Electromagnetic Ambient and Interference Phenomena in Medical Environment

University “Politehnica” of Bucharest

Doctoral School of Electrical Engineering

DOCTORAL THESIS SUMMARY

Electromagnetic Ambient and Interference

Phenomena in Medical Environment

<° %

PhD student: Husssain Kazem Leaibi Alnamir

PhD supervisor: Prof. Univ. Dr. Eng. Mihaela Morega

Bucharest, 2020



Electromagnetic Ambient and Interference Phenomena in Medical Environment

Contents
AABSTRACT .ottt et et e et e e et e et a2 et e ee e e e e e ee et ee e s eee et easeeeeeaeeueaeeeeeeeeeeeeaeeeeee e eae e et et eae e eueateeeteaeteneeeaeeeeaens 1
INTRODUGCTION .ottt et et et eeee et e e eeeeeeeeeeeeeee et eseseseateeeseses e et ee et eneeeeseseseeeeeseeeeaeaeaeeeeteee et eeeeeaeeseeeneeeeens 2
ORGANIZATION OF THE WORK ..ttt eeeee et e e e e eeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseeeueeseeeseseeseseeseeseneeeeessesenaeeeeeses 3

1. CHAPTER 1: NORMATIVE FRAMEWORK FOR LIMITING HUMAN EXPOSURE TO ELECTROMAGNETIC FIELD
(INTERNATIONAL STANDARDS AND GUIDELINES); PARTICULAR REFERENCES FOR THE CLINICAL

ENVIRONIMENT .....cccotrttiiiinneriiessnetsissssssesssssssssssssssssessssssnsessssssssessssssssessssssssessssssssessssssssessssssssessessssnssssssssnssssssss 4
1.0, WHY FOCUSING ON EIMIFS? .eciiiiiiiiiiiiiiiitete et e e e e e s sttt ettt e e e e e e s s sttt e e e e e aeeseessaaasbbbaaaeeaeeeessssnnnsssssnnaaaeaens 4
I I R 2 (=Tt g Tolte T o LY, Lo o T =2 1 ol =] o KPR 4

1.2. EXPOSURE TO VERY LOW-FREQUENCY FIELDS.....ceeeeteeetreereunnnennnnnnnuenaaaaeseaaeeeeeeeeeeeeneeennnnnnnnnnnsnsasssaeeeeeaaeeseenenee 5
1.3. GUIDELINES AND EXPOSURE LIMITS TO EIMIF ...ttt e e e e e e e e e e e e e e eeeeees 5
1.3.1. ICNIRP GUIEIINES ...ttt e e ettt e e e e e e e ss et eaaaaaeeesssssassssaeesaaaaaasssanans 5
IV 1 1 2 2 o o To [ [ o (PP UPPPP 5

2. CHAPTER 2: METHODS AND INSTRUMENTATION FOR LOW FREQUENCY MAGNETIC FIELD

IMEASUREIMENTS .....ouuiiiiiiiiieiiiisietiiiiiuseeiisssnessssssssssssssssssesssssssssssssssssssssssssesssssssssssssssssssssssssssssssssanssssssssnsssssssn 6
2.1. METHODS AND TOOLS FOR EXPOSURE ASSESSIMENT ......coitiiiitieiniiiiieeesiiieeeesiieeeessireeeessnbeeeessssnnesessnnns 6
D B 1V =4 o Lo Yo KPP PPP 6

2.2. PERSONAL EXPOSURE METER FOR ELF IMIAGNETIC FIELDS ....cceeviiiiiiiiiiiiiiiiiiiiees s e e e e e e e e e eeeeeeeeeeeeeeeeenssnannaaenseaeeeas 9
2.2.1. Single Axis Electromagnetic Field Meter (model Extech 480823) ........ccoueeeuvvvveeeiiiaaeeeeeseccciivvereaaannn. 9

2.3. CALIBRATION OF MAGNETIC FIELD IMETER.....utttiiittieeeeiirieieesiireeeessiteeeessiireeessssaeeessssssneesssnsssesessssseenens 10

3. CHAPTER 3: STUDY OF LOW FREQUENCY ELECTRO-MAGNETIC INTERFERENCE PROBLEMS IN HOSPITAL

ENVIRONIMENTS ......cuutiiiiiiuneiiiisnntiiisissesisssssssssisssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsessssssssesssss 13
IR 07N Y U 5 ) PP UP 13
3.1.1. Problem Id@NEIfiCAtION. ..........cccueeeieieieee ettt ettt et e e et e e st e e e 13
3.1.2. EXPErIMENTAI STUAY ..oooeeeeeeeeeeeee ettt e e ettt e e e e e e e e e e st st e e e aaaeeeeesssssssssnseaaes 15

3.2 RESULTS ettt e s e e e e e e e e e e e e e ee et ettt ttettaa et b e s e e e e e e e e e eeeeeeeeeeeeeee e e e e st b easa e e eaeeeeeeeeeaeeeeeeaeeeenssnnnsbannaanaan 16

4. CHAPTER 4: STUDY OF LOW FREQUENCY ELECTROMAGNETIC FIELD NEAR A MAGNETIC RESONANCE

IMAGING AREA..........ceeeeeeeeennnnenreeieeeseeeseeeeeeesseesssesssnsssssssssssssssssssssssssessesssessssssssnssssssssssssssssssssssssesssssssssnnnsnnnnnne 19
4.1. LOW-FREQUENCY MF MEASUREMENT NEAR MRIAREA......utttciiieeiieeeeeeeeeeeeieeeeeeeveeavavsee e e e e e eaaaaes 19
4.1.1. Method AN INSEFUMENTATION.........ccceieeeeiieeeiieieeeeeeeeeeee ettt et eete e e ettt e e e e e e arteeesseraaeeseessaas 19

B, RESULTS ceiiiiiii it e e et e e e et e e e e e e e e e e et e e e e e e e s b b et bbbt aeeeeeeeaeeeaaaaarerrraaaara b aaaeaaaens 21
O B U Ty 1 Y (=2 EEUU 22
4.2.2. TRE SECONU SIT@ ..ottt ettt e e e ettt e e e et tte e e e s s s tate e e s esbeeesseasbaeeesssssaaeeesessaaaas 25

5. CHAPTER 5: ASSESSMENT OF MAGNETIC FIELD DENSITY PRODUCED IN OPERATING ROOMS................ 29
5.1. MEASUREMENTS PROGRAM ....coovtititttittitiiieetteee e et et e ee et e ee et e eeeeeeaeea bbb eseeeeeeesaeaassasesesssesssssssrassannnnnn 29
5.1.1. LY Lo f = 4 (o USRS 29
5.1.2. L1V L=d 1 g Lo Yo K 29

5.2, RESULTS ottttttttiiiiiiie ettt ettt ettt ee et e e e e eeeeeeaeaae et e e e s e e s s e e s s bbb bbbt eaeeseeeaeaaseesseesssessssssrrsssnnnnnnn 29

6.  GENERAL CONCLUSIONS .....ccettttieeeereeeeennneeesesesssssssssssesseestessssesssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssnns 35
7. ORIGINAL CONTRIBUTIONS OF THE AUTHOR ......ccottiiitiitiireeeeeeeennnnsssssssssssssssssssssessessssssssssnnsnsssssssssssnnsnnns 37

REFERENCGES. .........o oottt st st r e st a e s r e s r e ee e s r e saeenesr e e e e sreeenenreeeeennens 39



Electromagnetic Ambient and Interference Phenomena in Medical Environment

ABSTRACT

Electromagnetic field emissions are considered today a significant pollution factor for the
clinical environment; dangerous electromagnetic emissions might exist around various
electrical or electronic equipments and might cause the failure of medical devices or harm the
human body.

In this study, the theoretical information has been obtained through careful documentation and
synthesis from many articles and websites. It provides historical landmarks and information
regarding the standards and regulations of EMC. Also, this study is presenting the limits of
exposure accepted for the human body at low frequency levels. The measurements address
low frequency magnetic field indoors, in various clinical intervention rooms and operational
spaces in hospitals, where the medical staff carries out the current work in day-to-day
activities. RMS values of the magnetic flux densities are determined in several organized
measurements sessions, by a magnetic field meter of general use, which was successfully
verified in a comparison test against a certified precision device. The assessment of human
exposure in such environments could be used for classifying various groups of medical
personnel and / or working environments and / or working conditions with regard to typical
low frequency magnetic field stress in health care units.

