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Abstract: Environmental noise is known to cause noise annoyance. Since noise annoyance is
a subjective indicator, other mediators—such as noise sensitivity—may influence its perception.
However, few studies have thus far been conducted on noise annoyance in South Korea that consider
noise sensitivity and noise level simultaneously. The aim of this study was to evaluate the correlations
between noise sensitivity or noise level and noise annoyance on a large scale in South Korea. This
study estimated the level of noise exposure based on a noise map created in 2014; identified and
surveyed 1836 subjects using a questionnaire; and assessed the impact of transportation noise and
noise sensitivity on noise annoyance. The result showed that noise exposure level and noise sensitivity
simultaneously affect noise annoyance, and noise sensitivity has a relatively larger impact on noise
annoyance. In conclusion, when study subjects were exposed to a similar level of noise, the level of
noise annoyance differed depending on the noise sensitivity of the individual.

Keywords: transportation noise; annoyance; sensitivity; health impact assessment

1. Introduction

Environmental noise is defined as “unwanted or harmful outdoor sound created by human
activities” [1]. This includes transportation noise caused by airplanes, automobiles, or trains;
neighbourhood noise; and leisure noise [2]. Environmental noise is known to cause a wide array of
health problems. The World Health Organization (WHO) reported on such health problems as tinnitus,
cardiovascular disease, child cognitive disabilities, sleep disorder, and noise annoyance in 2011 [3].

Among those health problems, noise annoyance is defined as “a feeling of displeasure caused by
noise” [4]. As noise annoyance has a recommended threshold and shows a dose-response relationship,
it has been widely used in assessing the health effects of environmental noise [5,6]. Since noise
annoyance is a subjective indicator, it is affected not only by the level of noise exposure, but also by
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other mediators, including fear of danger from the noise source [7,8], noise preventability [7], attitude
towards the noisy situation [9], and noise sensitivity [7–10]. Among these mediators, noise sensitivity
is defined as “a factor involving underlying attitudes towards noise in general” and is also known
to affect noise annoyance; many studies have suggested considering noise sensitivity together when
analysing noise annoyance [2,11–16]. Few studies have thus far been conducted on noise annoyance in
South Korea that consider noise sensitivity and noise level simultaneously, and there have been few
investigating a large-scale population.

This study aims to examine correlations between noise sensitivity or noise level and noise
annoyance by using data about transportation noise exposure from a community-dwelling setting of a
local population on a large scale.

2. Materials and Methods

2.1. Study Population

The study site selected was Yangcheon-gu in Seoul and Nam-gu in Ulsan, areas for which we
completed noise maps in 2014. Based on the noise maps, we stratified the buildings in those selected
districts into four levels based on noise level (below 50 dBA, 50–59.9 dBA, 60–69.9 dBA, and above
70 dBA), then grouped them into similar areas. We determined the sample size for each level based
on the size of the population. In order to extract households at the same probability, the study used a
local sampling method and recruited 1000 subjects in Seoul and Ulsan, respectively. Until the required
sample size was achieved, we contacted 2341 subjects in Seoul and 1965 subjects in Ulsan by using
available methods (mainly home visiting, e-mail, and phone calls). When we contacted subjects and
accounted for this study, if subjects refused to participate then we excluded those subjects. We visited
subjects’ houses, described the object of this study, provided guidance, and obtained written consent.
We conducted face-to-face interviews using computer-assisted personal interviewing (CAPI) to reduce
the missing rate. We administered the questionnaire survey from July 2015 to January 2016. Out
of 2000 possible subjects, 1836 were included in the study after excluding 164 whose questionnaire
answers were missing (Figure 1).

Int. J. Environ. Res. Public Health 2017, 14, 322  3 of 10 

 

 

Figure 1. Flowchart of subject selection criteria. 

