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Abstract:

Controlling noise in Algeria has seen various legal milestones, most notably the two executive
decrees N°93-184 of 1993 and N°03-410 of 2003 relating to noise emission maximum limits, which
assisted in the establishment of the regulatory framework to safeguard public tranquility. In this
study, a quantitative assessment of the sound environment was carried out through a measurement
campaign in five locations in Annaba’s city center, in order to investigate the feasibility of applying
the national noise regulation texts and their compatibility with the lived reality. The main findings
revealed that noise levels ranged from 55 dB to 96 dB, primarily emitted by means of transportation
as a result of drivers' social behavior, exceeding nearly 90% of the levels specified in the above-
mentioned executive decrees.
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Introduction :

Noise has recently emerged as a new form of environmental pollution, mostly in industrial
zones and densely populated residential urban areas. The enactment of numerous laws and
regulations intended to reduce noise is becoming increasingly crucial. However, environmental
noise is perpetually worsening due to the invasive sounds of technology, urban sprawl,
overabundance of transportation, horns and loudspeakers, industrial machinery, and street vendors.

The environments in our cities are affected by unwanted sounds, i.e. noise, to an extent that is
largely undesired, impacting the health and wellbeing of people. The United Nations (UN) and the
World Health Organization (WHO) widely recognized noise as a significant environmental issue
that poses a considerable threat to public health across various age demographics and societal strata,
thereby contributing to the overall burden on sanitary system. They also have estimated the burden
of disease from trasport-related noise within the western part of Europe, and concluded that we lose
each year at least one million Disability-Adjusted Life Years (DALYs) and that only air pollution
has a larger disease burden among environmental factors'.

Environmental noise is therefore deemed to be considered among the primary causes for
deterioration of life quality, forcing governments to adopt the required measures to regulate noise
and maintain public tranquillity, within a consistent, up-to-date legislative framework, with the
purpose of attenuating its harmful effects on the human health as addressed by WHO guidelines®.
Researchers and environmental officials have spent the last two decades emphasizing on the
monitoring and regulation of traffic and industrial noise since they are the most prevalent noisy
sources that affect a large number of individuals worldwide’.

As for the case of Algeria, in the first instance there is no published document or strong
statistics related to the topic of noise health impact®. Hence, like any other country in the way of
development, it suffers from the problem of environmental noise in large cities, due to high
population density, rapid urbanization and the important volume of traffic flow and vehicles
number, where it was found that one fifth (1/5) of the Algerian population suffer from auditive
deficiency, mainly because of road traffic noise”.

Limited studies and attempts were conducted to assess noise, particularly from transportation
means, in several cities across the country, following the noise regulation in force, such as in
Constantine6’7, in Algiersg’g, in Oranlo, in Biskra“’lz, in Souk AhrasB, in Skikda' and in
Guelma'>'®""_ As well as other few studies that adressed the topic of noise from a legal point of
View!8192021.22

In this study, given the information concerning Algeria's noise abatement mechanisms are to
be presented hereafter, the research problematic revolves around the following question:

To what extent noise levels from road traffic in Annaba’s city-center are complied to the
thresholds admitted in the national noise regulation, accentuated in the executive decrees
n°93-184 of july 1993 and n°03-410 of november 2003?

The answer to this question is founded on a pragmatic method that consists of a field
quantitative survey, which is based on noise measurements within the chosen areas, coded as
indicated in the executive decrees.

The primary objective of this study is to gather more information about Annaba's noise status
and add it to the list of other cities across the country that have been studied in this manner. It also
aims to encourage the implementation of the Algerian noise regulation and assess how well the
current soundscape complies with existing regulations for the purpose to propose action plans that
will lower noise levels in urban areas and protect city dwellers' health within the framework of
sustainable development.

In order to address this problem based on the state of the art found on this topic, this study
adopted a methodology that consists of a descriptive analytical approach to present, firstly, the
concept of noise and the regulatory context of fighting against it internationnally, and nationally
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mainly in the light of the two abovementionned decrees, related to road noise emission thresholds.
Secondly, to also indicate the negative effects of noise on human health and why it is necessary to
reduce its levels. Thirdly, to compare the current state of noise levels at the city-center of Annaba,
throughout a field survey to the national regulation texts on noise abattement.

