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Abstract

Dehydration has detrimental effect on energy metabolism, circulation,
temperature regulation, and muscle contraction, leading to decreased exercise
performance. Most studies that investigated fluid balance and sweat rate focus
on endurance and ball sports on land. Swimmers are trained in water
environment, which is very different from the situations in land. The purpose
of this study is to investigate the fluid and electrolyte balance in well-trained
male and female swimmers after a single training session in different water
temperature. This study included 19 well-trained swimmers in high (30°C) and
low (22°C) water temperature. The high water temperature trial included 14
subjects, 10 males and 4 females. The males averaged 174+5.3 cm in height,
68+11.4 kg in weight, and 16+1.1 years. The females averaged 162.8+3.0 cm
in height, 57.1£5.3 kg in weight, and 15+£1.4 years. The low water temperature
trial included 5 subjects, 2 males and 3 females. The males averaged
173.5+6.4 cm in height, 62.4+£5.6 kg in weight, and 17.0£0.0 years. The
females averaged 167+2.6 cm in height, 59.5+6.4 kg in weight, and 17.0+0.0
years. Urine and venous blood samples were collected before, during, and
after the training sessions. Body weight was measured before and after the
training. The amount of water consumed during the training was recorded.
Plasma concentrations of hemoglobin, sodium, potassium, glucose, lactate,
and ammonia, and urine osmolarity and gravity were measured. In high water
temperature trial, the sweat rate was 0.57+0.45 L/hr, water consumption rate

was 0.55+0.32 L/hr, and body weight change rate was 0.29+1.00%. In low



water temperature trial, the sweat rate was 0.14+0.30 L/hr, water consumption
rate was 0.11+0.03 L/hr, and body weight change rate was -0.09£1.02%. In
both trials, water consumption and sweat rate were positively correlated.
Average plasma electrolytes and urine osmolarity were within the normal
range. This study revealed that sweat rate in swimming may be lower than that
in land exercise under similar temperature. In addition, the swimmers with
higher sweat rates may have stronger feeling of thirst, therefore consumed
more water during training. However, there were still 5 subjects who lost more
than 1% body weight after the training, including 3 in high temperature trial
and 2 in low temperature trial. This study also showed significant
interpersonal differences in sweat rate, water consumption, and plasma
electrolyte concentrations. In conclusion, the well-trained swimmers still have
significant sweat rate, while the thirst feeling may not induce sufficient water
consumption. Swimmers should be aware of sufficient water consumption

during training, especially in high water temperature.

Key words : sweat rate, water consumption rate, body weight change rate
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ml/hrs> 3 s > 2 Bl & 7 5 A ki & % >4 » £#(0.5-0.7 g/L) -
RN S LR RN A I At E i T IR SR SR K 9
@5 nsok o XL R HERY EFETE LR L

T
bl
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Von%20Duvillard%20SP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Braun%20WA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Markofski%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beneke%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leith%C3%A4user%20R%22%5BAuthor%5D
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AP LA GNP BRI LMAI 2 a B R P
ATF 4 B A 10 2B RFEE T HEMRE A 2012 £ 6
' 8p > % pckiE 30C > F E 29C - B AR 90%; 2 6 ' 15
poo kiR 30C > % B 31C » BB 81% - F %+ % 5Fa B F 7

PEA B o MR BRI ¥ % LA PR AR AR 3L 2

L9 M > P BRPERF A 2012 & 3 9P o ¥ X K 22C 0 F
B 13C > B AR 86% F k¥ B L AP Z B MRG0 % K
BAEIRY 8 RER EETRASBME P H = L H
AL E R E R 2011 R FEH fF L BF WL e
ok R R E R FHERT 28 AT %R AT ERE T R
LERELKRTOBRIREBE N F X B FEEELTEE
P oe

Ik
i

& R

“:;Jll ﬁﬁ :,E'F E’l& )‘:l)l' iﬁ ;%( %\ & Iﬂg ’é)ll iﬁ ;,L % S’E: f:r , 3“' 5ﬁ
?:Eé;—il:}g’g;ig,rl‘gﬁg%

Ry R A L 0 3 F] A

EA

- S~ B kBRI R HEEL 6 8P
1.10x50 4> & #_55 ) /[4g -
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AL

2.0 4 N 4vom 20x50 2 ¢ o 50 ) [4p (4 k1)

3.4 4 pd % 16x75 2 = > 357 3 F 5 1:00/4p o
4.[25 2 ¢ % (25 £ [4p)+25 & p d X (45 §) [4p)+25
@ ) +50 2 = p d 5% (1:05/48)+25 2 & B & +75 2 ¢ f oo

"

