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Occupational Exposure to Noise From
Authorized Emergency Vehicle Sirens

Pawetl Gorski

Central Institute for Labour Protection — National Research Institute (CIOP-PIB), Poland

Warning signals generated by sirens of authorized emergency vehicles should be audible and recognizable to
all road users. Currently, there is no legislation in Poland defining sound pressure levels (SPLs) of audible
warning signals generated by sirens of authorized emergency vehicles. Measured A-weighted SPLs of those
signals range between 104 and 108 dB. While for road users, an audible warning signal is a source of impor-
tant information and its A-weighted SPL is acceptable, it may be a source of annoying noise to an emergency
vehicle crew. That is why, it is necessary to find a method of improving the acoustic comfort of the crew and,
at the same time, maintaining the informational function of audible warning signals.

emergency vehicles

occupational exposure to noise

drivers

1. INTRODUCTION

Ambulances, fire engines and police cars are just a
few of the emergency vehicles encountered every
day. Even though authorized emergency vehicles
are a relatively small group of road users, they are
very important, because human life often depends
on how fast they can reach their destination.
According to highway codes, an on-road author-
ized emergency vehicle should emit visual and
audible signals at the same time. These signals are
designed to inform other road users not only about
the presence of an authorized emergency vehicle
but, most of all, of the need to give way to allow it
to pass unrestricted. For this reason, it is important
that this information reaches road users from as far
as possible to give them time to respond correctly.
Drivers usually learn about an oncoming author-
ized emergency vehicle by hearing it first. Subse-
quently, they locate it on the basis of visual signals.

Due to varying acoustic conditions, e.g., traffic
noise, an appropriately high sound pressure level
(SPL) of the warning signal ensures correct recep-
tion of an audible warning signal.

High SPLs of emitted signals, however, are a
major concern for emergency vehicle crews as
they may adversely affect the crew’s acoustic com-
fort [1]. In this paper, acoustic comfort is defined
as acoustic conditions that enable workers to
implement their basic tasks without a decrease in
psychomotor performance. Currently, to improve
the crew’s acoustic comfort, the siren of an audible
warning device is often moved from the lightbar
on the roof of the vehicle to the engine compart-
ment. Changing the location of the siren is not a
good solution, which this paper will show. Even
though acoustic comfort improves, this change
impacts perception of the audible warning signals
in traffic, thus affecting safety.

This paper was based on the results of a research task carried out within the scope of the second stage of the National Programme
“Improvement of safety and working conditions” partly supported in 2011-2013—within the scope of research and development—by the
Ministry of Science and Higher Education/National Centre for Research and Development. The Central Institute for Labour Protection —

National Research Institute was the Programme’s main co-ordinator.
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2.SPL OF SIGNALS:
REQUIREMENTS

Currently, there is no legislation in Poland defin-
ing admissible values of SPLs of on-road author-
ized emergency vehicles. UN/ECE Regulation
No. 28 [2], Directive 70/388/EEC [3] and Stand-
ard No. PN-S-76004:1992 [4] set out the require-
ments for audible warning devices in vehicles,
but not for audible warning signals of authorized
emergency vehicles. Standard No. PN-S-
76006:1975, withdrawn in 2005, required that the
maximum A-weighted SPL of an audible warning
signal generated by a siren of an emergency vehi-
cle be at least 115 dB at a distance of 2 m [5].
However, this standard applied to two-tone warn-
ing signals only.

Standard No. SAE J1849_201210 is one of the
most important international documents setting
out the technical requirements for sirens of audi-
ble warning devices of an emergency vehicle [6].
It describes the acoustic parameters audible warn-
ing signals of authorized emergency vehicles
should meet. According to this standard, the max-
imum A-weighted SPL of a signal generated by a
siren 3 m from a vehicle and along its main axis
cannot exceed 118 dB. Regulation No. RS 741.41
lists similar provisions, with different require-
ments for two- and three-tone warning signals
[7]. Those requirements do not apply to modu-
lated warning signals, which are common in
Poland. The A-weighted SPLs accepted as mini-
mum and maximum threshold levels are 100 and
115 dB for two-tone, and 93 and 112 dB for
three-tone signals, respectively. Those SPLs are
measured 7 m from the vehicle with the siren.
Standard No. DIN 14610:2009-01 specifies
110 dB as the minimum value of the signal [8].
According to this standard, the minimum
A-weighted SPL is measured in an anechoic
chamber, 3.5 m from the siren.

