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4 ZDT AT L N—%BKAKFEE2] ATA THe-0 RE T ICEEE ¢ 2EER%19774E11H 8 H» 5 [AF
12A12B £ CTEMBL 2o ZOR, AEMERIREZR) 7772 H0Cicst L, SEREAHEIRE & HEeRRE
HRIZ5 2 A ionW TR 21T - 40

4 ZOKEEIRIEAIE, WE, 2 ATA (He-02) TI3 F1#440min TH 0, 16 ATA KL U21 ATA (He-
O2) TIXEELEY (410min) AH S50 7-8 DD, REMEER 2L, EEBMA 8L TEREEIA SN H»
o 1

16 ATA &21 ATA CTHEE 53D &7 L 72 NREM EEiRIE, He 7/E & REEE 125 WERARRYD 5 /s,
DR, HEERNSRE SERMAOMIZE AR L2, L2V HBRBGRIRED s hiz,

CORBTITARBDTAN=1326HMIIb2>TEZSNIEEXRITL 2o £ KEERDORY) 75
7RSS 515 5 - BEIRAE, B0 LT, RHOEXR KLY /-1 &) 2EEREIED S g,

5 S

Sleep cycles in 21 ATA He-Oz Environment for men.

2

Kunihiro Seki, Hideaki Nakayama

The modification of vigilance level and motivation which hinder the perfromance are
observed in divers exposed to hyperbaric helium-oxygen environment. Seki (1976) showed
from the psychophysiological study that disturbed sleep caused these problemes. If the
quality and quantity of sleep of divers are evaluated and measures taken to cope with the
situation, they can comfortably sleep and work in hyperbaric helium-oxygen environ-
ment. In this study four divers (33-38 yrs) lived in the chamber simulated at various
depths (2 ATA for 4 days and 1 —21 ATA for 26 days, Po, =0.4, PN, =0.8 atm) of
sea water. Divers went to bed at 23:00and woke up at 07:00daily. Measurements of
sleep status (EEG, EOG, EMG, ECG, respiratory rate and rectal temperature) were
polygraphically recored for each subject from 23:00 to 07:00 during the experiment.

Each record of the EEG in sleep all night through was scored using the criteria outlined
in Rechtschaffen and Kales (1968). The average total sleep time in four divers at pre-
dive, 2 ATA, 16 ATA, 21 ATA, decompression and post-dive was 438, 449, 427, 411,
418 and 420 minutes, respectively. With the dive and the stay in the confinement envi-
ronment, the total sleep time decreased slightly. The average wake time through the
night significantly increased at pre-dive and 2 ATA about two or three times compared
with that of about 25 minutes during other periods. The total time of sleep stage
(I+1) was 260 minutes at 21 ATA and post-dive. Exposed to helium-oxygen enviro-
nment, the total time of sleep stage ( [ +IV) was about 10 —20 minutes shorter than the
112 minutes during the pre-dive and post-dive periods. The average REM time did not alter
through all the periods.

"R ED

*2 Manned Undersea Technology & Engineering Department.
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Dlve proflle and environments parameters
(SEADRAGON-II .21ATA, Nov. 1977)
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X1 TANIAN—DOEGEESE (V—F
S, 1977)

Physical characteristics of subjects (SEADRAGON- [I, 1977)

FAMAR—- F% B K&  REm@iE
Subject Age Height weight Surface Area
(Yrs) (cm) (kg) (m?)
A 34 182.0 86.0 2.10
B 35 163.0 61.0 1.67
C 34 168. 4 61.0 1.71
D 38 170.5 69.7 183

£2 ERWEBOHEE (—F3T]
19774111

Daily activity schedule inside the chamber (Seadragon- I
NOV. 1977)

i3 H &

Hours Activity
07:00 HBECH, 5 1 [nlEis B a1, (3%:1)

B. M. R.; Rise out of bed First biorhythmic measurement;

Oz {fiiﬁ PRI (10ml)

oxygen mnsumption: Draw venous blood sample {10ml) :
TR{E, - HREIEIRAZE
Bag feces; Subjective symptoms test of fatigue.

