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During the last few years, the existence of high levels of man-made low frequency noise 
(O-100 Hz), and in particular infrasonic noise, has been reported in many environments. 
An effort has been made over the last decade to discover whether such high levels of low 
frequency noise are significant. A review of the effects of low frequency noise indicates that 
the effects are similar to those of higher frequency noise, that noise in the 20-100 Hz range 
is much more significant than infrasound at similar sound pressure levels and that the 
possible danger due to infrasound has been much over-rated. 

1. INTRODUCTION 

During the last few years, many sources of high level low frequency noise (O-100 Hz) have 
been identified and many of these sources exhibit a spectrum which shows a general decrease 
in sound pressure level with increase in frequency [ 1, 21. Further, man-made sources of low 
frequency noise such as compressors, boilers, cars and ships, appear to present a potentially 
greater hazard than natural sources such as wind, turbulence, storms and earthquakes. 
Certainly, subjective reports of effects due to infrasonic exposure to man-made sources have 
indicated that nausea, disorientation and general unpleasantness, as well as a variety of other 
symptoms, can occur. But because of the unknown possible effects due to low frequency 
noise, an effort has been made in the last decade, spurred on by the reported results of Gav- 
reau, Condat and Saul [3], to discover whether in fact harmful low frequency noise effects 
actually do occur. In what follows here the information available on low frequency, and in 
particular infrasonic, noise is reviewed, with some emphasis on putting into perspective the 
sensational approach of the popular press to infrasound. 

2. ANNOYANCE 

The primary effect due to low frequency and infrasonic noise appears to be annoyance, at 
least for the lower sound pressure levels, and many instances of such annoyance have been 
reported. Gavreau [4] even went so far as to attribute modern-day “city fatigue” to infra- 
sound exposure. Generally, however, the annoyance has been more specific and has occurred 
even where the dB(A) level has been relatively low. For example, Bryan [5] found that two 
residents living near a factory boiler were being annoyed even though the level outside their 
houses was only 55 dB(A). Other low frequency noise nuisance problems have been caused 
by such sources as the Concorde engine test bed, air-conditioning systems and oil-fired 
burners and boilers [6-161. Response to this low frequency noise has varied from sleep 
disturbance and general annoyance to reported “threats of suicide” in otherwise disturbed 
people, [lo, 17-231. 

7 This research was completed at the Department of Mechanical Engineering, Monash University, Australia. 
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A number of cases have been investigated by the author and in one of these cases it appeared 
that the central heating unit was causing a low frequency noise which annoyed the wife in a 
neighbouring house so that she could not sleep, although the husband was undisturbed. The 
overall sound pressure level (OASPL) in the bedroom, which was 6 m from and facing the 
unit, was found to be 63 dB but only 32 dB(A) (Figure 1). It appears that the peak at 54 Hz 
was responsible for the disturbance in this case. 

There is also one area of West London in which complaints of low frequency noise annoy- 
ance occur regularly, though the problem appears to be a national one. A recent report in the 
London Sunday Mirror brought an initial response of over 700 letters, many of which also 
described annoyance due to the existence of a low frequency rumble, and in some cases, due 
to a feeling of pressure on the ears [24-261. 
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Figure 1. Noise spectrum (2 Hz constant bandwidth) measured in a bedroom and which caused annoyance. 

It is therefore apparent that the annoyance due to low frequency noise which is experienced 
by sensitive people is more common than previously believed. Bryan [5] and Tempest [27] 
have noted that for noise containing high levels of low frequency noise, the common assump- 
tion that loudness and annoyance are equivalent breaks down and that such measures as 
dB(A) cannot then predict annoyance. Kraemer [28] carried out a paired comparison test in 
which the subjective response to low frequency sound in the range 25-l 25 Hz was measured 
and the results showed an increase in annoyance with low frequency noise for constant 
dB(A) levels. Peaks in annoyance at certain combinations of frequency (30-50 Hz) and level 
(65 dB(A)) were indicated and these were attributed to interacting effects of loudness and 
annoyance. It should be noted, however, that the range of levels used in this study was 
limited to 55-75 dB(A). Kraemer’s results are in fact partially supported by Vasudevan and 
Gordon [29], who, when investigating a disturbance heard as a “throbbing” sound, indicated 
that the phenomenon arises with a broad band spectrum which is unbalanced to the extent 
that the major stimulus occurs in the frequency range 20-100 Hz. Their tests suggested that 
the throbbing noise lay in the 30-40 Hz frequency range. Also recently, in discussing low 
frequency noise annoyance, Bryan [30] reported that sufficiently widespread annoyance has 
arisen in all three environments of transportation interiors, work and home that it could be 
concluded that this annoyance did not arise from any peculiar sensitivity of individuals 
exposed but was due to the type of noise producing the annoyance. Bryan suggested that it 
was the slope and “turnover point” of the noise spectra of these low frequency noises rather 
than their absolute levels which could be important in determining annoyance. This follows 
from the fact that there is a wide range in the latter, from 120 dB inside motor vehicles down 
to 60 dB inside the houses in the neighbourhood nuisance problems, and yet the same type of 
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disturbance is produced at all levels. Clearly, this idea is speculative and work is currently in 
progress at Chelsea College which should help to clarify this issue. 

