




ABSTRACT
Among all the environmental pollutants around people, road traffic noise plays a significant role. It is caused primarily by machines and transportation systems, and therefore disturbs or harms the balance of human life. Road traffic noise pollution affects the lives of millions of people. There is research and studies that show the direct links between traffic noise and health. Hearing impairment, sleep disturbance, and cardiovascular disease are all related to road traffic noise. However, these effects can be easily neglected. Within the quality of life uplifted, people are paying more attention to noise pollution and take a variety of public health measures to control and mitigate its harmful effects. This essay summarizes factors that influence road traffic noise, and compare mitigation measures of different areas. It also includes recommendations of future noise control measures.
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1.0 
 INTRODUCTION
Accompanying technological development, noise has come to be considered an environmental stressor and nuisance. Arising from industrial sites, domestic activities, airports, railways, and traffic, it has been synonymous with population growth, industrialization, scientific progress, rapid housing expansion, and urban settlement.1,2 Noise pollution is the excessive noise that may disturb or even destroy the balance of human and animal life.1,2 For example, it can interfere with normal human activities, such as conversation and sleeping, or otherwise disturb the quality of life. Chronic noise exposure may even lead to hearing loss. The main sources of outdoor noise around the world are machines and transportation systems, aircraft, trains, and motor vehicles.1,2 The basic unit of noise is decibels. If the amplitude of pressure fluctuations is P, the sound level in decibel is given by:3
L = 10 log (P/P0) dB
Where P0 = 2*10-5 N/m2 (amplitude of audible pressure wave). The overall sound pressure is denoted by dB. Table 1 summarizes some noise levels that are commonly observed in people’s daily lives.4
Table 1 Some noise levels commonly encountered in daily life4
	Noise level (dB)
	Activity

