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The relationship between Decompression Sickness(DCS)
and Mixtures of Gases in Underwater Activities

Ryew, Che—Cheong Jeju National University

ABSTRACT

=28

The aim of the study was to review the effects of mixtures breathing gases on the
decompression sickness(DCS), which was divided into embolism, inert gas narcosis,
and oxygen balance as decompression syndrome explained in previous studies in
diving, Certainly most established diving practices try to avoid situations which one
or another, or combinations, threaten a diver. To prevent those, mixed breathing
gases, across a spectrum of activities, have been utilized successfully, which mostly
consist of mixtures of nitrogen, helium, and oxygen, differing from pure air, and
lately those with higher oxygen content than air(enriched), which can be employed
efficdently in shallow diving Norrerriched mixtures of nitrogen/oxygen(nitrox),
helium/oxygen(heliox), and helium/nitrogen/oxygen(trimix), of course, have been
employed commercially in deep and saturation diving  Recently, mixtures of
hydrogen/oxygen(hydrox) have been tested. Furthermore, for precise examination of
the mixture of more breathing gases’ effects in underwater activities, it may be
necessary to test the influence of mixtures breathing of quadrox(nitrogen/hydrogn/
helium/oxygen for effective activities.
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1. 872 8%

FTEFAM 71 E BHAR] A5 mlxe
%¥(decompression syndrome) 02X FBS
(embolism), Bg/J7}29] vlZ(inert gas narcosis)
2 A ES HlE{oxygen balarce)d] 7)dE & F
Atk ¥AGHQ AegFos A A e
U #4S2 A wEo] J4d o veht
o, Exo] ge} 4} R EROT AUYEH
B} YFHEFEH F o]8 L Q4% NPT
T EZHoAY, FES ooz AYd uiF
9l A7 Bermet PB. and Elliot D.H.(1999),
NAUI(1991) ¥ Wienke BR(194)& & 4 U3,
FleNe FETE oz AN a7
FAB2002), FAA - ]AH200), FAA - olA
AH0)5E & F Ak o159 AYF ol ¢
A7EANES A3 VIAY EHoz ERE
T Atk & HefFoz A vehhs FH4EE
7122 B u Typel (AJAHZ, limb bends)&
ARle FRARQ] §FE doTY, Jlele, $u ¥
F 2L F§ 4R IZBFEY I8 2% 5o
o2 BQY Typell(FFAZEAWZ, central
nervous system bends)= M, 4 2 Ho| 9
€ "Ae S $A EF ), kR &
% 2RI T4 59 F4E RU: Typell
(AR W=, vestibular bends)= 300fsw HYE
2%t £ 2HUE W Yehke 373,
715, olB(2EH ¥=aE) E A2AE Fe
244 Btk npAgo g Type N(OIHA A
%, dysbaric osteonecrosis)= AlAE E& ¢
HEHOE kEoIN W Zoy, 72

Aa F2 F% F71A3 2 local mineralization)
Y F4E Bk

2@ 7= A - £ 71-(biophysical mechanism)
of w2} £/3ly, HEF FAE 71AL AR
ot QY WA wet AzolM 2ol Bl
olgig Aole AN MEHAHFHHA 2393
E%d(random nature)?} wiH 7Y F 2R3 HE
of g JHUAH $AAH ol(variation) wFo)ch
Bermet and Elliott(1999)% 7B70918] 74=48] o]
o JF¥S Fv HUL YT Ao AFdYt
olz{g ®ldle AA, Aol FL+F 53] W04
oY A% DCSell 4ol o £33, X, &5
F % 3 DG " $Eol ¥ 20 F 25
Folle A dHEe) 9 F7Rln, &F F
© AelX dde] 58 e FAh AA,
HTIRE DCSO| =2d &80 £3, ¥B &
ANEEe BYS FAFoZA HERAHL S
224 DCSY &S Y F ik UA, g8
Y3 E A= (blood serum surface tension)& ZHA
Ao 2A DCSe] HEE-E ®ola, A, 7l
o] § F¥ FAYFE DGS9 Aol &) o]
9 £& el AHEYo] FI4E DCSY He-g
Fol1, Rt AL B wEHA $X4F
o2 IS 77 Wi F97} g

Il. HEBE X OIZERY
(half-time)o|2

DCS 23| ths) 24z sipathophysiology)
# o|gd wad DCS ¥ 7122] 94Hgas phase)
4 SEBon AAY, A2 Aeier
71de] g BEg d7dde gle 4Foth A
W HES 238 5 Qe Ve weEE U 23
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oAU A wEe DCSE #14)7]3, DCSe
8L wAd wEe Avig wdEe F7Hit
A9 4] AU f5A0] e HEL DG ¥
o vehtxy, 7ta9ld¥Ae) ddde FF9 o
FeET o HE F Atk F k238 (ges
phase formation}& DCSE olsjshe ®] 8% #
olUgt DCSe) o&3 A& golN Fag 2da
Qo] dct

