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Executive Summary
This white paper is a part of a community group effort to awaken Asheville, NC, to the dangers
of noise pollution and to seek solutions to this growing threat. Asheville lies in the Blue Ridge
Mountains in the western part of North Carolina at the junction of the French Broad and
Swannanoa Rivers. In recent years, Asheville has prospered through economic development,
attracting a growing number of tourists, new residents, and new businesses. Rapid growth has
brought many benefits to the community at large; however, it has been accompanied by
growing pains, including increased noise from many and varied sources. For Asheville
residents, the unintended consequences of noise pollution include threats to our health, our
quality of life, and our quiet spaces. Noise pollution is a public health concern with direct links
to stress-related illnesses, high blood pressure, hearing loss, and sleep problems.
Noise ordinances are developed to address noise and are intended to protect the communities
they serve; however, when governmental ordinances are poorly written, outdated, or inadequate
in scope, they can create and perpetuate policies that adversely affect health. As Asheville and
many other cities across the U.S. address noise pollution and revise their noise ordinances, we
are confident that this can become a model city for noise source prevention, noise mitigation,
and innovative practices in noise control. This paper aims to present best practices and
recommendations as a blueprint for planning and action.
Noise pollution is pervasive across many Asheville neighborhoods, including East Asheville, West
Asheville, Haw Creek, Kenilworth, Kenilworth Forest, Oakley, Montford, Grove Park/Sunset,
Kimberly/Charlotte, White Fawn, and Downtown. The residents of these neighborhoods have
expressed serious concerns about noise from business establishments (bars, restaurants, ball parks, and
breweries), outdoor entertainment, traffic, construction, yard and lawn maintenance equipment,
delivery trucks, garbage trucks, helicopter flight paths, and 24/7 mechanical noise from commercial,
industrial, and institutional facilities.
There may be additional neighborhoods in Asheville with noise problems not yet reported. Perceived
bias, socioeconomic status and powerlessness may play a hand in underreporting, along with a lack of
understanding of safe noise levels. Noise pollution presents real dangers to the public in many ways.
It is damaging to our health, our wellbeing, our ability to enjoy and use our properties, and can
depreciate our property values.1
The Kenilworth Noise Committee, part of a growing grassroots movement to address the problem of
noise pollution through increased public awareness and recommendations, strongly encourages the
city to adopt a comprehensive and forward-looking noise ordinance that will correct current issues,
prevent future pollution, and yield a positive return on investment for our health and well-being.
This white paper presents extensive information on the health impacts of noise and makes
recommendations for a new Asheville noise ordinance and an improved administrative process
for the Noise Ordinance Appeals Board, complementing the Coalition of Asheville
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Neighborhoods’ (CAN) efforts toward a revised noise ordinance. The paper covers the
following main topics: the immediate and long-term dangers and detrimental impact of noise
pollution on health; the science of noise; noise pollution and the social determinants of health;
noise and socio-environmental justice; the World Health Organization’s research and guidelines
on noise; legislation on noise; best practices; and general recommendations to the City of
Asheville as it develops a new noise ordinance. We have also highlighted our specific
concern--the problem of noise pollution from industrial/commercial facilities in the western
section of Kenilworth.
As sensing beings, we are all affected differently by sound in the environment. In this paper, we
differentiate between “sound” and “noise” consistent with current scientific nomenclature and propose
legislative and administrative solutions for consideration and resolution of noise issues.
The U.S. Government has devolved most of its responsibility for noise control legislation and
regulation to state and local governments. Current EPA regulations on noise pollution date
from the late 1970s, and though both the Noise Control Act of 1972 (42 U.S.C. §4901 et seq.
[1972]), and the Quiet Communities Act of 1978 (S. 3083) remain in force today, neither has
been funded nor enforced, nor do they reflect the rapid growth of urban areas such as Asheville
or the growing field of research on negative health impacts of noise.
However, The World Health Organization (WHO), an agency of the United Nations and one of
the foremost global authorities on noise and health, has been a leader in the science and impact
of noise on human health since the late 1990’s. This paper cites WHO’s timely 2018
guidelines, which apply to the U.S. as well as Europe and are based on decades of research on
the effects of noise exposure.
We offer the following recommendations for best practices to address noise pollution in
Asheville:
1. Commit in writing to transparency and community involvement in creating and revising
noise pollution policy and law, and acknowledge noise pollution as a significant source
of environmental pollution.
2. Invest in research and analysis of Asheville’s soundscape and make the results public.
3. Legislate and regulate to protect residents’ health by adopting a new noise ordinance that
is effective, realistic, fair, enforceable, and enforced.
4. Explore and adopt new technologies and policies for a quieter Asheville.
5. Raise public awareness and support community education around noise pollution.
For a full rationale and description of these recommendations, please see pp. 29-31.
We offer the following recommendations for the noise complaint and appeals process:
1. We recommend that Noise Ordinance Appeals Board (NOAB) be retained and
strengthened.
2. NOAB membership should be composed of experts and major stakeholders including
the Coalition of Asheville Neighborhoods (CAN).
3. Enforcement of penalties for animal noise should be under the purview of Animal
Control and not be included in the scope of NOAB.
3

4. NOAB should establish clear timelines for hearings, decisions, and enforcement actions
and ensure transparent, fair productive procedures and discussions based on facts and
measurable data and mediation.
5. NOAB must apply the principle of equity in hearing cases. NOAB should serve not
only as a deliberative body for specific noise complaints but also serve as an advisory
body to the City Administration and City Council on City-wide noise concerns, on
related solutions, and on raising public awareness.
For a full rationale and description of these recommendations, please see pp. 31-34.
Exposure to noise pollution is a proven cause of numerous direct and indirect health problems.
Communities and individuals should be protected from “secondhand noise,” which is beginning
to be widely recognized as a public health hazard analogous to “secondhand smoke.”2 Across
the population, the effects of noise pollution interfere with the health and welfare of everyone
exposed.
All stakeholders--the city, businesses, and individuals--share the responsibility to reduce
Asheville’s noise footprint. Decisions on noise mitigation policy will have a profound impact
on residents’ health and wellbeing now and will reverberate for decades ahead. A
forward-looking, comprehensive, and enforceable noise ordinance combined with significant
improvements to the existing soundscape will give the City of Asheville a golden opportunity to
secure a healthy, economically vibrant city for all residents.

https://beta.washingtonpost.com/national/health-science/noise-exposure-is-becoming-the-new-s
econdhand-smoke/2018/05/11/dd080c30-52d3-11e8-9c91-7dab596e8252_story.html
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Introduction
Asheville residents’ health, wellbeing, quality of life, living standards, and properties are at risk from
noise pollution. There is an undeniable outcry from many Asheville neighborhoods that the City of
Asheville’s current process for addressing noise pollution is inadequate and that the present noise
ordinance must be updated. As a major stakeholder group, Asheville residents represent a significant
contribution to the local tax base. Asheville’s viability as a healthy, attractive, and livable city is at
risk.
There is a direct relationship between urban development and potential increases in the harmful effects
of noise. Noise load increases as urbanization increases. Excessive noise is an invisible killer, a threat
to public health, welfare, and safety. The residents of Asheville have the right to live in an
environment free from excessive noise that degrades their quality of life, damages their health, and
diminishes their property values. Asheville’s inadequate and outdated noise ordinance lacks the
necessary strong safeguards to protect residents from the many sources of noise pollution throughout
the city. This lack of protection from noise pollution is exacerbated by direct adjacencies of
residential zones with institutional, commercial, and industrial zones.
We are members of the Kenilworth Noise Committee and partners with Neighbors Against Noise
(NAN) and the Coalition of Asheville Neighborhoods (CAN). Kenilworth, our neighborhood near
downtown Asheville, is experiencing the everyday effects of noise pollution first hand. This paper
includes the story of the growing, serious, and unsustainable “flooding” of noise pollution into our
neighborhood as a serious case in point. (See “Case Study: Western Kenilworth’s Urgent Noise
Concern” on p. 47.)
We believe that the goal of effective noise management should always be to reduce noise to the
lowest level achievable in any situation. We maintain that noise producers must be held
responsible for mitigating noise and not be granted grandfathered exemptions. Asheville’s new
noise ordinance must not enshrine the status quo for current commercial/industrial noise
polluters. Rather, the ordinance must address the effects of urbanization and
socio-environmental justice for all with clear protection for individuals from the health
consequences of noise pollution. The policy principles of sustainability and environmental
justice should be top priorities.
According to the City’s announcement of a series of open public discussions on noise in spring
2019:
The City realizes that excessive noise is a hazard to public health, welfare, and safety.
Staff support the core value that the community has a right to an environment free from
excessive noise that may degrade their quality of life or diminish property values. The
noise ordinance revision aims to balance the needs of residents with those of local
businesses and recognizes that all parties are essential to a thriving local economy.3

https://www.ashevillenc.gov/department/communication-public-engagement/projects-and-initia
tives/noise-ordinance-revisions/
3
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We support the principles contained in the City’s announcement as well as its additional stated
principles for developing a new noise ordinance:
● Noise Ordinance development must prioritize equity as a lens through which to evaluate policy
criteria and enforcement action.·
● Excessive noise generation can be reasonably addressed through the adoption of a Noise
Ordinance that contains clear, enforceable, and effective measures to control noise.
While we support the City’s initiative and stated principles to revise the noise ordinance, we
note that there is a significant gap in power and wealth between residents and the business
community. We urge the City to be cognizant of this gap, especially in light of concerns for
socio-environmental justice.
The city government has a fundamental responsibility to protect the health and general welfare
of its residents. In the same vein, we believe that businesses have a “corporate social
responsibility” to operate in a manner that does no harm to their employees, clients, or the
public at large. Noise pollution extending beyond business property lines is irresponsible,
endangers public health and well-being, and should never be condoned or accepted as the price
of development and prosperity. The best solutions lie in preventative measures and in stopping
or blocking noise pollution at the source.

