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SUMMARY

There is limited evidence that EMF may have negative
health effects on human beings with extended
exposure. This study measured the power density and
strength of EMF at different distances and directions
in front of a microwave oven. Our results showed
that the EMF levels are high (2 100 mG) at “one arm’s
length” distance (61 cm) in all directions, although
the power density drops to a range of 0.01 — 0.10 mW/
cm?, To achieve a power density of 0.05 mW/cm? or
less and an EMF level of 25 mG or less, the distance
should be at least 91 cm and 122 cm, respectively,
away from the microwave oven, especially in the left
and front directions. Based on the measurement
data, we created exposure maps using precautionary
thresholds of 0.05 mW/cm? and 25 mG for power
density and EMF, respectively. The measurement
results help to understand the EMF distribution in
front of the microwave oven. The results suggest
that one should avoid staying less than 122 cm away
from the microwave oven during operation, and that
the “one arm’s length” distance (61 cm) may not be
sufficient due to the high EMF levels. This study helps
to promote awareness of the potential health risks
associated with microwave ovens.

INTRODUCTION

A microwave oven is a commonly used electronic
appliance that heats food by exposing it to microwave
radiation generated by a magnetron (1). Microwaves are a
form of non-ionizing electromagnetic energy with frequencies
ranging between 0.3-300 GHz, which are used extensively
in radar (2). In 1945, while developing magnetrons for radar
signals, Dr. Percy Spencer discovered that microwaves could
heat up food. Based on this observation, the microwave oven
was developed and was first marketed in 1946. Today, most
American households have microwave ovens in their kitchens.
A microwave oven works by passing microwave radiation,
usually at a frequency of 2450 MHz, through food. Water,
fat, and sugar molecules in the food absorb energy from the
microwave beam and become hot. Microwave beams pass
through glass, paper, ceramic, or plastic, but metals reflect
microwaves, thus not safe to use.

There have been concerns about the potential adverse
health effects upon exposure to microwave energy (3—6).
The U. S. Food and Drug Administration (FDA) sets an

emission limit from microwave ovens so that “the ... power
density existing in the proximity of the external oven surface
shall not exceed 1 mW/cm? at any point 5 cm or more from the
external surface of the oven, measured prior to acquisition by
a purchaser, and, thereafter, 5 mW/cm? at any such point” (7).
It is known that the microwave radiation dissipates quickly as
the distance increases away from the energy source. At “one
arm’s length” (approximately 61 cm) away from the microwave
oven, the power density would drop to approximately 0.05
mW/cm?, assuming 5 m\W/cm? at 5 cm from the microwave (8).
A study measured the microwave leakage of 106 microwave
ovens and found that only one oven exceeded the 5 m\W/cm?
emission limit (9). Though generally considered as safe when
used properly, there are some arguments that microwave
exposure at much lower levels could be associated with
adverse health effects (5, 10).

In addition to direct microwave radiation, the
electromagnetic field (EMF) formed around a microwave
oven may also be a concern (11). There is limited evidence
that accumulated long-term (hours or more) exposure to EMF
may have negative health effects on human beings, which
increases the risks for neurological disorders, cataracts,
and certain types of cancers (12-14). For example, studies
have suggested that extended exposure to power frequency
magnetic fields greater than 3 mG may result in increased
health risks such as childhood leukemia (14, 15). However,
the current knowledge is not sufficient to understand the
mechanisms by which EMF exposure leads to cancer
development. Currently, there are no universally accepted
EMF exposure limits. The Environmental Protection Agency
(EPA) recommends avoiding long-term exposure to EMF of
up to 2.5 mG (12, 16). The short-term exposure level can be
up to 25 mG, 10-fold higher than the EPA recommended safe
level for long-term exposure (17).