Some electromagnetic compatibility elements are studied in hospital environment, and a
survey is presented, aiming to recognize the perception of the hospitals high-qualified
personnel regarding the electromagnetic interference problems in clinical environment. We
have studied the distribution of the magnetic flux densities in a variety of areas inside
hospitals for the purpose of estimating the level of exposure to low frequency magnetic field
of health care operative personnel.
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INTRODUCTION

Due to the diversification of anthropogenic magnetic field sources, numerous studies have led
to field monitoring and, at the same time, to diminishing the disturbing effects that are
produced by it. Electrical systems were noted as the main sources of low frequency magnetic
field. The field generated by them can lead to disturbing effects on both people and
equipment.

By using one commercial equipment made by the company (EXTECH), for magnetic field
surveillance, in the thesis, we studied the spatial distribution of low frequency magnetic field
in numerous areas in hospitals and problems of the electromagnetic interference in the
hospital environments.

We also presented specific methods for measuring and analysing the magnetic field to each
studied area, among which a method of representing the spatial distribution of magnetic field
using a small number of measurements, for different areas in hospitals environment, and we
made a survey for the determination of the knowledge of hospital personnel regarding the
electromagnetic interference problems.

Research questions addressed by a genuine survey study (in lIraq)

1. What kind of electro-magnetic compatibility issue, which results from intentional emitters,
could be identified in the hospital environments of the modern days, and what is the risk
associated with their use?

2. Is Hospitals personnel familiarized with electromagnetic interference problems?

3. Are there worries regarding hospitals workers constantly exposed to MF higher than
regulatory limits?
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ORGANIZATION OF THE WORK

The doctoral thesis entitled “Electromagnetic Ambient And Interference Phenomena In
Medical Environment “is structured in five chapters, being preceded by an introduction. The
entire research study is presented over 123 pages, using 77 figures, 25 tables, 141
bibliographic references.

In Chapter 1, “normative framework for limiting human exposure to electromagnetic field
(international standards and guidelines); particular references for the clinical environment,”
We have presented the purpose and importance of measuring the magnetic field generated by
electrical systems. We also presented some regulations adopted at national and international
level on exposure of both general public and occupational to the magnetic fields .

Chapter 2, entitled “methods and instrumentation for low frequency magnetic field
measurements “presents some principles and measurement criteria, the use of special
equipment, the choice of measuring areas and the application of specific methods for each
area, depending on the existing sources and the complexity of the studied space.

Chapter 3, “a study of the problems of the low frequency electro-magnetic interference in the
hospital environments”, will present a study that is concerned with impact of the electro-
magnetic radiations from the electric devices in the hospitals (i.e. the medical equipment,
appliances and mains). The analyzed data have been taken from a number of the Iraqgi
hospitals. This study included 2 parts: (a) A survey that has been focused upon evaluating the
understanding and perception of hospital staff about the problem of electro-magnetic
interference (EMI), (b) the data that is related to a campaign of the measurements that aim at
identifying the magnetic field levels in several hospitals.

Chapter 4, “study of low frequency electromagnetic field near the magnetic resonance
imaging area”, presents the results of measuring magnetic field in several areas near a
magnetic resonance imaging unit. For this purpose, we performed measurements and
characterized an magnetic field study strategy near the MRI scanners, this study reached spot
measurements in various points using EMF TESTER EXTECH with frequency between 30 -
300 Hz. For every room we identified the spatial variability related to MF at 3 distinctive
distance values (0.3 m, 1Im and 2m) from the floor. The magnetic field results were
determined throughout in the case when MRI has been ON and outside the program in a case
where MRI was OFF, while the research area is divided right in four sections: A waiting room
(WR), Hall area, Control room (CR), Technical room (TR).

In Chapter 5, entitled “assessment of magnetic field density produced in operating rooms”,
we presented the estimation of the magnetic field density in the operating room for medical
personnel standing, near the patient and in the anesthesiologist position. In the following
stage, the magnetic field density strength was measured in various orientations, at 0.1, 0.5,
and 1m distance from the device, with a single device functioning, while all other systems
were disconnected.
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1. CHAPTER 1: NORMATIVE FRAMEWORK FOR LIMITING
HUMAN EXPOSURE TO ELECTROMAGNETIC FIELD
(INTERNATIONAL STANDARDS AND GUIDELINEYS);

PARTICULAR REFERENCES FOR THE CLINICAL
ENVIRONMENT

1.1. Why focusing on EMFs?

EMFs can be produced by all sorts of equipment and systems are existing majorly in all the
things surrounding us, particularly because of utilizing manufactured electric current. EMFs
might affect employees in various activity areas. Also, the exposure properties were
significantly distinctive compared to that of public: workers might be exposed to higher levels
compared to the public; they are typically closer to high power sources, while the EMF
modulation is more difficult. There are various health effects were investigated based on the
distance and strength of sources [Feychting M 2005]. In addition, the symptoms related to
acute consequences were well-defined in numerous studies. With regard to radio frequency
range, severe burns might occur, whereas in very-low frequency range, the created currents
have the ability of affecting the nervous system’s function, while the exposed individuals
might be experiencing metallic taste feeling, nausea and vertigo, as documented by various
publications.

1.1.1. Electric and Magnetic Fields
1.1.1.1. Electric Fields

In order to produce electrical energy, the electricity flow (voltage) involves a pressure which
generates an electric field and the electricity quantity (i.e. the current) creates a magnetic field.
While a piece of equipment is energised, the voltage is constant. The electrical field is directly
proportionate with the voltage, which has been indicated by the fact that higher voltage
generates higher electrical field. If the device is not powered, but the power point is
connected, the EF is still present, as power cord continues to be energized. Numerous
elements of the environment shield the electric field, such as objects, buildings, human skin or
trees, which makes the electric fields around buried electrical cables insignificant. The electric
field’s strength is decreased with the increase of distance from source. For measuring the
strength of the electric field, volts per metres (V/m) or kilo-volts (1000 V) per metres (kV/m)
are the commonly used units.

1.1.1.2. Magnetic Fields

Moving current produces a magnetic field, directly proportionate with the electric current, as
the magnetic field increase at higher currents. A device does not generate a magnetic field
while completely powered down. Similarly to electric fields, the MF losses strength in the
case of an increase of distance from the source. However, the elements of an environment do
not provide shielding against magnetic fields, as in the electric field cases. In order to describe
magnetic fields, the common practice is to use their flux density measured in Tesla (T) or
older unit of Gauss (G)

» 1 Tesla (T) = 1000 milliT (mT) = 1000000 microT (uT)
» 1uT =10mG
» 1Gauss (G) = 1000 milliG (mG)
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1.2. Exposure to very low-frequency fields

Since each one of the electrical equipment is considered as ELF source that is related to EMF,
there were many sources with difficulty in considering all of them. Therefore, the direction is
originated only on our knowledge with exposure evaluation regarding industrial high-direct
exposure ELF sources. Generally, the work environment is very large domain with low-
frequency field (LF) EMFs of which very low frequency (ELF: 30Hz -- 300Hz) field sources
were representatives of high importance [WHO 2007].

1.3. Guidelines and Exposure Limits to EMF

At international level, there are two guidelines which include regulations on exposure limits to
magnetic and electric fields. These guidelines issued by ICNIRP in 2010[ICNIRP 2010] and
by International Committee on Electro-magnetic Safety, IEEE in USA in 2002[Standard
C95.6].

1.3.1. ICNIRP Guidelines

In November 2010, ICNIRP reported its final version related to the guidelines to protect the
health of individuals exposed to the ELF-EMF; this document represents an extended revision
of the previous version of the same guidelines for low frequency EF, MF and EMFs, of 1998.
Coinciding with ICNIRP 2010 limits which are permitted for the human exposures to the
magnetic fields at a (50Hz — 60Hz) power frequency for the occupational exposures are ImT
and for the general exposure 0.20mT.

1.3.2. IEEE standard

The aim of this standard is limiting the levels of exposure against the dangerous impacts from
the exposures to the ELF-EMF from OHz to 3kHz. The standard has been based upon the
analyses which have been related to verified biological impacts in the human beings from
magnetic and electric field exposures. The allowed exposures for 50Hz are in the following
way:

. MF: 75800uT (arms and legs), 904uT (head and torso);
. Electric field: 5kV/m - 10kV/m.