1. EhI°! o|=(Haldane Theory)

743}t (Decompression sickness, DCS, Bends)2
tgolHE ® olUzt 2zt ¥ HIFA AX-SAA
T g £ e @t AEE FHE ROl
E Al A48 3 g2 ARY A4EAA
A717} Ft¥  "Grecian bends, 2 g2{Z At
Hl&@ TRy A Fo| FL AAH, 2 gt
o] AME mEd FREEL The Bends, k=
DG %9 H3E& EAT

ArA AW 2H(EL Fd WAk HIS
fA3EEe AL Add FRAHCANE F95
E g wade k29 HYYHE FAES ¢
ga ARzF e &5 Z718 JlaFe glon, &
A wj2e PG o|Frh olgt g FF Al
£ wiage 7tang FY4sHE 7k2v o Bold
o2x AA 2HNA 729 &5FvkEe] fEd
th o] 4L FHdl et FH BRYH H
A E o)E WAA A& dot

Qo) w2 FSWMfeet of sea umter)o)| A 333
ENTH e FAN e 2SS 1A
%1 FHoE v A45d £ e 2E$ W3
th. & 33 FSW oA YL o]FE AH 232 A}
2Qlo] FA Aso] 7FeRE ndthFig 1 =)

33 FSW 23%¢ FHo| 4531d 50% 748 &

33 Feet = 66 FSWA

T T

99 Feet =132 FSWA

Fig 1. The law of Haldane's ratio. (As long as the
calculated pressure in any tissue was no
more than twice the presswre at the next
dive depth, the diver could be alowed to
proceed to the next dive step).

=2:1

Folt}. o] 0|&& F o ¥F FHE3E A =3
& BIEN SRS E PIHENN BAHE
(66 FIWE 45g e 2L 0% FFHL
Adel ¥ & oz FEY F Aok o] o))
#d]21¢) “Haldane ratio of 21 pressure reduction)
o|thFig 2 #=).

P 2
_hsske < = gafe
P 1 4

external
Fg 2. Haldane's observation of a 21 surfacing ratio
applied to a change of depths without
sufacing. If this theory was resonable, a
change of depth from 99 fsw to 33 fsw
should also be safe.

diving

guQle] shrelg)(half-time)ol2e EAHEF 0]
ALz 0%E3F oA A28 Aotk ¥}
ARzAL HE 2| £33, w2A E3doh
A7 2L ¥} = 239 3¢ A 23}
gtk &4 £389 2Ad diF AZte] AEHUL,
ol ol ZgYel&Y 2HE olETH

AAE & F¥ 2Yog FAHA Ytk 4
%, ¥, 2%, 27, 83 WP, ARRAEL A
AN Ak 2Fot e 2AEL ¢¥
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o d&} c=2A &3, oE HEE JIAE 4
F 2 @AY, ZE 23 PYAYE F35
Be 3%E 7Rt AHFog AAxze vy
Fohe ARG 253 JjE OE &3 2Fg9 7}
2 AHES FHTOEA o]2AHY AN 2FH9)
2HERS T F Qo

53 230 7l2& 44 ¢ wiEde &xe
HALF-TIMES] ¢l8) &4d & Uk z=39 3=
Ele ZFo] 2yshs 7129 1/2€ wWiEdh= o
288 AZteltk A FHILElY o) k29 1/2&
AR Yeia] 1729 gA 8ok £ dA slzet
Y olF Holle 7k29] 1728 AMY 5% Vg
AR 3, A WA SEEl)) o)% XA 87.5%
7t ZFA Al 6WA HZEY olF Z3}
7k=9] B% olyel AletAz, ol AL 4%
oA 100%°l 233h= ul-go] BrkFigure 3 FX).

el AN =39 el e e
Aol A 2L tissue compartment) S}ZE}Q]
212 o] 83U F 5, 10, 20, 40, 75 T o

2 B ggd 23N stagEe A2y
+ AUk voF £ 2AA Hojde] 66FSWA
E 290 dolHEL vz $u g¢sid ¢
o A7 Fe F4d o GAFAE ¥+
A HjAZo] AHEE|ojof et

il SAY 3P4 stage decompression;
£ ALEL, o] WA ol 218 &L 2
Btz @3 Ho2 G AP HA] A5
F A% golHe o] FAAXAHAN zHo
FH 7k27) 83 wEE A7k BRE o ¢
A g Agsforgich

A <(exporential tissue) 02 F) 2 wiEEHe
ZAA k2 QA v 1= QA 6HA 3
ZER olF 2L R A B44%IR|
X3} =AU o)9) wTAR wjEvhae] 6WA)
SIZEMolF e FUYHAN FUTF Fx9
IS ERE Hojum, 7 232 sheizd X
B i3 =7 Al |okFig 3 3=x).

