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EFFECT OF CESSATION OF LATE-NIGHT LANDING NOISE
ON SLEEP ELECTROPHYSIOLOGY IN THE HOME

By Karl S, Pearsons, Sanford Fidell and Ricarda L. Bennett
Bolt Beranek and Newman, Inc.

and -

Joyce Friedmann and Gordon Globus
Department of Psychiatry and Human Behavior
College of Medicine
The University of California at Irvine

SUMMARY

Simultaneous measuraments of nolse exposure zand sleep elec-
trophysiology were mad: in homes before and after cessation of
nighttime aircraft landing nolse, Six people were tested, all
of whom had been exposed to intense alreraft noise for at least

two yvears.

Noise measurements Iindicated a large reduction in the hourly
nolse level during nighttime hours, but no change duri~g the
daytime hours. Sleep measures Indicated no statistically signi-
ficant changes in sleep patterns either immediately after a
marked change Iin nocturnal nolse exposure or approximately a
month thereafter. Also, no strong relatlonship was observed
between noise level and sleep disturbarce over the range from 60
to 90 dB(A).
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I. TINTRODUCTION

A major public coneern about aireraft noilse is its poten-
tlal effect on sleep quality. Thils concern 1s partially sub-
stantliated by inferences drawn from laboratory investigations
of effects of nolse on sleep., Careful evaluation of the
methodology and results of such studies, however, reveals
numerous grounds for guestioning the application of their con-
clusions to alrcraft nolse exposure as experienced in the world
at large. These grounds Iinclude dissimilarities between labor-
atory and realistic nolse environments, Familiarity and habi-
tuation of subjects to noise exposure patterns, and inadequate
sample sizes. More fundamental questicns may also be raised
about the meaningfulness and consistency of scoring techniaques
for electrophysliologleal recordinis, and the almost complete
lack of information on the consequence: «f small amounts of
sleep disturbance.

New technology for simultaneous collection of noise and
sleep data in fleld settings has recently been introduced (Ref. 1),
The current study applies this demorstrated technology to the
study of changes in sleep electrophysiology in a sample of per-
sons whose nocturnal aircraft noise exposure decreased drastically
and abruptly. The goal of the current study was to cetermine
whether relief from Intense nocturnal nolse exposurz, when mea-
sured 1In the homes environment, produced any immediately obvious
changes in electrophysiological sleep patterns.



II. METHOD
A, Subjects

Four mlddle aged couples who had varticipated in a prior
fleld study of sleep electrophysiology (Ref. 1) also partici-
pated In the current study. Each subject met an audiometric
screening criterion for hearing acuity (within 15 dB of "normal
hearing") which included an allowance for decreased sensitivity
due to presbycusis (Ref. 2}, All subjects were familiar with
the data collection methodology from their experlence in the
previous study.

Due to problems 1n the subject group, the final expesimental
group contained only cilx neopls as shown in Table I. The ages
of the subJects ranged from 36 to 52 years with a mean of 44,6
years. The number of years of residsnce in the nelghborhood
ranged from 2 to 1l yvears with a mean of 4.3 years.

TABLE 1
TEST SUBJECTS

LENGTH OF
IDENTIFICATION AGE RESIDENCE
Mr. A 50 Yrs. 2 Yrs.
Mrs, A 52 2
Mrs. B o v 1
Mr., C hy o 3 "
Mrs. C 36 ¢ 2 "
Mr. D e M 5 M

-2



B. Site Selection and Characteristics

The residences of the subjJects were located approximately
one mille east of Los Angeles Internatlonal Alrport (LAX) under-
neath the approach pattern to the southern runways. All
subjects lived 1n slngle famlly, wood frame and stucco houses
on two-way resldentlal streets in the middle of the block.

The approach patterns to LAX expose the residents in thls ares
to noilse of day-night (Ldn) values between 80 and 85, There
were no major noise sources, ¢~her than aireraft nearby that con-
tributed to the Ldn valu=s, The background noice was controlled
by traffic from the nearby San Dlego freeway. Figure 1 locates
the residences.,

On April 29, 1973 an operational chang: was instituved at
LAX which elimirated late nlght alreraft landings over the
subjects! residences between the hours of 2300 and 0600. This
change eliminated approximately 50 overflights per night which
had been heard in this community for many years.