2.2. Survey 

The questionnaire included questions on social and demographic information as well as 

questions on noise sensitivity and noise annoyance. Social and demographic variables included age, 

sex, education level, marital status, monthly income, smoking status, alcohol drinking, exercise, and 

length of time at the present residence. Education level was divided into high school graduation or 

lower and two-year college graduation or higher; marital status was divided into married and 

single; and the monthly income was divided into less than 3 million KRW and at least 3 million 

KRW. Smoking status was divided into current smoker and current non-smoker (including past 

smoker and non-smoker); current smokers were defined as those who smoked currently; past smokers 

were defined as those who smoked more than 100 cigarettes over their lifetime and did not smoke 

currently; non-smokers were defined as those who smoked less than 100 cigarettes over their lifetime 

and did not smoke currently [17]. Alcohol drinking was categorized into current drinker and current 

non-drinker, and exercise status was categorized into regular exerciser and non-regular exerciser. 

To assess noise sensitivity and noise annoyance, we used an 11-point visual analog scale (VAS) 

ranging from 0 to 10 that we created based on the International Organization for Standardization 

Technical Specification (ISO/TS) 15666 (2003) [18]. For noise sensitivity, subjects exceeding the 

average scale value of the total subjects were classified as “high sensitivity (6–10 points)” group, 

and others classified as the “low sensitivity (0–5 points)” group. For noise annoyance, subjects 

exceeding 72% of the point scale (8–10 points) were classified as the “highly annoyed” group, while 

subjects exceeding 50% of the point scale (6–10 points) were classified as the “annoyed” group [6]. 

  

Figure 1. Flowchart of subject selection criteria.



Int. J. Environ. Res. Public Health 2017, 14, 322 3 of 9

2.2. Survey

The questionnaire included questions on social and demographic information as well as questions
on noise sensitivity and noise annoyance. Social and demographic variables included age, sex,
education level, marital status, monthly income, smoking status, alcohol drinking, exercise, and length
of time at the present residence. Education level was divided into high school graduation or lower and
two-year college graduation or higher; marital status was divided into married and single; and the
monthly income was divided into less than 3 million KRW and at least 3 million KRW. Smoking status
was divided into current smoker and current non-smoker (including past smoker and non-smoker);
current smokers were defined as those who smoked currently; past smokers were defined as those
who smoked more than 100 cigarettes over their lifetime and did not smoke currently; non-smokers
were defined as those who smoked less than 100 cigarettes over their lifetime and did not smoke
currently [17]. Alcohol drinking was categorized into current drinker and current non-drinker, and
exercise status was categorized into regular exerciser and non-regular exerciser.

To assess noise sensitivity and noise annoyance, we used an 11-point visual analog scale (VAS)
ranging from 0 to 10 that we created based on the International Organization for Standardization
Technical Specification (ISO/TS) 15666 (2003) [18]. For noise sensitivity, subjects exceeding the average
scale value of the total subjects were classified as “high sensitivity (6–10 points)” group, and others
classified as the “low sensitivity (0–5 points)” group. For noise annoyance, subjects exceeding 72% of
the point scale (8–10 points) were classified as the “highly annoyed” group, while subjects exceeding
50% of the point scale (6–10 points) were classified as the “annoyed” group [6].

2.3. Transportation Noise Levels

In order to estimate the noise level of the residential districts in which the subjects resided, this
study used a noise map that we created in 2014. With data from the noise map, we used noise prediction
software (Cadna A, DataKustik, Gilching, Germany) to calculate the transportation noise levels at
the exterior wall of the residential buildings of the study subjects, based on addresses confirmed
during the questionnaire survey. The number of passing vehicles per hour and the percentage of
heavy vehicles per hour are the main input variables for the calculation of road traffic noise. Those
values are measured for each time interval on the real road. Additionally, road shape, road surface,
barriers by the roads, and the speed limit of the road are included for the input values. Furthermore,
the geographical and meteorological inputs are used, such as three-dimensional building polygons,
contour lines, and annual temperature and pressure values. The verification of the noise map was
conducted by measuring twenty points of the study area and comparing the calculated values to the
measured values. If the difference between calculated values and measured values was less than 3 dB,
then the noise map was considered reliable for use in the study.

