A4 gAX (A1 A2F 199

4 Zlady 25 3 9 3 &

Agdsa oY deldmd

x X ®-®m £ &

=Abstract—

Changes in Circulatory and Respiratory Activities Observed
on Men in an Engine Room of a Navy Ship

Kwang Chul Hyun and Kee Yong Nam

Department of Physiology, Seoul National University College of Medicine,

Seoul, Korea

Circulatory and respiratory activities were observed in men exposed to the environment of engine
room of a cruising Republic of Korea Navy ship and compared to the control values obtained in an
ordinary laboratory room on land. The environment of an engine room of cruising navy ship was
presumed to be a multiple stress acting on men. The environment of the engine room included high
temperature (35—42°C), low relative humidity (20—38% saturation), vibration (about 7 cycles per
second), rolling and pitching of ship and noises.

Sixteen men were divided into two groups consisted of each 8 subjects. Subjects of sea duty group
had experience of continuous on board duty averaging 3.5 years. Men of land duty group had no
experience of on board activity.

On land observations were made on one day prior to the boarding and leaving the port and four
days after landing. In between observations in the engine room were made on the first, 5th, 9th,
12th, and 14 th day of on board activity. The whole experimental period lasted for 20 days. Measur-
ements on circulatory and respiratory parameters were at standing resting state (after 30 minutes
standing in the case of on land study and 15 minutes in engine room study) and within one minute
after cessation of on the spot running of which rhythm was 30/min. and lasted for 5 minutes.
Oxygen consumption and pulmonary function test were done in the period of two minutes from the
3rd to 5th minutes of running. The following results were obtained.

1. Body temperature showed no change regardless of group difference or on land or on board
measurements.

2. Pulse rate increased markedly after boarding the ship in both groups. Pulse rate increased
from the first day on board at rest and after exercise as compared to the on land control value.
This increase in pulse rate was more marked after exercise. Sea duty group showed less increase in
pulse rate at rest than the land duty group. Standing and resting pulse rate of sea duty group on
land was 81 and increased to 87 at the 5th day on board and remained smaller than the land duty
group throughout the period on board. Control standing and resting pulse rate of land duty group
on land was 76 and reached 89 at the 9th day on board and thereafter decreased a little. Pulse rate

of land duty group at rest on board remained greater than that of sea duty group throughout the
period on board.
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3. Systolic blood pressure of sea duty group increased after boarding the ship and remained higher

than the control value on land. In the land duty group, however, systolic blood pressure decreased

during the period on board the ship. Diastolic blood pressure decreased in both groups.

4. Resting breathing rate of land duty group increased and remained higher than the control value

on land. In sea duty group, however, resting breathing rate showed a transient increase on the 1st

day on board and decreased thereafter to the control value on land and kept the same level throug-

hout the period of cruise. Absolute value of breathing rate in the sea duty group was greater than

the land duty group both at rest and after exercise.

5. There was a lowering of breathing efficiency in both groups. Thus, increases in tidal volume

and minute ventilation volume and decreases in maximum breathing capacity, vital capacity, capacity

ratio and air velocity index were observed after boarding the ship. An increase in ventilation equiv-

alent was also observed in both groups. The lowering of breathing efficiency was more marked in

the land duty group than the sea duty group.

6. Energy expediture increased in both groups during their stay on the ship and was more marked

in the sea duty group.

7. Lactate concentration in venous blood at rest and after exercise increased after boarding the ship

and no group difference was observed.
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Fig. 1. Body temperature (a), pulse rate (b), breathing
rate (c) and arterial blood pressure (d) in resting and
after exercise in the ground duty and sea duty group
on land and on board. C: one day before boarding the
ship, L: 5 days after landing.

Q: ground duty group in rest, §: ground duty group after

exercise, /A\: sea duty group in rest, and A: sea duty group
after exercise.
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Table 1. Temperature and relative humidity in the room on land and engine room of a navy ship

On land l On board On land
Experimental period i :

(days) 0 2 6 10 13 15 20
Days on board —1 1 5 9 12 14 +5
Temperature (°C) 18—22 35—39 39—42 35—41 35—42 33—39 18
Humidity (%) 62—78 25-—38 20—27 20—29 26—30 51

21—33

Table 2. Body temperature, pulse rate, breathing rate, arterial blood pressure in resting and after
exercise in the ground duty and sea duty group on land and on board

