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Abstract

The amount of radiation leakage, the electric field, magnetic field and the specific absorption
rate (SAR) were investigated from 115 microwave ovens in domestic use in Palestine. The
power density of radiation leakage from microwave ovens was measured using instruments.
The age of ovens were between 1 month and 13 years old including 14 ovens with unknown
age, with operating power ranging from 700 W to 1350 W of different types, manufacturers,
and models. The power density of radiation from ovens was measured at different distances at
the height of center of door screen. Electric field, Magnetic field and SAR were calculated at
distances 5 cm and 20 cm from ovens. These values were much less than the specified
Electromagnetic Field levels (EMF) of International Commission on Non-lonizing Radiation
Protection (ICNIRP) for 2.45 GHz radiofrequency. The power density of radiation leakages

from microwave ovens does not depend on the oven age and operating power of ovens.



Introduction

Microwave ovens became indispensable device in most kitchens, because of their ease of use.
Users of microwave ovens may concern about potential health hazards from the exposure to

microwave radiation leakage.

Microwaves are a form of electromagnetic radiation (EMR) and because of its ability to
penetrate several things like rain, snow, clouds, and smoke. It is used in communication
industry for transmitting information from one place to another. In addition, microwave ovens

are used for cooking and heating food in homes (Dimple and Singh, 2012).

Microwave oven is a device that works on alternating current (AC) that uses microwave
radiation at frequency 2.45 GHz, i.e. A = 12.23 cm to heat and cook food in a short time by
oscillating the water molecules contained in the food (Vollmer, 2004). Rays of microwave
absorbing by water, fats and sugars, this means that the molecules of these substances that
contain water are electric dipoles and therefore rotate as they try to align themselves with the
alternating electric field of the microwaves. Absorbing these rays through the atoms and
molecules of the material dispersed energy, make them oscillate significantly, which collide with

each other and produce heat necessary to be cooked (Aitkan and Ironmonger, 1996).

Many people are concerned about the effect of EMR leakage from microwave ovens. They
believe that these leakage radiations may interfere with other electronic apparatus and it may

cause health risks when they use microwave ovens in their houses, restaurants and in



cafeterias (Vollmer, 2004). This includes concern on whether harmful chemicals would be
formed or nutritional quality of food would be lowered during microwave cooking, the food

cannot be altered chemically while heated in a microwave oven (Vollmer, 2004).

Mahajan and Singh found in their research that the long-term exposure of low frequency
electromagnetic fields (EMFs) would cause health problems especially lack or fatigue, irritability,
aggression, hyperactivity, sleep disorders and emotional instability (Mahajan and Singh, 2012).
Exposure to electromagnetic fields has shown to be in connection with Alzheimer disease,
motor neuron disease and Parkinson disease (WHO 2007). Another study found that the RF
Exposure could adversely affect the heart: Pace maker, implantable cardiovascular defibrillators

(ICDs) and impulse generators, and become arrhythmic (Altamura et al., 1997).

Microwave absorption effect is much more significant by the body parts, which contain more
fluid (water, blood, etc.) like the brain that consists of about 90% water. Effect is more
pronounced where the movement of the fluid is less, for example, eyes, brain, joints, heart,
abdomen, etc (Neha and Girish, 2009). The effects of radiations are not observed in the initial
years of exposure as the body has certain defense mechanisms (Leszczynski et al., 2002).
Effects of radiation accumulate over time and risks are more pronounced after 8 to 10 years of

exposure (Hardell et al., 2009).

A study by Skotte surveyed microwave ovens used in restaurants and cafeterias, and found
that for most of the large ovens leakage is in the range between (.2 to 2 mW/cm2 (Skotte,
1981). Some ovens in another study were found to radiate more than the specified limit, and

that was attributed to oven age and the lack of cleaning and proper maintenance (Osepchuk,



1978). Correlation was observed between measured power density leakage and oven age. No
apparent correlation has found between measured leakages and operating power (Alhekail,
2001). A linear correlation was found between the amount of leakage and both oven age and
operating power, with a stronger dependence of leakage on age (Lahham and Sharabati,

2013).

Survey conducted at the United State Fermi National Accelerator Laboratory between 1974 and
1985, it was found that the mean maximum leakage within 5 cm of the oven surface was (.2 +
3.1 mW/cm2 (Miller, 1987). Annual surveys investigated in the United Kingdom (UK) from
1980-1987, showed that only a small number of the inspected ovens leaked in excess of 5

mW/cm2 at 5 cm from the surface of oven (Moseley and Davison, 1989).