This study used the day–night average sound level (Ldn) as a noise indicator. The low-noise
group and the high-noise group were divided based on the threshold at which environmental noise
could pose a risk to health [19]; 55 dBA—the average transportation noise in the roads of the study
districts—was set as the threshold in this study. Subjects were classified as the low noise group when
their noise exposure level was less than 55 dBA, while subjects were classified as the high noise group
when their level of exposure was 55 dBA or higher.

2.4. Statistical Analysis

We performed a Pearson’s correlation analysis to look into correlations between noise level or
noise sensitivity and noise annoyance. We performed multiple linear regression analysis in order
to check multi-collinearity between noise level and noise sensitivity. To compare the ratio of those
“highly annoyed” and “annoyed” based on noise level and noise sensitivity, we conducted a chi-square
test. Based on noise level and noise sensitivity, we categorized the subjects into four combinations:
“low sensitivity/low noise”, “low sensitivity/high noise”, “high sensitivity/low noise”, and “high
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sensitivity/high noise”. To compare age and length of time at the present residence according to the
four combinations, this study used analysis of variance (ANOVA) and Tukey’s method for post-hoc
verification. To compare sex, education level, marital status, monthly income, smoking status, alcohol
drinking, exercise, highly annoyed, and annoyed, we performed a chi-square test.

We conducted logistic regression to show an interaction by modelling interaction variables (noise
sensitivity × noise exposure). We also conducted multiple logistic regressions to calculate the adjusted
odds ratio (aOR) to adjust for confounders that could affect annoyance (age, residential period, sex,
education level, marital status, monthly income, smoking status, alcohol drinking, and exercise).

We used SPSS 21.0 (IBM SPSS Inc., Chicago, IL, USA) to analyse all data. The significance level
was set at 0.05, and we considered a p-value of less than 0.05 to be significant.

2.5. Ethics

This study was approved by the Institutional Review Board of Ulsan University Hospital (IRB
No. 2014-08-008). This study has been conducted from 2014 to the present. From 2015, we examined the
health effects of environmental noise on humans. All participants took part in this study voluntarily
and written consent was obtained from participants.

3. Results

The results of the correlation analysis between noise sensitivity, noise level, and noise annoyance
to transportation noise showed that the correlation coefficient between noise sensitivity and noise
annoyance was 0.39 (p < 0.001) while the correlation coefficient between noise level and noise
annoyance was 0.20 (p < 0.001), each of which showed a positive correlation. There was no
multi-collinearity between noise level and noise sensitivity in the results of multiple linear regression.
We have not presented the results of regression as a table.

The general characteristics of all subjects and the four combination groups are presented in Table 1.
The average age of subjects was 47.0 ± 16.1 years; the average residence period was 9.1 ± 8.5 years; and
the average noise exposure level was 55.2 ± 10.4 dBA. After the characteristics of the four combination
groups were analysed, we found that the average age was higher in the two high noise sensitivity
groups than the two low noise sensitivity groups (p = 0.019). The average residence period was
also longer in the two high sensitivity groups than the two low sensitivity groups (p = 0.009). The
proportion of women was higher in the two high sensitivity groups than the two low sensitivity groups
(p < 0.001), while the education level was lower in the two high sensitivity groups than the two low
sensitivity groups (p = 0.001). The monthly income was higher in the two high noise groups than the
two low noise groups (p < 0.001). The proportion of both smoking status and regular exercise was
higher in the two low noise groups than the two high noise groups (p < 0.001, Table 1).

The proportion of “highly annoyed” and “annoyed” by noise exposure showed an increasing
trend as noise exposure increased. This trend also appeared in noise sensitivity, but the proportion
was higher in the noise sensitivity group than the noise exposure group. When the four combinations
of “low sensitivity/low noise”, “low sensitivity/high noise”, “high sensitivity/low noise”, and “high
sensitivity/high noise” were categorized in consideration of noise exposure level and noise sensitivity
together, and the proportion of “highly annoyed” and “annoyed” for those four groups were analysed,
it was found that the proportion of the “highly annoyed” for each group was 4.2%, 6.6%, 15.3%, and
23.0% (p < 0.001), respectively, while the proportion of “annoyed” was 13.8%, 22.0%, 41.7%, and 55.2%
(p < 0.001, Table 2), respectively.
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Table 1. General subject characteristics.