It is indicated that limits of IEEE for the magnetic field was higher compared to the
recommendations of ICNIRP 1998 document for general public exposures, while it was very
close to reference for the work environment exposure. The ICNIRP 2010 document brings a
closer harmonization of the provisions with IEEE.
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2. CHAPTER 2: METHODS AND INSTRUMENTATION FOR LOW
FREQUENCY MAGNETIC FIELD MEASUREMENTS

2.1. METHODS AND TOOLS FOR EXPOSURE ASSESSMENT

2.1.1. Methods

This section gives a brief of the measurement principles of commonly used magnetic field
sensors that can be considered for magnetic field measurements in the required field strength
range. Every method has its own characteristic strengths and drawbacks that should be
carefully evaluated for the specific application.

2.1.1.1. Induction coils

Because of their extremely high linearity and virtually unlimited dynamic range, induction
coils are widely used to sense magnetic fields. The operating principle of a sensor with an
induction coil is shown in (Fig.2.8), if a wire loop is put into time varying magnetic flux
density B(t) normal to the loop plane, a voltage U(t) is induced at the terminals of the loop.
The induced voltage is dependent on the mechanical construction of a loop (number of
turns N and surface area A) in addition to the magnitude of the density of magnetic flux
and can be computed according to equation.

U@t) === -N.4. 20
A N turns
B(t)
U(t)

Figure 2.8. The operating principle of an induction coil

As the induced voltage is proportionate with the time derivative of the density of the magnetic
flux, an integrator circuit is required to get the correct time representation of measured
magnetic flux density B (t). Furthermore, the sensitivity of coil, i.e. the output voltage for a
given flux density, decreases linearly with the frequency of B (t). In order to measure static
fields with the induction coil method it would be necessary to mechanically move the
measurement coil during the measurement which is not practical for most applications. A
major advantage of the induction coil method is its scalability. The very same approach can be
used for the measurement of geomagnetic phenomena occurring at sub-Hz frequencies as well
as magnetic fields at several GHz. The coil may be easily optimized for a specific frequency
range through the variation of the area and the number of coil turns. However, covering a
wide frequency range of several decades with a single coil while maintaining a high dynamic
range and accuracy is very challenging [Zahner Marco 2017].
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2.1.1.2. Hall Effect based sensors

Edwin Hall discovered the Hall Effect in 1879. It relies on the fact that moving electrical
charges are deflected due to the Lorentz force in the case where an MF has been applied
perpendicular to the direction of the current. Hall Effect sensors consist of a rectangular
conductor with a contact on each edge. If a bias current (Ipias) flows between two opposite
contacts and an external magnetic flux density B is applied to Hall element, Lorentz force
leads to an accumulation of charges at the other two contacts. This produces a measurable
voltage Uyg that is proportionate with the strength of the density of the magnetic flux B and
the intensity of a bias current. Hall sensors can sense DC magnetic field including the polarity.
The bandwidth of commercial Hall sensors is typically in the range of 100 kHz.

Among the advantages of these sensors are their robustness, small size, and the lack of
moving parts. However, the Hall Effect is relatively weak and strong magnetic fields are
necessary to produce a useable hall voltage. The sensitivity of Hall sensors is relatively low
compared to other sensor technologies [Zahner Marco 2017, D. P. Pappas 2016]. In addition,
Hall sensors typically exhibit a relatively large DC offset and are prone to temperature drift.
Typical applications of Hall sensors include magnetic switches for motor commutation,
displacement sensors and rotary encoders.

]
v

OB my |bis
W

U

Hall

Figure 2.9. Hall-effect sensor—conceptual diagram

2.1.1.3. Magnetoresistive (MR) sensors

Magnetoresistive sensors rely on the magnetoresistance effect. Magnetoresistance was
first discovered by William Thomson in 1856 can be observed as an intrinsic property of
certain materials and can be greatly enhanced by means of special arrangements of
specific material combinations. As the name implies, magnetoresistance describes the
material’s property to change its own electric conductivity in the case of being subjected to an
external magnetic field. By arranging magnetoresistive elements in a resistor bridge it is
possible to create a sensor that outputs a magnetic field dependent voltage. MR sensors
therefore provide a true time domain representation of the magnetic field and are also able to
measure static magnetic fields. There are several different physical phenomena that can lead
to magnetoresistance. The vast majority of commercially available magnetoresistive sensors
today rely on one of the three following effects:

e Giant magneto-resistance (GMR)

e Anisotropic magneto-resistance (AMR),

e Tunneling magneto-resistance (TMR)

AMR and GMR sensors are only able to detect the absolute value of field strength. To
determine the orientation of the field it is necessary to actively bias the sensors. TMR

7
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based sensors are bipolar and do not require any magnetic bias. Compared to Hall
sensors, MR sensors feature a higher sensitivity and a much lower power consumption
thanks to the possibility to build sensors with high bridge resistances requiring
only a few PA bias current. Because of these properties magnetoresistive sensors are
also used in the electronic compass built in modern smartphones and tablets.

2.1.1.4. Flux Gate

Flux gate magnetometers consist of a coil wrapped around a core of very high permeability.
During operation, the core is magnetized by an actively applied AC current strong enough to
drive it into saturation. The flux in the core is sensed with a second (sense) coil. If an external
MF has been applied to the core, it will saturate more easily in the direction of external field.
This imbalance is detected with the sense coil which translates it to an output signal
proportionate with the magnetic field. It is possible to scale fluxgate sensors to very small
scales. Texas Instruments achieved to integrate a complete fluxgate sensor solution into a 4x4
mm integrated circuit package [Zahner Marco 2017, T. Instruments 2015] which is
commercially available. As the sensitivity of a fluxgate sensor is proportional to the volume of
the magnetic core, integrated solutions exhibit a relatively high noise floor, which is however
still in the range level of the most sensitive magnetoresistive sensors. The power consumption
of fluxgate sensors is relatively low (tens of mW) but still more than 1 magnitude order higher
than magnetoresistive sensors.

2.3.2.5. Superconducting Quantum Interference Device (SQUID)

SQUID magnetometers can achieve extremely high sensitivities and have been utilized in a
many different applications in which very weak magnetic field variations have to be
measured. Typical applications of SQUID devices are medical diagnosis systems and
geological mineral exploration instruments. A SQUID device includes a superconducting ring
that is interrupted in 1 or 2 places by a thin insulating layer referred to as Josephson junction.
This measurement method exploits the fact that the magnetic flux through a conductor ring
can only assume discrete values corresponding to an integer multiple of the flux quantum @0
(2.07-10°Tm?). If a flux different from N-¢0 is applied to the ring, compensatory currents
flow in the superconducting ring in order to round the magnetic flux to the next allowed
level. Consequently, a steadily increasing magnetic fields leads to an oscillatory compensation
current through the ring. The Josephson junctions translate the current through the ring into a
proportional voltage which can be measured. To measure flux densities larger than one flux
quantum it is necessary to keep track of the number of current oscillations or to use a feedback
loop with active compensation. For a more exhaustive explanation of this measurement
principle [Zahner Marco 2017, R. Fagaly 2006].

SQUID magnetometers feature by far the highest sensitivity and among the presented
magnetic field measurement methods and can also provide a very high dynamic range.
However, the use of a superconductor requires the sensing element to be kept at cryogenic
temperatures. Even though portable SQUID magnetometers are commercially available
[Zahner Marco 2017], the necessity to include a liquid nitrogen supply is a major limitation of
this approach.

Table 2.3, summarizes the strengths and limitations of the presented measurement approaches.
In the context of ELF-MF exposure assessment, small size and low power consumption of the
measuring instrument represent the top priorities to achieve both good portability and a long
battery life time necessary for personal measurements over one to several days.
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Table 2.3. Strength and limitations of the presented ELF magnetic field measurement methods [41]

Method Sensitivity | DC Dynamic | Band | Size | Power | Offset & Drift
& Noise | Sensitive Range width
Induction coil + No? ++ ++ + + ++
Hall effect - Yes 0 ++ + -
SQUID ++ Yes® ++ 0 - - —
Magnetoresistive + Yes + ++3 ++ ++ 0
Flux Gate + Yes + + ++4 + i

Notes

DC sensitivity can be achieved by rotating coil magnetometers
DC Offset calibration required at every power-up
*Limited by RC time constant of sensor bridge resistance and load capacitance
*Assuming integrated circuit implementation

2.2. Personal Exposure Meter for ELF Magnetic Fields

2.2.1. Single Axis Electromagnetic Field Meter (model Extech 480823)

Extech 480823 EMF/ELF [EXTECH Instruments] meter is utilized in order to measure the
levels of the EMF radiations from the electrical appliances, fans, power lines, and wiring.

