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Although most research related to urban noise exposure, refers mainly to transportation noise, epidemi-
ological research has already demonstrated the risks of leisure noise exposure, including fireworks, on
children, the youth, and young adults thus denoting the need for further investigation. Cumulatively,
the general population living near an event’s location can also feel disturbed by this type of noise. This
study investigated the noise produced by fireworks at events not yet evaluated, indicating the need for
better noise management by the organizers, as well as a revision of the recent European Directive in
addressing exposure limits for children. The objective of this study was to evaluate the noise exposure
of the population of Northern Portugal during fireworks at festivals and pilgrimages. With that purpose,
measurements and questionnaires were conducted at 27 non-pyromusical and pyromusical events.
Events considered to be the largest or the most traditional events which occur annually in the
Northern Region of Portugal. The measurement equipment was a type 1 sound level meter, from
01 dB, positioned at the most exposed point, meaning, the area where the population was closest to
the fireworks. The measurement time lasted for the entire duration of the firework explosions. The
LAeq, LAmin, LAmax values, as well as the statistical indicators, LA90, LA50, and LA10, were determined with
an impulsive response. The results showed that in 72% of the evaluated events, the exposure level
exceeded 120 dB (A, imp), the limit- value defined by the Directive 2013/29 UE. The average LAmax, CI
95% value, for the exposed population when assisting those events, ranged between 121 and 125
120 dB (A, imp). Hypothesis tests performed for this sample, at a significance level of 5%, demonstrated
that there is no significant difference between the average exposure for both types of events, non-
pyromusical and pyromusical. Considering that these noise levels can induce hearing impairment this
study demonstrated the need for noise control measures for the people attending these types of events.
Suggested solutions highlight the following safety measures: the use of quiet fireworks, the reduction of
music volume at pyromusical events, changes to the public’s position and an implementation of public
sessions in order to raise the population’s awareness about harmful noise effects, particularly for groups
that are more sensitive to noise.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

In the past three decades, several cities in Europe have been
affected by recreational noise, mainly in city centers. Noise of
recreational origin has been sparingly investigated and has not
even been mentioned in the EEA Report, Noise in Europe 2014. In
this report environmental noise is defined as ‘‘unwanted or harm-
ful outdoor sound created by human activities, including noise
emitted by means of transport, road traffic, rail traffic, air traffic
and from sites of industrial activity” [1–3].

Festivals, pilgrimages, and fireworks are part of the Portuguese
culture just as they are in a number of other countries. Currently, in
Portugal there are>14,000 catalogued events [4]. It was possible to
recognize, even with all the restrictions demanded by the present
COVID-19 virus, that such events are a major instrument in
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enhancing economic development; a significant source of revenue,
and a touristic attraction locally, regionally, and even at national
level.

According to the size and duration of the event, which can range
from a weekend to a month of festivities, visitor numbers can reach
one million and it is common to see the presence of tourists from
other Portuguese cities and from other countries. Some of these
events have existed since the end of the fourteenth century. Most
of them, about 5500 of the 14,000 events, occur in the northern
part of the country [4].

One of the highlights of these events is the fireworks, with their
colors and sounds which provide joy and fun for the population.
The visitors appreciate the enchantment produced by the fire-
works. In general, when mixed with music, the fireworks provide
an air of rare beauty and harmony, where the sacred and the pro-
fane mix. These fireworks, used for the entertainment of people,
produce noise that, depending on its intensity, and even without
being noticed, can cause severe hearing damage to those who are
there. All for the sole purpose of amusement. Many times, they
are also referred to as a source of annoyance to the surrounding
community and for domestic animals, thus being a threat to the
overall sustainability of the event. On the other hand, at most
events, the exposure to firework noise, follows exposure to high-
intensity noise from musical shows or exposure to noise from
sound systems in amusement areas. The presence of many young
people, exposed to intense noise, potentially increases the burden
of noise exposure.

Fireworks commonly used during celebrations, express the fes-
tive mood with their sound, brightness, and sudden bursts of col-
ours. However, since the early 1990s, epidemiological studies
have indicated that leisure noise poses substantial danger, espe-
cially for children, adolescents, and young adults. It can eventually
result in irreversible hearing loss, mainly due to long exposure to
very noisy toys, fireworks or electronically amplified music such
as in discotheques or at concerts [5,6].

Noise from fireworks is considered impulsive noise and the
effects on human hearing are particularly more aggressive than
other types of noise, since a single exposure can, instantaneously,
damage hearing [7,8].