As regards a threshold level for annoyance, both Johnson [31, 321 and Leventhall [33] 
expressed the thought that “if you can’t hear it, you can’t feel it”, and this led Johnson to the 
criterion shown in Figure 2. The L,, of 55 dB was set as a limit for audio frequencies [34] and 
was extrapolated down to low frequencies. The limit of 120 dB was chosen for frequencies 
below 5 Hz to avoid middle-ear pressure build-up and damage to or rattling of structures. 
However, people who show extreme sensitivity to higher frequency noise may not be wholly 
protected by this criterion. 

Figure 2. Infrasound criteria proposed by Johnson [31, 611. 

3. HEARING 

Auditory system response has long been a criterion for measuring the acceptability of 
noise exposure, and much work has been done in this regard for low frequency noise, and in 
particular, infrasound. 

3.1. HEARING THRESHOLD LEVEL 

One of the most common misconceptions regarding infrasound is that it cannot be heard, but 
this is not the case. Perhaps one of the most long-standing descriptions for hearing threshold 
levels (MAP) including infrasonic frequencies is that given by Bekesy in 1936 (see reference 
[35]), and since then many investigators, using a variety of instrumentation, have indepen- 
dently measured low frequency hearing thresholds [36-42]. Some of the results are shown in 
Figure 3 and it can be clearly seen that infrasound can be heard down to 1 Hz and below pro- 
vided that the sound pressure level is high enough. However, as infrasonic pure tones appear 
to be perceived as a “chugging”, “rough” or “popping” sound, Johnson and Von Gierke 
[43] and Johnson [31] suggested that a person does not “hear” tones of infrasound but 
rather the associated harmonics generated by distortion of the middle and inner ear. Thus, 
according to them, as infrasound is rarely unaccompanied by higher masking frequencies, 
it is possible to explain why infrasound may not be normally “heard”. 

Other findings have been that the classical MAP-MAF difference of 3 dB for audio fre- 
quencies is also present for low frequency noise [42] and that between 30 and 100 Hz, no 
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Frequency (Hz) 

Figure 3. Hearing threshold levels for maximum audible pressure (MAP), minimum audible field (MAF) 
and for bands of noise (after Nixon and Johnson [%I). --, Bekesy, MAP; 0, Yeowart, MAP; o, Yeowart, 
MAF; A, Yeowart tone threshold; A, ‘Yeowart, noise threshold. 

significant difference exists between tone and noise threshold data. It has also been established 
that below 16 Hz, where detection depends on pressure peaks in the noise signal, that the 
noise thresholds are 4 dB more sensitive [38]. 

3.2. TEMPORARY THRESHOLD SHIFT (TTS) 

A quantitative relationship between human exposure to infrasound and hearing loss is not 
well established and this is partly due to the general inability to produce infrasound exposures 
free of audible overtones. It is likely, though, that the adverse effect of infrasound alone 
could be no worse than that due to infrasound plus overtones, and for this reason little 
attempt has been made to distinguish effects. One of the earliest observations was made by 
Tonndorf [44] and since then many studies have been conducted in only some of which has 
TTS been measured [45-521. For example, Ramet [53] found no TTS due to a 40-min expo- 
sure to a low frequency noise (i-15 Hz) at 115 dB OASPL, while Alford et al. 2471 noted a 
TTS greater than 10 dB in 11 of 21 subjects exposed for 3 min to 2, 10, 12 and 22 Hz tones at 
levels greater than 137 dB SPL (there was one exception of a subject who had a 13 dB TTS at 
6 kHz after a 129 dB exposure to 22 Hz). So it appears that (i) only small, if any, TTS can be 
observed following exposure to moderate and intense infrasonics, and (ii) recovery to pre- 
exposure hearing levels is rapid when TTS does occur [54]. Finally (iii), for infrasonic 
exposures above 140 dB, TTS of the audiometric frequencies above 125 Hz may occur, 
although the frequencies above 1 kHz seem more sensitive [3 1,481. 

