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Assessment of dehydration, sweat rate, electrolyte loss
through the field sweat tet on athletes

Sujin Bae & Park Hyon*
Exercise Nutrition & Biochemistry Lab. Kyung Hee University

[Purpose] The purpose of this study was to confirm and evaluate the assessment of dehydration,
whole body sweat rate, sweat sodium - potassium concentration, and fluid intake during workout in
college badminton and rugby athletes using the field sweat test. [Methods] 14 male badminton athletes
and 17 male rugby athletes were measured during an usual training session in a typical environment.
USG(urine specific gravity) was measured before the start of training. Whole body sweat rate, sweat
sodium-potassium concentration, and fluid intake were measured during and post a session of training.
[Results] USG higher than 1.023 in both groups, which was considered as dehydrated. Sweating rate
were 1.037+0.315L/h for the badminton athletes and 1.987+0.386L/h for the rugby athletes. The
concentration of sodium and potassium were 53.6£20.2mmol/L, 4.1+0.7mmol/L for badminton athletes,
and 55.6+15.2mmol/L, 4.3+0.5mmol/L for rugby athletes, respectively. The loss of sodium and potassium
were 1.02£0.48g, 0.08+£0.02g for badminton athletes, and 1.95+0.52g, 0.15+0.03g for rugby athletes,
respectively. [Conclusion] In this study, a standard protocol of field sweat test was suggested as a
useful factor in evaluating athletes’ hydration status and electrolyte loss during a routine in-door or
out-door training session. And, it is expected to build reliable data to establish a standard hydration

guideline for Korean athletes.
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sodium-potassium concentration, Dehydration
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Table 1. Characteristic of subjects (mean + SD)
. Badminton Rugby
Variables (n=14) (n=17) t p
Age 20.29+1.20 20234090 133 .895
(years)
Height 178701516 180.5947.11  -792 435
(cm)
“giigg)ht 74.44+48.99 95.15+18.07 -4.143 .000
BMI
kgmt) 2329271 29.07+44.79  -4.219 .000
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313 (Cheuvront & Sawka, 2005).
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Fig. 1 Attachment position of the sweat patch
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& 75 ol YEE & ZE &A% WA 4 43)
Aot (Baker, 2016).
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Table 2. Environment condition of the test day

Badminton Rugby

Temperature(C) 224 327

Humitidy(%) 58.9 08

Wind velocity(m/s) 0.2 4.0

SAH Az

B A g5 A2 = SPSS version 23.0 for
Window(SPSS Inc., Chicago, USA)S o] &3lo] &4
o RE A= HiF(mean)d EEH A} (standard
deviation; SD)Z AASFHATE Atk 2+ AA] £/ Aol
£ A gele SYHEE -1 S F-439 . B4
Ao folgF(a) 0.062 AH et
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Table 3. Measured results of each variables (mean+=SD)
USG(kg/L) Body mass change(kg) Fluid intake(L) Excretion(L) Sweat rate(L/h)
Badminton (n=14) 1.024+0.004 -0.381+0.210 0.656+0.239 0.000 1.037+0.315
Rugby (n=17) 1.024+0.004 -0.547+0.547 1.440+0.595 0.000 1.987+0.386
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Table 4. Electrolytes concentration and loss  (mean = SD)

Variables Badminton (n=14) Rugby (n=17)
- -
Na™ concentration 53.6£20.2 55.6+15.2
(mmol/L)
K™ concentration
(mmolL) 4.1%0.7 43405
Na* loss (g) 1.02+0.48 1.95+0.52
K" loss (g) 0.08+0.02 0.15+0.03
+& T Y B9 UEF FEe dzvd Ao
53.6%20. meol/L Eqﬁ] %j“i‘r 55 +15.2mmol/Lo. 2
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Axl etk S oA 1g9] AF ¥ste Iml W
st} 2581t FA3TH(Shirreffs, 2000, Shirreffs,
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T #1t 52.0+32.0mmol/LSAth. 28l F
EF =T 7 Aol7t 810t Godek et

