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Numerous electronic devices have been introduced into the
operating room. Although little is known about the relationship
between exposure to electromagnetic fields (EMF) and health
hazards, some authors reported its association with cancer or
other diseases. We measured the amount of EMF exposure that
an anesthesiologist gets in the operating room. The density of
the magnetic field was checked by an extremely low frequency
(ELF) field strength measurement system in the 19 operating
rooms of our hospital. We measured the magnetic field
intensity at a distance of 30 cm, 50 cm, and at the place where
the anesthesiologist usually stands from the center of the main
monitor. The average exposure quantities of magnetic fields in
19 operating rooms were 2.22 = 1.13mG at 30cm, 129 £
0.84 mG at 50 cm and 1.00 £ 0.78 mG at the anesthesiologist’s
standing points respectively. Because quantities over 2 or 3
mG were accepted to be high radiation levels of EMF by many
reports describing the hazards of EMF, we set 2 mG to be the
cutoff value. In some of the 19 operating rooms, the measured
EMF density exceeded our cutoff value. Although the health
hazards related to EMF exposure are still equivocal,
anesthesiologists should consider making an effort to improve
their environment and reduce their exposure to EMF.
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INTRODUCTION

Currently, the use of electricity has become one
of life’s daily necessities. It has brought pros-
perity and welfare to humanity. As a result, we
are constantly exposed to electromagnetic field
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(EMF) from electrical appliances. EMF is a form
of electromagnetic energy that has a wide range
of frequencies from 0 Hz of direct current (DC) to
1015 Hz of ultraviolet radiation. In this report,
when we say EMF, we mean the power-frequency
of the EMF that is in the extremely low frequency
(ELF) range because electricity in operating rooms
has a frequency of 50 to 60 Hz. This kind of EMF
is produced by power lines, electrical wiring,
electrical equipment and many other sources.

The EMF has both thermal and non-thermal
effects on living organisms. Microwaves are ex-
amples of electromagnetic energy having frequ-
encies ranging from 300 MHz to 300 GHz which
produce heat upon tissue absorption. Adey re-
ported occurrences of cataracts in eyes exposed to
high frequency EMF.! However, an EMF of ex-
tremely low frequency (ELF) carries very little
energy and has no ionizing effects. It may pro-
duce a non-thermal effect such as blood brain
barrier permeability change” and cause an occur-
rence of brain tumor, deranged calcium meta-
bolism and or a neurotransmitter effect.’

At present, there is not enough information to
determine if EMF exposure causes adverse health
effects. However, the effect of an EMF on the
human body has become a much-discussed issue
in developed countries. There are some reports
discussing the possibility of an increased risk of
developing brain cancer, breast cancer and
leukemia in EMF exposed populations.*” Other
reports show an association between video dis-
play terminals (DVT) with pregnancy outcome.’

A very large number of monitors and other
electric equipments are used in the modern pra-
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ctice of anesthesiology. Therefore, anesthesio-
logists are presumed to be exposed to EMF for a
long period of time but there is no data showing
how much EMF they receive and what kind of
effects of EMF has on them. This study was
undertaken to give basic information on EMF by
measuring the magnetic field intensity produced
by anesthetic equipments and monitors in
operating rooms.

MATERIALS AND METHODS

All the electronic equipments (anesthetic
machines and monitors) were checked in a vacant
operating room. Using the Extremely Low Fre-
quency (ELF) Field Strength Measurement System
(Model HI-3604, Holaday Industries, Eden Prairie,
MN, USA) (Fig. 1), we measured the intensity of
EMF at 30 cm, 50 cm, and at the places where the
anesthesiologist usually stands away from the
center of the monitors. We measured con-
secutively EMF three times on three fields (X, Y,
Z axis) at 5 minute intervals and averaged. Since
magnetic fields are vectors, they were calculated
as being the root square of EMFs on three fields.
We calculated the average magnetic field intensity

Fig. 1. Extremely low frequency (ELF) field strength
measurement system
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and standard deviation of each point in 19
operating rooms.

RESULTS

All the electronic equipments used in each of 19
operating rooms are listed in Table 1. The ELF
intensities were 0.56-4.25 mG (2.22 + 113 mG) at
30cm, 047-319mG (1.29 + 0.84 mG) at 50 cm,
and 041-3.02mG (1.00 + 0.78 mG) at the anes-
thesiologist’s standing points. The average dis-
tance between the monitors and an anesthesio-
logist was 83.58 + 11.89 cm. At 30 cm, 50 cm, and
the anesthesiologist’s standing points from the
center of monitor, 8, 4, and 2 operating rooms’
intensities were measured to be above 2mG
respectively. The average magnetic field intensity
and standard deviation of all 19 operating rooms
are listed in Table 2.

DISCUSSION

Since a numerous varieties of electronic equi-
pments are used in operating rooms, it is difficult
to point out which is the main source of the EMF
described earlier in this study. A visual display
terminal produces EMF having several fre-
quencies. Among them, direct current (DC) is not
harmful and the radio frequency (RF) is minimal.
ELF is the one that is much discussed these days
because of its potential harmful effects and that is
the reason why only the EMF of the ELF mea-
sured. All things in an operating room, especially
electric conductors, affect the electric field. Since
even the measuring person himself can be a
variable for electric field measurements, only the
magnetic field is measured. In the 19 operating
rooms studied in this report, 4 at 50 cm distance
and 2 at a distance from the anesthesiologist’s
standing point measured to be above 2mG. In 3
rooms, measurements closer to the anesthesio-
logist were tenser than at the monitor.