X(1:25/4p)+25 2 T g +100 2 2 op 4 & (1:45/4p)] = %k

X 2
4 4

Ji

BB kR 1:00525 = = N &R 100% pod 0 F 4 70%

85%h 5 & £ EE VM) BB - K oo
5.200 = = # 4
6.5 2 Rk R 2 | pr

FokEOE R L4 B Rk A

1.400 2 = p o & 4% %

2.20x50 2 & R & & Ak # iF 50 f /4

3.10%x100 = = & F 4 p d ;¥ 1:15/4p

4.10x50 f d 5% 1:00/48 > 3 £ 2 H 5 2 £ 2 % 5 1
5.200 2 ¢ & ¥

6.4, 3 S PF R 30 A 4

kB RFHF A 6P 15 p
1. [ 75%x1+100x1+75x1+100x1+75x1+100x1+75x1+100x1]
x35 1:15/4p 5 &= B 1:00c % 3% & 3 S f) o - % o
216 %% @ F & % = & k& 5 :50x16 4 5 4 f2 55§/

3.200 2 = #&
4,8 2 JpE R 1) BF 10 A o

14



PR S O A S S
1.8 7 200 = = +p d ;% $jiF 400 =
21 78 8x100 = = 2:00/4p -
<& % £ 8x100(50 # /50 p ) 1:35/4p -
4.p d ¥ 2x [ 8x150]) % - &= @ £ ~ % - 23 F > B 9
) #k 11 5L X ;é'f:_i‘ ¥ — % 1:45/4h -~ % - = 1:40/4p ; 12 -~ 19
LR @ F % - & 1:55/4p ~ % - & 1:50/4p 5 17~ 18 8 % 3 ¥
2:05/4 ~ % = = 2:00/4p -
£ ;4 8x100 = = » B % f #:11~12~19 5 1:30/4p
17~ 18 % 1:40/4p -
6.% ;faﬁ B A i 5 20x50 = = o B oW f #:11 - 12~ 19
5 50 4y /4 5 17 % 55 # /48 5 19 32 1:00/4p o
7.200 = &= B %
8.5 3 o 2 ] pF

~

)
oy
4.\

=
i

w
3
Al
P

X R EF T FEE RS X 0 & b 6:30-8:30 0 T =
15:30-18:00> F m W B 5 & = > RFF P XFHFF LI RE
PE R B RIBRBAMFAE O REF G X ER KR 2 EE
T FORRE CBRRE O BEV KL EVRS B B KR
¥ R ESE 2 HFE LOMI S E RS o BB A
B F R R - AP 0 M heparin ok B OB 2
EF o FEFE%L 10ml B 1Iml &~ #F ¢ 0 F LR

W dr s B2 &%~ 7 3 heparin 2 E 2 g ¢ o # v F 5%

15



EF e d
XREREFEAAED X T
L

e

F N R B

i

crRREEHEER L3

bl
-

£ EF PR ER YR

LA

+ #(SF-400 - China) >

) e‘al'l f\ﬁ

F AR
+ (HD-382 >

R

¥ A ko o
Sk SR R

FHREZL P EB kL - A LT s FRRYF
RERHF AR F LR poE kA TR

ZIN VIS PR S 0] S T LR S - B i?f“’fflz
RHyR» 8-k LE 38 & K2 -

SO
Hb) ~ 4 # 3 -~
(glucose) -

Fite kRl R B ¢ 3

© (specific gravity) -

~ § @ (lactate) ~ & (NH3) »

(- ) R F % A~ 47
Mow & § K A~ 47 %k ( Osmetech OPTI4, Emergo,
VA - B £ < S N

NI - SN - N A

(= )& 3k & 47 &

16

DBk % % & (urine osmolality) ~ £

Bl P ¢ 709 & I~k 3k -n 2 % (Hemoglobin,

i 4 %

)



ok 3k A 45 &k (KX-21N,Sysmex,Kobe,Japan) 4 45 & ¥ %

ok koo R T 2R & R R

APV(%)=100x [ 100x(Hb pre/Hct post)x(1- Het post/100)- 100+ Hct pre/(100- Het pre) ]
(APV =3z J‘ﬁ 2 i€ 5 Hb=x %2 % ; Hct=x %)
RE ey =Rh4Fypx [(100+tAPV%)/100])

(= )5 g

e P fp ok R AT 0 B OB OE ¥ R e (11822837
Cobas, Co,)» ™ > p & 24 v & 47 &k ¥%& B >= & @ % & 550 nm >
“EFRERIE AT

Lactate Oxidase

Lactate+O, pyruvate+H, 0O,

Peroxidaes
H,0,+4-aminoantipyrine+H donor ——— chromogen+2H,0

()%

w2 K g R R A FEY R OE A 2 (7783677837 M
L4 # 4k X ¢ 4> Tokyo,Japan) > 12 > g # 2 i & 47 & #& # >
ok B R £ 450 nm v 8 F R R OIE Ao T

. NAD synthetase "
NH;+Deamido-NAD+ATP ———— NAD +AMP

Glucose dehydrogenase

NAD Glucose NADH+6-glucolactone

diaphorase

Water soluble tetrazolium+NADH ——— NAD ' +Formazan

17
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(

I=q

)EIE I

w2 i R AR A B F OE A 2 (326022199 -
326022205 # z " $& ¥ ¢ A, Kanto,Japan) > ™ 2> p & 2 it
AT dk R o o k@b K 340 nmoo @ 4 &£ 450 nm o F £ R