Auditory effects of noise, in particular, Noise-Induced Hearing
Loss (NIHL) and tinnitus, can be induced by a single exposure to
an intense impulse sound (such as a sudden loud blast sound) or
by a chronic exposure with sound pressure levels (SPL) equal to
or higher than 75–85 dB(A) (e.g., daily exposure with heavy con-
struction equipment noise) [9].

Fireworks can produce noise peaks of about 160 dB(A), which
have the potential to cause a rupture of the tympanic membrane
[10]. Some authors refer to values between 145 and 160 dB(A), at
2 m distance or less [11]., and others, to sound levels of 190 dB
(A) [12]. The tympanic membrane is an essential component of
the tympanum-ossicular system for sound transmission. If a noise
from an explosion punctures the eardrum, the victim may hear a
buzzing sound for days, feel fullness, dizziness, suffer from head-
aches, as well as sensorineural (temporary or permanent) hearing
loss. If a perforation of the tympanum becomes infected then hear-
ing loss may worsen [13,14].

In order to investigate the occurrence of acoustic trauma due to
exposure to fireworks noise during New Year festivities, research
was carried out in 562 centers in Germany, including the otorhino-
laryngology departments of 31 university hospitals and 87 city
hospitals. As well as a random sample of specialized private otorhi-
nolaryngology clinics (n = 444). This study showed the existence of
an extremely high number of cases of inner and middle ear damage
resulting from New Year’s fireworks, and these affect all ages,
groups, and both sexes. There was a preponderance of children,
adolescents, and male adults, especially young adults. Approxi-
2

mately 8000 people were acoustically traumatized by New Year’s
Eve fireworks in that country [15].

The Department of Otorhinolaryngology at the University of Tel
Aviv has analyzed acoustic trauma in 53 children, between the
ages of 4 and 14 that were exposed to impulsive noise produced
by toy guns and fireworks. The results showed that thirty-nine
children were affected unilaterally, while fourteen presented bilat-
eral hearing loss (from 67 ears tested). Most hearing loss (>70%)
was high frequency sensorineural, while nine of the 67 injured ears
had sensorineural hearing loss at medium frequencies. Seven chil-
dren underwent a traumatic perforation of the tympanic mem-
brane. Dizziness or tinnitus was reported by twenty children.
After six months of follow-up, 15% of the children had returned
to normal hearing, while 85% still had mild hearing loss [16].

In Poland, a study in the city of Kraków was carried out during
the 2016 and 2017 New Year festivities. The study assessed noise
from fireworks. This study found high levels of firework noise
and suggested the adoption of noise control actions both for the
professionals involved, and for the people present at the events
[17].

According to Maassen M et al. [5], this type of leisure noise can
cause damage to the ear due to the following reasons:

� Exposure to impulsive noise presents a higher level of risk to
human health than exposure to continuous noise.

� The subjective intensity of impulsive noise, due to its short
duration, does not correspond to the peak level.

� In leisure activities, almost no attention is given to the possible
harmful effects produced by such exposure, since these noises
are associated with a positive experience such as joy and the
beauty produced by the explosion of fireworks.

In 1999WHO revised the suggested exposure limits to the noise
produced by fireworks. These limits intend to avoid such critical
health effects, like hearing impairment, for adults and children,
respectively, at peak noise values of 140 dB(C) and 120 dB(C), eval-
uated at 0,1 m from the ear [18]. In 2004, the UK adopted a noise
pollution policy that resulted in the prohibition of fireworks from
11 pm to 7am. The exceptions are the Chinese New Year
party, Diwali, New Year, and Bonfire Night. However, for
all types of events, the use of fireworks that produce a sound
level above 120 dB (A, imp), at 15 m from the source, are not
permitted [19]

In India, with the aim to protect the elderly and sick, studies
were conducted to reduce the noise produced by fireworks to the
legal standards of sound levels established since 2005, which is
125 dB(A), at 4 m away. Efforts have been made to revise the
chemical composition of explosives and obtain a result that com-
plies with the legislation and does not diminish the beauty of the
fireworks [20]. A Pollution Control Council seeks to guarantee the
Constitutional Right to live in an environment free from noise pol-
lution, and there is a ban on fireworks from 10:00 pm to 6:00 am
[21].

In Portugal in 2007, the Public Security Police [22], following
Directive 2007/23/EU of the European Parliament and of the Coun-
cil [23]., issued instructions on the use of pyrotechnic articles, like
fireworks, classifying them as type F1, F2, and F3. That label
required minimum safety distances of 1 m, 8 m, or 15 m for their
use. Additionally, the maximum sound level produced by fireworks
must not exceed 120 dB (A, imp), or an equivalent sound level
measured by another suitable method at a safe distance.