Ground duty group, N=8

One day be- Days on board Four days
fore boarding after
the ship 1 5 9 12 14 landing
Mean| S.E. {Mean | S.E. | Mean | S.E. |Mean| S.E. |Mean| S.E. |Mean | S.E. |Mean| S.E.
V Resting
B"“Y(}g’)"f’“a‘“’e 36.8 0.1 | 36.9 0.3 36.8 0.1 36.9 0.0 367 0.0 367 0.1 36.6 0.1
Pulse rate(per min)| 76 | 3.8 | 84 | 2.0/ 8 | 2.7 8 | 3.2 8 | 1.3 8 | 20 78 | 23
B’eazgiﬁgnffs 19 |15 20 | 22 20 | 23 21 | 22 21 2020 | 20 18| L9
129/ | 3.0/ | 119/ | 3.5/ | 118/ | 3.2/ | 116/ | 2.6/ | 120/ | 3/ | 114/ | 8.2/ | 124/ | 2.8/
Blood pressure 78 8.7 78 47 68 2.4 7421 68 23 71 31 7 31
(mmHg)
Exercise
d
B"“Y(}gf)“l’emt“‘e 3.9 0.1 367 0.2 37.1 0.2 371 0.0 368 0.1 368 0.1 36.8 0.2
Pulse rate(per min)| 84 | 6.0/ 93 | 4.2 118 | 3.3 104 | 611105 | 3 |104 | 2.6 8 | 7.0
Breathing rats 25 | 3.3 33 | 4.0 25 | 3.9 26 | 47 2¢ | 3| 25 | 37 21 | L4
Blood 130/ 13.3/ | 129/ | 3.3/ | 128/ | 4.4/ | 123/ | 2.6/ | 123/ | 4.1/ | 120/ | 4/ | 124/ | 2.7/
Blood pressure 75 4.3 78 8.1 75 8.6 74 5.3 74 3.6 7 3.6 74 3
(mmHg)
Sea duty group, N=8
One day be- Days on board Four days
fore boarding after
the ship 1 5 9 12 14 landing
Mean| S.E. |Mean| S.E. Meanl S.E. |Mean| S.E. {Mean| S.E. |Mean| S.E. |Mean| S.E.
Resting
B"dy(}g‘)“l’e"t“fe 7| oz 68 o1 % | o3 w8 o1 s6 o2 e 01 s 0o
Pulse rate(per min)| 81 | 1.4/ 8 | L1/ 8 | 27 8 | 4.5 8 | 3.0 8 |-3 | 8 | 1.0
Breathing rate 22 | 20 27 | 3.4 23| 21 21 | 50 22 | L6 22| ‘L7 21 | L5
116/ | 3.5/ | 118/ 1 3.7/ | 128/ | 8.1/ | 117/ [ 5.0/ | 120/ | 8/ | 111/ { 3.8/ | 116/ | 3.3/
Bloof pressure |79 3.9 68 3.5 67 2.6 68 29 70 1.8 63 23 73 24
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Exercise
Body femperature | g7 |\ 0.3 3 | 0.1 3 | 0.3 3.1 0.2 3.1 0.0 371 01 ¥ | 01
Pulse rate(per min)| 89 | 4.5 106 | 2.7/ 115 | 3.2 106 | 49119 | 21104 | 0.3 8 | 3.2
Breatbing rate | 33 | 4.8 25 | 1.5 3 | 80 %9 | 9.0 3 | 713 | 51 30 | 21
Blood pres 124/ | 5.9/ | 126/ { 4.1/ | 131/ | 8.0/ | 127/ | 4.7/ | 182/ | 3.6/ | 120/ | 3.2/ | 125/ | 1.7/
(n?fﬁ}‘g 73| 3.6/ 73 1.8 69 56 68 26| 73 21 69 L§ 73 18
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Table 3. Pulmonary function Grund duty group, N=8
One day be- Days on board Four days
fore boarding after
the ship 1 5 9 12 14 - . landing
Mean| S.E. {Mean| S.E. |Mean| S.E. (Mean| S.E. |Mean| S.E. |Mean| S.E. |Mean| S.E.
Resting
“Tidal volume (mD 649| 48.4] 798/ 92.5| 702 82.4] 709 54.4] 712 40.7| 674 50.2) 603; 33.1
Ventilation volume
(I/min/m?) 7.0, 0.5 8.8 0.4 7.8 05 84 0.4 87 06 80 10 6.6 06
Vital capacity (%) 1100 3.2 108 5.1 112/ 3.2 108 3.6 106 2.7 107, 2.7 110, 2.7
Max breathing
v qellpgcity (%) 126) 6.8 _ 110, 7.5/ 1170 4.1 119 4.9 119 6.4 117 4 122) 3.3
entilation
eguivalent 2,76/ 0.08 3.21] 0.17} 2.91] 0.27, 3.05 0.12 3.24] 0.2 3.08 0.3 2.700 0.1
Capacity ratio 34,4 1.8 34.8 2.4 31.6/ 1.6/ 33.3 1.4 343 21 33.4 L5 4 21
Air velocity index | 1.15/ 0.06/ 1.14] 0.12f 1.06/ 0.05 1.10] 0.13] 1.13 0.07| 1.1l Q.06 1.13 2.4
Exercise
Ventilation volume
aonyos™e| 17,20 L0 26.1f 1.6 2L9 105 2.8 14 222 L4 189 1 186 L2
‘Ventilation
atvnlent 2.17) 0.13 2,51 0.14 2.27) 0.14 249 0.05 2.28 0.14] 2.24/ 0.14 2.0 0.06
Sea duty group, N=8
One day be- Days on board Four days
fore boarding after
the ship 1 5 9 12 14 landing
Mean| S.E. |Mean| S.E. {Mean| S.E. |Mean| S.E. |Mean| S.E. |Mean| S.E.
Resting
‘Tidal volume (ml) 609 50.9] 594 69.1 697 93l 749 1421 660! 82,3 7700 109) 630, 52.6
Vemltion vy 7.7 o6 84 13 7.8 Lz 89 L4 83 0.8 o5 L4 7.4 04
Vital capacity(%) 1030 3.77 102 3.8 105! 3.6 104 4.3 106] 4.6/ 103 3.6/ 103 3.3
M“;;;’;‘ff‘y‘“f%) 132 7.8 120 6.2 1 71 1g 6 124 71 19 g 13 6.7
Ve et 2.62 0.13 3.33 0.12 2.85 0.16 3.07 0.24 3.00 0.2 3.14 0.01 2.77 0.07
‘Capacity ratio 37.90 L9 333 17 3.7 16 339 1.8 351 2.1 34.4 2.4 380 1.6
Air. velocity index | 1.30[ - 1.09| 1.29] 0,17 1.06/ 0.07) 1.16| 0.07 - 1.200 0.08 1.18 0.09 1.30 0.12
Exercise
Vemfletion vohme| 5.2/ 1.4 249 0.9 25.5 16 2.4 L4 26.6 L5 26.3 09 25.8 2.0
Ve“t;gi‘ﬁ;‘lem 2.44) 0.03 2.32 0.06 2.23 0.08 2.23 0.03 2.34 0.06 239 0.02 2.27] 0.9
2% 4 dagel st gastd 45T QAR @ R g AHFel o2 s, AATL 4 Al 144