Ja 3@ g T

HK
Glucose+ATP — G-6-P+ADP

- Glucose-6-Phosphate Dehydrogenase i
G-6-P+NADP gluconate-6-P+NADPH-+H

[k
En
S
i

Fe i #& & B~ 50ml ﬁ%p@%iﬁ%%g\ﬁu

B F kB gk £33 5 1.0 g/mle 4] % Pearson 4p
FERE AR RE P RBEEERE WL R
E bR E AR VR AR FER ML
Wi R ER & FRAE R F I RELT DM
A SRR N S T I B AN TN A S O S
SE R S I O S
PhMowm ¢ SRR v £ B 0 fI* £ 47 £ #k (repeated

measurement One-way ANOVA) - =#r 3 F # . SPSS for
Windows 18.0 % 4~ 47 » p<0.05 i % 3+ & ¥ -k # o

18



HES P E=GAEREVRERARE)PRPRE VRS R £)

‘/rl“-

e

‘/H“-

(PABEE-PRERRE)-(PRIGLE-VRIFRE)

£ %15 (%)=

¥

;‘;F &

-/‘;F S

(%)=

PR E R E - R T R £

£ (ml)=# £ % * £ (g)-*b kK £ (ml)

o 2 (L)

x100%

(L/hr)=

£ (kg)

o 2 (L)

"
o

2 g B (hr)

19
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AR R £ 10 oA W A F kR & Kok GE R B
oo R kR % F 5L
i

4 ¢ > 5 ¢ 10 ¢ £ % 174.0£5.3 = & -

162.8£3.0 = » ~ ¥ & 57.1+5.3 = 7 ~ & & 15.0x1.4 % -
J\/E'.i;éiﬁi’— 5 ¢ %18 2 t¥& 3% 173.5x6.4 = » ~ # &
62.4+5.6 =

S~ € 59.526.4 o 7 ~ & & 17.0x0.0 & > 40 & = o

T~ & &% 17.0£0.0 & ; 4+ 4 3 ¢ ¥ F 167.0£2.6

$- & Wk T g

(-) 2%y
E-L 'H_ﬁééiﬁ?”,éﬁﬁ iR T gk mde i > A

1.73£1.56% ~ 0.5920.47 L/hr o 2 3% & 4 X & ﬁ EUNE QTR ;-

TofEk R Ae & T 0 o F K 0.52+1.07% >~ 0.24+£0.36 L/hr- #

L

P g

-

F6 L E YR B Rk 0-1% 0 F 4 £ E Rk %
1% -
%% 3 % ok £ (0.4420.34 L/hr)2 i F % (0.46%0.45

L/hr) » & % i & ¥ 4p B (r=0.314 > p<0.05)(M - ) = it #* F

(0.46%0.45 L/hr) = 4 £ % ©* % (0.05£0.02 L/hr) s % i B ¥
tp M (r=0.558 > p<0.01)(H = ) > & & ' S pr > i % £ 5 & >

Gk g oh ok F A MERTEFAMEAME > FZ o 2R

20



o RS R M x’,’iﬁiirFE]w’6‘F¥Ei§}£ﬁ#ﬁ?&§(r20.335’
p<0.05) -
(=) & k& =#F
FOLE X B F VRS MR T A R FF
0.57+0.45 L/hr > % £ % * ¥ 0.29+1.00% -
FRERRFRAEZE AT AR FAAM(RI ) A
FAMERC F oM AREFM(F ) hok X i E R
Lk M B EBEEAAMAE S RD B RRESRM G
B~ B EH A F M A4 M (r=0.371> p<0.05) -
FORE R T YRR £ BAo kS 0 B G OB OFRER %
s (p=0.002) » 3" B ¥ B F M3 W &Rt R AR
Fdedo o~ o v gew P R RBEERE ALK RPN

i kR

kR £ A

% ‘:;.%3‘ FI g’” ﬁﬁ —E—T"

%'{i["%\"J‘"

SR

R AR
T A R A % (r=0.235> p=0

L

,‘\
4_,%;.:;115

oA T g oA &

KRV R E P R £

S I

RS ot oBE B F

% & M

ok
ne

1 >

.30 L/hr» % & % i~ ¥ -0.09£1.02% -

EEWEFALE (2 L)