The purpose of this study was to measure the power
density and strength of the EMF at different distances around
a microwave oven and to verify if “one arm’s length” (61 cm)
from the microwave oven is a safe distance. We measured
microwave power density and EMF levels at various distances
from the microwave oven and in different directions in front of
the microwave oven. Since the EMF decreases rapidly with
the distance from the microwave oven, we hypothesized that
at “one arm’s length” distance, the measured power density is
no more than 0.05 mW/cm? and EMF no more than 25 mG.
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RESULTS
Power density measurements

Tobegin toinvestigate the relative safety at different points
from a microwave oven, we first measured power density
using a Tri Field Meter at different distances and directions
from a microwave oven. Two independent measurements
at different dates were performed with the same microwave
oven. The overall mean and standard deviations of the two
measurements are summarized in Table 1. We calculated
the mean and standard deviation of the power density
measurements and found the values to range from 0.18-0.33
mW/cm? at the front outer surface (distance of 0 cm) of the
microwave oven (Table 1), which is significantly below the
emission limit (5 mW/cm?) set by the FDA. The power density
drops quickly with increasing distance from the microwave
oven. At “one arm’s length” distance (61 cm), the mean power
density readings are in the range of 0.01-0.10 mW/cm?.

We found that the measured power density levels at 61
cm were 0.05 mW/cm? or above in the left-45°, up-45°, down-
45°, and front directions; and below 0.05 mW/cm? in the right,
right-45°, and left directions (Figure 1).

The power density dissipated more rapidly at both sides
(right, right-45°, and left) than at the front of the microwave
oven (down-45°, left-45°, front, and up-45°). In particular,
it requires 74-94 cm distance at left-45° and down-45°
directions for the power density to dissipate to 0.05 mW/cm?,
compared to 61 cm at front and up-45° directions, and 38—-41
cm at right, right-45° and left directions (Figure 2).

EMF Measurements

Similar to the measurement of power density, we
measured the EMF levels using the Tri Field Meter at different
distances and directions in front of a microwave oven. The
electric field is 0 V/m at all distances, suggesting that the
electric field is shielded completely by the metal pieces of the
microwave oven. Thus, the EMF refers to the magnetic field
in this study. Two independent measurements of magnetic
field levels at different dates were performed with the same
microwave oven. The mean magnetic field readings were as
high as 100 mG at distance ranges from 61 cm (right) to 104
cm (left-45°) and dropped to approximately 25 mG at distance
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Figure 1: Measured power density at different distances and
directions in front of the microwave oven. The graphs illustrate the
decreasing trends of the measured power density with the increase of
distance from the microwave oven. Two independent measurements,
Mes 1 (blue) and Mes 2 (red), were performed with the same
microwave oven. The measured power density (dots), regression
lines, and 95% confidence areas of regression are illustrated in the

graphs, grouped in different directions (horizontal: left, left-45°, front,
right-45°, and right; vertical: up-45°, and down-45°). The power
density threshold of 0.05 mW/cm? and “one arm’s length” distance
(61 cm) are represented as blue dashed lines.

ranges from 74 cm (right) to 112 cm (left-45°), respectively.
At all directions, at “one arm’s length” distance (61 cm),
the measured EMF levels were at least 100 mG (Figure 3).
The EMF levels dissipated more rapidly in the right direction,
and more slowly in the left and left-45° directions. To have
EMF levels at 25 mG, it requires a distance of 102-112 cm in
the left and left-45° directions, respectively, compared to 69
cm in the right direction, and 89-94 cm in other directions.
At the same distance from the surfaces of the microwave
oven, the EMF levels were the lowest in the right direction,
and were the highest in the left-45° direction. It is clear that at
the distance of 61 cm, the measured EMF level is 100 mG or
greater at all directions (Figure 4). To have an EMF exposure
of 25 mG or lower, it requires a distance ranging from 69 cm
(right) to 112 cm (left-45°) away from the microwave oven.

Power density (mW/cm?)
. mean % std dev
Distance from
microwave oven (cm) Front? Left2 Left-45°° Right? Right-45°° | Up-45°® | Down-45°°
0 0.27 +£0.06 1 0.21 £0.02 |1 0.21 £0.04 | 0.26 + 0.05 | 0.18 £ 0.04 | 0.27 £ 0.02 | 0.33 £ 0.06
30 0.18 £0.02 | 0.06 £ 0.03 | 0.14 £ 0.03 | 0.11 £ 0.05 | 0.08 £ 0.03 | 0.16 £ 0.02 | 0.19 £ 0.01
61 0.07 £ 0.04 | 0.01 £0.00 | 0.07 £ 0.02 | 0.01 £ 0.01 | 0.01 £ 0.00 | 0.05+0.01 | 0.10 £ 0.00
91 0.02+0.01|0.01+£0.00|0.03+0.01|0.01+0.00|0.01+0.00|0.02+0.00|0.05%0.01

an=6.n=3.