In 2013, the European Union, in view of the problems related to
the use of fireworks, published the Directive 2013/29 / EU
of the European Parliament and of the Council, which adopted
the same classification and exposure criteria as those required in
Portugal [24].
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Apart from auditory effects, non-auditory effects are also rele-
vant in the context of environmental noise. Human and animals
both suffer from excessive noise, including stress, which can gen-
erate a series of adverse health effects for both [9,25–27]- The
stress during either period caused HPA-axis hyperactivity, lower
performance in all cognitive and motor tasks, a reduction of size
in the hippocampal formation, mPFC, and amygdala, and a reduced
neuronal density in the mPFC and dentate gyrus (DG) [28]. Recent
studies indicate an increased risk of diabetes mellitus associated
with excessive noise exposure [29].

The response that shows the highest prevalence in relation to
the existence of environmental noise is annoyance. Annoyance
contributes substantially to the burden of disease produced by this
agent. This effect, which is characterized by irritation, can result
from noise by interfering with daily activities, feelings, thoughts,
sleep or rest, and can be accompanied by negative responses, such
as: anger, disgust, fatigue, and stress-related symptoms [30,31].

Annoyance caused by excessive noise is induced by three fac-
tors: noise level, context, and the individual. In fact, reducing
sound pressure level does not necessarily reduce noise annoyance
since the context and personal characteristics are variables that are
not controlled by the technical measures adopted for noise control.
Regarding the context, many factors such as the time of day, the
location, the nature of the source, an internal or external environ-
ment, at work or at home, and any type of activity (working, lei-
sure, studying, relaxing or sleeping), can all directly interfere
with noise annoyance. Individual factors include age, proximity
to the source, individual sensitivity, and attitudes towards the
source. All of these directly influence noise annoyance [32].

Noise annoyance caused by noisy events in the surrounding
community is a relevant aspect that must be considered for the
establishment of public policies when it comes to noise exposure
from fireworks.

Environmental factors have recently been considered as possi-
ble risk factors for the population in relation to Alzheimer’s disease
(AD) [33]. Noise appears to be a risk factor for cardiovascular dis-
ease, associated with an increased risk of vascular dementia and
Alzheimer’s disease [34]. It seems likely that noise may play a role
in the mechanistic path of Alzheimer’s disease pathology [35].
According to OECD [36]., Portugal ranks fourth in the world rank-
ing for dementia, behind only Japan, Italy, and Germany. It is esti-
mated that about 5,91% of the population of Portugal, above
60 years old, suffer from this disease [37]. Dementia is the clinical
expression of several pathological entities. Alzheimer’s disease
(AD) is the most prevalent, accounting for 50 to 70% of cases
[37]. Since the number of people with this disease is high, identify-
ing and understanding the risk factors for AD development is rele-
vant [35]. It is not difficult to see why people who suffer from
dementia are easily stressed by firework noise. They simply no
longer recognize this type of noise as they did before the disease
developed.

The annoyance produced by the noise becomes even more
aggravating for people suffering from Post-Traumatic Stress Disor-
der (PTSD). This disorder can develop when a person has been
exposed to one or more tragic events, such as: violence, disasters,
severe accidents, or military actions [38]. Portugal has veterans
of Colonial wars and the Afghanistan conflict for military personnel
who suffer from post-traumatic stress disorder due to having par-
ticipated in wars, the explosion of fireworks can generate memo-
ries of explosions, bombs, and weapons. Some become alarmed
to the point of panic, irritability, or even outbursts of anger. Among
the symptoms reported by Portuguese ex-combatants of the so-
called Colonial War, about 48% answered that they became more
nervous, or more easily fearful of noises or movements. More
recently, a study from the University of Minho revealed that about
3

11% of the military personnel who were in the Afghanistan War
had PTSD symptoms [39,40].

2. Materials and methods

2.1. Characterization of the research area

Festivals and popular pilgrimages in Portugal take place
throughout the country and 14,282 of them are registered. Most
events occur in summer with about 6900 events, followed by
spring, with just over 4100, and the rest during autumn and win-
ter. In relation to months, the highest numbers occur in the month
of August, with a total of 3600 events, followed by the month of
June, with 2000, and then the months of July and September, with
1500 events each and, finally, the month of May, with 1000. Data
collection took place in the Northern region of Portugal, because
it holds the largest number of events in the country. About 38%
of the events take place in the region of interest of this research.
The North region of Portugal consists of 5 districts: Braga, Bra-
gança, Porto, Viana do Castelo, Vila Real, and parts of the districts
of Aveiro and Viseu.