C. Data Collection

Sleep and nolise data were collected during three experi-
mental sessions. The initlal sesslon, before cessation of
nizht landings, was conducted durlng the week of April 22 to
27, 1973. The second session (immediately after cessatlon of
nocturnal landings) was contiguous, from April 29 to May 3rd.
The third experimental sesslion was conducted about three weeks
later, from May 20 to May 24.

Indoor nolse exposure levels were collected concurrently
with electrophysiological data. The recording equipment was

-3
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placed in a room adjacent to the budroem, with the milerophone
situated one to two metars from the cablieets! heads, Two re-
gearch assistants callbrated the nolse monitoring equipment

and apnslied the eolectrodos to the sublects' heads approximately
one hour prior to retiring each nipght. Thz sutjiects were re-
quested to avold major chances in theilir dally life style during
the testing period, They were also asked to refrain from
consumption of alchohol rwd new mediecatlion at least one hour
before retiring. No explicit menticon was made of the Immlnent
change 1n alreratt landing procedure unless the subjlect ralsed
the lssue,

+

D. Equipment

A modlfiled analoy tane reecordsr and sound syotem and a com-
pact blodata monitor were used for indeor colleztion of both
noise and sleep data. The ou“door noise data were reccrded by
a portable digital system. A schematle representation of the
test moniltoring equipment ls chown in Pleures 2 and 3,

A specially medified four track analog recorder was used
indoors as the storage madium for both sleep and nolse data. The
tape recorder was modified tc record at a speed of 1~7/8 inches
per second. A further adjustment to playback equallzation was
made to allow data readout ar four times the recording speed. A
Bruel and KJaer precision sound level meter with a 1 inch con-
denser microphone mas used for continuons analog recording of
the indoor noise environment on cone channel of tne tape system.

A WWV recelver produced timins information on a second rape
channel.

The slesn physioleosy data, consisting ol multiplexed FI
recordings of electracncephalograme (FEG) and electro~souloprans
(EOG) for each person were recordod on the remaining two tape

-5
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channels, Three separate carpler fraaunsncics were used on =ach
channal to differantiate right and left EOG and EEG data.

Outdoor nolse data wore collected by a portable digital
system. The portable nolue unlt contained g misrophone, an
input amplifier, an A-welchting network, a threshold detector,

a legarithmlc converter, an anilog Lo dipltal converter, a
diglital clock and a cassette fape rocorder, The system operated
unattended, sampling noise levels every half second throughout
the night. HNolse levels whilch exceeded a preset threshold were
recsorded on a magneties fare, cassette,

E. Data Reduction Prncedures

The 1Indoor acrustic data and the phyvsiological data were
reduced cimultanecusly as showr In Figure 4, The indoor noise
data recorded on magnetlc tane wére analyvzed by the portable
monltoring unit that was used for outdoor noise measur:cment.
Thls unit automatically provided event marking information
on the physlologilcal chann~ls when the nolse level exceeded
AD dB(A}. At the same time, the nolse exposure w:: recorded on
paper by a logarithmie graphic level recordor,

The outdoor noise data were computer processed to obtain
the Equivalent Sourl Level (Leq). The software deotected the
number of events that exceeded the threshold by at least 5 4B,
the event durations, and the peal levels of 411 events exceeding
the threshold.

The sleep data were avslyzed according to the international
scoring crifteoria of the Association for the Perchophysiological
Study of Sleep, wlth two ex -eption:. Electrode placs—ont {(over
the left eye, beleow the hairline) deviatcd from the above critoria
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(vielding a more fronial derivation); and a 100 microvolt eri-
terion was adonted for delta waves In place of the recommended
75 microvolt ariterion,

The FM recordings of the sleep physiology data were de-
modulated and written on a tinear polygraph level recorder. The
blodata were screened automatlcally to detect delta activity,
defining sleep Stages 3 and 4. The d=lta detsntor output was
written out along with continuous EEZ and EQOG data and noise
event marks on the sleepn records, Two human scorers checked the
automatlc data analyslis and classified the remaining sleep in-
formation into sleep stage‘categories. The scorers assigned
wach twenty second epoch of a sleep record to one of the follow-
ing stages.

