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Exposure of ambulance 
personnel to electromagnetic 
and acoustic fields
Ekspozycja personelu ambulansu  
na pola elektromagnetyczne  
i akustyczne

Abstract
The article presents the intensity levels of the electric and magnetic field and 
the noise generated by the ambulance vehicle and its onboard equipment. Am-
bulance devices are for diagnostic, rescue and transport purposes. Ambulance 
personnel are exposed to sound and electromagnetic fields from them. Using 
specialized meters, it was possible to determine levels of intensity values.

Streszczenie 
Artykuł dotyczy identyfikacji poziomów składowej elektrycznej i magnetycznej 
pola oraz natężenia dźwięku generowanych przez pojazd ambulansu i jego po-
kładowe wyposażenie. Urządzenia wykorzystywane w pojeździe do celów dia-
gnostycznych, ratownictwa i transportu emitują zarówno dźwięki jak i pole elek-
tromagnetyczne, na które narażony jest personel ambulansu. Wykorzystując 
specjalistyczne mierniki, możliwe było określenie poziomów wartości natężeń.
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kluczowe: 
karetka pogotowia, 
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is load and go, for as quick as possible trans-
portation of the patient to the nearest hospital 
emergency department.

Sanitary transport involves the carriage of pa-
tients (e.g. patients transport after hospitalization) 
or biological materials such as components of blood 
or transplantation organs and other health services 
materials which require special transport conditions. 
It is mainly commissioned by medical centers, hospi-
tals, hospices and dialysis stations and accomplished 
due to contracts conducted with external institutions 
of medical transport [4].

Sanitary transport of Basic Health Care (polish 
POZ) is dedicated for people with mobility disorders 
to ensure them the access to the nearest health care 
facilities and subsequently return them to the place 
of residence. Far sanitary transport in POZ is car-
ried out in specified conditions as follows: patient 
needs specialized (or highly specialized) outpatient 
care, the distance from the health care facility does 
not exceed 120 km (both ways) and the patients’ 
general health condition prevents them from access-
ing the healthcare facility on their own [4]. Another 
type of sanitary transport is the "N" (neonatological) 
unit. It is undertaken in situations of sudden deterio-
ration of infant’s health, mainly in the case of respi-
ratory or cardiovascular failure, urgent necessity of 
treatment in other health care facility or sometimes 
postoperatively. It is possible to use incubator during 
transportation [4]. The last type of sanitary transport 
is performed by Aerospace Medical Rescue Groups 
(polish LZRM) which significantly shorten the time 
of transporting the injured to the nearest Special Res-
cue Unit. Moreover, aerospace transport occurs es-
pecially useful in difficult-to-reach areas. The team 
is equipped with a helicopter and consists of at least 
three people: a professional pilot, a nurse or a para-
medic and a physician [4].

Ambulance equipment, which serves in emergen-
cy situations, should be much more advanced than in 
the case of sanitary transport, including medications, 
oxygen, defibrillators, respirators, laryngoscopes.

Ukrainian medical transport is also classified into 
a few categories: 
•	 Type A: patient transport ambulance – in-

tended for the transport of stable patients who 

Introduction
Nowadays, the environment of urban population is 
dominated by artificially created electromagnetic 
fields. Their intensity is several times greater than the 
intensity of the fields of natural origin. Similar con-
ditions concern acoustic fields. The causes of these 
phenomena should be recognized in the constantly 
developing civilization and the progression of urban-
ization [1,2,3].

The multitude as well as widespread use of elec-
tricity, energy, telecommunication and transport 
equipment raises the need for research on the effects 
of electromagnetic waves and noise level on the envi-
ronment and the human body.

Some of the devices producing electromagnetic 
and acoustic fields are commonly used in medical 
rescue and sanitary transport. This paper provides 
analysis of emission of electric, magnetic and acous-
tic fields in the Mercedes ambulance, which was lent 
by the TRIOMED Sanitary Transport Column in Lu-
blin. Part of the analysis was also conducted on the 
Peugeot Boxer ambulance from the Riwne town in 
Ukraine. Measured data is the basis for analysis of the 
work conditions of medical rescuers and their com-
pliance with standards.

Medical transport
The medical transport is an indispensable part of 
emergency services. Medical rescue team is a system 
of emergency medical assistance provided in life-
threatening conditions in order to save health and hu-
man life in case of sudden illness or accidents [4,5,6,7].

In Poland, the division of ambulances in Emergen-
cy Medical Services includes:
•	  Ambulance "S" – specialized/specjalistyczna 

(former "R") – must consist of at least three eli-
gible health care assistants who perform medi-
cal rescue procedures including doctor and 
nurse or medical rescuer.

