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Resumo

Fontes de ruido de baixa frequéncia (RBF, <500 Hz) naturais e antropogéncias sdo ubiquitarias na sociedade
moderna. No entanto, a quantificagdo e avaliagdo destes fendmenos actsticos constituem tarefas complexas. Ainda
que a exposi¢do cronica a RBF antropogénico possa comprometer a satide humana, ndo foram ainda
internacionalmente aceites niveis de limite de exposi¢@o e os niveis basais seguros continuam practicamente por
definir.

O objectivo deste trabalho é de explorar o contetido de RBF em diversos locais de acesso comum, tais como
discotecas e bares, restaurantes, paragem de autocarro e estagio do metro e ainda em ambientes rurais.

Palavras chave: espectro acustico, ocupacional, ambiental, exposi¢ao ao ruido, doenga vibroacustica

Abstract

Natural and anthropogenic sources of low frequency noise (LFN, <500 Hz) are ubiquitous in modern society.
Quantifying and evaluating these acoustical phenomena however, are complex tasks. Although chronic exposure to
LFN generated by anthropogenic sources can compromise human health, no permissible exposure levels have been
internationally accepted, and safe baseline levels are practically undefined.

The goal of this report is to explore the LFN content of several fairly common locations, such as restaurants,
entertainment facilities, urban bus stop and subway station, and rural environments.
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Introducao

O espectro actstico caracteriza fendmenos acusticos
consoante a frequéncia do evento fisico. Alguns
fenomenos acusticos sdo passiveis de serem
percepcionados pelos sentidos dos seres humanos,
outros ndo. A Figura 1 mostra o espectro acustico
segmentado para além da divisdo standard e rudimentar
de “audivel vs. ndo-audivel”.

Algumas manifestacdes dos fendomenos actsticos
podem ser nocivos para a saide humana. O mais bem
conhecido ¢ o ruido audivel que, ao impactar sobre o
ouvido humano, podera causar niveis variaveis de
incomodidade e, a elevadas amplitudes, pode provocar
dor. Os individuos que tém de permanecer em
ambientes ruidosos necessitam de protectores
auriculares para evitar a perda definitiva da audi¢do. A
audi¢@o humana possui uma janela acustica na qual a
sensibilidade auditiva ¢é extremamente elevada.
Considera-se esta janela de sensibilidade acustica
limitada entre os 500 Hz e os 8000 Hz. A frequéncia de
ressonancia do ouvido humano ¢ de 3500 Hz e a surdez
profissional ocorre aos 4000 Hz. A perda da funcao
auditiva as frequéncias contidas na janela acustica
normalmente implica a perda da audicdo com
diminui¢ao da inteligibilidade da fala.

Tem sido mais dificil a protec¢@o e o reconhecimento
de patologias causadas pela exposicdo a fendémenos
acusticos que ndo ameagam a fungdo auditiva *. No
contexto deste artigo, ruido de baixa frequéncia (RBF)
refere-se a porgao inferior de espectro acustico (<500
Hz). Consoante a frequéncia do evento, o0 RBF podera
ser audivel ao ser humano se a amplitude do fenémeno
acustico (geralmente medido em decibel-dB) for
suficientemente elevada. Em muitos ambientes
acusticos ricos em RBF, ¢ mantida a inteligibilidade da
fala por esta ocorrer a frequéncias mais elevadas do que
as predominantes no ambiente. Quando existe perda de
audicdo nas frequéncias mais baixas (<200 Hz), a
inteligibilidade da fala ndo ¢ tdo gravemente afectada
quanto seria havendo perdas nas frequéncias contidas
najanela actistica da sensibilidade humana.

Tornou-se, portanto, necessario poder quantificar os
fendmenos acusticos passiveis de provocarem a perda
da audicdo, filtrando as porgdes aparentemente nao-
nocivas

a funcdo auditiva. Neste ambito, foi desenvolvido o
filtro-A que simula a audi¢io humana . Quando sio
efectuadas medicdes acusticas com o intuito de avaliar
os perigos para a audicdo humana, a amplitude é
avaliada em unidades decibel-A (dBA), indicando a
utilizacdo do filtro A. A maioria da legislagdo
internacional relevante as politicas de protec¢ao contra
o ruido ¢ estipulada em unidades dBA. Sendo assim,
ndo ¢ importante a informagdo sobre a distribuicdo
espectral pois as bandas de frequéncia a serem
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Introducao

The acoustical spectrum characterizes acoustical
phenomena in accordance with the frequency of the
physical event. Some acoustical phenomena are
perceptible to human senses while others are not. In
Figure 1, the acoustical spectrum is segmented beyond
the standard and rudimentary “audible vs. non-audible”
division.

Some manifestations of acoustical phenomena can be
hazardous to human health. The most well-known is
audible noise that can impinge on the human ear
causing varying degrees of annoyance, and at large
amplitudes can produce aural pain. For individuals who
must remain in “noisy” environments, hearing
protection devices have been developed in order to
avoid the onset of permanent hearing loss. Human
hearing possesses an acoustical window wherein the
audibility is highly acute. This window of human
auditory sensitivity is usually considered to be within
500 Hz to 8000 Hz. The resonance frequency of the
human ear is 3500 Hz, and legal deafness is defined at
4000 Hz. Losing hearing function within the
frequencies of the acoustical window normally implies
hearing impairment with diminished speech
intelligibility.

For illnesses caused by exposure to acoustical
phenomena that does not threaten the auditory function,
recognition and protection have been more elusive .
For the purposes of this report, the lower part of the
acoustical spectrum (< 500 Hz) is termed low
frequency noise (LFN). Depending on the frequency of
the event, LFN may be audible to humans if the
amplitude (usually measured in decibel-dB) is
sufficiently large. In many LFN-rich environments,
speech intelligibility is maintained because it occurs at
higher frequencies than those predominantly present in
these types of environments. If hearing impairment
occurs within the lower frequencies of the spectrum (<
200 Hz), speech intelligibility is not affected as
severely as when hearing impairment occurs within the
acoustic window of human auditory sensitivity.

It became, therefore, necessary to quantify the
acoustical phenomena that could potentially induce
hearing impairment, and filter out the portions that
were apparently non-detrimental to the human auditory
function. Within this context, the A-filter was
developed which simulated human hearing . When
acoustical measurements are conducted in order to
assess potential hazards for human hearing, amplitude
is quantified in decibel-A units (dBA), indicating that
the A-filter was employed. The vast majority of
international legislation associated with noise
protection policies are stipulated in dBA units.
Information of the spectral distribution of the
acoustical environment becomes, therefore, a moot
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avaliadas ja foram pré-definidas: a janela actstica da
sensibilidade humana. Por o RBF ser filtrado quando se
aplica o filtro-A, ¢ naturalmente inapropriada a
utilizagdo de pardmetros medidos em dBA para avaliar
o RBF.