LIGHT SLEEP

1. Movement (M) « gross hodv movement.s
2. Waking (W)

3. Stage 1
DEEP SLEEP

1. Stage 2
2. Stage 3
3. Stage U

4, Rapid Eye Movements (REM)

The distinctions hetween light and deep sleep time were
based on a number of considerations. TFor example, light sleep
includes the category of movement which is generally assoclated
with an EEG pattern of waking and Stage 1 which is characterized
by drowsiness and partial awareness. 3Since Stare 1 exhiblts
alpha wave activity and doex not show tyvpical sleep spindles and
K complexes, it also was placed with the former two classifi-
cations under Il<ig7¢t sirep. Deep sleep 1s characterized by the

- e



delta wave actlvity of Stagrns 3 and 4 and the sleep spindles
and K complexes of *tapge 2. Th2 REM stage was also included
in deep sleep althousgh some REM characteristics are present in
Stage 1.

Counters recorded perecntages of delta activity when cer-
taln criteria were met; th-se percentages were used to indicate
sleep stages. From 20 percent % 51 poercent delta actlivity was
regarded as Stage 3; 51 porecent or more d-olta activity was
regarded as Stage 4 sleen. Less +-an 20 porcent dolta wave
activity was taken to Indleate some other sleep stase which was
hand scored,

]



ITI. RESULTS

Three principal analyses of the nolse and sleep data were
conducted. The three analyses treated the nolse data separately,
the sleep data separately, and the nolse and sleep data together.

A. Analysis of Noise Data

The change 1n nocturnal nolse exposure was in fact abrupt
and dramatic., IMipure 5 displayvs the change 1n outdoor Hourly
Noise Level (HNL) (the cncréy averaged hourly A-welghted sound
level) for twpical 28 hour periods befors and after cessation
of night overflights., The Ldn outrnide values before and after
cessation are 85 and 83. The marked decr~ase in level from 77
to 51 dB(A) or 26 d#(A) hetween the hours of 2300 and 0A00 is a
direct result of the rerouting of night operations. Typical
inslde nolse levels during the same perlod were 52 dAB(A) before
cessation and 39 dB(A) after cessation of night overflights.
Recordings of davtime nnlses insid:z the houses were not made,
however, estimates of Ly, values were 60 dB(A) before cessation
and 59 dB(A) after cessation.

Figure 6 shows a simlilar trend in decreased noilse levels
inside homes after sessation of nocturnal flyovers. The measured
nolse events 1ncluded flyover:c, traffic and interlor residential
nolses before the cessation, but tmostly "people noises" (i.e.,
movement or coughing) menerated inside the house after the
cessation. As may be seen in Figure 6 the mean number of events
per hour in the 5 dB interval centered at 80 dB/A) before
cessation of flyovers was 1.2, or 8.4 events during the time
period 2300-0600. The average duvration 10 dR down from the
maximum level was 8 seccnds. After cessabion of flrovers, the
mean number of evénais in that interval declined fto 0.2 evenis

~10-
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One Week Before Landing Cessation
secsensccesss Immediately After Landing Cessation
o oo == == Three Weeks After Landing Cessation

2,9

-—l
L8]

Avercge Events per Hour
¢ o

h LK q. lllllll
| 1 i y ==t
50 40 70 890 90

A-Welghted Sound Pressure Level Tn decibels re 20 #N/m>

FIGURE 6. NIGHTTIME NOISE LEVELS INSIDE HOMES BEFORE AND
AFTER CESSATION '
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per hour, or 1.4 eventn over seven hours. The average duration
of these events wa3 less “han on: cecond. Two we:ks later,

the hourly average number of events was 0,14, or .98 per night,
Again, the events had an average duration of less than one
second,

B. Analysis of Sleep Records

The amount of time spent in each sleep stage, the average
number of awakenings per night, sleep latency, and REM latency
were determined from the sleep records. The magnetic tape used
to record sleep electrophysiclogy unfortunately ended before
morning occasionally, causlni a loss of approxlimately one per-
cent of the data. No data were lost before cessatlon of flyovers;
however, two nighta' records ended prematurelv in both the second
and third experimental sessions.

