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Abstract 
Introduction. Legislation regarding low frequency noise (LFN, <500 Hz including 
infrasound), when existent, is highly deficient. Not only is it expressed in dBA, actually 
defeating the purpose of evaluating LFN, but no concrete measures are prescribed if 
excessive LFN is identified. The status quo notion that acoustical phenomena are only 
harmful when perceived by humans cannot be sustained given current scientific facts. The 
purpose of this report is to demonstrate just how inadequate legislation is regarding LFN 
control, and how ubiquitous LFN is in locations common to the general public. Methods. 
Noise assessments were conducted in homes, clubs, public transportation and common 
automobiles, in 1/3 octave bands and with a lower limiting frequency of 6.3 Hz, measured in 
dBLin. Overall average noise levels are reported in both dBA and dBLin. Results. 
Comparative frequency analysis among acoustic environments that possess the same dBA 
levels show that it is not scientifically valid to presume the existence of comparable acoustic 
environments merely based on a dBA level, i.e., equal dBA levels does not mean equal 
acoustic environments. Neither the dBA nor the dBLin parameter adequately reflect the 
presence of LFN components. Discussion. LFN is ubiquitous in modern society, and yet it is 
not adequately legislated. Noise-related studies do not take LFN in account and thus yield 
results that are deemed controversial, contradictory, and inconclusive. No effort is made 
to control LFN in the homes, nor in other locations of common use to the general public. The 
implications of ignoring LFN as an agent of disease for the public health is detrimental to us 
all as a human society, and a nightmare for future generations. 
 



 

INTRODUCTION 

Noise has always been an important environmental problem. According to the Epic of 
Gilgamesh, a Babylonian king who lived in 2700 BC, the Great Flood was brought to 
the planet Earth because the demigods were unable to sleep due to the noise produced 
by humans (1). In Ancient Greece, metalwork involving hammers was banned within 
city limits in 600 BC (2), and Pliney the Elder, in 50 CE, noted that people living near 
the cataracts of the Nile became hard of hearing (3). In Ancient Rome, legislation 
existed pertaining to the noise associated with iron wheels of wagons that disrupted 
sleep, while in certain cities of Medieval Europe, horse carriages were not allowed 
during night time (4).  

Today, hearing conservation programs are ubiquitous among most noise-
exposed workers, and seem to be effective in the prevention of hearing loss. 
Legislation is quite specific and limits noise exposure, by dB-level, to well-
determined periods of time (in hourly increments), after which the worker must 
remove him or herself from the noisy environment (5,6).  

Acoustical phenomena, however, can be much more than just “noise” that 
causes hearing impairment. Ultrasound (MHz range), is used in a variety of medical 
diagnostic procedures (for example) and is inaudible to humans. Infrasound, on the 
other end of the spectrum (<20 Hz), is also inaudible to humans. “Noise” at these 
frequencies is not heard, and thus cannot produce hearing loss. Consequently, neither 
ultrasound nor infrasound, are required to be assessed during routine noise evaluation 
procedures.  

The human auditory system captures acoustical phenomena in the range of 20 to 
20000 Hz. But the sensitivity at each frequency band is not the same, i.e., different dB 
levels are required at different frequency bands in order to perceive a sound with the 
same loudness. The human ear is most tuned to frequencies within the 1000-5000 Hz 
range; the resonance frequency of the ear is 3500 Hz, and it is within this range that 
most speech and language occur. Thus, to prevent hearing loss in noise-exposed 
individuals, measurements mandated by legislation focus primarily on the ranges 
where the smallest dB-level (sound pressure amplitude) produces audible sound: 
1000-5000Hz.  

Through a weighting network, or filter, routine noise measurements capture the 
overall amplitude of the acoustical environment as if it were being perceived by the 
human auditory system, i.e., linearly evaluating the sounds in the 1000-5000 Hz range 
while de-emphasizing acoustic phenomena below 500 Hz (See Fig. 1). The A-
weighting network, which measures the overall amplitude in dBA, is “an 
approximation of equal loudness perception characteristics of human hearing for pure 
tones relative to a reference of 40 dB SPL (sound pressure level) at 1 kHz" (7). The A 
filter simulates human auditory thresholds and is appropriately employed when the 
goal is to avoid hearing loss. As a result, legislation regarding permissible exposure 
levels is usually based on dBA level measurements, and protection against noise is 
exclusively equated with hearing protection devices.  
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Figure 1 - A-weighting response curve. At 1000 Hz, there is a 0 dB difference between 
what is measured and what exists in the environment. At 100 Hz, there is a 20 dB 
difference between what is measured with this weighting system and what actually exists 
in the environment. Acoustic phenomena below 20 Hz and above 20 kHz are not assessed. 