An Extech 480823 overview has been depicted in Fig.2.19.

b. Specifications

Figure 2.19. Extech 480823: Single axis EMF/ELF Meter .

Electromagnetic Field Meter

EXTECH oo

The technical specifications of the Extech 480823 single axis EMF/ELF Meter have been
listed in Table 2.5.
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Table2.5. The technical specifications of the Extech 480823

Display 0.5" (13mm) 3-1/2 digit (1999 count) LCD
with low battery and overload indication
Measurementrate  Approx 04seconds
Maximum ranges and 19.99pTesla (0.01) and 199.9mGauss (0.1)
resolution NOTE: 1 pTesla = 10 milli-Gauss
Accuracy + (4% of Reading + 3 digits) @ 50/60Hz
Frequency bandwidth 30 to 300Hz (single axis measurements only)
Over-range indication “1__ "is displayed
Operating Temperature: 32 to 122°F (0 to 50°C)

Temperature/Humidity o\ 0604 max. (0 to 35°C): 80% max. (35 to 50°C)
T Battery I ittt i A
Power consumption Approx. 3mA DC

Dimensions 52x2.8x1" (131 x 70 x 25mm)

Weight 0.36 Ibs. (165q)

2.3. CALIBRATION OF MAGNETIC FIELD METER

In this section we present a test executed for the verification of the Extech 480823 single axis
EMF/ELF Meter, which is used for the measurement campaign in this study. In an attempt to
find the levels of measurements uncertainty and to validate the use of the Extech field-meter,
a comparative measurement study was performed, with other two precision field meters from
Narda STS Solutions (EFA-300 type). One of the EFA-300 devices was recently undergone a
calibration procedure performed by its producer and it is taken as the reference for the
comparison presented here. The testing program was performed in the Laboratory for
Electromagnetic Compatibility at the Faculty of Power Engineering, University “Politehnica”
of Bucharest. The magnetic field under measurement was produced inside a large conductive
frame, positioned on a table (Fig.2.20). The tested field meters were successively placed in the
same position, at the center of the current fed frame, where they are supposed to measure the
same magnetic field (Fig. 2.21); the indications were finally compared.

The comparative test is illustrated by the directional measurements of magnetic flux density
(r.m.s. values) on a direction, which is normal to the table surface. Table 2.6, shows the
magnetic flux density values that have been measured with the three meters and the percent
errors for the Extech and the second Narda devices. The same results of the comparative
measurements and percent errors are shown in Figures 2.22 and 2.23 too, relative to the
measurements performed with the calibrated Narda field-meter.

As the results show, the average relative error of EXTECH meter is (5.36%), with a maximum
of 6.68%. So, one could consider that the uncertainties of the Extech meter are satisfactorily
and the device is able to perform environmental magnetic field measurements for the
assessment of general exposure levels, in various conditions.

10
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Figure 2.20. Calibrated coil for generating a controlled magnetic field

Figure 2.21. The positioning of the calibrated EFA-300 (left) and Extech (right) field-meters

for the comparative measurements

Table 2.6. The results of the comparative measurements session — magnetic field density [uT]

EFA300 field analyzer EFA300 field analyzer EMF/ELF meter
Measurement (Narda) (Narda) EXTECH
number . . .
- calibrated, reference - | - for comparative tests - | - for comparative tests -
Measured B Measured Measured
Error Error
(reference) B B

- [uT] [uT] [%] [uT] [%]
1 1.09 1.10 0.92 1.15 5.50
2 2.57 2.58 0.39 2.69 4.67
3 3.70 3.73 0.81 3.89 5.14
4 5.14 5.14 0.00 5.40 5.06
5 6.36 6.37 0.16 6.67 4.87
6 7.19 7.23 0.56 7.60 5.70
7 8.68 8.69 0.12 9.26 6.68
8 10.51 10.52 0.10 11.09 5.52
9 11.44 11.45 0.09 12.04 5.24
10 12.51 12.59 0.64 13.27 6.08
11 16.35 16.35 0.00 17.19 5.14
12 17.45 17.46 0.06 18.32 4.99
13 18.64 18.70 0.32 19.59 5.10

11
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Magnetic flux density measured by three different field-meters

N
o

)
B
2
g 2 3
E &
z 8
2 15
o
© Y ®Narda calibrated
3 'y & ONarda tested
° 10 1 AEXTECH tested
3 @
o )
8 [
E g o
B )
3 (4]
o

2o

0 2 4 6 8 10 12 14

number of the current measurement

Figure 2.22. Magnetic field density measured in a comparative study by three field-meters

Operating Errors of the tested field-meters vs. the
calibrated EFA-300 analyzer
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Figure 2.23. Measurement errors for the tested devices (Extech and Narda) comparative
to a calibrated field-meter
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3. CHAPTER 3: STUDY OF LOW FREQUENCY ELECTRO-
MAGNETIC INTERFERENCE PROBLEMS IN HOSPITAL
ENVIRONMENTS

3.1. CASE STUDY

The main issue is that, in spite of the regulations and researches regarding the electromagnetic
compatibility, until now there is a basic absence of understanding amongst the medical
employees concerning the electro-magnetic compatibility problems which have the ability to
influence details diagnostics which have been essential to the health conditions of the patients.
Taking into consideration the professional interest of the author of this thesis for the impact of
the electromagnetic field environment on persons (medical personnel and patients) and on
medical equipment, a study on the perception of this subject in the clinical environment in
Irag was performed and presented further. Those guidelines are not usually complied with in
Iragi hospitals, leading to a basic bad understanding of this issue in medical community.
Because of that, the significant aim of this research study is showing current data and results,
emphasizing the needs to produce a regulation frame in Iraq, for the purpose of controlling the
levels of the electro-magnetic emissions of devices that operate in the sensitive places of
hospitals.

3.1.1. Problem ldentification

The present study has been based upon a survey, which has been targeted on numerous
objectives:
- identifying the perception and knowledge of the medical staff, in relation to issues of the
EMI while utilizing the electrical medical equipment;
- finding whether or not any earlier studies on the electro-magnetic compatibility have been
conducted in Iragi hospitals included in that study;
- seeing whether any measurements of protection have been implemented for the purpose of
avoiding the issues that are related to the EMISs.
For the aims above, a research has been carried out in 47 Iragi hospitals. The survey of the
present study started by asking the hospital workers (i.e. the doctors, bio-medical engineers,
and medical physics team), about issues related to the EMI; the survey questions were as
follows:
e Were there any earlier researches on the electro-magnetic compatibility performed
in the hospital?
e Do you know any kind of details regarding the electromagnetic field emissions of
devices?
e Are you aware of the problems of the electro-magnetic compatibility?
e Were there any kind of problems or failings in medical devices due to the electro-
magnetic disturbance?
e Are there any details known on levels of the electro-magnetic sensibility of
devices?
e Have been taken place any kind of damages or failures in medical equipment
without identification of the reason?
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Figures 3.5 — 3.10, illustrate via charts the important survey results.

HYes HNo EYes EMNo HNA
8.51% 6.9%
' ‘ 8.25%

Figure 3.5.Former researches of EMC in hospitals Figure 3.6.The knowledge of workers regarding
the problems of EMC

MYes WMNo WNA HMYes MNo W NA

p

11.55% 10.50%

N N/

Figure 3.7.The knowledge of workers regarding MF Figure 3.8.The knowledge of workers regarding the
emissions of medical devices levels of the devices” EM sensibility

HYes MNo WNA HYes MNo B NA

2.4%

\

11.1%

Figure 3.9.Recorded damage values in the medical ~ Figure 3.10. Recorded damage values in the medical
devices due to EMI devices with no specification of reasons.

