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1. Introduction

At present, health effects induced by prolonged noise exposure are widely studied
to determine the most spread noise sources and their effects. Environmental epidemiol-
ogy studies have mostly associated long-term exposure to high noise levels (>85 dB) in
occupational (military, construction workers, and agriculture) and leisure settings with
direct auditory effects, including hearing loss [1], tinnitus, and hyperacusis [2], whereas
non-auditory effects are limited [3] due to occupational selection effects. On the other hand,
long-term exposure to low–medium levels (45–65 dB) in general population settings is
followed by a broad spectrum of non-auditory health effects [4,5]. Annoyance [6], sleep
disturbance [7], cognitive impairment [8], behavioral and emotional disorders in children
and adolescents [9], depression and anxiety in adults [10], stronger physiological stress
reactions [11], and endocrine imbalance and cardiovascular disorders [12] are evidence-
based effects. Overall, noise is among the leading risk factors for cardiovascular morbidity
and mortality worldwide [13]. Usually, these studies regress the health effects of noise on
acoustic exposure metrics, which is the average energetic dose over a long time period,
such as equivalent continuous sound pressure level (Leq), with its A-weighted version LAeq,
or the day–evening–night level (Lden).

Only recently, the scientific community has realized that health effect studies of long-
term noise exposure should consider a broader spectrum of sound exposure features as
well. Among those features are its intensity variation over time, the impulsivity of events,
the frequency distribution, and psychoacoustics parameters. Peak levels, maximum levels,
and variability can have a significative influence on nuisance perception, and citizens are
known to complain more about single high levels rather than average exposure. This can
be even more important for non-traffic-related sources such as leisure noise [2], or even less
investigated sound sources such as ships [14] or wind turbines [15]. Generally, an incorrect
metric may be the origin of flaws in dose–effect relationships for annoyance or sleep
disturbance outcomes, which are mainly used for noise limit settings due to its importance
at the population level.

This Special Issue was launched to promote a subject which is deserving of more
attention: the study of new metrics, indicators or evaluation methods for noise exposure,
and the relationship of noise with annoyance or other health effects, thus not relying only
on an average noise exposure measure.

2. Summary of Published Papers

Most noise limits set by countries are expressed in absolute sound pressure levels, with
only a few of them set with respect to the background noise level. This leads to the definition
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of sound emergence or, more generally, differential noise indicators. Many decades have
passed since their introduction into legislation, when sound emergence was intended to
limit the alterations of existing soundscapes which, in practice, raised several challenges
both for the operators of noisy facilities, community, noise consultants, and authorities.
Dutilleux et al. [16] established the concept of sound emergence as defined by international
standardization in order to evaluate its relevance from different perspectives and to show
that it was difficult to implement without bringing any benefit with respect to sound-
pressure-level-based limit values on most occasions. The relevance of sound emergence was
assessed from the point of view of perception and annoyance, in measurement practice and
in development planning. Sound emergence seems to poorly predict audibility; the authors
suggest considering the temporal and spectral characteristics of a specific source in the
estimation of sound emergence, proposing source-specific choices of the metrics used for
estimating total and residual sound pressure levels. Even if further research on the potential
correlation between annoyance and sound emergence from specific sources is necessary,
the best solution proposed is to combine an estimation of the audibility of specific sounds
for the community and the estimation of a specific metric (Lspec).

Asensio et al. [17] investigated the scientific literature in research for the minimum set
of indicators that would cover all physical dimensions of sound environments: energetic,
spectral, and temporal dimensions, emergence, and source-related indicators. The extended
set of indicators is intended to allow a more detailed analysis of the changes in noise
environments related to confinement in the pandemic era and to a broader understanding
the impact on sound environments of any policy achieved at the urban scale. In fact, noise
indicators generally deal with sound environments considered as a whole, although they
do not distinguish between the sound sources that compose it. Lockdowns imposed due to
COVID-19 dramatically changed the noises emitted in terms of sound levels and by the
different active sources. Reducing masking sounds made natural sounds perceptible again.
Current indicators fail to represent this situation, although new source-orientated indicators
would be able to quantify the presence of sources of interest. The authors conclude that
the new physical indicators are associated with perceptual and health effects, but they will
probably not be sufficient to represent the entire sound experience because sensitive and
personal data or the connection between the sound environment and emotional evocations
cannot be captured by physical indicators.

Differentiated studies for the singular type of sound sources were instead carried out
by other authors published in this Special Issue, where most major sound sources have been
investigated. From a point of view of the effects of noise on health, Petri et al. [18] evaluated
the relationship of blood pressure and hypertension with noise produced by road, railway,
airport, and leisure sources. In order to do so, noise measurements, blood pressure measure-
ments, and a structured questionnaire were conducted on a significant set of patients. Noise
exposure during the nights and diastolic blood pressure resulted correlated, with particular
spikes for elders, moderately annoyed, noise-sensitive, without noise protection in the
house and residents who usually did not close windows. In the investigated population,
railway noise was the most impacting sound. The study also demonstrated an increase in
the risk of hypertension in association with environmental noise.