Number of Half-Time Passed
o 1 2 3 4 5 6

DIVE 1
\ /
\
o 25 \ ‘ //
7 \ e
H N -
a N ’
= 50 »
£ ~
=3 ~ a
= i ’
o \‘\?\ ‘ 1 Half-Time:50% of Onginal Excess Gone
LOL 75 i \\\ ; 2 Half-Time : 75% of Original Excess Gone
- | i / 3 Half-Time : 87.5% of Original Excess Gore
= LT / 4 Half-Time : 93.75% of Original Excess Gone
100 LT S 5 Half-Time : 96.88% of Original Excess Gone
: ; 6 Half-Time : 98.44% of Original Excess Gone
4] 1 2 2 4 Y [

Fig 3. Uptake and outgasing in an exponential tissue.( After 6 half-times of gas uptake, the tissue is 98.44%
saturated at the extenal pressure. Similarly, after 6 halftimes of outgasing, the tissue is very nearly
saturated at the surface pressure, and the tissue has lost its memory of the dive). NAUI(1991). Advanced
Diving(Technology and Techniques) United States of Americal, NAUI OIR)
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2. ggolo| goitiES|¥(dissolved—free
phase) O|=

HEe 3-8 $|4{(dissolved-free phase) ol
2o wet ] o] 239 AYHrt B¥e o
243 gelH APk 2 FHAAM HE
(free) 7129} G-3li(dissolved)7t= B4 AABELS
FEshe AL u¢ BRI FelM dARE
Hol8g A% ¢uEe Muskr] s BFEL
1A r83E 7ast A QA7 28 4HA
AdE AZFES k28 ¥ AERNE A% M
7298 e 239 AYL Al Ao, .
APHog Haldaneo] o] 7|8E& A& A3,
A7) ol8 387 WS AHEka Qi

Ao A5E AT HolEd ZEadd
AFg Hxe olgd xde 943 AR
Haldane ]S.(1908)c) 28} =gtk & #+™
165 fow(feet of sea water)®] F=4lof|A FaFe)o)
A Z2qre A&sto] vlgge 1/271A A 7
© DCSE WHiEhA] 4ste-g At ol A
of Ag3ld FAY W F37F Uyl A F 8
Qo 9% wisY¢rtt o A ¥ &7l &
2(elevated dissolved gas pressure, tension, &)l
29 F oz oy d7AEL @tk deky
gu)9le  YAZ 3] E{citical  supersaturation
ratio)& o] &3 MExF ¥¥hypothetical tissue
compartment)2 FHZ AH33= 7)EH(schedule)
g stk 2FEEL JTeRq)half time1)ol
ZAE 1 L, PAERY 29 22 718
4 AP} ABAZ o uiv)half life)2}
g 4 AUtk 5709 EFAZHS, 10, 20, 40, 75E)2
ZAANLE ket AHEHD, ol 504Gk w3t
A8 Az EQE Tt

I F 193040 AsAEE FPEa 718y H)

olf Wes Ak AN U HEE AR
NEz B tis) 44 Eejd YA (limitng
tension, Mwvalue)g T3gch 1950 FuloflA
1960 Zukalo] TiE v s FTFAEL AT
2 wENE S B2IUAM ZRI7IEH(schedule) S
e FAdAM Zzte] 2T T AR
%39 AR (limiting tension) ¥{3H= 67] Al
¥z37 B¥5 10, 20, 40, 80, 1208)S AR8E A
oz AnFch B GAH AHY AA
£ g3 z22Ao) sjamEe) SHFQ #
EUE FAL wE7 28T &7t HH(free
and dissolved gas phases)e] 43283} 430lF
Aol o3 AYE HEAATIHE F ¥9 AR
E ol 7] WEd) A%} B Ase Aok
exd £39 MEHFHEHdissolved and free
phase dynamics), ¥8, R 1Al sl ¥
AAT AR QA G 2l &k
3otk

3, whielo] APyl B2 critical
tencions and gradients)

L37k29) A AAEE A7l K3
A ps} pi THe) Ajolol) tiF HIE7]E tol7t
S 248 A5E ¢ o Havl € & Uk 8
& A= 23 A= (perfusion-dominated tissue
tension, p)o] U] T H2HaR) 4 29 ¥
229 JAXM : 5102040801208 ZZ3=e}
d, 98 23R ¥EE oA AEE A
4 & Sl

AAZE L Ll B3N uiEA v
Z7reke g9 Aol £dol o WmESFE
o B S840 A4ET, O 2248 O AHA
AR AF Ao B8 Bl WelA
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350 T T |

300 |-

250 |-

200 |-

150 |-

100 |-

Critical Tension - - fsw

80 100 120 140

Ambient pressure - - fsw

Fig 4. Perfusion Limited Nitrogen Critical Tension.(Wienke B.R.(1994). Basic Diving, physics and Applications. Best

publishing company 2IR)

M=M,+AMd —————— 211
M,=157.7¢"*
AM =3257"4

7ied FHEG o olefol] mEejo} itk YA
< o A3 o] aokg & QlthFig 4 AX).