Variables Categories Total
(n = 1836)

Low Noise Sensitivity High Noise Sensitivity

p-ValueLow Noise
Exposure a

(n = 501)

High Noise
Exposure b

(n = 527)

Low Noise
Exposure c

(n = 386)

High Noise
Exposure d

(n = 422)

Age (years) * 47.0 ± 16.1 46.0 ± 16.7 46.0 ± 16.0 48.5 ± 16.6 48.2 ± 14.9 0.019

Residence period
(years) † 9.1 ± 8.5 8.6 ± 8.6 8.6 ± 7.5 10.3 ± 9.6 9.2 ± 8.3 0.009

Noise level (dBA) ** 55.2 ± 10.4 46.0 ± 5.7 63.4 ± 5.3 46.5 ± 5.7 64.0 ± 5.7 <0.001

Sex
Men 696 (37.9) 222 (44.3) 211 (40.0) 126 (32.6) 137 (32.5) <0.001

Women 1140 (62.1) 279 (55.7) 316 (60.0) 260 (67.4) 285 (67.5)

Education level
High school and less 858 (46.7) 219 (43.7) 227 (43.1) 213 (55.2) 199 (47.2) 0.001

College and more 978 (53.3) 282 (56.3) 300 (56.9) 173 (44.8) 223 (52.8)

Marital status
Single 733 (39.9) 237 (47.3) 217 (41.2) 155 (40.2) 124 (29.4) <0.001

Married 1103 (60.1) 264 (52.7) 310 (58.8) 231 (59.8) 298 (70.6)

Monthly income <3000 729 (39.7) 248 (49.5) 179 (34.0) 172 (44.6) 130 (30.8) <0.001

(1000 KRW) ≥3000 1107 (60.3) 253 (50.5) 348 (66.0) 214 (55.4) 292 (69.2)

Smoking status Non-smoker 1591 (86.7) 400 (79.8) 470 (89.2) 334 (86.5) 387 (91.7) <0.001
Smoker 245 (13.3) 101 (20.2) 57 (10.8) 52 (13.5) 35 (8.3)

Alcohol drinking No drink 934 (50.9) 237 (47.3) 266 (50.5) 213 (55.2) 218 ( 51.7) 0.135
Drink 902 (49.1) 264 (52.7) 261 (49.5) 173 (44.8) 204 (48.3)

Regular exercise No 691 (37.6) 155 (30.9) 211 (40.0) 127 (32.9) 198 (46.9) <0.001
Yes 1145 (62.4) 346 (69.1) 316 (60.0) 259 (67.1) 224 (53.1)

Unit: mean ± standard deviation, number (percentage); a Low noise sensitivity and low noise exposure; b Low
noise sensitivity and high noise exposure; c High noise sensitivity and low noise exposure; d High noise sensitivity
and high noise exposure; * post hoc comparison using Tukey’s method: a,b < c,d; † post hoc comparison using
Tukey’s method: a,b < c; ** post hoc comparison using Tukey’s method: a,c < b,d.

Table 2. Proportion of highly annoyed and annoyed according to noise exposure, noise sensitivity, and
a complex of noise sensitivity and exposure.

Variables Highly Annoyed Annoyed

Low NS a (n = 1028) 56 (5.4) * 185 (18.0) *
High NS (n = 808) 156 (19.3) 394 (48.8)

Low NE b (n = 887) 80 (9.0) † 230 (25.9) *
High NE (n = 949) 132 (13.9) 349 (36.8)

Low NS + low NE (n = 501) 21 (4.2) * 69 (13.8) *
Low NS + high NE (n = 527) 35 (6.6) 116 (22.0)
High NS + low NE (n = 386) 59 (15.3) 161 (41.7)
High NS + high NE (n = 422) 97 (23.0) 233 (55.2)

Unit: number (percentage); a NS, noise sensitivity; b NE, noise exposure; * p < 0.001; † p = 0.001.