Section I: Noise and Regulatory context of noise abatment

The Latin term "nausea," referring to sickness, is where the word "noise" originates. The level
of sound that above the tolerable threshold and causes displeasure is referred to as noise. Any
sound, regardless of volume, has the potential to negatively impact a group's physiology or mental
state”. The maximum decibel that can be measured on the scale is 200 dB, which is equivalent to a
rocket blasting launch. Although 0 dB is the definition of complete quiet, it is very hard to achieve
in real life. As there is no air for sound to travel through, you would really need to be in space or a
vacuum chamber to experience a sound level of 0 dB.

Long-term exposure to sound levels in excess of 85 dB, the level of a bruised canine, can be
harmful to people. Some devices, such as aircraft, fireworks and cannons, have a sound power
range of between 130 and 200 dB. Above 120 dB, the noise becomes distinctly unpleasant, and at
140 dB, a human being can lose his or her hearing irrevocably**.

A) Worldwide noise abattement regulation

From the 1970s through the 1990s25, many laws in Europe, for example, collaborated to
attempt to decrease traffic noise, mostly by setting maximum sound levels L.« for certain vehicle
classes, (eg: Lmax 82 dB for vehicles intended to carry passengers with less than nine seats) as set in
the first European council directive 70/157/EEC, which was applied for any type of motor vehicle
intended to be used on the road, based on their categories regarding number of seats and power to
mass ratio. After that, it was evident by the middle of the 1990s that noise control measures needed
to focus on both the receiving side and the sound source, and the need to lower maximum noise
levels emitted from vehicles, which was exactly applied in the European council directive
92/97/EEC amending the first directive and relative to the approximation of the laws of the Member
States relating to the permissible sound level and the exhaust system of motor vehicles (eg: Ly.x 74
dB for vehicles intended to carry passengers with less than nine seats. Also, lowered to Lmax of 68
dB in phase 3 as introduced in the regulation 540-2014).

With technological advance in the use of computer simulation software and prediction
models, the Environmental Noise Directive (END) 2002/49/EC*® came along, which mandates that
all European member States develop every five years strategic noise maps for all major
agglomerations and major transportation infrastructures, as well as action plans, representing the
culmination of a new approach to the development of a noise policy with the goal that no person
should be exposed to noise levels above 55 dB that endanger health and quality of life*”*®, and a
tool designed for the global assessment of noise exposure in a given area due to different noise
sources or for overall predictions for a given area. It is for this reason, it was considered as a
requirement of the Directive that these action plans are reviewed periodically once adopted and on
an ongoing basis to account for major new developments in designated areas.

In addition, the implementation of Commission Directive (EU) 2020/367 gives a chance for
relevant authorities to improve the management of environmental noise and marks a significant
advancement in the effort to measure the extent of population exposure to environmental noise in
Europe, in order to mitigate road traffic noise induced Ischemic Heart Disease (IHD), high
annoyance (HA) and high sleep disturbance (HSD)”.

Also according to Popescu®, Romania transposed into its national legislation in 2005 the
content of The Environmental Noise Directive, by the Government Decision HG 321 (2005) on the
assessment and management of environmental noise. The document defined environmental noise
as: “unwanted or harmful sound from the environment, created by human activities, which includes
noise emitted by means of transport, road, rail, air traffic and from locations where industrial
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activities are carried out” (HG 321, 2005). It introduced the noise indicators Lge, (dayevening-night
noise level) and Lyign (night-time noise level), which could be evaluated by interim calculation
methods or measurement during the noise mapping process.

Action plans had to be established in place for regions where high noise levels were present in
order to avoid, minimize, and lessen the negative consequences that the public was exposed to,
including discomfort. The government made the following decisions to complete and alter HG 321
(2005): HG 674 (2007), HG 1260 (2012), and HG 944 (2016). A number of Ministerial Orders have
also been added to the law to provide clarification on how it is to be implemented. In 2007,
Romania was required to submit noise exposure data for urban agglomerations with over 25,000
residents and main routes with over 6 million annual vehicle registries for the first noise mapping
operation.

Several activities can be made to improve hearing comfort in order to battle this type of
pollution, which is why many countries across the world have established required legislation and
policies to address this issue. In Turkey, for example, the Environmental Noise Assessment and
Management Regulation was first issued in 2005. It was issued with the number 27601 in the
Turkish Official Gazette on June 4, 2010. It includes noise limitations (an average of 67 dB
throughout 24 hours) and noise control zones, as well as the implementation of the Environmental
Noise Directive into Turkish law™".

