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Abstract


Noise pollution is the second most harmful environmental stressor in Europe. Portugal is the fourth European country most affected by noise pollution, whereby 23.0% of the population is affected. This article aims to analyze the effects of exposure to low frequency noise pollution, emitted by power poles and power lines, on the population’s well-being, based on a study of “exposed” and “unexposed” individuals in two predominantly urban areas in north-western Portugal. To develop the research, we used sound level (n = 62) and sound recording measurements, as well as adapted audiometric test performance (n = 14) and surveys conducted with the resident population (n = 200). The sound levels were measured (frequency range between 10 to 160 Hz) and compared with a criterion curve developed by the Department for Environment, Food and Rural Affairs (DEFRA). The sound recorded was performed 5 m away from the source (400 kV power pole). Surveys were carried out with the “exposed” and “unexposed” populations, and adapted audiometric tests were performed to complement the analysis and to determine the threshold of audibility of “exposed” and “unexposed” volunteers. The “exposed” area has higher sound levels and, consequently, more problems with well-being and health than the “unexposed” population. The audiometric tests also revealed that the “exposed” population appears to be less sensitive to low frequencies than the “unexposed” population.







Keywords:


low-frequency noise; noise pollution; power poles and power lines; discomfort due to noise; residential areas












1. Introduction


At an international level, there are many studies on health impacts due to occupational and environmental exposure to noise. In general, these studies were developed using voluminous samples involving patient reports, distributing questionnaires, adopting cross-sectional studies based on databases, and comparing environmental noise levels measured using criteria curves. However, there are still few studies focusing exclusively on health impacts and discomfort due to low-frequency noise. One of the main reasons is the low sensitivity of the human auditory system to low frequencies. On the other hand, this type of noise has very particular characteristics and causes much more discomfort and long-term non-auditory effects [1,2,3,4].



Until the 1930s, it was believed that the effects of noise on health were restricted only to hearing loss. In a study published in the Journal of the Acoustical Society of America, Jüichi Obata et al. [5] concluded that the effects of noise on human health went beyond hearing loss.



The 1970s were marked by the emergence of a series of studies addressing the annoyance caused by environmental noise [3,6,7,8,9,10,11]. The most cited effects on human health refer to emotional changes, such as agitation and distraction [12,13,14,15,16,17], in addition to the association of low-frequency noise with cognitive alterations [18], the development of cardiovascular diseases [19,20,21], sleep disorders [22,23], and high blood pressure [24].



Thus, the effects of noise pollution comprise “auditory effects”, which directly affect the human auditory system and “non-auditory effects”, i.e., the impact of noise on physiological functions. Regarding “non-hearing effects”, discomfort has been reported as the most frequent effect caused by exposure to low-frequency noise in humans [5,25,26].



In addition, discomfort may vary from individual to individual and depends not only on the noise pressure levels but also on the exposure time, as well as the low frequency components present in the noise. Thus, noise levels that contain low frequency components tend to be more annoying than noise without such components [5,27].



Since 2000, the World Health Organization has recognized low-frequency noise as an environmental problem. In addition, the health impacts of low-frequency components on noise are estimated to be more severe [5].



As urbanization has increased, noise pollution has become more acute and is currently the second most harmful environmental stressor in Europe. In Europe, this type of pollution has been considered a public health problem, whereby Portugal ranks fourth as the most affected country concerning noise pollution (23.0% of the population is affected by this type of pollution—[28]). In Portugal, the northern region is the territory that suffers the most demographic pressure and where the electrical substation with the highest voltage at national level is located, the Substation of Riba d’Ave (south-west of the municipality of Guimarães). The village of Serzedelo is one of the 69 villages (until 2013) in the municipality of Guimarães and has the largest installed electrical substation in the country. Moreover, 80% of the region is under the influence of power poles and power lines, including 90 power poles and 12 power lines of high and very high voltage. In a survey carried out in 2010 by Azevedo [29], out of the 1022 dwellings located in the village of Serzedelo, only 98 are at 250 m or more from the power poles and power lines of high and very high voltage, that is, 9.6% are very close to these elements (up to 250 m) [29]. This generates a conflict regarding the use of space. Alves et al. (2015), in an evaluation of the impact of low-frequency noise pollution on the population of the village of Serzedelo, concluded that the measured low-frequency sound levels exceeded the criterion curve of the Department for Environment, Food and Rural Affairs methodology [30], which makes that type of noise audible and annoying to the population.



Based on these assumptions, the guiding questions that underlie the present investigation are the following: (1) Do power poles and power lines cause discomfort due to low frequency noise? (2) Do power poles and power lines affect the quality of life of the population?