A model that considered the interaction variables (noise sensitivity × noise exposure) showed
statistical significance in “highly annoyed” (OR 3.37; 95% CI 2.51–4.53) and “annoyed” (OR 3.81;
95% CI 3.03–4.78) groups. After analysing the risk of annoyance in consideration of both noise level
and noise sensitivity, the aOR of being “highly annoyed” in “low sensitivity/high noise”, “high
sensitivity/low noise”, and “high sensitivity/high noise” was 1.72 (95% CI 0.98–3.02), 4.14 (95% CI
2.46–6.99), and 7.08 (95% CI 4.28–11.73), respectively, compared to the “low sensitivity/low noise”
group. The aOR of being “annoyed” for those groups was 1.74 (95% CI 1.25–2.42), 4.30 (95% CI
3.10–5.97), and 7.38 (95% CI 5.33–10.21), respectively (Figure 2).
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4. Discussion

To assess the noise annoyance of transportation noise, this study analysed data from 1836 residents
in Yangcheon-gu, Seoul, and Nam-gu, Ulsan which were located on a developed noise map, and
compared noise annoyance depending on the noise level. The average noise level estimates based on
residential districts on the noise map were 55.2 ± 10.4 dBA (ranging from 46.0 ± 5.7 to 64.0 ± 5.7 dBA).
This noise level was not as high as occupational noise that reaches about 90 dBA [2], so noise sensitivity
would have a greater impact on noise annoyance [10]. In this respect, this study stratified the subjects
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according to noise level, noise sensitivity, and noise level and noise sensitivity together, and analysed
their impact on noise annoyance, respectively.

Initially, we performed a correlation analysis to verify correlations between noise level or noise
sensitivity and noise annoyance. The results showed that there were significant correlations between
the two variables and noise annoyance, and that the correlation coefficient between noise sensitivity
and noise annoyance (0.39) was higher than that between noise level and noise annoyance (0.20).
When the proportion of “highly annoyed” and “annoyed”—depending on noise level or noise
sensitivity—was analysed, the higher noise level group and the higher noise sensitivity group showed
a higher proportion of “highly annoyed” and “annoyed”, but the difference was much larger for noise
sensitivity. Past studies reported that differences in noise annoyance depending on noise level were
not distinctive when there was a low level of noise exposure, but noise sensitivity had a larger impact
on noise annoyance when there was a low level of noise exposure [10,20,21]. The reason behind such
results could be that noise annoyance—the indicator we used in this study—is a subjective indicator,
and it could be affected by noise sensitivity—a subjective characteristic [13,16,22].

Based on our initial findings, we re-classified the subjects into four groups in consideration of the
noise level and the noise sensitivity together, and analysed the proportion of “highly annoyed” and
“annoyed”. The results showed that the proportion of “highly annoyed” and “annoyed” increased in
the order of “low sensitivity/low noise”, “low sensitivity/high noise”, “high sensitivity/low noise”,
and “high sensitivity/high noise”. Furthermore, the results of multiple logistic regression analysis
showed that the aOR of being “highly annoyed” and “annoyed” tended to gradually increase in
the order of “low sensitivity/high noise”, “high sensitivity/low noise”, and “high sensitivity/high
noise” compared to the “low sensitivity/low noise” group. Although many previous studies found
that noise level and noise sensitivity affected noise annoyance, most of those studies presented
results regarding analysis of correlations only [2,10,22]. Unlike the methods of the past studies, this
study stratified subjects according to noise level and noise sensitivity, re-classified subjects into four
groups, and analysed the impact on noise annoyance. We found that noise level and noise sensitivity
simultaneously affect noise annoyance, and when we analysed with four groups, the impact of noise
sensitivity on noise annoyance was more prominent than that of the noise level. In addition, although
exposed to a similar level of transportation noise on the road, reactions to noise annoyance differs
depending on noise sensitivity. Therefore, if noise level were considered alone when assessing the
impact of transportation noise on noise annoyance, there could be a possibility of underestimating the
impact of noise.

