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Abstract-Increased publicity and articles"in many professional journals prompted the Radiological Health Section of the Orange County Health Department to conduct an accelerated survey of radiation leakage from microwave ovens. Ninety-three ovens were surveyed throughout the county. Sever, % of the residential ovens* and 23% of the commercial ovens tested were measured to be leaking above the present voluntary industry maximum standard of 10 mW/cm2• Twenty-eight % of the home ovens and 41 % of the commercial ovens had some type of mechanical. deficiencies. 
The greatest potential hazard exists for the personnel operating commercial microwave ovens in restaurants and other food service areas--<lue to the greater "on time" of the oven, the close proximity to the oven while in operation, the excessive wear on the oven due to increased use and the lack of proper cleaning and maintenance of the oven. 

BACKGROUND 
THE POSSIBILITY of biological damage from 
microwave radiation has been known to exist 
since the early days of radar in World War II. 
The chief biological effect of microwave 
radiation on human tissue, food and similar 
materials is the production ofheat.U> The level 
and primary depth of heat production is de
pendent upon the frequency, in MHz, power 
density measured in milliwatts per square 
centimeter (mW/cm2), and the duration of 
exposure. Several frequencies have been as
signed by the Federal Communications Commis
sion for microwave ovens; the most common 
frequency in use is 2450 MHz. <2> At this 
frequency, the wave length is 12 cm and the 
depth of penetration i~ in the order of / 0 of 
the wave length or approximately ½ in. below the 
surface. When the human body is exposed to 
this form of energy, t.¾e initial heating is not 
at the skin surface but at a level about ½ in. 
below the surface of the skin. Since the body's 
heat receptors and sensing nerves are largely 
at the skin level, this could result in a high 
degree of internal heating before the person 
becomes aware of the hazard. The heat that 

results from this energy absorption is dissipated 
from the body by conduction from the inter
nal organs through the blood stream to the sur
face of the skin where the body is cooled by 
the evaporation of perspiration. The body can 
normally transfer IO mW/cm2 of heat without 
experiencing damage.<3.4> Failure to dissipate 
this heat will cause a rise in body temperature. 

As efficient as the body is in ridding itself of 
unnecessary heat, there are areas that are 
extremely sensitive to temperature rise. One of 
these is the eye. <4> The viscous materials of the 
eyeball, when subjected to heat energy, retain 
this heat for a longer period of time due to the 
lack of an adequate blood circulation "cooling 
system" through the eyeball. The danger of 
temperature rise and high heat retention in this 
area is at the lens of the eye. The lens, being 
made up of clear protein material can be heated 
to the point of cooking or clouding the clear 
protein, causing a Joss of vision through cata
racts. This action can be more dramatically 
visualized when equated to the cooking of the 
clear "white" of an egg until the protein 
becomes cloudy and opaque. 

Dr. Milton Zaret of the Zaret Foundation, 
Scarsdale, New York, a knowledgeable expert in 
Microwave biological effects, has assembled 
over 40 case reports of human eye cataracts 

* This figure is biased due to the fact that 21 of 
29 residential units surveyed were the same model, 
none of which leii.ked ii. e¾ce~s of2 mW/cm2• caused by microwave radiation from radar. He 
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states that usually the cataracts were first 
noticed about 18 months after exposure and 
the lens sometimes continued to cloud for 
several more years. <5> 

With over 100,000 ovens now in operation in 
the United States, there are no case reports 
of cataract formation that can be attributed to 
microwave ovens. Dr. Zaret notes that the 
microwave ovens are still a relatively new source 
of exposure and any potential cataract cases that 
are the result of microwave oven radiation may 
not have had time to develop fully. 

Another heat sensitive area is the testes. 
Temporary sterility of the testes can be caused 
by heat production from high levels of micro
wave absorption. At present, there are no 
reported cases of permanent sterility from 
microwave exposure. 

STANDARDS 
Manufacturers have been designing and 

building ovens to meet their self-imposed 
industry safety standard of 10 mW/cm2• This 
was based on the U.S. Military Standard for 
whole body continuous exposure. <2> Industry 
felt that there was an adequate safety factor in 
this figure as aRy microwave oven leakage would 
result only in localized exposure and the· dura
tion of any exposure would usually be for a 
very short time. 

On 18 October 1968, the "Radiation Control 
for Health and Safety Act", known as Public 
Law 90-602, was passed to protect the public 
from exposure to possible harmful radiation 
emitted from electronic products. The law 
gives the Department of Health, Education and 
Welfare the responsibility and authority to 
regulate electronic products which are capable 
of emitting potentially harmful radiation, 
including X-ray machines, lasers, X-ray radia
tion from TV, microwave ovens, etc. 