A exposicao excessiva ao RBF pode originar uma
situacdo clinica denominada a doenga vibroacustica
(DVA) ® ¥ Nas utlimas 3 décadas, a DVA tem sido
diagnosticada em trabalhadores expostos ao RBEF,
incluindo técnicos de aeronattica ' e pilotos e
assistentes de bordo da aviagio comercial ¥. O
estabelecimento da DVA ndo ¢ exclusivamente
mediado pelo aparelho auditivo nem por fenomenos
acusticos audiveis. A perturbacdo e disrupgdo da
comunicagao cellular efectuada por mecanotransducéo
sdo consequéncias da exposicdo cronica a RBF e,
provavelmente, accionam e sustém o desenvolvimento
daDVA".

Desde 2003, e no ambito da investigagdo sobre a DVA,
o RBF tem sido quantificado em diversos locais com
caracteristicas diferentes. Os niveis do limite maximo
de exposicdo para o RBF estio ainda por definir . Os
investigadores da DVA foram, assim, for¢ados a
estabelecer alguns valores de referéncia para
compreender o grau de risco a que estariam expostos 0s
trabalhadores em ambientes ricos em RBF. Por razoes
explicadas noutro estudo ' e com base em avaliagdes
clinicas ¥ e actsticas ', as médias dos niveis de RBF
obtidos em 8 cockpits da aviagdo comercial tém sido
utilizadas como valores de referéncia para comparagao
com outros ambientes ocupacionais ricos em RBF.
Desta forma e desde 2001, todos os ambientes
acusticos avaliados no ambito da investigacdo sobre a
DVA sdo comparados com os valores obtidos nos
cockpits.

O objectivo deste trabalho ¢ explorar o conteudo de
RBF em diversos locais de acesso comum, tais como,
discotecas e bares, restaurantes, paragem de autocarro
e estag@o do metro e ainda em ambientes rurais.

point; by using the A-filter, the frequency bands being
evaluated are pre-defined: the acoustical window of
human auditory sensitivity. Since LFN is filtered out
when the A-filter is employed during acoustical
measurements, it is naturally inappropriate to use
parameters measured in dBA when quantifying LFN
levels.

Excessive exposure to LFN can lead to a disabling
medical condition termed vibroacoustic disease (VAD)
B4 Over the past 3 decades, VAD has been commonly
diagnosed in LFN-exposed workers, including
aeronautical technicians “ and commercial airline
pilots and flight attendants . The onset of VAD is not
exclusively mediated via the human auditory system
nor by audible acoustical phenomena. Perturbation and
disruption of the mechanostransduction cellular
pathways are consequences of long-term LFN
exposure, and most probably trigger and sustain the
development VAD .

Within the scope of VAD studies, quantification of
LFN-levels in many different locations has been an
ongoing process since 2003. Permissible exposure
levels for LEFN, however are, as yet, undefined . This
situation compelled VAD researchers to establish some
sort of reference levels in order to understand the risk of
VAD for workers in LFN-rich environments. For
reasons explained in detailed elsewhere " and based on
clinical ® and acoustical ' evaluations, the average
LFN levels obtained in 8 commercial aviation cockpits
have been used by VAD-researchers as reference LFN
values for LFN-rich occupational environments.
Hence, since 2001, all acoustical environments
evaluated within the scope of VAD are compared with
cockpit values.

The goal of this report is to explore the LFN content of
several fairly common locations, such as restaurants,
entertainment facilities, urban bus stop and subway
station, and rural environments.
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Figure 2 - The Acoustical Spectrum

93



Maria Alves Pereira

Material e Métodos

Para todas as medi¢Ges acusticas (salvo quando
indicado o contrario) utilizou-se um sonémetro (Bruel
& Kjaer 2260-Observer) com um microfone de %2
polegada (Bruel & Kjaer 4189), tendo uma resposta
linear entre 15 Hz ¢ 4000 Hz. Em medi¢des efectuadas
dos 6.3 Hz aos 15 Hz existe um erro maximo de 1 dB.
Os espectros foram obtidos com o analizador de
frequéncias em tempo real, em 1/3 de oitava, ¢ em
unidades dBLinear (dBL), i.e., na auséncia de qualquer
filtro. Os niveis de dB foram avaliados de 6.3 Hz a 20
000 Hz. Nao foi utilizado tripé. S6 serdo aqui
apresentados os niveis referentes as bandas de
frequéncia entre 6.3 Hz e 500 Hz. Para efeitos
comparativos, foi incluida informagao sobre as bandas
de 1000 Hz ¢ 4000 Hz.

As anélises espectrais fornecem informagao sobre o
nivel de pressao acustica em cada banda de frequéncia.
Estes valores podem ser expressos em dBA ou em
dBLIn. Pelas razdes acima expostas, as avalia¢des das
distribuicdes espectrais foram efectuadas em unidades
dBLin. Sdo aqui documentados mais dois parametros:
o nivel global dBA e o nivel global de dBLin. Estes
valores reflectem a média logaritmica de todas as
bandas de frequéncia presentes no ambiente. Quando
este valor é obtido em unidades dBA, entdo os valores
do RBF estéo filtrados. Por outro lado, em unidades de
dBLin, todas as frequéncias sfo igualmente
ponderadas.

Dada a natureza exploratoria deste estudo aliada a um
numero insuficiente de medi¢gées, ndo foram
efectuadas comparagdes estatisticas entre os diferentes
ambientes aclsticos.

Resultados e Discussio

O ruido de baixa frequéncia em bares e discotecas

O sector de entretenimento ¢ reconhecidamente uma
fonte de ambientes ricos em RBF. Na altura destas
medigdes, em Dezembro de 2001, o Bar Gringo's ¢ a
Discoteca Indochina eram locais de grande afluéncia
nanoite Lisboeta. A Figura 2 compara os niveis de RBF
obtidos no Gringo's e no Indochina com os obtidos nos
cockpits da aviacdo comercial. Na Discoteca ¢ ao
contrario do que ocorre no Bar, a banda dos 20 Hz
atinge valores inferiores aos do cockpit, enquanto que
os niveis a 40 Hz sdo superiores. Todas as bandas >50
Hz em ambos os locais exibem valores superiores
aqueles registados em cockpits. Estas medigdes foram
efectuadas com um analisador em tempo real Hewlett
Packard (modelo 3569 A).
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Material and Methods

A sound level meter (Bruel & Kjaer 2260-Observer)
was used for all measurements, unless otherwise
indicated. It was equipped with a /2 inch microphone
(Bruel & Kjaer 4189) capable of a linear response from
15 Hz to 4000 Hz. From 6.3 Hz to 15 Hz there is a
maximum 1 dB error. Spectra were obtained with the
built-in real-time frequency analyzer, in 1/3 octave
bands and in dBLinear (dBL) units, i.e. in the absence
of any filtering system. dB-levels were evaluated 6.3
Hz to 20 000 Hz, at random incidence. No tripod was
used. Herein, only frequencies between 6.3 Hz and 500
Hz are reported. Information regarding dB-levels at
1000 Hz and 4000 Hz bands is included for
comparative reasons.

