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Twelve subjects were each exposed to the noise of passing trucks at peak levels of 45,
50, 55 and 60 dB(A) for 15 min intervals throughout the night each for seven to 12 nights.
Effects of the noise were observed by sleep electroencephalograpy (EEG). Three EEG
parameters were affected by the noise event during stage 2. The number of spindles per
epoch was depressed on average from 1-78 to 1-02 spindles per epoch or to 57% by the
noise event of 60 dB(A), which lasted for only one minute. The threshold level for inducing
the decrease was 32 dB(A), as assessed by a regression equation. Time % delta wave was
depressed for six minutes, with a threshold level of 41 dB(A). The integral EMG increased
in response to the noise event for one minute, and the threshold level for the integral EMG

was 34 dB(A).
© 1997 Academic Press Limited

1. INTRODUCTION

Several papers have reported the effect of noise on sleep electroencephalograms (EEGs)
[1-4]. The effects of actual road traffic noise at L., 46-7 dB(A) on sleep EEG was observed
for a total of 72 nights in an apartment room facing a busy road used by about 30 000
cars a day. The only significant effect on 22 parameters of the sleep EEG in five subjects
was a decrease in total REM sleep time. The result of that study suggested that the
minimum effective level of traffic noise on all-night sleep EEG was L., 45 dB(A) [3].

An assessment of the instantaneous effect of a passing-truck noise on sleep was then
attempted by examining the subjects’ EEG and the most sensitive change observed in
response to noise was reported as being in stage 2, and the least sensitive change in stage
REM [6]. Peak truck noise of 45 dB(A) changed 12-9% of stage 2 sleep to shallower stages,
and 60 dB(A) truck noise changed 23:6%. The rate of change in the control was 4-3%.
The change to shallower stages lasted only one minute just after exposure to the noise of
four passing trucks. The change was the result of a decreased number of spindles in each
epoch caused by exposure to three levels of passing-truck noise: 55, 60 and 65 dB(A) [7].
The number of spindles increased in the other epochs unexposed to noise, leading to an
increase in the total number of spindles during the nights the subjects were exposed to
noise. This may be a compensatory mechanism to maintain sleep of the brain on noisy
nights [6, 7].

Changes in sleep EEG caused by the four peak levels of passing-truck noise of 45, 50,
55 and 60 dB(A), will not be reported as changes in stages [6] but as changes in three
bio-electric parameters: number of spindles, % delta wave, and the electromyogram
(EMG).
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2. SUBJECTS AND METHODS

Twelve men aged 19 to 21 years were allowed to fall asleep in a bedroom and then
exposed to noise while asleep. Their EEGs were recorded. One subject was exposed per
night for seven to 12 non-consecutive nights. The subjects had normal hearing, and had
been told neither to nap during the day nor drink alcoholic beverages.

EEG celectrodes were placed according to the international 10-20 method. An EEG and
an EMG were recorded by using the telemetry system of Nihon Kohden Company, Ltd.
Sleep stages and parameters, including spindles, delta waves, and EMGs, were analyzed
with our computerized EEG analysis system [8] according to Rechtschafffen and Kales [9].
Road traffic noise was recorded in a room of an apartment with the window open. A
representative passing truck noise with a peak level of 65 dB(A) and a duration of 20 s
was chosen. The peak sound level by octave band analysis was 54 dB at 2 Hz. The volume
was reduced to four peak levels of passing-truck noise: 60, 55, 50 and 45 dB(A). The four
levels were edited in the order of 50, 45, 55, 55, 60, 45, and 50 dB(A), with intervals of
15 min, so that one cycle lasted two hours [6]. If a subject slept eight hours, he was exposed
to 32 noise events. Exposure was continued throughout the night. Background noise
level in the bed room was L., 30 dB(A). No air conditioner was used during the months
of the experiment, conducted in the spring and autumn for three years to obtain sufficient
data for the analysis. Noise events that occurred during stage 2 accounted for about
two thirds of the total epochs of about 1300 a night. Only the EEG recorded when
noise occurred during stage 2 was analyzed in this study. Thus, each level of peak noise
occurring during stage 2 was picked up from the EEG of 12 subjects for each seven to
12 nights, which amounted in total to 500 events or more for each level of truck-passing
noise.