2 &0 Ak & $4 Al 14l STl 110%=2
a3k oot Al 5 Yo

7%z A F&

e +EE

_71 —

120% 2 Fr&stz #A) 546 ¥E 111%2 A& wolgl
o8 2% gA] Zsbstd Al 1244
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Fig. 2. Pulmonary function. Tidal volume (a), ventilation volume (b), vital capacity (¢), maximum
breathing capacity (d), ventilation equivalent (e), capacity ratio (f) and air velocity index

(g). Legends are the same as in Fig. 1.

ALS A 4 Qe Wz 2 131% = 3 E8H gk
B 3% YodY 95 AT L A2E ed
A $4 H23e HFA Fgol 54 gant
AQEn 2L AL FHY DA FAAAE 4
Heleh & $AT ARG 2,767, £5A4) 2,171¢)
QT AATE BAA 2621, LEA 2447013k
$4 Fol ALY BANA FHE e AN E o
2zucd 94 4% Aol F9 $4 A 1ddE
SAo] 3.21, #AbTe] 3.3314) ol2get a2V &
A A 50 9t Fadgest $4 dagiud 2
Gl vEYor A% Fol wza Hagel T
Aok $5AY Yo ek A v |
Fol AA Vebytos] $ATE F4 A 194 Uvk
At 2% AL AAn A ILIHE AL
&34 A4TE 4 A 1938 AaE 2oja 3
& Aso] 24 ARIAANE ALt AUl o

A F78ke AR FolE =2F #4sd

Sk ulg:A3E 9 A 2% fol 3 ] f (capacity
ratio) A4S AAeE A TFEFY G o
T HEe FAT ALA $4 Azgel SATAA

4, HATAA 37.9013x. FAA A sl
4 A A" 442 F AYTAA 2R g2
o vkl Zad Aolgleh S8 AATL A AL
el 33,3, A54¢0 31.7= FHAX] =g {4