08:00 #&

Breakfast

09:00 KHpfES

Underwater activity or physical exercise.

11:30 % 2 ey 43251

Second biorhythmic measurement.

12:30 E®

Lunch

13:30 Kke{E¥

Underwater activity or physical exercise.

16:00 5 3[BT 64 H2 &1l

Third biorhythmic measurement.

17:00 #y Y775 A b, & LERE, BREBHEGHE

Tapping test; Manual Dexterity test; Choice reaction time
AN O A — & —
test; Spirometry.

18:00 Y&  EEEIREE

Supper ; Subjective symptoms test of fatigue.

19:00 Ay
Bath

20030 554 [alERFA AR

Fourth biorhythmic measurement.

21:30 BBZE T A b, ¥4 —-8ET A b

MNoise test ; Diver communication test.

23:00 ¥L%E, BEAROAE A

Retire to bed; Overnight electrophysiological recording

for sleep.

ERFEEHR], fogk, OEBX, WE, 1R

171 Biorhythmic measurement: EEG; EOG: Tremor; Respiratory

B, B, AEFHH,

rate ; Rectal temperature; Measurement of body weight ;

.[ﬂ].r:E-: ?;Em: 5 IJ o ;tl‘ -
Blood pressure; Empty urinary bladder; C. F.F. (Flicker) .

FRENLTCF oA L, HREs 4 7%

WEtCEREEEL -, F AR IR PR
i

(1) MO EBEMEZ O, B8, b LU TFH
1%, ROSTAIN 5 %Y Bz k57, B
X, MT BBl DgetEMm 2 BEE N ICHER L,

JAMSTECTR 3 (1979)

$tLimAEEKE FicH L, chraud it v CH
E L, JEEE IS L - EicERIE A &
B L7, BEREMIE, A¥EKROFIEEE— PO [E
o El—fEIBEA, BIEEP—RERZEICEE L, M
i R O

(2) BERBERXIIEREGIERAFERL, £F
HRS Az & L, KFEHBIUEESEDIREK
EE 2 kL o

(3) PEXIIEHABINEREFERL, & M4 A
FROE) & 208k L -6

(4) DHEBIIYy 7 7 v TENRE W TR
BEL -,

(5) MPIRMIZBECEE L2 —3I 25 -2k 3
MR AR & BCER L 720

(6) EMREIZYSI m46RIZFHR L /2,

(7) MRIGEEIRD AR 75 7 @BATIIEEHE TIT 2
VS, BEEEEYFE 1Y RECHTSCHAFFEN & KAL
ESY OB ETHIEL 720 Bk, HWEBAL 131
mh & L 72,

(8) BERRELAIX DEMENT & KLEITMAN? o
X5 icfév, NREM BEIEBESS» 5 REM BEIRK
TETz, BRI LT—RFHEE L/,
A%DTANTAN—%[EIFICFHRAIL 722°, &

MOBERY, BEYRED, SEPERIBHEE L, H

EPREEE -2 b7 LAPL, 2O

SLEEEREZD OB TZLIIL Ao,
¥ -BERFH & B R IR L BT 5720

iR OBEIRIZDWT, 2%, HEEDFRS, HiE

BORS % E A ERE AU THREY s, &

HRAE, AHRREZZ & & OB 1T - 720

3. & R

X2, M3, X4 LUK 21, EERIRP
DRERRME > FARE AR L 72,

Zns DRI HYE 54 777 7 4,
MEERIZ T A 5 1 HOMREEEIRIER AP IZ L D 5 &
IRERFEDEFRIZ /R T, & ¥, 2D EiZiE, NREM
Hl& REM HRRIZX U, O, TR s LU
BTN T CcOBRIZOVTIZZZTIESARN
Z Wy,

Z3BLUFRAITRT &2, HIEHEIRRER S
480min 12 5 O 2 fRRERRAER S, BHMEICL T
ETE% 5, 4 20FH3, EMHHEE (PRE—
DIVE) T438min, 2ATADHe-0. R T 449
min, 6 ata T427min, 21ATAT, 41lmin, /T
HAC 418min & & VB REEHAC420min TH - 7=,
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Sleep stages of graphic represeutation of uisually
analyzed data on subject A, (SEADRAGON-II
21ATA. NOV. 1977)

