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Abstract

Objectives: Standard devices used by military personnel that may pose electromagnetic hazard include: radars, missile systems,
radio navigation systems and radio transceivers. The aim of this study has been to evaluate the exposure of military personnel to
electromagnetic fields. Material and Methods: Occupational exposure to electromagnetic fields was analyzed in the work envi-
ronment of personnel of 204 devices divided into 5 groups (surface-to-air missile system radars, aircraft and helicopters, commu-
nication devices, surveillance and height finder radars, airport radars and radio navigation systems). Measurements were carried
out at indicators, device terminals, radio panels, above vehicle seats, in vehicle hatches, by cabinets containing high power vacuum
tubes and other transmitter components, by transmission lines, connectors, etc. Results: Portable radios emit the electric field
strength between 20-80 V/m close to a human head. The manpack radio operator’s exposure is 60-120 V/m. Inside vehicles with
high frequency/very high frequency (HF/VHF) band radios, the electric field strength is between 7-30 V/m and inside the radar
cabin it ranges between 9-20 V/m. Most of the personnel on ships are not exposed to the electromagnetic field from their own
radar systems but rather by accidental exposure from the radar systems of other ships. Operators of surface-to-air missile systems
are exposed to the electric field strength between 7-15 V/m and the personnel of non-directional radio beacons — 100-150 V/m.
Conclusions: In 57% of military devices Polish soldiers work in the occupational protection zones. In 35% of cases, soldiers work
in intermediate and hazardous zones and in 22% - only in the intermediate zone. In 43% of devices, military personnel are not
exposed to electromagnetic field. Int J Occup Med Environ Health 2017;30(4):565-577
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INTRODUCTION

Requirements for the protection of soldiers

against exposure to electromagnetic fields

Safety requirements for the protection of the Polish mili-
tary personnel against exposure to electric field in the fre-
quency range from 0 Hz to 300 GHz and to magnetic field
in the frequency range from 0 Hz to 3 GHz are set forth

in regulations [1-5]. These regulations define levels of ex-
posure (exposure to electric field strength: E, E , E, and
to magnetic field strength: H, H,, H,) as well as areas of
occupational exposure (intermediate, hazardous and dan-
gerous zones). E and H are low levels of occupational ex-
posure. E and H, separate an intermediate and a hazard-
ous zone. E, and H, separate a hazardous and a dangerous

The paper refers to Polish regulations before July 1, 2016. However, keeping in mind the current legal requirements for the protection of workers against electromag-

netic fields, the results of the paper remain current.
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zone. In an intermediate zone soldiers may stay during an
entire shift. In a hazardous zone they may stay temporarily,
while a dangerous zone indicates areas that are accessed
only with protective clothing. The values of occupational
exposure levels E, E , E, and H, H,, H, applicable to se-
lected military devices are specified in the Table 1. Polish
safety requirements for the protection of workers against
exposure to electromagnetic fields are also described in
the study conducted by Gryz and Karpowicz [6] and in
Karpowicz et al.’s study [7].

Occupational exposure to electromagnetic fields

of Polish military personnel

Communication devices

Modern military radio transceivers provide analogue or
digital voice communication and data transmission and
(excluding submarine communication) their operating
range is between 1.5 MHz and 2 GHz and the transmit-
ted power varies from 0.5 W to 1 kW. According to the
electromagnetic field exposure criteria, 3 groups of radio
transceivers have been distinguished: portable and hand-
held radios, manpack radios and high frequency/very high
frequency (HF/VHF) band devices installed in vehicles.
Portable and handheld radios — small-sized, lightweight
and short-range radios which provide communication in
the very high frequency/ultrahigh frequency (VHF/UHF)
band. The transmitted power varies from 0.5 to 5 W. Not-
withstanding low power, the electromagnetic field expo-
sure is relatively high due to the construction and usage
patterns of such devices — an antenna and a transceiver
(combined into a single tool) are in close proximity to the
operator’s mouth during standard use.

The second group of radio transceivers are manpack
radios. The operating frequency range of a manpack
radio is 30-90 MHz. The transmitted power varies
from 5 to 20 W. Construction of a manpack radio allows
it to be carried on shoulders (like a backpack) (Photo 1).
It is possible to use the radio either on the shoulders or
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when it is placed on the ground. The maximum exposure
occurs when the antenna is in close proximity to the hu-
man head (shoulder position).