U B

b

e F M Ao B4 0 %
110) o R X 2 M £ o0
OB e vhok %2R E BN

R

o gl" ‘?;i

TR

¥ ip B

Pl
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(% EE LI e N

I
Moo i F ¥ 2 8 £
vhook X2 M OE ORI G
Moo

k&

b a

B EMT A K M¥ Do M (r=0.585
BE AV R RS EREE R P
feoe IR OM R IR % oo

#
RTIREE  A C IENEENE B AR A
g F M AR o A8 K RAHE

Fow IpFTE

TR ORELFEF RTS8 RA B R R A
eI T B SR 3 SR SRR

2 -

& W ¥ £ B (p=0.880 and

p=0.278) > ié‘fiﬁééﬁ?"ﬁﬁﬁ fo 4+ kR BR -

— b

kg
Es
';!FP‘ ~

FWHMORRE X RFFRT L RS PR RER A
B Sk R R W

# ¥ ¥ Z % (p=0.599 and

i
.
e

p=0.175) > 5 4 ?%éﬁﬁé”"ﬁﬁﬁ?éﬁéﬁi%&%% °

— ~

75 %k R

¥ = & &g 2

—_—
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*

It

o

o)
3

i

<
7~
Rg
oy
%;

2.
T
=t
e
3

th ik

i

<
o
Rg
o
y-

=)
[
Py
b
i
E-)

kR

Rd
o
%&;
=]
P30
iy
-y

ME A

Lk kR
EROkE R T RE R
B 2.75£1.06 mmol/L > ?" 3

% £ B (p=0.055): 4o & L »

FEH T NG TR R A

N % 2 p 24 2 L RR N
oo R S 5 e K IR

R

kB OE KB F L PR (p=0.176) > 4 %

£ ¥ 1 8 (p=0.592) " 4r

% £ £ (p=0.089) >
£ (p=0.255) » 4c %

EL

2l

X

L R
v o % A

EE RS SR

d -

ook

3.05+0.70 mmol/L >

2l 4 24 %
7/ Bis

¥z oA 2yl A

TN R

w2
m 2R

Y £
+ 3

L

o

2.15+0.42 mmol/L> 3" S {& 5 pz )k & 2.02£0.73 mmol/L -

% 4 B (p=0.577) > 4 % + T

23
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FELE AW

~F & & % % &7 0 B kERF X 0.57x0.45 L/hro

0.14+0.30 L/hr » i»

=

ik R R A
HIRTAE Y

R

BY Aok 4 > o3

—=
=i

L4

-

'k
?' ‘:Z)I’ "(ﬁ EF FE’]Q 7J( f),\ Z‘,a" e S ,Q s 17 g AR 7]( o V% 7}( —E-_
ERKEF DM - F oron T AR o kg4 A5

AN

-"

A vhoR BB R F g x4 LR e
e

N e T S A

AT L R F MR o A F ® kB (30C)im i % 1.58+1.57
% > ™M R R (22°C )i F F T 35 0.47£0.98 % - ¥ iF 3 Macaluso
4 (2011) & 32T Mk 8 m F X 2.240.7 % 23°C 75 & {8
% 0.940.5 % AT 5 B R AP o KB 5 OB R R F F R o
AP LR kR e HE s E R P R & 34.4£0.6C X &
X F 7 90 & 4 TR F oo F 5 2.2£0.9 % (Kurdak, et
al., 2010) - Mudambo % « (1997)%& 39 C ¥ # % % & = 3 /]

PR AR pd A AR B E R4 2.8% B3 P T M
O R B P R MO BB AP LR kR

u =

fE 7R E2ERFRFERTERREG AREE - KT

B KA o %

T
ki e}
3
Y
E

e iE g H oW oF H P W R 0 pE A B

FR oL

s
‘-\—
bo

RO § AT I
P > 21CY SHBER B K A
2 60 A4 p 0 At Ak A BIMEH 4 0.5% (Bachle, et
al., 2001) - 4p I B - p 7 B il > 10 85% V0uwe i 8

[ -

&
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R d A ko E M 4 0.020.1 % (Mcconell, etal.,

1999) > &2 i 3 hrm 3 v > XA 7 MOKERENF FRE -
Maughan * + (2004)45 & & &3k & & R > 90 &~ 4 3" W >

e W ERE S 971x303 ml > B F kv 2 20332413 mli -

B
dsy

- # % ¢ > Maughan % + (2005)4y &) &3k & & A » & 5C f
HE T R 90 &4 0 R E > 5 4232215 ml F ook A G
1.69x0.45 L -

N
Fd

Bachel % 4 (2001)4y &1 4% 4§ 60 » 4 p 7 & & & » 4 = K
> 1200 ml > % &£ + 2 0.5% - McConell % <« (1999)#;] op {7
Bomt 4 L 2 80% VOomax: #¥ 4 45 2 4 » p d 4 2ok A
2 % &g %ok F 1.920.0% - Robinson & + (1995)#;, g 72
F £ 2 85% VO2max & & 1 - pFop o 4 Lok ook F 0.9% o
Mudambo % + (1997)4; 41 & 20 4 44 % 400 ml iz & » & #
By TG O3 ) FABRFER > MRKEAE S 2.8%- Lott
RS (2011):};] a3k g opot % B —‘g{ e X 4 1.1+20.4 L/hr;
e B EP L 1.0£0.6 L/hr; %2 £ /2 2 0.1520.74 %- % % ¥ 7+ >

