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Fig. 2. Reaction rate after exposure to infrasound
and low frequency sound with several band
frequencies at each sleep stage. Reaction to
infrasound and low frequency sound means (a)
change to a lighter sleep stage in case of non-
REM sleep, (b) change to non-REM sleep from
REM sleep, (c) occurrence of body movement.
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Fig. 3. Reaction rate after exposure to infrasound
and low frequency sound with several band
frequencies at each sound pressure level.
Reaction to infrasound and low frequency sound
means (a) change to a lighter sleep stage in case
of non-REM sleep, (b) change to non-REM sleep
from REM sleep, (c) occurrence of body move-
ment. *, p<0.05, **, p<0.01.
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Fig. 4. Effects of exposure to infrasound and low
frequency sound with several band frequencies on
the sleep efficiency index (Total sleep time/Sleep
period time). Sound stimulus was delivered in
the 3rd, 4th and 5th night, but not in the 2nd
night. Each value represents the mean+SEM.




BEEES L UTHESOBEANDSZED g 513

HER L REREOBIZIEEENRD Sk o7
B, REBERTIENTY FREPMINL T, K6
E2E» OB RETOEEREICE T 2 BRERET
HEEZRLZ, BEEOEI~5KITBIT 5 SW,
82, S3+4 DHRMEREROHBRIMBEEOFE 2R E
ORIz ERED s o708, SI OHBEERIIESK
T7.5+1.0% %R0, HBED 4.4+10. 7% LEE
WMLz (p<0.05).

1. EEHERERE OER~DRE

1. ARFRROMEREM 1 (S1) TOBEHEMTEE
BEOREBORE

RICARFICBII 2SI TOBRESRE o+ 20
REEBEDOEILDOHEFELR L, 25 Hz~1.6 KHz, &
JE 40 dB ORIBUC L T 33% M2 EEE L, 50%28
—EBWICHEEEL, /- 17%D A S2 12T L 7. 50dB
T S0BHTEEHEL, B O 50% i — @0 EE:
RUk. 72, BE60dB QAR TIE, 100% 0T
A UAR

2. RERIREEFE IS 2 BEERZER T I T2
RISDFEEE (BEE) ~OBFEOHE

-
o
1

(=2
(=]
T

o
(=]
T

S
o
T

Number of changes in sleep stage

S\

1 1 1 1
2nd 3rd 4th 5th
Night

Fig.5. Effects of exposure to infrasund and low
frequency sound with several band frequencies on
the changes in the sleep stage. Sound stimulus
was delivered in the 3 rd, 4 th and 5 th night, but
not in the 2 nd night. Each value represents the
mean+SEM.

Fig.6. Changes of the proportion of each sleep
stage to time in bed induced by the exposure to
infrasound and low frequency sound with several
band frequencies. Sound stimulus was delivered
in the 3 rd, 4 th and 5 th night, but not in the 2 nd
night. Each value represents the mean=+
SEM. * p<0.05, compared with the 2 nd night.
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Fig. 7. Reaction rate after exposure to synthesized
traffic noise at each sleep stage. Reaction to
synthesized traffic noise means (a) change to a
lighter sleep stage in case of non-REM sleep, (b)
change to non-REM sleep from REM sleep, (c)
occurrence of body movement. *, p<0.05, **,
p<0.01
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Abstract

This study was performed to evaluate the effects of infrasound and low frequency sound on
sleep. Healthy students were exposed to sounds which consisted of 10~20 Hz, 10~40 Hz and 10
~80 Hz at sound pressure levels of 50, 60 and 70 dB, and an electroencephalogram was recorded
throughout their sleep. In addition, the same subjects were exposed to synthesized traffic noise
with peak sound pressure level in low frequency range (combination of low and audible
frequency) at 40, 50 and 60 dB (L;,). There were no significant differences among the three types
of infrasound and low frequency sound with band frequency in the reaction rate at each sleep
stage. In general, the reaction rate was the highest at sleep stage 1 (SI) and the lowest at sleep
stage 3+4 (S3+4). Only on the last experimental night, the proportion of S! to time in bed was
significantly increased compared to the control night. However, the sleep efficiency index and the
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numbers of changes in sleep stage were not affected by the exposure to sound used in this
experiment. These results suggest that, (a) the effects of infrasound and low frequency sound with
band frequency were evaluated to be remarkable in the frequency range of 10 to 20 Hz in cases of
levels under 70 dB, (b) the lighter the sleep, the more affected by the exposure to infrasound and
low frequency sound, (c) the effects of exposure to infrasound and low frequency sound with band
frequency are transient and the pattern of sleep is little affected. When the subjects were exposed
to the synthesized traffic noise at each sleep stage, the sleep was the most affected at a sound
pressure level of 60 dB and the least at 40 dB.  As concerns S1, however, the reaction rate reached
up to 51% after exposure at 40 dB. Except for 40 dB, the reaction rate was the highest at S1 and
the lowest at sleep stage REM (SREM). Neither a decrease of sleep efficiency index nor an
increase in numbers of changes in sleep stage were observed. On the other hand, the proportion
of S3+4 to time in bed decreased significantly at the first exposed night. These results suggest
that, (a) the lighter the sleep, the more affected by the exposure to synthesized traffic noise, (b) the
effects of exposure to synthesized traffic noise is not transient and the pattern of sleep is
considerably affected.