The noise levels emitted by power poles and power lines can be a potential source of low frequency noise and discomfort in residential areas [1,31]. Nevertheless, how the population perceives the noise emitted by power poles and power lines should be determined, corresponding to a more subjective approach and complementing a more objective approach. Thus, this article aims to analyze the impacts of low frequency sound pollution, emitted by power poles and power lines, in two predominantly urban areas of the municipality of Guimarães (north-western Portugal), from the objective approaches (noise level and sound recording measurements) and the subjective assessment of noise discomfort (distributing surveys to the resident population and adapted audiometric test performance). It is hypothesized that people living in these spaces develop more health problems (e.g., insomnia, irritation, depression) than those living far away from these places.



This research comprises a study of “exposed” and “unexposed” individuals carried out in the village of Serzedelo, which was classified as an “exposed” territory because of the high concentration of power poles and power lines. The second concerns the village of Abação (São Tomé) classified as “unexposed” due to the inexistence of this type of infrastructure.



At an international level, existing production concerning the low frequency noise still remains very low. This paper can contribute to more complete methodologies to assess low-frequency noise discomfort. Additionally, it not only considers objective evaluation parameters (noise level measurement), but it also takes into account the perception of discomfort obtained from the surveys and the audiometric tests adapted to low frequencies. In addition, this type of study can contribute to the formulation of public policies in terms of installing power poles and power lines in residential areas.



This article is structured in four sections. This section includes a literature review on noise pollution, as well as impacts on the well-being of the population and an introduction to the subject. Section 2 presents the methodology used in the objective and subjective dimensions of the investigation. Section 3 comprises the results and the discussion. In Section 4, we present some conclusions obtained from this investigation and suggestions for future investigations.




2. Materials and Methods


2.1. Study Area


The municipality of Guimarães is located in the Ave sub-region (north-western Portugal) and had 158,124 inhabitants in the last census [32]. The city of Guimarães has a population of 54,097 inhabitants and is crossed by four aerial power lines of 400 kV and nine aerial power lines of 150 kV. Concerning the village of Serzedelo (southwest of the city of Guimarães), it has a population of 3680 inhabitants in the last Census and a high density with 90 power poles and 12 power lines [29,31]. The village of Abação (São Tomé—southeast of Guimarães) has a population of 2252 inhabitants and was selected due to the absence of aerial power lines [32].




2.2. Assessment Framework


Regarding the adopted methodology, it focuses on a macrostructural approach that comprises two aspects of analysis, denominated as subjective dimension and objective dimension of evaluating the discomfort caused by low-frequency noise.



2.2.1. Adapted Department for Environment, Food and Rural Affairs (DEFRA) Methodology Proposed Criteria for the Assessment of Low Frequency Noise Disturbance (NANR45)


Among various methods to analyze the discomfort due to low-frequency noise is the procedure developed by the Department for Environment, Food and Rural Affairs (DEFRA), inserted in the Acoustics Research Center at the University of Salford (United Kingdom), using the Proposed Criteria for the Assessment of Low Frequency Noise Disturbance (NANR45). The procedure proposes the noise level measurement for 72 h (three days) and comprises the night-time from 02h00 to 04h00, in 1/3 octave bands from 10 to 160 Hz [30,31].



Thus, an adaptation of this methodology was used, and a higher number of measurements were taken for shorter periods of 15 min each at several points of the two urban areas under study, which allowed a greater spatial representation of the two urban realities evaluated [1].



The sound pressure levels were measured with a fixed-tripod, a class one sound level meter CESVA approved by IPQ (Instituto Português da Qualidade) (A-weighting filter), at a height of 1.5 m from the ground and away from surfaces and obstacles (>3.5 m). The measurement was made in 1/3 octave frequency bands and with a frequency range between 10 Hz and 160 Hz. In the village of the “exposed” group, 32 measurements were performed (Figure 1) and 30 measurements in the village of the “unexposed” (Figure 2) between November and December, 2015.




2.2.2. Recorded Sound


The sound recording was always performed with the same sound level meter on a fixed-tripod and at the same distance from surfaces and obstacles (>3.5 m). Sound capture lasted for 15 min and was performed under favorable weather conditions for sound propagation, i.e., in humid weather scenarios at approximately 5 m projected distance from the nearest source.




2.2.3. Surveys


A sample of 200 surveys was used, of which 100 were distributed to the population of the “exposed” group and 100 to the “unexposed” group. This volume corresponds to 2.7% of the population living in the village of Serzedelo and 4.4% in the case of the village of Abação (S. Tomé). The survey was conducted door-to-door and consisted of approximately 80 questions and took an average time of 25 min. It was divided into three axes and 12 sections. The present article only uses the variables that are related to the objective component of the investigation carried out (e.g., period of time living in the same place, quality of sleep). For data analysis, descriptive and analytical statistics were used, using the Statistical Package for the Social Sciences (SPSS). From the analysis of the output, chi-square tests (for qualitative variables) and t-test (quantitative variables) were carried out to identify statistical significance.