 
Throughout the decades, it has been assumed that two environments with 

similar dBA levels are comparable. Throughout the decades, biomedical studies 
regarding non-auditory pathology caused by noise exposure have been controversial, 
contradictory, and hence, inconclusive (8)1. Noise-induced, non-auditory pathology 
has led to a vigorous proliferation of scientific articles since Laird, in 1928, studied 
the effects of noise on typists and concluded that working in this type of noise 
environment had a physiological cost to humans (9). Numerous authors have referred 
to non-auditory pathology (10-21), however, controversial, contradictory, and hence, 
inconclusive is still the mainstream belief regarding noise-induced, non-auditory 
pathology (8,22,23).  

Given that the vast majority of studies are only measuring the acoustic 
phenomena as if perceived by the human auditory system, it is possible that other 
acoustical phenomena, not perceived by the auditory system, or not conducive to 
hearing impairment, be present in the environment. Low frequency noise (LFN) 
(≤500 Hz, including infrasound) has been the object of study by Portuguese 
researchers since 1980 (24-26)2. LFN has been identified as a genotoxic agent of 
disease (27-30)3, capable of inducing blood vessel wall thickening as seen in autopsy 
(8), as well as through light and electron microscopy studies (31-37)4. This can lead 
to well known consequences such as tumour development (38)3, cardiac infarcts 
and/or the need for cardiac bypass surgery (24,31-33,39,40). The pathology caused by 
excessive exposure to LFN is termed vibroacoustic disease (VAD), and has been 
                                                 
1 See “Low frequency noise exposure as a confounding factor in biomedical science,” included in these 
Proceedings. 
2 See “Vibroacoustic disease – a 25-year-old saga”, included as a keynote speech in these Proceedings. 
3 See “Mutagenesis and malignancy in vibroacoustic disease,” included in these Proceedings. 
4 See “Respiratory pathology in vibroacoustic disease II – Specific morphological changes”, included 
in these Proceedings. 
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diagnosed among several occupational and environmentally exposed populations 
(24). In an attempt to compare VAD-related studies with research conducted by other 
authors, one reaches a dead-end: since no frequency spectra are usually provided by 
the vast majority of noise-related studies, the LFN content of the acoustic 
environment under study remains unknown.  

The goal of this report is to show why acoustic environments must cease to be 
reported merely in terms of a dB- or dBA-level measurement, and should always 
include a frequency distribution analysis in order to correctly evaluate noise-induced 
changes.  
 

METHODS 
 

Within the context of ongoing studies on LFN-induced pathology and VAD, LFN is 
being evaluated in a variety of different locations in Portugal. All data were obtained 
with a sound level meter & real-time frequency analyser (Bruel & Kjaer, 2260 
Observer, Denmark). Sound pressure levels were documented in dBA and dBLin. 
Frequency distributions (in dBLin) were obtained in 1/3 octave bands, with a lower 
limiting frequency of 6.3 Hz. Microphone (Bruel & Kjaer, 4189, Denmark) 
calibration was achieved with a 1000 Hz pistonphone (Bruel & Kjaer, 4231, 
Denmark). 

Noise was evaluated in the following locations: a) outdoor café in a Portugeuse 
northern interior city of Viseu, with a 90 mm windscreen; b) inside the passenger 
cabin of a Lisbon subway, en route between the stations of Bela Vista and Chelas; 
and c) in the waiting room of a doctor’s office, located near a busy street in São 
Domings de Rana, a suburb of Lisbon. 
 

RESULTS 
 

Even though many locations had comparable dB(A) levels, the corresponding 
dB(Lin) values differed greatly (See Table 1).  
 

Table 1 - Summary of dB-level data. 
 