In this survey, the power density of radio frequency radiation leakages from 115 microwave
ovens at homes in Palestine, are measured and analyzed statistically then compared with
international standards by ICNIRP, at distance 5 cm from ovens. The ovens were of different
models, manufacturer, ages and operating power. The amount of radiation leakage as a

function of distance from ovens, oven age and operating power were measured.

The electric fields, magnetic fields and the specific absorption rate (SAR) for some human

tissues are calculated, and compared with the recommended EMF levels from ICNIRP.

Theory



Microwaves are form of electromagnetic radiation (non-ionizing radiation), these waves are
radio wave that wavelengths range from 1mm to 1 meter and the frequency is 300 MHz to 300

GHz (Dimple and Singh, 2012).

As an electromagnetic wave travels through space, energy transferred from the source to other
objects (receivers). The rate of this energy transfer depends on the strength of the
electromagnetic field components. Microwave radiation is measured as power density, which is
essentially the rate of energy flow per unit area. Power density is the product of the electric

field strength (E) times the magnetic field strength (H) (OSHA, 1990).

P=EH 1

Where, P is the power density in W/mz. E is the electric field strength in V/m, and H is the

magnetic field strength in A/m (OSHA 1990). The power density can be written as:
P=-nH 2
n is the field resistance taken as () '/* = 377 Q for free space (in air) (ICNIRP, 1998).

SAR is one of the important parameter that should be measured, when human and biological
objects are exposed to electromagnetic radiation from microwave oven, they are absorbed
electromagnetic energy. SAR is related to electric fields at a point, which is the power of
electromagnetic radiation absorbed per mass of tissue. SAR can be calculated as (Bangay and

Zombolas, 2004):



SAR = 3

Where SAR is the Specific absorption rate in (W/Kg), o is the conductivity of the tissue in
(1/Q.m), E is electric field strength in (V/m), and p is the mass density of the tissue in
(Kg/m3). The appropriate parameters for the conductivity o, and the tissue density p of all
different materials used for the calculation must be known. Equation (3) represents the rate at
which the electromagnetic energy is converted into heat, through interaction mechanisms. It
provides a quantitative measure of all interaction mechanisms that are dependent on the

intensity of the internal electric field (Kumar et al., 2008).

There are some international radiation exposure safety standard available in major countries as;
Europe, America, Korea and Japan. The international organizations are; European Committee
for Electrotechnical Standardization (CENELEC), International Commission on Non-lonizing
Radiation Protection (ICNIRP) and Institute of Electrical and Electronics Engineers (IEEE), that
are mainly defined from the thermal point of view. For examples, the general public exposure
limit of whole body average SAR is 0.08 W/kg, while the localized SAR for head and trunk is 2
W/kg (Chiang and Tam, 2008). In the case of the eye, the limit for the average SAR over 10
grams of tissue is 2 W/kg in the frequency range from 0.5 to 3.5 GHz (IEEE, 2005) (ICNIRP,

1998).

Methodology



In this study, 115 microwave ovens of different types and models were tested in domestic use
in Nablus, Palestine. The age of ovens ranged from 1 month to 13 years, with 14 ovens of

unknown age. Operating power of ovens ranged from 700 W to 1350 W.

Power density of radiation leakage from these ovens was measured using Acoustimeter AM-1(
RF Meter. It is measures RF radiation from 200 MHz right up to 8 GHz +3 dB, and can
measure average exposure levels from 1-100,000 UW/mz, peak exposure levels from (.02 to

6.00 volts per meter (V/m) (Acoustimeter User Manual, 2011).

The light intensity was measured in different sites of the houses especially in the kitchens using
hioki 3423 lux hitester digital illumination meter, values of light intensity are found to be within
the range (500 — 750) lux. The noise pressure level was measured in all tested houses using
sound pressure level meter and, it was within the range (50 - 60) dB, which is considered
quiet place. The intensity level of light and sound noise level were measured to make sure that;
they don't influence the measured values. It has been found by some researchers that there
are an effect from exposure to sound, light intensity and other sources of EMR (Sadeq ef al,
2013) (Sadeq, 2011) (lbrahim et al., 2013) (Sheikh ef al., 2013) (Sheikh, 2013) (Abdelraziq et
al., 2003) (Abdelraziq ef al., 2000) (Qamhieh ef al., 2000) (Sa'abnah, 2011) (Suliman, 2014)
(Thaher, 2014) (Subha, 2014) (Abu hadba, 2014) (Al-Faqgeeh, 2013) (Abo-Ras, 2012).