2.2.4. Adapted Audiometric Tests


During the survey at the “exposed” population, it was observed that the population seemed to be accustomed to the noise emitted by the power lines, revealing a kind of “psychological defense” as a significant number of the interviewees seemed to be less sensitive to that kind of noise. For this reason, it was decided to remove the “exposed” population from its usual place and introduce the same acoustic stimulus to which they are exposed in their day-to-day in an audiometric booth and analyze the differences in hearing thresholds recorded for “exposed” and “unexposed” volunteers.



Consequently, audiometric tests adapted and oriented exclusively for low frequencies were performed as a complement to the objective analysis, between 2016 and 2017.



It should be noted that in the international literature on the subject, there is no audiometric evaluation methodology oriented to low frequencies and, because of this, the developed protocols were based on ISO 8253-1/2010 [33].



The protocols developed for audiometric tests oriented at low frequencies aimed to verify whether the recorded sound was audible, as well as to determine the hearing threshold for the pure sounds and for the recorded sound, of the “exposed” and “unexposed” volunteers.



Audiometric tests were performed with eight volunteers from the “exposed” group, aged between 24 and 68 years, with different occupations (e.g., students, retired workers, textile industry employees) and education levels (e.g., 4 years of schooling, 9 years, 11 years, graduation and master’s degree). In the “unexposed” group, audiometric tests were performed with 6 volunteers, aged between 44 and 60 years and a differentiated occupational profile (unemployed, drivers and construction workers) and with education levels varying between 2 and 9 years of schooling. After innumerable telephone contact attempts and even after the team offered transportation (approximately 15 km away for the “exposed” and 10 km for the “unexposed” groups) to the individuals invited to participate in the audiometric tests at the university (where the audiometric booth is installed), few accepted to participate.



To determine the pure sound hearing threshold, pure sound was reproduced by frequency bands, from 10 Hz to 90 Hz with a variation in the signal intensity. The tests were carried out in an Optac audiometric booth—Aumec Horprufkabine brand-and two acoustic signals were introduced: pure sounds (tracks from a high-fidelity CD, of the Nordost brand—System Set-Up & Tuning Disc) and the sounds previously recorded at the place of exposure. The sound was reproduced inside the audiometric booth using HE4OOS headphones with good response at low frequencies, from the Hifiman brand. Connections were made to allow the passage and control of the signal by the AD28—Interacoustics audiometer. The pure sounds were played by Windows Media Player and the recorded sound was played by dBTrait software [34].






3. Results and Discussion


In this section, the results obtained are presented, as well as their discussion in the objective (sound level measurements) and subjective dimensions (resident population surveys and adapted audiometric tests).



3.1. Objective Dimension


The objective dimension included noise level measurements in 62 points of the two villages and a comparison with the criterion curve of the DEFRA methodology [30].



For the “exposed” group, 32 measurements were performed, with projected distances varying between 1 and 250 m, and in several points in the village of Serzedelo (Figure 3).



In the “unexposed” group, 30 measurements were performed at several points in the village of Abação (São Tomé—Figure 4).



The exceeded average was obtained by averaging the values of the sound pressure levels obtained at each measurement point. For the “exposed” group, the exceeded average was 68.9 dB (Figure 3), while for the “unexposed” group it was 64.6 dB (Figure 4).



The difference in the exceeded average for the “exposed” group and for the “unexposed” group was 4.3 dB, which shows a considerable difference between the two villages assessed. If the source evaluated was only from the power poles and power lines, it could be induced that in the “exposed” group, the source more than doubled, compared to the “unexposed” group.



In previous studies, the authors took measurements without interference from road sources [31]. The results showed that for the “exposed group”, and using 26 isolated points, without interference from traffic road sources, the noise levels were exceeded for all points measured between 50 and 160 Hz and the mean exceeded recorded in this group was 55.7 dB. For the “unexposed” group (21 points), the measured noise levels were exceeded at all points between 50 and 80 Hz. The mean of the exceedance, for this group, was 50.1 dB.




3.2. Subjective Dimension


The subjective dimension entailed distributing surveys to the resident population in the “exposed” and “unexposed” areas and audiometric tests adapted for low frequencies.



3.2.1. Survey Given to the Resident Population


In this section, the results of the surveys are presented, by village, and the comparison of some variables included in the questionnaire between the two villages aiming to perform an overall analysis of the results obtained. It should be emphasized that the analysis focused on the most important variables that were most closely related to noise pollution (allowing to complement the objective analysis performed in each village).