Because no legislation in Poland defines admis-
sible values of SPLs of on-road authorized emer-
gency vehicles, limit values of SPLs for audible
warning signals of authorized emergency vehi-
cles are sometimes listed in the terms and condi-
tions of purchase of emergency vehicles by the
police, health or fire services. These provisions

JOSE 2014, Vol. 20, No. 3

on threshold limits may be worded as follows: “a
combined public address and warning device
sending audible warning signals of an emergency
vehicle must produce sounds whose equivalent
A-weighted SPL measured with an integrating-
averaging sound meter located 7 m in front of the
vehicle must be 100-115 dB, for any kind of
sound”. As these provisions are not mandatory, in
practice, requirements are often limited to “mod-
ulated audible signal with a power of at least
100 W and voice message delivery compliant
with applicable regulations”.

Despite considerable discretion in determining
audible sound signals of an authorized emergency
vehicle permitted by Polish legislation, three
types of signals are usually used:

e ahi-lo signal, which is composed of 950- and
1150-Hz tones alternating every 0.5 s;

e ayelp signal, which is a linear tonal course of
alternately rising and falling frequencies (the
lower frequency of the signal is 500 Hz, the
higher is 2000 Hz; the rises and falls in
frequency are equal at 4 s);

e a wail signal, which is a repetitive descending
tonal course of frequencies in the range from
1800 to 600 Hz; the frequency fall time is
2.5s.

During rescue operations, emergency vehicles
often use a mixed signal of 2-s fragments of all sig-
nals. Depending on the manufacturer of audible
warning devices, these signals may differ slightly.

3. SPL OF SIGNALS AROUND
VEHICLES

SPL of audible warning signals (generated by
sirens around emergency vehicles) were meas-
ured in an open space; the emergency vehicles
were parked in an empty car park. The car park
was part paving stone, part gravel; it was located
~100 m from buildings. A Svan 948 four-channel
sound and vibration meter and analyser (Svan-
tek, Poland) was used. Peak C-weighted SPL
(cheak), maximum A-weighted SPL (Lp ,.)
and equivalent A-weighted SPL (L AeqT) were
measured. The emergency vehicle warning signal
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that was measured was mixed. The measurements
involved police vans, ambulance vans and police
cars.

At first, the measurements were taken 5 m from
the front of the vehicle at a height of 1.5 m. The
results of these measurements showed that L, eqT
L peak @nd Ly 5, of a signal generated by sirens
fitted in emergency vehicles were similar
(Table 1).

TABLE 1. Noise Emitted by Siren of Audible
Warning Device by Vehicle (dB)

Vehicle LAeqT Lc peak Lamax

1 104 115 108

2 106 116 108

3 108 117 112

4 108 118 112
Notes. L poq1 = €quivalent A-weighted sound pressure

level over duration T, Lcpeak = Peak C-weighted
sound pressure level, L 5., = maximum A-weighted
sound pressure level; vehicle 1, 2 = van, vehicle 3,
4 =car.

A further analysis involved the values of SPL
versus the distance from the emergency vehicle.
Measurements were taken along the axis of the
vehicle at selected distances from the front of the
vehicle (Table 2). Due to the different height of
the vehicles, the height at which the siren was
located was the basic difference that affected the
acoustic parameters of the generated audible
warning signal. The siren of vehicle 2 (van) was
placed at a height of 2.6 m, the siren of vehicle 3
(car) at a height of 0.6 m.

The analysis included measuring the directivity
of audible warning signals emitted by the siren of
vehicle 2, in which the siren was located in the
roof lightbar. Measurements were taken on a hor-
izontal plane at the height of the lightbar, 2.6 m
above the ground (Table 3). Figure 1 shows

measuring points (P1-P8) placed 1 m from the
vehicle. The measuring points were selected tak-
ing into account available area. The analysis of
the results showed that the tested emergency
vehicle sirens were almost omnidirectional, with
a slight (~3 dB) emphasis on the direction of
movement of the emergency vehicle.