BB A R R E R TR LA R TR ST kA o
b g EEPFERGERSD R §RFEER R
IS TR A

AP RBRER FEREB LR EH AR KRS KRR

DI L R E R TR ARR  F P LG oo S
# > 0k £ (254.0£150.6 ml) » K 3 9 4 £ M B ok B
(545.9+£371.6 ml) » & 7 * £ F £ ¥ & B F 5 5 WK IR % oo
Ay RERMEFTEARAS RS F N EL Macaluso F 4
(2005)# 3 »23°C B # @ ~ {4 (Pre 141.0+ 1.4; Post 141.0+ 1.6
mmol/L)¥ 32°C (Pre 141.2 + 1.8 ; Post 144.3 + 1.0 mmol/L)
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% 27°C (Pre 136.7 £+ 2.2 ; Post 138.5+ 2.7 mmol/L) - & 4 =
T OB kR OB W 4 o4+ kAR 156.6+4.7 mmol/L 5 3 H i
157.0£10.21 mmol/L » & -k B " % = 4 3 + )k B 155.3+7.6
mmol/L ; 2" % ¢ 160.8+17.9 mmol/L -

Maughan % + (2004)& L sk p * >3 8w g B &R
666+311 mOsmol/kg 2 & % # B & » » #

o

kg kR

i

o+
<l

RRFVRPE R RZER ALY FRP AT R R

Ao gm BB ON sk > A R o

BRAa AP EERBFFY G AR FF VD RRF
ERETFBL T2 ERFHFIRY ROR R RS S WG
1105.5 ml/hr~ 814 ml/hr; ¥ * & # % ;éiﬁ B R ekh ok £ 2 %
344 ml/hr ~ 280.2 ml/hr > 8 X 5 & 42 £ £ > & & 4 *’;%;éﬁ
b BT LA kR R BRI ERE AV R G
N O R BN R
FwEEEHF LN PR A A EE KR LR G o

AP T HE TR MREYRY EF FBANF L ’
TR R AERYRDENLERRLAL LS A g0 B
BMKE PR B R KL EDNEFLE o RAS MKR

Uy

p-

e

[
Hy
R
W
E:3)

AREFALAR > EFLEIRD L EZERKRE
PR MR RE AT RT G A T ERE K
B i OERBKERS 2ZRTF o AR MRKEIRSD G E
HEARE TR EVRBERSIFHEYRFLEXFL AR
i ¢ R BFRFE > A RFINIPRAEIRIERLF] EHF DR

A
o

FEmER AR 2] Fo3 0 A B 500 mle i ko

PRowm 15 2 48 F FEB S500ml g R A R Y -15-20
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maughan%20RJ%22%5BAuthor%5D

A kb HE P~ 120-180 ml hip A8 0 3 A S B HR ¥ IR heh ok M F 7

R EYMEREFERG LSk ERPEF o RFE
159ﬁ.%ﬁﬁ‘ﬁ“ii§§ﬁﬂ?&?§’Wlﬁéﬁi'l)é‘%i‘—"?gv”’ﬁﬁ*%’
FRopE LR F o v B AR Rl HE R R PRk
i3 o ga BPER LR

American College of Sports Medicine ( Sawka - 2007) -
Hr PEFHPFRFPF L Ar (LR )DE &R RS F (K)
w R E R 0 R A 2 0.4-0.8 L/hrene 88 o 145 & 2 § 2 A
B kB onF F0.57+0.45 L/hr> W R B v ¥ 0.1420.30 L/hr >
ZHERN L R FAER R YR T LM AR

B o@d i Hgxrd@daw gpERE o TR B AT KA

o R A EBARHEERE > FER R Rk T O
oMok o A BmiEE R AR
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Fo— NPFEAR RRR R IR A B F K

PERE 5 R KA (C) e R R AR R 55 %k
e JF B ok 5 5000m 23 R AT R Macaluso, et
AT R 27 23°C:0.9£0.5% al., 2011
32 27°C:1.3+0.6%
32°C:2.2+0.7%
32°CKiE kA2 B ¥ % > 23°C ~27C
105 & 45 eng % B B 802 S0 B4 5000m T 27.4 R AT R Maughan, et
3ok k£ 4891270 = 2 0.1+0.7% al.,2009
Al g pEEe ko #HP 1500+30 mi/= 26-29 | #AGE £k 2in 4 (54218ml - kg - dayt) | John, et al.,
EAEFT Ay o £ 9P T B E B v 2(28+21 ml - kg - day™) 2004
RE £ 42.4Kkm -k & P~ 1700£80 ml/ =
A 32 A Henkin et al.,
i i~ 0.920.3 L/hr 2010
2E3E § B ga+ 1.5+0.2 L/hr