3. RESULTS

The average number of spindles per epoch in stage 2 decreased in response to the four
levels of passing-truck noise, 45, 50, 55 and 60 dB(A), from 1-85 to 1-32, 1-85 to 1-35, 1-78
to 1-12, and 1-78 to 1-02, respectively. There was an average of 534 to 570 noise events,
and the percentage decreases were 26%, 27%, 37% and 43%, respectively. It took one
minute to recover to the pre-exposure number of spindles per epoch (see Figure 1).
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Figure 1. Average number of spindles/epoch in sleep EEG, before, during and after a passing-truck noise

exposure of four peak levels: 45, 50, 55 and 60 dB(A). One epoch is 20 s. Noise events occurring during stage
2 are presented. —[]—. 45 dB(A), 534; —@—, 50 dB(A), 558; — x —, 55dB(A), 570; —O—, 60 dB(A), 563.
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Figure 2. Average time % delta wave/epoch in sleep EEG, before, during and after a passing-truck noise

exposure of four peak levels: 45, 50, 55 and 60 dB(A). One epoch is 20 s. Noise events occurring during stage
2 are presented. Key as Figure 1.

The decrements of number of spindles per epoch (Y) were plotted against the four peak
levels of passing-truck noise (X), yielding the regression line Y = 0-:0272X — 0-858
(r» = 0-951). A minimum effective peak sound level or threshold level of 32 dB(A) was
calculated by the regression equation.

% Delta wave per epoch first increased sharply (K-complex by noise), and then
decreased at the peak truck noise levels of 55 and 60 dB(A) for 6 min, thereafter recovering
almost to the pre-exposure level (see Figure 2). The decrease in % delta wave per epoch
at 45 and 50 dB(A) was about one-third of those of 55 and 60 dB(A) and lasted only three
minutes. Decrements of % delta wave (Y) were plotted against the four peak levels of
passing-truck noise (X), yielding the regression line Y = 0-056X — 229 (r* = 0-894). The
minimum effective peak noise level for % delta wave decrease was calculated to be
41 dB(A) by the regression equation.

Passing-truck noise gave an effect on the EMG. This is shown as the integral voltage
of the EMG in Figure 3, which shows the changes before, during, and after a passing
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Figure 3. Average integral EMG/epoch in sleep EEG, before, during and after a passing-truck noise exposure

of four peak levels: 45, 50, 55 and 60 dB(A). One epoch is 20 s. Noise events occurring during stage 2 are
presented. Key as Figure 1.
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Figure 4. Average increment of integral EMG (Y)/epoch plotted against the four peak sound levels (X) of
passing-truck noise. The regression equation is given in the text. The threshold of the increment is 34 dB(A).

truck-noise event at the four peak levels. The louder the passing-truck noise, the larger
the integral EMG. The change lasted only one min (see Figure 3). The increments of the
integral EMG from stage 2 (Y) were plotted against the four peak levels of passing-truck
noise (X) (see Figure 4). The regression line ¥ = 107X — 3580 (> = 0.994), indicates that
the minimum effective peak level of a passing-truck noise is 34 dB(A).

4. DISCUSSION

In the previous experiment [7] on excessive exposure to noise from passing trucks, the
spindle decrements were 43% and 62% at 60 and 65 dB(A), respectively, which indicates
a reasonable and continuous decrease in spindles in the present experiment. The minimum
level causing a spindle decrease, the threshold, was estimated by extrapolation from the
regression equation to be 32 dB(A). This level almost coincides with the extrapolated stage
shift and waking values on the EEG in the passing-truck noise exposure experiment by
Thiessen et al. [10-12].

Transient increases in the delta wave have been reported in response to peak noise
exposure [13], even though its total decreases in all-night sleep [14]. Peak truck noise
depressed the delta wave for six or more minutes in the present experiment, which could
lead to depressed delta wave or slow-wave sleep in all-night sleep. The threshold for the
transient effect of truck peak noise on delta wave was 41 dB(A), lasting for several minutes.
Kawada [12] concluded that the threshold value for the effect of noise on all-night sleep
is 40 dB(A) based from five reports on the subject.

The integral EMG had the closest dose—effect relationship with the peak level of
passing-truck noise exposure. The origin of the EMG is not exactly known. It may be that
a physiological reaction to a sound stimulus shows a close dose—effect relationship. Part
of this muscle reaction is attributable to facial muscle contraction, movement of the digits,
or to gross body movement. Body movements in response to intermittent noise events have
been investigated by Ohrstrom and Rylander [15, 16]. The muscle contraction resulting in
the body movements may be one of the most sensitive parameters of a noise event. In the
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esent study, the minimum effective peak truck sound level for the integral EMG was

34 dB(A). This threshold is based on the data of sleep parameters recorded when the event
occurred during sleep stage 2. The threshold was 41 dB(A) when the noise event occurred

in
ev

stage 3 or 4. It could be concluded from this that the observed EMG reaction to noise
ents is less sensitive in sleep stage 3 or 4 than in stage 2.
More integrated studies are needed to evaluate the effect of noise on sleep, including

the elemental parameters of the EEG, sleep stage, performance after sleep, and subjective
sleep ratings, including the compensatory mechanisms in the brain for exposure to noise
and habituation to noise.
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