Analysing noise emitted by a siren of an emer-
gency vehicle also involved measuring its fre-
quency characteristics. Figures 2—-3 show the
results of measuring SPL in one-third-octave
bands for vehicles 1 (van) and 3 (car) with the
siren located in the engine compartment. In both
cases, the measurements were taken at a stand-
still, 5 m from the front of the vehicle, at a
height of 1.5 m. The spectra of signals emitted
by both vehicles had very similar distribution,
and most of the energy was concentrated in the
frequency range from 630 to 2000 Hz. The
measurements showed that SPLs of signals
emitted by sirens of audible warning devices
from a number of manufacturers were similar.

TABLE 3. Noise Emitted by Siren of Audible
Warning Device by Direction (Vehicle 2) (dB)

Point? LAeqT LCpeak L pmax
P1 114 127 119
P2 116 126 119
P3 111 123 116
P4 104 115 108
P5 98 111 101
P6 98 110 102
P7 104 116 110
P8 113 123 117

Notes. a = for location of measurement points, see
Figure 1; L p¢q7 = €quivalent A-weighted sound
pressure level over duration T, Lo = Peak
C-weighted sound pressure level, L 5., = maximum
A-weighted sound pressure level; vehicle 2 = van.

TABLE 2. Noise Emitted by Siren of Audible Warning Device by Distance From Vehicle (dB)

Vehicle 2 Vehicle 3
Distance (m) LAeqT LCpeak L pmax LAeqT LCpeak L pmax
1 114 127 119 111 118 113
10 110 122 115 101 112 102
20 105 116 110 97 108 98
30 101 111 105 93 103 95

Notes. L eqT = equivalent A-weighted sound pressure level over duration T, Ls
ﬁevel, L pmax = maximum A-weighted sound pressure level; vehicle 2 ='van, vehicle 3 = car.

pressure

ak = beak C-weighted sound

JOSE 2014, Vol. 20, No. 3
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Figure 1. Location of measuring points around an emergency vehicle. Notes. P1-P8 = measurement
points, S = siren.
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Figure 2. One-third-octave-band sound pressure level (SPL) of warning signal; vehicle 1 (van).
Notes. L peax = Peak C-weighted sound pressure level, L ppy,y = maximum A-weighted sound pressure
level, L pqqT = €quivalent A-weighted sound pressure level over duration T.
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Figure 3. One-third-octave-band sound pressure level (SPL) of warning signal; vehicle 3 (car).
Notes. L peqr = Peak C-weighted sound pressure level, L amay = maximum A-weighted sound pressure
level, L pqq7 = €quivalent A-weighted sound pressure level over duration T.
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Slight differences in the levels of the emitted
audible signal and their spectral distribution
resulted from the different structure of the elec-
tro-acoustic transducers used, different methods
of mounting sirens and various methods of gener-
ating the signal.

4. SPL OF SIGNALS INSIDE
VEHICLES

While for road users an audible warning signal is
useful and its A-weighted SPL is acceptable, the
the emergency vehicle crew may find it annoy-
ing. According to Morzyrnski and Gérski,
A-weighted SPLs inside an authorized emergency
vehicle with an enabled siren can exceed 90 dB,
which has an adverse impact on the working con-
ditions of the driver and the crew; in extreme
cases, it can lead to hearing loss [9].

Table 4 shows the results of measurements of
Le peake Lamax and the daily noise exposure level
(Ley gn)- The values of cheak, Lp pax and L, g
and measurement methods were selected in
accordance with the relevant regulations [10, 11,
13]. L, g, was determined for a 55-min operation
of an audible warning device during an 8-h work-
day, avoiding exposure to noise from other
sources. Measurements were taken when vehi-
cle 2 was driving on a 2-km-long flat road of
smooth asphalt (a) at 60 km/h, (b) at 120 km/h
and (c) accelerating from 60 to 120 km/h (*“varia-
ble speed” in Table 4), with the audible warning
device both disabled and enabled. A Svan 948
four-channel sound and vibration meter and ana-
lyser (Svantek, Poland) was used. Table 4 shows
that an enabled audible warning device, whose
signal is the main component of noise in the vehi-
cle, raised L, g, by ~25 dB. The lower the speed,
the higher was the increase. This relationship is
critical for emergency vehicles moving in heavy
traffic. In none of the cases, were LCpeak and
L 1ax €Xceeded. Under Polish law, these values
are setat L .. =115 dB and Lepeax = 135 dB
[10]. However, when driving for over 2.5 h with
the audible warning device enabled, it is possible
to exceed L, g, of 85 dB [9]. Situations like that
are exceptional, though; they will happen if, e.g.,
there is a natural disaster, which makes them

unlikely in the context of the emergency vehicle
crew’s exposure to noise. However, it is possible
that L, ¢
80 dB [11]. If the average travel time of an emer-
gency vehicle crew with an enabled audible
warning signal is ~60 min, L., g, exceeds 80 dB.
The employer should then implement measures

h, Will exceed the action limit value of

to reduce exposure to noise.