3.3. AURAL PAIN AND DAMAGE 

Pain is related to mechanical displacement of the middle ear system beyond its normal 
operational limits and the threshold for pain is reasonably established [50, 51, 551. The 
threshold appears to be about 140 dB around 20 Hz increasing to about 162 dB at 2 Hz and 
to 175-l 80 dB for static pressure. 

Tonndorf [44] was one of the first to report damage, in this case scarring of the tympanic 
membrane of German submariners, due to high level infrasound. A vascular infection of the 
eardrum membrane can also be observed during and following exposure [51]. 

3.4. MIDDLE EAR PRESSURE BUILD-UP 

One of the most consistent findings, among reported effects of infrasonic and low frequency 
noise exposure, has been a pressure sensation in the middle ear. This effect begins to occur for 
levels of infrasound between 127-133 dB and does not necessarily become more intense as 
the sound pressure level is raised [45, 51, 56-581. The sensation has been temporarily 
relieved by valsalva, but has persisted for some time after exposure in many subjects. This 



EFFECTS OF LOW FREQUENCY NOISE ON PEOPLE 487 

phenomenon may in fact be a side benefit of infrasound as a pressure build-up in the middle 
ear should reduce the transmission of audio sound and thus act as a set of earplugs. 

3.5. HEARING PROTECTION 

Effective hearing protection is highly desirable when exposure to high level low frequency 
noise occurs. Earmuff performance is generally reduced with decreased frequency and may 
even amplify the noise under the muff, whereas earplugs tend to perform well at low frequen- 
cies. For optimum protection, good imperforate insert earplugs are recommended for 
shorter exposures while for longer exposures the addition of earmuffs is recommended 
[3. 5 1. 55. 591. 

3.6. COMMUNICATION EFFECT AND MASKING 

High intensity low frequency noise has been found to influence various organisms and 
functions involved in speech production and such effects as voice modulation, gag sensations 
and chest wall vibrations have been reported [45, 56, 58, 60, 611. Experiments have shown 
that low frequency sound masks higher frequency sound and to a greater extent than the 
reverse [62-641, while speech intelligibility is not affected until the masking level of the low 
frequency components is of the order of 115 dB OASPL [65, 661. One recent study also 
showed that a masking effect was produced on the lower audiometric frequencies (125, 250, 
500 and 1000 Hz) by low frequency tones (10, 12 and 16 Hz) when the loudness level was 8 1 
phons, but not when the level was 70.5 phons [53]. Thus it appears that the masking and 
communication effect of low frequency noise is not of great significance unless very high 
levels exist. 

3.7. PITCH DISCRIMINATION 

An attempt was made recently at Chelsea College by Usher [67] to measure pitch difference 
limens (DLs) in the range 25-125 Hz using a two-alternative forced choice procedure which 
required the response alternatives UP and DOWN. Measurements were made in this way at 
five reference frequencies for four normal-hearing subjects of widely differing ages and 
amounts of musical experience. The results indicate that the DL is approximately constant in 
the range 63-125 Hz. However, as the frequency is reduced below 63 Hz, the DL appears 
to increase so that at 25 Hz its value is about three times its value at 63 Hz. 

3.8. LIMITING LEVELS 

A tentative limiting level for infrasound which applies for discrete frequencies or octave 
bands centred about the stated frequencies, was first proposed by Nixon [50] for 8-min 
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Figure 4. Suggested 24 hour exposure limits for infrasound (after Nixon [SO]). 
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exposures and the equivalent 24-h exposure limit is shown in Figure 4. For computational 
purposes, an equal risk formula has been derived for level as a function of frequency and 
time, and limiting values so derived have been tabulated by Nixon and Johnson [51]. 