•	 Ambulance "P" – basic/podstawowa (for-
mer "W") – consists of at least two health care 
assistants including a nurse or medical rescu-
er. The main principle in the "P" ambulances 
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Rescue team work is inevitably associated with 
stress and exposure to hurtful experiences [5,6,7]. 
The specificity of work in emergency services is un-
doubtedly related to exposure to life-threatening sit-
uations (Fig. 1). An employee who has frequent con-
tact with situations of a high risk of physical injury, 
death, a feeling of helplessness during rescue opera-
tions, is exposed to tremendous emotional strain and 
mental exhaustion. Such a comprehensive character 
of lifeguards’ work is not only related to the type of 
their activity, but also to the personal predisposi-
tions, working time, place and conditions in which 
the lifeguard operates. The area of   assistance provid-
ed by medical rescuers is very diverse (flats, shops, 
streets, forests, motorways, schools, fields etc.). Fur-
thermore, working in ambulances or other medical 
transport vehicles emitting a  wide range of light, 
sound and electromagnetic fields may have an effect 
on a well-being.

will not require changes into the condition of 
emergency.

•	 Type B: emergency ambulance – intended for 
transport of primary care patients.

•	 Type C: reanimobile (mobile intensive care 
unit) – an ambulance dedicated to patients 
who need specialized care.

Ukrainian rescue teams may be categorized into 
four groups: resuscitation (disaster medicine), linear 
(simplest cases), children's and psychiatric. Similarly 
to Polish, the Ukrainian rescue teams might be repre-
sented by a medical rescuer, a nurse and a driver with 
or without physician on board. 

The medical rescue team is responsible for under-
taking emergency medical services in the context of 
pre-hospital conditions. The services should be car-
ried in accordance with the accepted guidelines and 
requirements. Their superior task is providing quali-
fied first aid saving people’s life and health. 

Fig. 1. 
Risk factors in work of medical rescuers
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part, the study was carried out on the running am-
bulance (idle engine), with all the equipment turned 
on and all on-board installations switched on. Due 
to preceding measurement of the background, it was 
possible to determine the difference between the 
electromagnetic field values when the ambulance was 
at rest and during operation.

The measurements were conducted with an aver-
age value detector. The results are presented graphi-
cally (Figure 3, 4). Each diagram consists of two 
parts: green line presents the electromagnetic back-
ground (the vehicle and all medical devices turned 
off), while red line indicates the intensity when the 
vehicle and medical equipment on work. Different 
operating modes of the vehicle and medical equip-
ment result in fluctuations of the field intensity. All 
graphs show acceptable limits for the intensity of the 
electromagnetic field. In the analyzed studies, envi-
ronmental limits were not exceeded. 

The above graphs clearly identify non-ambulance 
emissions. These include: radio waves (80-108 MHz), 
telephonic DECT (212 MHz), terrestrial television 
DVBT (475 MHz – 860 MHz) and GSM (900 MHz). 
The ambulance and its equipment interference spec-
trum ranges from 150 MHz to 480 MHz, but it shows 
wideband and low emission.

The next step was to determine the intensity of 
the magnetic and electric fields in the low frequency 
range. The research was carried out with the gauge 
ESM-100 Maschek. Similarly, measurements were 
made with the vehicle and deck equipment switched 
off (assigned as background) and in the operating 
mode (assigned as ambulance). The obtained values 
are presented in Figure 5.

Methods and results
A  higher frequency test is performed by measur-
ing the electrical component of the electromagnetic 
field or the power density. A set consisting of Rodhe 
& Schwarz ESCI3 measuring receiver and two band 
antennas (HK116 Bikonishe Antenne25-300MHz, 
HL223 Log-Periodic Antenna 0.3-1GHz) were used 
for the measurements. Measurement settings include 
IF bandwidth = 120kHz, step size = 40kHz and sam-
pling time of 20ms. Measurements were made for 
two antenna polarizations – vertical and horizontal. 
Measurements of electrical and magnetic field com-
ponents in the low frequency range were made using 
the Maschek ESM-100.

The ambulance and its equipment were surveyed in 
April 2016 in the Innovation and Technology Trans-
fer Center in the University of Technology campus in 
Lublin [4]. The test day was set for Saturday between 
9am and 1pm. Prevailing atmospheric conditions: 
temperature 21˚C, humidity 28,3%, pressure 1027 
hPa. The object of the test was Mercedes Sprinter of 
2012, with a 2987 cc diesel engine generating 140 kW 
(190 BHP) (Fig. 2). The ambulance had two car bat-
teries each of 100Ah, charged through a 180A alter-
nator or by rectifier.