TABLE 4. Noise Emitted by Siren of Audible
Warning Device Inside Vehicle 2, Privileged
Passage (dB)

Measurement Conditions

speed (km/h) siren LCpeak Lamax  Lexsh

variable disabled 110 67 56
60 disabled 101 64 54
120 disabled 110 75 62
variable enabled 112 91 80
60 enabled 110 89 79
120 enabled 111 92 81

Notes. L ¢ peq = Peak C-weighted sound pressure level,
x = maximum A-weighted sound pressure level,
L oy gn = daily noise exposure level; vehicle 2 = van.

Currently, there is no specific legislation on an
admissible SPL for noise inside emergency vehi-
cles. Standard No. EN 1789:2007+A1:2010,
which discusses noise inside an on-road ambu-
lance, does not require noise emitted by an emer-
gency vehicle siren to be measured [12]. It should
be noted that during a rescue operation, great
concentration is required of the driver as are good
verbal communication with the crew and the
emergency centre or rescue co-ordination centre.
That is why, in determining the driver’s and the
crew’s limits of occupational exposure to noise,
Standard No. PN-N-01307:1994 should be con-
sidered as it defines noise limits in the context of
the ability to work, i.e., values that are used as a
criterion for noise annoyance [13]. Following an
analysis of these requirements, the equivalent
A-weighted SPL of 65 dB is proposed as the limit
value of noise for drivers of emergency vehicles.
As previously mentioned, fitting the siren of the
audible warning device in the engine compartment
is a common solution aimed at reducing noise
exposure of the driver and the crew. In the van, the
siren was in the lightbar on the roof of the vehicle;
in the car, it was in the engine compartment.

JOSE 2014, Vol. 20, No. 3
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The measurements were taken inside the vehi-
cles, parked in a car park, with a Svan 948 four-
channel sound and vibration meter and analyser
(Svantek, Poland). The measurements were taken
10 cm from the driver’s ear [13]. Table 5 shows
that changing the location of the siren can reduce
SPLs by ~10 dB.

TABLE 5. Sound Pressure Level of Siren by
Location of Audible Warning Device (dB)

Location LAeqT Lc peak Lpmax
Lightbar on roof 87 99 88
Engine compartment 76 88 84
Notes. L po,1 = €quivalent A-weighted sound pressure

level over duration T, Lgpeak = Peak C-weighted
sound pressure level, L 5 a4y = maximum A-weighted
sound pressure level.

5. SIMULATION TESTS

In addition to great improvement in acoustic
comfort, a change in the location of the siren
impacts the audibility of emergency vehicle
warnings in traffic, thus affecting safety. Accord-
ing to Table 1, SPLs of audible warnings outside
the vehicle were similar when the siren was on
the roof and in the engine compartment. How-
ever, these values were measured in the open,
without any obstacles in the propagation of the
signal.

In the case of emergency vans, moving the
siren from the roof to the engine compartment
results in the siren being located ~2 m lower (a
change from ~2.6 to ~0.6 m). Such low location
of the siren may result in much reduced SPLs of
the audible warning signal reaching other road
users, especially if surrounding cars acoustically
shield the emergency vehicle. This situation was
modelled with CadnaA version 3.5.115 (32 bit)
software ' for calculating and assessing the distri-
bution of SPLs in the environment. Figure 4
shows the results of simulation tests of SPLs of
audible warning signals. The signal frequency in
those figures is the lower one of the wail signal
(800 Hz). From the whole frequency bandwidth
of the audible warning signal, this frequency has
the lowest sensitivity to acoustic shielding.