Spectral analysis gives us information about the
acoustic pressure in each frequency band. This values
may be expressed in dBA or in dBLin. Spectral
distribution evaluations were performed in dBLin by
the above cited reasons. Two additional parameters are
also documented : the global dBA level and the global
dBLin level. This values reflect the logarithmic level of
all frequency bands in the environment. When this
value is expressed in dBA units, the RBF values are
filtered while, in dBLin, all frequencies are considered.

Considering the exploratory nature of the present study
and the reduced number of measurements involved,
no statistical comparison between the acoustic
environments took place.

Results and Discussion

LEN within the entertainment sector

The entertainment sector is a known source of LFN-
rich environments. In December 2001, when LFN was
assessed, Gringo's Bar and Indochina Dance Club were
popular places in the Lisbon nightlife. Figure 2
compares the frequency distribution obtained in
Cockpits with that obtained within Gringo's and
Indochina. In the Dance Club, and differing from the
Bar environment, the 20 Hz band is lower than in
Cockpits, while the 40 Hz band is larger. All bands >50
Hz in both locations exhibit higher dB-level values than
in Cockpits. These measurements were conducted with
the Hewlett Packard real-time frequency analyzer
(model 3569 A).
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Cockpit e Gringo’s Bar Vs Discoteca Indochina
Cockpit and Gringo’s Bar Vs Dance Club Indochina
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Figura 2 - Comparacao entre Cockpits, o bar Gringo's Bar ¢ a discoteca Indochina.
Figure 2 - Comparison between cockpits, Gringo's bar and Indochina dance club.

Restaurantes em diferentes locais

Em restaurantes, tanto os clientes com os trabalhadores
podem estar expostos a niveis substanciais de RBF. A
Figura 3 mostra as distribuigdes espectrais das
medigoes obtidas em:

1) Um restaurante no topo da Serra da Estrela (altitude
2000 m), no dia 19 de Agosto de 2003, as 18:25;

2) Um restaurante numa das areas de servico da
autoestrada Lisboa-Porto (A1), no dia 17 de Agosto de
2003,as17:42;¢

3) Um restuarante na cidade de Viseu, no dia 18 de
Agostode2003,as21:36.

O restaurante no topo da Serra da Estrela apresentou os
niveis mais baixos de RBF enquanto que o da area de
servigo apresentou os niveis mais elevados.

Restaurants at different locations

Inrestaurants, both patrons and workers can be exposed
to significant levels of LFN. Figure 3 shows spectral
distributions of measurements obtined in:

1) A restaurant at the top of Serra da Estrela (altitude
2000 m), on August 19th, 2003, at 6:25 pm;

2) A restaurant in a rest area off the Lisbon-Porto
highway (A1) on August 17th, 2003, at 5:42 pm, and

¢) A restaurant in the city of Viseu, on August 18th,
2003,at9:36 pm.

The mountaintop restaurant disclosed the lowest LFN
values while the rest area reasturant exhibited larger
values that the city restaurant.
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Restaurantes em Locais Diferentes
Restaurants in Different Locations

Restaurante na Serra da Estrela Area de Servigo A1 Restaurante na Cidade
B Restaurante onmountaintop  EHighwayRestArea  OCockpits  BRestaurante in city

90

(=]
L]

—l
=

(=31
L]
|

o
[es]
|

Nivel de Pressao Acustica (dB/dBA*)
dB-Level (dB/dBA*)

.
=
|

Frequéncia (Hz), Niveis dBA e dBLin
Frequency (Hz),dBA and dBLin-Levels

* Apenas o parametro Nivel dBA € expresso em unidades dBA.

*Only the dBA-Level parameter is expressed in dBA.

Figura 3 - Comparagdo entre restaurantes em locais diferentes.
Figure 3 - Comparison between restaurants in different locations.

Ambiente urbano exterior

A Figura 4 mostra as distribuigdes spectrais obtidas em
Lisboa:

1) as 7:20, na paragem de autocarros do Calvario, no dia
26 de Outubro de 2004, e

2) as 6:42 na estacdo do metro de Telheiras, no dia 20 de
Novembro de 2003.

Dentro da estacdo do metro, todas as bandas >50 Hz
revelaram niveis superiores aos dos cockpits, enquanto
que o nivel da maioria das bandas obtidas na paragem de
autocarros exibiram niveis comparaveis aos dos cockpits.
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Outdoor urban environments

Figure 4 illustrates the frequency distributions present
in Lisbon at:

1) 7:20 am., at a downtown Lisbon bus stop (Calvario),
on October 26th, 2004, and

2) 6:42 am, within the Telheiras Subway Station, on
November 20th, 2003.

Within the subway station, all bands >50 disclosed
larger dB-levels than Cockpits, while the majority of
bands in the Bus Stop environment exhibited similar
values to Cockpits.
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Cockpit e na Paragem de Autocarro Vs na Estacdo do Metro
Cockpit e and Bus Stop Vs Waiting in Subway Station
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Figura 4 - Comparagao entre cockpits, na paragem de um autocarro e na estacdo do metro, em Lisboa.
Figure 4 —Comparison between cockpits, standing at a bus stop, and waiting in a subway station in Lisbon.

Ambiente urbano no interior de uma casa

Este conjunto de medi¢des foi obtido na sala de estar de
um andar no 2° piso de um edificio habitacional,
localizado no centro de Lisboa (Av. de Roma) ao lado
do caminho de ferro. As medi¢des foram efectuadas
com as janelas fechadas enquanto passava um comboio
(no dia 5 de Agosto de 2003, as 19:23) e na auséncia do
comboio (no dia 5 de Agosto de 2003, as 10:25). Ambas
as analises espectrais sdo mostradas na Figura 5.
Quando passa o comboio, os niveis de RBF sao
inferiores aqueles obtidos no cockpit; no entanto sao
substancialmente mais elevados que os obtidos na sua
auséncia.

Indoor urban environments

The next set of measurements was taken within the
living room of a second floor apartment, located in
Lisbon next to a railway (Av. de Roma). Measurements
were taken with windows closed, while a train was
passing, on August 5th, 2003 at 7:23 pm, and without a
passing train at the same location, on the same day, but
at 10:25 am. Both are shown in Figure 5. When the
train is passing by, dB-levels are not larger than in
Cockpits; however, they present much larger values
than when the train is not present.
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Cockpit Vs Interior de uma habitacio urbana com e sem passagem de comboio
Cockpit Vs Inside Urban Home with and without a Passing Train
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Figura 5 - Comparagao entre cockpits e o interiror de uma habitacao urbana com e sem a passagem de um comboio na

vizinhanga.