Flgures 7 and 8 show the average lencths of time spent in
each sleep stage for the three measurement sessions. In Filgure 7,
sleep stages are condensed into three categorles: 1) Total Sleep
Time (including waking, movement, sleep Stages 1 through 4, and
REM), 2) Deep Sleep (Stages 2, 3, 4, and REM}Y, and 3) Light Sleep
(waking, movement, and Stage 1). :

Among the differences observed in these data were a 16
minute increase Iin total sleep time after cessation of flyovers
(t = .50, df = 21), an additional six minutes spent in deep sleep
after cessation of firovers (t = .18, df = 24) and approximately
17 minutes additional time spent in light sles three weeks after
cessation of flrovers than at earlier times (£ = 1.72, 4f = 21),
Independent t-tests of these difforence: failed o indl:ate ota-
tistical significance at the five percent level of confidence,

~16-
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Amounts of time spant In eaeh slecop shage ars dlsplaved
in Pipgure 8 and Table I1 for the three data collechlon sessions,
These data Iindicate l1little changé in the amounty ot time spent
in the various stages before and after ~limination of nighttime
flyovers. a3 may be noted in Table II, approximately 50 percent
of total sleep time was spent ln Stage 2 during all three mea-
surement sesslons. Percenktapes of time spent in Stages 3 plus
4 increased from 11,6 percent before flyover cessation to 16.5
percent immediatel, after, and te 14,6 percent three wecks after
cessation.

The average number o1t awakenings before and after nocturnal
flyovers were discontlnued is plotted in Figare 9 by individual
subject. The average number of awakenings was observed to
Inerease by 31 percent three weeks aftor cessatlion of flyovers.
Agaln, however, this difference falled tn achieve statistical
significance (for t = 1.18, dAf = 9 a% .0% level of confildence).

C. Noise Levels and Sleep Physiology

The relationship between nolse levels and the relative
frequency of shifts in sleep stages ls plotted in Figure 10. The
line depilcting "After Landing Cessation" is a summation of the
percentage of total events immedlately after cessation and those
measured three weeks later. This combination s=ems reasonable
in view of the lack of significant dlfference in the amounts of
time spert in deep and light sleep durlng these two measurement
periods and the paucity df events after cessation.

Both the upper and the lower graphs demonstrate sleep
stage shifts into either Ilight or deep cleep due to changes in
noise event levels. The averacge relativre freguenc of a sleen
stage shift into Iighter sleep durirs the period of latzenirht

~18.



TABLE II
AVERAGE AMOUNT OF TIME (IN MINUTES) SPSENT IN VARIOUS SLEEP

STAGES
IMMEDIATELY
BEFORE AFTER THREE WEEKS
LANDING LANDING AFTER LANDING
CESSATION CESSATION CESSATION
SLEEP STAGES MEAN g TST* MEAN % TsT MEAN 3 TST
WAKING 20,1 5,0 19.6 4.8 3).4 7.5
MOVEMENT 9.8 2.4 9.9 2,4 7.5 1.8
1 10.8 2.7 12.3 3.0 18.6 4.4
2 228,3 56.3 213.9 52.2 207.4 49.6
3 38.2 9,5 45,6 11.1 42.3 10,1
4 B.4 2.1 22,1 5.4 18.7 4.5
REM 86.6 21.5 86.0 21.0 93.9 22.5
TOTAL SLEEP 402.2 100.0 409.4 100,0 418.2 100.0
TIME
DEEP SLEEP 361.5 89.9 357.6 89.8 362.3 86.6
(2+3+44+REM)
LIGHT SLEEP 40.7 10.1 41.8 10.2 57.5 13,7

(W+M+1)

*TST = Total Sleep Time
(W+M+1+2+3+4+REM)
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flyovers was .12, After nocturnal overtflights ceased, the
relative frequency of sleep stage shifts was 0.18. A one-way
analysis of varlance falled f£o establish the statistlical signi-
ficance (F = 1,20, df = 1/10) of these findings at the .05
level of confldence. On this basis the resulting percentages
before and after ceasation of flyovers were comblned to produce
an average relative froauency of sleep stage change of 0,14,

The obposite trend was observed for the relatlve frequency
of shifting Into deeper sleep stages due to variations in event
noise levels. The average relative frequency of sleep stage
changes before cessation of flyovers was 0.10; after cwessation
it decreased to 0.07. Combining and averaging before and after
results produced a mean relative frequency over noise level of
0.09,.
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IV. DISCUSSION

A. Discussion of Noise Analysis

The analysis of the nolse data demonstrated that the inde-

pendent varlable (noise exposure) did indeed behave as anticipated.