The third group of radio transceivers includes HF/VHF
band devices installed in vehicles that do not provide
full electromagnetic shielding. Their operating frequen-
cy range is between 1.5 and 90 MHz and the transmit-
ted power varies from 50 to 1000 W. A radio in a vehicle
(the HF band, 1000 W) with antennas on the roof is shown
in the Photo 2. It is possible to use the radio either when
the vehicle is moving or not. The electric field strength in-
side the vehicle depends on the vehicle dimensions, size
of its windows, its material and distances from the anten-
nas to personnel positions. Radios that support HF band
are also equipped with additional masts in order to mount
antennas. According to those construction standards the
electromagnetic hazard is reduced because of the extend-
ed distance between the antennas and personnel.

This three-way division of military radio transceivers does
not include devices that produce negligible electromag-
netic field values in the workplaces of soldiers such as
HF/VHF/UHF band devices installed in shelters and vehi-
cles that provide full electromagnetic shielding. Obviously,
adequate electromagnetic radiation protection is possible
when all doors, hatches and window shades are closed.

Surveillance radars, height finders, 3D radars

Radars used in determining the occurrence, loca-
tion and velocity of objects work in the frequency
bands: VHE, UHE L, S, C, X and Ku. The average trans-
mitted power depends on the radar application and var-
ies from 1 W (small marine radars) up to 10 kW (air
route surveillance radars). The electromagnetic hazard
produced by these devices is related to their transmitted
power, antenna location and the shielding effectiveness of
cabins where work positions are located.

Modern air route surveillance radar systems consist of
an antenna unit, a transmitter and a receiver unit. Most
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Photo 1. The manpack radio operator with the radio
on the shoulders

of transmitters and receivers are placed in separate cab-
ins. This solution protects personnel against excessive ex-
posure to the electromagnetic field. Work positions are
situated in the receiver unit where radar indicators are
located. Soldiers stay temporarily in the transmitter unit
and close to the antenna unit to check radar operating
parameters.

The second group includes radars with a transmit-
ter, receiver and antenna placed on one vehicle. The

[JOMEH 2017;30(4)

Photo 3. The radar post equipped with the range finder
and 2 height finders

Photo 3 illustrates a radar post equipped with a range find-
er and 2 height finders on vehicles. Transmitter and receiv-
er components are located near work positions, while the
antenna is installed on a vehicle’s roof. Military personnel
are exposed to the electromagnetic field while being near-
by a radar vehicle. Due to the insufficient shielding quality
of cabinets which contain high power vacuum tubes and
the fact that leakages may appear, electromagnetic radia-
tion exposure may occur inside the vehicle.
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Marine radar systems mounted on ships have a compa-
rable structure. Indicators are located on the bridge. The
transmitter, receiver and antenna are combined in one
unit and are located high above the deck. In some situa-
tions, the transmitter and receiver are located in the trans-
mitter room, separately from the antenna. Personnel are
not allowed to approach the antenna area while the radar
is operating, and because of electromagnetic radiation
(transmitter component leakages), visiting the transmitter
room is restricted. Most of the personnel on ships are not
exposed to the electromagnetic field from their own radar
systems but rather face accidental exposure from the radar
systems of other ships.

Radars for surface-to-air missile systems

Surface-to-air missile systems are equipped with dual-
function radars (searching and tracking). When in the
search mode, the radar scans to find targets and deter-
mines their position, while in the tracking mode the radar
tracks a target and follows its path. It is possible to use
a single radar for both operational modes; however, us-
ing 2 different devices occurs more frequently. The anten-
na pattern during tracking mode is a narrow pencil beam
and the radar also works with zero or negative elevation
angles. Soldiers usually work inside transporter erector
launchers or inside command cabins that provide electro-
magnetic shielding. The area around the radar antenna,
where the launchers are located, is exposed to a high-in-
tensity electromagnetic field emitted by the main beam of
the tracking radar antenna.

Airport radars and radio navigation systems

Airport surveillance radars (ASR) and precision approach
radars (PAR) provide target detection in the surround-
ing airspace. Usually, ASR/PAR are remotely controlled,
thereby eliminating electromagnetic field exposure. In
addition to modern ASR/PAR, the Polish Armed Forces
still use the Soviet approach and landing systems shown in

Photo 4. The approach and landing system

the Photo 4. Soldiers work inside cabins where radar com-
ponents are located and because of leakages from cabinets
containing high power vacuum tubes and other transmit-
ter components, they are exposed to an electromagnetic
field not only while tuning transmitters.

