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Firework noise, generated in short bursts, poses health risks. The objective of the research was
to compare the sound pressure levels generated by fireworks with the World Health
Organization's (WHO) noise guidelines. The methodology employed was the 2020 PRISMA
statement. The bibliographic review was conducted using digital databases such as Scopus,
ScienceDirect, Taylor & Francis, Wiley, and EBSCO. To determine the annual growth of
scientific production, a digital tool was utilized, and data analysis was performed with
Microsoft Office Excel and VOS viewer. The annual growth of scientific production between
1975 and 2022 was 6.47%. The geographical distribution of studies by year and country was
concentrated in 2013 and in India, with 3 and 13 publications, respectively. The festival where
the most sound pressure levels were measured was Diwali, with 8 studies. The author with the
highest number of citations was Overall K., with 161 citations, and the keyword with the
highest number of occurrences was "fireworks" (18 instances). It is concluded that 100% (19)
of the studies exceeded the WHO's desirable upper limit value for outdoor noise. This finding
is concerning because it directly affects people's health. Consequently, governments should

implement strategies to minimize the negative impacts generated by fireworks.

1. INTRODUCTION

Fireworks events, which often occur in an atmosphere of
social or family harmony, can significantly deteriorate air
quality within short periods [1, 2]. The festivals where
fireworks are most frequently used include the Spring Festival
in China, the Diwali festival, and New Year celebrations [2,
3]. Fireworks are low-explosive pyrotechnic devices [4]
utilized in various countries for entertainment during political,
sports, folkloric, and religious events, among others [5-7].
There are two types of fireworks: those that produce bright
lights (luminous fires) and those that emit high-pitched noises
momentarily (firecrackers) [8]. Both types contribute to
atmospheric pollution; explosions generate noise, while the
resulting smoke contains particles and toxic gases [9, 10].

Noise is an unwanted sound perceived in daily life that can
cause harm to the health of people and wildlife, depending on
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its intensity [11, 12]. In this context, fireworks are considered
sources of impulsive or intermittent noise [13, 14], a type of
physical disturbance also known as noise pollution [15].
Prolonged exposure to noise pollution can lead to irreversible
hearing loss [16, 17]. Fireworks can reach noise peaks of 160
dB(A), and cause tympanic membrane rupture [18] as well as
anxiety, hypertension, hearing impairment, myocardial
infarction and depression [7]. The sound pressure level is
measured using a sound level meter with "A" weighting, which
approximates noise perception in the human ear; the unit of
measurement is the decibel (dB) [19, 20]. The World Health
Organization (WHO) recommends a desirable upper noise
limit of 55 dBA for outdoor environments to avoid harm to the
human ear [21, 22].

No research exists that compares the noise generated by
fireworks with the World Health Organization's (WHO)
desirable upper limit value for outdoor noise, nor investigates
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which festivities contribute significantly to the noise problem.
In this context, the following research questions were
established: RQ1: What percentage of studies exceeds the
WHO's desirable outdoor noise upper limit value? RQ2: What
is the distribution of studies by year and country? RQ3: How
has the annual scientific production on noise generated by
fireworks evolved? RQ4: During which festivities were sound
pressure levels measured? The objective of this research is to
compare the sound pressure levels generated by fireworks with
the WHO's desirable outdoor noise upper limit value.

2. MATERIAL AND METHODS

The 2020 PRISMA statement [23] was applied in the
systematic review, which facilitates better preparation,
synthesis and presentation of the study [24].

2.1 Eligibility criteria

The inclusion criteria for the search encompassed: (1)
scientific research articles indexed in Scopus, (2) studies
conducted worldwide, (3) articles published in any language,
and (4) publications available up to July 2023 without year
restrictions.

The exclusion criteria were as follows: (1) duplicate
articles, (2) articles not available via open access, (3) articles
whose title and abstract were not related to the study's
objective, (4) conference papers, reviews, conference reviews,
book chapters, books, letters, notes, and short
communications, and (5) articles that did not meet the
objective of the study.