T4 d ( IAZRTY BE p<33 fow)ol @i
Y L AFrgoz e v HY¥Y 3%
4&e] dHo] 0 (0 pressure intercap)d A +,
A4se #4¢ BPE 00]0 27H4{Nonstop
time) §AE o] YAWFH | HEE £+ Yok £

TS 98 AL s FHe RN Hulg
(Mo)o 2 dX& 4 1, BRE FA7 2s}xe}
doll A4 = Qlck BT T35 H L))
fANE YARHAM A2 27 58 (&
4 d o ¥ A M(Fig 4 =),

Nl EZIEA B &8
F3I4 Bt 54 24 99 B 28}
28 ARST 9, £4 PIE e EWle
£ a4 9% 44 % Bl o £ 4aEg
oA F& 49 BN Bol Agsn Yok
A/ W2(nitoy), W8/ V2helioyst B8/ D2/
Wa(wimi)o) EFFHe Asl L TarolN
AYH02 9 o)gsiold gk Haele 44
/4 (hydrox)] EYFRAE AMgET e ARo)
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oh TR 29} ARolN ol BEATERY A
go| QA TlAlE 7l2e £4, o)y, wHB A
B85S Tt

1. YEUX vtg(biological reactivity)

60% AraBeke]l EF7IAR 12413 o4 719HY
golld EEL & HA ¥ £ HaFEE
Aol xegsol 3 &4, €%, 713 79 H FF
#4e 1Y F Utk B B HAFEL R
BoA B A)7HEQe) AAA 17190 5L oY
A £ TEY o AT F U Ax
Egto] B2 oj3d Z39] @] vehted
o @& Al7te] A8 ¥rHTable 1 #X). 44FH
o oM 289 B 55 AU R E
NFARE AGA L) FEWFoE ERIY EF
AaEgto] l6atmeZ HolAH Fo4 FFE B
o e £Zo] ARk ZAMES HAES
oA gchhypoxia). E€T ¥-3, X E &
Ao ge £z AALFHE FEIT A7
A2+ AZ(hypoxia)e 98X 87} Hasth Ed7t
2 BAFoA AFE 7180l & AL AL ERY H
goltk. AHF MrEAL FFAFACNY F
=2 dusly) Y8 1671952 fw)oldrt sojok

Table 1. Oxygen Depth-Time Limit(t)

8la, A4AZL wr) fsiMe 16718t (53 fuw)
olatolojo} gtk & o] ARMHE of #4719(475
fow)g A@gch ArER Emole fraction of
oxygen) fo, A8 FA AMde & duin) & T
fwz B@7Fssith

.y

3

d.. =528 f, P,
d"‘"" = 5.3/ foz P

max dmin = 47.5/ foz --- _/\]1
b AP FAL dx < d < duin®] HO

of 31, 74 FE 1% ALY A$ dw < oid
& Akzdx g8 QA "ok

#2285 L Agsle g 8AdL F7ste H
71N B8z MHERE E F
Aok Aot BAG FFEHA 7k, 4 R EF
o A gy BeMe HeHesE E o
BE47tAd &30 o] 7haE FEY] FHE
o o}d Z3E BT o] 7jHeE &€ Hd
A oAl A gAY, ZUIRE ArRE, X BYd
333 whg Fo| dud oz ¢dA itk
80/209) Hl&ojA A9 FA4E A9 100 fswol
Zi7eH, o AsjelAY EF Ak 1,000

oxygen depth air depth time limit
d(fsw) d(fsw) to{min)
10 50 240
15 75 150
2 100 110
2% 125 75
30 150 45
35 175 v’
40 200 10

Wienke BR.(1994). Basic Diving, physics and Applications. Best publishing company 18-
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Ie

A

fows] 99lo] Gk ole) B4 FPie TFolu
£o)4 $2¢ Y.