Methods Used
In researching and writing this white paper, the authors undertook an extensive review of
published resources and evidence-based studies related to the health impacts of noise pollution,
paying close attention to research quality and methodologies. The World Health Organization
(WHO) Guidelines for Community Noise 1999 and the updated WHO Environmental Noise
Guidelines for the European Region 2018 are major sources of high quality, evidence-based
research and follow-on recommendations cited in this paper. Additional sources cited include
the National Institutes for Health, the Centers for Disease Control, and the American Public
Health Association. In addition to evidence-based resources, the authors reviewed the database
of U.S. city noise ordinances within the Noise Pollution Clearinghouse and numerous media
articles on the topic of noise pollution. The authors also researched the Environmental
Protection Agency’s regulatory framework as well as the history and present status of U.S.
federal legislation and North Carolina state legislation regarding noise pollution. See pp. 44-47
for a comprehensive list of references and resources.

7

Asheville’s Rapid Urbanization: Noise Pollution and Health

According to the Centers for Disease Control and Prevention (CDC), healthy communities are
measured not only by their capacity to deliver quality education, affordable housing, access to
transportation and adequate employment, but also by long-term sustainability where population health
is a prime consideration and the impact of the built environment does not contribute to the burden of
chronic disease.4
The 2018 Buncombe County Community Health Assessment5 notes that the quality of the
environment needs to be addressed because of its impact on health. The study assessed Buncombe
County’s air and water quality as well as access to healthy food and places. However, the study did
not address the growing problem of noise pollution. Since noise can cause permanent and disabling
conditions, it should also be considered a critical measure of environmental quality.
In 2018, WalletHub ranked Asheville 98th out of 515 U.S. cities for the fastest growth.6 The City of
Asheville has long been concerned about its rapid growth and updated its previous 2002
comprehensive plan in July 2018. The City adopted “Living Asheville: A Comprehensive Plan For

https://www.cdc.gov/nceh/publications/factsheets/impactofthebuiltenvironmentonhealth.pdf
https://www.wnchn.org/wp-content/uploads/2019/07/Buncombe_2018-community-health-asse
ssment.pdf?x85983
6
https://wallethub.com/edu/fastest-growing-cities/7010/
4
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Our Future” as a way to guide long-term development.7 The plan offers inspiration, strategies, metrics
and goals to protect the City’s residents and notes that “a healthy community ensures that public
health needs are recognized and addressed.”
Noise pollution and its consequences of chronic disease, however, are not being addressed adequately
by the current noise ordinance, and Asheville residents from many neighborhoods have expressed
serious concerns about excessive noise from the following sources: business establishments (bars,
restaurants and breweries), traffic, construction, gas-powered property maintenance equipment,
delivery trucks, garbage trucks, helicopter flight paths, and 24/7 mechanical noise emitted from air
handlers of established businesses. Residents have voiced complaints via City surveys, in
City-organized fora, and in City Council meetings.8
Many cities across the country have adopted noise ordinances that are measurable, going far
beyond a nuisance-based approach. Asheville’s rapidly growing urbanization with densely
populated zones directly adjacent to commercial/industrial/institutional zones requires close
attention not only to intermittent annoyances9, but also to sources of fixed or constant noise.
(See the Western Kenilworth story on p. 47 for an example of the impact of constant noise on a
neighborhood.)

An Environmental Stressor with Negative Health Impacts
Individual attitudes to noise and noise annoyance can vary, dependent on health status and
many other non- acoustic factors, including gender, age, education, subjective noise sensitivity,
extroversion or introversion, general stress score, comorbidity, length of residence, duration of
stay at dwelling during the day, window orientation of a bedroom or living room towards the
street, personal evaluation of the source, attitudes towards the noise source, coping capacity
with respect to noise, perception of malfeasance by the authorities responsible, body mass
index, and smoking habits10.
Noise pollution can cause annoyance, followed by a stress response, then the symptoms of strain, and
finally chronic illness. Noise pollution interrupts the restorative processes of our sleep, disrupts our
conversations with our family, affects our children’s learning abilities and can diminish our
concentration and decrease our productivity.11
Noise annoyance is recognized as an important environmental stressor. It is important to consider
annoyance, because strong noise annoyance is associated with a two-fold higher prevalence of

https://www.ashevillenc.gov/civicax/filebank/blobdload.aspx?blobid=30858
https://mountainx.com/news/asheville-residents-clamor-for-noise-ordinance-changes/
9
http://www.citizen-times.com/story/news/local/2014/09/05/ashevilles-noise-ordinance-revised/
15149273/
10
https://www.mdpi.com/1660-4601/15/11/2400/pdf
11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1253729/
7
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depression and anxiety. 12 Noise annoyance also increases with the belief that noise polluters can
control the noise.

Resources for Identification of and Action on Noise Pollution
An important source of extensive online noise-related resources is the Noise Pollution Clearinghouse
(NPC), a national nonprofit organization with the motto, “Good neighbors keep their noise to
themselves.” NPC’s mission as posted on their website is to:
● Raise awareness about noise pollution
● Create, collect, and distribute information and resources regarding noise pollution
● Strengthen laws and governmental efforts to control noise pollution
● Establish networks among environmental, professional, medical, governmental, and
activist groups working on noise pollution issues
● Assist activists working against noise pollution
NPC is engaged in an effort to revise outdated US Environmental Protection Agency (EPA) noise
regulations and to recommend evidence-based model community noise ordinances in a three-phase
initiative:
● Document current community efforts to regulate noise
● Analyze what is and is not working in current noise laws, ordinances, and/or regulations
● Develop a model noise ordinance (projected in 2019)
Of particular interest, NPC has conducted a preliminary analysis of 491 Community Noise
Ordinances, with these overall findings:13
● Noise ordinances need to be enforced consistently to be effective.
● An inclusive, deliberative process leads to more effective ordinances.
● A robust action planning process is required.
● Effective, consistent enforcement of an ordinance depends on close collaboration among
multiple city entities, which requires systematic planning, communication, and a
commitment to making effective change that is responsive to the entire community.
Another resource, Noise Free America, “A Coalition to Promote Quiet,”14 elevates the issue of
noise pollution with federal, state, and local officials, and educates the public about the dangers
of noise pollution. The organization lobbies on the negative impact of noise on health, on
communities, and on ecosystems.15

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4873188/
http://nonoise.org/regulation/preliminary%20results.pdf
14
https://noisefree.org/
15
https://noisefree.org/noise-social-and-ecosystem-effects/ and
https://noisefree.org/noise-health/
12
13