Choice of Place to Live


The place of residence and its characteristics are important indicators for understanding the state of the population’s health, as well as their perception [35,36,37,38]. Thus, we selected some variables that consider this dimension for the analysis, e.g., how long have they been living in the village, how long have they been living in their current dwelling and the number of people living in it. It is important to remember that in the literature on the subject, the effects are directly proportional to the time factor of exposure [39].



Concerning the group of respondents from Serzedelo, 58.0% have been living in this village since they were born and 42.0% had lived in another village before Serzedelo, usually in another village belonging to the municipality of Guimarães. In the case of Abação (São Tomé), the percentage was similar, that is, 54.0% of respondents have “lived there since they were born” (Table 1; Table 2). These are high percentages that indicate that respondents had a long period of exposure to factors that may have influenced their health.



It is important to mention the very low percentage of respondents living in the home reported in the survey up to 2 years ago. (5.0% in the case of Serzedelo and 2.0% in the case of Abação (São Tomé)). Whether in one village or the other, most of the population lived between 11 and 40 years in the reported house (40.0% in the case of Serzedelo and 38.0% in the case of Abação (São Tomé)—Table 2).



Regarding the composition of the household (which indicates how many people may be at risk due to exposure to low frequency noise), in both Serzedelo and Abação (São Tomé), the most representative class was “three to four people” (40.0% in Serzedelo versus 54.0% in Abação (São Tomé)—Table 3). This was followed by a greater representation of families with two people in the two villages and the families of only one person which had practically the same percentage (9.0% in Serzedelo versus 8.0% in the other village). This scenario follows the national trend, which is close to the standard of countries in the European Union. It should be recalled that couples with children still constitute the main household composition and that other types of family are on the rise, such as single-parent families and couples without children [40,41,42].




Impacts due to Noise Pollution


To assess the impact of noise pollution on health, an analysis was made of some of the most important variables in the survey. The following impacts were analyzed: sleep quality, occupational aspects and morbidity and, finally, noise pollution.




Sleep Quality


Sleep has an important role in physiological terms and its quality may have aggravating effects in immunological, cardiovascular, neurological terms and the development of chronic diseases [43,44,45,46,47,48]. Even at night, when the noise tends to be reduced, low frequencies dominate the perceived noise spectrum. Thus, sleep disturbances can occur as a consequence of exposure to noise during the night period [3,49,50].



Perception of sleep quality was evaluated between “good” and “acceptable” by both samples (Table 4).



Sleeping pills were used by 24.0% of those interviewed in each of the villages (Table 5).



The habit of getting up at night has significant impacts on sleep quality and the well-being of the population. The percentage of respondents who are used to getting up at night seems to be higher among those who live within a radius of up to 200 m from the source (power poles and power lines). However, this correlation is not statistically significant for the village of the “exposed” (chi-square = 9.15 for 7 gl; p-value > 0.05—Table 6). In the case of the village of Abação (São Tomé), the percentage of respondents living near the A7 motorway and that are used to getting up during the night is also higher. However, the correlation is not statistically significant (chi-square = 0.51 for 4; p-value > 0.05—Table 7).



Table 8 shows the association between the use of sleeping medication by large groups of professions in Serzedelo and Abação (São Tomé).



It can be observed that sleep quality is very similar in both samples (Table 4; Table 5). It was observed that for the two villages a more significant percentage of those interviewed who used sleeping medication corresponds to the retired group (15.0% in Serzedelo and 8.0% in Abação) (Table 8).




Occupational Aspects and Morbidity


In this section, we present the variables that consider the occupational aspects and the morbidity of the population of the “exposed” and “unexposed” villages.



The results show that 64.0% of the interviewees in the village of the “exposed” group had a health problem. In the case of the “unexposed” group, this percentage was lower (49.0%) (Table 9).



Regarding the percentage of interviewees who had a health problem, by age group, in the village of the “exposed” group, there were more health problems in those interviewed aged 50 years and over. This was statistically representative in the village of the “exposed” group, 54.0% (chi-square = 31.3 for 7 gl; p-value < 0.001) versus 30.0% in the village of the “unexposed” group (chi-square = 18.8 for 12 gl; p-value > 0.05) (Table 10).



The variable “residence time” showed to be important to understand the state of health of the population. The percentage of those interviewed who had a health problem was higher among those who lived in the village of the “exposed” group (for those over 30 years of age) when compared to the village of the “unexposed” group (49.0% in the case of Serzedelo and 37.0% in the case of Abação). The relationship is statistically significant only for Serzedelo (chi-square = 15.0 for 7 gl; p-value < 0.05 and in Abação—chi-square = 14.6 for 14 gl; p > 0.05) (Table 11).



