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Disposal of CO in CO-Poisoning Dogs
Unngun Ryo, M.D., and Bann Kang, M.D.

Department of Physiology, School of Medicine, Kyungpook National University, Taegu, Korea

The present study attempted to analyze the fate of CO diffused into the circulating blood through
the alveoli.

Dogs were induced to CO poisoning by rebreathing CO gas mixture contained in Krog’s spirometer,
by closed circuit method, for 60 minutes. The spirometer was filled initially with 282 ml of CO and 20
liters of air and oxygen, so the composition of gases were arranged as 1.4% in CO and 50% in O,
at the begining of the rebreathing. Oxygen was added corresponding to the utilization of O; by the
animal in 'proceeding of the experiment. . '

At 60th minutes of CO rebreathing, the concentration of CO in arterial blood and in mixed venous
blood were analyzed and compared with each other after the CO contents were corrected with the he-
matocrit measured in the arterial and mixed venous blood. The distribution of CO gas to other tissues
was estimated by the analysis of CO diffused into the cystic bile and into the peritoneal gas pocket
which vw}as formed by injection of 300 ml air into the peritoneal cavity prior to the CO gas rebreath-
ing. The blood volume was measured by dilution method using % Chromium tagged red cells.

CO amount vanished in the animal body was calculated by subtraction of total CO content in blood
stream and the CO remained in closed circuit breathing system from the CO amount given to the bre-
athing system at the begining of the experiment, A

Results obtained are summarized as follows:

1. The content of CO corrected by the hematocrit value was slightly less in mixed venous blood
than in arterial blood. The amount of CO diffused into the cystic bile and into the peritoneal cavity
was averaged to 0.1% and 0.4% of the CO amount in 100 ml of blood, respectively.

2. For 60 minutes of CO rebreathing, CO-hemoglobin saturation reached about 77% at the 6Cth
minutes, CO amount vanished in the experimental animal averaged 36.1 ml/dog/hr., or 21% of the
total CO volume in the blood stream. The average vanishing rate of CO during 60 minutes of CO reb-
reathing per kg of body weight was 2, 71 ml/hr. Production of CO measured in ten dogs under hypoxic
condition averaged 0.023 ml/kg/br. The major part of the CO vanished in the dogs seemed to be oxi-
dized to CO, by various tissues of the animal.

The conclusion might be delivered as such oxidation of CO to CQ, by animal tissues can play a role

in part of the process of recovery and protection of animal from CO-poisoning,

* KPR 6BFEE T BRAARE o] R4l R4
* FHEHERY BEE #2008 AREEEGRMHEGN A #EE9E,
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— LB (CO) thBEE A ERMOERY CO &5
& COdl HBisx e kR B BEOIFRA K
o 045 EBE 205906 LEEE AoE H#EE
o] gl.ow (Beeson & McDermott, 1967); (&, %, 19
60) & FhEel A Bk CO fIFIEE7}L 77% 7445 CO
R EBRABAA MR CO Be KFITIEF: 60 43k
o), eI OMFREE 20 el £% AW S WLt
AR, 1965).

—B el BAS Y] mEEs BH #HaT CO
7} olsh7te] WMAEHA A 4 A& AL MRS COst
WA s o] PRSI A W2 Aold] HESLCGE
s, 1967) COh#ERENA Mg BT COY HebRol
BREMPY CO & me) ETErst A $H72 S HMET
¥} gleh. B Clark = (1951) 88764 CO 7+ CO,
2 B2 + 9o BUstgy B¢ HHR Al
1} (Clark, et al. 1951), sRmEk7}(Allen & Root, 1957)
REERANA COE COZ Bt & &0l Hiks)
o gleh el obA AEReIA CO7b lnbakd HEE
2 BEd + 9% AAAT EEMHoR BHstI L K
ﬁo omg,]x.] Al;(] ol-‘;}_

s, MR COAY S MER Bk + d%
Aolebd COHHBHY KBRS slotd o MILERS
READ 4 x Fik =k ] BEd 9L A%
Aokt Aolvh ABAA COhEBHES Bl 7+
2o FHkom ¢dA Yt HHEMFTES(Beeson &
McDermott, 1957; Douglas, et al. 1968; Editorials, 19
68) MEFHL
gaerd, 1968; Gold & Kozenitzky, 1968)
ol & Folmz el FMA
sleh.