! http://www.datakustik.com/en/products/cadnaa
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A hypothetical situation was modelled. An
emergency vehicle (dark rectangle in Figure 4) of
the size of an ambulance was moving on a two-
way road in a high-rise development area
(striped). Another vehicle, of the same dimen-
sions (white rectangle in Figure 4) was moving in
front of it. The edge of the road is indicated. All
measurement points were located at a height of
1.5 m, outside the vehicles. Measurement point A
was 1 m from the vehicle; the other points were at
the following distances: B 20 m, C 40 m, D 60 m,
E 80 m along the axis of the movement of the
emergency vehicle. Points F and G were located
~20 m from the intersection, on the street cross-
ing the one on which the emergency vehicle was
moving.

In both cases, i.e., when the sirens of emer-
gency vehicles was located in an engine compart-
ment and in the lightbar on the roof, at point A,
the SPL was practically the same (~111 dB).
However, at points B and C, the difference in
SPL was 6 and 8 dB, respectively. At point E, the
difference was ~9 dB. The differences between
SPLs at points F and G were minute; therefore,
they were not considered. The situation was criti-
cal at the intersection of the two streets (point D),
where SPL differed by 10 dB. As the analysed
frequency has the lowest sensitivity to acoustic
shielding, the differences for the other frequen-
cies will be greater.

The estimated SPL of the audible warning sig-
nal at the intersection was ~76 and ~86 dB for the
siren in the engine compartment and in the roof
lightbar, respectively. Assuming the background
noise level to be ~70 dB, which is not much, the
audibility of the warning to other road users at
point D was estimated. According to an equation
in Standard No. ISO 7731:2003, a warning is
audible if its level is 15 dB higher than that of
background noise [14]. This dependence is satis-
fied only if the siren is located on the roof of the
emergency vehicle. In the other case, the emer-
gency vehicle is likely to be audible when it is
~20 m away from the intersection. Braking dis-
tance at 60 km/h on dry asphalt is ~18.5 m. If the
response times of the driver and of the braking
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Figure 4. Results of simulation tests of sound pressure levels (dB) of audible warning signals
generated by sirens of emergency vehicles located (a) in an engine compartment at 0.6 m, (b) in
the lightbar on the roof at 2.6 m. Notes. A, B, C, D, E = measurement points 1, 20, 40, 60, 80 m from
vehicle along the axis of the movement of the vehicle, respectively; F, G = measurement points ~20 m from
the intersection, on the street crossing the street on which emergency vehicle is moving; dark rectangle

= emergency vehicle, white rectangle = a vehicle the same size as the emergency vehicle; striped area

= high-rise development area.

system are considered, this distance is ~40 m,
which is much too far for a road user to hear the
emergency vehicle. Given current sound insula-
tion of vehicles and the fact that the audibility of
an emergency vehicle warning can be further
reduced by the radio and air conditioning, SPLs
generated by the emergency warning are in both
cases too low. Solomon’s results confirm this: in
a vehicle moving at 60 km/h (with the radio and
air conditioning turned off), an emergency vehi-
cle warning is audible at ~100 m [15]. When the
radio and air conditioning are turned on in the
car, this distance is reduced to under 15 m.

6. SUMMARY

This paper demonstrates that A-weighted SPLs
emitted by sirens of audible warning devices are
not the same, with their values within the range of

104-108 dB. The differences in SPLs of the emit-
ted audible signal and their spectral distribution
result from the different structure of electro-
acoustic transducers, and various methods of
mounting the siren and of generating audible sig-
nals. A-weighted SPLs of a signal measured
inside emergency vehicles can exceed 90 dB.
Such high SPLs adversely affect the working
conditions of the emergency crew and of the
driver, in particular. That is why, it is necessary
to reduce drivers’ exposure to noise. Fitting the
siren in the engine compartment rather than in the
roof lightbar is a common solution to reduce
exposure of the crew to noise. However, even
though acoustic comfort improves, moving the
location of the siren impacts the audibility of
warnings in traffic. In light of the simulation tests
this paper presents, moving the siren is wrong
and, in extreme conditions, it can make the warn-
ing inaudible, thus reducing the safety of the

JOSE 2014, Vol. 20, No. 3
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vehicle. Therefore, it is necessary to look for
innovative methods of reducing exposure to noise
of emergency vehicle crews, e.g., active noise

reduction methods, modifying the directivity of
the emitted audible warning or using adaptive
control of SPLs of emitted warnings [9, 16].
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