The percentage of those interviewed who had a health problem was higher for the village of Serzedelo, especially cardiovascular diseases—32.0% in the case of the “exposed” group and 19.0% in the case of the “unexposed” group. In both groups, the largest segment of the population surveyed presented a health problem that affects the heart and blood vessels (cardiovascular diseases), namely, hypertension and cardiac arrhythmia, besides mental illnesses, depressive episodes and anxiety (Table 12).



These results follow other investigations, such as the one conducted in the 1990s in Poland, with 30 individuals disturbed by noise [51,52]. The 30 individuals were compared to an equal number of people, living in the same apartment block, but without the presence of low frequency noise. This study showed a greater number of sleep disorders and depression among exposed individuals. However, the author clarifies that the results can be confounded by the differences between the populations studied.



The high percentages for cardiovascular diseases, depression and sleep disorders may be caused by exposure to low-frequency noise. The population of the village of the “exposed” group may suffer more from influence due to exposure to the noise emitted by high voltage power poles and power lines (added to that emitted by sources other than the study source, such as traffic road noise), rather than the presence of the electromagnetic field emitted by these infrastructures. Concerning the association between distance to the highway and the presence of health problems, there is no clear pattern in the spatial distribution of disease in the villages of the “exposed” (Figure 5) and the “unexposed” (Figure 6) groups. We also find it complex to establish a spatial distribution pattern of the diseases in Serzedelo due to the presence of power poles and power lines in more than 80% of the territory (Figure 7).



There is no statistically significant correlation between residing near the source (power poles and power lines) and the presence of health problems in Serzedelo (chi-square = 6.94 for 7; p-value > 0.05—Table 13).



When considering the distance in relation to the highway, there is also no statistically significant relationship between the variables (chi-square = 2.01 for 3; p-value > 0.05—Table 14). In the case of the village of Abação (São Tomé), the results were similar in relation to the distance to the highway and to the presence of health problems in those interviewed (chi-square = 3.29 for 8 gl; p-value > 0.05—Table 14).



However, it seems to us complex to draw any kind of conclusion about the relation between the distance and the presence of health problems among those interviewed. This is due to the fact that the sample did not represent the entire population of the two villages under study, and also because health status was a complex element of analysis whose perception varies from individual to individual.




Sources of Noise Pollution


Concerning noise pollution in Serzedelo, 73.0% of those interviewed lived near a highway and a national road. In Abação (São Tomé), this percentage was 64.0% of those interviewed (Table 15). A recent study published in The Lancet [53] found that individuals living within 50 m of a highway with high road traffic are more likely to develop dementia than individuals living more than 300 m away from this type of road.



In Serzedelo, 39.0% of those interviewed answered that there was another type of noise that caused them discomfort, versus 8.0% in the other village.



Among the interviewees who said that there is a different type of noise, besides that caused by road traffic, 24.0% of those interviewed in Serzedelo characterized the noise as a “buzz”. In the case of Abação (São Tomé), only 8.0% stated that there was another type of noise that caused discomfort (e.g., screaming, dogs barking and truck noise). The percentage of interviewees who “did not respond” or “did not apply” refers to those who do not feel discomfort by any kind of noise (Table 16).





3.2.2. Adapted Audiometric Tests


Adapted audiometric tests were performed as a complement to the objective dimension analysis and were used to determine the hearing threshold of “exposed” and “unexposed” volunteers. Thus, the tests were performed with eight “exposed” individuals (Serzedelo—Figure 8) and with six “unexposed” individuals (Abação (São Tomé)—Figure 9).



The differences recorded for the hearing threshold for pure sounds and recorded sound for both groups were significant. For the recorded sound, the difference between the average of the hearing threshold was 27.2 dB [54]. The data shows that the “exposed” group revealed being used to low frequency noise, and corroborates the results shown in Figure 6; Figure 7, which clearly illustrates the low sensitivity of the “exposed” group below 39 Hz when compared to the “unexposed” group [54].






4. Conclusions


The research carried out reveals a novelty in Portugal, whether in the social sciences or the more exact ones, such as environmental acoustics. The originality of the research derived from considering the health impacts on the population due to the noise emitted by the power poles and power lines in residential areas, from the sound level measurements, besides distributing surveys and adapted audiometric test performance. Regarding the first question formulated in the introduction to this paper, “Do power poles and power lines cause discomfort due to low-frequency noise?” the distance between the receiver and the source may interfere with the degree of discomfort experienced by individuals. Especially due to the specific characteristics of high propagation of low-frequency noise and its low absorption by materials and the environment. For the results presented here, the sound was recorded to 5 m of distance from the source (400 kV power pole) and was audible to the “exposed” and “unexposed” volunteers during the adapted audiometric tests. The noise level measurements exceeded the criterion curve of the DEFRA methodology [30]. The difference in the exceeded average of 4.3 dB shows a considerable difference between the two villages. If the source evaluated was only from the power poles and power lines, it could be induced that in the “exposed” group, the source more than doubled compared to the “unexposed” group.