	0
	Threshold of hearing

	38
	Library

	40
	Living room

	58
	Conversational speech

	66
	Business office

	80

100
	Average street traffic

Pneumatic chipper

	125
	Firecrackers

	140
	Jet take off (25 m) and threshold of pain


Elevated sound levels will cause noise related-health effects. There is sufficient scientific evidence to indicate that noise exposure can lead to hearing impairment, sleep disturbance, annoyance, hypertension, and ischemic heart disease. Changes in the immune system and birth defects have also been attributed to noise pollution.5 In spite of the fact that some presbycusis may occur naturally with age,6 the cumulative impact of noise in many developed countries is sufficient to additionally impair the hearing over the course of a lifetime for many people.7 In addition to the above health effects, elevated noise levels can create stress, increased workplace accident rates, stimulated aggression, and other anti-social behaviors.8 The most significant sources of noise pollution are aircraft and vehicles, industrial noise, and prolonged loud music. The social cost of traffic noise in the European Union (EU) is more than 40 billion euros per year, with passenger cars and trucks contributing bulk of costs.9 In the World Health Organization (WHO) European Region, it is estimated that traffic noise alone is damaging the health of almost every third person, and one in five European’s is commonly exposed to sound levels at night that could harm health.10 WHO has published the pyramid of health effects of noise.4
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Figure 1 Pyramid of health effects of noise. Horizontal direction represents the number of people affected, and longitudinal direction represents the severity.
Among various sources of noise, vehicular traffic noise pollution may be one of those everyday pollutions that might be neglected. People may consider it to be annoying but not really detrimental to our health and well-being. As a matter of fact, road traffic noise may cause lots of irritations that we cannot get away from, as well as killing many of us slowly.
Roadway noise is the collective sound energy emitted by motor vehicles. It comprises road surface, aerodynamic, exhaust, tire, and breaking elements. In developed and developing countries, roadway noise results in a proportionately large amount of the total societal noise pollution.
2.0 MANAGEMENT OF ROAD TRAFFIC NOISE LEVELS – PLANNING CONSIDERATIONS
There are several factors that should be taken into account in setting road traffic noise levels. Since residents are more likely to be sensitive to new noise sources than to existing noise sources when exposed at the same noise level, an existing road corridor is important.11 If there is, the road project is designed to substantially increase traffic-carrying capacity, and the mix of traffic will also be altered. Not only for the existing corridors, have the changes of alignment of proposed roads also played a significant role.11 For example, if a road is on a new corridor, selecting best measurements to meet noise levels is probably flexible at the planning stage. Furthermore, if a proposed road will be adjusted considerably in the future, it would be practical to implement noise mitigation measures in the design phase.11 Another factor is the relationship between applied criteria and redevelopment occurring at any contiguous area of an established road. If such relationship exists, the design and orientation of the development can be used to reduce or control noise impact. At last, urban or rural area being affected would substantially change noise levels, as well as the response to additional noise.11
3.0 FACTORS AFFECTING TRAFFIC NOISE
The severity of roadway noise is determined by a series of variables. The most important one would be the roadway surface, which contributes different noise levels.12 Smooth surfaces generally produce less noise, but rough surfaces and poorly maintained roads with pot-holes produce more noise. Among the common types of roadway surfaces in cities, there is a 4 dB difference between the softest and the loudest: concrete surfaces without spacers being the softest, chip seal type and grooved roads being the loudest and asphalt surfaces being intermediate.12 As the traffic flow increases, the noise level also increases. Higher speed also causes higher noise levels. As a matter of fact, sound energy will be doubled for each increment of ten miles an hour in vehicle velocity. Such elements can be classified as traffic operations.13 
In the 1970s, states and provinces enforced unmuffled vehicle ordinances, and small reductions in vehicle noise occurred.13 However, over the last four decades, the vehicle fleet noise has not changed substantially. Among a variety of vehicles, trucks contribute enormous amount of noise because of their large engines, as well as the aerodynamic drag and the height of diesel stack. Moreover, tire types can induce 10 dB variations in noise. Quieter tires are more likely to have lower rolling resistance.10 In Europe, tire labeling for grip, noise, and rolling resistance has been extensively proposed, and noisy tires are being taxed.14
Additionally, roadway geometrics and surrounding terrain are related because the sound propagation is susceptible to the general geometry and the following factors should be considered: diffraction, ground wave attenuation, refraction, reflection, and spreading loss.14 Other factors include the geometry of area structures and micrometeorology, which is significant since sound waves can be refracted by gradients, thermoclines, or wind, in spite of the effect of terrain intervention or noise barriers.15
4.0 FUNCTIONAL CATEGORIES OF ROADS
When considering the mitigation of road traffic noise, the road is the essential element that should be taken into account. Roads are differentiated by a variety of factors, including vehicle speeds, traffic volume, heavy vehicle use, and applicable traffic management options. The functional categories for roads are classified as follows:11 Arterial roads (including freeways) can carry primarily through-traffic from one area to another. They construct principal avenues of communication for urban traffic movements. Sub-arterial roads, which carry traffic from one part of an area to another, are the connection between the arterial roads to regions of development. In some circumstances, they may also relieve traffic on arterial roads. Another kind of roads is Collector roads, which connect the sub-arterial roads to the local road system in developed areas. The last one is Local roads. These are the subdivisional roads within a particular region.
5.0 HEALTH EFFECTS OF ROAD TRAFFIC NOISE
The numerous harmful effects of road traffic noise can be classified under following categories:

5.1 PHYSIOLOGICAL EFFECTS
1.3.1 Hearing impairment16
This is the most common health effect caused by road traffic noise. The structure of the human ear is delicate and can be easily damaged. For road traffic noise, a continuous level of 85 dB will cause hearing damage or even hearing loss. There are two types of hearing loss, temporary threshold shift and permanent threshold shift. Temporary threshold shift is a dullness of hearing after exposure to loud noise, which is dependent on length and level of exposure and from which there is subsequent recovery. If people are regularly exposed to excessive noise for long periods of time, or exposed to extremely high noise levels for a short period of time, the permanent threshold shift can occur, from which there is no recovery.