10

Noise Pollution and the Social Determinants of Health
In recent years, public health professionals have focused attention on the social determinants of
health (SDOH), the “conditions in the places where people live, work, and play,” according to
the Centers for Disease Control and Prevention (CDC).16 These are the non-clinical aspects of
our lives and environments that have profound and wide-ranging effects on individuals and
populations. They include substandard education, poverty, un- or underemployment,
discrimination, lack of adequate housing, and unsafe neighborhoods. They also include the
environment in which we live and the presence of pollution of all types, including noise
pollution.
We know that the social determinants of health place specific populations at risk and
disadvantage. When governmental ordinances are poorly written, outdated, or inadequate in
scope, they can create and perpetuate policies that adversely affect health.
Exposure to noise pollution is a proven cause of numerous direct and indirect health problems
in individuals. Across the population, the effects of noise pollution interfere with the health
and welfare of everyone exposed. According to the World Health Organization (WHO), over
one million healthy years of life are lost in western Europe every year because of traffic noise
pollution exposure.17
Noise polluters contribute to public health issues, just like the polluters who gave us lead
contamination, smog, unsafe vehicles, dangerous toys and cribs for children, and commercial
tobacco. Based on the findings of scientific research, public health professionals are reaching
out to the general public and raising awareness of the dangers of noise pollution.
Feelings of powerlessness in the face of noise pollution can increase stress. This is particularly
true of disadvantaged and vulnerable populations, who have less choice in where to live and
work than middle- or upper-class populations and who have fewer or no resources to mitigate
their surroundings or hold noise polluters accountable. Public health has documented many
examples of disadvantaged and vulnerable communities that are discriminated against in
exposure to all forms of pollution--air, environmental, and noise.
Scientists have known for years that communities of color and neighborhoods with higher
poverty rates are exposed to noise pollution more continuously and at higher decibel rates. 18
Noise pollution is a top environmental hazard that not only affects physical and mental health,
but represents an environmental justice issue, because noise is not evenly distributed across a
city’s landscape. Those living in the same zip code can be affected inversely due to geospatial
differences. Susceptible groups could either be those living in big cities, downtown, or those in
more disadvantaged neighborhoods. Environmental justice is tied to the environment in which
we live, and noise pollution is clearly an issue of environmental justice.
16
https://www.cdc.gov/socialdeterminants/index.htm
17
http://www.euro.who.int/ data/assets/pdf_file/0008/383921/noise-guidelines-eng.pdf?ua=1
18
https://www.ncbi.nlm.nih.gov/pubmed/28749369
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Noise exposure can affect birth weight, learning ability.19 and the promoting or worsening of
Type 2 diabetes. Additionally, noise exposure impacts high blood pressure and cardiovascular
diseases20, which in turn can lead to heart attacks and strokes, and many other health
consequences. Exposure to excessive noise is analogous to the dangers of secondhand smoke
and, therefore, represents a double jeopardy to vulnerable groups and those with health
disparities. Urban noise pollution is often the worst in disadvantaged neighborhoods; there is
increased vulnerability among children and the elderly. 21
According to the American Public Health Association, “Research demonstrates that lives can be
saved by reducing noise and that the cost of the enforcement of these regulations will be far less
than the health care costs associated with heart disease, hearing loss, and lost productivity.” 22
There is also great value in reducing the prevalence of chronic disease. In 2015, Swinburn,
Hammer and Neitzel revealed for every 5dB noise reduction, the prevalence of hypertension
reduced by 1.4% and coronary heart disease by 1.8% with an estimated annual economic benefit
of 3.9 billion.23
Lower-income neighborhoods are often at greater risk for noise pollution and set the stage for
issues of environmental justice.24 However, noise pollution does not discriminate and can be a
problem in wealthy communities, too. Studies in Paris and New York have pointed out that
neighborhoods with higher residential property values and the highest levels of educational
attainment also suffer from higher noise exposures.25 Thus noise pollution is not “somebody
else’s problem.”
Although affluent neighborhood groups may have more agency and may be in a better position
to defend their rights, the experience of many Asheville neighborhoods demonstrates that
solving the noise pollution problem has been an uphill battle. Without a noise ordinance that
adequately addresses constant industrial noise penetrating residential areas, the city cannot
fulfill its obligation to protect its residents.26

19

https://www.ncbi.nlm.nih.gov/pubmed/22842719

http://www.euro.who.int/ data/assets/pdf_file/0008/383921/noise-guidelines-eng.pdf?ua=1
https://www.ncbi.nlm.nih.gov/pubmed/17396733
22
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/
2014/07/16/12/50/environmental-noise-pollution-control
23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4819987/
24
https://ec.europa.eu/environment/integration/research/newsalert/pdf/air_noise_pollution_socio
economic_status_links_IR13_en.pdf
25
https://www.ncbi.nlm.nih.gov/pubmed/21273211
26
https://mountainx.com/news/asheville-residents-clamor-for-noise-ordinance-changes/
20
21
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The Science of Noise and The Impact of Noise on Health
What is noise and how do we experience it?
Noise is defined as “unwanted sound.”27 Clearly, one person’s noise can be another’s welcome
sounds, but public health, acoustical science, occupational health, and other fields have been
able to identify aspects of noise that cause direct and indirect physical and psychological
damage to persons and animals, both acutely and over time.
The mechanics and measurement of producing and hearing noise are complex. For this
discussion, the key points are:
● The definition of “noise” is subjective. However, the WHO and the U.S. Government
(Occupational Safety and Health Administration [OSHA], National Institute for
Occupational Safety and Health [NIOSH]) have created standards that describe harmful
types and levels of noise. OSHA and NIOSH standards are limited to workplace noise
exposures.
● Humans can hear a vast range of sounds, and animals can hear even more.
● Sound is measured in decibels (dB), from 0 (the threshold of human hearing) through
194, when sound waves become actual shock waves. Decibel measurements are often
expressed as dBA, which simply weights the dB measurement according to human
hearing. Another common measurement is the TWA, or time-weighted average, which
calibrates the average dBA exposure over a given time period.28
● The decibel scale is logarithmic, not linear, which means that each 10 dB increase
actually is ten times greater. For example, a sound at 40 dB is 1,000 times greater than a
sound at 10dB.
● The perception of sound, however, approximately doubles with every 10dB increase.
Correspondingly, a relatively small decrease in dB can significantly decrease the risk of
damage from noise.
● There is strong medical and public health evidence of what constitutes harmful noise,
and the US Government has issued clear guidelines on safe levels of noise exposure,
both at a single exposure or over a period of time.
● Research on the harmful effects of noise has increased over the past few decades and has
shown strong evidence of both acute and chronic damage to human and animal health.
Understanding how sound is produced and how the human ear hears it is essential to
understanding the effects of noise. Sound is a mechanical vibration that moves through air,
water, or even land, but sound cannot be transmitted through a vacuum. Sound travels in waves

Basner et al. “Auditory and non-auditory effects of noise on health.” Lancet. 2014 April 12;
383(9925): 1325-1332. Doi: 10.1016/S0140-6736(13)61613-X.
28
Other aspects of the psychoacoustics of sound and noise are outside the scope of this paper.
We recommend that the City of Asheville, however, become familiar with or obtain subject
matter expertise on the nuances of psychoacoustics in the effort to create a viable noise
ordinance.
27
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that pulse in the same direction they are moving, like pushing a stretched Slinky®, and creates
pressure waves in the air.29
Propagation of Sound Waves

https://www.scienceworld.ca/resources/activities/modelling-sound-wave

When these pressure waves reach the human ear, they cause the eardrum to flex in and out,
which in turn causes the tiny bones of the middle ear (ossicles) to move and push against the
fluid in part of the inner ear (the cochlea). When this fluid vibrates, it causes the tiny hair cells
of the cochlea to move and translates those movements into messages to the brain via the
auditory nerve. The brain tells us that that is a sound, what its pitch is, and how loud it is.
Basic Anatomy of the Human Ear

https://en.wikiversity.org

Sound has a number of qualities, and the most important to this discussion are frequency, which
determines the pitch of a sound (high or low) and the intensity, determined by how big the
sound waves are (amplitude). “Loudness” is a subjective term and can vary from person to
person.30 Intensity is the most important characteristic of sound in terms of effects on human
hearing.

29
30

https://www.scienceworld.ca/resources/activities/modelling-sound-wave
See note 28 above re psychoacoustics.
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The human ear can hear a vast range of sounds, up to a quadrillion times louder than the softest
possible audible sound.31 In an effort to simplify measurement of sound waves that have such
an enormous range, the decibel (dB) scale is used. It can be confusing, because it is often
portrayed like a thermometer, with equal divisions between the dB measurements (see p. 19).
These depictions show the range of hearing between , for example, the “softest sound you can
hear” and a 12-gauge shotgun blast, but do not accurately show how much louder the latter is
than the former.
However, dB are measured using a logarithmic scale, like the Richter scale for earthquakes, in
which each increase in 10 dB is actually a multiplication of intensity by 10. Thus, a noise
intensity level of 90 dB is actually 10 times as great as 80 dB and 100 times as great as 70 dB.
Because of how the anatomy and physiology of human hearing work, though, the experience or
perception of hearing approximately doubles with each 10 dB increase. Thus, we perceive 90
dB as twice as loud as 80 dB and four times as loud as 70 dB. And, conversely, a fairly small
decrease in dB can mean a very significant decrease in potential damage to hearing.
Here is another way to look at how sound increases along the dB scale and how enormous the
range of human hearing is:

0 dB

Threshold of human hearing

10 dB

10 times more intense

20 dB

100 times more intense

30 dB

1,000 times more intense

40 dB

10,000 times more intense

90 dB

1,000,000,000 (1 BILLION) times more intense32

http://ksumsc.com/download_center/Archive/2nd/435/1-%20CNS%20block/Male/Physiology/
8-Djouhri%20lecture%205%20Mechanism%20of%20Hearing%20%20Final%20%20for%20St
udents.pdf
32
Adapted from: https://www.hearinglikeme.com/thats-intense-understanding-the-decibel-scale
31
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The “decibel thermometer” shown below, unlike many available “thermometer” analogies,
gives a better picture of how the dB scale works:

http://www.nonoise.org/toolbox/thermo/NPCapplication.html

Decibel sound measurements come in many types for many applications.33 An important
decibel measurement is dBA, i.e., decibels mathematically weighted for the range of human
hearing, which are thought to reflect more accurately the effects of sound on humans. dBC is a
measurement often used to measure loud, sudden sounds like gunshots, but it is essentially
interchangeable with dB units.34 dBC measurements can be appropriate in situations where
there is a significant component of low-frequency sound, such as concerts with significant bass
components.
It is also important to evaluate the duration of exposure, because sound levels can vary over a
period of time, and damage from noise exposure can be cumulative. The US Government uses
a time-weighted average (TWA) for noise exposure over time, . Another example of
measurement of exposure over time is the WHO’s Lden (average exposure over
day-evening-night), and Leq, the average sound pressure over a period of time. Knowing which
For an exhaustive list of types of dB measurements and applications, visit
https://en.wikipedia.org/wiki/Decibel In addition, sound is sometimes measured in “phons” or
“sones.”
34
https://www.noisehelp.com/decibel-scale.html
33
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type of dB measurement is being used is important when trying to determine the impact of
noise.