We later discovered that a main power supply
unit passed behind the wall of the operating room
where the anesthesiologist stood and which could
adversely affect the measurement of radiation that
anesthesiologist received. 6™ and 12™ room have
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Table 1. Anesthesia Machines and Monitoring Devices in Operating Rooms

OR Number Bquipment

Anesthesia Machines Monitoring Devices
Ist Dameca MCM 590 Space Labs 90303B
2nd Ohmeda BBTV 00284 Hewlett Packard M 64S,Datex ULT-SV-28-06
3rd Dameca MCM 890 Hewlett Packard M 1026A
4th Dameca MCM 590 Space Labs 90385
5th Draeger PM 8050 Hewlett Packard M 64S
6th Dameca 10888 Datex ULT-SV-28-06,Space Labs 90303B
7th Draeger(Seneca) Datex ULT-SV-28-06,Space Labs 90622A
8th Royal Delta-88X Datex ULT-SV-28-06,Space Labs 90622A
9th Draeger PM 8050 Datex ULT-SV-28-06,Space Labs 90622A
10th Dameca MCM 590 Space Labs 90385
11th Royal Delta-88X Datex ULT-SV-28-06,Space Labs 90303B
12th Dameca 10888 Datex ULT-SV-28-06,Space Labs 90303B
13th Dameca MCM 890 Hewlett Packard M 1026A
14th Dameca MCM 590 Space Labs 90303B
15th Dameca MCM 590 Space Labs 90385
16th Dameca MCM 890 Hewlett Packard M 1026A
17th Draeger PM 8050 Space Labs 90651A
18th Draeger(Seneca) Hewlett Packard 78354C, Datex ULT-SV-28-06
19th Draeger PM 8050 Space Labs 90651A

OR, operating room.

the same equipments each other. However, the
intensities measured on the rooms are quite
different. It seemed that this was due to the
differences in electric supplies, and the effects of
other floors’ equipments and electric supplies.

The Sweden Board for Technical Accredition
(SWEDAC) regulation for monitors requires that
the intensity is not to exceed 2 mG at 30 cm away
from the monitors.” Our data showed that some
of our operating rooms did not satisfy the
regulation. Although the SWEDAC regulation is
accepted as the worldwide standard for EMF
exposure, this is only an arbitrarily chosen tech-
nical guideline.”

The number of 2mG was derived from other
epidemiological studies. EMF exposed group was
defined being people who were exposed to 2 or

3mG of EMF.® The upper level of EMF exposure
has not yet been established because there is no
data describing their effect on human health. We
do not know how variables such as different
frequency, exposure time and the quantity of
radiation influence our health. Therefore we
excluded the exposure time from our data. The
effect of EMF on human health was difficult to
show definitely since the authors could not
distinguish the effect of EMF from other environ-
mental factors. Individual differences of suscep-
tibility to EMF are also confusing.

Several epidemiological studies, clinical trials,
and studies at the cellular level are going on to
clarify the effects of EMF as posing health
hazards. The results of epidemiological studies on
the relationship between several disease groups
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Table 2. The Density of Magnetic Fields in Operating Rooms (mG)

Distance from Monitor

OR Number
30 cm 50 cm 83.5 cm*

1st 1.39 0.76 0.76
2nd 2.7 0.81 0.57
3rd 0.56 0.58 0.81
4th 234 215 1.09
5th 0.7 0.48 0.69
6th 0.82 0.47 041
7th 3.49 2.45 1.67
8th 4.25 1.78 1.36
9th 2.79 1.06 0.47
10th 1.78 0.79 0.7

11th 1.44 0.62 0.5

12th 1.6 1.48 1.28
13th 1.89 3.19 3.02
14th 1.53 1.11 292
15th 1.61 1.1 091
16th 0.82 0.49 0.44
17th 2.99 2.98 041
18th 4.15 1 0.52
19th 3.26 1.21 0.55

Mean + SD 211 £1.13 1.29 + 0.84 1.00 £ 0.78

The distance from monitor to anesthesiologists stand point was 83.58 & 11.89 cm (Mean & SD).

OR, operating room.

and EMF are much debated recently. Studies on
the association between EMF exposure and some
cancers such as leukemia and brain cancer that
occurred from 1993 to 1995 showed no strong
associations and a lack of consistency in the study
results.””  According to these results, most
developed countries of the world decided that
because people must not disregard the health
hazard of EMF, more studies must be carried out
to confirm the association. Some countries have
already accepted the potential health hazards of
EMF and set a standard for EMF exposure limit
and regulate that limit.

This study measured the amounts of EMF
exposure that an anesthesiologist in the operating
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rooms get. Some of them were over the exposure
limit. We hope our result will serve as the basic
reference data for other studies on the health
hazards of EMF. Furthermore, we must clearly
define the EMF exposure limits, and regulate it in
our country just as radiation exposure limits in
order to prevent the health hazard of EMF.
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