2.2. Evaluation of the sound pressure level

The research was carried out on 27 non-pyromusical and pyro-
musical events in all districts of Northern Portugal. For the noise
evaluation, the sound level meter 01 dB type, was used with a mea-
suring range of 40 to 140 dB. It was positioned at the point where
the public were as closes as possible to the fireworks as permitted
by either the police authority or event organizers. The distance
between the public and the places where the fireworks are posi-
tioned (Fig. 1), varies according to each situation. Fireworks can
be installed on firm ground or on boats on the riverbed.

Fig. 2 shows a map of the northern region of Portugal where the
municipalities are indicated, indicated by arrows, in which the
noise assessments occurred.

The selection of these locations was based on the following
parameters:

- Evaluation of the noise produced by fireworks in the most
important festivals; at the most popular pilgrimages in the
North of Portugal; in each capital of each district of the region:
occurring from May to September.

- When it was not possible to evaluate the most important
events, due to coincidence of dates, the second most important
one was chosen, so that all the districts in the north of Portugal
had at least one event evaluated. This was the case, for example,
in the District of Braga, where a traditional event was evaluated
in the first capital of Portugal, the city of Guimarães.

- The cost-benefit of the evaluation of the event, which led to a
greater number of event evaluations in the so-called Greater
Porto region.

- Climatic conditions that occasionally prevented the assessment.

Table 1 shows the districts, municipalities, measurement time,
type of show, and estimated distance of evaluation between the
population and firework blast points. The sample consists of 27
observations, 19 with fireworks (non-pyromusical) events, and 8
pyromusical events.

2.3. Hypothesis tests

To objectively verify if the LAeq and LAmax values exceeded the
exposure value adopted by Portugal and the European Union the
t-test for a sample was applied. It was also verified for sample to



Fig. 1. Fireworks noise assessment scheme.

Fig. 2. Map of the northern region of Portugal showing the municipalities that had events evaluated.
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see if there was a difference between the intensity of exposure for
pyromusical and non-pyromusical shows. In this case, Student’s t-
test for independent samples was applied.
3. Results

3.1. Evaluation of the sound pressure level

Table 2 shows the results of LAeq, LAmin, LAmax, the statistical
indices LA90, LA50, and LA10 for impulsive noise and peak level.
The LAmax indicator is associated with discomfort related to the
harmful effects produced by an events sound. It is used to evaluate
maximum sound levels during the period of evaluation.

The statistical indices Ln represent the sound pressure level
exceeded for n percent of the measurement time. In other words,
for n percent of the time, fluctuations in sound pressure levels
were greater than the Ln level. The LA10 is the level exceeded by
10% of the measurement time. For 10% of the time, sound or noise
has a sound pressure level above the value of LA10. For the rest of
the time, sound or noise has a sound pressure level equal to or less
than LA10. This indicator represents, with good probability, the
4

level of sound pressure referring to sporadic or intermittent events.
The LA50 is the level exceeded by 50% of the measurement time. It
indicates, statistically, the midpoint of the noise readings. This rep-
resents an average of the fluctuating noise levels. The LA90 is the
level exceeded by 90% of the measurement time. For 90% of the
time, noise levels were above this level. For practical purposes,
and when adopting statistical techniques, the LA90 is considered
as background or residual noise level.

The peak level was used here to compare the noise exposure
patterns of fireworks with values established by the World Health
Organization.

Table 3 shows the mean values, standard deviation, coefficient
of variation, minimum and maximum values of LAeq, LAmin, LAmax,
LA90, LA50, LA10 for impulsive noise, the error, and the lower and
upper confidence interval for a confidence level (CI) of 95%.
3.2. Hypothesis tests

For LAeq and LAmax values were found to have a normal distribu-
tion since the value p (>0.200 for both) is>5%. In this way, it was
possible to apply the Student t-test for a sample. Table 4 below



Table 1
Districts, municipalities, measurement time, type of show, and estimated distance of evaluation.

District City T(min) Type D(m)

Aveiro Arouca 11 pyromusical 20
Espinho 20 pyromusical 150

Braga Guimarães 20 pyromusical 150
Bragança Bragança 14 non-pyromusical 150
Porto Gondomar 20 non-pyromusical 150

Lousada 8 non-pyromusical 150
Lousada 22 non-pyromusical 150
Lousada 14 non-pyromusical 150
Maia 12 non-pyromusical 150
Maia 14 pyromusical 120
Marco de Canaveses 20 Pyromusical 150
Matosinhos 24 non-pyromusical 150
Matosinhos (children’s show) 29 non-pyromusical 20
Paredes 11 non-pyromusical 200
Penafiel 13 non-pyromusical 150
Porto 16 Pyromusical 150
Póvoa de Varzim 13 non-pyromusical 100
Póvoa de Varzim 05 non-pyromusical 100
Póvoa de Varzim 06 non-pyromusical 100
Trofa 16 non-pyromusical 50
Valongo 13 non-pyromusical 150
Valongo 11 non-pyromusical 150
Vila Nova de Gaia 16 Pyromusical 150