4. EQUILIBRIUM 

The effect of low frequency noise on man’s vestibular system has been mainly studied by 
means of direct nystagmus measurements (nystagmus is an indication of balance disturbance). 
Of the few studies employing the rail task, that of Hood, Leventhall and Kyriakides [68] 
found only two out of seven subjects affected at a level of 1 IO-120 dB, while Johnson [61] 
found no effect at levels up to 140 dB and Nixon [69] found an effect at 150 dB.t 

The nystagmus studies have also yielded differing results. Some have reported the presence 
of vertical nystagmus [70-721 while others have reported the absence of nystagmus [57, 61, 
65,73-751. Brilel and Oleson [14] reported that they were able to produce “dizziness”even in 
,:;ptical subjects at a level of 95 dB (2 Hz, 2 h) but many psychological effects in their study 
reduce the reliability of their results. Recently, the earlier work purporting to show nystagmus 
directly elicited by infrasound was criticized by Harris, Sommer and Johnson [76,77] mainly 
on two grounds. Firstly, they claimed that nystagmus was subject to many artifacts of mea- 
surement and that there are numerous types of nystagmus not vestibular in origin. Secondly, 
most of the earlier studies showing a nystagmus effect were criticized for being “weak in 
experimental methodology and in scientific reporting”. Further, Johnson 1311 himself 
claimed that he had stood on one leg with his eyes closed listening to 165 dB at 7 Hz and 172 
dB at l-8 Hz (frequency sweep) without effect, though this test was of very short duration. 

It appears then that the level at which infrasound becomes a hazard to man with regard to 
balance and nystagmus effects in the sense that they contribute to significant changes on 
performance is stilI not known, but the level is probably at least above 130 dB except for more 
susceptible people for whom the level may be as low as 95 dB. The preliminary exposure 
limits proposed by Johnson [31,61], shown in Figure 2, should therefore remain adequate, but 
it should be remembered that, whatever the case, equivalent levels of noise in the 20-100 Hz 
frequency range will be of much more consequence. 

5. LOW FREQUENCY NOISE AND VIBRATION 

There has been some suggestion that body response to acoustic excitation becomes pro- 
gressively similar to that due to mechanical vibration as the excitation frequency reduces into 
the infrasonic region [78-801. When a sound wave is large compared to body dimensions, as 
it is for low frequencies, the result is uniform compressional excitation which results in 
greater stiffness than unidirectional vibration excitation and thus higher resonant frequencies 
are excited [31, 571. This result has been confirmed by experiment [81, 821 and can be inter- 
preted in terms of the model of the human body developed by Von Gierke [83] and by means 
of an analogy with the basic mass-spring oscillator [33, 841. 

Thus the action of low frequency noise on the body is different from that of vibration, 
though they are similar in their ability to excite resonances. However, the transmissibility of 
vibration to man is often greater than unity, while in contrast, there is very little absorption 
of acoustic energy by man (2% at 100 Hz, for example) due to the impedance mismatch 
between the airborne acoustical energy and the body [57,85]. Consequently, very high levels 
of noise are required to get the same order of magnitude of response as from vibration, and 
for infrasound at least 130 dB would be required to produce effects that could begin to be a 
cause for concern [86]. 

7 These apparently differing results can be possibly explained in terms of slight variations in experimental 
techniques. 
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6. THERAPEUTIC VALUE OF LOW FREQUENCY NOISE 

There have been some suggestions that exposure to low frequency noise could be beneficial 
in some cases. For example, Johnston [55] quotes one study in which blasts of high intensity 
sound (frequency unstated) have been used to help produce ovulation in women with sex 
gland deficiencies and goes on to state that “It is for consideration that the womb, or other 
bodily organs, may be stimulated by suitable infrasonic frequencies to produce beneficial 
results”. Johnston [55] also mentions that electrical stimulation of the brain at a frequency of 
42.5 Hz has been shown to rectify colour blindness and thus “If infrasound can produce 
electrical signals of a suitable type in the brain, it might be possible to affect colour vision”. 
Finally, Johnston [55] quotes one case where an experimenter exposed to a high intensity 
(155 dB) whistle at 340 Hz recovered the sense of smell that he had lost some years previously 
suggesting that “this appeared due to intense vibration of the nasal cavities” and “again, 
infrasonic induced resonances might possibly be used for therapeutic purposes”. All these 
suggestions sound attractive, but appear to be based on single incidences of exposure to high 
intensity noise for which such effects could conceivably occur given the appropriate physical 
and environmental conditions. 