Examples of everyday exposures to different noise-producing situations
To give a sense of what different decibel levels sound like, here is a list of examples:
dBA

Example

Home & Yard Appliances

Workshop & Construction

0

healthy hearing threshold

10

a pin dropping

20

rustling leaves

30

whisper

40

babbling brook

computer

50

light traffic

refrigerator

60

conversational speech

air conditioner

70

shower

dishwasher

75

toilet flushing

vacuum cleaner

80

alarm clock

garbage disposal

85

passing diesel truck

snow blower

90

squeeze toy

lawn mower

arc welder

95

inside subway car

food processor

belt sander

100

motorcycle (riding)

handheld drill

105

sporting event

table saw

110

rock band

jackhammer

115

emergency vehicle siren

riveter

120

thunderclap

oxygen torch

125

balloon popping

130

peak stadium crowd noise

135

air raid siren

140

jet engine at takeoff

145

firecracker

150

fighter jet launch

155

cap gun

160

shotgun

165

.357 magnum revolver

170

safety airbag

175

howitzer cannon

180

rocket launch

...
sound waves become shock waves

https://boomspeaker.com/noise-level-chart-db-level-chart/
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The potential for a sound to damage our hearing is proportional to its intensity, which is
measurable in decibels, not its loudness. That is why it is misleading to rely on our subjective
perception of loudness as an indication of the risk to our hearing. In addition, there are
maximum recommended limits of duration of exposure to different decibel levels: for example,
the maximum recommended exposure time at 85 dB (e.g. snow blower) is 8 out of 24 hours,
and 130-140 dB (e.g., peak stadium noise), is less than one second per 24 hours.35 This paper
discusses health effects of duration of exposure below.

What is noise pollution?
Noise pollution, also known as environmental noise or sound pollution, is the propagation of
noise with harmful impact on the activity of human or animal life. The source of outdoor noise
worldwide is mainly caused by machines, transport and propagation systems.36
Noise pollution affects both health and behavior. Unwanted sound(noise) can damage
physiological health. Noise pollution can cause hypertension, high stress levels, tinnitus,
hearing loss, sleep disturbances, and other harmful and disturbing effects.

How does noise endanger health?

Photo credit: Mark Allen Miller

Over the last 40 years and especially in recent years, there has been a great deal of research on
the effects of noise. These effects can be divided into acute (immediate, rapid, or short-term)
and chronic (developing over time).
35
36

https://www.noisehelp.com/noise-dose.html
https://en.wikipedia.org/wiki/Noise_pollution
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Acute noise injury generally affects hearing directly. Damage to human hearing depends both
on loudness and the duration of exposure. OSHA and NIOSH have set limits on exposure in the
workplace that can apply to other situations, e.g. exposure to loud music, industrial sounds,
firing ranges, etc. Crucially, these limits include how much time a person safely can be exposed
to levels of sound, since damage to hearing from noise exposure, known as noise-induced
hearing loss (NIHL) increases with time of exposure.
The figure below shows safe noise exposure limits over time. Acute NIHL can occur in a very
short time with very high noise intensity, at levels at or above 120 dB, such as explosions, very
loud music or machinery. This damage can be temporary or permanent, depending on the
injury to the cochlea and/or the auditory nerve,37 and can be greater in children because of their
developmental stage. Effects of NIHL include difficulty hearing and interpreting speech,
tinnitus (ringing in the ears), permanent damage to the eardrum, ossicles, or cochlea, and
deafness or hyperacusis (sound sensitivity).

www.epfound.com/Facts.html

37

https://www.cdc.gov/nceh/hearing_loss/what_noises_cause_hearing_loss.html
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Chronic noise injury can affect hearing directly as noted above, but can cause or contribute to a
wide variety of other conditions. These include:
● Chronic NIHL: As described above, noise exposure damage to hearing is cumulative.
OSHA and NIOSH have set limits on intensity and duration of workplace noise
exposure, which applies to everyday exposure as well. Exposure to dangerous levels of
noise over time is generally more likely to lead to permanent hearing damage than acute
exposures. Voluntary noise exposure, such as listening to loud music or video gaming
sounds through headphones, attending concerts or sporting events, or even loud
children’s toys, can contribute to NIHL. Gunshots can irreversibly damage hearing after
a single exposure.
● “Annoyance”: Annoyance may sound like a trivial, subjective response to noise, but, as
noted above, it is an important component of human response to noise pollution. The
US EPA has defined noise annoyance as “any negative subjective reaction on the part of
an individual or group” to noise.38 Noise annoyance is a function of the type, location,
and qualities of noise, duration and times of exposure, the individual or group, and the
sense of control or lack thereof over the noise. Annoyance can have long-term
consequences because of its contribution to chronic stress, which has well-documented
adverse health effects.39
● Accidents and falls: Especially in the workplace, increased accidents and falls can occur
associated with NIHL. One analysis found that 12% of workplace accidents/ falls
studied were attributable to “a combination of noise exposure in the workplace (> or =
90 dB) and noise-induced hearing loss.”40
● Cardiovascular disease: Increased incidence of cardiovascular disease (CVD), including
heart attack, stroke, high blood pressure, lipid abnormalities (cholesterol, triglycerides),
hardening of the arteries, and heart failure, related to noise exposure has been researched
since the late 1980s. A 2018 article in the Journal of the American College of
Cardiology summarized the extensive evidence (which took into account smoking,
socioeconomic status, and other factors):41
○ Traffic noise exposure is associated with coronary artery disease (CAD).
Starting at 50dB, every increase of 10dB in exposure causes a 6% increase in
risk of CAD.
○ Traffic noise exposure is associated with stroke. For every increase of 10dB in
exposure there is a 14% increased risk of stroke. Aircraft noise above 55 dB also
was associated with increased stroke hospitalization rates.
https://www.noisequest.psu.edu/pdfs-documents/annoyance.pdf
Stallen PM. A theoretical framework for environmental noise annoyance. Noise Health [serial
online] 1999 [cited 2019 Jun 2];1:69-79. Available from:
http://www.noiseandhealth.org/text.asp?1999/1/3/69/31712
40
Picard et al. Accid Anal Prev. 2008 Sep;40(5):1644-52.doi:10.1016/j.aap.2008.05.013. Epub
2008 Jul 3.
41
Münzel et al. Environmental noise and the cardiovascular system. Journal of the American
College of Cardiology Feb 2018, 71 (6) 688-697; DOI: 10.1016/j.jacc.2017.12.015. All
citations in this paragraph are from this article.
38

39
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●

●

●
●

○ Similar associations were found with congestive heart failure and atrial
fibrillation (an abnormal heart rhythm that can lead to stroke).
○ Aircraft, railway, and traffic noise were associated with higher risks of
hypertension (high blood pressure), which can lead to heart attack, stroke, and
heart failure, and indoor noise exposure showed greater association with these
risks than did outdoor noise.
○ Nighttime traffic noise contributes to an increased risk of calcium deposits in the
portion of the aorta in the chest, a marker for general atherosclerosis or
hardening of the arteries. For every 5 dB increase in noise, the increased risk of
calcium deposits is 3.9%.
Sleep disturbance: Exposure to noise during sleep can disrupt sleep cycles in children
and adults, and recent research shows many adverse consequences of disturbed sleep,
including impaired judgment, mood, and ability to retain information; increased
likelihood of causing accidents or injuries; decreased productivity; and chronic disease
such as obesity, depression, anxiety, increased alcohol use, depressed immune system,
cardiovascular disease, including high blood pressure, and even decreased life
expectancy.
Cognitive performance: There is some evidence that cognitive performance, or tasks
performed that require thinking, is impaired by noise exposure in adults and children,
i.e. that learning and performing functions that require conscious thought may be
compromised. Attention or learning disabilities and hyperactivity have been associated
with noise exposure in children. However, more study is needed to prove this
conclusively.
Obesity: According to JACC, “Recently, several studies have almost consistently found
associations between aircraft and road traffic noise and obesity, a major risk factor for
CVD, in cross-sectional and longitudinal studies of high quality.”
Diabetes: A 2018 meta-analysis showed a 6% increase in risk of diabetes for every 5 dB
increase in noise exposure from air and road traffic. A recent large study also showed
an increase in fasting blood sugar levels, a marker for developing diabetes, associated
with noise exposure from road traffic noise.