The power of EMR was measured near these microwave ovens. Data was collected and
logged in the special data collection sheet which was designed. The sheet included information
about the oven of various models such as manufacturer, dates of manufacturing, country of

origin, operating power, frequency, age, number of users, daily use, age of users, location of



the oven at home, user awareness and physical condition. Microwave oven has label of
information and labels of awareness, some ovens did not have labels of awareness, and there

is no warning labels in the local language were fixed on any of the surveyed ovens.

Results and Discussion

Our study was carried out for 115 microwave ovens in domestic use at homes in Palestine, by
Acoustimeter AM-10 RF meter at different distances. In this study, the power density of

radiation leakage from 115 microwave ovens at distances 5 cm and 20 cm are shown in table
(1)-

Table (1): The power density of radiation leakages from 115 microwave ovens at distances 5
c¢cm and 20 cm

Distance from The lowest value The highest value of P | An average value
oven (cm) of P (mW/m?) (mW/m?) of P (mW/m?)

5 1.54 76.01 50.92

20 1.57 67.82 34.86

14 ovens g 1.54 69.95 47.32
with

unknown -, , 1.57 53.16 28.59
age

These values are much less than standard values. A study in Germany reported that all

checked ovens were found to leak less than 1 mW/om2 (Matthes, 1992).

The measured power density of radiation leakage as a function of distance from one of the
ovens is shown in Fig. (1). The average of the measured power density of radiation leakage as
a function of distance, for the group of ovens operating at the same power 700 W, is shown in

Fig. (2).



Fig (1): The measured power density of radiation leakage as a function of distance from one

oven

Fig (2): The average of the measured power density of radiation leakage as a function of

distance from group of ovens operating at the same power 700 W
The measured power density of radiation leakage decrease with distance from the ovens as
shown in Figs. (1) and (2). The power density as a function of distance from one oven was the
same for a group of ovens operating at the same power. A study showed that the measured

power density decreases with distance from microwave oven (Lahham and Sharabati, 2013).

The relation between the power density of radiation leakage from ovens and age of ovens are
shown in Figs. (3) and (4). These figures show the averaged measured power density leakage
as a function of age for group of ovens of the same operating power 700 W (14 ovens of

unknown age were excluded), at distances 5 cm and 20 cm from ovens.

Fig (3): The average of the measured power density leakage as a function of age for groups of

ovens at the same operating power 700 W at distance 5 cm from ovens

Fig (4): The average of the measured power density leakage as a function of age for groups of

ovens at the same operating power 700 W at distance 20 cm from oven



The independent of leakages on age of oven for ovens operating at same power 700 W, at 5
cm and 20 cm distances from ovens are shown in Figs (3) and (4). From these figures, there
is no statistically significant relation between power density leakages from ovens and age of

ovens. The independent of power density on age is clear in figure (4).

The measured power density leakage from microwave oven as a function of operating power
are shown in figs (5) and (6), at 5 cm and 20 cm distances from group of ovens have the

same age which is one year.

Fig (5): Average power density leakage as a function of operating power at distance 5 cm from

oven

Fig (6): Average power density leakage as a function of operating power at distance 20 cm

from oven
These figures show the independent of leakages on operating power of ovens at distance 5 cm
and 20 cm, no relation was observed between the power density of radiation leakage and
operating power of ovens from figures (5) and (6)., it is more pronounced in figure (7) for all

ovens.

The measured power density of all ovens with operating power is shown in figure (7).

Fig (7): The measured power density for 115 microwave ovens versus operating power at

distance 20 cm



The average electric field and magnetic field are shown in table 2, of all ovens with the same

age at distance 5 cm, and at distance 20 cm in table 3.

Table (2): The measured and calculated parameters* for microwave ovens of the same age at

5 cm distance from oven

Age in No. of | Avg. Operating Avg. P Avg. E Avg. H
Months  Ovens power (W) (mMW/m?) (V/m) (A/m) X 10 ~*
<12 17 774 49.12 4.24 112.54
12 12 796 51.00 4.34 115.22
18 6 767 58.48 4.68 124.23
24 9 789 44.03 4.04 107.18
30 1 700 11.41 2.07 55.02
36 24 777 54.48 4.48 118.60
48 11 800 49.42 4.26 112.89
60 9 844 53.31 4.45 117.97
72 2 800 49.18 4.30 114.17
84 2 800 60.94 4.78 127.02
96 3 767 51.45 4.40 116.33
120 1 700 54.69 4.54 120.00
144 1 800 56.81 4.63 123.00




‘156‘

3

900

56.73 ‘ 4.61 ‘

122.26

Parameters*: P = Power density leakage, E = Electric field, H = Magnetic field

Table (3): The measured and calculated parameters* for microwave oven of the same age at

