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Júlia da L. A. Silva, Vicente A. de Sousa Jr., Marcio E. C. Rodrigues, Fred S. R. Pinheiro,

Gutembergue S. da Silva, Halysson B. Mendonça, Fernanda E. S. Galdino and Ricardo Q. de F. H. Silva

Abstract—Non-ionizing radiation is the subject of several
applications, such as the microwave oven, which is very popular.
Its use is characterized by direct user operation and reduced
distances between users and the NIR source. Therefore, the level
of human exposure in this scenario deserves attention as it is
a potential cause of biological effects. In this sense, this paper
presents the measurement of a microwave oven with a high level
of NIR (above the limit defined by the standard) before and after
two types of suggested repairs: the use of epoxy putty (Repair 1)
and the replacement of the external surface of the oven (Repair
2). The definitions of measurement methodology, based on FDA
and INMETRO standards, are presented and discussed. Finally,
we describe an analysis of the efficiency of these repair methods
aiming at safety operation.

Index Terms—Microwaves Oven, Non-ionizing Radiation, NIR,
Measurement, Radiation Leakage.

I. INTRODUCTION

With technological advances, the use of Non-Ionizing
Radiation (NIR) has gained prominence in several areas and
applications. For this reason, there is concern about human
exposure in an environment composed of different sources of
NIR. Therefore, it is crucial to monitor and control exposure
levels based on current standards.

The use of microwave ovens deserves to be highlighted
because users directly operate the equipment, in addition to
being at reduced distances from the NIR source. At the same
time, the effects of exposure to microwave ovens are already
the subject of studies, suggesting that it is the cause of
biological variations [1].

In [2] (to be published), we show several NIR measurements
from microwave ovens in residential usage, considering their
location, brand, age, and state of conservation. From several
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measurement rounds, we have not found NIR value above the
recommendations. Similar findings come from several other
works [3], [4].

However, similar to [5] and [6], a recent measurement
caught our attention because it presented a high NIR level
(above the standard indication). For this reason, this work
aims to present and discuss such measurements before and
after repair, and also analyze the efficiency of different repair
methods.

This paper is organized as follows. Section II briefly
presents the concept of NIR and current legislation. Section III
describes the architecture and operation of the microwave
oven. Section IV describes the measurements performed and
presents the results and discussions. Final considerations are
presented in Section V.

II. NON-IONIZING RADIATION AND LEGISLATION

The concept of radiation is associated with the natural and
physical phenomenon that involves the transmission of energy
through the propagation of electromagnetic waves through
space or physical medium. Radiation is also divided into two
groups: ionizing and non-ionizing. The difference between
these groups is the frequency or wavelength they have in the
electromagnetic spectrum and, consequently, their effects on
matter.

Non-ionizing radiation, the focus of this work, is defined
as electromagnetic waves whose electric and magnetic fields
have enough energy to raise only the excited state of electrons
without ionizing matter. It is characterized by having an energy
per photon of less than approximately 12 eV and wavelengths
greater than 100 nm (frequencies less than 3 · 1015 Hz) [7].
Therefore, NIR covers the range of low frequencies, radio
waves, microwaves, infrared, visible light, and low-energy
ultraviolet (UV-A) and plays essential roles in different areas
of science and technology.

At a global level, ICNIRP is the main international
organization that sets regulations on radiofrequency exposure.
The first organization guidelines dates back to 1998 [7]; a
revision was made in 2020 [8]. The legislation governing
radiation levels relating to microwave ovens is a little more
specific. Many countries adopt the approaches defined by
the Food and Drug Administration (FDA)1, such as Brazil,

1Federal Agency of the United States Department of Health and Human
Services.
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through INMETRO (National Institute of Metrology, Quality,
and Technology) [9]. The limit is adopted as a radiation
leakage of 50 W/m2 at a distance of 5 cm [10]. FDA also
outlines how specifications should be tested in microwave
ovens, which will be discussed in more detail in Section IV.

III. BASIC ARCHITECTURE OF MICROWAVE
OVENS

Microwave ovens operate in the microwave frequency
range, as the name implies. Following international standards,
the equipment operates at a frequency of 2.45 GHz with
high power (ranging from about 600 to 1200 watts). The
components of the microwave oven are illustrated in Fig. 1.
They are generally divided between two functions: helping to
cook food and ensuring that radiation does not leak out of the
oven.

Fig. 1. Illustration of the architecture of a microwave oven [11].

The heat generated for cooking comes from intermolecular
friction force. Polar molecules, such as water, present in food
are excited by an alternating electric field, moving quickly,
so that the friction between them produces heat [12]. The
magnetron is responsible for generating microwave energy that
is transmitted to the cooking cavity through the waveguide.

To prevent radiation leakage, the heating cavity is a
thick-walled stainless steel structure that works like a Faraday
cage, blocking microwaves from leaking out of the oven.
Furthermore, the equipment door is made, in addition to the
glass, of a frequency selective surface, which is designed
to act by blocking the passage of microwaves but allowing
the passage of shorter wavelengths. For this reason, there
is the passage of light (which has shorter wavelength than
microwaves). Another essential safety function is that opening
the door triggers a mechanism to cut off the power supplied
to the magnetron.