HESES BRI A COs} BEMmo e Mkd +7
debd ol & (BN AT e mES 2ol $13hd

o\ =7 WHE
ue HELoleh & %

FPHEAA = BHFARAN CO gas & WRAD o 2H hig

AA RN COs dsht e, BWEAGA + 4%
AE FPrEk] 2ol

BB F &

BROY - 8F 9~21 ke ) HBHEAS HHaIg o
15mg/kg ¢} sodium thiopental FEEH Bt
ol B B%igehol MRS thiopental FHEE
WiEES fERFstgict. KES B, kst mgsin 3
5 valve & st MESE L MELL Krog's spiro-
meter o] 455 e 24 spirometer ;58 CO-O,B4 gas

= JHEHES HBHE (Bean, 1945; Hau-

2 BKAFEER 33 [EEE spirometer &  sodalime &
8, CO7b Bi=1A 34 o

—BALHRPE | B BES mebdA A, B
et WA COE gas ) ol HFFsta HERsvet
o] CO gas(47.01%) & 422 ERES] 600ml 2 Krog's
spirometer [§ol] A ST gas o) ARl 2015 5 &
0.5 WA WRE # 1.4%°) CORA gas & PAK
EZz PRA o2 COggEel =A stderd 604
Mo mERETD O.% M fi44%le] L, spirometer
9] g4 fkdbe —EHEE=R [EEshe kymograph b
o e el HitE =& st MHRESHES BEstL
ol-&3 MR LAlA O8KES B g% + A
&4 et ‘

B, RO T REAS] e : COHE 260 oA
CO&RS #¥str] A% BiRm-S BBRAZ #HASH
o WHABEAA o & catheter & B3], 12lx B
LEIRN-S EHIKE Bile) FOENA HAR catheter

T okl &% EARLA ERERMEE WE B BT
-6}31__'21 ELRIEN s HEFFH (CO TR 5560 5
5 el Eﬁﬂsﬂﬁv}ﬂ Hatshe = PR = ERELE
BEpse &4 #6056 BRI

ERARe] CORKE AR : EBH LS A CO gasIif

WHe 717 B RS 5 300ml KRS A
o} [l gas pocket B(B, 1964) WA A FiL CO gas
TR S 60 o A Akl [BIER B gas‘% wlhEs R
ZE EHHEE BIjsd o AES WEsta, CO O
2 COl i*h& RS HHstd ek 60 50 gas FH
s CO ¢ MR.o.24 Ml A %ErthM W& CoY &
4+ rd‘ﬁ% T Alf 7‘]°

EEMER WE : CO Efﬂﬁ: # 60 ﬁ‘«ﬂ A MmN
o EE %Jﬁﬂ'ﬂ 9 COS & 47 $i3te
co gasuma £ 60 4yl E%ﬁq €9 ERMmMEES “'Ch-
romium @%ﬁ?ﬁﬂﬂ"‘ %‘ ‘i} ﬁ‘ﬁ%ﬁﬂii GIF, 1956)
{M%ﬂﬁv} Bp EW‘%’FHM FERARANA TR £
30m! & gm 51Cr 30pc1 £ frstm SW6°CH A 45
1 f%%sl (E'aé: ELF@M % °1EP IEfEs 10ml§
co '!2%’( 5530 Sroll JEBRARA %ﬂzﬂ}sﬁﬁ Egﬁl SCr
Eﬁﬁm%& ml2A EAR HEe A @@7&(1000 D
£ "E 540 SCr- F;&ﬂ’n({i%&& %30 5} 1P CO meif
%60 ol BhiRd-& ﬁcmw}cl tﬁi%f&:ﬂr %‘WH I Hgtie

mﬁmom ﬁéﬁmﬂfi ﬁdﬂo}ﬁv}

Hematocrlt =) ;RIJE gbﬁjﬁjm ﬁ;ﬂ)ﬁmq hematoc-
rit & Clay- Adams Inc. 4 mlcrohemafocrit centrifuge S}
2 reader & FlH3I WESHA T