Noise Pollution Rules in India were enacted in 2000 to address and prevent it in industrial,
commercial, and residential areas, as well as to protect calm spaces like as hospitals, educational
institutions, and libraries from noise pollution. Ambient noise levels in residential areas should be
55 dB during the day and 45 dB at night’***.

Also, the Environmental Protection Agency (EPA) of the United States has proposed a 24-
hour exposure threshold of 55 dBA to protect the health and well-being of the general public in
residential settings. Furthermore, the EPA in the United States also advocates for a secondary
exposure threshold of 70 dBA, which represents an equivalent 24-hour continuous average sound
pressure level [Leq(24)] designed to prevent hearing impairment. When compared to the Lg,
threshold of 55 dBA, the 70 dBA threshold considers both daytime and nighttime exposures to have
a similar detrimental effect on hearing™.

As stated in the United Nations report™, based on the critical analysis and evaluation of the
Regional Office for Europe of the World Health Organization (WHO) reviews and guidelines, it
puts specific recommendations pertaining to certain exposure thresholds aimed at mitigating
adverse health effects. These thresholds are presented in a comprehensive manner, taking into
consideration various time intervals such as during the day, evening, and night (Lgen), and a night-
time noise level (L,), to underscore the importance of addressing noise pollution during nocturnal
hours to preserve sleep quality. Mainly, the recommanded limits from road traffic noise are Lge, of
53 dB and L, of 45 dB. In addition, WHO recommands an equivalent continuous sound pressure
level (LAeq) of 55 dB in the vicinity of residential areas and 70 dB in traffic and commercial areas.

Even when it comes to noise thresholds perceived inside buildings, many countries in south
America® for example set regulations to help with sound comfort for building users, such as in
Argentina, the apparent sound reduction index R'w, the weighted standardized sound insulation
L'nw for impact noise, and the standardized sound insulation Dymatw are the acoustic parameters
used to assess building acoustics in the IRAM 4044 standard, which was approved in November
2015 and applied to residential buildings. Limits vary according to class, building type, and space
type. distinct scenarios have distinct requirements, such as hospital rooms and hallways, schools
and corridors, classrooms and noisy environments. For example, the minimum airborne sound
insulation necessary between neighbouring houses in Class I is R'w 50 dB, while the minimum
airborne sound insulation required between two hotel rooms is R'w 47 dB.

Regulations aiming at protecting individuals from noise have been in place in Colombia since
1983, thanks to the Ministry of Health. They do not govern sound insulation, but rather the
maximum sound pressure level within a building. The maximum daily noise level for residential
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areas has been reduced from 65 dBA to 55 dBA during the day and 45 dBA at night. There are no
national building acoustics standards in Uruguay, although there are municipal noise emission
limitations. Walls and floors must provide at least 45 dB of "sound insulation" in the municipality of
Montevideo.

As for the case of noise control policies in the arab league, it was found in a recent study* that
only three out of twenty-two of arab countries (Saudi Arabia, Oman and Qatar) have noise
measurement guidelines, yet a weak and insufficient legislation which is hard to implement due to
the absence of political will regarding the unstable political and economical situation in most
countries, as well as the lack of public awareness on the negative effects of noise exposure on the
human health.

Nonetheless, other arab countries initiated national action plans in order to attenuate noise for
the benefit of the public, like Egypt who established a five-year program (from 2002 to 2007) that
aims at mitigating environmental noise levels in egyptian cities under law 04/1994 and in
accordance to international instructions. Likewise in Tunisia, a group of technicians were
dispatched on patrols to monitor and assess noise levels using measuring devices and tools,
throughout sensitive areas of the municipality.

In the same context, the rest of the arab countries, Algeria included, have only used laws,
royal decrees, municipal or ministerial decisions in fighting against noise in a general way and
preserving the environment, throughout fixing acceptable noise limits related to specific areas; for
example, within residential areas a range of 40 dB, 65 dB to 70 dB at daytime in Irag, Oman and
Algeria, respectively. Also, in sensitive areas, noise limits varied in Kurdistan region and in Algeria
from 35 dB to 45 dB at daytime. In opposition, most of the arab countries have not yet adopted the
concept of noise mapping on a large urban scale, which can widely help in controlling noise
emissions, except for non-detailled noise maps, produced in few cities, like Guelma (Algeria)”,
Sfax (Tunisia)®’, Doha (Qatar)’®, Jeddah and Riyadh (Saudi Arabia)**.