The cessatlion of flyover nolsc between the hours of 2300 and
0700 in fact greatly reduced noise levels to which the test sub-
Jeets were exposed. The daytime nolse lewvels vere unaffected

by the change in landing prcsodure, However, combining both
nighttime and daytime levels, the resultant Ldn values were re-
duced by only 2 dB(A) for outdoor measurements. Estimates of

L for indoor noise suggested a reduction of only 1 dB(A).

dn

A social surveyr undertaken at the same time as the current
study gives additlecnal information on human perception of the
effect of reduc~d noise exposure in terms of Ldn‘ Fildell and
Jones (Ref., 3) report that less than half of the residents sur-
veyed in the high nolse exposure neighborhocd claimed to have
noticed any change In number of flights near thelir homes after
cessation of nocturnal overflipghts, and that the remainder of
residents were about equally split between thinking there were
fewer or greater numbers of Tlights. The majorifty of respondents
in the same survey (about 70%) also reported greater annoyance
from alirecraff noise during daytime rathsr than nighttime hours,
both before and after the cessatlon of cvorilivhts at night.

Thus, dlthough the changes in the zabjrets' nocturnal noise
environment occurred as expect=d, the eif7ecfis of the changes on
a daily basis were relatively small. The simllarisy in daily
neighborhood noise exposure before and after the airport pro-
cedural changes may have delayed habituvation to the reduced
nighttime exposure.



B. Discussion of Sleep Analysis

No rconsilstent pattern of dramatic Improvemsnt in sleep
gquality emerged from the chanme in nocturnal nolse exposure.
Mean differences 1ir amounts of time spent in ecach sleep stage,
and the average number of awakenlngs before and after the change
in nolse exvosure were nclther large nor statistleally signi-
flcant. Some of the observed differcnces were in a direction
consistent with the hypothesls that relief from noise exposure
improves sleep qualitr, however, these differences were not
statistically significant at the .05 level.

The principal reason that obgerved differences in sleep
behavior before ana after the change In nolse exposurs did not
achieve statistlcal slgnificance at the .05 level of confildence
was that the differences wera falrly small. Independent t-tests
of the sort employed were sufficlently powerful (sensitive to
small effects) that the probeability of improperly ignoring legl-
timate differences in the data was negligihle., The small size
of the observed difterences, in turn, may be attributed to two
factors,

First, the time coursz of habituation io a new nolse environ-
ment may be long with respect to the measurement period of the
current experimen“. Thilessen (Ref. !) has noted a continuing
nightly decrease in number of awakenings assoclated with a
constant noise regime over a 24 night festing weriod. Thiessen's
subjects awoke less frequently after three and a half weeks of
adaptation, sugegesting that complete habltuatlon may require yet
further time. Thus, after an average of four years' crposure to
Jet landing noise, lmprovements in sleep quality may requlre more
than a few weeks of relief. If sleep gmallty imnpoeveg only after
a longer period of relief from neice exposurs, then measurements
at that time might reveal differences nol rresent in tho current

data.
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Second, it seqoms possible that the sleep of the experimental
subjects was abnormal both before and after the change in noise
exposure, Those who secored the sleen records felt that both the
perlodicity of the REM cycle and the high frequency of movement
from one sleep stage to another was highly lrregialar. Attempnting
to discern luprovements in such abnormal sleep may be tantamount
to attempting to deduce the normal from the pathological.

The other major rs=ason that differences in sleep patterns
dld not achleve statlstical significance was the variablility
within and between subjects in the study. Standard deviations
of many of the measures of sleep (time in each stagr, latency,
etc.) were often on the same order as the mean differences, and
occasionally larger. Very large samples (on the crder of hun-
dreds of subjects) are required to achieve statlistical signi-
ficance under such condl-ions. Of course, data ceollection on
such a grand scale 1s of guestionable valuc, 1 the poal is
merely to demonstrate the improbability of random explanatlons

for small effects.