V.Castelo Viana do Castelo 12 non-pyromusical 150
Viana do Castelo 23 pyromusical 50

Vila Real Vila Real 46 non-pyromusical 150
Viseu Lamego 15 non-pyromusical 150

Table 2
Results of LAeq, LAmin, LAmax, LA90, LA50, and LA10 for impulsive noise and peak level.

City Type LAeq LAmin LAmax LA90 LA50 LA10 Peak dB(C)

Arouca Pyromusical 109.2 74.3 123 100.1 105.4 110.7 >140
Espinho Pyromusical 103.9 64.9 116.4 84.1 100.2 108.2 137.4
Guimarães Pyromusical 106.4 73.5 127.1 90.9 102.6 108.1 >140
Bragança non-pyromusical 106 63.3 120.1 90.7 104.3 108.8 139.3
Gondomar non-pyromusical 106.8 63.7 124 73.8 98.5 110.6 >140
Lousada non-pyromusical 112.9 67 122.4 107.3 111.6 115.6 >140
Lousada non-pyromusical 113.4 77.8 126.9 97.8 112 116.6 >140
Lousada non-pyromusical 113.3 67.1 122.9 100.3 112.1 116.5 >140
Maia non-pyromusical 98.3 59.9 111.2 69.8 86.8 101.2 135
Maia Pyromusical 107.6 86.8 125.7 96.6 104.6 109.5 >140
Marco de Canaveses Pyromusical 103,5 78,9 123,3 90,8 99,6 105,2 >140
Matosinhos non-pyromusical 110.5 72.5 129.9 91.8 106.3 112.6 >140
Matosinhos non-pyromusical (children’s show) 109.5 72 128 83.2 91.5 105.8 >140
Paredes non-pyromusical 108,5 72,9 123 99,9 106,8 110,9 >140
Penafiel non-pyromusical 110.1 95.6 118.1 104.5 108.6 113.1 >140
Porto Pyromusical 104,5 88,7 120,2 98,4 103 106,6 140
Póvoa de Varzim non-pyromusical 112.3 57.1 127.4 91.1 110.9 114.8 >140
Póvoa de Varzim non-pyromusical 110.3 95 121.2 101 109 112.6 >140
Póvoa de Varzim non-pyromusical 110,6 93,5 124,4 105,7 109,2 112,5 >140
Trofa non-pyromusical 111.6 60 127.3 66.1 106.1 114.4 >140
Valongo non-pyromusical 108.6 63.2 126.2 86.1 100 111.2 >140
Valongo non-pyromusical 105.3 69.4 122.5 80.7 95.9 107.5 >140
Viana do Castelo non-pyromusical 106.1 63.5 119.6 71.2 96.4 110.4 >140
Viana do Castelo Pyromusical 99.6 61.1 113.1 80.2 93.9 103.8 136
Vila Nova de Gaia Pyromusical 102 72,4 120,4 82,8 95,4 105,8 139.7
Vila Real non-pyromusical 110.4 65.1 123.7 102.8 108.5 113.3 >140
Lamego non-pyromusical 111.7 63.2 128.1 90.7 106.7 113 >140

Table 3
Statistic of the evaluated parameters.

Cl 95%

N Average Standart deviation Coefficient of variation Minimum Maximum Error Lower Upper

LAeq 27 107.88 4,05 3.75% 98.3 113,4 0.8 106.28 109.49
LAmin 27 71.94 11.25 15.61% 57.1 95.6 2.16 67.49 76.39
LAmax 27 122,82 4,52 3.7% 111 130 0.87 121.30 124.6
LA90 27 90.31 11.52 12.75% 66.1 107.3 2.22 85.7 94.9
LA50 27 103.18 6.71 6.5% 86.8 112.1 1.29 100.5 105.8
LA10 27 110.34 3,96 3.58% 101.2 116.6 0.76 108.8 111.9
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Fig. 3. Comparing the average values of LAeq and LAmax with the reference value
of 120 dB (A, imp).
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shows the descriptive statistics and tests t for a sample where a
comparison was made between the average LAeq and LAmax values
and the reference value of 120 dB (A, imp).

Fig. 3 shows a graph comparing the average values of LAeq and
LAmax with the reference value of 120 dB (A, imp).