& $4 Al 1ol 34.8019, A5 3L.62o2 F
Ao ol2Ych. 1 Fe F ATl ZL HEFE B

olgiedl $4 717 A& Frbe] AL HolgloeH
A% A 4l A $4 dages 3=

714 Al q=(air velocity index) ' Al 3% 4 A| 2% gdf
ASA G 44¢ A%t §4 dzgel FATAA
1.15, ATl 1.300l5le™ $4 A5del+ F 4
HEol 2F 1.06 22 AR o823 21F Frsshvt
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Teble 4. Energy expenditure Ground duty group, N=8
| One day be- Days on board Four days
fore boarding - after
the ship 1 5 9 12 14 landing
Mean| S.E. |Mean| S.E. |Mean| S.E. |Mean| S.E. |Mean| S.E. [Mean| S.E. [Mean| S.E.
' Resting
Respéffgggt 0.94 0.02] 0.97 0.01 0.93 0.01] 0.97 0.01 0.98 0.01 0.99 0.06 103 0.08
Energy expenditure
(K cal/m?/hr) 60.00 3.2 71.8 3.4/ 68.1 2.6 69.20 1.8 67.9 4| 65.8 4/ 61.9 4
Exercise
Resp ooy 0.94/ 0.01 0.93 0.01] 0.94 0.01 0.94 0.02 0.95 0.09 0.94 0.01 0.92 0.01
Energy expenditure
(K cal/m?/hr) 202 88| 246/ 10.1] 249 14 250 11.6| 249 100 219 14 251 10.8
Sea duty group, N=8
One day be- Days on board Four days
fore boarding after
the ship 1 5 9 12 14 landing
Mean| S.E. |Mean| S.E. |Mean| S.E. Mean\ S.E. |Mean| S.E. [Mean| S.E. [Mean| S.E.
Resting
Respéfgggt 0.87] 0.02 0.95 0.02] 0.90/ 0.02 0.97] 0.04/ 0.95 0.0l 0.98 0.04 0.82 0.1
Energy expenditure|
(k cal/m?/hr) 74.7 5.2 66.5 7.7 77.4/ 6.8 71.8 5.6 67.4 2.7 74.4 3.6/ 68.8 5
Exercise
ResPéﬁfggxt 0.96/ 0.01] 0.94 0.01 0.92 0.02 0.92 0.02 0.96 0.01 0.94 0.01] 0.94 0.01
Energy expenditure
(k cal/m?/hr) 256 20.8, 274 11.7, 290 10| 310 12.7] 289 15.3] 280, 9.7 292 20.1

4 REGAGE 3

zzror 5E= ok

3. OIAX] CHAREF

Zolgem A5 Al 444 A

vz w4 4A & A4E @ A 3R A4

3001
250
200
150
100r

50F

k cal/m?/hr

5 9
Days on board

Fig. 3. Energy expenditure. Legends are the same
as in Fig. 1.

el QRA AT d&23Fe] 60,0, s AEe] 74.7
kcal/m?/br 24 o}& & 4told] Fpold] olw] FwH A
A& e 4 gk S4dsd ARA HAANA F
AT o] T A FAA 25 A 2 27
2 Aol L &4 ggixl Aolztn ¥ 4 gk

$5A 9 A #AdTe] SAER god 43
W 74 FA3L 2 dAgg oS g &
S tZgtel FATAA 202, AT A 256k cal/
m?¥/hr ol glEml A Al 1 Lol SAbFo] 246 0.7, w4t
T 274 keal/m?/hr 2 Sr1E ge) SATLE 2%
£ 7Fd HEYoY fAEL 7S Al
A 9] 3106 o]l AnAS Byz AF ITdz
sAA e & FEE ngeh

=

A
=4

4. BYW WM 5=
AN A4 F=9 HE5¢ ASE 4 A= A
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Table 5. Lactic acid concentration Ground duty group, N=8
One day l?e- Days on board J Four days
fore boarding v — after
the ship 1 5 9 12 14 ’ landing
Mean| S.E. |Mean| S.E. [Mean| S.E. |Mean| S.E. |Mean| SE. |Mean| S.E. |Mean| SE.
4 Resting
0.00 0.76 10.3 4.57 R |
Exercise
Lactic acid(mg?%) | 18.3 2.49 205 43 2.6 2.6 20.8 25 269 7 | 28.2 2.8

Sea duty group, N=8

One day be- Four days
fore boarding —= after
the ship 1 5 9 12 14 landing
Mean| S.E. {Mean| S.E. |Mean| S.E. Mean' S.E. Meanl S.E. |Mean| S.E. |Mean| S.E.
Resting ‘
Lactic acid (mg% 0.74 16.5 2.8 ” ] |
Exercise
L 4] 24, 9} 2.9 243 1 3[ 31. o] L 8‘ 2. 5] 27,6/ 2.0
24.5mg%, AATol 24.9mg%9 #E Eojgrh &
308 A ARNE 2% A A5 24 FEake S350
50 o S £EL2 ¥ A9 4% F A4
g 20 A= ¥ BT FANAA ST 8.2, AT
o] 27.6mg%E Rolgrh % AFY A FEE F
AR EAA 2ol ggieh
Tols -
i | &

Days on board

Fig. 4. Lactic acid concentration in venous blood.
Legends are the same as in Fig. 1.

