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~ Is -1\'licrowave Leakage Hazardous? 

In April 1973, when CU last tested microwave ovens, ..... ------.,,-,7,._;,1,,,"'-,,;-,~-=-~~~-=~~ 
we expressed serious concern about microwave leak­
age. In our opinion, there wasn't adequate scientific 
.evidence to establish whether or not the levels of 
microwave radiation that a person might be exposed 
to were low enough to be safe. All the ovens we tested 
in 1973 allowed at least some microwave radiation to 
escape through their door seals and elsewhere. Under 
severe test conditioOSy a few ovens leaked relatively 
hlgh levels of radiation. Accordingly, with no firm 
guide to what levels might be safe, we could not rec­
ommend the purchase of any oven tested. 

Then, as now, a considerable body of informed 
opinion held that a microwave oven that meets the 
emission standard set by the U.S. Bureau of Radio-
logical Health (BRH) is safe for use in the home. A L--~;;,_ ____ __;_.s.;,..~~=;;;;;;;..-~;....;.;.;;; 

number of reasons are advanced in support of that position. 
First, microwave radiation is not the same as X-ray or 

nuclear radiation. X-rays and nuclear radiation can create 
electricaily charged, or "ionized," mol~es capable of 
damaging cells by interfering with the process of cell divi­
sion. In contrast, microwaves are noniooizing; any effect 
they may have is said to be thermal-the effect of heat on 
body tissue. 

Second, there is no evidence that anyone has ever been 
injured by radiation from a microwave .oven. T!SSUe damage 
in humans has been reliably documented only at relatively 
hlgh. levels of microwave exposure-much hlgher than the 
exposure likely to occur near a microwave oven. 

Finally, the BRH limits are said to prevent any harmful 
levels of exposure. The emission standard for microwave 
ovens before sale sets a limit of one milliwatt of leakage per 
square centimeter (1 mW/cm2). After sale, a roaumum of 
5 mW/cm2 is permitted-to allow for some deterioration of 
the oven over its lifetime. Those limits are mea.-ured at five 
centimeters (about two inches) from the oven's surface. As 
distance from the oven increases, radiation intensity declines. 
According to the BRH, an oven leaking at the ma.ti.mum 
limit allowed vmuld expose a person to no more than 0.1 
mW/cm2 at 14 inches. At four feet, exposure would drop 
to 0.01 roW/cm2 ~ The BRH says such exposures are "well 
below the lowest levels known to cause biological effects." 
Moreover, the BRH points out, "relatively little time is 
required for cooking by microwaves," thereby limiting the 
period of exposure and hence the risk. 

The BRH's arguments may sound reasonable. But the 
BRR approach assumes that any effects of low-level micro­
wave radiation v.ill be transitory-that the body's ability to 
dissipate heat v.ill prevent any ill effect resulting from re­
peated brief exposures to low levels of microwave radiation. 
While some studies point to that conciusion, others suggest 
the opposite possibility. 

Toe uncertainty about microwave effects is reflected in 
much of the research published to date. Sin~ CU's 1973 
report; two international scientific conferences have been 
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convened to explore the subject:· a symposium in Poland 
in .October 1973 on the Biologic Effects and Health Haz-. 
ards of Microwave Radiation, and a major conference in 
February 1974 sponsored by the New York Academy of 
Sciences. In addition, rpore than 100 research proje<;ts in•. 
volving nonionizing radiation are being directed by various 
agencies of the Federal Government. 

ANSWERS REMAIN EWSiVE 

In all of this, a recurrent theme emerges. While progress 
is being made, say participants, much more research is re­
quired. Toe research thus far has sometimes raised more 
questions than it has answered. 

Some of the reasons why were described in an address to 
the New York Academy of Sciences conference in 1974 ,by 
Dr. Arthur W. Guy, an authority on bio-electromagnetic 
research at the University of Washington School of Medi• 
cine. Dr. Guy indicated that the ·effect of electromagnetic 
radiation (which includes microwavesY on tissues can de­
pend on much more than just the level and duration of radi­
ation. It involves as well the species being irradiated, its size 
and configuration, the tissue composition, the frequency of 
the electromagnetic waves, environmental conditions, and 
the source of radiation. 