The assumption of normality was found for both non-
pyromusical and pyromusical qualitative variables since all the test
values are higher than 5% (table 5). Therefore, the null hypothesis
is not rejected, and the Student’s t-parametric test can be used, for
two independent samples.

Table 6 shows the result of the Student’s t-test where it can be
seen that the p-value for LAeq variable is less than 5% while the
LAmax variable is greater than 5%.

Fig. 4 shows the relationship between the average values of LAeq
and LAmax and the events (pyromusical and non-pyromusical).

Last but not least, attention should be paid to the exposure lim-
its laid down in the 2013 European Directive, which sets the limit
at 120 dB (A, imp.) For the whole population, if we compare this
value with that established by WHO of 120 dB (C) for children,
we will verify that in an analysis of the accumulated distribution
of noise intensity (when we use the European standard) we will
observe for all the investigated cases, that values above 120 dB
(A, imp.) are rare and sometimes practically non-existent. How-
ever, if we adopt the WHO standard of 120 dB (C), we will verify
that above this value, for all cases analyzed, we will still have high
levels of exposure, which is a serious public health problem. Espe-
cially, considering that this part of the population (children and
infants) is always present in these events without any kind of
protection.

Fig. 5 shows the result of the cumulative distribution of noise
produced by the´́fireworks of the feast́́ in the municipality of Vila
Real (Mouçós). On the left side of the figure, we see the exposure
considering the impulse weighting, as recommended by the Euro-
pean directive (120 dB (A), imp.). On the right side is the exposure
taking into consideration the limit for WHO regarding children
(120 dB (C)). It is noted that if we adopt the European Union stan-
dard, we will have the impression of non- exposure above the
threshold, whereas if we use the WHO standard, we will be sure
that there is exposure above the threshold. That is if we adopt
the limit of 120 dB (A, imp.) we can reach the conclusion that there
is no exposure to noise above this limit for any individual of the
public yet when adopting the value of 120 dB (C), we will see that
at least one group considered vulnerable by the WHO, is exposed
to high levels. This may generate the feeling of a falseness of safety
in relation to the environmental noise agent for the case of the fire-
works display. Therefore, it is more advisable to adopt the WHO
limit that avoids generating a false negative exposure. This result
was repeated in all other evaluated events.
4. Discussion

In the sample, the LAeq has an average value of 107.8 dB(A), with
a dispersion of values of 4.05%, the minimum andmaximum values
being, respectively, 98.3 dB(A) and 113.4 dB(A); The LAmax has an
average value of 122.8 dB(A), with a dispersion of values of 4.5%,
the minimum and maximum values being, respectively, 111 dB
(A) and 130 dB(A). It can be observed that for the sample, about
Table 4
Descriptive statistics and tests t for a sample for LAeq and LAmax.

N Average Standard dev

LAeq 27 107.88 4,05
LAmax 27 122,82 4,52

* Significant difference for p < 0.05 ** significant difference for p < 0.01
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78% of events exceed the limit of 120 dB (A, imp) determined by
the Public Security Police of Portugal and proposed by the Euro-
pean Union for its Member States.

On the other hand, in about 78% of the evaluated events the
population is exposed to peak values above 140 dB(C) and 100%
of them are exposed to peak values above the 120 dB(C) exposure
limits by WHO. The minimum value found was 135 dB (C). The
minimum peak level values, except for the maximum intense
value, exceeded the maximum values found in shooting exercises
with a Heavy Machine Gun (HMG) on the military ship HMS
Grimsby. The HMG, is a 12.7 mm caliber (0.50 in.) weapon type
L111A1. These values were, according to the place evaluated,
160.7 dB(C) (bridge wing) (value not exceeded), 122.7 dB(C) (star-
board door), 117.0 dB(C) (port door) e 112.0 dB(C)(centre) [40].

The results of this investigation also showed that the LAmax val-
ues, for the most part, were greater than those produced by teams
that operate heavy war weapons, such as Tanks -T72, Anti-tanks
type PPKMALUTKA and 73 mm gun on BWP-1. Impact noise values
found were higher than those produced by the operation teams of
the PPK MALUTKA anti-tank gun unit and comparable to those of
the T-72 tank (Młynski R. et al.,2018). During a military exercise,
27 soldiers suffered an emergency due to acute trauma due to
impact noise, resulting in hospitalization. All had hearing loss in
the 4 Hz range. After a period of treatment, 11 still had tinnitus
[8]. By comparing these results, we can say that the public that
attend events with noise as or more intense than heavy weapons
of war have a high risk of hearing damage. In this regard, babies,
children, young people, and young adults, can damage their hear-
ing for the rest of their lives, with consequences such as personal
communication issues, social coexistence problems, and decreased
levels of employability.