Figure 5 —Comparison between cockpits and living room of an urban home while train passes.

Ambientes rurais

Teoricamente, os ambiente rurais poderiam fornecer
dados basais para RBF nao antropogénico. As Figuras
6-9 mostram as medigdes efectuadas na regido
montanhosa (granito) a noroeste de Portugal — Serra da
Estrela. As distribuigdes espectrais foram obtidas na
varanda de uma residéncia rural, localizada numa
aldeia (Rapa), aproximadamente a 30 km da cidade da
Guarda e a 10 km de Celorico da Beira (vila
recentemente clevada a cidade).

A Figura 6 ¢ uma amostra representativa de um
ambiente acustico onde se ouvia ao longe os guizos das
ovelhas e com o vento praticamente inexistente, no dia
18 de Agosto de 2003, as horas indicadas nas figuras. O
valor mais baixo passivel de ser medido com o
98

Rural environments

Rural environments could, in theory, provide baseline
information on for non-anthropogenic LFN. Figures 6-
9 show measurements taken in the northeastern,
mountainous (granite) region of Portugal — Serra da
Estrela. Frequency distributions of acoustical energy
were obtained on the porch of a rural home located in a
hamlet (Rapa), approximately 30 km from the nearest
city (Guarda) and 10 km from the nearest village
(Celorico da Beira).

Figure 6 shows a representative sample of the
acoustical environment where sheep bells were audible
in the distance and wind was practically non-existent,
taken on August 18th, 2003, at the time indicated. The
lowest dB value measurable by the equipment was set
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equipamento utilizado era de 30 dB. Nas bandas de 1/3
de oitava onde ndo consta informacao acustica, os
niveis eram, assim, iguais ou inferiores a 30 dB.

Tal como ¢ de esperar, os niveis de RBF neste ambiente
rural s3o substancialmente inferiores aqueles medidos
em cockpits. No entanto, durante o registo das
medi¢des, verificou-se que os valores sofriam
variagdes rapidas de grande amplitude. Os valores
respresentados na Figura 6 referem-se a medic¢des de 5-
minutos. Com a operagao de integracdo a efectuar-se
sobre um periodo de 5-minutos, os eventos acusticos
com duracdes de 1-minuto serdo diluidos no valor
numérico final. Foram assim conduzidas novas
medi¢des mas com um tempo de registo de 1-minuto.

Infrasound and Low Frequency Noise: Quantification in Several Rural and Urban Environments

at30 dB. Atthe 1/3 octaves bands where no information
exists for the rural location, acoustic pressure levels
were at or below 30 dB.

Aswould be expected, rural dB-levels are greatly lower
than in Cockpits. During measurement recording
however, values were observed to vary greatly, albeit
briefly. Values shown in Figure 6 refer to 5-minute
measurements. With the integrating operation over a 5-
minute time period, events that occur over a 1-minute
period will be diluted in the final numerical result. New
measurements were therefore taken where the time-
span was set at | minute.

Cockpit Vs Varanda da Casa Rural, Manha Cedo de Verao
Cockpit Vs Porch of Rural Home inEarly Summer Morning
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Figura 6 - Comparagdo entre cockpits e numa varanda de uma casa rural, de manha cedo no Verao.
Figure 6 - Comparison between cockpits and porch of a rural home — early morning.
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Na Figura 7 observam-se as distribuigdes espectrais
obtidas em registos de 1 minuto, no mesmo ambiente
rural e em condi¢des semelhantes as acima descritas:
auséncia de sons peceptiveis. Em unidades dBA, as
trés medigdes obtiveram valores inferiores a 30 dB, o
que estd de acordo com a auséncia de percepcao de som
experimentado durante as medigdes. Sem o filtro-A, as
medicdes revelaram valores mais elevados, acima dos
40 dB. Os dados parecem indicar a presenga de um
fendomeno acustico as 14:17 (barras azuis da Fig. 7) e
que podera ser responsavel pelo aumento do nivel de
dBLdas 14:17 acimados 50 dB.

Figure 7 compares frequency distributions taken at 1
minute time-spans at the same rural location, and in
similar conditions as above: in the absence of any
perceptible audible sounds. All three dBA-level
measurements disclosed values at or below 30 dBA.
This is in accordance with the non-perception of
audible sound experienced during the measurements.
The dBLin-level measurements however, disclosed
considerably higher values, all above 40 dBLin. Data
seem to indicate the presence of an acoustical event at
2:17 (blue bars in Fig. 7), that could be responsible for
therisein the 2:17 dBLin-level over the 50 dB value.

Cockpit Vs Varanda da Casa Rural numa Tarde de Verao
Cockpit Vs Porch of Rural Home in a Summer Afternoon
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Figura 7 - Comparagdo entre cockpits e numa varanda de uma casa rural, de manha cedo no Verao.
Figure 7 - Comparison between cockpits and porch of a rural home — early morning.
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A fim de explorar melhor a redugdo dos tempos de
registo durante as medig¢des acusticas, este tempo de
registo foi reduzido para 10-segundos. As medi¢des
foram efectuadas na mesma varanda da mesma
residéncia rural a) antes de tocarem os sinos da igreja,
b) enquanto tocavam os sinos, € ¢) apos 0s sinos terem
parado, como se mostra na Figura 8. As 7:03 e 7:04-1,
os sinos ainda ndo tocavam. As 7:04-II, os sinos
comegaram a tocar. Apds os sinos terem parado, foi
efectuada a medicao das 7:05. Os dados sugerem que a
pressdo acustica aos 25 Hz, registada as 7:03 e as 7:04-1
nao esta associada ao tocar dos sinos. Um evento
acustico aos 25 Hz (i.e. 25 ciclos por segundo) pode
corresponder a uma maquina que opere a 1500 rpm
(rotacdes por minuto). Poderd existir uma grande
variedade de méaquinas, particularmente em ambientes
rurais, equipadas com motores de 1500 rpm,
possivelmente responsaveis pelos valores observados
aos 25 Hz.

Infrasound and Low Frequency Noise: Quantification in Several Rural and Urban Environments

In order to further explore the reduction of time-spans
in LFN measurements, time-span was additionally
reduced to 10 seconds. Measurements were carried out
on the same porch in the rural home before church bells
chimed, while they chimed, and after they were halted,
as shown in Figure 8. At 7:03 and 7:04-1, church bells
were not yet ringing. At 7:04-11, bells began to ring.
After bells were halted, the 7:05 measurement was
taken. These data suggest that the acoustical pressure
at 25 Hz, registered at 7:03 and 7:04-I are unrelated to
bell chiming. An acoustical event at 25 Hz (i.e. 25
cycles per second) can correspond to a device
operating at 1500 rpm (rotations per minute). There
may be a variety of mechanized devices, particularly in
rural areas, equipped with motors running at 1500 rpm,
and that could be responsible for the behavior seen at
25Hz.