Moreover, in the results of the general subject characteristics, it was found that higher noise
sensitivity was correlated with relatively higher age, lower education level, and female sex. Even
though there have been few studies looking into factors that impact noise sensitivity, we could find that
a previous study found similar results [23,24]. In summary, noise sensitivity was higher among those
who could be considered a relatively vulnerable group, and noise annoyance was higher, although they
were exposed to a similar level of transportation noise as those who reported low noise annoyance.

Thus, we found that noise level and noise sensitivity simultaneously affect annoyance, and
noise sensitivity has a relatively larger impact on noise. Furthermore, as seen in this study’s results,
when noise sensitivity was considered together with noise level, the impact on annoyance could
be assessed in more detail for similar levels of noise exposure. In addition, unlike the industrial
workplace population comprising mostly physically healthy workers, environmental noise—including
transportation noise—could impact a vulnerable group who could have relatively higher noise
sensitivity [23–25]. Therefore, if noise sensitivity is considered with noise together when assessing not
just noise annoyance, but also other health impacts of environmental noise, it would ensure a more
appropriate health assessment.

This study has some limitations. First, it was a cross-sectional study that could only evaluate
correlations between noise level or noise sensitivity and noise annoyance, and was not able to verify
causal relationships or assess long-term exposure. Second, we used an 11-point VAS scale based on
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ISO/TS 15666 (2003) to assess noise sensitivity because there is no universally used simple noise
sensitivity scale. Thus, an absolute cut-off value would be inaccurate, nevertheless we used the
average value of the subjects as a cut-off value because we thought it is reasonable. Third, assessment
of noise annoyance—one of the most widely used indicators to evaluate the health impact arising
from environmental noise exposure—is generally conducted based on a questionnaire (a subjective
indictor), and an objective assessment method to support the questionnaire has thus far not been
established. Therefore, self-report bias could have occurred on the questionnaire survey in this study.
Fourth, this study was funded by the Korean Ministry of Environment (MOE), and the MOE did not
want to cover extreme noise levels. Thus, the noise level ranged from 46 to 64 dBA, and we could not
assess annoyance at higher noise levels.

Nevertheless, this study has several important implications. First, it is the first study in South
Korea that has assessed the health impact of environmental noise on noise annoyance in a large-scale
study of a population exposed to transportation noise in their daily lives. Second, while previous
studies mostly focused on assessing noise annoyance depending on noise level, this study considered
noise sensitivity as well. Thus far, there have been few studies on the health impact of environmental
noise in South Korea that assessed noise sensitivity and environmental noise levels together. Therefore,
this study could be meaningful in that it is the first large-scale study in South Korea that considers
noise level and noise sensitivity in assessing noise annoyance.

5. Conclusions

In conclusion, we could see that when a population is exposed to a similar level of noise, the level
of noise annoyance varies depending on noise sensitivity—especially with relatively low noise levels,
such as environmental noise. When other variables that could affect the subjective assessment are
controlled, the results are identical. Therefore, a future study on the health impact of environmental
noise needs to consider not only the physical effects of noise, but also individuals’ noise sensitivity.

Acknowledgments: This study was supported by the Korea Ministry of Environment (MOE) as “the
Environmental Health Action Program (grant number 2014001350001)” and Ulsan University Hospital (Biomedical
Research Center Promotion Fund, grant number 2013804). The authors would like to thank the Occupational
and Environmental Medical Center, Ulsan University Hospital and Korea Ministry of Environment (MOE). The
authors also are grateful to the participants of the survey.