Ground stations for radio navigation systems are also con-
trolled remotely. Soldiers are not exposed to the electro-
magnetic field emitted by this equipment. Non-directional
radio beacons (NDB) are an exception. The radio transmit-
ter is used as an aviation navigation aid. Non-directional ra-
dio beacons work in the low frequency/medium frequency
(LF/MF) range. Non-directional radio beacons personnel
are periodically exposed to an electromagnetic field while
passing under the antenna and checking device parameters.

Aircraft and helicopters

Polish military aircraft and helicopters are equipped with
many electronic systems (communication devices, radars,
weather and electronic warfare systems) that produce an
electromagnetic field. Ground handling personnel only re-
main for short periods within the electromagnetic field when
an aircraft or helicopter is handled for the next flight (dur-
ing which flight aircrews are not exposed to electromagnetic
radiation). Devices mounted aboard determine the size of
occupational protection zones, for example, a combat radar
has the widest occupational protection zone.

[JOMEH 2017;30(4)
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MATERIAL AND METHODS

Subject of measurements

Occupational exposure to electromagnetic fields was ana-
lyzed in the work environment of personnel of 204 devices
divided into 5 groups (surface-to-air missile system radars,
aircraft and helicopters, communication devices, surveil-
lance radars, height finders and 3D radars, airport radars
and radio navigation systems). When selecting devices
their number in the armed forces was taken into account.
The exact types and numbers of the devices as well as the
amount of personnel required in each group are classified.
Frequency band symbols for communication devices and
radio navigation systems are defined in the International
Telecommunication Union’s (ITU) radio regulations [8].
Frequency bands for radars are in accordance with the
standard governed by the Institute of Electrical and Elec-
tronics Engineers (IEEE) [9].

Meters

For electric field measurement purposes, MEH-25 broad-
band meters (Technical University of Wroclaw, Poland) with
probes AE-1 and 3AE-2e, EMR-200 (Wandel & Golter-
mann, Germany) with probes No. 9, 11 and EMF-5 (Military
Institute of Hygiene and Epidemiology, Zenmarco, Poland)
with probes SIN, SIT were used. For magnetic field mea-
surement purposes, MEH-25 meters with probes AH-1 and
AH-27 and EMR-200 with probe No. 10 were used.
MEH-25 with AE-1, 3AE-2e probes works in the fre-
quency range from 100 kHz to 300 MHz within the range
of measured values from 0.5 to 1000 V/m. EMR-200
with probes No. 9 and 11 works in the frequency range
from 10 MHz to 60 GHz and the range of measured
values of the electric field strength is 0.5-1000 V/m.
EMF-5 is designed to measure the electric field pro-
duced by radar systems, especially pulse trains with
a very small duty cycle. EMF-5 works in the frequency
range from 100 MHz to 16 GHz. The range of measured
root mean square (RMS) electric field strength values

[JOMEH 2017;30(4)

averaged over the pulse repetition period depends on the
percent of signal duty cycle and starts from 0.5 V/m for
very short pulse and long repetition time trains and ex-
ceeds 3 kV/m for high percent of signal duty cycle.

For measurements of magnetic field purposes, MEH-25
meters with probes AH-1 and AH-27 and EMR-200
with probe No. 10 were used. The frequency range
of MEH-25 is from 100 kHz to 40 MHz, the range of mea-
sured values is between (0.6-250 A/m (in the frequency
range of 0.1-10 MHz) and 0.03-11 A/m above 10 MHz.
EMR-200 with probe No. 10 works in the frequency range
from 27 MHz to 1 GHz and the range of measured values
is 0.01-16 A/m.

The meters had been calibrated by the Electromagnetic
Field Standards and Metrology Laboratory, Technical
University of Wroclaw, Poland and the Laboratory of
Electromagnetic Hazards, Department of Bioelectro-
magnetism, Central Institute for Labour Protection -
National Research Institute (Centralny Instytut Ochrony
Pracy - Pafistwowy Instytut Badawczy - CIOP-PIB), War-
szawa, Poland. EMR-200 with 9, 10, 11 probes had been
calibrated with an extended dynamic range. The expand-
ed measurement uncertainty (95% confidence level)
of the magnetic field strength is 30% while the electric
field strength (excluding radar and surface-to-air missile
systems) does not exceed 22% whereas the electric field
strength produced by radars and surface-to-air missile
systems is 30%.