B) Algerian noise regulation

Algerian acoustic and noise regulation has seen noise as a problem that has to be managed
and controlled primarily to protect public health and peace of mind in both indoor and outdoor
environments, ever since the country gained its independence. The decision on excessive noise
abatement, made on February 25, 1964, came next. It stated in articles 1 and 2 that any type of noise
nuisance that could jeopardize public peace and the welfare of the populace was prohibited,
especially noise that came from vehicles that had exhaust systems and silencers modified. There
were no guidelines or restrictions in place despite the fact that this decision made a clear statement
about the nation's aim to reduce noise because of a number of issues, including a lack of
information and experience, lack of measurement equipment and universal documentation on noise
laws and regulations.

Likewise, another legal solution was later added by the decision of 4 April 1972 relative to the
measurement of noise produced only by motor vehicles and the conditions imposed on silencing
systems, throughout fixing thresholds for maximum noise levels Ly.x for a running engine,
according to vehicle categorization (eg: Ln.x = 83 dB for specific vehicles), similarly to the content
indicated at this decision, however, it was insufficient in terms of emphasizing various sorts of noise
sources, noise indicators, and measurement time and duration.

Moreover, it was sought to take steps offered to limit the sources of noise and disturbance to
inhabitants, as well as to impose a penalty for disrupting public quiet under Algerian legislation, in
order to improve environmental preservation, public security, and tranquility. Algerian legislators
began to broaden their understanding of noise abatement and control mechanisms, developing a
regulatory arsenal to combat outdoor noise nuisance, nocturnal noise, and to establish technical
specifications that maintain acoustic comfort inside residential buildings and even workplaces.
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This valid arsenal is consisted of eight (08) laws, seven (07) executive decrees and seven (07)
decisions*.

Addionally, in a step to apply the protection of the environment law n°83-03 enacted in
February 1983, in the purpose of having an optimized and adequate sound environment for the
citizens, the publication of the first executive decree has seen the day, numbered as n°93-184 in July
1993*, regulating noise emissions as defined in article 2 and 3, by introducing a different noise
indicator (Leqmax) in function of time and type of area. It has fixed 70 dB as a maximum equivalent
continuous sound level during day time from 6am to 22pm and 45 dB during night time from 22pm
to 6am, in the vicinity of residential areas, in public squares and roads, near hospital facilities,
educational institutions and recreational spaces and gardens, respectively.

Later on, and by the applicability of article 45 text from the law n° 01-14 of August 2001, on
the organization, security and the police of road traffic, the Algerian legislator revealed another
executive decrees n°03-410 in November 2003*, which was supported by executive decree n°04-
381 of November 2004* | laying down road traffic regulations. The executive decree n°03-410 of
2003 fixed limit values (Lya.x) for emissions of smoke, toxic gases and noise from motor vehicles,
when stationary or in motion, on the basis of vehicles categories subjected to conformity and
periodic check, yet relating to weight and speed (eg: Limax ranged between 74 dB and 80 dB, in the
case of particular vehicles) as defined in article 5.

Despite the fact that some studies*>*® have considered that the executive decree n°93-184 of
July 1993 was repealed by the circumstance that it was not mentioned in the law n°03-10 of July
2003 relative to the protection of the environment in the framework of sustainable development, as
far as the authors are aware, the legal status of this executive decree is still in force, and represent
along with the executive decree n°03-410 the most notable legal stations in the Algerian noise
regulation.

Thus, it was intended to chose another city to be added to the list of surveyed cities around the
country, in order to add more data on the daily perceived soundscape, that is required to be assessed
and compared with the national noise regulation set to tackle this issue. For this reason, Annaba was
selected to be a case study.

Section 1I: Data on why noise should be mitigated

Currently, our lives are very much affected by noise, which seems to be an inevitable effect of
modern technology. Recent noise monitoring research and social surveys have shown the need to
reduce noise to acceptable levels. As a result, it is now publicly recognized that noise, mainly from
road traffic, constitutes a serious risk to human health and quality of life*".

Since the 1970s, the US Environmental Protection Agency (EPA) has classified road traffic
noise as one of the main pollutants of the urban landscape, leading to a range of significant
morbidities, making this type of noise, according to medical and epidemiological research, a major
source of dissatisfaction. Thus, existing proofs indicating that noise pollution have negative impacts
on human health have justified research in order to provide better understanding of noise pollution
problems and control strategies™**.