(BREB, > —F73-11, 21ATA,
1977511 H )

Sleep stages of graphic represeutation of uisually
analyzed data on subjec: B {(SEADRAGON- II
21ATA, NOV. 1977}

£33 O0HRO4 ZOMHEETLEICE T ABIREREX S & % OBEIRIFRI (¥ — 7TV 11,19774:11H)

Mean and SD of sleep stages and sleep times during six periods on four subjects. (SEADRAGON-II Nov. 1977)
SLEEP STAGES
A 2 ATA 16 ATA 21 ATA R E | REEBE
. POST- DIVE
8 B PR R PRE- DIVE DECOMP
TOTAL SLEEP N MEAN S. D N MEAN S. D N mEAN S. D | N MEAN S. D N MEAN S. D N MEAN S. D
T 12 438 24 | 12 449 32 | 32 427 44 | 12 411 44 | 32 418 34 | 12 420 37
L g 927 22 | 11 21 24 | 28 52 47 | 12 62 37 | 30 50 27 | 11 70 37
IT4+0| 8 226 42 | 11 269 49 | 28 251 49 | 12 208 59 | 30 220 39 | 11 204 39
NREM
mM+N| 8 114 39 | 11 8 46 | 28 8 28 | 12 101 43 | 30 99 30 | 11 112 22
REM 12 8 23| 12 98 19 | 32 8 25 | 12 8§ 21 | 32 94 23| 12 92 12

EHDHEK, HFWEERET TOHMKRIFR ATE

KT 212N T, Z OKBEERIREFRE ORI A 5N
Tmo F-AZ0OBMMERFILEDL 1 ATA > 5 16
ATAIZHNEL 2EBEH% (8 17%), EERHEOPH T,

163

REM BEIRSIFE OB A 5z, Uh L HER
BRI IX B LA B SN o7z, 16 ATAIZE L
EOREIIEIRL, 4208mE L L Lt
B L AR 2 MRREERAS R DD 2R Lz 2 DR
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Sleep stages of graphic representatation of uisually
analyzed data on subject C. (SEADRAGON- I1
21ATA, NOV. 1977}
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Sleep stages of graphi¢ representation of uisually
analyzed data on subjects D. (SEADRAGON- II
21ATA, NOV. 1977}

77 o Z AU HETEBRRR A O SRR BE ] 2 20min LI 12
MZAZEIZL-T, FKREFOMERNE # Bifi-

R TAZE Rl TWwb, /2, He-0IRE8

T OTEREIR T O BRE YRR R O BEIR N ER %
EESHAAFTHAZEERL TS,

%% REM BEARRF 1L, FEEREAM 28 L TZEL

H LN hol, 7=, ¥ REM MEIRAFE & 3250
BIRIEBEOESRE (n=111, r=0.367, P <0.05),
SR EH R PR A% wﬁsgﬁﬁft (n=112, r=—0.537,
P <0.01) i S A SN, 2D &R
%FHeOﬁ%ﬁFﬁ@Rmﬂ@%ﬁﬁmﬂwmf
VERRIFOESF R A S 3RFTH 5 &
ZREBLTWVWS,

NREM BEEEETIX, 4 ZO#MEDON, A, CH
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Significantly different on paired t test on sleep stages and sleep time during six periods on four subjects. (SEADRAGON- [ Nov. 1977)

SIGNIFICANT AT A LEVEL

3 B AR RE S
HE R AR R L NREM I+1

PRE- | 2 | 16 | 21 POST-| PRE- | 2 | 16 | 21 POST-| PRE- | 2 | 16 | 21 POST-
DIVE | ATA | ATA | aTA | PECOM I one | bive | aTa | ATA | aTA |PECOM | bve | owe | aTa | aTA | aTa | DECOM fppoe