SR T A g |7 &
T YA & FAste] e ~EE 2a g AT A back
3 receiver XA A4 18B9 VYEEF v&v HT
50.0£16.0mmol/L, Linebackers2} Quarterbacks ¥4|
A A 1249 YEF SR+ Hit 48.2+23.0mmol/L
78] 3 Linemen EAA A4 1489 YEF $5& ¥
T 52.8425.0mmol/LAth. 281 FAAEZ ol 1
EF FEE £ Ao} gl A d7Ee T
& Baker et al.(2016)°] &JshH, &84 506 9] &
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=
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2e Aoz 484 vk (Baker, 2017). B B ZF
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2008). mebr gl g vk 549 FH FAL HE

7] Slgfelet.

y
X,
ol
S
o M
1o,
o
ox
o
-
it
&
12
ol

- 4.60~5.75g/L7} £42
ol Abgho] BArgk & UEF F(2500mmol B+ 58g)¢]
F 10%°l =], A YEF 42 3~4ge d

o] 3g o THle AIZHE dAS o wjler

A 2417 56, g1 Fehe 1A 328-0] A},
= Fd 9 A S 247 o) HEgEd A AN YEFR
£ TS 3~4go] B 7FsAdo] Ert. upEhA o] A A8k
HE YEFo] T3d &89 437} AF9HCCoyle,

Il Howz
o, olE BHFE F e F5Y Aol dFHY
(Shirreffs, 2003).

wEE ~E A9E sHo g 28 A A

T —

o ok

e
il
1o

e = of

2Y
M
rO
iy
4z
Iy
ol
1o,
e
1122
EA
‘O,
o M
W, )

TFhdlMe 2E2 @3 E319 A

=

O
o 5
e,
N
S

o 1% g
do T
rol ﬁ
Hoim
J‘;":' i
= ;12; 2
oo
ol
K
e
5
O
e
o
X, o >

-3
i
¢
M, ¢y, ©
I
>
4 o 4y
N
ra
Z] 1
N
%
fll
= rp

SIS

of
ol
iodle R o
>~
>
r,
o
B
i
=
=
o,
o
s
L)

T

X0 ol
N
o
o
>
oo
o

_O‘Lt

rh
re
2]
rir
[
=
L[\
el
o3
29,
X
9
2
M
02
=
ol
N
S
=
il

T o

-

1o,

o JEoa
o

e

o
o
ol
y
o ok

oo o

of

-
- S

d

R
4y =
10 Lo
> o ok
oy

r_{o{‘ mZ,
i
(2
=
ox ofN
o,

o, il
o,
N
-
ol
-

fo o o &

&

n
T
o
=3
o

N
A o
of
o M
ro,
ol
ol
2
T e
o, o

fu ofN o
riL of ok o 8
ox e °F

=,

ol ok
!

R
o2

__)fl_l{l

0

Sh?

=

o

Y

o

r
=

ml

X o
2,

-,

Ho
4 of *
HE o

flo o
-
i -
O
fl

R
&2

14
o ol

£ 8
[
onl
o

En)
o

- o

(=

[ A

>

-
ol
o,
N,

24 ox

okl o

'3
ED
>
fr
Y
&
N
®

)

3
o
&

oo

E7

ol
=
=5
FN
o
GO
=AY
i}
1
i

i o o
oy
= (o il
i
o,
o
o
o
>,

r
il
o,

(i
of
4

N,
RNy
fr rlo
N

Nl

i o
b
?{_11

o
SN
=

L
2
MR A N
tlo ajn 4
N 2
ol =
e ofN
Hy 2
5o w0
= oX
o
N, M
e
N Ay
o fe
re i
o
N

ul
K
M
rl

Armstrong, L. E., Costill, D. L., & Fink, W. J. (1985). Influence of

diuretic-induced dehydration on competitive running



performance. Medicine and Science in Sports and Exercise,
17(4), 456-461.

Arnaoutis, G., Kavouras, S. A., Angelopoulou, A., Skoulariki, C.,
Bismpikou, S., Mourtakos, S., & Sidossis, L. S. (2015). Fluid
balance during training in elite young athletes of different
sports. Journal of Srength and Conditioning Research,
29(12), 3447-3452.

Baker, L. B. (2016). Sweat testing methodology in the field:
challenges and best practices. Sports Science Exchange,
28(161), 1-6.