The Regional Office for Europe of the World Health Organization (WHO)? embarked on a
comprehensive endeavor consisting of systematic reviews aimed at evaluating the intricate
connections between noise pollution and diverse health outcomes. This meticulous process was
carried out with the overarching goal of formulating evidence-based guidelines and offering
insightful recommendations designed to safeguard the well-being of individuals from the
detrimental effects of exposure to environmental noise stemming from a multitude of sources. The
health outcomes under scrutiny encompass a wide array of dimensions including but not limited to
the following: annoyance; the impact on cardiovascular and metabolic functions; cognitive decline;
disruptions in sleep patterns; auditory issues such as hearing impairment and tinnitus; adverse
consequences on birth outcomes; as well as considerations related to quality of life, mental health,
and overall sense of well-being®”.
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According to studies carried out in England®®>', exposure to traffic noise increases the
proportion of people admitted to psychiatric wards. Also, as exposure to traffic noise increases, so
does the number of psychiatric wards. Similar findings have been reported in Denmark, particularly
in the vicinity of Copenhagen airport, where hospitalizations and psychiatric consultations are
significantly higher in noise-exposed areas than in control areas.

Similarly, road noise can increase high blood pressure in adults living in areas where the Lgay
is over 65 dB. Where it was also observed that noise levels develop feelings of annoyance, irritation
and invasion of privacy by noise”.

Through another action-research™ on environmental noise, which is more than just a nuisance
but a first-class health, environmental and social pollutant, several medical researchers have
contributed to demonstrating the harmful effects of noise pollution on human health. In addition,
another research has shown that when the source of noise is removed, the persistence of symptoms
due to noise impacts has been documented; uncomfortable sensations may persist for some time>*.

In the same context, it was also found that lon-term exposure to transport noise is linked
directly to human health outcomes™, as it can provoke annoyance®, cognitive disruption®”*, sleep
problems®”®°, Noise-Induced Hearing Loss (NIHL)*"%9%6% “and less directly as it is attributed to
stress® %7 wich in its trun leads to mental health®®®, cardiovascular health”’, metabolic health”!
and health-related quality of life’.

In Algeria, according to national press, professor Jamal EI-Din Neboush, a cardiologist at
Nafissa Hammoud hospital in Hussein Dey, Algiers, warned of the phenomenon of noise, which has
reached its peak in recent years, and is not only a health problem, but also a moral issue that
threatens children before adults. He declared that 70 % of diseases of hypoperfusion in the human
heart and blood pressure, are caused by lack of sleep and auditory tension, due to outdoor noise in
popular neighborhoods and major Algerian cities. He also said that the Hussein Dey clinic receives
patients who always complain of lack of sleep and noise anxiety. Furthermore, professor Jamal El-
Din Neboush claimed that transportation noise increases the chances of developing diabetes, as it
provokes the increase of the stress hormone that affects the metabolism process.

In the same context, professor Mohamed Tagiza, head of the Mental Diseases Department at
Duraid Hussein clinic, revealed that noise in Algerian cities is a dangerous hidden pollutant, that has
recently contributed remarkably to psychological, neurological and mental illnesses, as it led to 15
cases per month. A state of nervous breakdown caused by loud sounds, including fireworks, noise of
drilling machines, and raising dams at night, and a state of insomnia and lack of sleep, adding that
10 % of the mental illnesses that are treated in that clinic are caused by a disorder of the spiral
system of the ear.

This i1s confirmed by a study carried out in 2006 in a textile company in Oran by Dr Resk-
Kallah and his colleagues at the Centre Hospitalier Universitaire (CHU). "They found a high level of
hearing impairment among workers who, before retirement, were likely to reach the fateful
threshold of 35 dB hearing loss, at which point they are recognized as hard of hearing"”.

The human auditory system, which is in constant contact with these decibels, finds noise
annoying, and endorsed in all scientific, medical and social research studied, epidemiological
estimates of the effects of noise have shown that the supreme cause of serious illness is perceived
loudness.

In another study conducted in the city of Guelma, in the Chamsp de Manoeuvre
neighborhood', the social survey revealed that four out of five (4/5) individuals declared that they
are suffering from stress and anger in their dwellings, mainly because of road noise and neighbor’s
noise, and they were eager to either move out or find a suitable solution for their situation.