Table 1: Data were obtained from Mes 1 and Mes 2. Values of the mean, standard deviation, and number of readings of power density
are grouped based on the distance from the microwave oven in each direction. The measured power density values range from
0.18-0.33 mW/cm2. At “one arm’s length” distance (61 cm), the mean power density readings are in the range of 0.01-0.10 mW/cm?2.
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Figure 2: Schematic illustration of the power density distribution in front of the microwave oven. The schematic illustration of the power
density distribution on the horizontal and vertical directions in front of a microwave oven. The green lines and curves represent approximate
distances (in centimeters) in different directions (horizontal: left, left-45°, front, right-45°, and right; vertical: up-45°, and down-45°); The mean
power density (in mW/cm?, based on Mes 2) and distance are labeled for small bars, which are colored in blue, green, and brown to show
different directions; The red lines represent the power density threshold of 0.05 mW/cm?2. It is clear that the power density at “one arm’s length”
distance (61 cm) in the left-45° and down-45° directions is greater than 0.05 mW/cm?2.
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Figure 3: Measured EMF at different distances and directions in
front of the microwave oven. The graphs illustrate the decrease of
the measured EMF levels with the increase of distance from the
microwave oven. Two independent measurements, Mes 1 (blue)
and Mes 2 (red), were performed with the same microwave oven.
The measured EMF (dots), regression lines, and 95% confidence
areas of regression are illustrated in the graphs, grouped in different
directions (horizontal: left, left-45°, front, right-45°, and right; vertical:
up-45°, and down-45°). The EMF threshold of 25 mG and “one arm’s
length” distance (61 cm) are represented as blue dashed lines.

DISCUSSION

There have been concerns about the potential health
risks that a microwave oven could generate by leakage of
microwave radiation (3—6) and exposure to the EMF that
forms around the oven (12-14). The microwave radiation
decreases quickly as the distance increases away from the
energy source. A measurement suggested that the power
density dropped to approximately 0.05 mW/cm? at the
distance of 61 cm from the microwave oven (8), which is 100-
fold lower than the emission limit set by the FDA (7). Based
on a data from EPA, the EMF drops to approximately 25
mG at the distance of 91 cm away from a microwave oven
(3). This is approximately 10-fold higher than the long-term
exposure limit set by the EPA.

This study aimed to evaluate the level of power density
and EMF at “one arm’s length” distance (61 cm) from a
microwave oven. We measured the power density and EMF
levels at different distances and different directions, namely
front, left, left-45°, right, right-45°, up-45°, and down-45°, from
a microwave oven. For the purpose of this study, we used
the expected levels of 0.05 mW/cm? for the power density (8)
and 25 mG for the EMF (3), respectively, as precautionary
thresholds.

To ensure the accuracy of the measurements, the
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Figure 4: Schematic illustration of the emf distribution in front of the microwave oven. The schematic illustration of the EMF distribution on the
horizontal and vertical directions in front of a microwave oven, based on Mes 2. The green lines and curves represent approximate distances
(in centimeters) in different directions (horizontal: left, left-45°, front, right-45°, and right; vertical: up-45°, and down-45°); The distance (cm)
are labeled for small bars, which are colored in blue, green, and brown to represent different directions; The red lines represent the EMF
threshold of 25 mG. It is clear that the magnetic field intensity at “one arm’s length” distance (61 cm) in all directions is greater than 25 mG.

contribution of the environment power density and EMF
near the microwave need to be assessed. We performed
background measurements on both power density and EMF
levels at different locations around the microwave oven while
the microwave oven was disconnected from power. The
readings were quite low, 0 mW/cm? for power density and
~1 mG for EMF strength, which was negligible and could be
disregarded.