Evans, Bryan and Tempest [71] suggested the use of low frequency sound for inner-ear 
investigations. They felt that this method would possibly possess several advantages over the 
two tests in common use, the Hallpike caloric and the rotating chair. Evans and Tempest 
[87] reported a euphoric feeling induced in some subjects by relatively low levels of infrasound 
(115-120 dB) which could possibly be used to relax people but it seems that their results 
applied to sensitive people and would therefore not be applicable to the general population. 
Finally Johnson [61] foresaw the possibility of using infrasound below 1 Hz to ventilate the 
lungs but the levels that would be required for this desirable effect (166 dB) are well above 
those that are acceptable from other points of view. 

Therefore, it appears that infrasound does not have any practical application as a useful 
medical aid, but it is possible that noise within the 20-100 Hz range may find some benefit in 
the future. 

7. BRAIN STlMULATION BY LOW FREQUENCY NOISE 

A number of assertions have been made in the past, mainly in popular magazines, indica- 
ting that infrasonic stimulation synchronized with the subject’s alpha waves (7 Hz is the 
median frequency of the alpha rhythm) could be a source of concern. Johnston [55] quotes 
the suggestion that such infrasound could either enhance intellectual capacity or trigger 
insanity in very unstable personalities while other reports suggest that such stimulation may 
be dangerous [80] or may cause a throbbing in the head making an intellectual task impossible. 
A much more dubious claim, that low frequency noise could cause brain tumours, has also 
been made [88-901. In this case, the offending frequency was 37.3 Hz which was said to have 
caused the brain damage by stimulating or catalyzing accelerated growth of an originally 
dormant tumour. It must be strongly emphasized, however, that none of these claims have a 
basis in real research and are at this time purely speculative. 

8. ENTERTAINMENT VALUE 

Various claims have been made, often poorly substantiated, regarding the effect of low 
frequency sound in the entertainment world. The main effect, though, appears to be that of 
body resonance which could be a welcome effect at discotheques and pop concerts and can 
occur at levels below 100 dB [33, 82,911. Universal Pictures, Hollywood, specially developed 
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their “Sensurround” system for the film “Earthquake” to simulate earthquake rumbles and 
vibrations and to be of such intensity as to be physically felt in the body as well as the head, 
but not dangerous [92-961. This system appears to have been very successful and is being used 
in other films. Thus it seems that low frequency sound has a limited potential in the entertain- 
ment world and will probably be used in future to generate desired entertainment effects. 

9. MILITARY USE OF LOW FREQUENCY NOISE 

The first military use of low frequency noise was for the detection of enemy guns in World 
War One [79] and some reports indicate that during World War Two, the British and Japanese 
were investigating the use of low frequency noise as a weapon [55]. Gavreau [4] noted the 
possible military applications of infrasound. But if infrasound were to be used as a lethal 
weapon extremely high levels would be required. For example, it is known that lung rupture 
occurs at 10 kN/m2 for a ramp-type compressive pressure change and while infrasound from 
an artificial source would not have a ramp-type change, it could nevertheless be assumed that 
to achieve a fatal injury, a level of at least 174 dB SPL (approximately 6 kN/m2) would be 
required. Such a weapon would have to be suitable for use in a “stand-off” capacity, and a 
minimum range of say 250 m would be essential and 1000 m desirable. If one assumes the 
normal acoustical equations to determine the sound power required to generate 174 dB 
sound pressure at a distance of even only 250 m, then for a non-directional source (which 
this device would be) one has P WL = SPL + 201og,,r + IO-8 dB giving lOlog,,( W/ W,,,) = 
174 + 48 + 10.8 z 233dB, so that W= 2 x 10” watts. Thus, the sound power required even 
for an ideal system at 250 m is of the order of a thousand times that generated by a Saturn V 
rocket on lift-off. A further problem with such a device would be the large source size required. 
Bryan and Tempest [6] have calculated that the source would have to be 1100 m in diameter 
to have good directional properties for the radiation. Thus, a lethal infrasonic weapon appears 
unlikely, and such reports as the one which suggested that a sound gun had been developed 
but had proved unusable as it “would have killed everything within four miles” [97, 981 
therefore seem to be fantasy. 

With regard to the use of infrasound as a non-lethal weapon, a number of suggestions have 
been raised. These include its use for reducing resistance to interrogation, for inducing 
stress in an enemy force, for creating an infrasonic sound barrier and for rapid demolition of 
enemy structures [55]. One popular magazine in fact reported that infrasound was being 
utilized in Northern Ireland as a riot-control and non-violent crowd dispersal weapon 
[99]. But here again it must be pointed out that there is no valid research basis for these 
claims and that the power required to obtain these effects outside the laboratory is beyond 
present capabilities, especially if a portable device is required. It seems therefore, that military 
use of infrasound is not practical, and that the report [loo] which suggested that “The 
Trompette Marseillaise with which Gavreau thought that he could re-enact the feat of Joshua 
before the walls of Jericho is only a beginning” was wishful thinking. However, the use of 
audio-frequency noise at high levels would seem to more practical, and it seems that white 
noise was in fact at one time used in Northern Ireland as a method of sensory deprivation. 