In general, there has been an absence of understanding of this issue in every one of the
hospitals, not only are most majority of workers unaware of the interference problems but a
large number of the healthcare facilities have damages of the devices due to the EMIs or
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other unknown causes. In many hospitals, safety and security measurements were not actually
taken. Which is why, it is most definitely a problem that has to be thought about due to the
fact that there are lives at risk in the case where assessments are not carried out and adequate
precautions actions are not taken.

3.1.2. Experimental Study

3.1.2.1. Materials
For this study, the EXTECH 480823 single axis MF meter has been used, the features of this

device are presented in (section 2.2.1).

3.1.2.2. Methods

The magnetic field density has been measured in three representative lraqgi hospitals.
Hospitals A, B and C have been chosen as a form of abbreviation, and they sufficiently depict
other hospitals’ propensity. The chosen rooms have been visited and several measures have
been made on real work-places. Data have been expressed as resulting value. The magnetic
flux density on every one of the 3 axes x, y & z (r.m.s. values) was generally measured for

each observation point, and the resultant magnitude was calculated B =B; + B +B; .

The departments of the hospital have been selected based upon services that have been
supplied in every department, and according to medical devices that are operational within
them. Table 3.5, includes departments and the number of the rooms were the measurements
were performed, in each hospital. All electric devices and monitors were switched on
throughout measuring. The magnetic flux density has been evaluated with the use of
measuring instrument (EXTECH480823). This device of measurement has been placed in
each square metre at a 100cm height from floor; the testing protocol was performed to
measure the low frequency magnetic flux density, according to standard IEC of 2013
[IEC2013]. The specific measuring instrument placement as well as the numbers of the
measurements are dependent upon every room’s situation, attempting at the identification of
most dangerous configurations of exposure (i.e. the worst cases).

Table 3.5.Numerous departments in which magnetic flux density has been measured

Hospital Number of Number of the
oo Departments
identifier the rooms measurements
Hospitalization 14 149
. CCU 6 74
Hospital A ICU 10 127
Emergency 12 98
Surgical room 5 121
. Emergency 16 151
Hospital B ICU 3 48
NICU 4 32
Consulting Room 20 120
Dentistry 5 34
Obstetrics and
Hospital C Gynecology 1 184
Clinical Lab 3 86
Emergency 8 67
ICU 10 60
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3.2. Results

Results which have been acquired in the 3 hospitals pointed out above are shown further.
They have been compared to magnetic field levels which have been suggested by the
IEC60601-1-2 standard [IEC 60601:2007]. This typical standard specifies that electrical
medical devices have to be supporting a 37.8mG magnetic field at industrial frequency.

1. Hospital A

Table 3.6, lists the maximum, minimum and also the average values of the low frequency
magnetic flux density that have been evaluated in a number of Hospital A departments, while
Fig.3.12, illustrates those values compared to the magnetic field level suggested by the
IEC60601-1-2 standard. Results have shown that, in the CCU and also in emergency, the
value of immunity has been exceeded.

Table 3.6. Low frequency magnetic flux density that has been measured in numerous Hospital
A departments

MF (mG)
Max. Avg. Min
Hospitalization | 4.99 4.10 1.1

Departments

CCuU 458 7.30 1.9
ICU 13.60 2.6 0.9
Emergency 61.3 4.30 0.89
5 &
o
£20 - i
T 30
2 20 s Maximum
o 10 = |
2 0 Average
f= . Q R Q" A
% 7’,&\0 QIOQ\ & & Minimum
S N N\ K\ &
.\"b (er S Z . .
Q & & & immunity level
o’ L &
¥ (}\
Departments

Figure 3.12. Low frequency magnetic flux density; levels are measured at Hospital A and a
comparison is made with the immunity level suggested by the IEC60601-1-2 standard
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2. Hospital B

Table 3.7, shows the maximum, minimum and also the average values of low frequency
magnetic flux density that were evaluated in a number of Hospital B departments; Fig.3.13,
presents these values compared to MF level that has been suggested by IEC60601-1-2
standard. Results have indicated that the magnetic field level which has been suggested by
IEC standard has been exceeded in surgical rooms, ICU, and NICU sections in that hospital.

Table 3.7. Low frequency magnetic flux density that has been measured in numerous Hospital
B departments

MF (mG)
Departments Max AVG. Min
Surgery rooms 41.50 3.90 2.10
Emergency 22.30 5.20 0.99
ICU 57.90 2.80 1.30
NICU 39.40 6.30 1.80
g 60
(Y]
50
Edo -
T 30 .
Y= 10 -
-% 0 - B Average
gp o@c’ Q/{\C\ Cb& (\’5@\. Minimum
s © & e PO
NP S < = = immunity level
N &
> AN
Department

Figure 3.13. Low frequency magnetic flux density; levels are measured at Hospital B and a
comparison is made with the immunity level suggested by IEC60601-1-2 standard.
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3. Hospital C

Table 3.8, presents the values of the low frequency magnetic flux density that have been
measured in numerous Hospital C departments. In the representation shown in Fig.3.14, these
values are compared with the corresponding magnetic field level suggested by IEC60601-1-2
standard. Results have indicated that there is no location where standard has been surpassed,
even though there have been fluctuations in levels between rooms.

Table 3.8. Low frequency magnetic flux density that have been measured in numerous
departments of hospital C

MF (mG)

Departments Max Ava. Min
Consulting Rooms 154 2.70 0.89
Gynecology and
Obstetrics 03.9 01.9 0.76
Clinical Lab 26.7 11.3 01.9
Emergency 02.96 01.60 0.62
ICU 04.60 03.12 01.57

W Tessss=s== s Maximum

2 30

= 20 I

@ 10 - I Average

o 0

% &,L&(’o’. . Q}{\d’" \\(.\\c,’?}" <’{?’QC\ @0‘.’\&: Minimum

= (’o& & © %@é &

= == immunity
Departments level

Figure 3.14. Low frequency magnetic flux density; levels are measured at Hospital C and a
comparison is made with the immunity level suggested by IEC60601-1-2 standard.
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4. CHAPTER 4: STUDY OF LOW FREQUENCY
ELECTROMAGNETIC FIELD NEAR A MAGNETIC
RESONANCE IMAGING AREA

4.1. LOW-FREQUENCY MF MEASUREMENT NEAR MRI AREA

In order to analyze the MF in such an area, initially, it is necessary to identify the sources,
then using the spot measurements method; we perform measurements for the determination of
the low frequency magnetic field density near MRI area.

4.1.1. Method And Instrumentation
4.1.1.1. Instrumentation

For this study, the EXTECH 480823 single axis MF meter has been used, the features of this
device are presented in (section 2.2.1).

4.1.1.2. Low frequency MF measurement locations

In Fig.4.1 & Fig.4.2 we offered a map related to first and 2nd MRI scanner location
respectively, with the MF sources and also the measurement points, in which the study
examined the spatial variability regarding low-frequency MF, while the research area is
divided right in four sections:

1. A waiting room (WR), in which clients were projected to be called by the medical
personnel for the pre-interventional inspection and instruction, prior to getting into the MRI
scanner.

2. Hall area, a portion dividing the Reception room from MRI and Control room.

3. Control room (CR), in which individuals were checked out by the medical personnel before
entering MRI scanner.

4. Technical room (TR), specifying most of equipment that make MRI scanning functionality
possible.

Green points represent the place of the measurement area in the waiting room, Control Room,
Hall, and Technical Area.
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Figure 4.1. Map of first area of MRI scanner as well as sources of the MF as well as points of
measurement.
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Figure 4.2. Map of second area of MRI scanner with MF sources as well as points of measurement.
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4.1.1.3. Magnetic field sources

The MF sources in researched area were: the 150 kVA UPS and Automatic Voltage
Regulators shown in Fig.4.3, the DVR from Control Space, the conditioner air Cool System
(CS) that is residing in the Technical Area and control room.

Figure 4.3. The 150 kVA UPS and Automatic VVoltage Regulators located in Technical Room.

