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EXECUTIVE SUMMARY

I INTRODUCTION

In September 1980, the authora submitted a report to the Motor Vehicle
Manufacturers Association which reviewed the literature existing at that
time concerning the health effects of noise. This veport ia an update and
extension of that literature review, covering material published on that
topic since January 1, 1980, and extending the coverage to include infra=-
sound. The time perdiod covered with reference to the effects of infrasound

is from 1972 to the present. This report is a brief summary of the find~=

ings, based on the same procedures and the same criteria deseribed in full

in the 1380 report.

IT  METHODS

The computerized bibliographic data bases MEDLINE/MEDLARS, BIOSIS,
ENGINEERING INDEX, NTIS and INDEX MEDICUS were searched for the period Janu-
ary 1 1980 cto March 31 1982 to find those articles related to nolse and
health. In addition, the same data bases were searched from 1972 to March
3] 1982 to find articles related specifically to infrasound. The abstracts
for both of these pets of articles were acreened to delete those papers
which were not relevant to health outcomes. The remaining abstracts were
examined in order to choose those papers which are most important to the
asgessment of the effects of nolse on human health. It is these papers
which are examined in thils report. Fifty nine papers vrelevant to the

affacts of noise on health are discussed (Appendix A(1)), and nineteen



papers which relate health effects to infrasound {Appendix A{ii))}. Those
papers examining noise and health or infrasound and health but judged not to
be of primary importance for this study are included in Appendices A(iii)

and A(iv) respectively.

Each article involving original research was assessed on aubstantive
and methodological grounds, using a form which is very similar to the one
used in the previoua report (Appendix B). All of the papers were assessed
by Mra. Birnie. Subsets of the papers were als¢ assessed by Dr. Taylor and
Dr. Hall. 1In addition ten papers were independently assessed by Wayne Tay-
lor, a clinical epidemiologist in the Health Sciences faculty at McMaster
University. On the papers assesged by all four people, the resulting evalu-
ations were very conslstent, confirming the rellability of the primary
assessments conducted by Mrs. Birnie., The results of the assessment proce-
dura, including an evaluation of each paper, are provided in the form of a

table {Appendix C).

The conclusiong drawn concerning the atate of the evidence linking

health effects to noilse ara presented separately for noise in general and

infrasound.
II1 RESULTS

l. Effects of nolse on health

In the praevious report to the MVMA, the authors concluded that the

welght of evidence linking noise and health was not atrong, and that weak



T E

B

g

P

B

TL

§ "
Dy

-

g

astudy design was a primary faulr in many of the studies, Many of the

authars of the 14 review articles examined in this report agree with that
coneluaion. Krytcer (1980} and Sctream (1980) both point out that moat
rasearch designs fall to control for confounding variables adequately, and
have further problems with panple aize, spurious correlations, and question~
able statistics. These problems preclude conclusive results, and open the
studies to criticism., Moller (1980) adds that Ffew studies are able to exa-
nine the long-term effects of exposure to noise, thereby resulting in praec=-
tically no evidence concerning the effects on general heglth. Lambert and
Hafner (1979) maintain that many of the effects have not been adequately

examined, and that some may be important under certain conditions.

The health effects examined in the 45 papers involving original
regearch cover a range of topica. They invelve auditory effects (both hear-
ing losa and temporary threshold shift) and cardiovaacular, biochemical,
gleep, task performance, and other health effects. The types of noige

studied alan'vary. including industrial, road traffic, alrecrafc and a number

of artifiecial noise sources.

l.ls Auditory Effects

A total of fifteen articles dealt with auditory effects of noise,
Eight studies examined permapent hearing loss, while 7 were concerned with

temporaty threshold shift. As reported previously, the auditory effeet of

noige 1ia the only one which ia clearly defined and underatood. The papers
examined here which deal with hearing loss are mainly concerned with indusg~

trial noise. The exceptions are (one paper which looks at ambulance para-



medicd, and one study which is an en-going longitudinal study on children.)
They deal most often with hearing loss in a particular industry, although
two of the studies are crosgs-gectional (Alberti et al, 1979 and Schord and
Johnson, 1979)., Willson et al (1979) are concernad with the relationship of
occupational noise~induced hearing loss to general health factors (hedght,

weight, blological parameters), but find no clear relationship.

