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Fall in Deep Body Temperature by Cold Gas Inhalation
at Hyperbaric Helium-oxygem Environments (16 and 31 bar).

Nobuo Naraki and Kazunori ToMIYAasu
JAMSTEC, 2-15 Natsushima-cho, 237 Yokosuka-shi, Japan

Four male volunteers served as subjects for studies under hyperbaric helium-oxygen
environments at 16 bar and 31 bar (simulated saturation dive). Tympanic membrane
temperature, rectal temperature, ventilatory gas temperature, expiratory volume, respiratory
frequency and cardiac frequency were measured during Cold Gas Inhalation (CGI: 20min) and
recovery period (20min) in a warm hyperbaric chambér.

Dyspnea and fall in deep body temperatures were evident during CGI (inspired gas
temperature: 6°C at 3lbar, 7°C at 16 bar). The change of tympanic membrane temperature
during CGI and recovery period was more definite than rectal temperature. This phenomenon
was induced by remarkable direct heat exchange between environment and body core, owing
to high heat conductivity and high heat capacity of respiratory gas. Concerning safety and
physiological functions of the deep sea diver and human exposed to hyperbaric helium-oxygen
environment, not only rectal temperature monitoring is very important but also tympanic

membrane temperature monitoring.

Key words : Saturation Dive, Hyperbaric Environment, Helium, Respiratory Heat Loss,
Tympanic Membrane Temperature
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Fig. 1 Experimental protocol of ambient pressure.

¥ : Cold Gas Inhalation test

Ambient temperatures were 30°C at 11 bar, 31°C at 21 bar and 31.5°C at 31bar.
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INSPIRED GAS TEMPERATURE (C)
Fig. 2 Expired gas temperature as function of ins-
pired gas temperature under atmospheric air,

16 and 31 bar hyperbaric helium-oxygen

environments (4 subjects).

- Equations of regression line between expired
gas temperature: (Te) and inspired gas
temperature : (Ti) under three environments
as follows:
1bar: O Te=30.5+0.134-Ti n= 8 r=0.955

16 bar: A Te=26.94+0.260-Ti n= 6 r=0.982

31 bar: @ Te=27.1+0.262-Ti n=13 r=0.950

« There was no significant difference between
these 3 regression lines with analysis of
covariance and we obtained united regres-
sion line : '

Te=27.44+0.256-Ti n=27 r=0.954
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Fig. 3 Changes in cardiac frequency (fC), respiratory frequency (fR), expiratory
volume (Ve), tympanic membrane temperature (Tty) and rectal temperature
(Tr) during successive 20 minutes of cold gas inhalation (CGI) and 20 minutes
of recovery period (subject: T.S.).
« Environmental pressure:
A : 1bar air, B: 16 bar He-02, C: 31 bar He-02
{fC in beats/min, fR in breaths/min, Ve in L ATPS/min and T in °C]

ERE & BEBEEOBEFRE R L. NP OEIFERDHE
10, BERETORE~Y v & - BEEE VAT
Bk AREOE T ERBRL Y 31.3EFFLE
bbb, ZhiE KERE A — F VIERWTEEFD
£ A A - DRKIREB I LB E, REERD
A TAMBOERTAFEFECKEVCHETHESH S &
\» 5 Piantadosi & (1981) DRIEXEFFELDTH
5. ZDX 5 RO R X 5 KR O KIE L E
Tk HEEE, &1 °5—-DEEFAERELIEERE
CREEERYE 2 BT, EHLRAAA-D
REMRTIREFETHLOTHS.

ALEZRS T OPR K, £RBEREDNI0%IC
TEP, FOPRMED ) ENIKERE D DOKGE
B (PRABBE wXsboT, HholETb
HERBERED 1 BDAD, BRIALED D IDITK
bR AEE (FRARKE ©H5 (Caldwell et al.
1969). BE~Y v 2ABEICks AR KEEL T,
MR R KR S S T OEBNRE DK T RBRE
2D IEKRELSERTORELH D10, BLT5S

T EEB-THENT A E1XE bR (Pagan-

elli & Kurata 1977, Garrard et al., 1981). —J5, ®¢
Wt B, FRAORER, T BRREZELER
BRIz h ), HFRRORERNEEED LA E

L < #k 7 % 7 Timbal » (1974), Naraki 5
(1980 i X huiE, #tbar U EDEE~Y v A FREE
BT O RBE IS RBERE D20~30%1C b
+5. XHIAERDI6bar &3lbar DEEREICK
FHESTREOR BEE L, £NHERELRS
L FhUETHBEEDRS.

KR LY, BERBCSIAER~Y V& -8B
FREH AFRIT, KEDOIEE K E BT s
b HEEET S OBEENBE LS b, KERE
BOZELWETIRX 5TFREZ L EHFROZE L WK
THRBLZENHLME oo Te. T THBREMATR
CREWCTHEFCEERRIKR THROZF L ET2AE X
bhaicd, KEREE~NY VL -BERE 7 AFRIL,
R TSP ORI E £ R OERIC L DTS,
F DI DEEEKOFREBICK T, EEASKHFCE
T HRIBEEER A DG F L RRICERER T 5 LE
BhBHLEBEbIB.

5| B3C#k
Adair, E.R. (1977) Skin, pretptic, and core
temperatures influence behavioral ther-

moregulation. J. Appl. Physiol., 42 : 559-564.
Baker, M.A., R.A. Stocking and J.P. Meeham (1972)

NI | -El ectronic Library Service



Japan Soci ety of Physiol ogical Anthropol ogy

WA « =LME 151
0.0 4#&4 % %
BTy ﬁ ﬁ% % STy ] / .
() | + + (*c) .
+ + + + - 0.4
My, oo

o
3
3

0.0—

Ry R

-0.5—

O

10
t (min)

Fig. 4 Changes in tympanic membrane temperature
and rectal temperature from warm resting base
line during cold gas inhalation at atmospheric
air, and 16, 31 bar hyperbaric helium-oxygen
environments.

. Mean values +s.d. in rating 3 subjects are
given, ambient temperature was adjusted for
comfort.

- Environmental conditions :

QO 1bar air, A : 16 bar He-02, @ :31 bar He-02
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Fig. 5 Comparison between change of tympanic
membrane temperature and change of rectal
temperature measured in 3 subjects during cold
gas inhalation at atmospheric air, 16 bar and 31
bar helium-oxygen environments.
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