Location dB-Level 
(dBA) 

dB-Level 
(dBLin) 

Outdoor Café 64.6 73.7 
Subway 64.3 87.3 

Doctor’s Office 64.0 75.4 
 
The distribution of acoustic energy along the different 1/3 octave bands also differed 
among the 3 different locations (See Fig. 2). 
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Figure 2 - Comparison of frequency distributions of measurements taken in 3 different 
locations: a) an outdoor café, b) passenger cabin of a Lisbon subway, and c) in a doctor’s 
office waiting room. Although location dBA-level measurements are comparable (Bars 
labelled A) (64.6 vs. 64.3 vs. 64.0 respectively), their dBLin levels (Bars labelled L) show 
a much larger difference (73.7 vs. 87.3 vs. 75.4, respectively). The distribution of acoustic 
energy throughout the 1/3 octave frequency bands differs among all three locations, 
particularly in the lower frequency bands.   

 
DISCUSSION 

 
These results clearly indicate that “noisy” environments merely described by a 

dB-level measurement are acoustically insufficiently characterized. Considering that 
exposure to different frequencies induces different effects (41-44), comparing 
acoustical environments merely on the basis of a dB-level measurement is not a 
scientifically valid methodology. Each organ has its own resonance frequency so it 
cannot be assumed that they will respond equally when presented with “noisy” 
environments that have a dissimilar predominance of acoustic energy among the 
different 1/3 octave frequency bands. 
 Law- and policy-makers who insist on maintaining the dBA standard for all 
noise assessments, are providing a great disservice to human societies. The lack of 
frequency spectral analysis impedes any possible comparison amongst noise-related 
studies, consequently promoting the development of controversial, contradictory, and 
inconclusive studies. By not acknowledging LFN as an agent of disease, many noise 
studies conducted today and that do not adequately describe their acoustic 
environments (with information of amplitude and frequency) will certainly be deemed 
non-useful. A possible solution to the quagmire is the topic of an independent report5.
  

 
 
 
 

                                                 
5 See “...And again low frequency noise – A possible solution,” included in these Proceedings. 
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SUMMARY 
 

1 – It is invalid to compare acoustical environments merely based on dB-level 
measurements because, despite comparable dB-level measurements, the distribution 
of the acoustic energy over the frequency spectra can be substantially distinct.  
2 – Despite the fact that legislation does not require a frequency spectrum analysis, 
the amount and type of low frequency noise present in a “noisy” environment should 
be assessed. 
3 – Since each organ has its own resonance frequency, it cannot be expected that 
equal responses will be obtained with acoustical environments that have dissimilar 
frequency distributions. Hence, biomedical studies, in particular, should cease to 
report their acoustical stimuli merely as a dB-level measurement, and should always 
include a frequency spectrum analysis. 
 

 
ACKNOWLEDGEMENTS 

 
The authors would like to thank INVOTAN and the Escola Superior de Tecnologia de 
Setúbal (IPS) for continuous support. M. Alves-Pereira also thanks IMAR (Instituto 
do Mar) for hosting project POCTI/MGS/41089/2001 and FCT (Fundação para a 
Ciência e Tecnologia) for its funding. 

 
REFERENCES 

 
[1] N. K. Sandars, The epic of Gilgamesh. (Penguin Books: London. 1972). 
[2] W. D. Ward, “Noise-induced hearing damage,” in Otolaryngology, M. M. Paparella, D. A. 
Shumrick, (eds). (Philadelphia, PA USA: W. B. Saunders Co., 1973). 
[3] R. W. Cantrell, “Effects of noise exposure”, in: AGARD Conference Proceedings No. 171  
Effects of long duration noise exposure on hearing and health. (France, AGARD C-10-1, 1975). 
[4] World Health Organization, Guidelines for Community Noise. B. Berglund, T. Lindvall, D. H. 
Schwela(eds). (WHO, 1999). 
[5] Occupational Safety and Health Administration, Hearing Conservation, (Washington DC: US 
Dept. Labor,  No. 3074. 1995). 
[6] Portuguese Ministry of Cities, Territorial Planning and Environment, Law D.L. 259/2002, 23 
November (2002). 
[7] E. H. Berger, W. D. Ward, J. C. Morrill, L.H. Royster (Eds.), Noise and hearing conservation 
Manual (4th ed.). (Fairfax, Va, USA: American Industrial Hygiene Association, 1995). 
[8] M. Alves-Pereira, “Extra-aural noise-induced pathology. A review and commentary”, Aviat. Space 
Environ. Med., 70 (March, Suppl), A7-21 (1999). 
[9] D. A. Laird, “Experiments on the physiological cost of noise,” J. Natl. Inst. Indust. Psychology, 4, 
251-258 (1928). 
[10] A. Cohen, “The influence of a company hearing conservation program on extra-auditory 
problems in workers,” J. Safety Res., 8, 146-162 (1976). 
[11] E. E. Dart, “Effects of high speed vibrating tools on operators engaged in airplane industry,” 
Occ. Med., 1, 515-550 (1946). 
[12] A. R. Moller, “Occupational noise as a health hazard - physiological viewpoints,” Scand. J. 
Work Environ., 3, 73-99 (1977). 