10. NEWSPAPER SPECULATION 

Over the last few years, the popular press has given the effects of low frequency, and in 
particular infrasonic noise, a great deal of sensational publicity, thus propagating the myths 
associated with these to the extent that they are believed by many. For example, such reports 
have appeared in the Pharmaceutical Journal [ 1001 the London Euening News [ 17,231 and the 
Melbourne Sunday Press [loll (see Figure 5). Very recently, a more serious report on low 
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frequency noise drew over 800 letters of response from people complaining that they suffered 
from low frequency “hum” [24-261. The speculation mainly began following the publication 
by Gavreau, Condat and Saul [3] and Gavreau [4] of certain statements, one of which, for 
example, was that infrasound was “certainly one of the many causes of allergies, nervous 
breakdowns and other ‘unpleasant phenomena of modern life’ found in industrial cities”, 
which the authors made without having any scientific basis. Their report that a colleague 
was made an invalid for life following exposure to a Levavasseur whistle is understandable in 
view of the extremely high output of 1 kW which occurred at 2600 Hz. It appears though, that 
the person concerned may have already been suffering from a form of Parkinson’s disease 
which may have been exacerbated somewhat by the exposure to this intense acoustic noise 
[102]. 

The painful irritation reportedly experienced by Gavreau and Saul after exposure to 
their “acoustic gun” is also not particularly surprising upon considering that it was operated 
at 196 Hz and 160 dB. Even so, shortly after, the U.S. Miami Herald headlined a popular 
article on Gavreau’s work as “Sound Ray Developed as a Killer-French Working on War 
Machine” [55 J and the London Observer (7 January 1968) also carried an article on “Sound 
as a Weapon of War” which suggested that infrasound might lead to a family of “exceedingly 
unpleasant new weapons”. 

Infrasound was next highlighted in a popular article headlined “Does Infrasound Make 
Drivers Drunk” ? Shortly afterwards a controversy was aroused in the British press when 
Dickinson suggested that low frequency noise might be responsible for mental disturbances, 
“tummy” upsets and even brain tumours and cot deaths [88, 891. Thus, the cause for a 
variety of ailments, for which no other satisfactory explanation could be given, was being 
attributed to infrasound based solely on circumstantial evidence and in spite of the fact that 
no valid scientific basis for such assertions existed. It has now been suggested, for example, 
that cot deaths may in fact be related to excess salt intake [103] and that a euphoric feeling 
induced during driving may be due to an excessive build-up of stress hormones [104]. The 
problem is thus that the press has been selective in their handling of low frequency and infra- 
sonic noise effects in order to gain a “sensationalistic scoop” and has, in general, chosen to 
ignore the wide body of research which puts especially infrasonic effects in perspective. The 
fact is that effects due to infrasound at the levels at which it normally occurs or even at the 
levels at which it can be generated, are not nearly as consequential as similarly high levels of 
noise at 20 Hz and above. 

11. PHYSIOLOGICAL EFFECT OF LOW FREQUENCY NOISE 

Physiological responses have been observed or discussed by many investigators of the 
effects of low frequency noise on man [18, 31, 32, 45, 47, 56, 60, 61, 75, 87, 105-l 131. These 
responses have included cardiac rhythm and respiration rate (measured by EKG recordings, 
pulse counts and impedance pneumography), change of systolic rhythm, blood and endocrine 
changes, and disturbances to the central nervous systems, as well as subjective responses. 

It is now well known that low frequency noise can produce unpleasant subjective effects in 
some people, including such effects as nausea and feelings of panic or euphoria. However, 
extreme symptoms of these types are, in general, associated only with high levels of low 
frequency noise and very high levels of infrasound (a rough guide as to the limits for any 
significant physiological effects is given in Figure 2). The more subtle physiological effects 
generally do not seem to be of great significance. 