Extrapolating to the population of Northern Portugal, consider-
ing a margin of error of 0.87, it is safe to state, with 95% confidence,
that the true LAmax average is in the confidence interval
[121.3;124.6]. For the LAeq value, considering the margin of error
of 0.8, it can be concluded, for the population, that the true average
is in the confidence interval [106.2;109.4].

In the sample statistical indicators show that, 90% of the time,
the people present are exposed to noise with an average value of
90.3 dB (A). 50% of the time, they are exposed tt t to an average
noise of 103.1 dB (A), and that in 10% of the event time this average
value is 110.3 dB (A). Analyzing in a more detailed way, one can
see, for example, that for one of the festivals in the city of Lousada,
which presents the highest values for these indices, the attendees
iation t21 gl p

�15,518 26 ** 0,000
3.238 26 * 0,03



Table 5
K-S test: Verification of the normality of the distribution of LAeq and LAmax values in the two classes (non-pyromusical and pyromusical).

K-S (a)

Statistic gl P

LAeq Non-pyromusical ,187 18 > 0,200
Pyromusical ,136 7 > 0,200

LAmax Non-pyromusical ,169 18 > 0,200
Pyromusical ,226 7 > 0,200

a- Correction of Significance of Lilliefors

Table 6
Result of the Student’s t for LAeq e LAmax.

N Average Standard deviation t20 P

LAeq Non-pyromusical 19 109,27 3,630 3,187 0,04
Pyromusical 8 104,59 3,090

LAmax Non-pyromusical 19 123,52 4,392 1.258 0,220
Pyromusical 8 121,15 4,674

Fig. 4. Relations between the average values of LAeq and LAmax and the events
(pyromusical and non-pyromusical).

R. Silva Passos, Cecília Alexandra Abreu Coelho da Rocha, António Pedro Oliveira de Carvalho et al. Applied Acoustics 181 (2021) 108143
were exposed to, for 11 min, the LA50 of 112 dB (A) and at Vila Real
festival, the largest in terms of exposure time, the public were
exposed for 23 min to the LA50 of 108 dB (A).
Fig. 5. Accumulated distribu
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The hypothesis test for a sample showed that, in the area where
the population attends the show, the average LAeq value is signifi-
cantly lower than 120 dB (A, imp) and the mean LAmax value is sig-
nificantly higher than 120 dB (A, imp). Differences are statistically
significant. Thus, the mean value of LAeq is below 120 (A, imp) for
the population and the mean value of LAmax exceeds the value of
120 (A, imp) for the population, which represents a risk of hearing
impairment for those people who attend this type of event, in par-
ticular for hyposensitive groups such as young adults, children,
infants, and the elderly.

The hypothesis test for two independent samples showed that
in the sample the mean value of LAeq and LAmax is higher for non-
pyromusical events. The observed differences are statistically sig-
nificant for LAeq(p = 0.04). Thus, we can affirm that there is a differ-
ence of exposure in pyromusical and non-pyromusical fireworks,
for LAeq. That is, the mean value of the intensity of the noise pro-
duced by fireworks in non-pyromusical events is significantly
higher than the average noise produced in the pyromusical events.

However, for LAmax (p = 0.220) we cannot affirm that there is a
difference of exposure in pyromusical and non-pyromusical
fireworks.
tion of fireworks noise.
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The fact that the noise of the non-pyromusical show has higher
intensity values than the pyromusical events could be explained by
the variation of the measurement distance, wind speed variations,
and the direction of the wind at the time of measurement. Or, it
may be in the face of a destructive interference case, that is, the
musical sound waves may be ‘‘canceling” the impulse produced
by the fireworks, minimizing the intensity of the overall noise. In
this way, this result must be analyzed with circumspection.

Concerning the analysis of tonal noise, it was verified that in the
sample, 55% of the results presented a difference between two
adjacent frequency bands greater than 5%, characterizing tonal
noise, and therefore, creating a greater disturbance to the sur-
rounding community.

In the case of frequency spectrum analysis, it was found that the
noise produced by fireworks, both in pyromusical and non-
pyromusical events, has low-frequency characteristics. The only
event that presented the highest intensity of noise at the medium
frequency (500 Hz) was the one for children, which also presented
tonal characteristics.