Originally, we planned to measure the microwave oven
using different power settings, such as 25%, 50%, and 75%
of power, but we found that these low power settings were
achieved by alternating between high power and low power,
which caused a lot of variations in measurements. Thus, we
only used the 100% power setting to run the microwave oven
to measure the maximum microwave power density and EMF
strength formed around the appliance.

The EMF values were not stable, making it difficult to take
readings. Some measured values showed high variability. To
reduce the risk of estimation error, we performed multiple
measurements and analyzed the measured data by log
transformed regressions. Two independent measurements,

each with replicate readings, were made at two different
dates, with the same microwave oven. The microwave oven
is placed in a cabinet that leaves free space only in front of the
microwave oven. The EMF field behind the microwave oven
was not measured due to the lack of free space.

The results of measured power density and EMF both
suggest that at least a distance of 91 cm is required for
the power density to decrease to the level of 0.05 mW/cm?
or below, and a distance of 122 cm is required for the EMF
to decrease to the level of 25 mG or below. The measured
EMF levels are also higher in left and left-45° directions than
the data reported from other studies (11, 12). Based on the
measurement data, the power density and EMF exposure
maps were created. The results suggest that at the down-45°
and left-45° directions it requires longer distance than other
directions for power density to dissipate to 0.05 mW/cm?, so
do at the left-45° and left directions for the EMF to dissipate
to 25 mG. This is possibly because the magnetron is located
on the left side of the microwave oven.

This study helps to understand the distribution of EMF
around a typical home appliance and the potential health
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risks with exposure to elevated EMF. The results suggest
that one should avoid staying less than 122 cm away from
the microwave oven during operation, and that the “one
arm’s length” distance (61 cm) may not be sufficient due to
the high EMF levels. Further studies could investigate how
the factors such as the age of a microwave oven as well as
operating power capacity and voltage affect the surrounding
power density and EMF strength. The ultimate question is
to understand the mechanism how microwave radiation and
EMF adversely affect cell functions and metabolism.

In summary, we measured the power density and EMF
in front of a microwave oven at different distances. Based
on the measurement data, we created exposure maps using
precautionary thresholds of 0.05 mW/cm? and 25 mG for
power density and EMF, respectively. To obtain an exposure
level below the thresholds, it requires a distance of 91-122 cm
away from the microwave oven, especially in the left and front
directions. The measurement results help to understand the
EMF distribution in front of the microwave oven. The results
suggest that one should avoid staying less than 122 cm away
from the microwave oven during operation , and that the “one
arm’s length” distance (61 cm) may not be sufficient due to the
high EMF levels.

MATERIALS AND METHODS

An LG microwave oven Model LCRT1513ST (Power:
120 V AC, 1500 W; microwave output: 1100 W; frequency:
2450 mHz; oven capacity: 1.5 cu ft; purchased in 2015) was
used in this study. A measuring tape was used to measure
the distance to the microwave oven at different directions,
i.e., front, left, right, left-45°, right-45°, down-45°, and up-
45°. A big bowl of water was placed inside the microwave
oven, and the microwave was run at 100% power for up to
5 minutes before changing water in the bowl. The values
of radio/microwave power density and magnetic field were
measured using a Tri Field Meter (model 100 XE) standard
version (frequency weighted to 60 Hz;, EMF measurement
range 0—100 mG, resolution 0.2 mG, with accuracy of + 20%
at 60 Hz; radio/microwave measurement range 0-1 mW/
cm?, resolution 0.01 mW/cm?, and frequency range 50—-3000
mHz) (18). Multiple readings were taken at different distances
along the measuring tape at each direction. Two independent
measurements, namely Mes 1 and Mes 2, on the same
microwave oven were performed on two different dates.

The measured data were entered into JMP data tables
and analyzed using JMP software (Version 14) (SAS,
Cary, NC). The statistical analysis include mean, standard
deviation, 95% confidence interval, regression analysis. The
graphs were made using JMP Graph Builder to illustrate
the measured microwave power density and magnetic field
intensity along the different distances. Schematic exposure
graphs were made to illustrate the distances with the
precautionary thresholds of power density at 0.05 mW/cm?
and EMF at 25 mG, respectively.
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