Author Contributions: Joo Hyun Sung, Jiho Lee, Kyoung Sook Jeong, Min-Woo Jo, and Chang Sun Sim
developed the conception and design of the study; Soogab Lee and Changmyung Lee created the noise map
and calculated the noise levels; Joo Hyun Sung analyzed the data and wrote the manuscript; Joo Hyun Sung
and Chang Sun Sim interpreted the result and revised the manuscript; and all authors critically reviewed and
approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002
Relating to the Assessment and Management of Environmental Noise. Available online:
http://faolex.fao.org/cgi-bin/faolex.exe?rec_id=029920&database=faolex&search_type=link&table=
result&lang=eng&format_name=@ERALL (accessed on 8 February 2017).

2. Basner, M.; Brink, M.; Bristow, A.; de Kluizenaar, Y.; Finegold, L.; Hong, J.; Janssen, S.A.; Klaeboe, R.;
Leroux, T.; Liebl, A.; et al. Icben review of research on the biological effects of noise 2011–2014. Noise Health
2015, 17, 57–82. [CrossRef] [PubMed]

3. World Health Organization. Burden of Disease from Environmental Noise: Quantification of Healthy Life Years
Lost in Europe; WHO Regional Office for Europe: Copenhagen, Denmark, 2011.

4. Lindvall, T.; Radford, E.P. Measurement of annoyance due to exposure to environmental factors. The fourth
karolinska institute symposium on environmental health. Environ. Res. 1973, 6, 1–36. [CrossRef]

5. Schultz, T.J. Synthesis of social surveys on noise annoyance. J. Acoust. Soc. Am. 1978, 64, 377–405. [CrossRef]
[PubMed]

http://faolex.fao.org/cgi-bin /faolex.exe?rec_id=029920&database=faolex&search_type=link&table=result&lang=eng&format_name=@ERALL
http://faolex.fao.org/cgi-bin /faolex.exe?rec_id=029920&database=faolex&search_type=link&table=result&lang=eng&format_name=@ERALL
http://dx.doi.org/10.4103/1463-1741.153373
http://www.ncbi.nlm.nih.gov/pubmed/25774609
http://dx.doi.org/10.1016/0013-9351(73)90014-5
http://dx.doi.org/10.1121/1.382013
http://www.ncbi.nlm.nih.gov/pubmed/361792


Int. J. Environ. Res. Public Health 2017, 14, 322 9 of 9

6. Miedema, H.M.; Oudshoorn, C.G. Annoyance from transportation noise: Relationships with exposure
metrics dnl and denl and their confidence intervals. Environ. Health Perspect. 2001, 109, 409–416. [CrossRef]
[PubMed]

7. Fields, J.M. Effect of personal and situational variables on noise annoyance in residential areas. J. Acoust.
Soc. Am. 1993, 93, 2753–2763. [CrossRef]

8. Miedema, H.M.E.; Vos, H. Demographic and attitudinal factors that modify annoyance from transportation
noise. J. Acoust. Soc. Am. 1999, 105, 3336–3344. [CrossRef]

9. Ouis, D. Annoyance from road traffic noise: A review. J. Environ. Psychol. 2001, 21, 101–120. [CrossRef]
10. Schreckenberg, D.; Griefahn, B.; Meis, M. The associations between noise sensitivity, reported physical and

mental health, perceived environmental quality, and noise annoyance. Noise Health 2010, 12, 7–16. [CrossRef]
[PubMed]

11. Ryu, J.K.; Jeon, J.Y. Influence of noise sensitivity on annoyance of indoor and outdoor noises in residential
buildings. Appl. Acoust. 2011, 72, 336–340. [CrossRef]

12. Gille, L.A.; Marquis-Favre, C.; Morel, J. Testing of the european union exposure-response relationships
and annoyance equivalents model for annoyance due to transportation noises: The need of revised
exposure-response relationships and annoyance equivalents model. Environ. Int. 2016, 94, 83–94. [CrossRef]
[PubMed]

13. Belojevic, G.; Jakovljevic, B. Factors influencing subjective noise sensitivity in an urban population.
Noise Health 2001, 4, 17–24. [PubMed]