—BbRREER AT BAERZRES  AlRAAA
CO7b ambt EAd 4 JEA$ WEN S5t 10
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Table 1. Comparison of CO volume in arterial blood and mixed venous bloed in CO rebreathing dog
Arterial blood Mixed venous blood
CO vol,, Hematocrit, | CO vol. CO vol., Hematoerit, | CO vol.
ml/100 ml % HE % 100 1mi/100 ml % Ht, 9 <100
Mean 15.16 45.77 — 14. 43 45.11 —
S.E. 0.41 1.62 33,122 0.42 1.63 31. 988
n 24 14 — 24 14 —
. 8] B.O Ay S
Table 2. Comparison of CO concentration between £4 COd &2 Mg

arterial bleod, portal venous blood and
bile of CO rebreathing dog

Dog No.  lod. CO, m[blood 0, miBile CO I/
o 100 ml blood |/100ml blood
8-524 3.60 3.52 0. 06
8-525 4.30 4.20 0.01
8-527 7.80 6.95 0.23
8-529 13.20 13.10 0.05
8-530 17.40 16. 40 0.05
8-531 17.60 16. 30 0. 06
8-601 13. 60 12.10 0.06
8-603 16.80 14. 40 0.03
8-605 14.50 14.50 0.03
8-607 13.80 15. 90 0.35
8-610 15.20 14. 60 0.05
8-613 16.70 16.90 0.01
Mean 12.83 12.40 0. 083
S.E. 1.42 .35 0. 034
Table 3. Diffusion of CO into the abdominal cavity

“in which 300 ml of air was injected at the
begining of CO rebreathing, 60 minutes
prior to the sampling, in dog

CO in Composition of [Amount of CO

arterial abdominal gas diffused into

blood (%> the abd. cavity
(volume%) | CO 0, CO, ‘ (ml)
Mean | 15.93 | 0.0289 18.02 2. 21’ 0.0583
S.E. 0.45 |0.0042 0.73 0. 32) 0. 0011

Number of observations: 11, Data were znalyzed after 60
minutes of CO gas rebreating (initial concentration; 1.4% CO
in O,).

vel AT 30l A & thiopental & K{EFFET o2
A SRR S A1 ST I A OBZSIREA =A) shel o
W v+2 7oA & sodalime o] & Krog's spirometer 4]
KE #1005 FHEEFRA D020 OBk} o
A Stk ol T HBASL 25 Krog's spirometer [
gas & FAEIRE 604 =t 1204 WEEsHA] g 4
spirometer f3¢] B gas 7Riah CO MKE WiEste] &

BARE, MR BEE Y BREAEENT . BRIK
o catheter & #EASIE & 7)o Statham Lab.$] P 23BB

. transducer 2 Fifhste] EIIREES] BT Beckman Co.2]

Laboratory Potentiometric Recorder = 354 f4Zdslgl
o= R, SRR Y BREEEY BERRed
R Rl A BE = st

Gas 2| FERAH : BRES CO gas 572 FHSEo|
ZE3 COHHrit:(Kim & Ryo, 1966) Fl i Toll A
9 LOsE Bdl= COmfbiko® stgdom 0.25%LLTF
9 (£ CO L Hilger LR.D. Ltd 9] Infra-red CO
analyzer, Type SC/LC & 4#rstadel. MR gasdhe)
0O, ¥ CO,5#7-& Scholander micro-gas analyzer = (Sc-
holander, 1947)3}1 5. . |

mE = BtAR COY A ¥RM, BKhD ==
RS CO4Ee Thomasjite] Van-Slyke Manome-
tric Apparatus, Magne-Matic Model ¢ FJfH, VanSlyke-
Neill§ Fjiko 2 (Peters & VanSlyke, 1951) JiEs}H
god BRMY COMKAES Algz REsd COM
FEES s o