Exposure measurements conditions

Measurements of the electric field strength of each de-
vice were made according to the Defense Standards [4,5].
Measurements of the magnetic field strength were made
for each communication device and selected ground and
onboard navigation devices. The measurements were
carried out in places that are frequented by personnel,
i.e., by indicators, device terminals, radio panels, above
vehicle seats, at vehicle hatches, as well as at cabinets
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containing high power vacuum tubes and other transmit-
ter components, at transmission lines, connectors, etc.
The electromagnetic field was measured around vehicles
and antenna units to the distance where the electric
and magnetic fields fall below the low level of occupa-
tional exposure. The minimal distance from the meter
probe to the source of the field or other metal objects
was 15 cm, but no closer than 3 outer probe dimensions.
Measurements were carried out from the ground level
to 2 m above it and the maximum RMS value of the elec-
tric field strength and the magnetic field strength found
in this range of height was recorded (not averaged over
any 6-min period).

RESULTS

Communication devices

Selected measurement results of electric and magnetic
field strength of communication devices are shown in
the Table 2. The data presented refers to portable radios,
manpack radios and HF/VHF band devices mounted on
vehicles.

Portable radios emit (close to human heads) the electric
field strength from 20 to 80 V/m. The measured mag-
netic field strength was from 0.04 to 0.45 A/m. The maxi-
mum range of the hazardous zone nearby these devices
was 50 cm and the maximum range of the intermediate
zone was 1.2 m from a radio.

The manpack radio operator exposure depends on the
placement of the equipment. When the radio is transported
on the shoulders then the antenna is placed in close proxim-
ity (about 30 cm) to the human head. It means that a soldier
is exposed to the electric field strength from 60 to 120 V/m.
The hazardous zone range is about 1 m and the intermedi-
ate zone reaches up to 3 m from the radio.

Inside vehicles with HF/VHF band radios, the electric
field strength is from 7 to 30 V/m. If the HF band anten-
nas are placed on a truck, the hazardous zone outside
the vehicle reaches about 2 m and the intermediate zone
up to 5 m. Whereas, when the HF band antenna is lo-
cated on the mast, the hazardous zone reaches a distance
of 1 m and the intermediate zone reaches up to 3 m from
the antenna. Estimated ranges in the work environment
of VHF band radios (mounted on off-road vehicles)
are: 5 m for the hazardous zone and 15 m for the inter-
mediate zone.

Surveillance radars, height finders, 3D radars

Selected measurement results of the electric field strength
in the work environment of radiolocation devices are
shown in the Table 3. The data presented refers to surveil-
lance radars, height finders and 3D radars.

Operators of modern 3D surveillance radar systems work
in the receiver unit, where only radar indicators are lo-
cated. The electric field strength inside the transmitter

Table 2. Selected measurements of the electric and magnetic field strength in the work environment of communication devices

Personnel exposure

Device Measu'rt?ment Frequency Tral;1§$;trted electric field strength (E) ~ magnetic field strength (H)
conditions [MHz] W] [V/m] [A/m]
min.—max M=SD min.—max M=SD
Portable radio - 42.0-50.0 0.5-5.0 20-80 4727 0.04-0.45 0.21£0.18
Manpack radio shoulder position ~ 30.0-90.0 5.0-20.0 60-120 85+20 0.11-0.28 0.20+0.05
High frequency (HF) inside a vehicle 1.5-30.0 1000 7-30 199 0.00-0.06 0.04+0.01

band radio

min. — minimal value; max — maximal value; M — mean; SD - standard deviation.

[JOMEH 2017;30(4)
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Table 3. Selected measurements of the electric field strength in the work environment of radiolocation devices

Personnel exposure to electric field

Device Measurement Frequency band Transmitted power strength (E)
conditions [kW/pulse] [V/m]
min.—max M=SD
3D radar at indicators LS 80-800 0 -
Range finder at indicators L =200 0-20 33%5.1
Range finder at indicators VHF =200 9-18 12.8+35
Height finder at indicators S = 600 0-14 2.6+4.9

VHF - very high frequency.
Other abbreviations as in Table 2.

unit is negligible but nearby the antenna unit the electric
field strength RMS value averaged over the pulse repeti-
tion period and antenna rotation time is about 30 V/m.
Occupational protection zones are only in the prox-
imity of the antenna unit. The range of the hazardous
zone is about 6 m and the intermediate zone reaches up
to 30 m from the antenna.