For .example, a number of studies suggest that a given 
amount of radiation will be more damaging to a small ani­
mal than to a larger one-that a dog may readily survive a 
dose that would kill a rabbit or a rat. The danger of such 
generalizations, however, is illustrated by some experiments 
conducted at the Walter Reed Army Institute of Research. 

Three different sizes of rats and mice were tested to 
evaluate the lethal effects of radiation at various microwave 
frequencies. At frequencies below 1700 MegaHertz (MHz), 
the smaller animals became less sensitive as the frequency 
decreased, and the largest animals were most vulnerable at 
the lowest frequency. But at higher frequencies, including 
the 2450 MHz frequency used for most microwave ovens, 
smaller animals were the most vulnerable. 

Similarly, different types of animal tissue; as well as dif-
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ferent sizes, may react to microwave radiation in different 
ways. This has raised concern about the effects of microwave 
radiation on the human fetus, which, as the BRH has pointed 
out, is "probably the most sensitive segment of the popula­
tion potentially exposed to microwave radiation." 

CU could uncover no evidence that indicated a human 
fetus would be at risk from low levels of microwave radia­
tion. That's not surprising, since we could not find a single 

_ published study conducted in the U.S. that even sought to de­
termine whether or not low levels of microwave radiation 
might affect an animal fetus over the course of gestation. 
One Soviet study, however, was mentioned briefly at the 
1973 conference in Poland. Dr. Zinaida V. Gordon of the 
USSR Academy of Medical _ Sciences reported that_ Soviet 
investigators had observed fetal abnorma,Jities, such as 
stunted growth and birth defects, among mice irradiated at 
6.5 mW I cm2 for two to four hours daily throughout gesta­
tion. Similar studies at even lower levels urgently need to be 
conducted in the United States. 

On the b·asis of existing research, other tissues that appear 
to be potentially vulnerable to microwave effects include 
nerve tissue, white blood cells, and the lens of the eye. 

Eastern European scientists have · reported a variety of 
adverse effects on the nervous system among workers occu­
pationally exposed to microwaves. As a result, some Soviet­
bloc nations adopted a microwave exposure limit that is 
approximately 1000 times lower than the 10 mW/ cm2 level 
permitted among U.S. workers. Although evaluations of the 
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Soviet research now indicate that it was inadequately con . 
trolled and that the data cannot be considered reliable, a 
number of Western and Soviet-bloc scientists at the 1973 _, 
and 1974 conferences agreed that nerve tissue might be par- · 
ticularly sensitive to microwaves; and a substantial amount 
of research is now focusing on this question. 

CONCERN ABOUT CATARACTS. 
The lens of the eye is thought to be vulnerable to micro­

waves because it lacks any blood circulation to dissipate 
beat. High exposures (on the order of 300 mW/cm2) have 

. produced cataracts in rabbits, and the BRH reports that re­
peated exposure to an estimated 100 mW/cm2 of radiation 
for a ye,ar has caused a cataract in a man. 

There is conflicting evidence, however, as to whether low 
levels of radiation can have a cumulative effect on the hu- -
man lens. Studies of microwave workers in Sweden and 
Poland suggest that there may be such an effect, possibly 
even at levels as low as 0.1 to 1 mW/cm2• However, recent 
studies among U.S. military personnel exposed to micro­
waves have revealed no evidence of lens damage. At present, 
the question remains unresolved, and both U.S. and Euro­
pean scientists have urged further research into the effects 
of low-level microwave radiation on the eye. 

Potential effects of microwaves on the blood system are 
another focus of attention. At the 1974 meeting in New 
York, Dr. Stanislaw Szmigielski of the Institute of Aviation· 
Medicine in Warsaw reported on two experiments that raise 

For CU's tests of microwave leakage 
(see the facing page), we used a precise, 
sensitive laboratory radiation survey 
meter that was expensive and therefore 
not practical for home use. You can have 
your own oven checked at a service cen­
ter that has been authorized by the oven 
manufacturer. 