20 cm distance from oven

Age in No. of Avg. Operating Avg. P Avg. E Avg. H

Months = Ovens (power (W (mW/m?) ((V/m * 10(A/m) X
12 > 17 774 33.17 3.35 88.85
12 12 796 34.03 3.50 92.73
18 6 767 48.49 4.26 113.02
24 789 31.18 3.30 89.02
30 1 700 3.51 1.15 30.50
36 24 777 37.96 3.68 97.67
48 11 800 33.24 3.34 88.53
60 844 39.20 3.79 100.54
72 800 26.15 3.05 81.22
84 800 44.63 4.09 108.41




96 3 767 30.79 3.34 87.67
120 1 700 36.05 3.69 98.00
144 1 800 49.33 4.31 114.00
156 3 900 27.56 2.64 70.11

Parameters*: P = Power density leakage, E = Electric field, H = Magnetic field

The magnitudes of average power density, average electric and magnetic field of radiation
leakages from all ovens of the same age in tables (2) and (3) were much less than the

standard values of general public by ICNIRP.

Tables (4) and (5) show the average SAR for some human tissues that exposure to EMR
leakages from groups of microwave ovens have the same operating power at distances 5 cm
and 20 cm from ovens. SAR was calculated using equation (3) for some tissues of human
body; human's skin, human's brain and human's eye sclera.

Table (4): The values of SAR for some tissues of human body exposure to EMR from ovens of

the same age at 5 cm distance from oven

Age in | No. of Avg. Avg. SAR* Avg. SAR** = Avg. SAR***
Months | Ovens Operating (W/Kg) (W/Kg) (W/Kg)
power (W) X107 X107 X107
<12 17 774 73 69 99
12 12 796 76 72 103
18 6 767 87 82 118
24 9 789 66 62 89
30 1 700 17 16 23
36 24 777 81 77 110
48 11 800 74 73 99




60 9 844 80 75 107
72 2 800 73 69 99
84 2 800 91 86 122
96 3 767 77 72 103
120 1 700 82 7 110
144 1 800 85 80 114
156 3 900 85 80 114

SAR*: SAR for human skin
SAR**: SAR for human brain

SAR*#**: SAR for human eye sclera

Table (5): The values of SAR for some tissues of human body exposure to EMR from ovens of

the same age at 20 cm distance from oven

Age in  No. of | Avg. Operating Avg. SAR* | Avg. SAR** | Avg. SAR***

Months | Ovens power (W) (W/Kg) (W/Kg) (W/Kg)

X10™* X10™* X10™*
<12 17 774 104 94 133
12 12 796 101 95 135
18 6 767 145 137 196
24 9 789 93 88 125
30 1 700 10 10 14
36 24 777 114 107 153




48 11 800 99 94 134
60 9 844 117 111 158
72 2 800 78 74 105
84 2 800 133 126 179
96 3 767 92 87 124
120 1 700 108 102 145
144 1 800 147 139 198
156 3 900 124 116 166

SAR*: SAR for human skin
SAR**: SAR for human brain

SAR#***: SAR for human eye sclera

Specific absorption rate (SAR) for human skin were much less than the recommended levels of
exposure, was less than (.08 W/Kg that is the standard value, all values of calculated SAR for
human brain and human eye sclera were much less than the recommended levels of exposure,

which is 2 W/Kg.

Conclusion

This survey tested 115 microwave ovens of domestic use in Palestine. The maximum power
density, electric field, magnetic field and SAR of radiation leakages from all ovens at distances

5 cm and 20 cm, were found less than the specified limit for the general public exposure.



Values of power density leakage from all tested ovens with different ages, operating power,
models, daily use, number of users and manufacturer were less than the specified value, the
power density leakages from all ovens at 5 cm is < 10 W/mz; there is no concern from EMR

leakage from microwave ovens.

Usage time of every microwave oven was recorded. The users of microwave ovens spent short
time near these ovens; a slight daily use of microwave ovens at homes was found; the
maximum duration of use was for an hour and intermittently. Therefor the power density of

radiation leakage from microwave ovens was slight.

The maximum value of SAR for human skin was less when compared to the standard value
0.08 W/Kg, all values of calculated SAR for human brain and human eye sclera were much

less than the recommended levels of exposure, which is 2 W/Kg for standard values of SAR.

There is no concern about exposure to radiation leakage from microwave ovens when they are
used in cooking and heating; because of the short time of use of ovens. The amount of
radiation leakage does not depend on oven age. There is no statistically significant relation

found between operating power and radiation leakages from ovens.
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