Regarding the second question, “Do power poles and power lines affect the population’s quality of life”?, the results of the audiometric tests showed a significant difference between the two groups, mainly the hearing threshold below 39 Hz, which shows that the “exposed” volunteers are not very sensitive to the low frequencies. This implies that the “exposed” group needs a greater sound intensity to perceive the noise, especially in the lower frequencies. As most interviewees have lived most of their lives in Serzedelo, this low sensitivity to low frequencies could be a consequence of the long period of exposure to the noise emitted by power poles and power lines. In turn, the “unexposed” group tends to perceive the noise at a slightly lower sound intensity due to the fact that this village is free from these infrastructures. Additionally, the “exposed” group has a greater number of respondents with health problems (e.g., cardiovascular diseases, insomnia and depression), which may be caused from the characteristics of the place where they live and, probably mainly, from exposure to low-frequency noise emitted by power poles and power lines.



Case-control type studies seem to be the most appropriate for the continuation of this type of research. It is essential to monitor the daily life of the interviewees and their lifestyles (for example, diet and sleep quality), aspects related to work dynamics such as current occupation and previous occupation, genetic predispositions, that is, the history of cases of illness in the immediate family circle, and the characteristics of the structure of the house. However, it is worth mentioning the complexity of conducting a case-control study, due to the difficulty of accessing information on patient morbidity and access to the patient database that is subject to confidentiality. In addition, a study of this nature would take several years.



It is expected that in future studies this type of evaluation can be explored by varying the distance between the receiver and the source. This may provide important information on the definition of the limits for installing power poles and power lines in residential areas, based not only on the objective component (measurement of sound levels and setting the minimum limit of evaluation below the usual 50 Hz), but also considering the subjective component, that is, the perception of discomfort reported by the exposed population.



Finally, we propose that investigations of this type should consider the subjective parameters for the evaluation of noise discomfort, that is, the perception of the population.
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Figure 1. Location of measurement points in the village of the “exposed” group. 
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Figure 2. Location of measurement points in the village of the “unexposed” group. 
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Figure 3. Analysis of the “exposed” group sound levels—Leq (dB). 
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Figure 4. Analysis of the “unexposed” group sound levels—Leq (dB). 
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Figure 5. Location of the cases, by group of diseases, in the “exposed” group (distance in relation to the highway). 
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Figure 6. Location of cases, by disease group, in the “unexposed” group (distance from highway). 
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Figure 7. Location of cases, by disease group, in Serzedelo (distance from power poles and power lines). 
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Figure 8. Hearing threshold for pure sounds—“exposed” group. 
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Figure 9. Hearing threshold for pure sounds—“unexposed” group. 
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Table 1. Interviewees that have always lived in villages of the Serzedelo and Abação (São Tomé).






Table 1. Interviewees that have always lived in villages of the Serzedelo and Abação (São Tomé).





	Analyzed Areas
	Yes (%)
	No (%)





	Serzedelo
	58.0
	42.0



	Abação (São Tomé)
	54.0
	46.0



	Total
	100.0
	100.0
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Table 2. Percentage of time the interviewees have lived in the same household in Serzedelo and Abação (São Tomé).






Table 2. Percentage of time the interviewees have lived in the same household in Serzedelo and Abação (São Tomé).





	Analyzed Areas
	Less than 1 Year
	From 1 to 2 Years
	From 3 to 10 Years
	From 11 to 20 Years
	From 30 to 40 Years
	More than 40 Years
	Since He/She Was Born
	Did Not Answer
	Total





	Serzedelo
	2.0
	3.0
	8.0
	14.0
	16.0
	10.0
	41.0
	6.0
	100.0



	Abação (São Tomé)
	1.0
	1.0
	9.0
	19.0
	15.0
	4.0
	50.0
	1.0
	100.0
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Table 3. Percentage of people in the household in Serzedelo and Abação (São Tomé).






Table 3. Percentage of people in the household in Serzedelo and Abação (São Tomé).