Generally, these studies add no new information to the existing know-
ledge concefning noise and hearing loss, or to the guldelines concexning
workplace nolse. One review article (Lipscomb, 1979) cautions that although
such guidelines guard against hearing loss due to occupational nolae, they
aasume that nonoceupational noise levels are sufficiently low to allow the
haaring mechanism to recover between exposute paerilods. [The implication of

this iz that to guawd adequately against hearing loss, the community nocise

level should be less than 70 dBA.

Of the articles concerned with temporary threshold shift, 6 examine the
affacts of impulse, impact or intermittent noise, Generally they agree that
the equal energy assumption and the conventional rules for trade-off between
ateady scate and intermittment noise do not hold, as intermittment noise
rasults iﬁ lower threshold shift than the equivalent steady state nodise
{(Yamamura and Aoshima, 1980 and Yamamura and Itoch, 1981), and a number of
other variables such a3 number of impacts, duration and repetiction rates are
important in the assessment of impact noise (Tremoli;res, 1980). Stephenson

et al (1980) identify a minimum level of 75-B0 dB to produce an asymptotilc

I7S after 8-16 hours of expesure, On this basis, they conclude that levels



less than 75 dB are harmless, even for those exposed For long periods of

time.
1.2 Cardiovascular

A total of thirteen papers examined wvarlous effecta of noise on the
cardlovascular system, ranging from ischaemic heart disease and hypertensian
to blood pressure and peripheral pulse amplitude. Six studies were conduc=

ted in the field, while the remainder were laboratory experiments.

Two papers report on well designed studies of industrial noise. Lees
and Raoberts (1979) conducted a case-~control study which found no significant
effect of noise on mean blood pressure levels or the incidence of hyperten=
sion. Lees et al (1980} examined the incidence of ischaemic heart disease,
hypertension and myocardial infarction as well as other health effects such
as accldents, absenteeism, alcoholism and mental illness in a praspective
cohort study. They found no significant difference between the exposed and
control groups, although they were hindered by a small sample size.
Knipachild and Sall& (1979) also found no difference between exposed and
control groups in the incldence of hypertension and ischaemia, as well as
angina pectoris, heart shape pathology, and cardiclogist consultations, in a
field survey concerned with road traffic nolse. These articles provide
further support for the conclusion of other reviewers that nolse 1is not a
contributing factor to hypertension in industrial settings (Kryter, 1980),
that any effects found are not consistent across studies, and that obsarva—-

tions are hampered by confounding variables and conflieting results (Harlan

et al, 1981).




The remainder of the papers dealing with cardiovascular outcomes were
concerned with one or more parameters of a physiclogical nature rather than
a health outcome, often in conjunction with other physiclogical or bilochem-
ical parameters. The implication of studies of this type in the assessment
of health atate or of pathogenesis of disease 1s not at all clear, hence
they may only be usaful for explanations of phyasiological mechanisms
(Jansen, 1978)., The parameters studied most often are bloed pressute, heart
rate and peripheral pulse presaure. Effects for some of the parameters were
found in some circumstances, but the evidence 1s not sctrong enough or con=

sistent enough to formulate any definite relationship between nolse exposure

and cardiovascular parameters.

1.3 Biochemical Parametersa

Five papers examined biochemical parameters either singly or in com—
bination. One of the articles reported on a field study: Ral et al (1981)
exonined a number of biochemical parameters in an industrial setting, He
found that the levela of cortisol, free cholesterol, and ! of 5 serum pro=-
toin levels were significantly higher in the noiase group (of 9 parameters
studied}. In the laboratory experiments, some of the parameters were found
to be affected by some nolse exposure conditiona. However, the criticism
applied to the examination of single cardiovascular factors applies here as

well. The contribution of such studies to the overall assessment of the

effact of noise on health outcomes is extremely limited.
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l.4 Sleep