=
PRE- DIVE * * ¥ ¥

2 ATA % %k k k |k k| k% * % * ¥ %k * %k

16 ATA % % k| sk sk

21 ATA

# £ RA
DECOMP

FEREE
POST- DIVE

NREM [+ N REM

% 5 B 58 .
PRE- DIVE

2 ATA

16 ATA %k % ¥ P <0.05

21 ATA % P <0.01

# £ HR
DECOMP

FEBE
POST- DIVE

BRaER U, #eE BIIRKE UZREIRIRRE & (R 4%

L7eo 724 BT ORBAHCILT + 1 4 1.1

BER & HE (n=99, r=—0.387, P<0.01), o 1l

HRIEIR (n=100, r=—0370, P<001) 1274 A -

B HHBEBGEA S 5oL L, I+ VAR & HI sl

VERREE ONBAE 1212, BEEMBIES 5 A ET MM -
Ehot T 1

FEARE 13, HARTMANNY AGNEW "% royig : i[ W LT

2 50min MECH BRI LELLNTVE, & I Wi _
SILRT LD IZ, AERTOEA & LUHEROH mﬁﬁ‘%“hmhm;'mnfﬁh
5HA (22X, | ATA) T% HARTMANN 50 & ] T }

% % %90min BEBICIZEEVE S R L 72, e L P L I

WEMMSLEER CYCLES

2 ATA @O He-0: IREET UL, &HT OEIRREIHA

DIEIMEE A A 5z, 16 ATA & L U221 ATA 6 6 LI 4 & OWRE T BT 5

TTIE, F1EHBIE2 ATADELEEERL, AR HA & BRARRSR (> — F o 2> -T0
55 2 FEIEAE L1413 20min 72 530min DD ER L, 21ATA. NOV. 1967) 77
_}H%Eﬂa c:% 4 E],E:H E «@@J—fﬁ%zu {:‘i—g— 2 & f§ h Mean of sleep cycles during six periods on four

subjects{SEADRAGON- II . 21ATA, NOV. 1977)

§ﬁ§ﬁ6mﬁT£ﬁtiH&Oﬁﬁﬁﬁmiﬁg
RREIRT 6 FEAD R R 2 HEIRIE 2 T 28 m A

%"ghf:o
4. £ =& EERETY POBRICRIFTHELS R /S
4.1, BROZLME 7EBWTIIET 2541013, £< OBRERFH
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%5
> 1, 19774E118)

6 MBI 4 ZOMME TH912 551 2 BRI & BRIRES R O P90l & B RAYE (v — K5

Mean and SD of sleep cycles during six periods on four subjects. Signification different on paired t test on six periods.

(SEADRAGON—TI Nov. 1977)

. = 8% M e
S 2 ATA  EFIEEE 4 7, 21 ATA  HER] EERe b Test
: 12 11 29 12 32 12 .
1 X 105. 3 93.3 112.6 109. 0 86. 0 90. 8 16 AT A — Decomp. *
S.D. 34.9 43.0 56. 0 52. 1 47.8 44.7
n 12 11 27 12 32 12 o —16ATA ¥
o % 111.8 107. 1 83. 4 80. 7 8.3 89.8 2 Bt 8
S.D. 38.6 24.7 36.3 4.2 29.0  36.4 Fumx BE
n 12 10 27 12 32 12 2 —16ATA ¥ ¥
3 X 108. 2 85. 6 71.1 79.3 73.0 86. 3 2 —21ATA ¥
S.D. 33.3 29.8 38.9 20.5 38. 4 32.5 ST R Doy, ¥4
n 8 7 22 11 29 11
4 X 11.5 66.9 74.5 66. 4 71.2 68. 5
S.D. 34.0 43.3 28.4 23.7 32.0 41. 4
n 4 4 13 7 24 5
5 X 74.0 72.5 60. 0 63.1 51. 6 72.4
S.D. 23.3 9.0 27.5 19.0 27.5 978
n 1 1 5 3 13 2
6 X 26.0 94.0 42.0 50. 7 48.9 25.0 SENR v &
S.D. — — 22.4 6.4 23.0 21.2
n 4
7 X 31.5
S.D. 19. 1
i 1
8 | s 5.0 (% P00
| 8. . =

R ICEE LS 22T 0L B Y, RO
IZIEIEE LIRS AL S, |
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