A% AA el A 4 AAE 0% FAT T o
£ A AN E ABAAZE SATAA 9.0 me%,

Aol A 10. Tmg%olglerd F AR F
kel 7k gl Ao} ol glnt,

535k Alzlel chEubdelal Ax £F Ax g
o] fahitelA 18.3mg%, SAATNA 18.5mg% 2 &
7tste] Wz %% %Eﬂ 2eb AL Fo4E debgsh &
AATLAE AR % 5 F A 2% gAe
F7b7t vhepyt DP AR Al A A-Fe] 19.3mg%,
Aol 16.5mg% e, $5 AFol {AFE]

- Apolel Wk

e AW AR4dsk FE F4 255 A(multiple
stress)7F ZHE5bE AL8kA Algbo] Zbr] S5 q)

Aww WP AGAY 2Fo] 5 F& 453
4 QTN 4% @ 3 25l oA A

‘!i‘

’—'1 A7 7§ A sl A ALY Askst o) 5 A
& Aol g ub-gelmo] Aol E Tl o] Ay FA

olglet,
AAE Ade 14 oF 3,000 ==l 42 4
B AEt T R %)2 EE B4 B4
AE D o Foll 9 £33 (Schneider & Karpovich, 1948)
947]—9—01 Al Hel 30 4% IWEY v
1 AAA 34°Col o]2w AEdabe T2 Lkl
941‘:} TLo A E3A ek s2kA dm 2 30°C ol 4
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& ALFA o2 By 33~3UColde R 8y o) 4
<3hd AAd FAE 24 ke ok W E Q)
A7F meel EFHAE F4AZ] EH=AE g
zﬂ A7} =Es AAS) 4w, BAg, B9
2] a4 s ANA QAR Aest F
A e el gehe Aol ¢ulA gl
o] meRAARTANA FARTE FE, AF, &8,
58 T 2 55 e i E 4 2220
g el ztad Eab ohesh o AT A o
o] fRviE Aol o8 dTFAEdl A mus
9l vk (Duffner 5, 1962, Schneider 81 Karpovich, 1948,
Megel 5, 1962). #4 $F4L A= 35°C~50°C,
20~25% 5 meA2T 37, 7t BA 9
T 7 cycle/sec AFS AFH AF sty & 9 &
A T wg &H’-E&sﬂr AFFTL7T BYgel 9o
= EEA A5t 97 S w2 gazze
A9 2 A4 4% W A2 olsl FL A 2
aF 494 dad 45 2498 Aos AF4H,
a-eatelol Azl Alell Schneider % (1948), Bell
(1961>-& o Abeko] Frtbghe] wel a]&-2 o 1~2°C 4}
8ot n Yo FEZA6DE 2o =E A A2
At 1 JR5E ned @ Ao R4S A}
oz Pom ol .ol A&FtE sl oz Pelle
grint 5(1946) % Asmussen 5(1947)-& 45 o ¢
Akl Aol fle Aol obx: AR 2AFHY ¥
ol 7lqlgebm sty e}t 22} Brouha %(1960)-2
25(82.2°C, 82 % 3% AASN AL A eol &
vt 2 ARz $4F wedF FAGLC, B
%EIDANAY AL Ade Wakel FEAols] A
Eoll ALY 452 22E + gz 9w = R
S EEAE06)E F4E AA e adt uk glu
E AL AT AT ZF E40 27
=& AeY HER A BT f U o
4 4 -2 Brouha 5-(1960) 3 %(1964) ¢ m3el A

Jzo{n

..

Q

A B
dEE
S

5

Oh' }‘J oL

S e 48 2 Aol AlLol Aedl
A gL =FAL) N34 AYNE A 3 SE
o QaA EEAL Aol A5HA @ Folzha

&5},

Aapel]l g 22 FE ANAL H8 ATFAE
2] gAe] HAR dAsel g+ A Ee} Houssay &
(1955)& 81710 o 20°C ol A3ty Hehe F7}
ebz glow Spector (1958)% 97128 4god A=
+ wubel Wl med W sy T g %
Sold Ay 24F dAA oA T4k A2 3F
S gtz 331, Robinson (1949)¢ #Hubel w54
Q3T FA3E A4E 2xn Hn A4 B4

5 d¥de 2n Ui Alzke] whESE AYEL FE
o ZEE Aol whzotn FAw FEFABDE
FTAE AL 2tk ok gleh, we@RANA A Ehd
vebie Wk g el AL Suggs T =
£ AE 9 gFRsgkd vANA B Zslee

i 3 Brouha E(1960)¢] &8t 2 F/15S 784
& A4 wok mevkd RAAA o dAESS T 8

olal MHtel wWE A U A3 0% zxd
28 AEF FE%e L A47 Adkn F o Smith
(1922) 9 Schneider 5(1948)-2 o] S5 35483
EI:;L]- A A xL;qu_;q] 7t gt 2ode. ned &6
A AL dseAd Hdbel WEE A48 om 1
HEE ulofsbe el gk NE st HAEE
Arolol & dhulel Al AA AL glebz FEZO6DE R
P X FAWBHE R4 4844 T 9
O)p}.