2. TYIAQ| ¥UX &4(Comparative
properties)

Are AeelM 884 722 EREC 20
fwo) e 2R sEPOEA HEF YuY
2 =44 #WAA Ho FaF 2 AAF 7
2 FaMIT 85 gt AJAQY Fole a2
o 382 A AFACA Yehdr) Az
3l Aol Aol wet dA A g 2
&9 A FALP g @ Fo= U3
o o] 37k F& F/MTT AsjRrol
M ALEY] o ¥ Tta2 TEE ¥ A4S )
2ul7|go] 493 FEOE AL Ahe &
4 W HajdMe AL Fok B AL oy
F5E 878 300 fwold Aode diuch
8 7M1, ol FEA0l FL JlaE sk
o] Yasic

4x(hydrogen), ¥l &(neon), k2 (argon), F
(helium) 53 22 O4d 584 7288 4y
A% 713 ugAG 2z 9EH 54
(hydrogen) 7}27} A{E RoZ vepdch & F
A7} 7PE7] W&o Fae dE viste AdelA
AAEE7} o] ¥HE ¥ TwHAE Y7 o
el Asfish TapsolN B84 71224 B0

HHQ Ao Uehith 5L 23 &4L F
A @3 e A ALY $ Q. ojlzEe
ALK o A S35 o $337) g A3
A A @tk vl 4 Aiug £
AdA & 2ol Bolx] AT dFo vlsf ozt
o §3dE Aot o] 57 k= F Y B v
& ke AL ojzoly dFL /M AL
HERE ¥

E/P710] E3)(saturation) L £ ¥3)(desaturation)
&xe ) OiF AF2 Asos v
128 Aadn 37 waA ¥3} 9 Bx3}
ok 8F2 F4EG 274 WEA ¥3} 9 BY
33t} v, ¢EET, AiAlo)Y Alole FgeA
& vzt gloh. exAFE)E 43 % (Solubility)
€ atml, FA= A AUFHQ oFHAAY Ve £
AL(HAZE vHHAR)olE) & W sol=27, 4,
v, A&, ol2F Aki9 ul3AAZdL vlud
A3he (Table 2 Zz)st 2t

ket BRA7EAE o3 ¥AE wE F
Zle 881€ 7129 F & L8z 9o o
x2 832 /IR 7iAE o & vEL ¥4E
o gebd L e JtA2A 49 A3
& 7HA3, Aike FAL 71224 ol2Zn o
2 %S JRAt vegdEe AY Axg
slzel vz olHAANY e Az L9}
AEE 7MY, Ha9 oly Tlas a9 S8k
£ 7Rtk

FaE

Table 2. Inert Gas and Oxygen Molecular Weight, Solubility and Norcotic Potency

H H, N, N Ar H,
Alamu) 202 400 2018 28.02 39.44 3200
S(atm bloodood 0149 0087 0093 012 0260 0241
oil 0502 0150 0199 0670 .1480 1220
Vv 1.8 426 358 1.00 43

Wienke BR(1994). Basic Diving, physics and Applications. Best publishing company 1§-
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zz b Jtx A% wiede] $xe ¥9F
o} ALEIAE Ao M RIS Eole
d) HAs5do| Pot. AFoE FFIVA 00pwsE
238 Addoy ¥ Axz IHHE A¥8d
o] A 2HdM BEZ7IE EFFVIR 3H
g o F718) wiEe) FuES F7HIU @
4 A2 giAE ¥ AAEGE IR
2A4 A2ANFE B £ AT F Ao
ety Ftande] shed AL AeEEE £
Al w2207 2 EFtissue compartment)
of #¢-dck

A8 E3Asold 28 Ee Fi(normoxic)é
Ertae AAd Y EAEE Y S
de 7127} Aok 9§ 3 Ai(normoxic) EF
71290 g7 Aie a9 HIEE FUFHoE
Zo|HA, BFFANN Abre] HEQGS AHULA
(hypoxia) 2 ZEA(toxicity)ollq |58z T4
7 #eg 7L

A AR (critical tension) Aol Ao} T
Aoz ¥ AFgME ALY £ AT
ARYL 3tzele] ol ZZ ¥ Hhypothetical
tissue compartment)?) 7Hd& 9% EEAIAE
go] Hol &g3|(Mvalue)7t 8ok ZEEAIA
deuee g FIYPe 272 AT ZEY
& 7HE YuhAQ FAE olfdth & WEIHZ
Blole 2701%¢] AigtTelg]ozREy U Fhol
g1, 5938 9A%ELe F 7129 BEE @S
Agdch olgg HIYPE =HE ¢ ZIHY
(schedule)e o8 AT7AEL AF/IHKT 23
] Hx e ol E{rtrolr BRATIAY B
HAQ vz APk Frld JEF FF o] 9
ERAASS Y ARAE olHPesA
Avjd A4 RopllA 48 4 3le ARt 2
&

