable
screen leakage
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Figure 2 Comparison of
leakage distributions for
two ovens of different screen
leakage properties.
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leakage. We now review the spatial distributions of such leakage as measured with a Narda
probe.
In Figure 2 we show sample data. (More such data were presented in [ 16]). These data were
taken by scanning the vertical plane at a given horizontal distance from the oven front surface R
(inches). Curves A, B and C were taken with an oven of insignificant screen leakage. The door
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seal was partially disassembled and load tinkering was done in order to enhance leakage and
permit measurements at a greater distance R. The curves D, E, and F were taken with an oven
where the door screen was essentially the only source of leakage.
2
In all cases there is an eventual 1/ r dependence on leakage. As before, various factors
no doubt cause some irregularity in these curves (e.g., the leakage can change by a factor
of two or more if a considerable heating of water greater than 20°C is present).
2
The adherence to a 1/ r law is closer, however, for the first oven (curves A, B, C) as2
expected. Thus the distant 'far field is only 3 or 4 times that computed by simple l/r
extrapolation from 2.0 inches. But for oven No. 2, however, the far-field leakage may be as high
as 25 times that extrapolated from two inches.
Thus a leakage screen is an exception to the general rule that simple inverse-square law
extrapolations are valid approximations in computing potential microwave oven exposure levels.
Current ovens, however, do not display significant screen leakage.
It is of interest to note that the screen leakage in these cases (Figure 2) is adequately
estimated by equation (3). In the case of oven No. 1 with a screen of thickness 0.8 mm (0.031"),
the theoretical transmission loss was computed to be about 53 dB with 17 dB originating from
the second term in equation (8). For oven No. 2 the transmission loss was computed to be 43 dB
with only 3 dB due to the second term in equation (3). This was the result of a thin metal
coating of 0.1 mm ( ~0.004'') rather than a sheet metal construction.
2
an average of 0.25 mW/cm over the screen for a 275
The screen leakage for oven No. 2 was
2
over the screen for a 50 ml load. This corresponds to
ml load and an average of 0.45 mW/ cm
2
internal power densities of 5-10 W/cm using equation (3) with 0i = 0.
2
The screen of oven No. I yielded leakage which was2 below 0.01 mW/ cm over most of the
screen except one corner where it reached 0.04 mW/cm • This was measurable only by sealing
the door seal with copper tape.
2
This then corresponded to internal power densities of 1-4 W / cm for a 275 ml load. This is
a reasonable agreement with expected internal power density.
We noted also that the area of significant leakage for oven No. 1 increased from 0.15 m (6")
diameter at 0.3 m (1 ft) to 0.6 m (2 ft) diameter at 1 m (3 ft), and finally to 1.5 m (5 ft) diameter
or essentially whole body at a distance of six feet.
2
We conclude that both theoretically and experimentally it is justifiable to use a l/r
extrapolation from emission values at 5 cm (2") in order to compute potential exposure levels
n from the HEW field limit of 5
more distant from the oven. Thus, for example, extrapolatio
2
2
ft) or roughly the level permitted
(6
m
1.8
at
cm
mW/
0.005
of
level
a
yields
mW/ cm at 5 cm (2'')
the U.S. exposure limit of 10
than
less
times
1000
USSR-or
the
in
exposure
h
8
for continuous
mW/cm 2 which is independent of duration beyond 0.1 h.
If we know the leakage value, the direction of the beam and the spatial location of a person
near the equipment, we could, in principle, compute his serial record of exposure. From this we
could determine for what maximum sustained period he was subjected to a significant power
density. Because the normal human is not immobile for sustained periods and because of the
complicated and rapid spatial ( and possibly temporal) variation of the leakage fields the
computation is not only complicated but not worthwhile. It is clear, however, that it is unlikely
that a person will remain immobile in a small beam for a long time. Therefore, it is justifiable to
make gross approximation in estimating an average exposure over a certain period of time. In
particular, we will assume that the average exposure power density is that computed from
extrapolating the leakage value at 5 cm (2") by the inverse square law to an average distance of a
person from a leakage source. Although this does not give extra weight to moments of close
approach it also does not allow for the probability that the person is not exactly in the line of
the beam during a sustained period.
To obtain data on likely spatial location of microwave oven users as a function of operating
time a survey of over thirty users of microwave ovens was made for over a one week period.
Details of the survey were reported earlier [ 16].
Survey sheets were used to record the approximate length of time a user was located in
various zones of distance from the microwave oven during the preparation of one meal. There
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may have been several separated operations of the oven but for a worst-case approach we
assume that the total operating time during the preparation of one meal is the continuous
exposure duration which is relevant to hazards.
From these data was computed an average distance R of oven users from the oven surface.
This value is approximated by the curve in Figure 3 as a function of total operating time T
during the preparation of one meal.We see that this distance ranges from 0.7 m (2 ft) typically for
1 min operation to 2 m (6 ft) for 30 min or longer of operation. The frequency distribution of
average distance R is shown in Figure 4. We see that the most probable average location is at
1.2-1.5 m (4-5 ft).
If we assume an inverse square law dependence, then if an oven is leaking at the HEW field
limit of 5 m W/cm 2 at 5 cm (2"), then at I m (3 ft) we would find an exposure density of 0.02
mW/ cm 2 and at 2m (6 ft) a power density of 0.005 mW/ cm2 • Thus the typical exposure at I min
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Figure 4 Distr ibution of
average distances of
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The ability to produce door seals with low leakage and with stability against degradation
during life had been extensively applied since 1970.
Advances in door choke design have played a key role in this n;duction in microwave oven
leakage. It has been shown [25] that using mode control techniques on inserted door
configuration, one can achieve choke designs that yield mean leakage values for production
ovens well below 0.1 mW/ cm 2 • These techniques are important in the achievement of stability
against longterm and abuse of ovens and are the basis for successful exemption from warninglabel requirements.
·
Other techniques of value have been the improvement in lossy gaskets, typically located
outside of choke regions. In this area, development [26] of ferrite-loaded gaskets has played a
key role.
SURVEY DATA