Laboratory listening experiments were performed by Schäffer et al. [19], with the aim
of searching for associations of annoyance and cognitive performance with the macro-
temporal pattern of indoor exposure to noise emitted by road traffic. Relative quiet time
and quiet time distribution were among the different metrics computed for the temporal
pattern of the scenarios. Noise annoyance decreased with the increasing total duration of
quiet periods, while shorter but regular breaks were less annoying than longer but irregular
breaks. Different results were found for cognitive performance.

A lot of attention has been paid to interior noise in the present Special Issue. Li and
Zheng [20] investigated passive noise control equipment as a means to control indoor
environmental noise in contrast with the common applications of sound absorption materi-
als and vibration isolation. According to the authors, active noise control has developed
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sufficiently to be effectively in avoiding the deficiencies of passive noise control, which are
good mitigators for medium- and high-frequency noise but require a complex equipment
and studies; generally, the low-frequency control effect is poor. In active noise control,
loudspeakers are used to suppress noise in a specific area. Loudspeakers are omnidirec-
tional; therefore, the sound pressure levels are reduced in the target area but are increased
somewhere else. In their study, the authors calibrated a parametric array loudspeaker to
achieve noise control in the target area in order to obtain a noise reduction topping 15.1 dB.
The use of parametric array loudspeakers producing high-directivity sounds resulted to
significantly reduce the noise interference to other adjacent areas while making the noise
reduction areas more controllable.

Eventually, this solution would be beneficial even inside helicopter cabins, where
Deacounu et al. [21] highlight the noise spectral components with measurements performed
in different areas. High sound pressure levels were measured, with the urgency of reducing
the exposure for passengers and crew. Main sources were identified in the transmission
gear and the door area, with values during flight ranging from 97.2 dB(A) on the tail to
106.5 dB(A) under the transmission gear. Although the equivalent sound pressure levels
vary spatially, the authors show that a much higher peak is registered at 2 kHz, and that
this causes the most discomfort. This confirms once again how tonal sounds are more
disturbing than others.

Railway noise and vibrations were investigated by Yan et al. [22], who performed
measurements inside a metro train. Using A-weighted and linear sound pressure levels
as metrics, and the FFT method for vibration measurements, the authors confirmed that
interior sound levels increase sharply with the train’s speed, while acceleration levels
of the floor and sidewall are not apparent. Moreover, floor vibration contributed to the
low-frequency noise components of the interior noise, and the characteristics of the vehicle
dominate the frequency peaks of the acceleration levels of the floor and sidewall.

Leisure noise, together with the other major sources, have been investigated innova-
tively by Peplow et al. [23], using big data, i.e., citizens’ tweets. The authors introduce
a method, based on Python language, for estimating both the prevalence and location
of noise annoyance. The open-access result produced would be also usable for the live
monitoring of noise issues by means of tagging noise complaints.

Even port noise has been investigated in the Special Issue, with Schiavoni et al. [24]
providing a review of recent findings in the scientific literature regarding port noise sources,
an argument that has only quite recently been studied [25–28]. The database produced is
expected to be useful to experts as inputs to the noise mapping phase, which is a funda-
mental step in the prevention of noise exposure. Recent decades have shown much focus
from scientific community in this regard, with studies aimed at mitigating sound levels
produced by almost all sources. Thus, quieter environments are expected. Unfortunately,
Vukić et al. [29], by means of questionnaires on fishermen, showed that there are still
sectors or environments where the impact of noise on health has not yet been accepted
as a real danger and remains underestimated. Full social awareness can be reached only
with proper education. In fact, the authors showed that when the test subjects underwent
additional training, their practical knowledge and awareness of the noise impacts on health
and society improved.

3. Conclusions

This Special Issue on the theme of the New Indicators for the Assessment and Pre-
vention of Noise Nuisance has attracted the interest of authors from all over the world,
publishing two reviews, two communications, as well as original research papers.

Progress has been made in the topic investigated, but it is still necessary to increase
the awareness of the population, both in geographical terms and for workers in specific
sectors, such as the marine industry.

It emerged that it is essential to carry out future studies that distinguish more between
different sound sources with respect to their sound quality in terms of frequency, time
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pattern (fluctuation, emergence), and psychoacoustic indices, because a differential human
reaction to sound sources is increasingly evident. More longitudinal studies are required.
However, cross-sectional studies employing a more detailed soundscape description (in-
cluding background) by competing sound indices are also useful to further the required
knowledge to understand the human response in terms of the broad spectrum of potential
adverse effects on health and quality of life.
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