12. EFFECTS OF LOW FREQUENCY NOISE ON HUMAN PERFORMANCE 

The first major studies of low frequency noise effects on human performance were con- 
cerned with the possible effects of noise generated by aerospace systems such as the Saturn V 
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rocket on spacecraft occupants during launch and orbital insertion [45-48, 56, 1051. These 
led to the conclusion that for short exposures (up to 3 min) the low frequency environments 
could be tolerated with little or no degradation of performance (see Table 1). The results 
reported by Gavreau, Condat and Saul [3] and Gavreau [4], though, were quite startling in 
that they suggested that infrasound could cause some serious effects at relatively low levels. 
Although somewhat speculatively, Green and Dunn [I 141 in a longer term correlational 
study, suggested that the presence of infrasonic disturbances due to storms in Chicago were 
correlated to a degree with changes in selected human behaviour (automobile accident rate 
and absenteeism of school children). 

TABLE 1 

Low frequency noise effects obserced by Mohr et al. [45] 

Exposure 

0 to 50 Hz 
Up to 145 dB 

Tolerance data 
Observed behaviour 

Chest wall vibration, gag sensations, 
respiratory rhythm changes, post- 
exposure fatigue; voluntary tolerance 
not exceeded 

50 to 100 Hz 
Upto154dB 

Headache, choking, coughing, visual 
blurring and fatigue; voluntary 
tolerance limit reached 

Discrete 
frequencies 

Tolerance limit symptoms 

100 Hz at 153 dB Mild nausea, giddiness, sub-costal 
discomfort, cutaneous flushing 

60 Hz at 154 dB 
73 Hz at 150 dB 

Coughing, severe substernal pressure 
choking respiration, salivation, pain 
on swallowing, giddiness 

Since then, a number of studies have been carried out (with various tasks utilized to investi- 
gate reaction time, visual acuity, vigilance and cognitive functions and other motor functions), 
some of which produced results in support of the contention that infrasound causes perfor- 
mance effects, with others in opposition to it. Hood, Leventhall and Kyriakides [68], Evans 
and Tempest [87], Bryan and Tempest [6], Leventhall [84], Hood [I 151, Briiel and Oleson 
[14], Kyriakides [116], Benignus et al. [117] and Kyriakides and Leventhall [118] all noted 
some degree of performance degradation in selected tasks due to infrasound (a level of only 
80 dB was used in one case). Leventhall [84] also noted that while adverse effects occurred at 
lower levels, an improvement in performance sometimes occurred at higher levels thereby 
suggesting an arousal effect similar to that reported widely for high frequency noise. Poulton 
and Edwards [119] also noted such an arousal effect for “green noise” of 102 dB(C) OASPL 
and suggested that a situation in which low frequency noise improves performance while 
white noise degrades it may be due to the masking of important auditory cues by the more 
intense high frequencies of the white noise. They noted, however, that the low frequency 
noise must not be too loud (greater than 118 dB(C) OASPL) (see also [120]). Smith et al. 
[52], however, exposed groups of men for a 24 h period to a 70 Hz tone at 122.8 f 10 dB and 
measured performance on a sensory-motor task periodically. No decrement in the “RATER” 
performance task was noted. 
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Recently, Harris, Sommer and Johnson [76, 771 criticized these earlier claims that infra- 
sound adversely affected human performance and stated that the effects obtained at low 
intensity levels (105-120 dB), if they could be substantiated at all, have been exaggerated. 
This view is supported by the early research work of 1965 and 1966 mentioned previously, 
as well as the later work of Borredon [ 1 lo], Borredon and Nathie [l 111, Johnson [61], Von 
Gierke [57] and Slarve and Johnson [58, 1091 which indicated that no significant effects due 
to infrasound below at least 130 dB would occur. It should be noted, though, that these 
studies (except for those of Borredon [ 1 lo] and Borredon and Nathie [ Ill]) were all of short 
duration (8 min maximum) exposure while in those by Hood, Leventhall and Kyriakides 
[68], Leventhall [84], Hood [I 151, Bri.iel and Oleson [14], Poulton and Edwards [I 191 and 
Kyriakides [I 161, all of which indicated at least a tendency towards a performance decrement, 
exposures of 30 min or more were used. Recent unpublished data obtained at Chelsea College 
for a three hour exposure to low frequency audio noise at 90 dB also indicate degradation 
in performance of a primary pointer-following task. 