.

.

It is of some interest to review data on field surveys of microwave oven leakage in recent

years. There are several sources of such data. First, individual manufacturers conduct fo,ld
surveys on a random basis. Secondly, the U.S. Government, Bureau. of Radiological Health,
accumulates field survey data but these data are not wholly random but include data associated·
with potential recall situations and responses to requests and specific complaints. We
examine data from both sources but we must emphasize that the BRH field data are not wholly
random and tend to show an artificial increased incidence of higher leakage data. Note that all
survey data discussed here relate exclusively to microwave ovens operating.at 2450 MHz which
.
·
·
represent at least 90% of the existing ovens in the field.
The data supplied [27] by BRH represent leakage measurements on roughly 2000 certified
ovens per year since 1972 and a decreasing number of non-certified (pre 1971) ovens (~1500 in
1973 down to ~400 in 1977).
In Figure 6 we plot the cumulative distributions from these data for one year 1976-i.e., the
ordinate displays the percentage of the ovens which had leakage in excess of the abscissa value.
We should note that these distributions have been similar over the years and only differ in ways
to be pointed out later. The overall aspect, however, is similar. We can note several features
from the distributions in Figure 6.

will

Figure 6 Distribution of
leakage among 2640 certified
ovens and 657 non-certified
ovens surveyed during 1976 by U.S.
Bureau of Radiological
Health. The ordinate is the
. percentage of t!:ie ovens which
had leakage in excess of the
abscissa value.

LO

10.
2

LeClkage (mW'tcm ) ·
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a. The data for non-certified ovens is greatly different than for certified ovens. This can be
taken as evidence that the regulatory actions by BRH have been effective.
b. A substantial portion of the data points for certified ovens represent leakage :,;;; 0.1 mW/ cm 2
(more about this later).
c. The distribution for the certified ovens grossly departs from a normal statistical distribution.
(This would be more obvious if shown on semilogarithmic plot but we have used a log-log
plot to permit a display of the details of the distribution). We will derive a plausible
explanation for this feature shortly.
In Figure 7 we have plotted certain key features of these distributions as they have varied
over the years. For non-certified ovens survey data exist for 1969 [5] and 1970 [28] by public
health authorities in addition to the more recent data. We see that the percentage found leaking
over IO mW/ cm 2 remains relatively constant at 10%. Furthermore, though not shown, we can
report that the percentage of non-certified ovens leaking less than 1.0 mW/ cm2 has remained
between 45 and 60% over the years 1972-1977. Since it is certain that the age of non-certified
ovens was progressively increasing it is a fair conclusion that no gross deterioration of
microwave leakage suppression with age is seen even with non-certified ovens.
The other curves in Figure 7 pertain to certified ovens. The percentage of ovens leaking over
1 or 5 mW/ cm 2 have not changed greatly over the years. We believe these to be more
representative of the number of potential recall examinations rather than to a true measure of
ovens leaking this high in a random population. What appears more significant is that the
percentage of ovens leaking less than 0.1 mW/ cm 2 in the BRH data has been increasing from
about 30% in 1972 to about 60% in 1977.
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These data may seem to conflict with some reports [15] by manufacturers of no data over 5
mW/cm 2 in the field. We believe the data are compatible if one remembers that the BRH data
are not from a truly random survey but tend to show the higher leakage cases disproportionately. Also we should remember that the quality of microwave leakage suppression probably still
varies considerably among manufacturers.
It is instructive to compare two classes of microwave ovens in their leakage suppression as
reported in a special survey [29] conducted by BRH in 1973. In Figure 8 we show the
distributions of leakage found in 75 ovens from five manufacturers. These oven models were
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Figure 8 Distribution of
leakage among 75 ovens of five
manufacturers which were
included in a Special 1973 BRH
Survey. These models are
known to employ advanced
choke and door-seal techniques.
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100

known to employ advanced choke and door-seal techniques and the data in Figure 8 show over
95% leak less than O. l mW/ cm 2 when unshimmed and none leak over 5 mW/ cm 2 when
shimmed.
By contrast, in Figure 9 we find considerably different distributions for 115 ovens of 11
manufacturers, these models being known to have included contact, capacitive or less advanced
door-seal designs. The number leaking less than 0.1 mW/ cm 2 is much less ( 55%) than for the
group in Figure 8. When shimmed, a major fraction of these ovens leak over 5 mW/cm 2 •