Records identified from:
Databases (n = 19,668):
Scopus (n=417)
ScienceDirect (n = 4,679)
Taylor & Francis (n = 9,556)
Wiley (n = 4,651)
Ebsco (n = 365)

Identification

2.2 Information sources and search strategy

The information was collected from March 4 to July 25,
2023 in 5 digital databases: Scopus, ScienceDirect, Taylor &
Francis, Wiley and EBSCO (Academic Search Ultimate,
Biological & Agricultural Index Plus, Environment Complete
and GreenFile) (Table 1). Regarding the search strategy, the
following search terms were utilized:

Table 1. Search process

Digital Databases Search Equations
Scopus TITLE-ABS-KEY (fireworks AND noise)
ScienceDirect TITLE-ABS-KEY (pyrotechnics AND noise)
Taylor & Francis TITLE-ABS-KEY (fireworks AND decibels)
Wiley TITLE-ABS-KEY (pyrotechnics AND
decibels) TITLE-ABS-KEY (fireworks AND
"noise pollution") TITLE-ABS-KEY (festival

AND noise)

EBSCO

2.3 Selection and extraction of information

The selection of articles was carried out in groups of 2
authors independently, who reviewed a digital database to
extract the information (authors, title, DOI or link, country
where the research was conducted, measurement equipment,
sound pressure level, festival where it was measured, points
and period of monitoring), disagreements were resolved by all
authors democratically following the eligibility criteria as well
as choosing the articles that contained all the necessary
information. The systematization of the article selection
strategy was carried out using a digital tool that allows the
production of the PRISMA 2020 flow chart [25]. At the
beginning, 19668 articles were identified and with the
application of the exclusion criteria, 19 articles remained for
the review (Figure 1).

Records removed before screening:

Duplicate records (n = 27)
Records removed for other reasons (n = 14)

Records screened
(n =19,627)

Records excluded
(n =14,546)

'

Reports sought for retrieval
(n=5,081)

H
H

Reports not retrieved
(n=0)

Screening

y

Reports assessed for eligibility
(n=5,081)

Conference review (n = 250)
}—b Book chapter (n = 162)

New studies included in review
(n=19)

Included

Reports excluded:
Conference paper (n = 1,750)
Review (n=2,142)

Book (n = 245)
Letter (n = 192)
MNote (n =173)
Short comunication (n = 148}

Figure 1. Item selection flowchart



2.4 Compound annual growth rate (CAGR)

The CAGR indicates the annual growth of a variable over a
period of time exceeding one year [26] utilized the CAGR to
determine the annual growth of scientific production from
1975 to 2022 with the aid of a digital tool [27], which was
selected for its free availability, speed, and ease of use [28].

2.5 Data analysis

The data were downloaded in CSV format and processed
using Microsoft Office Excel 2016. This facilitated the
determination of the distribution of studies by year and
country. The analysis was performed with VOSviewer version
1.6.19 a tool widely used in the scientific community to
represent and visualize bibliometric networks. VOSviewer
employs various colors to assist in understanding and
discovering collaborative relationships (co-authorship) among
authors (by number of documents or citations), institutions,
countries, journals, and keyword co-occurrence [29, 30].
Accordingly, it was employed to analyze collaborations
among authors based on citation counts and keyword co-
occurrences.

3. RESULTS

All 19 studies, representing 100%, exceeded the WHO’s
recommended desirable upper limit for outdoor noise.
Furthermore, most of the studies were based on measurements
from a single monitoring point.

Scientific production has shown an increasing trend from
1975 to July 2023. The year 2013 marked the peak with 3
publications, making it the year with the highest number of
publications (Figure 2a). The Compound Annual Growth Rate
(CAGR) for scientific production between 1975 and 2022 is
6.47%. The studies are geographically concentrated, with
India accounting for 13 publications (Figure 2b).

The festival most frequently studied is Diwali, with 8
publications. Additionally, 7 publications did not specify the

festival during which sound pressure levels were measured
(Figure 3).

The three authors with the highest number of citations are
Overall K., with 161 citations; Blackwell E., with 118
citations; and Branson N., with 106 citations. These authors
are represented by the large yellow nodes seen in Figure 4.

The keywords with the highest number of occurrences are
"fireworks" with 18 (turquoise node), "fear" (violet node) and
"dog" (violet node) both with 14, on the other hand, noise
studies with "fireworks" started around 2016 as observed in
the large turquoise node (Figure 5).
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4. DISCUSSIONS

All recorded sound pressure levels exceeded the World
Health Organization's (WHO) desirable upper limits for
outdoor noise. This may be attributed to the existence of
fireworks regulations that are not enforced, as there is
resistance from people who consider the use of fireworks a

part of their tradition and culture during these festivals [31, 32].
Nonetheless, higher education institutions should be
encouraged to promote sustainability practices [33]. Moreover,
the number of monitoring points is limited, inhibiting a
comprehensive representation of the sound pressure levels in
a given location, which is partly due to the high cost of
monitoring equipment (Table 2).