On 22 May, 1970, HEW published in the 
Federal Register the first proposed performance 
standards to cover oven leakage. <6> This 
standard would require that microwave oven 
leakage shall not exceed 1.0 mW/cm2 at any 
point 5 cm or more from the external surface 
of the oven prior to sale and shall not exceed 
5.0 mW /cm2 at any point 5 cm or more from the 
external surface of the oven after sale. As 
proposed, this standard is not retroactive, but 

would affect ovens manufactured after l July, 
1971. 

SURVEY METHODS 
The Radiological Health Section of the 

Orange County Health Department conducted 
a survey of microwave ovens in commercial 
and residential use, from January through June, 
1970. 93 microwave ovens and one large 
volume Cryodry Processing Unit have been 
surveyed. 29 of the ovens surveyed were 
used for residential use, 62 for commercial use 
and 2 were used for sales demonstration. Many 
of the residential ovens were surveyed at the 
specific request of the home owner. The rest 
were surveyed as a group in a tract of homes 
built in 1957 where the oven was built in as the 
only oven unit. 

Measurements were made with a combination 
of the following instruments: Ramcor 1200, 
International Crystal "Microlite" and a Narda. 
8100. * The Ramcor 1200 is a survey meter 
·employing the use of a horn antenna with a 
thermistor detector. It is very susceptible to the 
polarity of the microwave field and reads on the 
low side if not properly orientated. 

The International Crystal "Microlite" is a 
preignited neon-mercury tube designed to glow 
in a microwave field. It was not used as a 
quantitative measuring device but used to 
pinpoint an area of leakage so that the Ramcor 
antenna could be accurately positioned over the 
leak. The Microlite was also used to visibly 
demonstrate leakage to the owner or operator 
of the oven. 

The Narda 8100 is a portable survey meter 
using a dipole antenna with a thermocouple 
detector. It is not sensitive to polarization of the 
microwave field but the hand held probes are 
very sensitive to burn out in strong fields. Both 
the Narda and the Ramcor measure in mW/cm 
although the Ranicor reading must first be 
converted from decibles (dB) to mW/cm2• The 
Ramcor and the Narda readings compared 
within 10% up to 20 mW/cm; the upper limit 
of the Ramcor. 

For more detailed information on the com
parisons of various microwave detectors and 
survey meters, the authors recommend: "A 

* The Narda 8100 was loaned through the 
cooperation of the U.S. Public Health Service. 
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comparison of Microwave Detection Instru
ments", BRH/DEP 70-7 published by the U.S. 
Department of Health Education and Welfare 
Public Health Service. 

The survey procedures followed were suggested 
by the U.S. Public Health Service and con
sisted of the following: Before the oven was 
activated, a 600 ml pyrex beaker filled with 
275 ml of cool water was centered in the oven 
with the oven shelf positioned at its lowest 
point. The oven was turned on and during the 
magnetron warm-up period, the survey instru
ment was set up, tested and zeroed. The 
oven timer was then activated and with the 
oven door closed, the entire periphery of the 
oven door and door viewing screen was surveyed. 
The maximum reading detected was then re
corded. The oven door interlocks were then 
tested by opening the oven door and noting if 
microwaves were still being produced. If 
microwaves could be detected once the door was 
opened the reading and interlock failure were 
recorded. 

An information memorandum containing a 
record of the highest level of microwave 
leakage found was left with the owner or oper
ator of each oven. The memorandum included a 
list of recommendations to ensure safe operation 
of the oven and a warning that any oven found 
to be leaking more than 10 mW/cm2 be serviced 
by an authorized service representative. 

SURVEY RESULTS AND OBSERVATIONS 

The following is a summary of the results of 
the survey. 

Table l. Number of ovens leaking more than 
IO mW/cm2 at 5 cmfrom the surface 

Home 
Commercial 
Display 

2 
14 
0 

% 

6.9 
22.5 
0 

Table 2. Number of ovens with deficiencies 

Home 
Commercial 
Display 

8 
25 
0 

·-~ 

% 

28% 
41% 
0 

Table 3. Types of deficiencies* 

Door seal pitted or worn 
Door hinges worn or loose 
Interlock failure 
Stirrer not operating 
Warning light out 

Type of door seal 
Metal-to-

Choke metal 

0 
10 
2 
0 
0 

7 
11 
2 
3 
2 

* Two ovens had more than one deficiency. 

OBSERVATIONS 

1. Commercial models tested leaked more 
than home types tested. This is believed to be 
due to greater use and abuse of the oven. The 
older the commercial oven, the greater the 
potential for leakage due to poor maintenance 
of equipment. 

2. No matter what type of seal is used, choke 
or metal to metal, the tighter the door closes, 
the less the leakage. This can be shown on 
most ovens that have measurable leakage by 
simply pushing on the door and taking a 

second measurement. This is more important 
when metal-to-metal seals are used. 