1.3.2 Cardiovascular disease
It has been found that individuals who lived with high levels of road traffic noise had a higher risk of developing heart attack compared to people from lower traffic noise areas. For every 10 dB increase of noise, the risk of a first heart attack went up by 12 percent. Past studies have suggested that stress might be a mediator.17 Additionally, high volumes of noisy traffic is likely to bring about air pollution, which can contribute to the higher heart attack risk since particles in air pollution are harmful to the heart and blood vessels. Researchers noticed that risk factors of heart disease decreased in Beijing during the 2008 Olympics, when the traffic and air pollution were below the normal levels. As for ischemic heart disease, there is some epidemiological evidence indicating an increased risk for residents living in noisy areas with outdoor levels above 65 to 70 dB.18,19 However, the correlation between high traffic noise levels and hypertension are not well-established. The public health impact of these findings needs further exploration.
Recently, research was conducted to examine the effects of repetitive noise exposure on adrenal gland and heart tissue. It provides morphological evidence that repeated noise exposure at moderate level of 70 dB can lead to changes in the adrenal cortex and heart tissue.20 When the sound intensity is increased and the duration is long enough, some animals will suffer irreversible cell damage and death.20
Another research study was focused on long-term exposure to road traffic noise and myocardial infarction. A population-based case-control study on myocardial infarction was conducted in Stockholm County to examine the correlation between long-term exposure to noise and air pollution.21 The adjusted odds ratio for myocardial infarction associated with long-term road traffic noise exposure of 50 dB or higher was 1.12 (95% CI = 0.95-1.33). Therefore, people exposed to long-term road noise have 1.12 times of developing myocardial infarction compared to those live in the absence of road traffic noise exposure.21
Other studies explored myocardial infarction attributable to road traffic noise. The purpose of such research is to quantify the burden of myocardial infarction (MI) attributable to road traffic noise through the calculation of disability-adjusted life years (DALY).22
Table 2 shows the estimated exposure to road traffic noise, RR, and attributable fraction for MI, which indicates that nearly 65% of the population of Stari Grad, Belgrade, is exposed to noise levels less than 60 dB for 16 hours per day.22 These people have no risk of developing MI due to road traffic noise. However, people exposed to higher noise levels are at risk of having MI. For people who are exposed to 60 to 64.9 dB ranges of road traffic noise, the percentage of developing MI is 3%, whereas, people exposed to noise above 75 dB are at increased risk of having MI and the percentage of it is 27%.22 In this case, road traffic noise, above the level of 60 dB, is a risk factor for MI.22
Table 2 Estimated road-traffic noise exposure, population relative risk and attributable fraction for myocardial infarction for the city of Belgrade22
	Sound pressure level Leq16h (dBA)
	Number of exposed citizens
	Percentage of exposed citizens
	Population relative risk of MI
	Attributable fraction (%)

	<60.00
	3739
	63.8
	1.000
	0.00

	60.00-64.99
	1120
	19.1
	1.032
	3.13

	65.00-69.99
	915
	15.6
	1.101
	9.14

	70.00-74.99
	64
	1.1
	1.213
	17.54

	>75.00
	23
	0.4
	1.374
	27.23

	Total
	5861
	100.0
	
	


MI = Myocardial infarction, Leq = Equivalent noise level, dBA = Decibel – The unit of A-weighted sound pressure level
Furthermore, the researchers calculated the DALY from MI due to road traffic noise by gender, shown as Table 3. In 2010, there were 73 non-fatal MI cases and 30 MI deaths attributed to road traffic noise.22 People with non-fatal MI (46 male and 27 female) are expected to live with a disability for almost 30 years.22 People who died from MI (18 male and 12 female) lost 146 years of life.18 Total DALY due to road traffic noise was 176 years (115 years for male and 61 years for women).22 Based on these results, we can see the detrimental effects of road traffic noise.
Table 3 Calculation of DALY from MI due to road-traffic noise in Belgrade by gender22
	Parameters
	Men
	Women
	Total