 6



 

[13] K. Millar, M. J. Steels, “Sustained peripheral vasoconstriction while working in continuous 
intense noise,” Aviat. Space Environ. Med., 61, 695-698, (1990). 
[14] G. I. Rumancev, “Investigations concerning the hygienic evaluation of vibration in factories 
producing reinforced concrete,” Gig. Tr. Prof. Zabol., 5, 6-12 (1961).  (In Russian) 
[15] V. E. Ostapkovich, “Noise pathology in otorhinolaryngology,” Vestn. Otorinolaringol., 3, 6-10 
(1991). 
[16] F. Tomei, B. Papaleo, T. P. Baccolo, E. Tomao, P. Alfi, S. Fantini, “Chronic noise exposure and 
the cardiovascular system in aircraft pilots,” Med. Lav., 87, 394-410 (1996). (In Italian) 
[17] H. Ising, “Extraaural effects of chronic noise exposure in animals - A review,” Schrift Ver. 
Wasser Boden Luft Hyg., 88, 48-64 (1993). 
[18] N. F. Izmerov, G. A. Suvorov, N. A. Kuralesin, V. G. Ovakimov, “Infrasound: body's effects 
and hygienic regulation,” Vestn. Ross. Akad. Med. Nauk., 7, 39-46, (1997). 
[19] P. Knipschild, “Medical effects of aircraft noise: review and literature,” Int. Arch. Occup. 
Environ. Health, 40, 201-204 (1977). 
[20] N. V. Grechkovskaia and I. A. Parpalei, “The impact of the working conditions on morbidity in 
workers in jobs hazardous for vibration and noise in aviation enterprises,” Lik. Sprava., 5, 20-23 
(1997).  (In Russian) 
[21] C. Giordano, S. Conticello, F. Beatrice, A. Montemagno and R. Boggero, “Non-auditory effects 
of environmental noise: a study of metallurgical and mechanical workers,” Acta Otorhinolaryngol. 
Ital., 21(5), 281-6 (2001).  (In Italian) 
[22] A. Campanella, The Kokomo Perspective (Indiana, USA), October 17th, 2001: 1-3. 
[23] H. von Gierke, S. Mohler, “Letter to the editor: vibroacoustic disease,” Aviat. Space Environ. 
Med., 73(8), 828-830 (2002). 
[24] N. A. A. Castelo Branco, M. Alves-Pereira, “Vibroacoustic disease,” Noise & Health, 6(23), 3-20 
(2004). 
[25] N.A.A. Castelo Branco, E. Rodriguez Lopez E, "The vibroacoustic disease – An emerging 
pathology", Aviat. Space Environ. Med., 70 (3, Suppl), A1-6 (1999). 
[26] GIMOGMA, “Vibration and noise as the cause of acoustic hypo- and hyper-sensibility in an 
industrial population”. Rev. Port. Med. Mil., 32, 17-20 (1984).  (In Portuguese) 
[27] M. J. Silva, A. Carothers, N. A. A. Castelo Branco, A. Dias, M. G. Boavida, “Increased levels of 
sister chromatid exchanges in military aircraft pilots”, Mut. Res. Gene. Toxicol. Environ. Mutagen., 
44(1), 129-34 (2002). 
[28] M. J. Silva, A. Carothers, N. A. A. Castelo Branco, A. Dias, M. G. Boavida, “Sister chromatid 
exchanges workers exposed to noise and vibration. Aviat. Space Environ. Med., 70 (3, Suppl), A40-5 
(1999). 
[29] M. G Boavida, A. Dias, N. A. A. Castelo Branco, M. J. Silva, “Analysis of sister chromatid 
exchanges in splenocytes of mice exposed to noise and vibration,” Aviat. Space Environ. Med., 70(4), 
376 (1999).  (Abstract) 
[30] M. J. Silva, A. Dias, A. Barreta, P. J. Nogueira, N. A. A. Castelo Branco, M G. Boavida, “Low 
frequency noise and whole-body vibration cause increased levels of sister chromatid exchange in 
splenocytes of exposed mice,” Teratogen. Carcinogen. Mutagen., 22(3), 195-203 (2002). 
[31] N.A.A. Castelo Branco, A.P. Águas, A. Sousa Pereira, E. Monteiro, J.I.G. Fragata, F. Tavares, 
N.R. Grande, “The human pericardium in vibroacoustic disease”, Aviat. Space & Environ. Med., 70 
(3, Suppl), A54-62 (1999). 
[32] N.A.A. Castelo Branco, J.I. Fragata, E. Monteiro, M. Alves-Pereira, “Pericardial features in 
vibroacoustic disease patients”, Proc. 8th Intern. Conf. Noise as Public Health Problem (ICBEN), 
Rotterdam, Holland, 380-381 (2003). 
[33] N.A.A. Castelo Branco, J.I. Fragata, E. Monteiro, M. Alves-Pereira, “Pericardial cellular death in 
vibroacoustic disease patients,” Proc. 11th Inter. Cong. Sound Vib., St. Petersburg, Russia, 5-8 July, 
1753-1760 (2004). 
[34] N.A.A. Castelo Branco, M. Alves-Pereira, J. Martins dos Santos,  E. Monteiro, “SEM and TEM 
study of rat respiratory epithelia exposed to low frequency noise”. In: Science and Technology 