It 1s the reason why several reglementations, laws and methods have to be implemented to
enhance sound comfort in urban environments, in order to mitigate this type of pollution, which is
why many nations across the world have enacted regulations to tackle this issue.
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Section I11: Field study
A) Studied area Presentation

Annaba is deemed to be one of the biggest and polar cities in Algeria, occupying a wide area
of 1440 Km? on the north-east of the country. In the last decade, due to the rapid development in a
matter of tourism, industry and commercial activities, Annaba experienced high population density
and poor urban and architectural planning, the thing that led to be exposed to different forms of
nuisance such as air and noise pollution. In this study, the focus will only be on Annaba’s city-
center, which is considered as a primary destination because of the existence of all public services
(health care, education, recreational areas, commerce, housing, security, etc.).

Five representative areas from the city-center of Annaba (Figure N°1) were selected for
quantitative investigation, based on the text of article 2 and 3 from the executive decree n°93-184 of
July 1993:

e In the vicinity of residential areas: vieille ville, cité la Colone, cité Bouzerad, cité Police (area
code A — blue colored triangle).
e On the main boulevards: bvd ALN, bvd Afrique, bvd Souidani, bvd Bouzerad Hocine, Bvd

Seddik Benyahia, Bvd 1 November 1954 (area code B — red colored triangle).

e In public squares: Cour de la revolution, Alexis Lambert, Theater (area code C — green
colored triangle).
e Near hospital facilities: Ibn Rochd, 1bn Sina, Pont Blanc, El Farabi clinic, Jasmin clinic (area
code D — yellow colored triangle).
e In public gardens: ElI Edough, Liberté, Boukhtouta Hocine, la Gare (area code E — violet
colored triangle).
Figure (N°1). Location of measuring stations in Annaba’s city-center
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B) Noise measurement design

For this study, it was required to follow a quantitative approach in order to assess noise levels
in an urban environment, throughout a measurement campaign in the city-center of Annaba, for
only twenty-two (22) working days in May 2023, to obtain an overall view on the noise situation.
Because Annaba is a city that sleeps at night, and to have valuable noise data on the sound
environment of the city-center, the measurements were conducted during daytime (8:00-10:00am),
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(11:00-13:00pm), (14:00-16:00pm) and (17:00-19:00pm) according to an international standard™,
under good meteorological conditions.

Using a calibrated SoniCheck Pro sound level meter, with (A) weighted frequency, held
comfortably in hand, with the microphone being pointed at the potential sound source, to record an
interval of 15 minutes for a period of one hour, repeated one time.

In order to obtain noise data, two indicators were targeted in this measurement campaign; the
equivalent continuous sound pressure level Leqmax, With maximum status, which represents the
energy level produced by a given sound source over a period of time, and the maximum sound
pressure level Lyax. All of the information and noise data gathered were saved on a computer for
further analysis and assessment.

Result analysis:

After taking the needed noise measurements within the studied areas in May 2023, in order
to explore the sound environment of Annaba city-center where noise levels were observed during
day time, within four-time intervals, the results obtained and developed in charts are shown as
follows.

The average maximum equivalent continuous sound pressure level (Legmax) measured in the
vicinity of residential areas ranged from 63 dB to 86 dB, according to figure n°2 (area code A). Due
to the low mobility and activity in these regions at that time of day, noise levels did not surpass the
established threshold of 70 dB from 8:00 am to 10:00 am in la vieile ville and la cité bouzerred.
Noise levels were recorded to be excessive and beyond the permitted threshold between 11:00 am
to 13:00 pm and 17:00 pm to 19:00 pm, primarily from road traffic and commercial operations such
as water and vegetable street vendors.

From 8:00 to 19:00, however, cité la colone and cité police suffered extremely high noise
levels, reaching a maximum continuous equivalent average level of 86 dB. Given the availability of
various services and amenities for the benefit of citizens in these two residential areas, the increase
in noise levels was mostly due to the flow of traffic through these two housing estates.

Also, from figure n°2 (area code B), it was observed that the average maximum equivalent
continuous sound pressure level (Legmax) measured on all six main boulevards of Annaba city-
center, exceeded the national threshold fixed at 70 dB all day long, owing to the high importance of
road traffic flow, which contains a significant percentage of heavy vehicles, and the altered
behavior of most drivers (road rage), who tend to excessively accelerate, break a lane, and speed up.
Similarly, vehicle motorization energy type, exhaust system effeciency connected to vehicle age
and modifications were identified, with diesel-engined old vehicles producing more noise than other
vehicles that run on gasoline energy. As well as the nature and condition of the road surface are also
elements that are responsible for noise emission.