4.1.1.4. Spot measurements method

As an electromagnetic field study strategy near MRI scanner, this study reached spot
measurements in various points using EMF TESTER EXTECH with frequency sensitivity
range between 30 -300 Hz. For every room we identified the spatial variability related to MF
at 3 distinctive distance values (0.3 m, 1m and 2m) from the floor as seen in Fig.4.4, the
magnetic field results were determined throughout in the case when MRI has been ON and
outside program in a case where MRI was OFF. MF density is measured in two representative
sites near MRI scanner. In addition, the sites A and B have been selected for brevity, and they
were suitably depictive regarding the other site’s propensity, while the selected rooms have
been visited and many measurement values are carried out on actual work-places. The data
have been represented as a resulting value. Furthermore, the magnetic flux density values on
spatial x, y & z axes, in r.m.s. form were measured and the resultant B-field value is
calculated. The protocol of the testing has been carried out based on the standard IEC of
2013[IEC 2013].

Figure 4.4. The MF measurements at 3 distances (0.3-meter, 1 m and 2 m) from floor.

4.2. RESULTS

The outcomes gotten in spot measurements techniques were graphically represented in both
cases: throughout work program, in a case when the scanner of the MRI was ON and out of
program in a case where MRI was OFF.
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4.2.1. The first site
4.2.1.1. Control Room

Fig.4.5, and Fig.4.6; are showing the results related to MF in the control room, by
comparison, the results acquired as the MRI was on with the ones as the MRI was off. With
regard to such room, the study indicated that the functionality of the MRI scanner has impact
on the background MF, since the results were specified for being high in the case when the
MRI scanner was ON in comparison to when the results acquired throughout OFF program.

2 —
:1.5 m30cm
2
- HElm

pl p2 p3 p4 p5 p6 p7 p8

Figure 4.5. Spatial variability related to MF in Control Room in the case when MRI scanner was ON.
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Figure 4.6. Spatial variability related to MF in Control Room in the case when MRI scanner was OFF.

4.2.1.2. Waiting Room

In comparable approach to Control Room, in Waiting Area, the spatial variability related to
MF is examined, as shown in the Fig.4.7, and Fig.4.8, with regard to such area, one might
note that the MF variations were impacted via MRI scanner operation.

0.3
H30cm

= 0.2
- el o
0 2m

pl p2 p3 p4 p5> pb6b p7 p8

B(W

Figure 4.7. The magnetic field’s spatial variability in Waiting Room in the case where the MRI was ON.
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Figure4.8. Spatial variability related to MF in Waiting Room in the case when MRI scanner was OFF.

4.2.1.3. Hall Area
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Figure 4.9. Spatial variability related to MF in Hall area in the case when MRI scanner was ON.
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Figure 4.10. Spatial variability related to MF in Hall area in the case when MRI scanner was OFF.

In Fig.4.9, and Fig.4.10, we recognize the spatial variability related to MF from Hall area.
With regard to such area, the study indicated that the MRI scanner does not impact the current
MF; the higher values were specified at the time, in the case when MRI scanner was OFF in
comparison to values that have been acquired throughout ON program.
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4.2.1.4. Technical Room
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Figure 4.11. Spatial variability related to MF in Technical Room in the case when MRI scanner was ON.
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Figure 4.12. Spatial variability related to MF in Technical Room in the case when MRI scanner was OFF.

For the last area in the first site, the acquired values from the Technical room are shown in
Fig.4.11, and Fig.4.12, like in CR, the study indicated that the MF variations were impacted
via operation related to MRI scanner. Since the results were recognized to be high in the case
when MRI scanner was ON in comparison to the results acquired throughout OFF program.

In Table 4.2, this study presents average, minimum and maximum values related to MF in all
the rooms near the MRI scanner location in 2 conditions: in the case when MRI device was
ON/ OFF. Then, measurements have been made at 0.3 meters, 1m, particularly 2m high from
floor, as seen in Fig. 4.4.

Table 4.2. Average, minimal and maximal values of magnetic flux density in all the sectors that
are close to the area of MRI scanner[uT].

Control Room Waiting Room Hall area Technical Room
Bmax Bmin BAver. Bmax Bmin BAver. Bmax Bmin BAver. Bmax Bmin BAver.
MRI | 0.3m | 097 /1033 (058 |032 |001 (011 |0.29 |0.02 |0.17 |4.00 |0.10 |1.03
On im 1.1 |01 |052 /038 /008 |019 |0.30 |0.02 [0.18 |3.40 |0.18 |0.99
2m 175 |0.14 |066 |059 |001 |0.21 |0.30 [0.03 |0.19 |2.01 |0.99 |0.65
MRI | 0.3m | 083 (0.1 (036 |0.14 (001 (005 |0.35 |0.03 |0.17 |250 |0.08 |0.46
Off "'Im 1.18 | 0.07 | 044 |0.17 |0.02 |0.06 |0.35 |0.03 |0.19 |250 |0.08 |0.62
2m 158 [ 0.09 | 054 |0.27 |[0.03 |012 044 |005 /022 [1.80 [0.05 |0.49

24




Electromagnetic Ambient and Interference Phenomena in Medical Environment

4.2.2. The second site
4.2.2.1. Control Room
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Figure 4.13. Spatial variability related to MF in Control Room in the case when MRI scanner was ON.
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Figure 4.14. Spatial variability related to MF in Control Room in the case when MRI scanner was OFF.

Fig.4.13, and Fig.4.14; are showing the results related to MF in Control Room, by
comparison, the values acquired in the case when MRI was ON with those in the case when

MRI was OFF.

With regard to such room, the study indicated that the MF is impacted via the working
regarding MRI scanner, since the greater value is specified when the MRI scanner was ON in

comparison to results which have been obtained when MRI scanner was OFF.
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4.2.2.2. Waiting Room
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Figure 4.15. Spatial variability related to MF in Waiting Room in the case when MRI scanner was ON.
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Figure 4.16. Spatial variability related to MF in Waiting Room in the case when MRI scanner was OFF.

By applying an identical strategy as in CR, in Waiting Room, spatial variability which is
related to MF is examined, as shown in Fig.4.15, and Fig.4.16; the study indicated that MRI
scanner performance doesn’t impact the current MF.

4.2.2.3. Technical Room
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Figure 4.17. Spatial variability related to MF in Technical Room in the case when MRI scanner was ON.
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Figure 4.18. Spatial variability related to MF in Technical Room in the case when MRI scanner was OFF.

Fig.4.17, and Fig.4.18; are showing the values regarding MF in Technical Room, also, by
comparing the values acquired in the case when MRI was ON with those when MRI was OFF.

In such area, this study indicated that the MF variation was impacted due to the MRI scanner

operation.

Table 4.3; presents average, minimum and maximum values regarding MF in all of the sectors
that are close to the area of the scanner in 2 conditions: in the case when MRI scanner was ON
then OFF and the measures are made at 0.3meters, 1m and 2m high from the floor.

Table 4.3. Average, minimal and maximal values of the magnetic flux density in all the sectors,
which are near the area of the MRI scanner[uT].

Control Room Waiting Room Technical Room
Bmax Bmin BAver. Bmax Bmin BAver. Bmax Bmin BAver.
MRI | 0.3m | 0.25 | 0.04 | 0.07 0.20 |0.03 | 0.20 3.30 |0.20 |[0.94
On im 0.20 | 0.04 | 0.07 0.15 |0.09 | 0.25 150 |0.20 |0.55
2m 0.18 | 0.03 | 0.07 0.15 |0.07 |0.21 0.80 024 |041
MRI | 0.3m | 0.08 | 0.02 | 0.05 0.11 | 0.06 | 0.08 190 | 0.20 | 0.66
Off | 1m 0.07 | 0.02 | 0.05 0.11 | 0.06 | 0.09 230 |0.10 |0.70
2m | 0.06 | 0.02 | 0.04 0.14 |0.05 | 0.09 1.18 |0.15 |0.41

Fig.4.19, and Fig.4.20, present the values of the minimum, maximum and average values for

MF in 2 sites in the case where the MRI scanner was ON or OFF.

In the first site, it was identified that in the Control Room there were 2 points which are
located close to the DVR feeding column (1.75 & 1.58) uT, and in TR there were the MRI
scanner’s control panels, the maximal values have been recognized near the panel of the
gradients, 4uT.