Cockpit Vs Varanda da Casa Rural numa Tarde de Verao

Cockpit™Vs Porch of Rurdl Home ina Siiiiiter Afternoon
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Figura 8 - Varanda de uma casa rural — Com e sem sinos da igreja.
Figure 8 - Porch of a Rural Home — comparison with and without morning church bells.
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A determinagdo das fontes emissoras de RBF ¢
frequentemente uma tarefa dificil e ultrapassa o tema
deste artigo. De qualquer modo, para efectuar um
estudo detalhado da propagag@o acustica nesta aldeia,
seriam necessarios dados topograficos: a aldeia esta
encrustrada numa encosta; a area a frente da varanda ¢
espaco aberto com outras aldeias visiveis ao longe; nao
sdo visiveis nem a cidade nem a vila (hoje cidade
também); aigreja esta situada entre a casa e a encosta.
Como exemplo final de ambientes rurais, foram
medidos os niveis de RBF associados a passagem de
um carro, na rua localizada entre a casa e a igreja (Ver
Figura 9). Apesar de a passagem do carro ter
aumentado os niveis de RBF, nas bandas referentes a
janela da sensibilidade da audiagao humana (1000 Hz e
4000 Hz) os niveis sdo iguais ou inferiores a 30 dBL.
Em termos de dBA, ndo atingem 0os 40 dBA

Determining the original sources of LFN emissions is
often a difficult undertaking, and is beyond the scope of
this report. Nevertheless, for a detailed study of
acoustical propagation in this hamlet, knowledge of
topological features would be required: the hamlet is
encrusted into the side of a hill; the area in front of the
porch of this specific home oversees open space, with
other hamlets in the distance; neither the nearby city
nor village is seen from the porch; and the church is
located directly behind, between the hill and the home.
As a final example of rural environments, LFN levels
associated with a car passby on the road between the
home and the church were registered and are provided
in Figure 9. Although the car increased acoustic
pressure levels in the lower frequency components, the
bands within the acoustical window of human hearing
sensitivity (1000 Hz and 4000 Hz) are at or below 30
dB. The L,,, level with the car passby does not reach 40
dBA.

Cockpit Vs Varanda da Casa Rural com Passagem de Carro
Cockpit Vs Porch of Rural Home With Car Passing

14:18 - Sem Carro
O2:18 p.m.- Mo Car

|

o4 o

= <
= o

B
= o

8 e——
10 e —
12,5 e e—

Nivel de Pressao Acustica (dB/dBA*)
dB-Level (dB/dBA*)
0,3 e ——s—s——

—

14:20 - Com passagem de Carro
O2:20 p.m. - With Car Passhby

W Cockpits

(T

160 —
200  —
IV —
400 Se—

500
1000

4000

(BA  —
(BLIN  ————

Frequéncia (Hz), Niveis dBA e dBLin
Frequency (Hz),dBA and dBLin-Levels

* Apenas o parametro Nivel dBA € expresso em unidades dBA.

*Only the dBA-Level parameter is expressed in dBA.

Figura 9 - Varanda de uma casa rural —

Com e sem a passagem de um carro.

Figure 9 - Comparison between Cockpits and Porch of a Rural Home — Car Passby.
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Como podera ter ficado claro no decurso desta leitura, a
quantificagdo e avaliacdo de fenémenos acusticos de
baixa frequéncia ndo sdo tarefas faceis. Em todos os
casos aqui apresentados, os valores em dBLinear foram
superiores aos valores obtidos em dBA, reflectindo a
existéncia de fendmenos acusticos que ndo sao
necessariamente percepcionados pelo ouvido humano.
Os niveis obtidos no ambiente rural (sem a passagem
do carro) poderdao ser um dos pontos de partida para
definir os niveis basais de RBF.

O RBF pode ser antropogénico ou pode ocorrer
naturalmente. Sons naturais sdo classificados em
biofonia e geofonia. A primeira € o resultado de animals
e da vida selvagem em dado habitat; o segundo deve-se
a elementos inanimados, tais como vulcoes e cascatas,
etc . A geofonia de muitos dos processos naturais no
planeta Terra esta associada a producdo ou a presenca
de RBF, tais como, trovoes, ocorrendo a 4-125 Hz e até
114 dB; fenémenos geofisicos ocorrendo a <0.01-1.0
Hz, entre 54-104 dB; e fluctuagcdes do vento,
aproximadamente a 1 Hz, podendo atingir niveis de
amplitude superioresa 160 dB """

No dia 18 de Maio de 1980, as 1532 GMT, o Monte de
St. Helens, no estado de Washington nos EUA, eclodiu
uma explosdo equivalente a 35 megatoneladas de TNT
" 0O acontecimento foi registado por microbarégrafos
localizados: no Colorado as 1655 GMT; em
Washington DC as 1850 GMT; em Nova lorque as
1859 GMT; e em Hamburgo, Alemanha as 2243 GMT.
Sismografos também registaram o evento: no Utah as
1626 GMT; em Michigan as 1818 GMT; na Noruega as
2043 GMT; em Trinidad e Tobago as 2143 GMT; nos
Paises Baixos as 2243 GMT, ¢ na india as 0000 GMT.
Na altura da erupgdo, o vento soprava de leste; dai os
postos de gravagao a leste da erupgao registaram fracos
sinais acusticos """’ A explosdo do Monte Pinatubo, nas
Ilhas Filipinas, no dia 15 de Margo de 1991, produziu
ondas de pressdo de baixa frequéncia captadas no Japao
central a aproximadamente 2400 km de Pinatubo:
“Ap6s um atraso de cerca de trés horas, as ondas de
pressdo de infrasons subitamente aumentaram varias
ordens de grandeza, e assim permaneceram durante
varias horas enquanto explosdes multiplas
continuavam na caratera, pulsando minuto apods
minuto, atingindo frequentemente energias proximas
de uma megatonelada de TNT” ",

Em 2003, Bowen et al. proposeram um modelo para
explicar como sdo gerados infrasons em ciclones e
tufdes """ Infrasons em tornados "” e em ciclones "
foram ja investigados e sinais de infrasons foram
medidos durante o tufdo Katrina (16). O tsunami que
ocorreu na Sumatra em 2004 também gerou RBF (17),
e infrasons gerados por sismos fracos também ja foram
registados "

As grandes extensdes de areia em desertos sdao outro
elemento geoldgico gerador de sons graves, na gama

Infrasound and Low Frequency Noise: Quantification in Several Rural and Urban Environments

As might have become clear during the course of this
report, quantifying and evaluating low frequency
acoustical phenomea are not easy tasks. In all cases,
dBLinear values were higher than dBA wvalues,
reflecting the existence of acoustical events not
necessarily perceived by the human auditory system.
Levels obtained in the rural environments (without the
car passby) could begin to provide data on low
frequency baseline levels.