3. Choke seals are smooth grooves in the oven 
door, made to a depth equal to ¼ the wave 
length of the microwaves being produced. The 
microwave enters the groove, is reflected back 
on itself and causes a cancellation of the in
coming wave. They are either smooth easy-to
clean grooves or grooves filled with a smooth 
carbonized rubber or plastic material. Choke 
seals appear to be the better seal over metal-to
metal or metal mesh for the following reasons: 
There is no wear on the seal itself. The door 
does not have to be tightly sealed against the 
face of the oven, but it is necessary for it to be 
properly aligned with the opening of the oven 
cavity. 

4. Metal-to-metal seals must be in constant 
contact with the face of the oven to prevent 
leakage. They must be kept clean for a build up 
of food causes the seal to be pushed away from 
the face of the oven, thereby creating an opening 
from which microwaves could leak. Also, 
microwaves induce an electric current in the 
oven cavity. A build-up of food particles, due to 
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poor sanitary maintenance, produces pin point 
resistance to the flow of this electric field. This 
resistance in turn causes an arching of the cur
rent which results in pitting. When this pitting 
is on the oven seal, an opening is created 
through which microwaves can leak. 

A third factor that is conducive to leakage 
with a metal-to-metal seal is simple wear by 
usage. 

5. Over all design and maintenance of the 
oven is a key factor in leakage regardless of the 
type of door seal. Some ovens incorporating 
choke seals, which we consider to be the better 
seal, leaked more than those using metal-to
metal seals due to other design failures. For 
instance, on some choke seal ovens, due to the 
failure of the door hinges to keep the door 
aligned and closed properly, leakage above 
100 mW/cm2 was measured. 

6. There exists a lack of trained personnel and 
instrumentation to check microwave ovens in 
California. 

7. Availability of new parts to repair ovens 
over 5 yr old is very poor in some instance. 

COMMENTS 

We believe that the "ideal" oven should have 
the following features to minimize exposure 
from microwave leakage. 

1. The oven door seal would incorporate a 
choke seal design filled with a carbonized rubber 
or plastic material. 

2. The door would have a positive latch type 
lock to insure a tight fit. 

3. The hinges for the door would be a spring 
loaded type to minimize wear. 

4. The first interlock would be connected to 
the door latch mechanism which would cut off 
microwave production before the latch was 
opened. A second interlock would be of a 
recessed type activated by a pin on the door, 
close to the latch mechanism. 

5. The oven viewing window screen would be 
protected from dirt and food accumulation by a 
glass or similar heat resistance material. 

6. Once the interlocks are interrupted, 
microwave production would not begin again 
unless the door is closed and a reset button had 
been ~lressed. 

7. A visible light to indicate that microwaves 

are being produced would be present near the 
timer mechanism. 

The California State Health Department< 7> 

has offered the following suggestions for all 
microwave oven users, owners and operators: 

I. Keep children away from the oven 
during its operation. 

2. Don't open the oven door until the oven 
timer has been turned off. 

3. The operator should keep an arm's length 
away from the oven while unit is operating. 

4. Follow the manufacturer's instructions for 
use. 

CONCLUSIONS 

Detectable leakage, greater than 0.5 mW /cm2, 

was found in 82 % of the ovens tested. Thirty% of 
the ovens tested were leaking above Industry's 
Standard of 10 mW/cm2 at a 5 cm distance. 
Using the proposed national standard of the 
Bureau of Radiological Health, U.S. Depart
ment of Health, Education and Welfare, 41 % 
of the ovens were found to be leaking in excess 
of 5 mW/cm2 at 5 cm distance from the exterior 
surface. For industry to meet this proposed 
standard, design changes will be needed- in some 
instances. With proper initial design and good 
preventative maintenance, such as cieariing of 
metal-to-metal door seals, replacing worn 
hinges adjusting interlocks, etc. microwave oven 
leakage can be kept below the proposed standard 
of 5 mW/cm2• 

The greatest potential for hazardous exposure 
exists for persons using ovens in commercial 
restaurant operations where the personnel 
already is subjected to a high heat stress environ~ 
ment. There also exists a hazard to micro
wave service personnel. These men, without 
proper instrumentation, cannot detect leaking 
ovens whether at the site or while working on 
them in the shop. Once the repairs are made, 
they cannot determine whether the repairs have 
corrected or added to. the leakage problem. 
Dependable, accurate, inexpensive instrumenta
tion must be put into the hands of aH service 
personnel. 

The users of microwave ovens, both in the 
home as well as the commercial operation, were 
very pleased that we were able to provide a 
service that could not be provided in many cases 
by even the oven manufacturer. Our findings 
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have been used by the service representative, in 
a number of cases, to pin-point and correct a 
previously unknown leaking oven. 

There will be more requests for microwave 
oven surveys as the public becomes more aware 
that the Orange County Health Department 
has the capability to do these surveys. The 
majority of the persons contacted had read or 
heard about the possible hazards of microwave 
leakage but were unaware of who might test 
their ovens. The ability ro respond to survey 
requests and to answer questions of concern was 
very gratifying for both the microwave oven 
users and the surveyors. 
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