	Absolute number of newly diagnosed cases of MI
	2536
	1547
	4083

	Absolute number of deaths from MI
	699
	490
	1189

	Total years of life lost due to MI
	3812.14
	2004.64
	5816.78

	Average number of years of life lost due to MI
	5.45
	4.09
	4.89

	Number of deaths from MI attributable to noise
	17.60
	12.34
	29.93

	YLL attributable to road-traffic noise
	95.97
	50.47
	146.44

	Absolute number of nonfatal cases of MI
	1837
	1057
	2894

	Number of nonfatal cases of MI attributable o noise
	46.25
	26.61
	72.86

	YLD attributable to road-traffic noise
	18.73
	10.78
	29.51

	Total DALY attributable to road-traffic noise
	114.70
	61.25
	175.95

	DALY per million inhabitants
	69.96
	37.36
	107.32


MI = Myocardial infarction, DALY = Disability-adjusted life years, YLL = Years of life lost, YLD = Years with disability
5.2 SUBJECTIVE EFFECTS
It is difficult to measure this kind of effect precisely.

Anxiety / Annoyance: This is the most common symptom that humans feel when it comes to noise and, therefore, they are considered as possible indicators of subsequent health problems. Among the various effects of road traffic noise on subjects, annoyance is the one that negatively interferes with an individual’s concentration ability, speech communication, and performance of tasks.19 Traffic fluidity, the weight of running vehicles, and time of the day, are all associated with the degree of annoyance caused by road traffic noise.23
5.4 BEHAVIORAL EFFECTS
Sleep disturbance: Sleep patterns are susceptible to noise for several reasons. First, human brains are able to process incoming acoustic stimuli even while sleeping.24 Second, the noise levels required for impairment are higher than those that disturb sleep.24 Also, the noise levels that cause stress reactions are much lower than in the active phase.24 Besides, people can sleep at relatively high noise levels but still exhibit autonomic responses, such as increased heart rate.24 In addition to the acoustic parameters, personal characteristics such as, age, personality traits, and self-estimated sensitivity to noise also play roles in this process.24
Lack of sleep can result in irritability, lack of concentration at school and work, leading to lower grades, lower pay rises, and even increased accident rates.
There is a research used the harmful noise impacts on the population, mainly focusing on sleep disturbance and annoyance, as an indicator to predict ambient levels of road traffic noise for a highly urbanized area: Fulton County, GA. The findings predicted that 19,621 people would have a risk of having high sleep disturbance and 109,967 people would have a risk of being annoyed, which made many residents of the greater Atlanta area in danger of having high levels of sleep disturbance and being highly annoyed.25 In general, these results indicate the significance for the public’s health to amend existing policies and establish new ones for in order to control and decrease the noise concerns in urban areas.25
6.0 CONTROL MEASURES
The general strategies of controlling road traffic noise include three approaches: control of the source, control in transmission, and control at the receiver. Any single strategy is hardly enough to provide solutions to the road traffic issue. Any achievement depends on a combination of the above strategies. Table 4 shows the abatement measures for road traffic noise.
Table 4 Abatement measures for road traffic noise
	Legal measures
	Examples

	Control of noise emissions
	Emission standards for road and off-road vehicles

	Control of noise transmission
	Regulations on sound-obstructive measures

	Noise mapping and zoning around roads
	Initiation of monitoring and modeling programs

	Control of noise emissions
	Limits for exposure levels such as national emission standards; noise monitoring and modeling; regulations for complex noise situations.