65-75%Vo,max > 3 4§ 30 & 4B urEk B p) R
BIR 2 ] A %S 500c.cok i

@& | 0.6£0.2 L/hr

&a-H;F]m/n 141%F'—‘§‘r"g" %"‘/‘\S;ﬁ-iff'/,-:&

# |
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LoD A REAKRIR BT S

e fE AR # ®(C) o SR AR R 54 2k

B 3k 90 & 48 579 S 24-29 s % 20332413 mi/hr Maughan, et

7 R8P~ 971+303ml al., 2004

B Ik 90 4 450 % 34.4+0.6 | "-k 2.2+0.9% Kurdak, et al.,

11 ¢RBHF FP R gh g ¥ 2010

11 24 ki

BEA P TERIF O RSB 32 R A SR sk 1.8% Walsh, et al.,

1.3 4 60 4 48 70%VO02max & A4 7L K i» 1994

2.90% VOomax 1 % B 4F “v & it 4p

P72 a4 i@d B 55%VOumuF § 6 /] PFiEd 30 1.2 5 4 2w it -k 6.4% Barr, et al.,
2A4F Tuokiy s A 3B KL ok | 1991

B8 4F A 60 & 4B eiE 6 4 TR 21 125 kiAo ek 1.0% Bachle, et al.,
20k A L B 4B E 0.5% 2001

K3k 90 & 47" 5 1.69+0.45 L/hr Maughan et

7 R HED 423+215ml al., 2005

30



http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maughan%20RJ%22%5BAuthor%5D

i b fE AR # £(C) oK AR R 54 2t
B 7@ 20 123 4 w2k 23%% ¥ & | Robinson, et al,
12 80%V Ogmax % 18 B2 60 4 48 Aok A L 0.9% 1995

20K AT @R A IE R 1L.7%

70%yvo2max & % 20 AAT LR ARk 2.7 % Fallowfield, et al.,
RS PR - EMA L ¥ - =X Fh A LA LR R B | 1996
& 15 & 4t % 2.0 ml/kg ¥ e
A FPRRE 3 39 A L MoK T%,58 F B >4 | Mudambo, et al.,
18 L 54 ity Lkt 2.8% 1997
6 &< iEH -+ 20 A 447 %o 400ml % 48
N TR % 68.1+12.8 %~ 45 172 W4 0.1520.74 % Matthew, et al.,
7 B8 #E2 1000ml et % 1.1+0.4 Lihr 2011
AR = 2 N O 2= 21 AT Suok ok 1.9£0.0% Mcconell, et al.,
45 ~ 48 85% VOomax » "E 187 15 & ki AE oo 0.0£0.1% 1999

48 > 4 F P




Loz REEEEANTA (FORLREL)

% KR P o(2A) WME (27) ¥ ()
g (n=10) 174.05.3 68+11.4 16x1.1

% (n=4) 162.8+3.0 57.1%5.3 15+1.4
kR Lx (2r) WE (= 7) Ed ()
7 (n=2) 173.5¢6.4 62.445.6 17+0.0
+ (n=3) 167.0+2.6 59.5+6.4 1740.0

32



Fom s THERER KR CHMERN S TS L AR DR RS R

D kR E Wk g WMERtF  HWLRF i ERARE i B RS PRFARRZER PRERRZER
] i (kg) (L/hr) (%) (L/hr) (%) (L/hr) (%) (mOsmol/kg) (mOsmol/kg)

1 g % 59.2 0.41 -1.82 0.03 3.19 0.94 2.20 600 231

2 g B 68.0 0.81 -1.07 0.03 3.46 1.18 2.23 1096 789

3 g % 51.9 0.34 -0.81 0.03 2.13 0.55 3.47 1235 1054

4 5 B 65.6 0.40 -0.57 0.03 1.78 0.58 -4.36 859 315

5 g 3 59.8 111 -1.47 0.03 5.17 1.58 3.35 1044 952

6 g 3 60.8 1.04 1.43 0.05 0.56 0.29 8.03 356 115

7 5 B 7.7 0.63 0.50 0.07 0.43 0.29 1.88 994 916

8 g 3 92.9 0.99 0.72 0.08 0.52 0.41 7.87 452 308

9 g B 69.1 0.52 -0.08 0.06 0.96 0.57 -15.71 263 97

10 ¢ % 70.0 0.08 0.52 0.06 -0.40 -0.24 -3.35 851 433

X ¥ 675114 0.63+0.34  -0.27x1.1 0.05+0.02 1.78£1.72 0.62+0.51 0.56+6.97 775.0£336.7 521.0+£368.5

11 7 [ 66.3 0.14 -0.95 0.03 1.36 0.45 1.81 111 415

12 9 [ 58.4 0.09 -1.29 0.03 1.59 0.46 -14.78 346 579

X =) 62.4£5.6 0.12+0.04 -1.12#0.24  0.03x0.00 1.48+0.16  0.46x0.01 -6.49+11.73 228.5£166.2 497.0+116.0

E ™ 66.6£10.7 0.55+0.37 -0.41+1.01  0.04%0.02 1.73t1.56  0.59+0.47 -0.61+7.73 683.9£374.9 517.0+335.3
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SRRk R