Three papers examine the effect of noise on sleep. One study 1s a
field experiment (Vernet, l379) which examines sleep disturbance using a

number of different parametera, and concludes that for the same Leq, distur=-

bance of sleep due to road noise 1s greater than that due to rail nolse (the

number of events for road noise is greater). Sumitsujl et al (1980) found

that facial expressions during sleep were related to noise level and sleep
stage, and that there was habituation over 3 nights. ‘Levere {1979) empha=-
aizeq that total disruptien time was woat ipportant as an indicator of sleep
disturbance. In all cthree studies, interpersonal differences were very
important. We conclude chat the assessment of the state of research in thia
field by Griefahn (1978) im still correct; that the most important conclu~

sion to be drawn from the sleep research is that the significance of sleep

disturbance to genaral health is atill unresolved.

1.3 Task performance

A large number of papers looked at the relationship between noise and

some measure of task performance. Most of the studies examine the effect of

noise on the performance of complex tasks (ones which require a wide range
of attentlon). The mechanism by which noise affects performance of guch
tasks 18 postulated to be through a narrowing of the foecus of attention,
elther by an increase in arousal induced by the noise, or by the noise tax~
ing the processing capacity, and hence there 1s a strategy to decrease the

amount of information being processed. The majority of the atudies are

short~term laboratory experinents involving tasks ranging from counting



iight flashes to finding embedded figures. The vast majority of the experi-
ments found no effect of noise on task performance. Of those studies which
did find an affeect, two (Zentall and Shaw, 1980 and Cohen et al, 1980)
involved children who were exposed to noise in the classroom. Broadbent
(1980), 1n a review article, elaims that although there has been an enormous
output of papers on the subiect, the issue is atill very confusing, due to
the examination of performance on main versus peripheral tasks. Cohen
(1980) smys that noige is jugt one atress factor, and that unpredictable
stress leads to decrements in performance, but that predictabllity and con~
trol over the stress reduce ita effect, In general, there is no hard evi-

dence that task performance i@ affected by nofse.

l.6 Other OQutgomes

Five papers looked at the effect of nolse on other health outcomes.
The cutcomes examined were anxiety, birth weight, mental health, and general
health. In the o¢nly lab study, Standing and Stace (1980) conclude that
anxiety trait scores increase for noise levels of 75 dA. The remaining
atudies are 4ll large=-scale fileld surveys dealing with aircerafc noise.
Knipschild et al (1981) examined birth records and found that the proportion
of birth weights lesa than 3000 grams differred between high and low noise
areas, The meaning of this finding i8 uncertain, however, since the World
Health Organization defines prematurity as a birth weight less than 2300
grams (an examination of the data in the article shows that the incidence of
prematurity is almost identical betwean the Ctwp areas). Jenkins et al
{1981) examined the admissions at three paychiatric hospltals over a four=~

yaar period, and found no consistent relationship of admigaions with the
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patiant's home noise laevels. They conclude that the only effects of noise
may be small, weakly influencing other causal factors. The other two arti-
cles are a result of the same survey which administered a General Health
Questionnaire around London Heathrow Adrport. Tarnopolsky et al (1980)
examined 27 acute and chronic symptons, and found that the chronic aymptoms
were more prevalent in the low tinise areas, and the acute symptoms wera more
prevalent in the high nolse areas. They concluded that they could find no
evidance of nolae as a stressor. Watkins et al (198l) examined the use of
drugs and medication, the use of paychotropic drugs, visits to a G.P. or
cut=patient clinie, in-patient status, and use of community health and wel—

fare services. They found no clear results across nolse levels for any of

the 6 indicatora.
1.7 gconclusions

A wide range of effects has been examined in assessing the relationship
hetween noise and health., The articles examined in this review, however,
have failed to establish any better than previously a causal link betweeen
health cutcomes and noise. A number of falrly well designed studies have

concluded quite atrongly that no relationship can be found.

Thete are some fairly strong reasons why the articles examined here
cannot provide a conclusion to the question being addressed. Firsc, much of
the research depends on laboratory experiments, and these are unable to
firmly establish a cause and effect relationship between a long term envi-
ronmental factor and health ocutcomes. Field studies have the potential to

do thias, especially chrough stronger experimental designs such as randomized
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clinical trials and paired cohort atudies. However, the field atudies to
date have had major problems, especially in the sample design and the con-~

trol of identified or unidentified intervening or confounding variables.