Military personnel working inside a vehicle with trans-
mitter and receiver components inside (the transmitter,
receiver and antenna are installed in one vehicle) are
potentially exposed to the electromagnetic field inside
the cabin. This is due to the insufficient shielding qual-
ity of cabinets containing high power vacuum tubes and
leakages from transmitter components. The electric field
strength RMS value averaged over the pulse repetition pe-
riod inside the cabin varies from 9 to 20 V/m. The electric

field strength RMS value averaged over the pulse repeti-
tion period and antenna rotation time close to the range
finder vehicle exceeds 20 V/m whereas the electric field
strength RMS value averaged over the pulse repetition
period and antenna rocking time close to the height find-
er vehicle exceeds 200 V/m. The hazardous zone around
the range finder vehicle reaches 6 m and the intermedi-
ate zone reaches up to 20 m whereas around the height
finder vehicle the dangerous zone is about 3 m in distance,
the hazardous zone reaches to 20 m and the intermediate
zone up to 30 m.

Surface-to-air missile system radars

Selected measurement results of the electric field strength
in the work environment of surface-to-air missile sys-
tems are shown in the Table 4. The data presented refers

Table 4. Selected measurements of the electric field strength in the work environment of surface-to-air missile systems

Personnel exposure to electric field

. Measurement Frequency Transmitted power strength (E)
Device .. V/m]
conditions band [kW/pulse] [
min.—-max M=SD
Radar command cabin at indicators X =200 0-15 1.8%34
Radar transporter at indicators C =500 0 -
Transporter launcher above vehicle seats C = 500 0 -

Abbreviations as in Table 2.

[JOMEH 2017;30(4)
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to surface-to-air missile systems equipped with separate
transporter launchers.

Operators of surface-to-air missile systems usually work
inside command cabins or transporter erector launchers
that provide electromagnetic shielding. Occasionally, due
to any damage to cabin hatches, personnel are exposed
to the electric field strength RMS value from 7 to 15 V/m.
This situation happens very rarely only at selected azi-
muth and elevation angles of the tracking radar antenna.
Outside the cabin at the distances up to 20 m from the
antenna vehicle the electric field strength RMS value ex-
ceeds 200 V/m. These values of the electric field strength
are measured on the direction of the main beam of the
tracking radar antenna that works with zero or negative
elevation angles. Outside the main lobe near the radar
vehicle the electric field strength RMS value rarely ex-
ceeds 30 V/m. The electric field outside the main lobe of
the tracking radar antenna is produced by its side and rear
lobes and by the surveillance radar. At the point of the
launcher placement, in the direction of the tracking radar
antenna main beam, the electric field strength RMS value
is from 80 to 110 V/m. Moreover, personnel are exposed to
the electric field strength RMS value approx. 40 V/m dur-
ing transmitter tuning. The occupational protection zone
ranges depend on the elevation angle of the tracking radar
antenna. The intermediate zone reaches up to 400 m when
the elevation angle is close to zero, while the hazardous
zone radius is about 250 m and the dangerous zone ex-
tends up to 20 m.

Airport radars and radio navigation systems

Airport surveillance radars/precision approach radars
operators are not present in the electromagnetic field
produced by antennas of these devices. In close prox-
imity to the modern ASR antenna, the electric field
strength is up to 20 V/m and near the PAR antenna it ex-
ceeds 200 V/m. Values of the electromagnetic field as mea-
sured nearby the antennas of outdated ASR/PAR (Soviet

production) are similar to modern systems. The electric
field strength RMS value inside the cabin exceeds 10 V/m,
but while transmitter tuning personnel are exposed to the
electric field strength RMS value 30-40 V/m.

Ground station personnel of radio navigation systems are
not exposed to the electromagnetic field produced by these
systems. Only NDB operators are periodically exposed to
the electric field strength from 100 to 150 V/m while pass-
ing under the antenna in order to check device parameters.

Aircraft and helicopters

Aircrews while operating in flight are not exposed to the
electromagnetic field produced by communication de-
vices, radars and weather and electronic warfare systems.
Ground handling personnel are only exposed for a short
period when an aircraft or helicopter is handled for the
next flight. Devices mounted aboard determine the size
of occupational protection zones, for example, a combat
radar has the most extended zones in its surrounding (the
dangerous zone is up to 10 m in front of the aircraft, the
hazardous zone about 20 m and the intermediate zone is
up to 60 m).