HF(80/20)9) FARIRHAIAR Hnonstop time limit)
& A48T ¢ Bk F Ak da] AL v
& t/20] H g mech & "F4(depth) X F3F
FFANY AFZ, & A sk (depth
times the square root of the nonstop time limit
is approximately constant) 7%t BAATCER
B gAY EF 4271 ol8stq E8UA
AL A2y £ Aok O HHes FFdhe
2d3 o] ) wEEYS YEFFAM AHH
o7 A3l 9ok

o5'g e €F, AAEY IA(nitrox, heliox,
rimix) 2 st TIFrM FEHT T, &
& FAEZNoIN) A FartaE EFEA A
£33 Tk FAzolold oA FaERTIE
9] o]g-g tiolnjg ekAE Y3 Fj7t Hasit
EPtee 3&E sk AN ERR=HIES
Y 7}, A4A2FEA, AP AAAAW ER
7128 olgdke TolHEdA F7t sTEH:
Z Are QA0 Ag8gel B F 3, 4i9
54 E371A 4hydrogen mixture (hydrox)e =
Z d8e 248 &+ I+

1) Yo EZX(Nitrox)

0% ol3e) iz Hie A9 EFIIEE
Ao EA AR As(100ft o w4k 23t
AN ALFEZFE dWE & Ao AYLF
2 15% AR AA EPTIAZA ALEY0] B2
Jo|EEA9] Tt AFE e AY R
o]2o] Ao} gtk Z 100 fwellA 200 fwel HH
N AivpHERE ANRFAM YolESX 3
F9] GEgE AN

UYo|EEA Efvla et AaFEA A
AZaA ¢ zZ2ade A$jer gtk 0%l

B EWhaE Aae FEUE TS M
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M 2HFEE ¥ e A=A a9 B
E4E ZAAUY e BEFIARAAE ol
O, 719 YO|EEAZ AHWSE ¥ 4 ok
T3y gobd AtaEStez Q3 Hulsgale
53 7IpAaER 2 (enriched oxygen mixture)
€ ARshe Aol dast JirEYHAEA
16atm(528 faw)ellX F4E & AS oW EF}
Zo] i HUSHEFAS e, R%ALEY
Uo|EEX e 130 fiwe] F:4l0] Hek o] £:4
& A2YAM(oxygen limit point)olz} dt}h o
B2 B8 ARE A% 7bs FAL vEE o
#ojrh

71 Yol|EEX ol 7iqtel oL 3
28] %ol 24 dEdl F719 A%
of ®lsh 2 aFdch FNYARH(ir critical
tersion) & AF5o2 M3, AARA7IAng
(nitrogen tissue gas exchange) 2-& Hl5&7] 44
(equivalent air depth, 7}3} Lo]E22:9] A4
Ho 33 A8)E A3l wiE 2 FUIE o
&3 EHoJEZ &) 7hedith

2) ¥2)S2(Heliox)

A A7ALE Y3 F9 ZE SN AL
IR € A dke 2dvlAe anE
AT vlHGgY A9 g Al FHe
E437] % 4PN 3E7FAEN HAH v}
3 3F712EN dFoE HAES W Bernet
(1999)¢ 2J3ta ALKt 48] o AL A EHE
7HAH, o] A Q9ke (Table 1)3} Zth Als)
E3pel Xd® AF  F(extended habitat
diving)(2§3 ANAEHI)2, ol E1,000ft o)4+e)
FA)ANA o] wEol P2 FL AUE e
Z22X7)e A717F J4ck 7AY 71EL vR
o 700fwolAke] Alsisl EapRLol N AHEIPSE

EREEIMAEZA FHYo] FHHUT. LF F
T W2 A4 Ao FEF B A
o]&(Standard Haldane exponential expression) 2.
2 FBE 7 AL, YFFTENYLS FYF ol
A 2HRP Hgdhe FaEd 274 o me
7 o] T Aol7h itk e sy
180% YEEEL AR 48087 2L ANE
Fhack

)22 Jaf} FARGANA BRAE
HA33) A5 4 Alddle AAZ Ak Ao
st =% AR ¥(slow tissue compartment)
oM BFS ¥} o ¥4 FAsEPPoE
ML o =gk AaPEste HAA Fv}
2 8 gFA2(helium washout) & F71A)2 B
ohg} ole} FUF BN ALFSE HAA
Vot olgh HisdhAl AbAEQA HAF Frhe
EE BERA7I20 ARE ZIAINAT HALZ
o Folg sob o

YESFPAANA Frj2E BAHE EoA &
o] W3} w ol tho|zie] FAS Y8 A7 &
A8 QA5 FEygo] Pasit dFL AL
g2 AFRE, AelA|, #71H AFXNE &4Ach
HIE dFo] Az AP, Aae 3
A 8olatA dtx, Eiale EAHE sidsHF
3, tolHe] X oEsiAl /AEA ke )
&) gk