Baker, L. B. (2017). Sweating Rate and Sweat Sodium
Concentration in Athletes: A Review of Methodology and
Intra/Interindividual Variability. Sports Medicing, 47(1),
111-128.

Baker, L. B., Bamnes, K. A., Anderson, M. L., Passe, D. H., &
Stofan, J. R. (2016). Normative data for regional sweat sodium
concentration and whole-body sweating rate in athletes.
Journal of Sports Sciences, 34(4), 358-368.

Baker, L. B., Stofan, J. R., Hamilton, A. A., & Horswill, C. A.
(2009). Comparison of regional patch collection vs. whole
body washdown for measuring sweat sodium and potassium
loss during exercise. Journal of Applied Physiology, 107(3),
887-895.

Baker, L. B., Ungaro, C. T., Barnes, K. A., Nuccio, R. P, Reimel, A.
J., & Stofan, J. R. (2014). Validity and reliability of a field
technique for sweat Na+ and K+ analysis during exercise in a
hot-humid environment. Physological Reports, 2(5), €12007.

Barnes, K. A., Anderson, M. L., Stofan, J. R., Dalrymple, K. J.,
Reimel, A. J., Roberts, T. J., Randell, R. K., Ungaro, C. T, &
Baker, L. B. (2019). Normative data for sweating rate, sweat
sodium concentration, and sweat sodium loss in athletes: An
update and analysis by sport. Journal of Soorts Sciences,
37(20), 2356-2366.

Bradley, A. W, Greig, W., Jeremiah, J. P, Chris, R. A., Rodney, S.,
& Paul, B. L. (2015). Current hydration guidelines are
erroneous: dehydration does not impair exercise performance
in the heat. British journal of sports medicine, 49(16),
1077-1083.

Cheuvront, S. N., & Sawka, M. N. (2005). Hydration assessment of
athletes. Sports Science Exchange, 18(2), 1-12.

Collie, J. T., Massie, R. J., Jones, O. A., LeGrys, V. A., & Greaves,
R. F. (2014). Sixty-five years since the New York heat wave:

advances in sweat testing for cystic fibrosis. Pediatric

Field sweat test on athletes 367

Pulmonology, 49(2), 106-117.

Coyle, E. F. (2004). Fluid and fuel intake during exercise. Journal
of Joorts Sciences, 22(1), 39-55.

Godek, S. E,, Bartolozzi, A. R., & Godek, J. J. (2005). Sweat rate
and fluid turnover in American football players compared with
runners in a hot and humid environment. British Journal of
Sorts Medicine, 39(4), 205-211.

Godek, S. F., Peduzzi, C., Burkholder, R., Condon, S., Dorshimer,
G., & Bartolozzi, A. R. (2010). Sweat Rates, Sweat Sodium
Concentrations, and Sodium Losses in 3 Groups of
Professional Football Players. Journal of Athletic Training,
45(4), 364-371.

Goulet, E. D. B. (2013). Effect of exercise-induced dehydration on
endurance performance: evaluating the impact of exercise
protocols on outcomes using a meta-analytic procedure.
British Journal of Sports Medicine, 47(11), 661-662.

Grandjean, A. C., & Grandjean, N. R. (2007). Dehydration and
Cognitive Performance. Journal of the American College of
Nutrition, 26(5), 549S-554S.

Gropper, S. S., & Smith, J. L. (2013). Advanced Nutrition and
Human Metabolism(6th International ed.). OH: Cengage
Learning,

Havenith, G., & Middendorp, H. (1990). The relative influence of
physical fitness, acclimatization state, anthropometric
measures and gender on individual reactions to heat stress.
European Journal of Applied Physiology and Occupational
Physiology, 61(5-6), 419-427.

Haycock, G. B., Schwartz, G. J., & Wisotsky, D. H. (1978).
Geometric method for measuring body surface area: A height
weight formula validated in infants, children and adults. The
Journal of Pediatrics, 93(1), 62-66.

Hayes, L. D., & Morse, C. 1. (2010). The effects of progressive
dehydration on strength and power: is there a dose response?.
European Journal of Applied Physiology, 108(4), 701-707.

Kilding, A. E., Tunstall, H., Wraith, E., Good, M., Gammon, C., &
Smith, C. (2009). Sweat Rate and Sweat Electrolyte
Composition in International Female Soccer Players during
Game Specific Training. International Journal of Sports
Medicine, 30(6), 443-447.