To determine whether scoring procedures or cther methodolo-
gical considerations could have contrivuted to the small size of
mean differences and great variablility, the current data were
compared with those reportad by Pearsons et al. (Ref. 1). Figure
B8 is a plot of the comparison of time spent in e=ach sleep stage
in the two experiments, With the exception of a marked difference
in the amount of time spent In Stage 1, general agreement was
good, The difference in time spent 1n Stage 1 was significant at
the .05 level of confidence (t = ",75, df = 19). Although littie
is known about the stability of sleep patterns over velatively
long periods of time, the overall simllarity of resulis cuamest
that procedural matters alone wers probabl: wnt respengible for
the findings of the current study.
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Another limited form of independent confirmation of the
reasonableness of the current datz 1s available by comparison of
awakening data (Mlgure 9) in the current study with data pro-
duced in a separate study conducted at the same time. Pearsons
et al. (Ref. 5) recorded the number of behavioral awakenings
(defined as depressions of a badside response button when awa-
kened) 1n the same neighborhood and during the same nights as
those of the current study. One subjec” aectually partlecipated in
both studles; her average EEG-scored number of awakenings per
nlght over u one week period was 3.0, while her average number
of behavioral awakenings wag 3.1 per night,

Systematic analyses of the sleep latency (time from onset
of the record to =ntrv of Stage 2 for at least five minutes) and
REM cycle data were pracluded by the great variabllity of the
data. Sleep latennsy analysls could have been migleading since
not all subjects reached Stages 3 and 4 sleep for the sam: number
of nights in the varlous data collectlon periods., The variability
between and wlthln subjects in the time from the start of one
REM eplsode to the start of the next REM episode was also too
great to support any cstatements about the mean time between cycles
before and after the change In nolse exposure.

C. Discussion of Noise and Sleep Analyses

The absence of substantial differences in sleep quality
attributable to the marked change in noise exposure prompted a
more mlcroscopic examination of the sleen data,., Figure 10 summa-
rizes the results of such an analysis. The data plotted In the
figure represent the numbz:r of times that the subjects! sleep
shifted from one stase to another withiln 60 seconds of fthe
occurrence of a nolse event of a given magnitude., The upper plot
shows no systematic trend of shifting into n lighter sleop shapge
following a noise eveni, whlle the ilower pilct shows no srystematie

trend of shifting into a deeper sleep stage folicwing a noice event.
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Interpreting these relative frequincles as probabllities,
there would seem to be no uniform effect of the magnitude cf
nolse exposure on the probability of sleep dlsturbance during
any of the three data collection periods. Thus, the finding of
no significant differences in amounts of time spent 1in light or
deep sleep during the three data collection periods 1ls corro-
borated by the absence of any effeat of noise level on sleep
stage shifts.

This filnding 1s at variance with that of Thiessen (Ref, 4),
who noted that the relative, frequency of sleep stage shifts 1in a
24 night study increased wilth exposure to high-r levels of noise
Intrusions. Once again, however, the differen:cs between labor-
atory and residential scttings mis® b2 borne in mind, The after-~
math of four years'! exposure to Intense zireraft nolse might
easlily persist for a month. Altcrnntivaly, it might also be
the ¢ase that unfamiliar neighborhood nolses unmasked by the
absence of ailrecraft nolse constituted a "novel" noise environment
for the test subjects. Adaptation to newly-heard background
nolses in the nelghborhood might have lengthened the time course
of adaptation. The ymfamiliarlity of traffles or exterior resi-
dential noises might have been associated with the observed
increase in number of awakenings after cossation of liate night
aircraft noilse.

It would be premature to infer from the onrrent study that
there are no serious consequences of nozturnal noise inftrusions
on sleep quality. It would be aulte irvaveyosneiate, in fact, to
base criteria for nooturnal noise exveours urew data colle - ted

exclusively rom samples cimllar fo P nrecconi ramnle, 4 major
factor to take wwiler consoleratisn 1n that fhe sosnlaticor from
which the present sample was dravm wars abvricnsls deviant from the
population of the United Ofates as = vboale, 2ipnee 1t ~onsists
primarily of peonle uha have manags:rl to adant to o oitreme noise

environment.
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Apart from the 1ssue of how representative such airport-
neighborhood samples may be of the rest of the American popu-~
latlon, 1t 1s equally importsnt to consider whether people
should have to adjust to a nolsy environment.



Y. CONCLUSIONS

On the basis of thls study which emplo&ed 8ix people who
had been living underneath the approach path for the Los fAngeles
International Alrport for at least two years it was conecluded
that:

1) Subjects' homes under study decreased 13 dE(A) during
nighttime hours.

2) Mo dramatic changes in sleep patterns were observed
either immediately after a marked chance in nocturnal nolse expo-
sure or approximately a month thereafter.

3) Mo strong relationship was observed betwesn nolse level
and sleepr dilsturbance owver the raw~e from 60 to 90 dB(A}.
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