3) Ez}o] =] 2(Trimix)

dFoz M0 fw olFllN g e R
HEAAY ¥ ol WS AYT 4%s 2
o ¥ HHAN 2739 o4 Z-¥(High pressure
nervous syndrome, HPNS)& Aaizola &%
Al & 241§ o] A71A "ok ¥ Fas
E8E 3E7IA(imix)E HPNSS) 48 A48
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FHB

= d foeith Eglolgae 500 fwolld 2,000
fwe] FAA F88 TE7l2olH, o W) vlHE
7 o) AiuEE 10%0)e s EFch

EglolalxoA Zgte] tidt EAe AAHY
uyoz #HA £ Utk FEH Az A%
AALE YAAE(ritical tension) 22 AFY T
ok 71ESele AadTel(nitrogen halftime)
7} AT FYE ALEYS 5] o ) &
FaelQle AMREoEA AA BEA7E A
o} AALL Egolgx EF 3EII2AM LEH
Ao £ §3} T3l

4) o] =E2(Hydrox)

#2x(hydrogen) & 7H3 7h 7k20]7] W)
& A MR A sEAYE fEln A
A B ye] Abxel olitslglAe] nEe FTAR)
t}. g8iA(solubility)s} EAH(diffusivity)s 12
g o g93 2FM Fio HFHe AAeL
Ax 2o dFRD 94 ¢ W2tk dA2 F2
o) &% e FFolM BRA7t: 3F TteEA A
A9t R Fajr

Fa/A e sEER7IZY AHAY oY=
27en R 7lxg Eury i dol=
E2.0] AMg-E 7|Hg) 23y 7] 97{Bureau
of Mine, 1950:3th)olA 3%-4% olste] Aba Hl&
2 oyt Zuryol 9Fel dia (AT o=
TR A /AA Hlgo] 97/3 ERrtEe
00 frw AESY L FAME AaFEYTH
Aqto] SYUs}y) mEo] HAA AT + U
2E oz NPT 2y $2 FEHESS A4
B} Axg FRche o & AoE JEEt
57 27 $2E Aoz 7o) 43 714
o] #t}.

-4

5) Haldane '$74]9] 2| &{Haldane Modification)

E¥rtae) AHAL, €8 o) IS A
Zkale] 712 WY AAYAY = (nitrogen critical
tension, M)7} 3tZEN)(1)E EUE vk &
otk 7t~ 252X =N, He, H, 9AAZE A,
Budte PE MR dHslE  FAAT(rate
modificated cofficient, Nj)oll we} Z4zte] AEEL
gojole) zAAAE A 300 F

P, = P (P, - P))exp(~4,1) —— = *2

FERe Fhxol U P Pl uiEdS R
3 B3 decay constant, )& A4Al44nitrogen
coefficient)o] th& Grahame] WH(e=NT &
g 7Hick

A'V ‘2
I e A e
J Aj
=
1
A, = 2.72
Ay, =374 - - - 2 4

ool BRAEL | o thal sl €sd
Z27e 2E F£A9N A4 F e 459 2ot

J
> p,s M - - - 45
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ETHTIM ZYTHA DT ZUT(EE)2) 1|

J
fcaz +fH20+ 02+Zﬁ=1—_z\—:"7'
j=1

o] Hgo] 7Fsaich

F <Y P>& il AE Fo)7] P& Tt
2ol EE oiigtast $5714EAA XY
42 gr|Ph £F ousteras} £F7IREYGLS
FAH7IE F webd 75/25% Uo|ES20A
fe=75, 90/10%, o] Qe S20A £ip=7510/15%2)
EdlolgAdM =75, fiw=100] H3, 95/5%2]
Slo|=BAdA  fip=957F HU. £5E7IME
f=79%7F dok. oldFd 3F7txe) He Zz
8] oig FadelHaRH Axd vde ¢
#%¥(single critical tension, M) 2 7}3%l.

fe<79) YolES2oA AhtzHe 5YF
M HEE AHgPozX 28 £ 3tk 2 M F
7|1ME(set of M) F719} 7]} BAE§IFAG
TYH FHEHAR Aoz Pt o] BAAL
Aol Wel&2x, Egtolfix P sloj=F9)
ER7ka AHEETh "l EPrtrolN F8E
AL L] A Aho) HEQLO] FEA
S I3y 98 528 fuw(léatm)o)sts R|s|ot
o AR F7lke F4olA o3 E Wl Wy
TolH9] oS 243 e AL BRw
g a7

6) ¥)5th7]4A(Equivalent air depth)