N ,ggg:%;u &

>

(& Fit iR BB

ID &k PRAHE ok £ wERgLy HWERF i R UM RS VRV RRFER VRERRBER
B R (kg) (L/hr) (%) (L/hr) (%) (L/hr) (%) (mOsmol/kg) (mOsmol/kg)

13 + 3 50.9 0.26 -1.66 0.03 2.67 0.68 2.87 202 722

14 + 3 554 0.43 -0.22 0.11 0.61 0.67 3.55 411 826

5 + 3 63.6 0.28 -0.34 0.05 0.85 0.47 -4.20 1107 938

6 + 3 58.4 0.47 0.79 0.05 0.14 0.07 2.28 697 118

T B 57.1£5.3 0.36£0.11 -0.36£1.01 0.06x0.03 1.07£1.11 0.47x0.29 1.13+£3.59 604.3+391.8 651.0£366.1

17+ [ 524 0.10 0.13 0.03 0.26 0.07 14.43 430 461

18 * [ 64.8 0.09 0.48 0.03 -0.19 -0.06 2.89 814 708

19 * [ 61.2 0.15 1.18 0.03 -0.68 -0.21 11.95 524 705

T E=) 59.2+6.4 0.11+0.03  0.60+0.53  0.03+0.00  -0.20+0.47 -0.07x0.14 9.76+6.07 589.3+200.2 624.7+141.7

2 3R 58.1+5.4 0.25+0.15 0.05+0.93  0.05x0.03 0.52+1.07 0.24+0.36 4.82+6.33 597.9£300.3 639.7£271.9

Fiite % % B & ¥ # B @ 50-1200 mOsmol/kg (% & & % P 4 2011 p224)

okE 22°C
% kE 30C
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22 BRELRFFRLE RO EHE & f];r%o?gﬁ EHEF AR (THEHEE L)

ok £ ek E VRS HE VREGME WERMS L Mf RS i
(mi/hr) (L/hr) (kg) (kg) (%) FR (%) (L/hr)

(%)
7 (n=10) 632.6+344.2 0.63+0.34 67.41+11.43 67.29+11.82 0.26+1.05 0.56£6.97 1.78+1.72  0.61+0.50
~ (n=4) 358.3:104.2 0.36+0.10 56.95:5.34  56.77+5.64  0.36+1.01 1.13+359 1.07+1.11  0.47+0.29
g+ (n=14) 554.24319.0 0.55+0.32 64.42+11.01 64.28£11.33 0.29+1.00 0.72£6.05 1.58+1.57  0.57+0.45
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B S RKELRETRG Y SRR E (FHEHREL)

P 20 3 ¢ e
¥ (n=10) 1.018+0.009 1.011+0.011 1.015+0.011
+ (n=4) 1.011+0.009 1.000+0.000 1.020+0.011
E 1.016+0.009 1.009+0.011 1.016+0.011
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BN B OREEBE VR R A (THEHREL)

A &L A RS
Frife £ % %R Frife £ % %R Pt & % % R
(9) (mOsmol/kg) (9) (mOsmol/kg) (9) (mOsmol/kg)
¥ (n=10) 88.2+67.96 775+336.73 60.5£72.91 225+387.68 101.4+76.51 521+368.47
+ (n=4) 126.75+£84.98 604.25+391.80 140* 144> 106.25£121.68 651+366.12
g +4 (n=14) 99.21+72.05 726.21+346.88 53.21+70.38 171.21+336.34 102.79+86.45  558.14+358.67
R B

Fiite i% % B & ¥ # B @ 50-1200 mOsmol/kg (% & & % P 4 2011 p224)
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o4 MOKEERE R RE CVRE M o R RS AR (TEERE L)
hok B ek PIREAME PIREME WML X s A RS T
(ml/hr) (L/hr) (kg) (kg) (%) B (%) (L/hr)
(%)
7 (n=2) 112.5+36.1 0.11#0.04 62.10#5.64  61.41#573  -1.12+0.25 -6.49+11.73  1.4+0.16  0.46+0.01
4 (n=3)  115.0#31.4 0.12+0.03 59.37+6.41  59.73+6.61  0.59+0.53 0.76£6.07  -0.20£0.47  -0.07+0.14
7 +%(n=5) 114.0£28.7 0.11+0.03  60.46+5.55  60.40+5.56  -0.09+1.02  3.26+11.49  0.47+0.98  0.14+0.30
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oo MORE SR VRE Y B E (TR L)