With regard to limiting levels, uncertainty is reflected by the fact that the levels indicated 
by Bryan and Tempest [6] (Figure 6) are more conservative than those of Stephens [I211 
(Figure 7) and those of Johnson [31] (Figure 2). (Even though Johnson does not actually 
suggest a limiting level for performance effects, it can still be suggested that at least the annoy- 
ance limiting levels are required for a performance effect to occur, if one remembers that 
there is not necessarily a positive correlation between annoyance and performance.) The 
difference, though, can be reconciled somewhat by noting a different emphasis. On the one 
hand the concern is with which minimum levels may cause an effect in any section of the 
population, while on the other hand, the approach seems to be concerned with what levels 
can be tolerated for short exposures. Furthermore, confusion arises in the vagueness of 
terms used. For example, what is really meant by “reaction time threshold” (Figure 6) or 
what is meant by “adverse” physiological effects (Figure 2). It wou!d appear that the latter 
term is referring to physiological effects which may result in permanent damage while the 
former term is most likely referring to the levels at which even a minute non-statistically 
significant effect may occur in some sections of the population. Much of the data on infra- 
sonic effects published to date lacks this type of definition or qualification, and there are also 
shortcomings in the experimental methodology of the work or in the scientific reporting of it. 

60 
4 16 64 IO00 

Hz 

Figure 6. Threshold of infrasound levels affecting vigilance, reaction time and balance, suggested by Bryan 
and Tempest [6], and the hearing threshold. The heavy lines trace the noise levels inside a British one litre 
saloon car travelling at 60 mph. -, Noise levels in car at speed; ----, threshold for balance disturbance; 
=, hearing threshold; . ., reaction time threshold; -, threshold for effect on vigilance. 
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Figure 7. Limiting levels for infrasonic effects proposed by M. Stan (after Stephens [121]). 

Whether performance is affected by infrasound is therefore still not entirely clear, but it 
appears that a statistically significant detrimental effect is likely to occur only on complex 
tasks after a long exposure, as is generally the case for audio-frequency noise. More research 
on performance effects due to long exposure is, therefore, required and work on this is 
currently in progress at Chelsea College, with 6 h exposures. However, it must be 
emphasized that equivalent levels in the audio-frequency region are of much 
consequence. 

again 
more 

13. CONCLUSION 

The review of low frequency noise effects indicates that the effects are similar to those of 
higher frequency noise, though to a different degree, and that the effects of infrasound, 
though comparable to those of audio frequency noise in a number of ways, have been much 
over-rated. It is also apparent that the high level low frequency noise in the 20-100 Hz range is 
of much more significance than infrasound at the same level in most environments where 
low frequency noise is a problem. 

Another point is that, as Harris, Sommer and Johnson [76] have stated, “there are good 
reasons for questioning the conclusions contained in most studies on the effects of infrasound 
on man. Most studies are weak in experimental methodology and the scientific reporting”. 
Furthermore, as they warned, “Caution is necessary in future research because artifacts 
produced by faulty experimental procedures can suggest genuine psychological or physio- 
logical effects”. Thus, there is the need for future research papers to describe fully the ex- 
perimental procedures and the statistical methods used, and to also avoid the use of vague or 
ambiguous terminology as has occurred in the past. 

A summary of various infrasonic threshold levels where different effects may occur can 
nevertheless be indicated as in Table 2, although the limits depicted in Figure 2 are probably 
more useful. On the basis of existing data, it therefore seems that the threshold for infrasonic 
effects is approximately 120 dB sound pressure level. However, as little information exists 
with respect to longer duration exposures, care should be taken in interpreting the results. 
It must be pointed out again, though, that high level infrasound is usually accompanied by 
high level low frequency noise, and in perspective it is the low frequency noise (20-100 Hz) 
that one should be most concerned with, whether for short- or long-term exposures. 
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TABLE 2 

Summaryofminimum thresholdlevels 
for infrasonic eflects due to short- 
term exposures (adapted from 

Johnson [31,613) 

Effect Threshold level (dB) 

Whole-body 
Respiration 
Vestibular 
Auditory 
Performance 
Physiological 
Annoyance 

>140 
,166 
>130 
,130 
>12O-130 
>120-130 
>55 I&,f> 5 Hz 
>120 LDN,/ < 5 Hz 

With regard to low frequency noise in the 20-100 Hz range, however, not much data is 
available in the form of limiting levels. At this stage it is too early to speculate about the 
level at which no adverse physiological effects will occur. But it should be noted that for high 
frequency noise, the level identified as requisite to protect the public from hearing loss with 
an adequate margin of safety is L,,(24) = 70 dB [34]. 
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