718t EEEERE AT ERFV) ElolES
o] &3l HIFE7154(equivalent air depth
method)& ©]8% £ Utk HolE 4L 9%
HERErAdle Hoe o5 &g 2 8
A7t HEgoz fEHT, nxHFFAMY
(altitude equivalent depth method)s#} §-A}3}ch
dE £ Yo|EEX FYPJlAdN BIFEIS

4l(equivalent air depth, §}& FYF AAXEL
< FAgezN FEFAND)Y BENL G F
Atk

fr2a(Py+d)=.79(P, +5)- - - A8

WM 5 Y(surface ambient pressure) P2 )
g

5:%(19”(1)-11-——&}9

EONA FES5A(effective depth, dj= A 7)
E33%0l AFAANM FY F4(equivalent depth)
o1, #gHell HAl4(actual depth)} FES
A(effective depth)- FY3}c}.

EWIfe=T)Z AHY o) FUF71A equivalent
air depth (6)& FAFARD o AA "o ge
A ALRIEAL of| FI|Ho|BHEE o| 43
71998 68 AMSsI A ok webd 59
g dAFEMset)= F719} 71 EG7I20] FY
& AgEe Ao 1Fg.

) =—fiz—(33 +d)-33 - - -210
.79

AAFA de HFEFAN ZEQA oj&Holg
9. ol9 HAE UUREF 7iA(heliox, trimix,
hydrox)oll 288 4 Qlck. FYF 712 HE(PE,
A, F4, AR 0E BFE HOEERYH H43d
ol87}s8t. & EjtA HFHo|EoA BgA
7t BAFE (), k=Nw, He, Ho2 3w, ¢Jeje]
E7EE BAEHA) olg 5 4 113 gk

5 = ff* (P, +d)- P, - — - 211

ks
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3. AAIA T E(oxygen rebreathing)

1880d %7] 7ol Feussthe ke HE0E
HHAYE 24 ZFA L (osed circuit oxygen
rebreathing system)o] 7it ¥ #FE Atk Hl
2 ¥k oA 9% FRA ARE =
QAtke Q4 ATPA, I A FaFEA U
SAF oli7t HA ¥ FHAAch 2 F AlA 2
2 oA B Aulyl go| AdH, tekEAl ¥
459 2 F 19504 B¢ Aol o
OHEL At: AEFVE A

A3z A2 wigvtae o] ALH
el #EdUR, HEA) o3 ojistgaE
AAA 2, A dolHrt TES Ak A&
Holch R shx7) WEEA 7] WEe W
Bo] A3 e Aol EFolt. rixikvlE ©A
AP A Aaavgs FEg MR, A9E F
ZEZATE A8 4% AxVo2T Jhedl
th 4ae 3§ HozRy AH AT wWE
7t git(Alaline) s}t F4EAS F3 £
slo] £33t} o] FAA olistgre AAHE
o} I EAH 24 89e 45 7|(water vapor), A
] ¢ (sodium), ¥Eelg 3Fho]=EAlo] = (potassium
hydroxide), oj4tgtgh: T& FETTHA 12 3
2).

AZENE AE AS YuFHoE i 6m’
o F5EA dbs2 A o 3AFS A& A
£8 4 gtk AF FAog Q) AARFEFS
ez A2 ATE7) A dig F7t 98
as s

Co,+ H,0 > H,CO,

V. & X HH

B age g 2oz #FEFL =
ot A¥eezy A3 APFDO)N HE
0)&3} ol ¥ £ Ur oY HitE HYd
T2 589 F2 2 ANFeEN FFEFA A
¥8ole oligezA ¢+ FFEFE =R
o gtk #AsiEe) e dgdg, 8R4ten
3, Efrlze] HIgAM e T S5
& glek 7%k S-S dE] A Yo g
% z§7128 B & AN olde FE xR
FolA AHgsE AL BF S ©FF7) T
59 7hxe) FoAD EFUIEE gFo] @ )
g8 729 Higo wEhM o|ESE, Edjeld]
2, W82, ol=8x A4z TREH, $5
A doht 2&5 Ao] o|FoiAx, Fe AY
Agg sl tig 94F Aol Bad
Agke) ok gog o|Fojory 4¥e AW
7o A7%E EdE TIXGAN A=S: FF
7}2(quadrox; nitrogen/hydrogen/helium/oxygen
mixtures)o] E¥}l tiF YFAEL T3k o &
Aax EEAQ AFEEFE ¥ F e BI
Y a3trt.

2H,CO, +2NaOH +2KOH — Na,CO,+4H,0

Na ,CO , + K,CO , +2Ca (OH ), = 2CaCO ; + 2NaOH +2KO

_ A1
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