	Speed limits 
	Residential areas; hospitals

	Enforcement of regulation 
	Low Noise Implementation Plan

	Engineering Measures
	Examples

	Emission reduction by source modification
	Tire profiles; low-noise road surfaces; changes in engine properties

	New engine technology 
	Road vehicles

	Traffic management
	Speed limits; guidance of traffic flow by electronic means

	Education and information
	Examples

	Raising public awareness
	Informing the public on the health impacts of noise, enforcement action taken, noise levels, complaints

	Monitoring and modeling of soundscapes
	Publication of results

	Sufficient number of noise experts
	University or high school curricula

	Initiation of research and development
	Funding of information generation according to scientific research needs

	Initiation of behavior changes
	Speed reduction when driving; use of horns; use of loudspeakers for advertisements



7.0 LEGISLATIVE GLOBAL COMPARISONS26
7.1 HONG KONG
The Environmental Impact Assessment Ordinance is the major law on road traffic noise control in Hong Kong. It requires noise mitigation measures to be taken to meet the Hong Kong Planning Standards and Guidelines. When evaluating road traffic noise, the Environmental Protection Department (EPD) contracts private companies to perform the measurements. Many acoustical specialists point out those contracting private companies to measure road traffic noise cannot ensure the quality of the measurements. When it comes to planning new roads or widening existing roads, the relevant government departments and developers must guarantee that road traffic noise at sensitive receivers is within the noise limit. Mitigation measures include: installing noise barriers, using low-noise materials on road surfaces, and arranging the alignment of the roads. However, some local institutes and academics are concerned that the government has relied too much on noise barriers to reduce road traffic noise. They propose some measures to tackle the road traffic noise issue: land use planning; low-noise road surfacing; coordination work among government departments; traffic management measures. In fact, it has been the practiced to pave high-speed roads with low-noise material, but the application of such materials on low-speed roads within the city is still at the trial stage.
7.2 TAIWAN
The Noise Pollution Control Act is the major legislation on road traffic noise in Taiwan. The road traffic noise limits vary in different types of noise control zones and time periods. For instance, for an extremely quiet noise control area, the road traffic noise limit in the evening is 45 dB. The government has a duty to provide noise mitigation measures, which include installing noise barriers if the expected noise level for newly built roads exceeds the prescribed limit. For existing roads, residents have the right to request the relevant authority to measure the noise levels. At the same time, the Taiwanese government is studying the feasibility of resurfacing roads with low-noise materials to mitigate noise effects.
7.3 JAPAN
The Basic Environment Law and the Environmental Impact Assessment Law are the main legislation on road traffic noise control in Japan. The limits of road traffic noise are different based on time periods and zone categories. For instance, the diurnal and nocturnal noise limits in residential areas are 55 dB and 45 dB respectively. The Japanese government has also designated a specific set of road traffic noise limits for areas which are adjacent to roads. When new roads have been scheduled to be built, environmental impact assessment must be undertaken. If the expected noise level exceeds the prescribed limit, mitigation measures need to be implemented. In the case of existing roads, if the noise level has exceeded the prescribed limit, the local government must install noise barriers to reduce the noise impact and maintain the quality of living. The government has also adopted new technologies to help reduce the noise barriers height and redirect the propagation of noise. Additionally, the government has used low-noise material to mitigate road traffic noise impact. 
7.4 NEW SOUTH WALES (AUSTRALIA)
The Environmental Planning and Assessment Act is the main legislation on road traffic noise in New South Wales (NSW). The limits of road traffic noise are determined by the types of development and time periods. For example, for new roads and freeways, the day-time and night-time noise limits are 55 dB and 50 dB respectively. For existing roads and freeways with no new construction, the day-time and night-time noise limits are 60 dB and 55 dB. The NSW government takes mitigation measures to help reduce road traffic noise effects on freeways. However, the government has to consider various factors, including: the cost of mitigation measures, the number of people affected, the amount of noise reduction provided, and the community preferences. Also, the government implements the noise abatement program to reduce noise impact on residential areas. But such abatement on existing roads may only be provided on a priority basis because of limited government resources. The NSW government also uses advanced technologies for noise barriers. These include: absorbing edge barriers, barriers with novel-shaped capping or active control techniques, and longitudinal-profiled edge barriers. Moreover, if the road speed limit is greater than 80 kilometers per hour, low-noise materials will be used to surface the roads to reduce traffic noise.