	Analyzed Areas
	Only the Interviewed Person
	2 People
	From 3 to 4 People
	From 5 to 6 People
	7 and more People
	Did not Answer
	Total





	Serzedelo
	9.0
	37.0
	40.0
	8.0
	2.0
	4.0
	100.0



	Abação (São Tomé)
	8.0
	18.0
	54.0
	17.0
	3.0
	0.0
	100.0
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Table 4. Perception of interviewees’ sleep quality in Serzedelo and Abação (São Tomé).
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	Analyzed Areas
	Very Good
	Good
	Acceptable
	Poor
	Very Poor
	Total





	Serzedelo
	16.0
	39.0
	30.0
	8.0
	7.0
	100.0



	Abação (São Tomé)
	9.0
	35.0
	36.0
	13.0
	7.0
	100.0
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Table 5. Percentage of interviewees using sleep medication in Serzedelo and Abação (São Tomé).
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	Analyzed Areas
	Yes
	No
	Rarely
	Total





	Serzedelo
	24.0
	76.0
	0.0
	100.0



	Abação (São Tomé)
	24.0
	74.0
	2.0
	100.0
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Table 6. Percentage of interviewees considering the distance from the source (power poles and power lines) who had a habit of getting up at night in Serzedelo.
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	Distance from Source (m)
	Yes
	No
	Total





	50–99
	17
	9
	26



	100–149
	18
	4
	22



	150–199
	17
	4
	21



	200–249
	10
	2
	12



	250–299
	1
	1
	2



	300–349
	0
	1
	1



	350–399
	4
	0
	4



	≥400
	7
	5
	12



	Total
	74
	26
	100
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Table 7. Percentage of interviewees considering the distance from the source (highway A7) who had a habit of getting up at night in Abação (São Tomé).






Table 7. Percentage of interviewees considering the distance from the source (highway A7) who had a habit of getting up at night in Abação (São Tomé).





	Distance from Source (m)
	Yes
	No
	Total





	50–99
	7
	3
	10



	100–149
	10
	4
	14



	150–199
	8
	3
	11



	200–249
	5
	2
	7



	≥250
	45
	13
	58



	Total
	75
	25
	100










[image: Table] 





Table 8. Interviews that used sleeping medication by large groups of professions in Serzedelo and Abação (São Tomé).






Table 8. Interviews that used sleeping medication by large groups of professions in Serzedelo and Abação (São Tomé).





	
The Portuguese Classification of Occupations (CPP/2010)

	
Serzedelo

	
Abação (São Tomé)




	
Yes (%)

	
No (%)

	
Yes (%)

	
No (%)

	
Rarely (%)






	
Current Occupation

	
1—Managers

	
0.0

	
0.0

	
0.0

	
1.0

	
0.0




	
2—Professionals

	
0.0

	
4.0

	
1.0

	
0.0

	
1.0




	
3—Technicians and associated professionals

	
1.0

	
2.0

	
0.0

	
1.0

	
0.0




	
4—Clerical support workers

	
0.0

	
3.0

	
0.0

	
2.0

	
0.0




	
5—Service and sales workers

	
1.0

	
2.0

	
1.0

	
4.0

	
0.0




	
6—Skilled agricultural, forestry and fishery workers

	
0.0

	
1.0

	
0.0

	
0.0

	
0.0




	
7—Craft and related trade workers

	
2.0

	
7.0

	
4.0

	
25.0

	
0.0




	
8—Plant and machine operators and assemblers

	
1.0

	
9.0

	
0.0

	
5.0

	
0.0




	
9—Elementary occupations

	
1.0

	
6.0

	
5.0

	
3.0

	
0.0




	
Unemployed

	
2.0

	
7.0

	
2.0

	
12.0

	
0.0




	
Retired

	
15.0

	
28.0

	
8.0

	
17.0

	
1.0




	
Housewives

	
0.0

	
1.0

	
3.0

	
1.0

	
0.0




	
Students

	
0.0

	
1.0

	
0.0

	
3.0

	
0.0




	
Did not answer

	
0.0

	
1.0

	
0.0

	
0.0

	
0.0




	
Total

	
24.0

	
76.0

	
24.0

	
74.0

	
2.0
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Table 9. Interviewees who have a health problem in Serzedelo and Abação (São Tomé).
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	Analyzed Areas
	Yes (%)
	No (%)
	Total (%)





	Serzedelo
	64.0
	36.0
	100.0



	Abação (São Tomé)
	49.0
	51.0
	100.0
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Table 10. Interviewees who have health problems, by age group, in Serzedelo and Abação (São Tomé).
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Age Group

	
Serzedelo

	
Abação (São Tomé)




	
Yes (%)

	
No (%)

	
Yes (%)

	
No (%)






	
18 to 28 years

	
0.0

	
10.0

	
0.0

	
7.0




	
29 to 39 years

	
3.0

	
6.0

	
3.0

	
9.0




	
40 to 49 years

	
8.0

	
7.0

	
16.0

	
16.0




	
50 to 59 years

	
20.0

	
5.0

	
12.0

	
7.0




	
60 to 69 years

	
20.0

	
7.0

	
12.0

	
5.0




	
70 and more years

	
11.0

	
1.0

	
6.0

	
4.0




	
Did not answer

	
2.0

	
0.0

	
0.0

	
2.0




	
Total

	
64.0

	
36.0

	
49.0

	
50.0
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Table 11. Proportion between residence time and health problems in Serzedelo.
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Residence Time