 The research started with measuring the electro-
magnetic background in the range of 30 MHz – 1000 
MHz. The background was measured with two an-
tennas, which were installed on specially construct-
ed tripods, first in vertical polarization and second 
placed horizontally. Measurements were made in two 
locations – the side of the ambulance (on the sliding 
door) and in the front of the vehicle. After the first 

Fig. 2. 
Pictures of the ambulance (Mercedes Sprinter)
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Fig. 3. 
The measurement of electromagnetic emissions in the range of 
30-1000MHz, vertical polarization, side of the vehicle

Fig. 4. 
The measurement of electromagnetic emissions in the  range of 
 30-1000MHz, vertical polarization, front of the vehicle
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measurement accuracy was lower than expected. On 
the other hand, such conditions indicated the actual 
noise values that the ambulance team is dealing with 
during interventions. The average noise level values 
were 100dB in the front of ambulance, 85dB in the 
driver's cab and 80dB in the patient space.

Due to cooperation with Ukrainian emergency 
unit, we made comparisons with the ambulance of the 
emergency equipment in Rivne. This time we tested 
Peugeot Boxer Emergency Ambulance with the M9T 
Common Rail turbo engine, 1.6 HP of 89BHP power 
(Fig. 6).

 Noise emission was measured outdoor, in the city 
center. With the warning signal on, the noise level in-
side the ambulance was 83 dB, while at the distance 
of three meters from the vehicle it accounted for 
87 dB. In terms of field strength measurements, the 
values outside the ambulance in the low frequency 
range (measured with the Tracer EF90 and MR100S) 
were 104 V/m and 119nT.

Regarding to the regulation of the Minister of the 
Environment of 30.10.2003 concerning the permis-
sible levels of electromagnetic fields in the environ-
ment and their control measures ((Dz.U 2003 Nr. 192 
Poz. 1883) the results deriving from the ambulance 
and medical devices area present no exceedances. 

We performed further studies for onboard medi-
cal equipment of the ambulance. The table 1 presents 
the calculated values of the field intensities. Measure-
ments were made just near the devices’ covers, in the 
places most commonly used (touched) by the ambu-
lance crew. 

The final stage of the study concerned the noise 
generated by the vehicle and its equipment. Evi-
dently, the most prominent factor of noise is the au-
dible warning signal. Acoustic measurements were 
made outside the ambulance, in the driver's cab 
and inside the loading area during an active warn-
ing signal. Realization of this task inside the building 
caused disturbance by multiple reflections and the 

Fig. 5. 
The values of intensity of the electric and magnetic fields 
around the ambulance measured by meter ESM-100
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ambulance with the equipment turned on reaching 
the value 192 V/m and in the middle of the am-
bulance by the suction pump accounting 2.1mT 
(both below normalized limits). Acoustic measure-
ments showed high levels of noise: 100dB in the 
front of ambulance, 85dB in the driver's cab and 
80dB in the patient space. The values   measured for 
Ukrainian vehicle are at the same level. It confirms 
that working conditions of emergency personnel 
in Ukraine is similar to Polish standards. Noise, 
which source is a warning system, may be a stress-
ful factor [5,6,7]. The inaccessibility of the anechoic 
space does not allow for the precise identification 
of the levels.

The results of the conducted study on electromag-
netic fields and noise level of medical sources are 
very promising. However, the data is not complete 
and further studies are necessary. 

Conclusions 
Most devices and installations do not entail the ur-
gent need for measuring and evaluating exposure to 
electromagnetic fields. Analyses confirm that emitted 
fields usually do not exceed permissible limits [2,3,4]. 
Nonetheless, independent research is a  response to 
public anxiety concerning potential bad health ef-
fects of chronic exposure even on relatively weak 
fields. The subject of fields emission should be also 
analyzed in terms of the environment condition and 
occupational health.

Vehicle, deck installation and ambulance devic-
es are sources of electromagnetic field (wideband 
interference in high frequency spectrum), but no 
exceedances of permitted norms and regulations 
have been observed. In the low frequency range, 
the highest values   were obtained in the front of the 

Table 1. 
The measured values from the onboard equipment of the ambulance, indications ESM100

Device/location of the point H-Field 3D [nT] E-Field 3D [V/m]

Zeiner Rescue Suction Pump 2139,97 41,9

Drager OXYLOG BW ventilators 64,99 140,3

ZOLL E Series Defibrillator 240,2 18,8

An infusion pump 47,41 14,19

Pump, point A 466,94 18,21

Pump, point B 1416,44 2,5

Buttons off interface inside ambulance 45,92 0,82

Lights on, cab driver 23,57 1,21

Ventilation and lights on, audible warning signal 84,36 5,62

Fig. 6. 
Pictures of the ambulance in Rivne (Peugeot Boxer)
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