IV. MEASUREMENT

In Brazil, quality regulations and limit configurations for
microwave ovens are established by ordinance number 174
of April 10, 2012 [9] of INMETRO, which agrees to what
is established in [10] by FDA. Thus, based on the procedure
defined by INMETRO, the measurement methodology of this
work establishes:

• Precision measurements must be made with the
microwave oven operating at its maximum power;

• A load of 275 +/-15 milliliters of tap water must be
used initially at 20 +/-2 degrees centigrade deposited in a
borosilicate glass container with an internal diameter of
approximately 85 mm, placed in the center of the load
holder (the surface provided by the oven manufacturer);

• The measurement must be made with an instrument that
reaches 90% of its steady state reading in 2 or 3 seconds
when indicated at the intensity of the leak signal;

• The equivalent power density existing in the vicinity of
the outer surface of the oven must not exceed 50 watts
per square meter (50 W/m²) at any point 5 centimeters
or more away from the outer surface of the oven.

The measurement setup, fulfilling the Brazilian regulation
documents, consists of the following equipment:

• Narda NBM-520 Broadband Field Meter (100 kHz - 60
GHz) [13];

• NBM E-Field-Probe EF 0691 (100 kHz - 6 GHz) [14];
• Borosilicate glass container with 85 mm diameter and

400 ml total capacity.
As mentioned, this paper presents measurements carried out

in a microwave oven that exceeded the limit defined by [9].
Fig. 2 shows the measurement situation, with the handheld
NBM-520 kept at the distance of 5 cm between the oven’s
surface and the probe. The measurement procedure was as
follows:

• Carry out quick 10-second measurements on the different
faces of the oven to identify where the highest emission
is observed;

• Take a 1-minute measurement in the highest-emission
point;

• Repeat the measurement with the oven turned off.
For this specific microwave oven, the highest emission

region was in its front face.
Turning off the oven, almost zero-power density levels

were measured, showing that there was no contribution from
external sources to the previous observed readings.

This equipment showed several signs of use, mainly rust,
responsible for damaging the door structure, as shown in
Fig. 3. Possibly, this is the reason that led to the leakage,
as long as higher power density levels were measured in front
of the door. To overcome this leak, two types of repairs were
carried out and evaluated:

• Repair 1 (in-house repair): use of epoxy putty to fill the
opening in the door made by rust (repair carried out by
the oven’s owners without the prior knowledge of the
researchers involved in this work);

• Repair 2: replacement of the entire external surface of
the microwave oven (repair carried out in a specialized
location).

The measurements were divided into: initial state (Fig. 3),
after Repair 1 (Fig. 4) and after Repair 2 (Fig. 5). The
measured values of average and peak power density in each
of them are described in Tab. I. We also show the exposure
ratio (ER), the ratio between the measured value and the limit
of 50 W/m2, defined by regulation.
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Fig. 2. Measurement being carried out.

Fig. 3. Initial state of the microwave oven door.

As reported in [2], we carried out measurements in a
microwave oven of the same brand, model, year of acquisition,
and with no visible signs of use. The average power density
corresponds to 0.12% of the microwave oven outlier after the
repair 2. Thus, the NIR leakage is more associated with the
condition of the equipment than with the year of acquisition.

Fig. 4. Microwave oven door internally: after Repair 1.

Fig. 5. Microwave oven door internally: after Repair 2.

V. RESULTS DISCUSSION AND CONCLUSION

This paper focuses on an outlier microwave oven with
a measured power density value above 50 W/m² (the limit
defined by national and international standards). Regarding the
initial state of the microwave oven, the measured average and
peak power density of 183 W/m² and 416 W/m² represent
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TABLE I
AVERAGE AND PEAK POWER DENSITY MEASURED VALUE.

State Average Power
Density W/m2

Peak Power
Density W/2 ER (%)

Initial 183.00 416.30 832.60
After repair 1 37.50 111.50 223
After repair 2 0.18 0.42 0.84

366% and 832.6% of the limit, respectively. Observing the
state of conservation of the microwave oven, the presence
of rust in the door structure is the main hypothesis for
high-emission results. We test our hypothesis with two types
of repairs: Repair 1, using epoxy putty to fill the door opening;
and Repair 2, replacing the external surface of the oven.

When measuring again in front of the door after each repair,
it was observed that, after Repair 1, the average power density,
despite having decreased significantly, still assumes values
very close to the limit and outside the reality of an equivalent
microwave oven (same brand and year of acquisition), as
exposed in [2]. However, after Repair 2, exposure levels finally
reached values within acceptable limits with an average of
0.18 W/m² and a peak of 0.42 W/m². Therefore, the importance
of professional repair is reinforced to ensure the safe use of
this device.

Finally, an important recommendation from the results of
this paper is to take care of internal aspects of the microwave
oven, especially related to rust in its metal parts. This is
especially important in coastal cities like Natal, where the
measurements were carried out.
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