	
Serzedelo

	
Abação (São Tomé)




	
Yes

	
No

	
Yes

	
No

	
Did not Answer






	
Less than 1 year

	
0.0

	
2.0

	
0.0

	
1.0

	
0.0




	
From 1 to 2 years

	
3.0

	
0.0

	
0.0

	
1.0

	
0.0




	
From 3 to 10 years

	
3.0

	
5.0

	
3.0

	
6.0

	
0.0




	
From 11 to 20 years

	
6.0

	
8.0

	
8.0

	
10.0

	
1.0




	
From 21 to 30 years

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
From 31 to 40 years

	
12.0

	
4.0

	
10.0

	
5.0

	
0.0




	
More than 40 years

	
9.0

	
1.0

	
4.0

	
0.0

	
0.0




	
Since he/she was born

	
28.0

	
13.0

	
23.0

	
27.0

	
0.0




	
Did not answer

	
3.0

	
3.0

	
1.0

	
0.0

	
0.0




	
Total

	
64.0

	
36.0

	
49.0

	
50.0

	
1.0
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Table 12. Percentage of interviewees who have some type of disease in Serzedelo and Abação (São Tomé).
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	Analyzed Areas
	Cancer
	Depression
	Cardiovascular Diseases
	Diseases of the Nervous System
	Sleep Disorders
	Metabolic Diseases
	Total





	Serzedelo
	5.0
	19.0
	32.0
	5.0
	11.0
	19.0
	100.0



	Abação (São Tomé)
	4.0
	18.0
	19.0
	1.0
	1.0
	15.0
	100.0










[image: Table] 





Table 13. Percentage of interviewees who have a health problem regarding distance from the source (power poles and power lines) in Serzedelo.






Table 13. Percentage of interviewees who have a health problem regarding distance from the source (power poles and power lines) in Serzedelo.





	Distance from Source (m)
	Yes
	No
	Total





	50–99
	18
	8
	26



	100–149
	13
	9
	22



	150–199
	14
	7
	21



	200–249
	7
	5
	12



	250–299
	2
	0
	2



	300–349
	0
	1
	1



	350–399
	4
	0
	4



	≥400
	6
	6
	12



	Total
	64
	36
	100
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Table 14. Percentage of interviewees who have a health problem regarding distance from the source (highway) in Serzedelo and in Abação (S. Tomé).






Table 14. Percentage of interviewees who have a health problem regarding distance from the source (highway) in Serzedelo and in Abação (S. Tomé).





	
Distance from Source (m)

	
Serzedelo

	
Abação (S. Tomé)




	
Yes

	
No

	
Total

	
Yes

	
No

	
Did not Answer

	
Total






	
50–99

	
0

	
0

	
0

	
7

	
3

	
0

	
10




	
100–149

	
3

	
1

	
4

	
8

	
6

	
0

	
14




	
150–199

	
3

	
0

	
3

	
5

	
6

	
0

	
11




	
200–249

	
5

	
3

	
8

	
3

	
4

	
0

	
7




	
≥250

	
53

	
32

	
85

	
26

	
31

	
1

	
58




	
Total

	
64

	
36

	
100

	
49

	
50

	
1

	
100
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Table 15. Interviewees living near a highway and/or national road in Serzedelo and Abação (São Tomé).






Table 15. Interviewees living near a highway and/or national road in Serzedelo and Abação (São Tomé).





	Analyzed Areas
	Yes (%)
	No (%)
	Did not Answer (%)
	Total (%)





	Serzedelo
	73.0
	24.0
	3.0
	100.0



	Abação (São Tomé)
	64.0
	34.0
	2.0
	100.0
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Table 16. Percentage of interviewees who claimed there was another noise, besides the road traffic, which caused discomfort, and how they characterized this noise in Serzedelo.






Table 16. Percentage of interviewees who claimed there was another noise, besides the road traffic, which caused discomfort, and how they characterized this noise in Serzedelo.





	Type of Noise
	Yes
	No
	Did Not Answer





	Crackle/Sizzle
	8.0
	1.0
	1.0



	Humming
	24.0
	3.0
	0.0



	Sparks
	4.0
	0.0
	0.0



	Did not answer
	7.0
	2.0
	14.0



	Not applicable
	0.0
	36.0
	0.0



	Total
	43.0
	42.0
	15.0











© 2019 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/).
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