LFN can be anthropogenic or naturally occurung.
Natural sounds have been classified as biophony and
geophony. Whereas the first is the result of animals and
wildlife in a given habitat, the second is due to
inanimate elements, such as volcanoes, waterfalls, etc.
"I The geophony of many natural processes of the
planet Earth involves the production or presence of
LFN, such as thunder, occurring at 4-125 Hz and up to
114 dB; geophysical phenomena, occurring from
<0.01-10 Hz, within the range of 54-104 dB; and wind
fluctuations, approximately at 1 Hz, with amplitude
levels over 160 dB (10).

On May 18th, 1980, at 1532 GMT, Mount St. Helens in
Washington State in the U.S. erupted with an explosive
yield of approximately 35 megatons of TNT (11). The
event was recorded by microbarographs located in:
Colorado at 1655 GMT; Washington D.C. at 1850
GMT; New York at 1859 GMT, and Hamburg, West
Germany at 2243 GMT. Seismographs also recorded
the event in: Utah at 1626 GMT; Michigan at 1818
GMT; Norway at 2043 GMT; West Indies at 2143
GMT; The Netherlands at 2243 GMT, and India at 0000
GMT. At the time of the eruption, wind direction was
easterly; hence all recording stations located east of the
eruption registered weak acoustical signals "". The
Mount Pinatubo eruption on the Philippine Islands, on
March 15th 1991, produced low frequency pressure
waves that were captured in central Japan,
approximately 2 400 km from the Pinatubo: “After a
transit delay of about three hours, infrasound pressure
waves grew all at once severalfold, lasting for hours as
the multiple explosions continued at the crater, pulsing
minute after minute, often near the energy of a megaton
of TNT” ",

In 2003, a model for explaining how cyclones and
hurricanes generate infrasound was proposed by
Bowen et al. "”. Infrasound during tornados " and
cyclones " has been studied, and infrasound signals
were measured during the Katrina hurricane "”. The
large tsunami that occurred in Sumatra in 2004 also
generated LFN ", and earthquake-generated
infrasound has also been recorded .

Desert sands are another geological element that
produce booming sounds, within the 50-300 Hz range,
and that can last as long as 15 minutes; “Marco Polo
reported that in the desert evil spirits at times fill the air
with the sounds of all kinds of musical instruments, and
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dos 50-300 Hz, podendo durar até 15 minutos; “Marco
Polo relatou que, por vezes, no deserto, espiritos
maléficos enchem o ar com sons de toda a espécie de
instrumento musical, e também tambores e 0 embate de
armas” ", Sdo geradores de infrasons alguns eventos
astronémicos, tais como chuva de metereoritos > e
auroras boreais "', Até os buracos negros parecem ser
geradores acusticos, emitindo pulsacdes de ondas
acusticas de gravidade cada 10 milhdes de anos "
Porém, pode ndo ser correcto classificar estas ultimas
fontes de RBF como geofonia.

Entre os mamiferos, os infrasons desempenham “um
papel ubiquitario na reproducdo, na utilizagdo de
recursos, na fuga a predadores e em outras interacgdes
sociais” . Varios animais utilizam infrasons para
comunicarem entre distancias longinquas. Foram
documentados elefantes a emitirem um chamamento,
na gama de 12-35 Hz e que pode resultar numa reuniao
de elefantes, frequentmente a 15 km de distancia"*. Os
tigres estdo “requintadamente” predispostos a resposta
aos infrasons *** bem como os rinocerontes *”'. Seres
aquaticas, tais como, peixes, cefalopodes e crustaceos
possuem uma “sensibilidade aguda” a infrasons (até
inferiores a 1 Hz), tendo sido ja sugerido que esta
capacidade ¢ fundamental para a sua navegacao (26).
Os detectores infrasdnicos identificados em pombos
captam infrasons até 0.05 Hz a poderdo desempenhar
um papel importante nos sistemas de navegacdo e
controlo destas aves "

Explosoes (“sonic booms”) actsticas ndo identificadas
foram ouvidas (ou sentidas) em 1977 e 1978 por
milhares de pessoas ao longo da Costa Leste nos
Estados Unidos, nomeadamente nos estados de Nova
Jersey e Carolina do Sul **, mas apenas 413 em 594
booms foram atribuidos aos sonic booms associados a
avides supersonicos. Gold et al. explicam: “Nao se
justifica presumir que todas as ocorréncias destes
misteriosos ruidos sdo de natureza artificial” ™.

Em 1934, no centro do estado de Nova lorque, as
Armas do Lago Seneca eram “um som misterioso que
pairou sobre Seneca durante mais de um século:
Ocasionalmente, com o tempo calmo e aguas quietas,
um som grave, ténue e continuo ¢ distintamente
ouvido, sugerindo uma explos3o abafada e distante "*"
A fonte do ruido, aparentemente, ndo  era
antropogénica. Um geodlogo e engenheiro, funcionario
da Corporagao de Gas e Electricidade de Rochester,
descobriu que os fenémenos acusticos tinham origem
nas “caracteristicas geologicas e condi¢des fisicas”
especificas, a medida que géas encurralado debaixo do
solo escapava para cima através das dguas, produzindo
um som que se assemelhava ao disparo de armas °".
Esta hipotese foi rapidamente contestada por Ingalls
que sugeriu, em vez, que “armas” semelhantes haviam
sido ja relatadas “na Italia, nas Filipinas, em Africa, no
Haiti e na Bélgica— porém a sua causa ¢ desconhecida”
104

also of drums and the clash of arms” """, Astronomical
events, such as meteor showers are LFN-generators @
as are some auroral discharges "”. Even black holes
seem to be acoustical generators with pulses of
acoustical-gravity waves being generated every 10
million years @Y Tt is unclear, however, whether these
LFN sources can still be considered as strict geophony.
Among mammals, infrasound is reported to play a
“pervasive role in reproduction, resource utilization,
avoidance of predation and other social interactions”
@ Several animals use infrasound to communicate
over very large distances. Elephants have been
documented using a low frequency call, at 12-35 Hz,
and that can result in a gathering of elephants that are
often up to 10 miles away "?. Tigers are “exquisitely”
responsive to infrasound ®***”, and so are rhinoceros ***
Aquatic creatures, such as fish, cephalopods and
crustaceans have been reported to have “an acute
sensitivity” to infrasound (even below 1 Hz), and it has
been suggested that this ability is extensively used for
inertial guidance “”. Infrasonic detectors identified in
pigeons capture infrasound as low as 0.05 Hz, and may
be a part of the bird's flight navigation and control
systems *”.