 7



 

Education in Microscopy: An Overview, A. Mendez-Vilas (ed.) (Badajoz, Spain, Formatex, Vol. II, 
505-33, 2003). 
[35] N. A. A. Castelo Branco, E. Monteiro, A. Costa e Silva, J. Reis Ferreira, M. Alves-Pereira, 
“Respiratory epithelia in Wistar rats born in low frequency noise plus varying amounts of additional 
exposure,” Rev. Port. Pneumol., IX-6, 481-492 (2003). 
[36] J. Reis Ferreira, C. P. Mendes, N.A.A. Castelo Branco, E. Monteiro, M. Alves-Pereira “The 
human lung and pleura in vibroacoustic disease,” Proc. 8th Intern. Conf. Noise as Public Health 
Problem (ICBEN), Rotterdam, Holland, 386-387 (2003). 
[37] M. B. Monteiro, J. Reis Ferreira, C. P. Mendes, M. Alves-Pereira, N. A. A. Castelo Branco, 
“Vibroacoustic disease and respiratory pathology III – Tracheal and bronchial lesions,” Proc. 
Internoise 2004, Prague, Czech Republic, August 22-25, No. 638 (5 pages) (2004). 
[38] C. P. Mendes, J. Reis Ferreira, M. Alves-Pereira, N. A. A. Castelo Branco, “Vibroacoustic disease 
and respiratory pathology I – Tumours,” Proc. Internoise 2004; Prague, Czech Republic, Aug 22-25, 
No. 636 (5 pages) (2004). 
[39] N.A.A. Castelo Branco, E. Rodriguez Lopez, M. Alves-Pereira, D. R. Jones “Vibroacoustic 
disease: some forensic aspects", Aviat. Space Environ. Med., 70 (3, Suppl), A145-151 (1999). 
[40] N.A.A. Castelo Branco, “A unique case of vibroacoustic disease. A tribute to an extraordinary 
patient”, Aviat. Space Environ. Med., 70 (3, Suppl), A27-31 (1999). 
[41] A. S. Nekhoroshev, V. V. Glinchikov, “Morphological research on the liver structures of 
experimental animals under the action of infrasound,” Aviakosm. Ekolog. Med., 26, 56-59 (1992). 
[42] A. S. Nekhoroshev, V. V. Glinchikov, “Effect of infrasound on morphofunctional changes in 
myocardium exposed to infrasound,” Gig. Sanit.,12, 56-58 (1991). 
[43] V. I. Svigovyi, V. V. Glinchikov, “The effect of infrasound on lung structure,” Gig Truda Prof 
Zabol, 1, 34-7 (1987). 
[44] G. C. Mohr, J. N. Cole, E. Guild, H. E. von Gierke “Effects of low-frequency and infrasonic noise 
on man,” Aerosp. Med., 36, 817-824 (1965). 
 
 
 

 8


	INTRODUCTION