In second site, maximum values (3.30 uT) in control room are identified. Also, we recognized
that the maximum, minimum and average values regarding MF have been high in the
technical room in 2 sites. It is important to be mentioned that in the majority of conditions, the
measured MF was below the limit, which is allowed through the guidelines of ICNIRP.
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Figure 4.19. Average, minimum and maximum values of magnetic flux density (in uT) in all the sectors
near the MRI scanner area, at the first site (the MRI unit was turned ON / OFF).
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Figure 4.20. Average, minimum and maximum values of magnetic flux density (in uT) in all the sectors
near the MRI scanner area, at the second site (the MRI unit was turned ON / OFF).
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5. CHAPTER 5: ASSESSMENT OF MAGNETIC FIELD DENSITY
PRODUCED IN OPERATING ROOMS

5.1. MEASUREMENTS PROGRAM

5.1.1. Materials

For this study, the EXTECH 480823 single axis MF meter has been used, the features of this
device are presented in (section 2.2.1).

5.1.2. Methods

The EXTECH 480823 single-axis MF meter is used for measuring the MF magnetic flux in
different sections of the operating room, while all devices are operating. The measurements
were performed during one day in twelve operating rooms, starting from the first surgery until
the end of the last surgical procedure and covering the time between procedures as well. In
addition, the survey covered various positions, at a standing position regarding operating
room staff also in nearest position to a patient, and position of the anesthesiologist. Data were
collected at 120 cm above the floor for all the analyzed cases and expressed as resulting
values. The magnetic flux density is measured on X, y, z spatial axes and resulting values are
analyzed afterwards. Secondly, the MF flux density is measured in a variety of the directions
at 0.1m, 0.5m, and 1m distance from the device. The measurements are performed while only
one device is operating, while all the other devices are switched off. The protocol of the
testing has been carried out for measuring the density of low frequency magnetic flux, based
on standard IEC of 2013[IEC 2013].

5.2. RESULTS

Table 5.5, presents results of the measurements of magnetic field density, located closest to
the patient, in position of the medical staff and in the anesthesiologist’s position, while the
equipment is functioning. The values are expressed in (mG) and they indicate the average
values.

Table 5.5. Magnetic field densities (average mG)

Magnetic field densities (average mGQG)
nr. of located closest to | in position of the in j[he o
Operating rooms Mmeasuremen the patient medical staff anEStheS.'QIOQISt s
ts position
1 laparotomy surgery 87 1.25 1.1 1.94
2 General surgery 98 0.9 0.58 1.78
Knee arthroscopy
3 surgery 79 0.79 0.45 2.01
4 | Tracheostomy surgery 88 0.3 0.22 2.01
5 | Prostate biopsy surgery 96 1.45 1.3 1.75
6 plastic surgery 104 1.6 1.38 2.32
7 Gastrostomy surgery 96 0.75 0.8 4,71
8 Parotid surgery 80 0.67 0.5 3.87
Shoulder arthroscopy
9 surgery 96 1.23 5.4 2.05
10 Orthopedic surgery 72 0.84 0.67 1.95
11 | Artery repair surgery 67 0.59 0.81 3.1
12 Endoscopy surgery 74 1.15 4.92 2
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The maximum exposure levels to magnetic field were recorded in shoulder arthroscopy
operating room 9 (5.4 mG) and in the endoscopy operating room 12 (4.92 mG), for standing
position of the medical staff.

The local sources of the magnetic field in operating rooms comprise all of the electronic and
electric equipment: vital indices monitors (electro-cardio graphic, pulse-oximetry), ventilators
and lab devices, devices of emergency interventions, communication devices, refrigerators,
systems of air conditioning and cleaning, facilities of water heating and purification and of
course, the electric mains.

The MF measurements have been carried out within Shoulder arthroscopy surgery,
Gastrostomy surgery and plastic surgery operating rooms in locations that have been
identified by the colored spots on blueprints in the Fig.5.2, Fig.5.3, and Fig.5.4, at a 1.20m
height above floor; the operating rooms have been operational at a full load.

Fig.5.2, Fig.5.3, Fig.5.4, illustrates the measured point distribution on the floor; the red
colored spots represent the measurements at the standing position of the medical staff, the
blue colored spots at the nearest distance to patient, the green colored spots at the rest area of
the operating room.
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Figure 5.2. Shoulder arthroscopy surgery Figure 5.3. Gastrostomy surgery blueprint
blueprint under the assessment; colored spots under the assessment; colored spots represent
represent the locations in which the locations in which measurements have been
measurements have been carried out carried out
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Figure 5.4. Plastic surgery blueprint under the assessment;
colored spots represent the locations in which measurements
have been carried out
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Magnetic field distribution in Shoulder arthroscopy surgery, Gastrostomy surgery, and plastic

surgery operating rooms are illustrated in the Fig.5.5, Fig.5.6, and Fig.5.7.
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Figure 5.5. Shoulder arthroscopy — colored maps of the distribution of magnetic flux density
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Figure 5.6. Gastrostomy surgery — colored maps of the distribution of magnetic flux density
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Figure 5.7. Plastic surgery — colored maps of the distribution of magnetic flux density
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Table 5.6, shows the average MF density at different distances from each active system. The
measurements were performed while one device is running and all the other devices are

switched off.

Table 5.6 . Magnetic field density [mG] levels from the device.

Average of magnetic flux density (mG)

Equipment 0.1m 0.5m Im
Operating theatre light 3.47 0.72 0.33
Suction Pump 3.2 0.62 0.28
Anesthesia trolley 6.4 1 0.48
Ventilator 1.99 0.72 0.29
Anesthesia monitor 11.32 2.41 0.98
Fluoroscopy 1.89 0.75 0.22
Sterilizer 1.97 0.91 0.36
High-voltage power supply 52.06 14.32 6.01
Oximeter pulse 1.31 0.62 0.37
Laparoscope 18.37 1.59 0.49
Defibrillator 0.89 0.26 0.2
Negatoscope 41.25 12.31 0.96

The maximum values of magnetic flux density have been registered for the area surrounding
the High-voltage power supply at 10 cm distance, out of all the devices in an operating room.
The value for the power supply was 52.06 mG (approximately), followed by anesthesia LCD

monitor (11.32 mG) and by laparoscope (18.37 mG).
Fig.5. 8 - Fig.5.19, represent the magnetic field distribution from devices.
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6. GENERAL CONCLUSIONS

1. Thorough safety systems were established at international level, and used in a lot of nations.
They were flexible, conservative, and on the basis of solid science, thus providing suitable
safety versus all the recognized health impacts of the EMF. Within the response to worries of
public, and assuming many uncertainties presenting in a few fields of the scientific
knowledge, considerations regarding precautionary measures might be warranted in many
conditions. A major requirement is that such measures were used such that never weakening
the dependability regarding international standards, and thus the trust in health authorities and
also in the science.

2. MFs may be characterized based on several parameters, for example, magnitude, frequency,
polarization. Characterization of one or several of those parameters and the way they might be
related to the human exposure can be serving as potential aims of a measurement program.

3. The different measurement methods which were explained can be utilized based on the
selected requirements of exposure evaluation that have been undertaken. The cost of the
assessment of the exposure in terms of money and time can as well have a considerable
impact on the selection of a measurement method.

4. The procedure will describe the step-by-step technique that should be followed, utilizing
the possible methods indicated, to accomplish the measurement goals. The protocol can
explicitly indicate such factors as instrument requirements, (e.g., passband, probe size,
magnitude range), location of measurements, and duration of measurements.

5. Sketches of locations and areas where measurements will be made are often very useful.
Electrical diagrams of buildings may be helpful in identifying sources of fields in office and
similar buildings, although excessive reliance on such documentation must be avoided
because of unrecorded changes in the building electrical system. While many sources of
magnetic fields are visible, e.g., overhead lighting or electrical devices, others are not, e.g.,
electrical appliances in adjacent rooms or on upper or lower floors. During pilot studies,
decisions may be made regarding spacing between measurements, measurement locations,
sample size, formats of data sheets, questionnaires for job/task classification, etc.

6. With advancements of the technological growth, work place has viewed the environmental
exposure proliferations. The opportunity of the negative health impacts connected with
exposure to low frequency MFs remains partially not known. As study into any kind of
possible hazard continues, it is essential measuring the true exposure to MFs in the work
place.

6. It is very important that the goals of a measurement program to be clearly specified at the
beginning. A clear definition of goals is needed for determination of instrumentation and
calibration requirements, e.g., instrumentation passband, dynamic range, frequency calibration
points.