BB OKHE

BIRLI EASEDAS COSRER | BREME
kst CO7F CO 2 MR bl CO B8-S Bk Mmel A
2oh BIRmAA o A& Aelch BEBMEANA Hmst
T 158 #el HLEAA BATELS Himste 4
#% COEEL 45t hematocrit & HES] E R
T 1ES 2ok M A M ERAGA BATIRD
M CO &AL BIRMS 59 95%24 = ERE of
Uk HESA % Rolgieh. mikRAA AL Z&Et
MR FiEEel 2+ CO < hematocrit {7} o &

Biikimel (Hamilton, 1962) vl gho] &A= o] glgol &

Aetebr & o5 glodt K HWHelA HE 14 419
hematocrit i 5.8 IRme) Aol Bk 5 98.5%
gor ££9 CO GRS hematocrit {2 vpeld i
#oted RobE F1EAA ¢ 5 2lb vl el g4
BiRMeI A 25} COGHel kMmN = %skeh. o
AA EEHAS bematocrit 7} EHAS BEMEK hem-
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atocrit fH(S, 19619 Hote] & EHE Bolx g A
£ COhie kst MrEmEREe] HBMKFOR B
%= o] 1h-&(DeBoer & Carroll, 1924) = £ 7l o]t}

PIREM o= REERE TR CO SR : A 4is
o] BEAN IFER Jd& H%HP?E MR COF o
whg ks o] Sl 4 A E flEsta oh2e
ILEES e MO BN COSES &%
oFr, HErst e R HRE goke goh B £0 BE
7} ©t2A COh&Eolsl 12418 EEgARENA EyiEM}
FIEMAY COSRE BHES RS Bold ggod I
A CO RS BlkmAS 1A il iRl
2olqlth. 2MeA B CO Rl MRS At A
o MBES 2olX S AL AFIA  ESRIEh
Fell A et fer-25 BER FERELsT R
o Fo] obdrt A=

BER: gas pocket 2| CO WL : 60 57 COM
B oko) JEPEREEES CO 5EEel o =R 8
g 4 glon =¢ COL Akt Hilslel ve 4 g
=X & WEST 2 EREe F3%S 2ok 2 1184
A BIEMA CO S5 o) 9 16 volume% (CO-Hb £
FIEE #5 80%)U 1@ Lol = 5 220 ml =l o} A& B
PEN gas®] COREx= F4 0.0289% 24 5l 0.2
mmHg BE o HA g %&n% 60 %Fa‘ioﬂ = CO
o Fol 0.0583 ml g =}

5 00 WS 18% 2 %S =1 COx 2.2%2
FA A = dovh A9 EkEG KEE HEA
T wEY BRAAR, 1950+ HEAR 2B O,
8l CO7F &% 7.78 2 6.65%2 =g o JEHERdIA
O+ BEAG THiRBa BEst e 25HE kol
BB v CO= 1 RLARIo ol k. & E%ﬁoﬂ
A KEEAE 1B Oy okl iR ﬁ%k%’
oA . o] AEEE (B 6~7%e FE, B, 1964
FE% 19658 T4 AL FEdEdE 18%e ¥4 ¥
2 B ol& COFERENA mAaFs} COst #
Aol wte) WHEES Ouell 1Rsle mES O.Fke] whel
LRG99 A Eelzt A4k (B, 1964; Wilks, 19
59). EEREAA BERA KE/F EAH G SE CO,
= 1 EHEIRe] TR o2 B 6%EE= 3 A
o]=} (&, 1965) & EEARERAA 2.2%=2 ¥A) ##F
B A& COrhiEd AL BHHYY BAFEReZ BRA
CO;fel Z2fffo 2 ETH 479 Aol

BRUA BLE CO2 B: Fi4ke BEHR 184
A H4 282.08ml ¢] CO & spirometer (J¢] HEAFE gas
3 2016) BASS BIRRAZ #6045 BEREMIE
B3 mER CO RS MET 24 BRMKEAKS CO

