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Fall in Deep Body Temperature by Cold Gas Inhalation
in Hyperbaric Helium-Oxygen Environments

(150m and 300m Equivalent Depth)

Nobuo Naraki*?, Kazunori Tomiyasu*?

The present experiment was designed to elucidate the effects of cold gas
inhalation on the deep cephalic temperature, indicated on the basis of

tympanic membrane temperature, in a hyperbaric helium-oxygen environ-
ment corresponding to a seawater depth of 300m.

METHODS: Four subjects inhalated cold gas for a perlod of 20min fol-
lowing a S5min rest, and they rested for an additional 20min as a recovery
period at Om (air, 150m (He-02) and 300m (He-0z2). Deep body tempera-
ture, tympanic membrane'temperature and rectal temperature were measured.
RESULTS and DISCUSSION: The responses of tympanic membrane temper-
ature to cold gas inhalation and to recovery warm ambient gas respiration
were more rapid and clear in comparison with that of rectal temperature.
These tendencies of deep body temperature were remarkable at deep equiva-
lent depth. |

*1 R KEATER

*2 Manned Undersea Science and Technology Department
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Concerning the capacity and precivision of deep sea dive respiratory
apparatus, not only the composition of respiratory gas but also the regulation
of inspired gas temperature are extremely important in relationship to secur-

ing the divers’ safety.
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Experimental protocol of ambient pressure (Sea Dragon— V1)

V¥:Cold gas inhalation test

_Ambient temperature within chamber was maintained at thermal

comfort zone of subjects as follows: 28°C at Om, 30°C at 100m,

31.0°C at 200m and 31.5°C at 300m.

*£1 R, BEASEAY YL - BREESDZORIFHRE (35°C,
B4R R IREE) o
Thermodynamic characteristics of the environmental and
respiratory gas.
P P. P. F Z 0 Cp Cpep
(m) 02 ‘Nz He 0z N2 He (g/1) | J/g-"C)| J/1:°C)
0 | 0.21 | 0.79 0. |0.21 ]0.79 |O. 1. 1.14 | 1.01 1. 15
50 0. 30 0.79 4,91 0.0500(0.1317 |0.8183 | 1.003 | 2.03 ‘4.46 9. 05
100 0. 30 0.79 9.910.0273 (0. 0718 |0.9009 | 1.005| 2.8l 4. 81 13..52
150 0. 30 0.79 14.91 |10. 0188 |0. 0494 {0. 9319 | 1.007 | 3.59 4. 94 17. 74
200 0. 30 0. 79 19.9110.0143 | 0. 0376 {0. 9481 | 1.009 | 4. 37 5.01 21. 89
250 | 0.30 | 0.79 | 24.91/0.0115|0.0304 {0.9581 | 1.011| 65.14 | 5.05 | 25.96 |
300 0. 30 0.79 29.91 0. 0097 10. 0255 |0.9648 | 1.014 | 5.91 5. 08 30. 02
P o MR (BHEIE S m) P.P 3 #HRHE (bar) F 3 RE

Z ¢ MERRE,
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Diagrammatic representation of cold gas inhalation apparatus.

-Thermal sensors

Tl :inspired gas, TE :expired gas,

Tty:tympanic membrane, Tr :rectum

Thermistor

Stopper

K3 SEEMERAtYY— (ETEHS: BENHAwY¥—)
Thermal electrode of tympanic membrane (thermistor )
c DY — IV -2 Ak DEREICEMI Y,
2 by X DA BEICEET 5.
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Procedure of low temperature gas

inhalation test. |
-sitting rest for 5 minutes, cold gas inhalation for 20 minutes

and recovery setting rest for 20 minutes.

-Physiological factor measurements:
Tty:tympanic membrane temperature,
Tr :rectal temperature
T

fR :respiratory frequency

fC :cardiac frequency
i and TE :inspired and expired gas temperature

‘;’E :expiratary minute volume
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EXPIRED GAS TEMPERATURE (T)
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¥ i 1 iRy T I
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INSPIRED GAS TEMPERATURE(T)

5 OmiMER (ESEET) & 150m,

300mAHZERE D (N 9 AREERE )
ORI[E IR DORER (4#558E8)

SR (T @ T) ORI (T T ) iexdd 2EHRELE

Om:Q Tp=305+0134-Tf n=8 r=0955
150m A Tp=26.9+0260:T] n=6 r=0982
300m . @ TE=271+0.262 Ty n=13'r=0950

3OGHEMMEIcEEZRED SR VY, IEBEYToERE
EHiA F & HTROMARBIRESF

Tp=274+40256+T] n=2T7 r=0954

Expired gas temperature as function
of inspired gas temperature under
atmospheric air (Om) and hyperbaric
helium— oxygen environments ( 150 m
and 300m equivalent depth)on 4
subjects.