Unknown acoustical “booms” were heard (or felt)
during 1977 and 1978 by thousands of people along the
East Coast of North America, namely New Jersey and
South Carolina (28), but only 413 in 594 booms were
attributable to aircraft sonic booms (29). As Gold et al.
put it: “one is not justified in assuming that every
occurrence of mysterious booming noises can be
accounted for by artificial sources” "

In 1934, in central New York State, the Guns of Seneca
Lake were “amystery sound [that] hovered over Seneca
for more than a century: Occasionally, in calm weather
with quiet water, a faint, low, dull boom is heard
distinctly suggesting a far-distant, muffled explosion”
“Y The source of the noise was, apparently, not
anthropogenic. A geologist and gas engineer of the
Rochester Gas and Electric Corporation discovered the
acoustical events originated in particular “geological
features and physical conditions”, as trapped gas
located under the soil escaped upward through the lake
waters, sounding like guns . This hypothesis was
quickly rebutted by Ingalls who suggested, instead, that
similar “guns” had already been reported in “Italy, the
Philippines, Africa, Haiti and Belgium — though their
cause is unknown” *”. Today, there is the Hum: “A noise
of unknown origin, not normally detectable by sensitive
measuring equipment, (...) heard in a number of
developed countries and that remains an acoustical
mystery” “7.

For reasons not well understood by this author,
infrasound has attained an almost mystical status and,
to some degree, has even been considered a somewhat
taboo subject. In terms of public health, infrasound is
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¥ Hoje existe o “Zumbido” (the hum”): “Um ruido de
origem desconhecida, ndo detectavel normalmente
pelo equipamento de medicdo, (...) ouvido em varios
paises desenvolvidos e que permanece um mistério
acustico” ™.

Por motivos ainda nao compreendidos pela autora, os
infrasons atingiram us estatuto quase mitico e, tém
inclusivamente sido considerados assunto tabu. Em
termos de saude publica, os infrasons sao classificados
como radiagdo nao-ionizante. Por defini¢do, o termo
infrasons refere-se a eventos acusticos inaudiveis aos
seres humanos e que ocorrem abaixo dos 16-20 Hz.
Apesar desta definigdo, os seres humanos conseguem
percepcionar sons na gama infrasonica se a amplitude
da onda for suficientemente elevada "***'. Hensel et al.
B demonstraram que infrasons a 6 Hz e 130 dB
penetram o ouvido interno e modulam a informacao
dentro da coclea. Ciclos unicos de ondas de pressao
acustica tornaram-se dintinguiveis abaixo dos 10 Hz
™ Pensa-se que os movimentos do fluido da coclea
contribuem para o mecanismo desta deteccao de
infrasons """

Uma das principais personagens na mitologia dos
infrasons ¢ Gavreau ™" que, ao referir-se a uma fonte de
196 Hz, asseverou: “Durante o ensaio, 0S nossos
ouvidos estavam bem protegidos. Mas, apds o ensaio
apercebemo-nos da dolorosa 'ressonancia’ dentro dos
nossos corpos — tudo dentro de nos parecia vibrar
quando faldvamos ou quando nos movimentavamos. O
que ocorreu foi que este som a 160 decibels (...) agindo
directamente sobre o corpo, produziu uma friccdo
intensa entre os Orgdos internos, resultando numa
irritacdo aguda das terminagdes nervosas.
Presumivelmente, se o ensaio tivesse durado mais do
que cinco minutos, teria ocorrido hemorragia interna”
¥ Nao se consideram frequéncias a 196 Hz como
pertencendo a gama infrasonica. Mesmo assim, o
artigo de Gavreau entitulou-se “Infrasons” e foi
“apanhado pelos escritores de ciéncia popular e
reproduzido com floreados™ ™"

Desde entdo, tém surgido estudos explorando as
experiéncias subjectivas a infrasons. Em 2000, Tandy
propds que as “presencas” relatadas numa cave do
século XIV, e que originalmente fazia parte de um
Priorado Benedictino, resultavam de um tom
infrasonico continuo de 19 Hz ", Muitos 6rgaos de
igrejas geram infrasons até aos 8§ Hz, tendo estes sido
associados a “manifestagdo de emocgodes, (...)
sentimentos esquisitos (...) uma estranha mistura de
tranquilidade e desassossego” .

A possibilidade de armamento infrasdnico poderd ter
contribuido para o singular estatuto detido pelos
infrasons. Na década de 1970, o Secretario-Geral da
Uniao Soviética, Breshnev, falou de uma “arma ainda
mais terrivel do que armas nucleares” (40). Em 1978,
um documento de trabalho sobre armamento

Infrasound and Low Frequency Noise: Quantification in Several Rural and Urban Environments

classified as non-ionizing radiation. By definition,
infrasound refers to acoustical events that are inaudible
to humans and that occur below 16-20 Hz. Despite this
definition, humans can perceive sound at infrasonic
ranges if the wave amplitude is sufficiently elevated “*
) Hensel et al. *” demonstrated that infrasound at 6 Hz
and 130 dB penetrates the inner ear and modulates
information within the cochlea. Single cycles of
acoustical pressure waves have been shown to become
distinguishable below 10 Hz “. Cochlear fluid
movements are thought to be a contributing mechanism
for this detection of infrasound “"*".
One of the main characters in infrasound mythology is
Gavreau ' who, referring to a source of 196 Hz
claimed: “During the test our ears were well protected.
However, after the test we became aware of a painful
“resonance” within our bodies — everything inside us
seemed to vibrate when we spoke or moved. What had
happened was that this sound at 160 decibels(...) acting
directly on the body produced intense friction between
internal organs, resulting in a severe irritation of the
nerve endings. Presumably, if the test had lasted longer
than five minutes internal hemorrhage would have
occurred” ®”. Frequency bands at 196 Hz are not
considered to be within the infrasonic range.
Nevertheless, Gavreau's article was titled “infrasound”
and was “picked up by popular science writers and
reproduced with embellishments” “”.
Since then, studies investigating human subjective
experiences of infrasound exposure have appeared. In
2000, Tandy proposed that the “presences” reported in a
14th century cellar, originally part of a Benedictine
Priory, were the result of a continuous 19 Hz infrasonic
tone “". Many church organs generate infrasound down
to 8 Hz, and this has been associated with “emotional
arousal, (...) odd feelings (...) a strange blend of
tranquility and unease” “”.
Infrasonic weaponry may have contributed to the
unique status of infrasound. In the mid-1970's, Soviet
Union Chairman Breshnev spoke of a “weapon even
more terrible than nuclear arms” “”. In 1978, a Working
Paper on Infrasound Weapons was submitted by the
Hungarian People's Republic, at the Conference of the
Committee on Disarmament “”. Large portions of the
Paper were transcribed by Leventhall, of which some
passages were selected to present herein: “The effects
of infrasound oscillations on the human organism are
generally harmful. Even slight infrasound radiations at
certain frequencies induce headaches, giddiness,
nausea, disorders of vision, throat spasms, breathing
disorders and 'psychotropic' effects, causing a feeling
of fear and loss of consciousness. In some cases, even a
single exposure to low-power infrasound radiation can
lead to epilepsy. (...) Infrasound can in the future
become the basis of one of the dangerous types of new
weapons of mass destruction. On the basis of scientific
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infrasonico foi submetido pela Republica Popular da
Hungria, na Conferéncia do Comité sobre
desarmamento *”. Extensas sec¢des deste documento
de trabalho foram transcritas por Leventhall, algumas
das quais foram seleccionadas para apresentar aqui:
“Os efeitos de oscilagdes infrasonicas sobre o
organismo humano s3o geralmente nocivas. Até
radiagdes infrasonicas leves a determinadas
frequéncias podem provocar dores de cabega, tonturas,
nausea, alteragdo da visdo, espasmos da garganta,
desordens respiratorias, e efeitos 'psicotropicos',
levando a um sentimento de medo e perda de sentidos.
Em alguns casos, até uma unica exposicao a radiagdo
infrasdnica de baixa poténcia podera originar epilepsia.
(...) Futuramente, os infrasons podem servir de base
para um dos perigosos novos tipos de armas de
destrui¢do macica. Com base nos desenvolvimentos
cientificos e tecnoldgicos, o surgimento deste novo tipo
de armas de destruigdo maciga pode ja ser esperado no
futuro previsivel” ™.