HE T, 2 4 20 415
g (n=2) 1.008+0.004 1.008+0.004 1.015+0.007
% (n=3) 1.015+0.005 1.012+0.003 1.015+0.005
230 1.012+0.006 1.010+0.004 1.015+0.005
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2o KRR BEVRD Y BARRAIEE (THELREL)
e‘a"l,gﬁ—'ﬁ' g,ll‘gﬁ ¢ g,xl‘gﬁ %;
it £ %% R Fite 2 %% R i £ % % R
) (mOsmol/kg) (9) (mOsmol/kg) (9) (mOsmol/kg)
g (n=2) 254+57.98 228.5 £166.17 332.5+81.32 193.5+£78.49 143+5.66 497+115.97
+ (n=3) 100.33+33.50 589.33+200.16 167+35.17 560+50.47 68.67+4.93 624.67+141.75
g +% (n=b) 161.80+92.12 445+256.90 233.20+102.41  413.40£207.63  98.40+40.96  573.60+135.27

it %S R ¥ ¢ @ 50-1200 mOsmol/kg (% & H 5 P 45 2011 p224)
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oA S BREVRTPGARTATAEE (TIOELEE L)

B T PR {8
Na"(mmol/L)  K*(mmol/L) Na* (mmol/L) K* (mmol/L)
¥ (n=10) 156.4+4.9 4.45+0.25 155.3+10.6 4.54+0.26
~ (n=4) 157.3+4.6 4.37+0.35 161.3+8.9 4.58+0.38
§ +4 (n=14) 156.6+4.7 4.43+0.27 157.0+10.2 4.55+0.28
Na’ 4%+ i@ 4> [F]: 135.0-145.0 mmol/L (MHAR Blood Gas Analyser Survey 2004)
K" %+ & & [#]: 3.50-5.10 mmol/L (MHAR Blood Gas Analyser Survey 2004)
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oAz MAREYRTFELRTRET A EE (THELREL)

g”':‘:ﬁﬁ ’é)l' “:ﬁ ;/;
Na* (mmol/L) K" (mmol/L) Na"(mmol/L) K" (mmol/L)
g (n=2) 157.4+7.7 4.37+0.40 148.6+£18.5 5.07£0.50
4 (n=3) 153.9+8.9 4.56x0.37 169.0+14.9 4.79+0.46
§ +4 (n=5) 155.3+7.6 4.48+0.34 160.8+17.9 4.90+0.44
Na* %+ i@ 4> [F]: 135.0-145.0 mmol/L (MHAR Blood Gas Analyser Survey 2004)
K" %% i § &: 3.50-5.10 mmol/L (MHAR Blood Gas Analyser Survey 2004)
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~

L BRELBREVRDELRT IR F I EAEE

é)xl iﬁ —,3—|, ‘::)I’ iﬁ ;/;
TR % FUpE R Y FUpE
(mmol/L) (umol/L) (mmol/L) (mmol/L) (umol/L) (mmol/L)
¥ (n=10) 4.61+0.54 139.5£19.1  3.24+0.70 4.70£0.44 134.5£18.9  2.57%0.79
+ (n=4) 4.62+0.43 146.3x21.3  2.58+0.52 5.24+0.74 117.1+8.3 2.58+1.74
§+% (n=14) 4.61+0.49 141.4£19.2  3.05+0.70 4.86x0.57 129.5£18.1  2.57+1.06
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AT M RERBEVRD LG FR & TEATES (THEREL)

201 4R A HUE §0.
TR % FUpE EEE 1 R
(mmol/L) (umol/L) (mmol/L) (mmol/L) (umol/L) (mmol/L)
g (n=2) 4.75+0.12 52.315.9 2.61+0.08 4.18+0.63 47.8+20.2 2.56+1.06
+ (n=3) 4.99+0.49 66.3£39.3 1.85+0.13 5.04+0.57 33.0£3.8 1.66+0.05
g +4 (n=5) 4.89+0.38 60.7£29.0 2.15+0.42 4.701£0.70 38.9+13.2 2.02+0.73
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% 1 r=0.314 > p<0.05 ; %% s = ;% y=0.336x+0.339 ; n=19
g 4 1r=0.235 > p=0.110 ; %44 2> ;¢ y=0.548x+0.387 ; n=12
44 1 r=0.264 > p=0.238 ; 4% s o ;¢ y=-0.607x+0.448 ; n=7
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>¥% 1 r=0.558 - p<0.01 ; %% 4 = ;¢ y=-0.005x+0.048 ; n=19
g 1 1 r=0.295 > p=0.068 ; 4&% s = ;% y=-0.021x+0.057 ; n=12
4+ 1 r=0.312 > p=0.192 ; A% 4 2> ;¢ y=0.004x+0.036 ; n=7
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§ 1 1 r=0.071 > p=0.399 ; 4&% s = ;% y=-0.022x+0.052 ; n=12
4+ 1 r=0.496 > p=0.077 ; A% 4 o> ;¢ y=0.021x+0.039 ; n=7
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3% 1 r=0.335 > p<0.05 ; %% s 2> ;¢ y=0.639x+304.9 ; n=19
g 4 1 r=0.585 > p<0.01 ; 4&% 40 2> ;¢ y=0.684x+49.11 ; n=12
44 1 r=0.022 > p=0.751 ; 4&%F s o ;¢ y=0.134x+559.3 ; n=7
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71+ 1 r=0.247 > p=0.144 ; A%+ = ;¢ y=0.562x+0.380 ; n=10
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