Furthermore, figure n°2 (area code C) shows that the average maximum equivalent
continuous sound pressure level (Legmax) measured on the Cour de la Révolution, the public square
behind Azzedine Medjoubi's theater and Alexis Lamberd's square, can reach high levels of noise,
ranging between 60 and 73 dB, from mid-day to afternoon. These noise levels are caused by the
large number of vehicles passing through these areas, as well as the abnormal behavior of most
drivers, who tend to excessively accelerate, break, and use car honking irrationally while parking
their vehicles along the sidewalk, as well as people conversing and speaking loudly on the street.

Plus, figure n°2 (area code D), demonstrates high levels of the average maximum equivalent
continuous sound pressure (Legmax) measured in the vicinity of all hospital facilities, exceeding
consequently the threshold of 45 dB as stipulated in the executive decree n°93-184, due to the high
volume of traffic passing through these areas, particularly in the roundabout opposite 1bn Rochd
hospital, as well as at both Jasmin and El Farabi clinics, where altered driving style of the majority
of drivers, who constantly honk their horns inappropriately because of traffic jam and narrowness of
the road.
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Moreover, despite the fact that public gardens are built and designed to be a place that invites
tranquillity and relaxation and to enjoy the sound of nature, however, all four public gardens located
in the city-center of Annaba are exposed of an average maximum equivalent continuous sound
pressure level (Legmax) that surpassed 45 dB, which is a noise level set as a threshold in the national
regulation, as it can be seen clearly in figure n°2 (area code E). The main sources of noise perceived
in these spots were mainly from road traffic, sirens from police or emergency ambulance vehicles.

Figure (N°2). Averaged Leqgmax at the five selected areas in Annaba city
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In terms of maximum sound level measurements (Lmax), the stations chosen were primarily
located on the city's main boulevards, as they are the main arteries in Annaba's road network,
ensuring accessibility and links between the city's urban areas, and receive a high volume of traffic,
which is diverse between cars, motorcycles, and trucks, as well as public transportation such as
buses.

Table 1 demonstrates that the values collected from noise measurements on the six (06)
boulevards are likely to surpass these thresholds and attain up to a Lmax level of 96 dB, especially in
the afternoon from 5:00 to 7:00 pm on the 1 November 1954 boulevard, leading to annoyance,
discomfort, and stress for road users and pedestrians.

This is in relation to the content of Article 5 of Executive Decree n°03-410 of November
2003, which stipulates noise thresholds of 74 to 80 dB for running car and motorcycle engines.

These high levels usually resulted by traffic, with some vehicles' exhaust systems producing
loud noises, or by some drivers' social behavior, especially at stop red lights or wedding occasions,
where they tend to speed up, honk their horns, and play loud music on their radios.

Table N°1. Measured maximum sound level (Lnax) in Annaba city main boulevards

08:00-10:00(11:00-13:00|14:00-16:00 |17 :00-19 :00
Bvd ALN 82 85 81 95
Bvd Afrique 83 86 82 91
Bvd Souidani. B 81 84 79 88
Bvd Bouzerad. H 76 84 87 86
Bvd Seddik. B 86 85 86 87
Bvd 1 November 1954 92 90 85 96

Source: Boulemaredj, 2023
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In short, this study indicated clearly throughout the objective survey that the soundscape of
Annaba’s city-center seemed to be suffering from high noise levels, mainly due to road traffic.
Similar results were reported by other studies, yet conducted in different regions around the world,
such as in Corlu town in Turkey’®, where noise evaluation analysis revealed that road junctions had
the highest noise pollution levels, followed by commercial centers, especially at evening period,
exceeding therefore the limit value of 65 dB(A) according to Turkish Noise Control Regulation.

Equivalently, in another study™ carried out in the city of Tirupur, India, the analysis of noise
assessment showed that in accordance to the Environment Protection Act of 1986, the
recommended noise regulations for commercial areas are 65 dB during the day and 55 dB at night,
while those for residential structures' designated quiet zones are 50 dB during the day and 40 dB at
night. Nearly every place studied had disturbing noise levels, between 6.30 a.m. and 9.30 a.m.,
where the mean noise levels in various locations ranged from 70 to 95 dB, surpassing as a
consequence the Indian noise regulations.