Table 2. Sound pressure levels compared to the WHO desirable upper limit value for outdoor noise

Reference M(l)gn(;itr(::slng Monitoring Period Measuring Equipment (S\QVdH&)
Calibrated magnetic tape recorder used in
combination with a General Radio (GR) Octave
[34] One NR Band Noise Analyzer fitted with a GR Over 117*
preamplifier microphone combination.
Bruel and Kjaer sound level meters, filter,
recorder, and microphone 1621, 2205, 2209, -
[35] One One day 2306, 4125, 4165 RION real time analyzer SA- 150
24 and recorder LR-04
[36] One 23:00 and 1:00 NR 97*
[37] One NR NR 112*
[38] Two 06:00 and 00:00 Sound level meter 75.65* and 77.4*
[39] One 2006, 2007 and 2008: One day NR 80*, 79* and 75*

[40] Two 8:30 and 21:30

Sound level meter TES-1350 A

87*, 96* and 74.27*



2010 and 2011: 16:30 to

2010: 96.1*, 96.97*, 98.57*,
98.57*, 95.97%*, 96.23*,
95.53*, 99.77*, 285.1* and

*
[41] Ten 19:00, 19:00 to 22:30 and Sound level meter Model LUTREN, SL-4010 9563
223010 01:00 2011: 87.37%, 93.3*, 92.07*,
91.7*, 88.27*, 93.5*, 92.67*,
91.83*, 93.53* and 96.2 *
Four noise level Monitors using Model N <824L -
[42] One NR (Make: Larson and Davis, USA) 125
[43] One Septembre-November 2012: NR 96.23%
One day
[44] One 5 consecutive days NR 72.71*
16:00 to 16.30, 17:00 to 17:30,
[45] Four 18:00 to 18:30, 19:00 to 19:30, Sound level meter of Lutron Electronics 57.67*, 81.5*, 83.5* and
20:00 to 20.30 and 21:00 to (Model number: - SL 4010) 81.67*
21:30
1o ) Precision sound level meter Model NA-27
[46] one ~ ule2013:1200t019:15and  55'5509.1: 2005 Class 1, RION Co., Ltd., 89*
19:20 to 20:50
Tokyo, Japan)
. . Sound level meters: SVAN 945A, SVAN 958 - - -
[5] Three 11:30 and 00:30 and SVAN 959 79.8*, 74.5%and 77.1
[47] One November 11 to 14, 2015: 4 Sound level meter (Amprobe SM - 20 A) 101*
days at night
[8] Three 18:00 to 23:00 Sound level meter-cumanalyzer (B & K make) 69.36*, 71.50* and 72.56*
106*, 106.8*, 113.2*, 98.3*,
7] Trece One da Sound level meter 01 dB type, was used with a 110%*, 108.5*, 110.1*,
y measuring range of 40 to 140 dB 111.07*, 111.6*, 106.95%,
102.85*, 110.4* and 111.7*
Sound level analyzer, Make: CASELLA, -
[48] One One day Model 63x 101
[49] Three June 30 to July 8, 2020: 7 Cirrus Optimus Green Octave Band Analyzer 67* 70* and 60*

consecutive days

CR171B (North Yorkshire, UK)

*: Exceeded; NR: Not reported

Scientific production on this topic exhibits low growth,
reflecting a lack of global interest in investigating the sound
pressure levels caused by fireworks. This trend persists today,
with India having the highest number of publications. This is
likely because India is the most populous country in the world
and the largest producer of fireworks for domestic
consumption. Additionally, the fireworks industry is well-
established within the country [50, 51].

Diwali, the most important religious festival in India, which
dates back 2500 years [52-54], is celebrated annually in
October or November over approximately 5 to 6 days [55-58].
Known for its fireworks displays [59, 60], it was estimated that
in 2017, around 50,000 tons of fireworks were used [61, 62].
Consequently, Diwali has the highest number of publications
related to this research area, due to the massive burning of
fireworks and the scientific community's concern over noise
pollution, particularly in densely populated countries.

5. CONCLUSIONS

All studies surpassed the WHOQ's desirable upper limit for
outdoor noise levels, with most research featuring only a
single monitoring point, inadequate for representing the sound
pressure levels produced by fireworks. The year and country
with the highest number of publications are 2013 and India,
with three and thirteen publications, respectively. The annual
growth rate of scientific production on noise generated by
fireworks is 6.47%, indicating a sustained low interest, which
is concerning given the potential health impacts of this
anthropogenic activity. Diwali accounts for the most studies
on sound pressure levels, with eight publications noted.

The noise pollution caused by fireworks is a significant
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contemporary issue that can affect health. Consequently,
governments should implement and enforce environmental
policies, laws, and stringent penalties, or seek alternatives to
traditional fireworks that are less harmful.
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