DISCUSSION

Occupational exposure of personnel in the literature
Mantiply et al. [10] present the measurement results
of the electric field strength near handheld transmit-
ters 5 cm away from any surface of the unit. Maximum
fields near 2 W handheld radio operating at 164 MHz
were 470 V/m and 0.73 A/m. In Gryz et al.’s study [11]
50 portable radiophones of conventional and trunked
communication systems were investigated. The maximum
electric field strength was measured 10 cm away from the
antenna. For conventional systems with maximum out-
put power of 4 W and for the trunked system with max-
imum output power of 4 W — the electric field strength
values of 106 V/m and 136 V/m were recorded. In our
study, the transmitted power varied from 0.5 to 5 W and

[JOMEH 2017;30(4)
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the minimal distance from the meter probe to the radio
was 15 cm. The electric field strength near portable radios
was from 20 to 80 V/m and the magnetic field strength was
from 0.04 to 0.45 A/m. Considering differences of mea-
surement conditions (the transmitted power, frequency,
distance to the radio), our results are slightly below the
results presented in Mantiply et al.’s study [10] but cor-
respond to Gryz et al.’s ones [11].

In our study, manpack radio operators were exposed
to the electric field from 60 to 120 V/m. The range of
the hazardous zone was about 1 m and the intermedi-
ate zone reached up to 3 m. The transmitted power
varied from 5 to 20 W and the frequency range was
from 30 to 90 MHz. Our result confirmed previously stud-
ied assumptions [12,13] where the electric field strength
slightly exceeded 60 V/m.

Mantiply et al. [10] present a review of studies on the oc-
cupational exposure to electric fields associated with VHF
mobile transmitters in various motor vehicles with differ-
ent antenna configurations. In the case of tests made with
60 W, 164 MHz frequency-modulated radios resulted in
electric field strengths ranging from 3.4 to 30 V/m whereas
in the case of tests made with 100 W, 41 MHz radios re-
sulted in electric field strengths from 3.4 to 120 V/m near
an occupant. Tests using 100 W FM radios at 25, 35, 39, 51
and 145 MHz in a mid-size vehicle resulted in fields from
50 to 150 V/m. Authors in this part of the study did not
take into account magnetic field radiation. In our study
inside vehicles equipped with HF/VHF band radios, the
electric field ranged from 7 to 30 V/m and the magnetic
field strength — to (.06 A/m. Results of our measurements
differ from the results reviewed in Mantiply et al.’s study
[10] but since the electric field strength inside the vehicle
depends on the vehicle dimensions, the size of its windows,
its material and distances from antennas to work posi-
tions, the differences observed are explainable. Measure-
ment results performed under HF band antennas present-
ed in Mantiply et al.’s study [10] confirmed our findings.

[JOMEH 2017;30(4)

For 100 to 1400 W radios, various antenna configurations
and frequency bands (80, 40, 20, 15, and 10 m) at a height
of 1 to 2 m, the electric field strength varied from 1 to
200 V/m. In our study, the hazardous zone (from 60 to
600 V/m) was measured at the distance of 1 m away from
the antenna (placed on the mast) and the intermediate
zone (from 20 to 60 V/m) was observed up to 3 m.

Our measurement showed that inside the radar cabin the
electric field strength RMS value averaged over the pulse
repetition period that ranged from 9 to 20 V/m and in
the proximity of the antenna unit of the surveillance ra-
dar the electric field strength RMS value averaged over
the pulse repetition period and antenna rotation time was
about 30 V/m. These values are close to results presented in
the literature. In Danulescu’s study [14] the average power
density at radar workplaces was measured. At frequen-
cies around 2-6 GHz the average power densities were
0.04-0.5 mW/cm? (12-43 V/m calculated from the plane
wave condition), and at frequencies smaller than 2 GHz:
0.3-1 mW/em? (33-61 V/m). In Szmigielski’s study [15]
the whole population of military personnel in Poland
during the years of 1971-1985 became the study subject.
The evaluation of the exposure revealed that 80-85% of
service (mostly pulse-modulated at 150-3500 MHz)
2 W/m? (27 V/m) was not exceeded and exposures exceed-
ing 6 W/m?* (48 V/m) were registered incidentally.