In addition, noise surveys in residential areas in various districts of Thailand’""®, shed lights
on the fact that Leq and Ldn noise levels exceeded the allowances made in Thai noise regulations
and that residents' annoyance levels were high, indicating that they were not happy with the noise in
their surroundings. Other noise surveys>’® were conducted in Africa to evaluate the vehicular noise
in Onitsha and Benin in Nigeria. The acceptable level for noise (70 dB during the day) was found to
be substantially exceeded with high levels at traffic intersections, then in business areas, passenger
loading parks, high-density residential areas.

More recently, an extensive investigation of the soundscape in Al-Oqailat Park, Saudi
Arabia®, was given in a research that concentrated on the peak period between 1:30 and 5:20 pm.
The soundscape was assessed using both objective metrics and ostensible judgments. According to
it, noise pollution in metropolitan areas is substantially influenced by geography and transportation.
Likewise, a study was carried out to assess noise levels from road traffic, based on the average
equivalent continuous sound pressure levele (LAeg), between residential and construction areas, in
Seri Kembangan, Malaysia®. In compliance with Malaysian regulations, statistical analysis
disclosed that both locations had excessive traffic noise levels that topped the maximum allowable
limit of 60 dBA throughout the day.

At the end, the present study results revealed a negative compliance between the
environmental noise levels percieved in the city of Annaba throughout measurement campaign,
with the thresholds admitted in the executive decrees n°93-184 and n°03-410, which it is believed
that this matter can be achieved positively if a restrictive strategy is applied.

Despite the fact that this study was inspired from numerous works around the world, it may be
seen as a work complementary to the research in this domain, and as methodological guideline for
national studies, encouraged to make similar assessment surveys in other cities across the country,
this study faced few limitations such as the lack of state of the art and previous noise data, since that
this study is primary in the city of Annaba. Human and material resources insufficiency may also
represent a limitation for the implementation of this research.

Furthermore, since noise pollution is a very serious issue, that relates directly to the human
health, the residents comfort and the urban soundscapes, this study identified a research gap (place
gap) in order to add more insights on noise data and statistics. Consequently, the methodology and
findings of this study have various implications for practice and future research, which can assist
policy makers employ the necessary action plans against environmental noise.

Conclusion:

It is commonly acknowledged that noise, a byproduct of urbanization and industrialisation, is
a significant environmental issue and major component in the decline of urban quality of life,
especially if it is produced by non-domestic factors, such as transportation, public works, or urban
living. In Algeria, noise pollution may not yet be seen as an important element in inhabitants'
quality of life, which explains the lack of specific improvement initiatives. The present study
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provided an evaluation of the noise levels in Annaba's city center based on the findings of a noise
measurement survey, carried out in May 2023.
On the one hand, the findings of the analysis led to the following key conclusions:

e The soundscape of Annaba’s city-center does not seem to comply with the content of the
executive decrees n°93-184 of July 1993 and n°03-410 of November 2003.

e High noise levels were detected on the main boulevards of Annaba city, especially at
roundabouts and road intersections, at the vicinity of hospital facilities, next to residential
areas and at public gardens and squares, respectively.

e Road traffic noise has both an average equivalent continuous sound pressure level (Leq) that
ranged between 63 dB and 85 dB on twenty-two (22) working days, and a maximum sound
pressure level (Lmax) that could reach up to 96 dB due to vehicle honking and acceleration.

e The Algerian social behavior while driving is a responsible factor for road noise, along with
road surface and urban morphology.

On the other hand, to tackle the issue of environmental noise primarily in Annaba, the following
points are recommanded:

e Encourage the enactment of the decisions n°2485 and n°2486 recently published in October
2023 by the state of Annaba authority (wilaya), that limited the circulation of noisy motor
cycles and sport cars during the night, in order to improve the citizens’ quality of life.

e Impose strict financial penalties on those causing noise on public road and disturbing public
tranquility.

e Launch awareness-raising campaigns directed at citizens through the utilization of radio
waves, or alternatively, by leveraging executive authorities to disseminate information
regarding the hazards associated with exposure to noise, as well as highlighting the multitude
of Algerian legal provisions that outline the acceptable thresholds for noise emissions.

e Renew road surface to enhance the contact between vehicle’s tire and the asphalt, which can
remarkably help in reducing noise.
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