S #HEslz = PREIEE R spirometer (49] 2

Table 4. Vanished CO amount during 60 minutes
of CO rebreathing in dog
Experimental dogs | At 60th minutes of CO rebreathing*
CO volu- Vanished CO
No. {B.W. {Sex ?(l)?gie ;rcxflllar;ilcllg- B 1/k
. AN e 1/dog |m| B
(ke (mD) blcg;lil) ! /dog ) / e

8-530|12.0 | F | 1,078 | 187.30 | 14.46 1.21
8- 601 |15.0 M| 1,348 1 175.20 | 75.28 5.02
8-607 {15.0 | F | 1,084 | 168.00 | 10.83 0.72
8-610| 87| F 924 | 150.80 | 21.47 2.47
8-61310.5| F | 1,224 | 194.58 3.89 0.37
8- 614 | 15.0 | M| 1,038 236.05| 52.60 3.51
8-61511.0| F | 1,311 | 214.69 | 28.23 2.57
8-621| 95| M 785 | 158.38 | 26.03 2.74
8-624 1125 F{ 1,141 [ 156.18 | 72.28 5.78
8-629|15.0 | M| 1,124} 203.22 | 61.79 4.12
8- 704 121.0 ) M| 1,971 | 262.86 | 39.15 1. 86
8-917 | 12.0 | F | 1,018 | 126.74 | 56.42 4.70
8-918 1140 | M| 1,520 | 175.41 7.80 0.56
8-1101 | 12.0 | M 831 | 151.99 | 53.86 4,49
8-1107 | 16.0 | M| 1,121 {159.76 | 78.40 4.90
8-1108 | 11.5 | M 947 | 144.09 | 16.00 1.40
81111 | 12.5 | F 906 | 135.52 9. 88 0.80
8-1129 | 13.5 | M 897 | 118.30 | 21.40 1. 60
Mean 13.2 1,126 | 173.28 | 36.10 2.71
S.E. 0. 67 210.8 8.81 5.98 0.42

* Rebreathed CO amount: 282.08 ml CO in 20 liters of
50% O,

Table 5. Production of CO in Hypoxic dog

Experimental dogs Produced CO amount

No. | BW.| Sex. |mi/dog/hr.| Doy,
8-1011% 13 F 0.168 0.013
8-1012* 10 F 0. 293 0. 029
8-1014* 10 M 0. 340 0.034
8-1015 14 M 0. 353 0.025
8-1018 13 M 0. 440 0.034
8-1019 12 F 0. 070 0. 006
8-1104 15 F 0.120 0. 008
8-1108 12 M 0. 328 0. 029
8-1205 12 M 0. 347 0. 029
8-1207 14 M 0. 349 0.025
Mean | 12.5 0. 281 0.023
S.E. 0.49 .. 0.037 0. 007

* : In 3 dogs hypoxia was induced by depression of respiration
with large dosage of thiopental injection, and in other 7
dogs hypoxia was induced by air rebreathing.
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Table 6. Changes in arterial pressure, respiratory rate, minute ventilation and oxygen consumption after 60
minutes of CO rebreathing in dog
. Mean arterial . Mi
Arterial CO sat. Respiratory inute O, consumptio

Group (%) (p;e;slellg) & rate/min. ven{;ﬁxgn ’ mls/I:nirI:.l "
Mean 0 154 19 4,19 116.8
So:néc_xl*ol S.E. 3.52 1.42 0.31 40.5
After CO  Mean 76.78 106 34 9.07 128.7
;el:n;fgthmg S.E. 2.81 7.12 1.64 0. 69 6.7

Rebreathed CO gas: Initial concentration of CO was 1.4% in 50% O, and the gas mixture was diluted continuously with O,.