Cerca de 20 mais tarde, um artigo publicado na revista
U.S. News & World Report com o titulo “Armas
Maravilha” asseverou: “As chamadas armas acusticas
ou sonicas (...) conseguem fazer vibrar as visceras dos
seres humanos de modo a imobiliza-los, ou até, de
acordo com a reunido de informagdo do Pentagono,
'liquidificar os intestinos e reduzi-los a uma massa
diarreica geliform. (...)A empresa Scientific
Application & Research Associates Inc. concluiu agora
um engenho que provoca a ressonancia dos 0rgaos
internos (...), 0s atacantes sentem-se progressivamente
mais incomodados quanto mais perto estiverem dos
seus feixes” ™. E questionavel se estes tipos de
armamentos utilizam infrasons dada a existéncia e
sucesso do LRAD (Long Range Acoustical Device,
Engenho Acustico de Longo Alcance), empregue por
vérias forgas de seguranca a nivel mundial *. O LRAD
produz um som agudo até 151 dB e ¢ principalmente
utilizado para dispersar multiddes e em actividades
anti-terroristas .

Sob os auspicios do Tratato de Abolicdo de Testes
Nucleares (Comprehensive Nuclear Test Ban Treaty
—CNTBT), uma rede de 60 estagdes detectoras de
infrasons encontra-se dispersa a volta do globo
terrestre . Com esta rede, pode obter-se um grande
volume de dados sobre eventos naturais e
antropogéncos ricos em RBF. Havia ja algum tempo
que cientistas e militares tentavam chegar a acordo “" e
em 2005, 86% da Rede Internacional de Monitoriza¢ao
de Infrasons CNTBT foi implementada “". O CNTBT
conduziu a um “renascimento dos infrasons” "”.
Enquanto que os testes nucleares nao tém sido
(felizmente) uma fonte comum de infrasons, uma
plétora ndo-antropogénica de fontes infrasonicas tém
sido registadas e “os cientistas tém ja mais informagao
gravada do que aquela que eles podem compreender”
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and technological developments, the appearance of
these new types of weapons of mass destruction can
already be expected in the foreseeable future” .
Almost 20 years later, an article published in the U.S.
News & World Report, titled “Wonder Weapons”
stated: “So-called acoustical or sonic weapons (...) can
vibrate the insides of humans to stun them, nauseate
them, or even 'liquefy their bowels and reduce them to
quivering diarrheic messes,' according to a Pentagon
briefing. (...) Scientific Application & Research
Associates Inc. have built a device that will make
internal organs resonate (...) its beams would make
intruders increasingly uncomfortable the closer they
get” ®?. Whether or not this latest weaponry is based on
infrasound is questionable particularly given the
success of the LRAD (Long Range Acoustical Device),
in use by several security forces around the world “*.
This device produces a shrieking sound up to 151 dB
and is mostly used for crowd dispersal and anti-terrorist
activities “*.

Under the auspices of the Comprehensive Nuclear Test
Ban Treaty (CNTBT), an array of 60 infrasound
detecting stations has been dispersed throughout the
globe . With this network, large amounts of data can
be obtained regarding natural and anthropogenic LFN-
rich events. Scientists and military officials had been
trying to reach an agreement for some time “’, and in
2005, 86% of the CNTBT International Monitoring
System Infrasound Network had already been
implemented “”. The CNTBT has brought about a
“renaissance for infrasound” "”. Whilst nuclear tests
have not been (happily) a common source of
infrasound, a plethora of non-anthropogenic sources
are being registered, and “scientists are already
recording more information than they can
comprehend”"”.

CNTBT's Infrasound Network is proving useful for
studying the behavior of Hawaiian volcanoes and the
internal structure of the atmosphere, through a 3-D
tomography-like image "”. Predicting swells and
storms in oceans and the propagation of volcanic ash
plumes are also end-points of the information gathered
by monitoring global infrasound “”. The physical
characterization of both anthropogenic and non-
anthropogenic infrasonic worlds is an exciting new
field of study: ““We are now at the christening stage of
infrasound (...) This technology has endless
possibilities for teaching us about the world”"”.
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[17]

A Rede Internacional de Monotorizagao de Infrasons
CNTBT tem sido muito util para estudar o
comportamento dos vulcdes no Havai e a estrutura
interna da atmosfera, através de imagens semelhantes a
tomografia 3D """, A previsdo de marés e tempestades
nos oceanos ¢ da propagag¢ao das plumas de cinza
vulcanica sdo também objectivos da informagio
captada pela Rede ™. A caracterizagdo fisica dos
infrasons antropogéncos e nao-antropogénicos sao
uma nova e excitante area de estudo: “Estamos agora
na altura do baptismo dos infrasons (...) Esta tecnologia
tem possibilidades inesgotaveis para nos ensinar sobre
omundo que nos rodeia” """

Conclusao

Fontes de RBF naturais e antropogénicas sdo
ubiquitarias na sociedade moderna. No entanto, a
quantificagdo e avaliagdo destes fendémenos actisticos
constituem tarefas complexas. Ainda que a exposi¢ao
cronica a RBF antropogénico possa comprometer a
saude humana, ndo foram ainda internacionalmente
aceites niveis de limite de exposi¢do e os niveis basais
seguros continuam practicamente por definir.

O proposito da apresentacdo destes dados consiste em
fornecer informacdo sobre o RBF existente em
diversos ambientes urbanos e rurais, a fim de avancar
na investigagdo sobre as respostas biologicas a
exposicao ao RBF, como se constatana DVA.
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