-Equations of regression line between expired {TE‘,I and
inspired (Tg) gas temperature under three ‘environments

were as follows:.

Om: OTE‘.: 30.5 + 0.134-Tl
150m: fg’;«,'I'E= 26.9 + 0.26{]~Ti
300m: .TEz 27.1 + O.ZSE*T]

n= 8 r= 0.955
n=6 r= 0.982
n=13 r= 0,950

There was no significant difference between these
three regression lines with analysis of convariance and
we present only one regression line in the figure:

= 27.4 + U.ZSE'TI n=27 r= 0.954

Tg
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Changes in cardiac frequency (fC), respiratory frequency (fR), expiratory

minute volume (VE), tympanic membrane temperature (Tty), and rectal

temperature (Tr) during successive 5 minutes of rest, 20 minutes of cold

gas inhalation (CGI) and 20 minutes of recovery period (subj.: T. S.).
-Equivalent depth:

A:Omi(air), B:150m He-0., C:300m He-0,

(_fC in beats/min, fp in breaths/min, Y"E in LATPSfmin,
T in °C)
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Changes in tympanic membrane
temperature, fromwarm resting
base line, during cold gas
inhalation at Omair and 150m
and 300m equivalent depth
environments.

- i 2 .

-Mean values +s.d. in rating 3 subjects are given.

-Environmental conditions:
O :0m air, A 1150m He-02, @ :300m He-02

4. & =
BEANY) Y LABETTE OO, BREE WS
D% (M5) 13, BEEFOESEE (BE
) KBV THREINTWS (16,17,18,19) ,
7z Naraki (3) 65D 2T X BERERELL

—FLTW5B, 72, EE~NY U LRE FOER

.
&
R

e

ARERIC B 5, PR REE IR L Tid, Rawlin
Tauber 20, HokeRl S5 &HELTW5LH, £D
K& LT, Mcfadden 22 DS KR[HEZES T TiT
tz, (EEZESEE (—17C) EBROFERITRS

NIF R ERO 10°C DK T & FkkE, KR, S35
BON ZABFEREBDO L DETE TRAL, JuEX

JAMSTECTR 16 (1986)

—0.57
f’\:rt}? "
(C) °
~0.4- .
_U‘E_
_[}2_
—0.1 1
0.0 - O  (Om air
a: 150m Fe Qg
@: 300m He-0O¢
I T T ¥ I !
. 0.0 -1 -2 =03 ~04 -05
ATr (C)
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- BRIETE (ATy) OEBRETE (ATr) KN 2EH R
0mQO ATty=0062+0961-ATr n=60 r =0661
150ma  ATty= -0014+1366-ATr n=60 r =0918
300 m@ ATty=-0002+1312ATr ©v=60 r =09804

- RBBROE T, BATRBAEEOM % KL Ui,
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Hohtfo (BEP=<0.05, YIRP<0.02 ),

Comparison between change of
tympanic membrane temperature
and change of rectal temperature
measured in 4 sujbects during

cold gas inhalation at Om air

and 150m, 300m, equivalent

depth helium— oxygen environments.

-Equations of regression line between change of tympanic
membrane temperature (ATty) and change of rectal

temperature ( ATr) under three environments were as

follows:

Om- ATey= 0,062 + 0.961 A Tr n= 60 r= 0.661
150m ATey= -0.014 + 1.366 ATr n= 60 r= 0.918
300m ATty= -0.002 + 1.312 ATr n= 60 r= 0.904

-There was significant difference between only Om air
“and two hyperbaric helium-oxygen environments (150m
and 300m equivalent depth} according to the analysis

of convariance.

LB X LE-bDEEbN S,
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Physical characteristics of subjects.
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Y. T. 32 (4) 173 65
M. N. 2 8 (4] 164 55
T H, 2 3 (6) 167 60
e B 3 3 (2] 167 62
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- EER 0 0, 15, 30C - IRSUBE 0, 60, 100%

Estimation of fall rate in mean
body temperature only by respi—
ratory heat loss due to the cold
gas inhalation at hyperbaric

helium — oxygen environments.
Estimative conditions; '
-mean body specific heat: 3.4?]!.g°C
-body weight: 60kg |
-ventiiator}r minute volume: 10 LBTFS!min,
-ventilatory equivalent: 0.63 LBTS}'mmol.

-relationship between inspired and expired gas temperature was
presented in figure 3.

-expired gas is saturated with water vapor at expired gas tem-
perature,

3 levels of inspired gas temperature: 0°C, 15°C and 30°C
3 levels of inspired gas humidity: 0%, 60% and 100%
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