2 Ag4Ael 95 QA e FE BT B3
Al wE e 4%5E DR ¢ dhe 3
Aol K4b FARAA 2o fARAA 4 g2
718 A AFAEY Q45 g ste Aol HAAR
Ad A7 =EE g AATANA Ay FHE

el

o e

o

SATEE Al ol AL zedl v 53 A4
& jubg vlopg wbE4 Balvke @%(1%3)94 A
Ziﬂr 925 HARAA =FH w2 T AL

A wubel FotE e /A ?‘ﬁ—"-ﬂr RAT gol &4
T ghacl A4 d& ATl A ¢ eE T
et

sz g5 T ZFFY w3 dbisks W
et A4 ex 1°C A5 ZFFE ¥ 5~6 57
e}z e} (Schneider, 1948).

Suggs 5D A7y A% ¢ &5 gkl
del F&4E F7Mdn gow FA%HS dAA
e kEHE ZTEeE S5 e Air WE
ol e s 2 AxE Ay fla B K 51964
< B4 P4 ze& AF AN 3 B 2%
HokAe) AER EFet FAE #AYdn wad
d glet,

£ 48444 getwl g Ale FABNY 445
2 sl d53A e FA4EL A ¥4
9 WEol St UH AVTE xS 45E ndEe
FulgdsE Atdolth, 5 R4 < dA4aA
o F2g A 14-& W8 453 5 Az A4
33he Suggs 519612 A7 W 5 HLsleke] o
2t Abstirbs Roanel F(1963)4 WHol AAd) wep
Argge] wolAue 2uFg 434 sht S

Zx Al 19dle 289 3 F obA 4ASsie AA

$4
R
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FAsate Ad dF 7Ae FHdta g,

A E} 3 &4 FAlE Pape 5(1963)8 & 4F¢
ol 93 A5e EFFE AFAANA gevhn Yo
Y Duffner (1962)-& Al A9t Z& 7 cycle/sec el
&5 qlx AN 25E
B48%ST Pt & AL AL 2F UATL oA
FYR AF F2He glgls] b AgFe A
FAaAe 4% 5549 AFS e Ao 4749
o},

€29 §E7F &t w[AE& gl A} 4 Brouha
51960)-2 meAFolvt nerh4e chge] At
ol%d Fere- vAA gy Y3 HA%HE £ o
T U A AT A Wt Foldt wWHE A
¢ 4 ggdokam o FA6INL Tl Wigel 4
A E 427 9 TS BF A gHel ¥
2 03ld 4573 Harol AEgyctm Fo
Z2d A& Wyl #e4EF 2 J=xE At
Gold (1960)= 294 ~E#l skl 2 gre] #A
FE5718e] A4S s 47 gn 24 A
ol glol - Bed g duas 9
71 A%Y FENT A4drlwd SAE gud
o3 §lvh. Schneider T(1948)2 wal2 AslE e
d Z29 o) Fqky ‘& < 943z ot Al 4
Asete Holw $F70te A% =k A2RL 2
I FHF7IGe] dAT g FAE BolA g AL
Hdale +5F Z2 a4, AAEy 4 Adudgd =e
AL WEto 2z WY 4 A5 dFolekn Ak
2 23ty detel wlAE kel a4 Brouha %
(1960)-& EArid o WEol gdov 578¢2 9
276 A glol 2t Kbl A At WEFS 4 o
vty 233 2 Houssay 3-(1955) % 2He] §-3le 447
st wlekshviul &A1Y ek B ok

2 48A4H sty SATFAA A AR A 4
Frld o] BFA et AR ke 73 nel
AL Ay AAF o Hol T S AAT
+ dgled g x99 X9 AE, FYY 4F,
934 RA 2% AR5l wet 4 o] @
PRz JEAY HAE e g Aoz 47
e, .