14. Smith, A. The concept of noise sensitivity: Implications for noise control. Noise Health 2003, 5, 57–59.
[PubMed]

15. Hill, E.M.; Billington, R.; Krageloh, C. Noise sensitivity and diminished health: Testing moderators and
mediators of the relationship. Noise Health 2014, 16, 47–56. [CrossRef] [PubMed]

16. Job, R.F. Noise sensitivity as a factor influencing human reaction to noise. Noise Health 1999, 1, 57–68.
[PubMed]

17. Korean Ministry of Health and Welfare (KMOHW). National Health Examination Guideline; KMOHW: Seoul,
Korea, 2016.

18. Technical Specification. Assessment of Noise Annoyance by Means of Social and Socio-Acoustic Surveys:
ISO/TS 15666; International Organisation for Standardization: Geneva, Switzerland, 2003.

19. European Environment Agency. Good Practice Guide on Noise Exposure and Potential Health Effects; Office for
Official Publications of the European Union: Copenhagen, Dnemark, 2010.

20. Kroesen, M.; Molin, E.J.; van Wee, B. Determining the direction of causality between psychological factors
and aircraft noise annoyance. Noise Health 2010, 12, 17–25. [CrossRef] [PubMed]

21. Mirowska, M. An investigation and assessment of annoyance of low frequency noise in dwellings. Noise Notes
2002, 1, 30–34. [CrossRef]

22. Lekaviciute, J.; Argalasova-Sobotova, L. Environmental noise and annoyance in adults: Research in central,
eastern and south-eastern europe and newly independent states. Noise Health 2013, 15, 42–54. [CrossRef]
[PubMed]

23. Notbohm, G.; Schmook, R.; Schwarze, S.; Angerer, P. Patterns of physiological and affective responses to
vehicle pass-by noises. Noise Health 2013, 15, 355–366. [CrossRef] [PubMed]

24. Van Gerven, P.W.; Vos, H.; van Boxtel, M.P.; Janssen, S.A.; Miedema, H.M. Annoyance from environmental
noise across the lifespan. J. Acoust. Soc. Am. 2009, 126, 187–194. [CrossRef] [PubMed]

25. Van Kamp, I.; Davies, H. Noise and health in vulnerable groups: A review. Noise Health 2013, 15, 153–159.
[CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1289/ehp.01109409
http://www.ncbi.nlm.nih.gov/pubmed/11335190
http://dx.doi.org/10.1121/1.405851
http://dx.doi.org/10.1121/1.424662
http://dx.doi.org/10.1006/jevp.2000.0187
http://dx.doi.org/10.4103/1463-1741.59995
http://www.ncbi.nlm.nih.gov/pubmed/20160386
http://dx.doi.org/10.1016/j.apacoust.2010.12.005
http://dx.doi.org/10.1016/j.envint.2016.04.027
http://www.ncbi.nlm.nih.gov/pubmed/27223699
http://www.ncbi.nlm.nih.gov/pubmed/12678932
http://www.ncbi.nlm.nih.gov/pubmed/12631438
http://dx.doi.org/10.4103/1463-1741.127855
http://www.ncbi.nlm.nih.gov/pubmed/24583680
http://www.ncbi.nlm.nih.gov/pubmed/12689500
http://dx.doi.org/10.4103/1463-1741.59996
http://www.ncbi.nlm.nih.gov/pubmed/20160387
http://dx.doi.org/10.1260/1475473021502739
http://dx.doi.org/10.4103/1463-1741.107153
http://www.ncbi.nlm.nih.gov/pubmed/23412579
http://dx.doi.org/10.4103/1463-1741.116585
http://www.ncbi.nlm.nih.gov/pubmed/23955133
http://dx.doi.org/10.1121/1.3147510
http://www.ncbi.nlm.nih.gov/pubmed/19603876
http://dx.doi.org/10.4103/1463-1741.112361
http://www.ncbi.nlm.nih.gov/pubmed/23689296
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Survey 
	Transportation Noise Levels 
	Statistical Analysis 
	Ethics 

	Results 
	Discussion 
	Conclusions 