Our study showed that personnel on ships were not ex-
posed to the electromagnetic field emitted by their own
radar systems. Because of leakages from transmitter
components, personnel may be exposed only in the trans-
mitter room. Similar conclusions are presented in Garaj-
Vrhovac et al.’s study [16] where the electromagnetic field
strength was measured at assigned marine radar frequen-
cies (3 GHz, 5.5 GHz and 9.4 GHz) working with peak
power of 50-60 kW. The power density averaged over the
pulse repetition period and the radar antenna rotation
period was no more than 0.0002 W/m?* (0.3 V/m) at the
radar operator workplace and 0.004 W/m? (1.2 V/m) in
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the day rest area and sleeping quarters. Unfortunately, an
accidental exposure is possible from the radar systems of
other ships. In Moen et al.’s study [17], an incident at sea
is reported. A part of a crew on a Norwegian naval ship
was exposed to radar waves from an American destroyer
for approx. 7 min. The American ship passed at the dis-
tance of about 70-100 m away from the Norwegian ship
and the mean power density then would be approximately
5.5 kW/m? (1.4 kV/m).

Hjollund and Bonte [18] indicated the exposure of Danish
military personnel operating mobile ground-to-air missile
units that used several microwave emitting radar systems.
In this study the maximal mean exposure was estimated
to be 0.01 mW/cm? (6 V/m). Short term exposures of ap-
proximately I mW/cm? (61 V/m) might occasionally occur.
It confirms our results for close to surface-to-air missile
launchers in the direction of the main beam of the track-
ing radar antenna (occasional and short-lasting expo-
sure) where the electric field strength RMS value ranged
from 80 to 110 V/m.

In Joseph et al.’s study [19], the electromagnetic field
exposure of workers and the general public from non-di-
rectional beacons (NDB) for air traffic control is assessed
and characterized. The average of total values for all lo-
cations equaled 379.2 V/m. In Cooper et al.’s study [20],
the electric field was measured at 3 types of the air traf-
fic control site, hosted radars and navigation and com-
munication systems. Electric field strengths at locations
typically occupied by engineers when attending a Dop-
pler VHF omnidirectional range/distance measuring
equipment (DVOR/DME) site were 1 V/m. The electric
field strength measured at non-directional beacons were
at or below 300 V/m. It confirms our results for close-to-
ground stations of radio navigation systems. The Polish
military personnel are not exposed to the electromagnetic
field produced by these systems except for the NDB where
personnel are periodically exposed to the electromagnetic
field strength from 100 to 150 V/m.

Exposure of military personnel

and European Union provisions

Maximum values of the electric field strength (RMS val-
ues) measured at work positions of military personnel
have been compared to action levels established in the
Directive 2013/35/EU [21]. This comparison is justi-
fied because in most cases military personnel are con-
tinuously exposed to the electromagnetic field for longer
than 6 min (e.g., tuning of the tracking radar transmitter
lasts from 15 min to 2 h).

Action levels for exposure to electric field established [21]
at work positions of the Polish military personnel working
next to aircrafts, helicopters, radio navigation systems, air-
port radars, surface-to-air missile system radars, surveil-
lance radars, height finders, 3D radars and most commu-
nication devices are not exceeded.

The case of manpack and portable radios is a near-field
exposure case. Compliance with exposure limit values es-
tablished in the Directive 2013/35/EU [21] shall be deter-
mined dosimetrically (compare [22]). In the Polish Armed
Forces, according to the Decision [3], in the frequency
range 0.003-100 MHz while the exposure is highly local-
ized and the electric and magnetic field strength exceeds
appropriate occupational exposure levels, restrictions for
induced currents established in the Standardization Agree-
ment No. 2345 [23] are applicable. This issue is the subject
of our separate research [12,13,24]. Above 100 MHz, while
the exposure is highly localized, only the occupational ex-
posure levels (E, E, E,, H, H,, H,) are applicable.
CONCLUSIONS

According to the regulations [1-5], in 57% of military
devices Polish soldiers work in the occupational protec-
tion zones. In 35% of cases, soldiers work in intermediate
and hazardous zones and in 22% - only in the interme-
diate zone. In 43% of devices, military personnel are not
exposed occupationally to an electromagnetic field. The
largest percentage of soldiers work in the occupational
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protection zones nearby aircraft and helicopters. This
exposure occurs only in the case of ground handling per-
sonnel while testing avionics. The smallest percentage of
soldiers (excluding manpack and portable radio opera-
tors) work in occupational protection zones nearby com-
munication devices. These workplaces are often located in
electromagnetically shielded cabins or are sufficiently far
away from masts with antennas.
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