You may also_ be able to have the 
Government check your oven. The 
Bureau of Radiological Health, in an 
effort to police its leakage standard, has 
Radiological Health Representatives 
located in 10 regional Food and Drug 
Administration offices and other places 
around the country. If such a representa­
tive is near you, he or she will check 
your oven or tell you where it can be 
checked. Call your local Federal In­
formation Center for the location of the 
nearest representative. (The phone num­
bers and addresses of Federal Informa­
tion Centers are listed on page 346 of 
the 1976 Buying Guide Issue.) Or you 
may want to call your local Health De­
partment for information on where to 
have the checking done. 

sider one that we bought and tested-the 
Micromate (Princeton Microwave & 
Testing Inc., 500 State Rd., Princeton, 
NJ. 08540), S40. The unit is not equiva­
lent to the laboratory meters used to 
check compliance with the Federal emis­
sion standard. Its instructions stress that 
it is for use only as an "interim safety 
check" and not as a replacement for a 
"periodic check by authorized person­
nel." CU tested the device by comparing 

its response to the reading of our cali­
brated survey meter in a variety of leak­
age situations. 

The Micromate is a small, hand-held, 
plastic-encased unit that you move over 
the surface of an operating microwave 
oven. The meter has a pointer that is sup­
posed to move into the upper or red half 
of the scale in the presence of "danger­
ous leakage." We found the Micromate 
quite sensitive over a narrow range of 
leakages. At 1.0 mW /cm2

, the Micro­
mate's pointer was low on the lower or 
green half of the scale; as it should be; 
at 7.5 mW/ cm• it was in the highest por­
tion of the red half, and at 5.0 mW /cm• 
it read toward the midpoint of the 
scale. (BRH allowable limits are 1 

·mW/cm' for a new oven and 5 mW /cm• 
for an oven that has been in use.) The 
Micromate is quite easy to use, and has 
a "battery test" button. Its nine-volt bat­
tery is easily replaceable. 

If you want an instrument to make 
spot checks yourself, you might con-
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From time to time, we've seen fluo­
rescent devices that claim to check for 
microwave leakage. In our experience, 

. though such devices are likely to be less 
expensive than the Micromate, they may 
not be as reliable. 
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a possible warning flag. In one, white blood cells from rab­
bits were irradiated at levels of either 1 or 5 mW/ cm2 for 
periods of 15 to 60 minutes. Cells subjected to the lower 
level showed only slight changes, but those receiving 5 mW/ 
cm2 evidenced significant injury. In the second experiment, 
adult rabbits were exposed to 3 mW/ cm2 for six hours daily. 
Some were irradiated for six weeks, and an equal number for 
three months. After the treatment period, they were infected 
with a strain of staphylococcus bacteria and then examined 
periodically for blood-cell response to the infection. Com­
pared to a group of control rabbits, the irradiated animals 
exhibited impaired white-cell function, and the clinical 
course of their illness was more severe. The greatest impair­
ment was experienced by rabbits irradiated for three months. 

In related research at Duke University Medical Center 
that is yet unpublished, Dr. Anclrew Huang has reportedly 
detected changes in the white blood cells of hamsters ex­
posed to microwave doses as low as 5 mW/cm2• When inter-· 
viewed recently by the British publication New Scientist, Dr. 
Huang stressed that his findings were preliminary, How­
ever, be indicated that they suggest that the immune-response 
of the hamsters to infection was likely to be impaired. 

To sum up, current research suggests that relatively low 
levels of microwave radiation over prolonged periods can 
have a variety of adverse effects on small animals. Whether 
humans might be similarly affected is unknown. 

Some people have questioned the safety of eating foods 
cooked with microwaves. There is no likelihood of food con­
tamination from the microwaves. If there is any health 
hazard, it would be caused by uneven heating that might 
leave some portions or ingredients in a dish undercooked 
(the causes of uneven heating are discussed in Part 1 of this 
report). Using fresh ingredients and carefully observing the 
manufacturer's.instructions for rotating,-stirring, or resting 
foods should eliminate any danger. · ' 

HOW MUCH DO THE OVENS LEAK? 