Ak o2 32 HANA AA 2 FFAA EF
443 BAAFEL F"vdn d 58 Houssay &
(1955)2 49 & 2edwksh g7 L Abd 237 Ao

dle AAA Ak 7 ke 3@ 2w Brouha 5-(1960)
£ e v 587 (32.2°C, 2% A AE 5§t
7t #A%E FAAAAL e A% RA4(37.2°C,
25%F2AAE 288 &P DN JrlFe

IEFE SHAAG &

7)

P

H»“‘l°>1ﬁ"°r+1p

T - TS
L Y o

r:L

gl AT dF—

A o7k
et g

a3V Brouha 519600 n& A% FAF {45k
ZAFNA AT X FABHL A} &5 At =
Foll A ZEEAR BArHe Foksd L AEE
ol Z7dl &R ET AP FAH o fAYeln
2agel. Duffner 3-(1962)-2 &R AA L &gt A%
44l 7 cycle/secel 4 %7 F2HPE = [APL AL
o sk T RAYY T 5 8ERuk 4~5 cycle/sec
9 AF AAAE FHol AFdhe 43¢E navz
oy Pape 19600+ 2% AL 23818 Arjzks g
A5 ezt o

E AdAE A3 FEA L AATAA 4 Al 59
Rl Frhshv AR Al 1Yol 94 ZA FoEs
L AR 454 & FATY 54L& Jehidn
s ek,

CEE 3]'7]3]” T BT A E AY HEe] &
tFﬂ HE EFA e FATAAR @A Sl &

A g o] 733’1"‘%"* w2k AAs zraydh

ol9p 7k I AA L Fr gL f73e] g Ggu
o} % At v mlgEA -g¥ts 3 Brouha &
19604 A2l olal ME 2 453ka 2T 45 v4
A vebdelba ¥ K S90S 2w B 7 cycle/sec
8 AFE Frlzkl FHT HFE el dA G
% Duffner 5(1962)8] 218 »% R84 0w 4l
e Astolel,

ARFAL WFel ALY HATFLF AE5A4
(air velocity index) % 8%k v] & (capacity ratio)s]] =]
Ae 9% AT dTd42 U2 Bgx g 1 o
fre T4 A g dud ol4 A =2Ad e
Ve A wlsld o a7 g Yol FHTd
w438 g & AT Jldel AAIH] o
Aol 4gH AEolz #NGT A A s1AdA w3
% 234 v d¥9st7dae A4 A0 ¢olow

4 A2z 4Asch

F(1963)2 2L FA Fa=w HFg-d gFadsh
2 A= WF AR gEFE o A 3EF49 4
ol Yz gtz T AL 45 2F5 F
ol 71415t %7 A5k Astela 49 = Dui-
fner 5(1962)-% 7 cycle/sec o] A Fell 4E7F F A
H ekl & 159 AEE 33T 4+ drkz vk &
AR st s FTAAN BF FRLE W
e gdovd AT v S4TLE A4 FAA T2
ste e ulggt AR E ngo §4F AT 4
Aoz 343 a2 FQDY ANt A+
o] wl¢] sieke]l &% Welo2A s sAA

FEur)t &5 H3kd o ul 71.1»"5}’711 i34
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7u°1 A detn YAHAE gtk F
o oF R HA FAAAE A8 A}
olebzke. Wisle WA Qzke] A AR F=
oo 4% T 4 0E 4124 9
g aytne A4es] odduyze HF FoF
a4t 225y A TF2E o 2 Sl2A
stnzq AW 37 :‘é‘ ‘l""—‘. A A E3 7
QF Aoz 225 o L FAEAY AL FB
Hol & 3 "}V"%-Tﬂrli]- ] J s Z37 A ¢
Slﬂ FAE 7ol 54 dbg-4 2P°17P gol A"y
Foll A& A F53 311"“ HA s AL g 7Y
-4 e 5Es AdRE T Hohq vl gL A4T77 &7
He A A Z=h
HEge 2 wlFo) e W Hd B F-§ol
A8 FastrazA &% #lg 2 A5ATE °°k—:t°M
EF 4 &7 F254 v Fddw FRo| At
YA, olok 2 w3y Aol AW TF&Fo| 7
A% 393 FIT Ao 4A8H 3F5E AsE
ko
Zk7] "ol W) 4 Brouha 5(1960)2 =& A< 3
Aell e A% SrhekAE Abe ax o] zhaste
24 I wEe 8438 A4A5@E 2L A sy
g oy AAAAE Y g bR wut sk
o] Aggtrtm g
2 A8y HAd g5 soldge FF 1
Ael T WIE 2ol o 2FAdE HA
Tol TR g AAT sa4 A4 v
5 EA8 gk
A Lol 7A7hE 5 AAS A Ad S48 o
A&7 H 1/42 vl A s} 3/4-& widke] 9%
oo ¥ AL AGTR FANY 2 A F=2E
G A g&sok @ Aol F(1963)E ]
A Al ddiat#e] Frlehe L A5 mded dle)
A 58k B 5 A olok & ulabe) A
Ao 231¥ FAB o= AAFe] F42 Aolgtz
A3z, Suggs 5(1961), Consolazio S(1958,1963)
2 FAW%HE ol AT 44& 2ud vl Uk
I 7l A gy Rakle]l Ak HNAE
Brouha 5(1960)-2 424 29% 2& X4 A
Ae T 45 ol ZEAolBR Ald AL A} &
)3 § 3 Williams (1962)= S4% .‘iJ_E 3t a9l
ot B o E d7AE 24 L 5 EekAldl e
Aed A Brh Ak 23S F714 7,\_1>}—1 & 37 (cons-
olazio, 5 1958, 1963), Z 7|xlo=2Xq 49 &ih& 4
g e Sk B e 9% d¥awe =51
2 A2 e Jddvdm 4dgsln, o] #44Le o