Z COBL Zhisted 60 5l #H%d COBE g
@EE vl Aot os1A BRMEA COMEL
WIRmS 2889 75%, BIRME 25% = (Guyton, 1966)
BT A4 mES BN =t BAFEMF CO SR
o spale AEsET. ERSAA CO-O, B gas ¥
60 48 BHIERAAL A BEmMER A =t 4%
el gl CO el 7 173.28 ml 24 3ol FREEH
thel frdk & COEe] # 61.5%%9.07 60 7l %k
4 CO¢ Be 7 36.1ml 24 Fo13 & COE
12.8%, == FBRMmWth COS # 21%) e
Rolgla FERY 4 ke % T 2.71mls} 60 5%
ol WHE Aoz HEsgch fHaEdA £ 5 3
T oups} o) FEERMIERE CO Feolk 60 5T ¥k
5 COY Hol EEERES} =3 At
MERT KBNS COEALR : £t A EFRRB
o) mpEERl = CO 7+ Bddohe #ikrl ¢.on (Cobu
o, et al. 1965; Coburn & Luomanmakim, 1966) 1.8t}
w OF A8 AR RgAE o Be COsb B4
g 2% gL Adm 10HY ERAL AT RN
SlaRng =t EMETReEA OrZ kA =4 e
60 Z7Hel EEE® COS Be HiEste] & #BE #5
#9 2. A7 A OBEMREs COHBRENA o
Z AHAE G Rolw =T HHA OMRSRE}
H—dtx L e Aol BHMIRETAA COHENE
Fasls AQAE R i e w1069 B
Rell A 60 FRlel g 0.281mle] CO» EA= o
o] s ke % 0.023mld] HWEHE Aolgrh

CO chiz0l thet ME, FPRE, SEHRER N BRE
gERol BHE © 576 1E 20 H1) - KHRe] CO gas & 60
5 EOERA o2 COchige] SAR % FHBIR
B, TERE, SRRSE D BREHEES WEsd &4
BRMES) HBrste] & Fol k. HI 60 182 CO gas Fof
wo2A Bjikme) CORFE~ F 76.78%2 714 =
9 A BIRES HRREY ¥ 69%2 THAYR, T
Ee ¥ 179% 2 wmstd o ARRARS HRE
8 2EL o n HAE ATt MEBHES HERES

BEBRANA T 1450 116.8ml g€ HAe] COrhH
560 4ol £ 128.7ml & So} #510% HEm=gled o
+ gk '
£ B
—BRtRFEHTEEY BEFREE hfF) 5549

' M8 O E#RE-S [AEstE COE 23 0)zkm o) #e)

BeEE, HEHIAZ S Aolch. Al HEFS 4 %3 CO
T mEFYe BEASE b & HES OWR
0,8 SIS WAL Aol= (%%, 1967) Joels &
Pugh, 1958) o] & $]3te] COthi#al M= ET
02 SAE (Douglas, et al., 1968; Editorials, 1968)3}7]
7R ol esd IE gaste] 05 Fold+E

MmEaERsE COY WE webd 4 ek 2

METR-L BRETES BRAA MEHED AT BB
dog < gl2ov (Haugaerd, 1968; Gold & Kozenitzky,
1968) 4¥3] REMBETRSE EEA RET = o MK
g ERiEe o Einsle Aol

o] Clark (1951), Allen & Root (1957)&0] 38

#3 whol o] 4BEM6lA CO st CO2 BfHE 4 9

E Aolebd ol B REAA COhis i 2 byl
ERYT 45 31& Aotk #RAA COst mftdetd

ool FRES ol =& o8 X BRI A ol
212 Aold, = MERANAE of BfbIEAel Lot
c}sl (Allen & Root, 1957) ¥} % CO pEEIEANA ik
fif3el CO4iel BRMMAmY aztnct %g Aozt A

As & BRAAE A Bikmsh BABKMA

CO 4E#RT Wirstel 23 ¥ hematocrit {f 2R
2 WE, s s HRnkY COaRel HF e
Erre Bgth o= HIRMAY CO st Mffiho
B, WEE 4 0 AolmE BERY KITRCOS
F} JEHEP gas pocket & RA A CO &) Bl e W
Bkl & AR 60 HRIS CO MR MeitPs =t Tk
ME SR COS REE MAEMRES 1/60042 1/
200 Bl ASBI R o ZWEERN =% BEER 300 m

o gastho = s COMEL &% My 100mlh

—0 7 —
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CO&9) 1/1000~1/250 o) AvbA @+ Holdwh
olshre WBREERA 1R o8 ERRE Piks
£ CO9 B¢ =} #EL +% 9l Rolvt CO gas IR
60 575 kel st MRS CO i, WEREL A
4 EBE gl HEY AdE 24 FE Aelw T
+ g2 e myoglobin & M s ALY
Holl CO7t fa=el Bl 5 ot oledt KE
& COthie] ffi=lol A ad FEREE o+
F& AE 2889 5%LIARY AL EY Aoz Fenn &