The figure below shows the relationships of increasing levels of consequences of noise
exposure and their interaction with health conditions.
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Figure 2: World Health Organization Pyramid of Health Effects of Noise
www.who.int

What Is the Negative Impact of Noise on Diabetes?
Diabetes is at epidemic levels in North Carolina and threatens the health and well-being of the
state’s residents. While lifestyle, heredity and social determinants of health can influence a
person’s susceptibility to developing this chronic disease, noise exposure is also linked to this
metabolic disorder.42 A large systematic review and meta-analysis were reported in the Journal
of Environmental Research in 2018, concluding that there is an increased risk of diabetes
mellitus associated with noise exposure, mainly related to air and road traffic noise. 43 A 6%
(95% confidence interval) increase in the risk of diabetes mellitus per 5 dB increase in noise
exposure regardless of the source was found. Raised cortisol and catecholamine secretion have
been shown to be contributing factors to developing diabetes with repeated noise exposure. 44
Another study published in the Journal of Noise and Health suggested that people exposed at
their homes to roughly > 60 dB had 22% higher risk for type 2 diabetes.45 Given the
devastating consequences of diabetes, we cannot just ask residents to consume a healthy diet,
exercise regularly and refrain from smoking; we must also advise them to avoid prolonged
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4918642/
https://www.ncbi.nlm.nih.gov/pubmed/25599755
44
https://www.ncbi.nlm.nih.gov/pubmed/14757721
45
https://www.ncbi.nlm.nih.gov/pubmed/25599755
42
43
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exposure to noise, be it from traffic or air pollution, their neighbor’s lawn mower or from the
concert at the local brewery.
A person-centered approach involving behavioral counseling and educational campaigns
regarding residential noise mitigation must be used to supplement noise control engineering the
same way general stress management protocols are applied to people with diabetes.46

What Is The Negative Impact of Noise on Animals?
We are all connected. Noise pollution is threatening our urban forest and the animals that live within
it. Acute and chronic noise exposure can have adverse effects on animals as well, including wildlife,
with effects on mating behavior efficacy, habitat abandonment, change in daily patterns, and the
ability to hunt. This concern even includes marine animals and has been known at least since a 1971
EPA publication on this issue.47 Some evidence exists of adverse effects of noise on livestock and
pets. Dogs, cats, mice, and other species have much broader hearing ranges than humans and
generally are more sensitive to sound and noise. More research is needed on the chronic effects of
noise exposure in pets.
As a mountain community, Asheville is known for its population
of black bears that live next to residential areas and are equally
exposed to dangerous noise pollution. According to the North
American Bear Center,48 “Hearing is the black bear’s first line of
defense against danger, because they can hear in all directions
(unlike smell), and they can hear farther than they can see in
brushy forest. Their ears develop to full size more quickly than
the rest of their body. Their hearing is over twice the sensitivity
of human hearing and exceeds human frequency ranges.
Asheville’s urban forested buffer zones are disappearing rapidly
because of overdevelopment in the absence of good zoning
requirements to retain forested areas. Our city’s woodlands are
dependent on the local animal population for pollinate them and
spread their seeds. Unfortunately, noise-affected animals are
leaving for quieter locations. This is a pattern being observed
across our nation. Importantly, vegetation helps buffer noise
pollution by the process of noise attenuation. The USDA
recommends an assessment of our tree canopy.49 because wide dense plantings of trees can
significantly reduce noise and noise pollution. This information has been known since 1978, when
https://spectrum.diabetesjournals.org/content/18/2/121
https://nepis.epa.gov/Exe/tiff2png.cgi/9101NNCV.PNG?-r+75+-g+7+D%3A%5CZYFILES%
5CINDEX%20DATA%5C70THRU75%5CTIFF%5C00003321%5C9101NNCV.TIF
48
https://bear.org/
49
https://www.fs.fed.us/openspace/fote/reports/nrs-62_sustaining_americas_urban.pdf
46

47
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Cook reported plantings 100 ft wide, in combination with soft ground surfaces could decrease
loudness by 50 percent, a decibel decrease of only 6-10 decibels.50

The World Health Organization (WHO): The World’s
Leading Authority on Noise and Health
This paper gives special attention to research and recommendations on noise pollution
conducted by the World Health Organization (WHO). Headquartered in Geneva, Switzerland,
WHO is a specialized agency of the United Nations with a broad mandate to “act as the
directing and coordinating authority on international health work” within the United Nations
system of 194 member states. The United States is the largest member state contributor to
WHO.
A 2019 Kaiser Family Foundation fact sheet51 describes the relationship of the U.S. government
and WHO:
The U.S. participates in WHO governance, including as a current Executive Board
member. The U.S. provides technical support to WHO through a variety of activities
and partnerships. This includes U.S. government experts and resources supporting
WHO research and reference laboratory work, and participation of U.S. experts on
advisory panels and advisory groups convened by WHO. In addition, a number of U.S.
government representatives are seconded or serve as liaisons at WHO headquarters and
WHO regional offices, working day-to-day with staff on technical efforts. The U.S. also
works in partnership with WHO before and during responses to outbreaks and other
international health emergencies.52

WHO’s Mission, Research, and Global Reach
The WHO’s primary role is to direct international health and to lead the world in global
responses to disease. WHO is dedicated to the mission of “better health for everyone,
everywhere” in the world, including the U. S. and Europe. In 1972, WHO formally defined
noise as a pollutant. WHO research and guidelines on noise and health are applicable to
human beings and communities anywhere in the world.
In 2004, WHO adopted the precautionary principle.53 Very simply, the precautionary principle
“states that, in cases of serious or irreversible threats to the health of humans or ecosystems,
acknowledged scientific uncertainty should not be used as a reason to postpone preventive
Cook, D.I. (1978). Trees, solid barriers, and combinations: alternatives for noise control. In:
Hopkins, G., ed. Proceedings: national urban forest conference. Syracuse, NY: SUNY College
of Environmental Science and Forestry: 330-339.
50

51

https://www.kff.org/global-health-policy/fact-sheet/the-u-s-government-and-the-world-health-organization/

https://www.kff.org/global-health-policy/fact-sheet/the-u-s-government-and-the-world-healthorganization/
53
http://www.euro.who.int/ data/assets/pdf_file/0003/91173/E83079.pdf
52
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measures.”54 That is, in areas where science is emerging or not completely conclusive,
prevention should be emphasized before proceeding with practices that could have serious or
even irreversible effects on the health of populations. 55
WHO also prepared the 2009 “Children and Noise,” a training package for healthcare
professionals around the world that highlights children’s greater vulnerability to noise pollution,
especially for the following: developing fetuses and babies; preterm, low birth weight and
small for gestational age babies; children with dyslexia and hyperactivity; and children on
ototoxic medication (medication that can damage hearing).56

WHO 2018 Guidelines on Community Noise
In 1999, WHO issued its landmark document, “Guidelines for Community Noise,” which
collected major research on the effects of noise pollution on health and offered international
guidelines.57 In 2018, WHO issued an update to the 1999 guidelines. In terms of health
implications, WHO’s “Environmental Noise Guidelines for the European Region” Executive
Summary58 specifically states that the guidelines are applicable in other regions and are suitable
for global target audiences since the underpinnings of the recommendations were taken from
research from other parts of the world.
The European Union (EU) is a leader in the field of noise policy, has been working for over two
decades to develop coherent noise policy and recognizes the public health burden from
environmental noise exposure. Although the guidelines may focus on the WHO European
region, they have global relevance because they have been formulated from research across the
globe, including several dozens of research projects from the United States of America.
The guidelines are based on systematic “Reviews of Evidence” across the globe. Systematic
“Reviews of Evidence” are the highest quality of evidence on a research topic because their
study design reduces bias and produces more reliable findings. Comprehensive and rigorous
methodologies were used to evaluate articles for inclusion.
The WHO guidelines on community noise recommend (1) that governments adopt health
guidelines for levels of community noise and (2) noise emissions should be mitigated by taking
into account the characteristics of the population at risk and specific special environments.
WHO recommends 40 dB as a ceiling, an upper limit for night time noise in residential zones.
http://www.euro.who.int/ data/assets/pdf_file/0003/91173/E83079.pdf
http://www.euro.who.int/data/assets/pdf_file/0003/91173/E83079.pdf
56
https://www.who.int/ceh/capacity/noise.pdf More recently, the WHO also produced “Noise
exposure limit for children in recreational settings: review of available evidence,” that
reinforces the content of “Children and Noise” in recreational settings:
https://www.who.int/deafness/make-listening-safe/Monograph-on-noise-exposure-limit-for-chil
dren-in-recreational-settings.pdf?ua=1
57
https://apps.who.int/iris/handle/10665/66217
58
http://www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/env
ironmental-noise-guidelines-for-the-european-region-executive-summary-2018
54
55
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WHO’s description of the 2018 version noted five “significant developments” since the
publication of the 1999 report:
● Stronger evidence of cardiovascular and metabolic effects of environmental noise;
● Inclusion of new noise sources, namely wind turbine noise and leisure noise, in addition
to noise from transportation (aircraft, rail and road traffic);
● Use of a standardized approach to assess the evidence;
● The systematic reviews of evidence define the relationship between noise exposure and
risk of health outcomes; and
● Use of long-term average noise exposure indicators to better predict adverse health
outcomes, compared to short-term noise exposure measures.59
In its description of the Report, WHO also notes:
Noise is an important public health issue. It has negative impacts on human health and
well-being and is a growing concern. The WHO Regional Office for Europe has
developed these guidelines, based on the growing understanding of these health impacts
of exposure to environmental noise. The main purpose of these guidelines is to provide
recommendations for protecting human health from exposure to environmental noise
originating from various sources: transportation (road traffic, railway and aircraft)
noise, wind turbine noise and leisure noise. They provide robust public health advice
underpinned by evidence, which is essential to drive policy action that will protect
communities from the adverse effects of noise. The guidelines are published by the
WHO Regional Office for Europe. In terms of their health implications, the
recommended exposure levels can be considered applicable in other regions and
suitable for a global audience.60 [authors’ emphasis]
In addition, the foreword states:
While these guidelines focus on the WHO European Region and provide policy
guidance to Member States that is compatible with the noise indicators used in the EU’s
Environmental Noise Directive, they still have global relevance. Indeed, a large body of
the evidence underpinning the recommendations was derived not only from noise effect
studies in Europe but also from research in other parts of the world – mainly in Asia,
Australia and the United States of America.61
WHO’s 2018 Guidelines on Community Noise, applicable to all countries, uses decibel-based
criteria for noise ceilings in residential areas. The guidelines include global standards for rail,
aircraft, wind turbines, road traffic, and "leisure" noise (especially personal listening devices).
Road traffic and wind turbines are examples of continuous noise sources.