It is well known that low-frequency noise is the least aggressive
but the most difficult to control because it diffracts, overcomes
barriers and starts as a new source. However, in the evaluation of
the risk of exposure to noise intensity it is a very important param-
eter, and in the specific case of events for children, peak values
above 140 dB (C) were recorded, which characterizes a noise with
an intensity well above that recommended by the (WHO) for chil-
dren, in the case of 120 dB (C). Comparing with the European
Union standards (120 dB (imp, A), the LAmax was 128 dB (imp, A)
and therefore not compliant. The LAeq was 109.5 dB (A), which is
still very intense for children’s ears, considering that the exposure
time of this event was 29 min. For 50% of this time, the noise was
91.5 dB (A). It is common in this event that children cry out with
screams and protect their ears when the puppets burst into flames
when pyrophoric material is inserted. Since children are consid-
ered by WHO as part of the vulnerable group for exposure to noise,
children’s events require specific care regarding health and
hearing.

It is important to note that these values were obtained at dis-
tances greater than the minimum permitted, which is 15 m. This
points to a revision of this value or the adoption of other measures
such as: a greater distance from noise sources, reduction of the
time of the explosion of the fireworks, use of individual protection,
modification in the production process, producing fireworks that
emit less intense noise and a modification of the project so it pro-
motes the use of less noisy fireworks.

During the data collection, babies, children, young people and
additionally many pregnant women, and elderly people were
observed. All of which are considered to be vulnerable groups
regarding noise exposure byWHO. In the recently published guide-
lines by the World Health Organization, for the burden of disease
from environmental noise, it was concluded that future epidemio-
logical noise research will need to focus on vulnerable groups such
as children, elderly people, and lower socioeconomic groups [41].
This demonstrates the need to implement an environmental edu-
cation program aimed at educating the population to the risks of
exposure to noise at the evaluated events. It was also observed that
many people, in the final moments of the presentation, when the
noise levels are more intense, cover their ears with the hands
due to the pain caused by the noise produced by the fireworks.
Such a situation is impossible for babies and many kids. It was
not uncommon to find children cuddling adults and crying during
presentations, even during presentations intended for this audi-
ence, such as the trapped type fireworks (Festival and pilgrimages
the city of Matosinhos), made with puppets, but producing a LAmax
8

of 129.9 dB (A, imp) and with peak values greater than 140 dB(C).
One of the authors used four types of different ear protectors dur-
ing the events consisting of two inserts (earplugs), and two ear-
muff types, both approved by the European Community. The 3 M
earmuffs type, with an SNR of 27 dB, prevented the author from
feeling pain in the ears, the same occurred with the other, but
did not present SNR values. The earplugs did not protect the author
from ear pain. This was verified at the party of Guimarães, LAmax of
127.1 dB (A, imp) and peak level > 140 dB(C) and Vila Real, LAmax of
123.7 dB (A, imp) and peak level > 140 dB(C). Future studies should
be carried out in order to verify the effectiveness of the use of such
hearing protection at events with fireworks.
5. Conclusions

The noise levels evaluated show that the entire population of
Northern Portugal, which participates in events like those evalu-
ated, is exposed, on average, to values above the standards adopted
by the Portuguese Police Authority as well as values set by the
recent European Union Directive 2013 / 29. In the sample, it was
verified that at 100% of the events, the exposure limits, set by
WHO for children’s fireworks, were exceeded and that the expo-
sure value for adults was exceeded by 78%. The analysis of the
noise spectrum showed that most of the noise has low-frequency
characteristics and that in 55% of cases it has a tonal characteristic,
which increases the annoyance level for the surrounding popula-
tion. These results indicate that the exposed population may suffer
from irreversible hearing damage, which constitutes a threat to the
sustainability of the events. The results of the cumulative distribu-
tion of the noise produced by the firework display may generate
the feeling of false safety in relation to the environmental noise
agent thus indicating the need for better noise management by
the organizers and a revision of the recent European Directive
especially when addressing exposure limits for children. They fur-
ther demonstrate that having a definite exposure limit is neces-
sary, but not sufficient in avoiding hazardous exposures. As can
be seen, babies, children, young people, and young adults in full
productive phase from an occupational point of view, are exposed
to noise comparable and even superior to heavy war weapons thus
constituting a serious public health problem. All of which has
direct effects on their quality of life and increased health costs
and possibly a reduction in future employability.

It is necessary to establish noise management programs in
these types of events, such as, among others: the right to informa-
tion for the exposed persons, the reduction of the noise intensity,
the use of silent fireworks, the reduction of exposure time, a better
indication as to whether the presence of children should be
allowed at such events, the use of hearing protection, a noise
map of the event and the creation of a certification system for noisy
events. As a suggestion for future research, we put forward inves-
tigating the effects of firework noise on the surrounding popula-
tion, particularly the effects on people more sensitive to noise,
such as babies, children, young, people with AD, PTSD, and Down’s
Syndrome.
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