7. The combination regarding electrical devices in hospital environments might be posing the
risks of EMC problems. The devices of ME providing essential functions to patients; thus, the
issues of EMC might have dangerous consequences.

8. EMC is an issue not just for manufacturers of the medical devices, yet, also for those
installing or using medical equipment. The presence regarding standards has actually
motivated great EMC design methods, however shouldn’t be relied upon to avoid EMI
problems as a result of the nature of EM environment of hospitals.

9. A lot can be done by promoting understanding of EMI problems as well as its underlying
mechanisms of coupling. Lots of potential issues may be solved by making sure sufficient
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separation of sources and also victims of the interference: e.g. through placing the medical
equipment which known to produce high level of magnetic field such as diathermy and also
electro surgery in a various part of a building to sensitive equipment like EEG and others.

10. With regard to the presented study, just introductory study regarding EMC in hospital
environment was done, while not much medical instruments are estimated in limited sections
of hospitals. Differences in immunity between the devices of ME related to the same model
weren’t examined. With regard to other environments, there are other emitters might be
identified such as diathermy and MRI, while the spurious emissions as well as their impacts
on electrical devices weren’t specified, for having well-reasoned views on such subject, a
more in-depth and thorough study will be needed.

12. The present research has been a useful example of estimating the exposure level to the
ELF MFs around the MRI scanner which are quite difficultly portrayed, partially due to the
fact that the certain characteristics of tasks that are performed by persons who work in those
environments need a set of the changes in their work throughout a working day. The analyses
of complex information on MF frequency spectrum has shown that the 50Hz frequency has
been dominating in studied spaces.

13. This work is providing the results of low-frequency MF in rooms near MRI scanner taking
into account the spatial variability regarding EMF, also this study specified that the low-
frequency EMF was impacted via MRI in Control area as well as the Technical Area.
Therefore, the maximal results related to areas have been recognized in Technical Area,
particularly (4.00 uT) in the first site and (3.30uT) in the second site.

14. every magnetic field value researched has been well less than 1mT reference level that has
been advised by the ICNIRP [2,3], for the protection of the staff from the acute effects of the
exposure in a 50Hz field. None-the-less, the implemented method can have a limited level of
the accuracy in the case of the determination of the weaker fields’ frequency components, and
inappropriate for the detection of these transient, complex or high frequency magnetic signals
that can be presented at the analyzed media level. Studying those undetected signals as well as
their compliance level with ICNIRP regulations is not within this work’s scope.

15. Standard assessment rules and methods for measuring exposure levels were developed. It
is still a challenge to compare results from different studies that adopted various assessment
strategies.

16. According to the results obtained, the occupational exposure of the medical staff in
operating rooms is below standard levels permitted. Therefore, the risks of such exposure are
not substantial regarding to non-ionizing radiation overexposure.

17. The analysis showed that magnetic field intensity in operating rooms is influenced by
various factors, which include: number of monitors and devices, type of procedure performed,
placement relative to main power input lines, distance of personnel (including the
anesthesiologists) from the source, as well as operating room illumination.

18. Operational settings are required to focus on ensuring magnetic safety of the involved
staff. One proposal indicates that personnel should maintain a safe distance from the high-
voltage supplies. Additionally, for the purpose of reducing the EF and MF density in the
operating rooms, the power supplies for the electrical system should be placed outside of the
operating rooms. Another precaution can be taken by all personnel in terms of reducing
guantity, maintaining distance and shielding.
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7. ORIGINAL CONTRIBUTIONS OF THE AUTHOR

The original contributions of the doctoral thesis can be summarized in three main
directions:

1. Survey on the perception of high-qualified health care personnel in Iragi Hospitals,
regarding electromagnetic compatibility and electromagnetic Interference problems.

2. Study on the methods and instrumentation for low frequency magnetic field
measurements.

3. Low frequency magnetic field measurements over a period of three years in several
areas of medical environment - case studies in Iragi hospitals.

The original data (results of the survey and results of the measurements campaigns)
adequately processed and discussed are already published in several scientific papers in
journals and at electrical engineering conferences.

Detailed contributions are shown further.
1. Regarding the survey, we performed the following operations:
1.1. We performed the survey in 47 Hospitals in Iraq.

1.2. We started our survey by asking the hospital high qualified staff (biomedical
engineers, doctors and medical physics team), about the electromagnetic interference
problems related to the equipment currently used and to local practices - awareness on
EMC and EMI phenomena inside medical environment, preventive measures,
observed issues, correction attitudes.

1.3. The survey results were processed and presented in statistical form and adequate
conclusions were drawn.

2. Regarding the study of the methods and instrumentation for low frequency magnetic
field measurements, the thesis includes original contributions like:

2.1. Study of the literature in the field of instrumentation and methods of supervision
in order to characterize certain areas and sources in terms of exposure to magnetic
field.

2.2. We presented a test executed for the verification of the accuracy of the Extech
480823 single axis EMF/ELF Meter, which is used for the measurement campaign in
this study. In an attempt to find the levels of measurements uncertainty and to validate
the use of the Extech field-meter, a comparative measurement study was
performed, with other two precision field meters from Narda STS Solutions (EFA-
300 type). The testing program was performed in the Laboratory for Electromagnetic
Compatibility at the Faculty of Power Engineering, University “Politehnica” of
Bucharest.

3. Regarding the measurements program, which is entirely original, the following case
studies were analyzed and the shown operations were performed:

3.1. We identified sensitive locations in hospitals, with regard to higher levels of
magnetic field, environments that could raise risk concern for medical personnel; six
hospitals in Baghdad were assessed.
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3.2. We measured the low frequency magnetic flux density in several departments in 3
hospitals; the departments of each hospital have been selected based upon services that
have been supplied in every department, and according to medical devices that are
operational within them.

v Hospital A - measurements were performed in 4 departments: Hospitalization
(149 measurements in 14 rooms), Critical Care Unit (74 measurements in 6
rooms), Intensive Care Unit (127 measurements in 10 rooms, Emergency (98
measurements in 12 rooms);

v Hospital B - measurements were performed in 4 departments: Surgical rooms
(121 measurements in 5 rooms), Emergency (151measurements in 16 rooms),
Intensive Care Unit (48 measurements in 8 rooms), Neonatal Intensive Care
Unit (32 measurements in 4 rooms);

v Hospital C - measurements were performed in 4 departments: Consulting
Rooms (120 measurements in 20 rooms), Dentistry (120 measurements in 20
rooms), Obstetrics and Gynecology (184 measurements in 11 rooms), Clinical
Laboratory (86 measurements in 3 rooms), Emergency (67 measurements in 8
rooms), Intensive Care Unit (60 measurements in 10 rooms).

For all areas presented, we studied and represented the maximum, minimum and also
the average values of the low frequency magnetic flux density and compared the
results with magnetic field levels suggested by the IEC60601-1-2:2014 standard. This
typical standard specifies that electrical medical devices have to be supporting a
37.8mG magnetic field at industrial frequency, and I looked for reduction methods that
can be locally applied to those areas.

3.3. We measured the low frequency magnetic flux density in two hospitals near a
magnetic resonance imaging area (MRI) (the sites called for brevity A and B); the
research area is divided right in four sections in each site: A waiting room (WR), Hall
area, Control room (CR), Technical room (TR). For all mentioned areas, the
measurements protocol included:

Measurements were performed at 3 distinct heights from the floor (0.3m, 1m, 2m) and
in two conditions, i.e. the MRI equipment was operational (ON) and non-operational
(OFF); the spatial distribution of the low frequency magnetic flux density was
determined in each case and compared to ICNIRP 2010 recommendations for
occupational reference level of 1mT. A statistical analysis of all data is also included
for a general view and comparison.

3.4. Since the operation room is an area where the magnetic field is particularly high,
due to many power interventional devices; a measurements campaign was performed
in such rooms too, in one hospital. The measurements were performed in different
sections of twelve operating rooms, at a standing positions characteristic for the
interventional staff, also in nearest position to a patient, and in the position of the
anesthesiologist, while all devices are operating. Secondly, the magnetic flux density
was measured at different distances from the critical devices. The measurements are
performed while only one device is operating and all the other devices are switched
off. The protocol of the testing has been carried out for measuring the density of the
low frequency magnetic flux, based on the standard IEC 61786-1:2013. Graphical
representation of all data is also included for a general view and comparison.
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