Rahn, 1965) WelA 3 9lh. weld —EEe) CO & Bl
HEIHRE 60 57 BERAZLS o R 43+ CO. |
B AY Z2EA miEThel FEEA dE AelH ZER

mErh) CO&E=}l spirometer ;§ ¥ FRREIFEGS] B
2 COEL sl WE, #iltstd & = o CO&E} A
S spirometer o] A COES £E, Al ¥H4s CO
o KESL g A B, EES CO Folel Mot
T 2 FEel & Aolch ols AL BEo e KER
Al A FE, FtEstd £ COmL, BREL FRERR
A 60 el mIRAEH COREES # 21% FE
Hx Zolygn BirfEEE COMLEETYL 2.71ml/ke
/hr.2 HE=q el 60 4R CO BB RNA ol vk
T B4 CO gBRaA CO2 Ebagva HEs
whE b & = gou COTEEEANA o]
L Rl AY mbiEfEule s CO st s = N8,
A CO&Ee) e vl # 3riHe] FrEslojet
S KA e EE COPEER Y # 34
FL 2/ 9 Aolvh &, EEANAL BReNA
CO s} " 4 gl 3 (Coburn & Luomanmakim, 1966)
%3l FEmikEEA A CO Lol Boke #EE (Coburn,
et al., 1964; Coburn, et al., 1963)ol} #| 5o #EE BE
Rl A5 CO7b ¥R e 18R A COm{t
ERE MERRES FHESIE R & Ao & HE
4 iEse  COEERS F45 0.023ml/kg/hr. 2.4
HEL Boizt & 4 d Aoigrsh

PAEsE 2& & BB fREE 2ok BRAAY CO
EE{L el COche] (il =y iR & =+ 2
Ao SHE COphERABES KRS SR i
AEE{LRIES (REFHEE 8RSy 2obs BE ERe
A EFEE g, B ik gasthe] O XA
A if23He) COPES REANE Hikl ZEkE
WEsks) st BB MRRES BT 4 o
= Jikel BRiEselok ¥ Aol A 7k o},

# EHel A WES & BHRY FESRiRREEC #
WikEEa) A we} (?O_q:'ﬁﬂ 3t + ?@BDQ 9482
BRALE WRol™, MRES SRHREAEC T Cow
Figd P 2EE 2E L Pbes KRS 3l O,
Bzl i BPRRET HDEE & 4 Qo= B

BEBOl OffeRE BIMAZAL & €64 e TR
o|v}(Fenn & Rahn, 1964). 2|} Algt CO kAR
Al A E olnkE Offtigel Sejd & glgol HERAA
£ s BREE BRelv ol OFHE B

ik COdile) 9% OBZHES U8 AdA s

HERe| | Zolek. COhiFol vl % AskA AU 2
g A, 2v OBl %L gas & PRE H&
mHRES] KT =e Oftfhd] BiRFEo R oo 22 O,

BREBENSEL & F 9 Holvh
wOO®m

— LT hER BRAA COsb M, EES
% 9l AolH =i o2 COs MRslA EE,
W 4 e Elskd 2r dstd ERkel
COTMEE} ¥ 1.4%9%: CO-0, EE gas& Krog's
spirometer & PASNEIRS Bl BEEAY 24 CO
thagel HA] stk CO gas HIEIE 45 60 5ol BHiEM
3 B&EHENnY CO&ES £4% MEstd £%9 he
matocrit {2 FIE, [Ersled 23 BHA 2 JER
WA 2 gas e CO Mm-S WES S (A
29 COShifke HEstg.oml CO gas HHFR 5 60 5
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