If we accept the notion the noise 1s but one of a series of environ~

mental factors (or stregsors) that may each affect health in some manner,
then establishing the exact effgct of noise on health wmay be an impossible
task. Indeed, if noise 1a but a single facter, and it requires the cumula-
tion of many individual factors to lead to disease, then measuring the inci~

dence of that disease against noise exposure alone will not result in signi-

ficant results,

2, Effects of infrasound on health

2.1 Introduction

Infrascund is defined as any sound having a frequency less than 20 Hz,
This definition was accepted at the International Colloquium on Infrasound
in Paris in 1973, and is commonly used in che literature reviewed here.
Lavels of infrasound between 75 and 95 dB are common from both naturally
occurring and man-made sources. Infrasound between 110-120 dB may be pro=-
duced in motor vehicles (with open windowa). Very high levels of infrasound
must be artificially produced. Man~made infrasound 1s normally in the 2-20
Hz reglon. Infrasound below 2 Hz is usually naturally occurring, and can be

caused by jogging, swimming or natural phenomena such as wind and storms

(Green and Dunn, 1968).
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A common misconception i1s that infrasound is inaudible. The perceptien

threshold is approximately 90 dB at 20 Hz, and 130-140 dB at 1 Hz {von
Gierke and Parker, 1976). Above these levels infrasound is audible, It is

not the pure tones that are heard, but rather harmonics generated by distor=-

tion from the middle and inner ear.

Infrasound rarely occurs by itself. It is almost always (except for
artificial sources) combined with noilsa of higher frequencies. Thersfore,
it 18 extremely difficult to isolate the effects of infrasound. Hence, mos t
of the work investigating the effects 1s done in a laboratory using an arti-
ficial nolse source. For this reason there are no studiea which directly

relate transportation sources to infrasound affacts,

Recently attention has been focussad on infraasound hecause of concerus
with apace systems, especially during launch. Much of this work involved
high levels of infrasound for short paeriods of time. For example, onea of
the first objective atudies (Mohr et al, 1965) examined whole body exposure
at levels up to 154 dB for 2 minutes. For the infrasound axposures, the
authors found that 150 dB was well within the human tolerance limits for a
variety of effects, including hearing, cardiac rhythm and motor control.

Sensations of pressura build-up in the middle ear, and nostril and abdominal

vibrations were evident, but digsappeared when earmuffs were worn.

Much of the early work which provoked concern about the affects of
infrasound was based on personal experience (Gavreau, 1968), or used previ-
ous relationships and measurements to make inferences (Bryan and Tempest,

1972) without using statistical methods. Therafore, these studies really
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provide very little reliable information.
Studies objectively examining the relationship between infrasound and
health cover only a gmall range of effects. The papers examined here exa-

mine auditory, physiological, or balance and performance effects.

2.2 Auditory effacts

The discusaion of auditory effects is limited to temporary threshold
shift (TTS). Jerger et al (1966) examined noise in the 2-22 Hz range, at
levels of 119-144 dB. 0f 19 subjects exposed to the noise for 3 minutes, 8
displayed no TTS effect. The remaining subjects had TTS of 10-22 dB, 4in the

3~8 KHz range. All of the subjects recovered, and TTS did not accumulate
during successive exposures. A higher proportion of hearing impaired sub-

Jects reported TTS than did normal hearing subjects.

Von Gierke (in Tempest, 1976, Chapter 6) reports on Johnson's work
presented at the International Colloquium in Paris. No TTS was reported for
whole body exposuras of 120-144 dB for 8 wminutea. For ear only expogutres of
26 seconds to 30 minutes, at levels of l26~171 dB, some TTS was experienced.
One subject had TIS of 8 dB after exposuré to 140 dB for 5 minutes, and

axposure to 140 dB for 30 minutes resulted in 14-17 TTS. In all cases the
subjects recovered full hearing within 30 minutes after exposure,