http://www.euro.who.int/en/health-topics/environment-and-health/noise/environmental-noiseguidelines-for-the-european-region
60
http://www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/env
ironmental-noise-guidelines-for-the-european-region-2018
61
WHO, op. cit., p. vii.
59

26

WHO’s recommendations for different types of noise exposure are, in short:
TYPE OF NOISE

DAYTIME LIMITS

NIGHTTIME LIMITS

Road traffic

53 dB

45 dB

Railway noise

54 dB

44 dB

Aircraft noise

45 dB

40 dB

Wind turbines

45 dB (overall average)

Leisure noise

70 dB (yearly average)

The full report is available to download here:
http://www.hearingreview.com/2018/10/world-health-organization-releases-new-noise-guidelin
es-european-region/
http://www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/envir
onmental-noise-guidelines-for-the-european-region-executive-summary-2018

Federal and State Laws and Regulations for Noise
Although the federal government has been aware of human health damage by noise for over 40 years,
no federal legislation is being funded to address the “health and welfare” impact of noise. For the
most part, the federal government has devolved the responsibility and burden of defining and
regulating noise pollution to state and local governments.
The American Public Health Association (APHA) has long been a proponent of research,
education, and legislation to advance the fight against environmental noise pollution. In 2013,
APHA issued its policy statement on noise pollution, which details the serious, adverse health
impacts, notes the fragmentation among policies and approaches, and advocates for a federal
noise control plan and a coordinated federal-state-local government approach to solving the
problem.62
The US Occupational Health and Safety Administration (OSHA) and the National Institute for
Occupational Safety and Health (NIOSH) have set limits on exposure in the workplace that can
apply to other situations, e.g. exposure to loud music, industrial sounds, firing ranges, etc.
Crucially, these limits include how much time a person safely can be exposed to levels of sound
(duration of exposure), since as noted above damage to hearing from noise exposure, known as

https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/
2014/07/16/12/50/environmental-noise-pollution-control
62
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noise-induced hearing loss (NIHL), increases with time of exposure.63 Note that workplace
employees have the right to file complaints with OSHA.64
Since the early 1970s, U.S. officials have identified noise as a threat to the public’s health and
well-being. The Environmental Protection Agency (EPA) Noise Control Act of 1972 (42
U.S.C. §4901 et seq. [1972]) sought to establish “a national policy to promote an environment
for all Americans free from noise that jeopardizes their health and welfare.”65 The federal
government emphasized a need for an overarching noise control policy for the U.S., while
acknowledging that state and local jurisdictions were primarily responsible for noise control.
The EPA established the Office of Noise Abatement and Control (ONAC) in 1972 in an attempt
to address noise issues at the federal level, but its funding was eliminated in 1982, which pushed
noise control actions to states and localities. Congress defunded EPA’s research related to noise
pollution in 1973.
The Quiet Communities Act of 1978 (S. 3083) amended the 1972 Noise Control Act to require
the Federal Aviation Administration (FAA) to coordinate with other federal agencies on noise
control, and reiterated that noise control policies and actions generally fall to states and
localities.66 In recent years, there have been multiple attempts to revive and fund the Quiet
Communities Act, but all died in committee. The most recent attempt is H.R. 3001 (IH) - Quiet
Communities Act of 2019, introduced in May. Although both the Noise Control Act and the
Quiet Communities Act remain in force today, neither has been funded nor enforced.
According to the US Department of Housing and Urban Development (HUD), “Since 1997,
noise has been reported as the number one neighborhood complaint. (According to the
American Housing Survey for the United States conducted by the U.S. Census Bureau.)”67 We
note that HUD’s standards, based on EPA research and guidelines from the 1970’s, are over
forty years old, obsolete, and woefully inadequate to protect human health.68 These standards
do not take into account the growing field of health research and recommendations for noise
pollution. In contrast to the EPA’s lack of research over decades, the World Health
Organization (WHO) has been actively studying and compiling research on the effects of noise
for decades.
North Carolina has minimal legislation. The NC Department of Transportation’s guidelines for
projects do not translate into ongoing day and night exposures for nearby residential areas. The
state has established enabling legislation for counties and cities to “regulate, restrict, or prohibit
the production or emission of noises or amplified speech, music, or other sounds that tend to
https://www.osha.gov/SLTC/noisehearingconservation/loud.html
https://www.osha.gov/workers/file_complaint.html
65
https://www.epa.gov/laws-regulations/summary-noise-control-act. This Act also established
the federal Office of Noise Abatement and Control (ONAC), which was dissolved in 1981 again
to devolve the responsibility of same to states and localities.
66
https://www.govtrack.us/congress/bills/95/s3083/text
67
http://www.hudnoise.com/
68
http://www.hudnoise.com/hudstandard.html
63
64
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annoy, disturb, or frighten its citizens.” (NCGS § 153A-133, § 160A-184)69 In addition, NCGS
153a “Counties,” Article 6, “Delegation and Exercise of the Police Power” (NCGS §
153A-121), verifies the authority of local Boards of Health to “adopt rules and regulations to
protect and promote public health.”70

Recommended Best Practices To Address Noise Pollution
Commit in writing to a vision or declaration to the following:
● Transparency and community involvement in creating and revising noise pollution
policy and law
● Acknowledgment of noise pollution as a significant source of environmental pollution
● A new Noise Ordinance that is effective, realistic, fair, enforceable and enforced
● Adoption of the WHO “Prevention Principle”
● Noise reduction to the lowest possible level across the board
● A systematic, comprehensive and collaborative municipal government approach to noise
mitigation and complaints. For example, building permit and zoning decisions should
align with the new ordinance and recommendations of the Noise Board.
● Community education/public awareness initiatives on noise pollution and
socio-environmental health equity and justice
● Policies of land use and development that contribute to the city’s remarkable sense of
place71
● Inclusion of appropriate sound impact assessments in any new policies, laws, and project
approvals.

Invest in research and analysis of Asheville’s soundscape:
● Map Asheville’s soundscape based on the effects of topography in a mountain
community.
● Ensure rigorous and comprehensive, ongoing measurements across the city to help
define and measure noise emissions in order to understand the depth and breadth of the
problem as well as to establish a baseline to track the impact of interventions. Earmark
funds and invest in the necessary equipment and monitoring activities for this project.
For example, Arcata, California, (pop. 18,000) has included noise mapping in city

§ 153A-133. Noise regulation. A county may by ordinance regulate, restrict, or prohibit the
production or emission of noises or amplified speech, music, or other sounds that tend to annoy,
disturb, or frighten its citizens.
70
§ 160A-184. Noise regulation. A city may by ordinance regulate, restrict, or prohibit the
production or emission of noises or amplified speech, music, or other sounds that tend to annoy,
disturb, or frighten its citizens.
71
https://www.ncpedia.org/asheville
69
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planning.72 At the federal level, the National Transportation Noise Map shows traffic
and airplane noise in the continental US73.
● Create “Complaint Maps” using Geographic Information System (GIS) to geolocate
noise pollution “hot spots.” (Accurate sound measurement equipment is not expensive
and is readily available.)
● Encourage citizens to use the application recently promoted by the city and upload their
findings.
● Make all findings publicly available.

Legislate and regulate to protect residents’ health:
● Refer to the Noise Pollution Clearinghouse for information on enforceable, realistic, and
health equity laws.74
● Refer to the website Findlaw.com for the elements of exemplary noise ordinances.75
● Use a robust, “all of city” action planning process.
● Base policy on evidence-based health outcomes.
● Revise the city’s zoning laws/regulations with residents’ health as a priority.
● Establish buffer zones.