o 511 X
o ZF8-
el
Heed FHdz

i\

A9 zed AT FAE FAAY = dsdixER
A WEEA v 3% ‘*3&“’]- AFsE Ao Az 33
3 A & Duffner $(1962)& A T2 A& £2FE F7)F

A7 AFert werd ‘n"—% 45: BRI AL
o g B} /ov‘\r’}‘

2 489 44L& AT T 2T uFo gom
24 AAE Suggs 5(1961), Consolazio 5(1958, 1963)
o AAste a2 2e A AALe Hd= A A
Blstel A w7k E2ste Al durdke] TEA el AE
o ZA dujbel]l F& FA ¥ A Foh A+
FAdE FT EF 2L RER 45Tz BE 4
Txte] mmel g FTY Aolst g2 A
7F 2ed A F4E FHAY =2e dsdHAERE
A Ax £5%0 F77 EF3EA g4 elste A
2},

%55 s Ak £22%F el SUbkn 4k
4 (oxygen debt)e} Fdu] "4 FESF FAEE F
A% A4elel, De Lanne F(1959)¢] < 3td 4A-gell 4

Bk 3¢ AF AN 28] 550 d4 ¥ £E
Hol7 w el A A4 FEE o o @k
£ Ag] gAel dgta FTelE Aolst glol A4
A =Fdomd dAAY FF4 25 FAy A
A 22 845 S48 e o] A& De Lanne 5-(1959)
o nzobe Aeldt Aok,

of Aol Al¥t Z1A-E FH4A gov Adx 4
HAAAE 5 dadd AAR™E QA sdg
9 2y Al A o & g9 24 FEE 8
F Aola 2 Azts H4 AR A Bk ¥ W o
AR S 2E 7R 2A g Aoz 353

- 2

[ A TAy 1682 iAoz st T TSR
A BAolete B¢ 2= A4 $9, 3F F 7
ol vlAlw Feke Iastdoh At 8w wld
xi ZTHE Afo] g S WaTely, Jwx 8y

H 35w el TR slATolglsh @S g
-T‘~ Wizl A {44 de] gz 3¢ sta, ¥
b Ade] WFE Fok AR WA g8 e 5
o o]AE K4 Wz &R wmatgdsh WY AP
AAE g A 1YY JRosE A 24d), A5 A
9, Al 12, Aol FHL rEstgs A4S T 449
dd 71zke2t Al 20 Well w4 2H 4} A7
87-& 32 (35~42°C), AF(algel 20~38%), A F
&7 7P, MY A% 9 29 Fa, 4295
°l 7 Z-gshe Aolgel, 2E 4L 4 A2 15

T AE AR T 220 §9 #HE Alzke] oS
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A e A 53 Fo stgch st g dswe
A 32 WA A 5E Abolel st ohEA g 44
£ ddqeh
L Ale& f4boly 213k AWl Ay 44
b +Fe2E £ Wit dehdA stk
2. Hubpol = HAF A Fe] ddch ATV
AEe Faglel S4 Al 1A%H W4l SAEH e
W 535 £% Fd 70t 2 °P7§/< Wb W e
T AFF Aoldl el sk *H»] 4 o
Zghol W 76019 4 A9 WM A S F71ske] 89
o o]lZa ZFoof 2F Fra iol £ ukste &
AT F4 A2 e 8lelg T4 A 54 872
F/hetge 2%E $4Ead "51 L e e
F HAe sl @34 A4 A3 G5 St
SATRe 2t
TR FATAAE s e
Bolm HAT-E F7H AgE nelgieh FHA
ot Zo] F&stgsh 2d "ok WEsHE
tone JEAHLE Hriehrl e TR
Fre 5T ¢4 A2 5 A4 S
g 2E fASG e AT $A Alge A=t F
7¥eht 1# ol = zr&dte] S Hzgst A zgkel
sy 23 38 AT FobEel Adeh A
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