100 1 - - - - - - - - ,

80

Figure 9 Distribution of
leakage among 115 ovens of
eleven manufacturers which
were included in a Special
1973 BRH Survey. These
models are known to have
included contact, capacitive
and other less advanced
door seal designs.
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Clearly, when both classes of ovens exist in a random survey we can expect the high leakage
tail of the inferior class of ovens to appear to some degree even if the large majority of oven
models are not found to leak over 5 mW/ cm 2 •
·
Shown in Figure IO is a distribution taken from field survey data of one manufacturer in
recent years. There is found to be no leakage over 5 mW/ cm 2 •
We can conclude from the upper curve in Figure 7 that an increasing number of models
include advanced door-seal designs comparable to the class described in Figure 8. On the other
hand, even though disproportionate relative to a random survey, the existence of a finite
number of leakage data points above 5 mW/ cm 2 shows that some oven models being
manufactured are still of the second class depicted in Figure 9.
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Figure 10 Distribution of
leakage among 10,316 ovens
from one manufacturer which
have been surveyed in recent
years. These models include
early choke designs as well as
advanced choke designs. A
significant percentage of the
units have been in use for more
than five years.
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We can accept the view that their detection is evidence of regulatory body vigilance and that
their entry into the mainstream of the market is being minimized by continuing corrective
actions initiated by the government.
EFFECTS OF RECENT MICROWAVE BIOEFFECT RESEARCH ON SAFETY OF MICROWAVE OVENS

There has been considerable pressure [30] towards a lowering of the microwave exposure
standards for long-duration exposure in the West from IO mW/ cm 2 to I mW/ cm 2 • One reason
for this pressure is the existence of exposure standard limits as low as 10 µ W / cm 2 in the USSR.
We have shown that even if microwave ovens were to leak at the regulatory limit of 5 mW/ cm 2
at 5 cm, that potential exposures are well below the exposure standards of even the USSR
(Figure 5). This has been recognized by research scientists, including those in Eastern Europe
[ 17, 18]. Furthermore, the acceptance [22] of an emission standard in the USSR equivalent to
that in the U.S. is convincing evidence of this compatibility. Thus debates over exposure
standards in the West have no real effect on the safety of microwave ovens. Even if exposure
standards in the West were to be lowered to I mW/ cm 2, potential exposures near microwave
ovens are predictably much less-in this case even if leakage at 5 cm is above 5 mW/cm 2 •
It should be pointed out, however, that much of the debate about microwave exposure is
misplaced in its emphasis. It has been noted [23] that the major part of microwave bioeffect
research in the U.S. is being done at 2450 MHz with small animals such as rats and mice. When
detectable bioeffects of 2450 MHz energy on such small animals (long duration of hours) is
found at a few mW/ cm 2, it is common to suggest this is of some serious concern because this is
the frequency of microwave ovens. This is an invalid inference for several reasons:
I We have already pointed out that potential exposures near microwave ovens to humans is
far less than I mW/ cm2 for long duration;
2 The data for small animals at 2450 MHz are not extrapolable to man at 2450 MHz but
rather to man at a lower frequency such as the VHF range. This is for reasons of physical
scaling, the principles of which are being presently developed [31]. Thus it is known that at
2450 MHz small animals like mice or rats are close to geometric resonance with the
possibility of internal hot spots under microwave irradiation. Man on the other hand is
resonant [31] in the range of 30 to 300 MHz depending on size and orientation to the
microwave field polarization;
3 Much of the research deals with effects not shown to be hazardous or is still of questionable
validity:
Above all, mistaken concern or fears arise over microwave leakage because of much
misinformation in discussions of microwaves in the press [23]. This is well described by Justesen
[32] who stated: "The assumption of hazardous nonthermal effects at low densities of radiation,
which are suspected by some but are as yet unsubstantiated by anyone, is a fabrication from the
whole-cloth of fear".

,
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CONCLUSIONS

The physical nature of leakage from microwave ovens has been reviewe_d. It has been shown
that potential exposures are well below the most conservative exposure s_tandards in the world,
even if ovens are leaking at permissible limits. This is confirmed by the acceptance of emission
standards equivalent to the U.S. regulatory limit throughout the world. Thus, current debate
over exposure standards in the West should have no relevance to the question of microwave
oven safety. The conclusion on the latter will remain a strong affirmative one.
It has been pointed out that the continuing evidence of small numbers of ovens leaking over
5 mW/ cm2 at 5 cm reflects the fact that some manufacturers still have not adopted the most
advanced door-seal technique. The prevalence of the latter is indeed growing, however, as field
surveys disclose more and more ovens with leakage values below 0.1 mW/cm 2• This class of
microwave oven is becoming more widely common and is providing a most resounding climax
to the judgment that microwave ovens are indeed safe with regard to microwave exposure.
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