7.5 VICTORIA (AUSTRALIA)
The Environment Protection Act is the primary environmental legislation. The road traffic noise limit for existing roads is 68 dB, while for new and upgraded roads it is 63 dB. The Victoria government publishes detailed guidelines of the road traffic noise measurements. For new roads and freeways that are built, or widened existing roads and freeways, the traffic noise level need to be decreased to prescribed limits. For existing roads, a noise abatement program has been formulated. The government also uses quieter pavement surfaces on major roads and freeways.
7.6 CALIFORNIA (US)
The California Environmental Quality Act is the major legislation on road traffic noise control. The prescribed limit for road traffic noise is determined by land use activity categories only. The noise limit for residences is 67 dB. The California government implements three major programs for installing noise barriers: the Community Noise Abatement Program (CNAP), new freeway projects, and freeway widening projects. The government requires that there should be at least a 5 dB reduction in any single noise mitigation measure. However, resurfacing roads with low-noise materials only result in 3 to 4 dB reductions, which render the use of low-noise materials to be not widespread in California.
8.0 RECOMMENDATIONS AND CONCLUSIONS
The existing methods and policies aiming to reduce the effects of road traffic noise are effective to some degree. However, they also have some deficiencies. First of all, the physical measures for controlling traffic noise are limited.27 For example, the testing and labelling of tires can barely represent the performance of tires on various ordinary road surfaces. Secondly, current policies regarding road traffic noise have not, in general, resulted in much quieter cities.27 There are neither compulsory demands to execute the action plans nor compulsory emission targets that must be fulfilled.
From this perspective, I have some suggestions and recommendations that could be fulfilled to help control road traffic noise.
8.1 CITY PLANNING
Acoustical shielding in buildings can make a significant contribution to reducing the adverse health effects of road traffic noise. Generally, taller buildings can result in quieter locations, since the noise levels in these places rely on the total radiated noise power (relatively constant) and the effectiveness of the net shielding (increases with building size). Thus, the general plans as well as the details of buildings are correlated with the noise emission situation.
8.2 TRAFFIC PLANNING AND MANAGEMENT
Traffic planning and management is essential and important in this process. Traffic avoidance, low speed limits, and mode shifts must be included. Quieter transportation such as walking and bicycling should be advocated since these modes of transport along with motorized public transportation emit much less noise than individual transportation for the same passenger flow.
8.3 SOURCE MANAGEMENT
Source management should be focused on tires and road surfaces, which are more of an issue than modern engine/transmission/exhaust systems. It is necessary to develop advanced tires as well as road surface materials that are quieter than current’s.
Road traffic noise has become a worldwide issue given the rapid pace of technological development, and the adverse health effects it brings about cannot be neglected. There are a great number of scientific research programs exploring potential mitigative solutions. However, some of them have not yet been widely applied, or substantially improved the status quo in general. Realistically, advanced technology cannot change the current situation in the absence of better law enforcement of regulations.
To achieve satisfactory mitigation of road traffic noise, compulsory emission goals need to be set and fulfilled. There will be very little action if the goals are not compulsory. Furthermore, these intermediate targets, like effective speed limits and reduced noise risk, must be reached by compulsory action plans. In this step, follow-up reports and action plans should be undertaken for future planning and building. Next, related authorities have the responsibility to implement such measures. The public plays an important role in this process. Information should be both understandable and clear in order to inform the public about the health risks of road traffic noise. By combining various technological measures, the battle with road traffic noise could be won.
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