Explore and adopt new technologies and policies for a quieter Asheville, for
example:
●
●
●
●
●
●
●
●
●
●
●

“Quiet pavement” technology for all new street surfaces and all resurfacing
Incentivized use of “quiet” leaf blowers, lawn mowers, etc.
GIS mapping of the city soundscape and use GIS to track noise complaint “hot spots”
Income-based subsidies for home-centered noise abatement when source
prevention or mitigation is not adequate
Incentivized use of quiet technologies and construction in new home building and
renovations
“Noise Districts” where elevated levels of noise are permissible, e.g. where there are no
residential areas
Preservation and expansion of existing “Quiet Districts”.
Adoption of a city-wide public health approach of “Health in All Policies”
Use of expert recommendations for best practices in architecture and engineering that
minimize noise production and maximize noise shielding
Mitigation of noise production and “secondhand noise”
Noise impact minimization through environmental impact studies

https://www.cityofarcata.org/DocumentCenter/View/39/Chapter-6-Health-and-Safety -- 2-Nois
e-Element-PDF?bidId=
73
https://maps.bts.dot.gov/arcgis/apps/webappviewer/index.html?id=a303ff5924c9474790464cc
0e9d5c9fb
74
http://www.nonoise.org/
75
https://corporate.findlaw.com/law-library/guidelines-for-drafting-municipal-noise-control-ordi
nances.html
72
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Raise public awareness and support community education around noise
pollution:
● Learn about and experience first-hand the noise problem in Asheville, especially in
neighborhoods where residents have reported serious concerns.
● Recognize that the built environment can impact all aspects of our health.76
● Prioritize long-term sustainability where the intersection of the built environment intersects
with residents’ health and the potential for chronic disease.
● Encourage land use and development policies that contribute to and not detract from the city’s
remarkable sense of place.77
● Raise public awareness of solutions recommended by noise experts to mitigate noise
pollution from industrial/commercial/governmental buildings and other sources. For
example, Asheville-based Blue Ridge Research and Consulting LLC features on its
website a project entitled “Occupational and Residential Noise Survey”. “BRRC
evaluated the noise exposure level at select locations along an industrial equipment line,
as well as noise received in the adjacent residential community attributable to
operational activity. BRRC enabled the plant operators to better contextualize
residential complaints by understanding ambient vs. operational sound levels relative to
local noise ordinances and likely sleep disturbances. BRRC provided mitigation
recommendations that focused on redirected pipe apertures, duct silencers, noise
masking, and effective public relations.”78
● Empower residents by encouraging legitimate complaints. According to a 2014 article in
the Journal of Environmental Noise Pollution, “The need for a systematic approach to
managing noise complaints is a necessary prerequisite to reducing the problem of
environmental noise. While strategic noise mapping and action planning have been
important processes in aiding understanding, assessment and mitigation of
environmental noise, the value of citizen complaints in relation to environmental noise is
crucial for determining those most affected by excessive noise and thus noise
annoyance.”79
● Explore and create opportunities to partner with local schools to educate K-12 students
on the problem of noise pollution.
● Explore and create opportunities to partner with local civic and business organizations.

General Recommendations for the New Noise Ordinance
Guiding Principles
These recommendations are based on the principles of (1) transparency and proactive
communication to the public, (2) eliminating any gap between published values and actions, and
(3) reducing and blocking noise at the source wherever possible. Great care must be taken to
http://uli.org/wp-content/uploads/ULI-Documents/Building-Healthy-Places-Toolkit.pdf
https://www.ncpedia.org/asheville
78
http://www.blueridgeresearch.com/expertise-2#industry
79
https://www.sciencedirect.com/book/.../environmental-noise-pollution
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assure that Asheville’s new noise ordinance will be fair, effective, realistic, enforceable, and
enforced.
Simply enacting an ordinance is not enough, unless:
1. The new law is reasonable, realistic and clear;
2. There is a capable supervision and enforcement agency in place; and
3. There is a straightforward, practical and economical approach to solving the noise
problem.80
When a municipality undertakes to draft an ordinance to control noise, the following elements
must be considered:
1. Authority to enact the ordinance
2. Potential conflicts with state and federal constitutions
3. Qualitative vs. quantitative noise ordinances
4. Establishment and measurement of noise levels, and
5. Specific provisions to include in the ordinance81
We endorse the World Health Organization’s general recommendations for addressing noise
pollution:
● Reduce exposure
● Mitigate noise
● Coordinate approaches to control noise sources
● Inform and involve communities
With these guiding principles in mind, we offer the following recommendations.

Recommendations for Asheville’s new Noise Ordinance
● Establish a separate ordinance and enforcement process for barking dogs and other
animal noise under the purview of Animal Control.
● Regulations should be specific in regard to ongoing or continuous commercial and
industrial noise. This category of noise is distinct from and additive to traffic noise.
● Based on the principle of equity, noise emitters must take responsibility for the noise
they produce as measured at the source. This approach eliminates any confusion and
complexity over origin and responsibility for noise pollution. Furthermore, it avoids
placing any burden on the complainant and negates the possibility that community
members could initiate complaints about noise that impinges on publicly shared areas
such as parks, playgrounds, or schools.
● In applying the principle of equity, NOAB should consider cases in a holistic, scientific
perspective in consideration of the totality of emissions. A noise emitter with multiple
sources of noise emissions within a relatively small geographic area should not be
allowed to circumvent the noise ordinance based on individual source measurements.
See, e.g., Crocker, Malcolm, Edit., Noise Control, 1957.
https://corporate.findlaw.com/law-library/guidelines-for-drafting-municipal-noise-control-ordi
nances.html
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81

32

● Establish strong, clear noise prevention requirements for new construction and
renovation for both commercial and residential projects, including noise source
prevention and mitigation and noise buffer zones between noise generators and
residential areas.
● Establish reasonable levels of allowable noise production during construction.
● Construction projects must not be granted blanket waivers to conduct noise-generating
activities 24/7 when there is any possibility of noise spilling into a residential zone.
● Construction project approvals should not be granted to projects that are predicated upon
blanket waivers.
● Waivers should be rare exceptions and granted only for occasional, extraordinary
circumstances (ex. cement pouring).
● The process of granting any waiver should be a fully transparent and fair process
conducted with proactive communication to the neighborhoods that will be impacted.
● Adopt either a nuisance-based or decibel-based standard that is as quantitative and clear
as possible. There are numerous local examples of both, and the WHO has
evidence-based exposure guidelines for airline, traffic, railway, and wind turbine noise.
● The polluter pays penalties; no one is above the law and all must comply.
● Penalties should be commensurate with the severity of the pollution.
● Create and enforce stipulations to preserve (and where possible expand) existing quiet
areas.
● Create and enforce date and time limitations on the use of common noise producers, e.g.,
concerts, large events, fireworks, leaf blowers, lawn mowers.

Recommendations for the Noise Ordinance Appeals Board
We recommend that NOAB be retained with modifications and make the following
recommendations regarding the board’s mandate, representation, and procedures for noise
complaint hearings:
● NOAB should focus on systemic industrial/commercial and other manmade sources of
noise which directly impact health.
● NOAB and the Asheville Police Department should have clear enforcement powers that
can be implemented consistently and fairly.
● Noise pertaining to barking dogs/other animals should be formally removed from
NOAB’s mandate and addressed in a separate board under the purview of Animal
Control. (A separate board for barking dog issues would eliminate the need for an
Animal Control officer on NOAB.)
● NOAB membership should be comprised of experts and major stakeholders, including at
least two public health professionals (i.e. public health doctor, nurse, and/or social
worker); a city planner/architect; an acoustic science expert, a business representative; a
professional mediator, a law enforcement official, and representatives from the following:
an established environmental organization, an environmental law firm, an organization for
social justice and equity, and the Coalition for Asheville Neighborhoods (CAN).
● All NOAB members should be required to read and clearly understand Asheville’s noise
ordinance as well as separate documents on noise pollution and the associated health and
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environmental costs. This requirement would equip members to be sufficiently
knowledgeable and prepared to serve productively.
We do not endorse the concept of community members at large. Because of the highly
technical and medical nature of the noise issue, NOAB members should be professionals
and experts in their fields. Representatives from appropriate community organizations
should be well-versed in noise issues and serve to raise public awareness.
NOAB should revise its procedures to create and ensure transparent, fair, and productive
procedures and discussions based on facts and measurable data and mediation. NOAB’s
current “quasi-judicial” proceedings can make hearings adversarial, overly legalistic and
time-consuming, frustrating, confusing, inconclusive, and counter-productive. (As
Kenilworth residents, who attended a hearing on our complaints, we can attest to this
description from our first-hand experience.)
NOAB must apply the principle of equity in hearing cases. No complaint should be
deemed too complex for NOAB. Asheville residents do not have financial resources to
bring to court noise complaints against corporations with their overwhelming advantage of
extensive financial resources. Furthermore, not hearing a complaint is tantamount to
giving the noise emitter free license to continue to pollute for years while a case winds
through the court system.
The principle of equity and equal treatment extends to timing. NOAB should establish
clear timelines for hearings, decisions, and enforcement actions. .
NOAB should serve not only as a deliberative body for specific noise complaints, it
should also serve as an advisory body to the City Administration and City Council on
City-wide noise concerns, on related solutions, and on raising public awareness.