Our current tests show that, as a group, microwave oven 
door seals and interlock designs have improved since our last 
report. The ovens, as a group, present less of a possibility 
of leaking relatively high levels of radiation than did their 
predecessors. On the other hand, none was significantly bet­
ter in this respect than the best of the 1973 models. 

All of the microwave ovens tested met the BRR standard. 
When we measured radiation leakage under conditions spe­
cified in the standard, none of the models leaked in excess of 
0.5 mW/cm2• The Amana, Frigidaire, Panasonic NE6600, 
and Sharp turned in especially low readings. While our 
instrument could detect that radiation was being emitted, 
it couldn't accurately measure the amount sensed by the 
probe-meaning that radiation was below 0.1 mW/cm2 • 

However, radiation from an oven can be greater than that 
measured under BRH conditions. Therefore, we ran the test· 
under extreme conditions: with no load, at maximum power 
setting, and with the door closed on paper towels to a point 
just short of where the interlock switches would prevent the 
oven from going on. 

Such operation is contrary to manufacturers' instructions 
and to those of the BRH. But this is a test procedure that CU 
believes may indicate an oven's ability to maintain sealing 
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effectiveness over a Jong period of use and possible abuse. _ 
Also, improper operation could occur accidentally, and 
manufacturers' instructions may not always be followed, es­
pecially if the oven is used by a child. (~U's survey of read­
ers who own microwave ovens indicates that it isn't unusual 
for young children to operate them.) Indeed, partially in re­
sponse to a CU petition following our 1973 tests, the BRH 
now requires a label on microwave ovens that warns:. "Do 
not attempt to operate this oven with (a) object caught in 
door (b) door that does not close properly (c) damaged 
door, hinge, latch, or sealing surface." The label is required 
on ovens manufactured after October 3, 1975, unless a man-· 
ufacturer can convince the BRR that such operation will not 
cause the oven to exceed BRR emission limits. At this writ­
ing, the BRR has permitted Amana to market some models 
without a warning label, and other manufacturers have ap­
plied for exemption. 

Under our severe test conditions, the Magic Chef, whose 
door-seal design is differen·t from the rest, leaked more than 
20 mW/ cm2--the maximum our instrument could measure. 

-· None of the others- leaked much more than 5 mW/ cm2 (the 
BRR limit), and the Amana, Frigidaire, Sharp, and Westing­
house leaked Jess than 1.5 mW/cm2• The Listings give the 
leakage for each model under severe test conditions. 

OTHER STEPS TOWARD SAFETY 

One feature found in 10 of the 16models tested (see List­
ings) is what we call a "safety start." If you interrupt opera­
tion by opening the door while the timer is running, closing 
the door will not restart the oven. You must purposely re­
start it. This feature minimizes the chance of accidental 
operation. Without it, you could close the door and re­
start an empty oven. That could damage an oven and, in 

. some .models, increase -microwave emission considerably. 
Besides setting emission limits, the BRR requires all mi­

crowave ovens to have at least two interlock switches. Those 
prevent operation with the door open, which would sharply 
increase radiation levels in the vicinity of the oven. The BRR 
interlock standard has been revised since 1973, partly in_ 
response to CU's tests showing that some of the interlocks 
meeting the old requirements could easily be defeated. The 
new provisions don't go into effect until November 1976. 
However, all but one of the tested models meet the revised 
standard. (The now-discontinued Admiral does not appear 
to meet the revised standard.) 

All microwave ovens are also required to have some way 
· of making sure an interlock works should some other com- . 
ponent of the oven fail. In some, a fuse will blow (disabling 
the oven) if the door is stressed-as it would be if an item 
were caught in the door as it was being closed./ 

Since 1973, then, a number of improvements have been 
made to lower the chance of exposing a user to relatively 
high levels of microwave radiation. In the absence of defini­
tive research, however, we still don't know whether any of 
the ovens can be judged entirely free of radiation hazards. 
Does anyone? As the BRR told the Senate Commerce Com­
mittee in 1973: "The long-term bio-effects of chronic, low­
level microwave radiation have not been investigated in this 
country." Nor have they been adequately investigated as of 
today, in our judgment. 
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