2,3 Performance

Evans and Tempest (1972) used headsets to deliver infrasound to sub-
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Jects while measuring nystagmus (involuntary eye movements) as well as reac=-
tion time and viaual aculty while performing a shape recognition task. The
study claims to measure the effects of transportation noise, but in fact the
artifiecially produced tones {(130-146 dB at 2-20 Hz) were higher than thase
actually measurad in automobiles. The authors report a significant nystag-
pus effect, but 1n a review of this study Harris et al (1976) report that in
an examination of the chart provided, after accounting for eye blinks, ete.,
the slow phase velocity is so small that it would be difficult to classify
as nystagmus. Evans and Tempest found no effect on visual disturbance, but
a 30% increase in reaction time at low levels (115-120 dB). Since the
actual values are not published, it is difficult to verify this. Von Glerke
and Parker (1976) contend that Evans and Tempest's findings may be blased

gince evaluation of the effects was not blind, and that confounders due to

audio fraequency sound may be possible.

The findings of Evans and Tempest are refuted in other experiments.
Johngon {1975) reports on a series of experiments utilizing various frequen-—
cies with levels up to 140 dB. No asignificant effect on rall task perform~
ance was found. Von CGierke and Parker (1976) report that experiments have

found no effect on visual nystagmus for levals of 142~155 dB.

Cognitive performance was measured using serial sgearch and complex
counting tasks (Harris and Johnson, 1978). Fifteen and 30 minute exposures
to levels of 125~142 dB reaulted in no significant effect. They conclude

that very high levels of infrasound may be necessary tao produce affacts.

Kyriakides and Laventhall (1977) compared the effects of infrasound,
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audible noise, and alcohol on task performance. They utilized a high prior-
ity pointer~following task in conjunction with both central and peripheral
components of a secondary task involving response to the onset of light.
For a level of 1.3 dB, there was no significant effect of infrasound on the
performance of either the primary or secondary tasks. The authors con=
ecluded, however, that changes in performance over ;1me were different‘for
infrasound than for audible nolse. A degradation of performance over time
wag obsarved for the infrasound condition, while performance was maintained
over time for the audible noise condition. Therefore, a significant change

in performance may be appatrent 1f the time of exposure is increased.

2.4 thaiologx

Since the middle ear is the most susceptible part of the bady to infra=-
sound, it has been suggested that cthe physiological tolerance limit to
infrasound is determined by the middle ear (Johnson, 1975). The pain thres-
hold for the middle ear ia l40 dB at 20 Hz, and 162 dB at 2 Hz (von Gierke
and Parker, 1976). Slarve and Johuson (1975) examined human whole body
exposure to a maximum of 144 dB for B8 minutes. They found no effects on
auditory aculty, respiration rate, pulse rate and the general condition of
the eardrum. The effects found were middle ear presaure build-up (above 126
dB), volece wodulation (above 135 dB) and chest vibration (above 135 dB).
Johnaon (1975) reports on an experiment by Borredon which provided expogure
for 50 minutes at (30 dB. The only effect found was a amall (< l.5 mm Hg)

inerease in the minimum arterial blood pressure, In addition, several of

the subjects reported a drowsy feeling.
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2.5 Conelusion

Thosa papers which have reviewed the full range of literature on the
effects of infragound (Johnson, 1975, Harris et al, 1976, von Gierke and

Parker, 1376, Johnaon, 1976, Johnson, 13%80) conclude that the early raports

of drastic effects of infrasound were greatly exaggerated. The current

concensus about the effecta of infrasound is as follows:

1. whole body effects ~ no subjective effects until greater than 150 dB
= middle ear pressure build=-up at 130 dB.
2. vestibular = no effect up to 155 dB.
3. reapiratory = rhythm change about 130 dB
= definite effect at 166 dB.
4e performance - limit not reached
= only speech interferance below 142 dB.
5. auditory = some TTS for exposures greater than 20 minutes.

=~ 150 db acceptable if exposure less than 30 minutas.

Infrasound must be regarded as only a very small part of the problem of
the health effects of nolse. At levels commonly found in motor vehicles,

there is no firm indication that any harmful effects due to infragound may

goQcul.
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Summary of Assessment Results
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