Conclusion and Urgent Call to Action
Silence is golden and an increasingly rare commodity for many residents of Asheville. Robert
Koch (1843-1910), recipient of the Nobel Prize for Physiology and Medicine, predicted that
“one day, mankind will fight noise as relentlessly as cholera and the pest.” In Asheville, we
have already reached that tipping point.
With strong resolve and a growing sense of urgency, the neighborhoods and residents of
Asheville have formed a grass-roots movement to raise awareness of the many and growing
hazards and disturbances of noise pollution, to register noise complaints from many sources, to
make recommendations for mitigation from current sources of noise pollution, and to suggest
measures to build noise protection into future projects. Most noise polluters do not reduce or
eliminate pollution until required to do so. A new ordinance that does not require current
polluters to mitigate their noise emissions would be meaningless. The solutions are available,
but without clear regulations and effective enforcement, there is no guarantee that noise will be
mitigated.
Decisions on noise mitigation policy will have a critical impact on residents’ health and
well-being now and will reverberate for decades ahead. A forward-looking, comprehensive,
and enforceable Noise Ordinance combined with significant improvements to the existing
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soundscape will give the City of Asheville a golden opportunity to become a national leader in
noise mitigation and to secure a healthy city for all residents for decades to come. By creating
and ensuring a quieter, healthier environment for Asheville’s residents today, the “return on
investment” for all stakeholders will bring immediate, mid-term, and long-term benefits.
The positive “bottom line” of improved health and wellbeing for Asheville’s residents now and
for decades to come is virtually “priceless.” No price tag can be placed on the value of reduced
cardiac events, reduced cases of diabetes, unimpaired hearing, an optimal environment for our
children’s development, and the sustainability of our wildlife.
The stakes and sense of urgency could not be higher for all of us who call this unique,
wonderful city our home. The status quo is simply not an option. Our quality of life, our
health, our properties, our environment, and our city’s long-term viability lie in the balance.
In this white paper, we have relied on leading authorities to explain the science of noise, the
dangerous health impact of noise pollution, and the complexities of noise annoyance. We have
given an overview of the science of noise and its measurement and have discussed in detail the
individual and population harms of noise pollution.. We have told our story as a case in
point--the continual, daily threat of noise pollution that Kenilworth residents face.
Nonetheless, we recognize that there is no substitute for “walking in our shoes” to truly feel,
experience, and comprehend the problem, even for a few brief minutes. Thus, we urge all City
Council members to join us for a first-hand experience of the noise problem in Kenilworth and
in other Asheville neighborhoods most affected by noise before moving forward with a new
noise ordinance. We stand poised and ready to conduct “noise tours.”
In closing, we urge the City Council to adopt a forward-looking noise ordinance based on best
practices, scientific evidence, community participation and a strong commitment to mitigate
current noise pollution, to prevent future noise pollution, and to improve and enhance the lives
of Asheville’s residents. We are confident that the City of Asheville has the potential to
become a nationally recognized and renowned leader for innovative initiatives in addressing the
serious, growing problem of noise pollution in Asheville.
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Case Study: Western Kenilworth’s Noise Pollution Issue
An example of a noise pollution issue in Asheville is the location of an extensive
industrial/commercial zone: Mission Hospital and its multiple facilities directly adjacent to the
Western Kenilworth neighborhood. A recent three-year period of construction on the new
Mission Hospital tower (completion in 2019) has exacerbated the noise pollution problem.
Asheville residents whose homes are directly adjacent to multiple Mission Healthcare facilities
experience Mission’s noise pollution on a daily basis and believe it represents an existential
threat to health, well-being, and property values. This does not refer to the typical noise that
comes with living near a hospital--noise from road traffic and ambulances--but rather constant
noise emitted by the mechanical operations of Mission’s facilities.
About 200+ residents live in the western portion of Kenilworth that borders Biltmore Avenue
and is flanked by Mission Healthcare’s extensive campus. Our densely populated and diverse
neighborhood was established over 100 years ago with many original homes from the 1910’s
and 1920’s. The topography of our neighborhood ranges from street level at Biltmore Avenue to
the top of Beaucatcher Mountain with homes at all elevations. Portions of our neighborhood
border the forest where bears, opossums, foxes, and other wildlife live.
In fall 2016, a committee of neighbors endeavored to define and understand the noise problem
and to gauge other neighbors’ level of concern through a petition signed by over 100 residents.
The Kenilworth Noise Committee also sought a solution-oriented dialogue with Mission
representatives. The committee was able to make some progress on specific construction noise
concerns; the project’s general contractor made some adjustments to the timing and location of
especially noisy activities. However, the long-term, constant facility noise continued.
On behalf of the petitioners, the committee submitted a noise complaint to the City of Asheville
Noise Ordinance Appeals Board (NOAB) in summer 2017. Given the technical parameters of
filing noise complaints, the committee submitted only one formal complaint with two
signatures. Mission Hospital requested and was granted a continuance for the NOAB hearing.
In late fall of 2017, the committee accepted Mission’s invitation to have a series of formal
meetings to seek a solution using a process called Lean Six Sigma. Mission explained that they
used this method internally to improve processes in the hospital. This method of process
improvement uses a rigorous approach involving five major steps: define, measure, analyze,
improve and control, known as DMAIC.82 Long-lasting solutions are the ultimate goal of the
process. A hallmark of the Six Sigma process is transparency. Discussions between the
Kenilworth Noise Committee and the hospital began in January 2018 and Mission undertook
some measures to mitigate noise. At the Kenilworth Noise Committee’s urging, Mission
commissioned a noise study, but then refused to share the full results of the study, including
recommendations made by the noise consultant for noise mitigation. Following this noise study,
a 3-piece wall was erected around the St. Joseph’s chiller plant (subjectively one of the loudest
noise sources projected into the neighborhood). The committee can only assume since action
82

https://asq.org/quality-resources/dmaic
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was taken by Mission to screen this noise source, it must have represented a legitimate noise
threat to the neighborhood. When the committee was not allowed access to the noise study
report, trust in the process and hope for progress and resolution were eroded. In summer 2018,
the committee submitted three formal noise complaints with the same wording. An incomplete
NOAB hearing took place in fall 2018, and the complaints were formally continued. The
committee immediately proposed formal mediation to Mission. In February 2019, Mission was
acquired by HCA. Although the committee continued to request mediation in spring 2019, at the
time of this writing, Mission has been unresponsive.
The map below shows the Mission Hospital campus (outlined in purple) and the major
noise-producing sources at the extensive facility (red megaphones; new noise-producing sources
in aqua). As of this writing, the new hospital tower and the new energy plant are just coming
online; thus no formal or informal noise readings have been conducted for either of these
sources. The western portion of the Kenilworth neighborhood is located on the right-hand side
of the map. Members of the Kenilworth Noise Committee canvassed residents in about
one-half of the Kenilworth homes covered by the map. The 100+ residents who signed the
petition of complaint are represented by the gold-colored areas. The neighborhoods to the south
of the Mission campus are the Beverly Condominiums, and to the northwest is the White Fawn
neighborhood. Most of the rest of the abutting areas are commercial, industrial, institutional or
public facilities.

Kenilworth Neighborhood Noise Map: September 2019

(Note: Additional active noise sources not specifically pointed out include Mission’s Owen
Heart Center and Imaging Services. The new hospital tower is already an active noise source.)
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The neighborhood noise complaint remains in continuance. Based on the principle of equity,
the committee believes it is critically important that it retains the option to reopen the case, the
only formal recourse at this juncture. When the City Council considered a proposal to eliminate
NOAB in winter 2019, Kenilworth Noise Committee members attended the meeting and spoke
formally in favor of retaining NOAB.
The committee is committed to working collaboratively and transparently with Mission to
improve the situation. The committee believes that an investment in solutions recommended by
noise experts to block and mitigate the excessive noise generated from Mission’s facilities close
to neighborhood homes would improve and protect residents’ health It would show the noise
producer’s commitment to responsibility for noise emissions and to the “precautionary
principle” of WHO.
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Mission Healthcare: Corporate Information, Mission and Core Values
Mission Healthcare’s ownership, mission, and values are an important part of the Western
Kenilworth discussion. Mission Healthcare is part of HCA Healthcare, an international
corporation with facilities in multiple locations in the U.S. and in the United Kingdom.
HCA is publicly traded on the NY Stock Exchange and has reported 2018 revenues of
nearly $47 billion and a net profit of $3.79 billion.
Mission Healthcare’s website contains the following statements:83
● “Our mission: Our mission is to improve the health of the people of western North
Carolina and the surrounding region.”
● “Our core values, “MERIT,” are the foundation of our workplace and culture:
○ Mercy: We work to create a caring and compassionate environment
responsive to the emotional, spiritual and physical needs of all persons.
○ Excellence: We strive to meet and exceed our patients’ and consumers’
needs, and work collectively to improve every aspect of our care and
services.
○ Respect: We value the innate dignity of all persons, respect their uniqueness
and diversity, and enable the development of each person’s full potential.
○ Integrity: We are consistently open, honest and ethical, and abide by our
Corporate Compliance Program and integrity statement to always do the
right thing by being honest in our interactions with one another, our patients
and our business contacts.
○ Trust/Teamwork: We say what we mean and do what we say, and work
collectively to improve every aspect of our care and services.”
Mission makes the following statement on diversity, inclusion, and health equity:
Many Differences, One Mission: Mission Health is committed to diversity,
inclusion and health equity by fostering a culture that values differences and
similarities. Our standard of practice is to exist as a fair, equitable, healthy and
inclusive organization that aligns with and supports our patients, our workforce and
the communities that we serve. A vital component of Mission Health’s success and
sustainability in helping our communities and staff to Be Well, Get Well and Stay
Well is being a diverse and inclusive organization.”

83

https://missionhealth.org/our-commitment-to-you/
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