Kraft, J. A., Green, J. M., Bishop, P. A., Richardson, M. T., Neggers,
Y. H., & Leeper, J. D. (2010). Impact of dehydration on a full
body resistance exercise protocol. European Journal of

Applied Physiology, 109(2), 259-267.



368 Sujin Bae - Park Hyon

Kraft, J. A., Green, J. M., Bishop, P. A., Richardson, M. T., Neggers,
Y. H., & Leeper, J. D. (2012). The influence of hydration on
anaerobic performance: a review. Research Quarterly for
Exerciseand Sport, 83(2), 282-292.

Lee, H.J.,Kim, B.J., & Lee, D. T. (2012). Fluid Intake, Body Water
Balance, and Inflammatory Responses during Simulated
Olympic Distance Triathlon in Elite Triathletes. Korean
Journal of Sport Science, 23(2), 422-430.

Logan-Sprenger, H. M., Heigenhauser, G. J. F, Jones, G. L., &
Spriet, L. L. (2015). The effect of dehydration on muscle
metabolism and time trial performance during prolonged
cycling in males. Physological Reports, 3(8), €12483.

Maughan, R. J., Shirreffs, S. M., & Leiper, J. B. (2007). Errors in the
estimation of hydration status from changes in body mass.
Journal of Sports Sciences, 25(7), 797-804.

Maughan, R. J., Shirreffs, S. M., Merson, S. J., & Horswill, C. A.
(2005). Fluid and electrolyte balance in elite male football
(soccer) players training in a cool environment, Journal of
Soorts Sciences, 23(1), 73-79.

McDermott, B. P., Anderson, S. A., Armstrong, L. E., Casa, D. J.,
Cheuvront, S. N., Cooper, L., Kenney, L., O'Connor, F. G., &
Roberts, W. O. (2017). National athletic trainers' association
position statement: fluid replacement for the physically active.
Journal of Athletic Training, 52(9), 877-895.

Osterberg, K. L., Horswill, C. A., & Baker, L. B. (2009). Pregame
urine specific gravity and fluid intake by National Basketball
Association players during competition. Journal of Athletic
Training, 44(1), 53-57.

Popowski, L. A., Oppliger, R. A., Patrick, L. G., Johnson, R. F,,
Kim, J. A., & Gisolf, C. V. (2001). Blood and urinary measures
of hydration status during progressive acute dehydration.
Medicineand Sciencein Soortsand Exercise, 33(5), 747-753.

Ranchordas, M. K., Tiller, N. B., Ramchandani, G., Jutley, R.,
Blow, A., Tye, J., & Drury, B. (2017). Normative data on
regional sweat-sodium concentrations of professional male
team-sport athletes. Journal of the International Society of
Sports Nutrition, 14(40), DOI 10.1186/s12970-017-0197-4.

Sawka, M. N., & Montain, S. J. (2000). Fluid and electrolyte
supplementation for exercise heat stress. The American

Journal of Clinical Nutrition, 72(2), 564S-572S.

Sawka, M. N., Burke, L. M., Eichner, E. R., Maughan, R. J,
Montain, S. J., & Stachenfeld, N. S. (2007). Exercise and fluid
replacement. Medicine and Science in Sports and Exercise,
39(2), 377-390.

Sawka, M. N., Burke, L. M., Eichner. E. R., Maughan, R. J.,
Montain, S. J., & Stachenfeld, N. S. (2007). Exercise and Fluid
Replacement. American College of Sports Medicine, DOL:
10.1249/mss.0b013e31802ca597.

Sawka, M. N., Cheuvront, S. N., & Carter, R. (2005). Human water
needs. Nutrition Reviews, 63(1), S30-S39.

Schoffstall, J. E., Branch, J. D., Leutholtz, B. C., & Swain, D. E.
(2001). Effects of dehydration and rehydration on the
one-repetition maximum bench press of weight-trained males.
Journal of Srength and Conditioning Research, 15(1),
102-108.

Shirreffs, S. M. (2000). Markers of hydration status. Journal of
Sports Medicine and Physcal Fitness, 40(1), 80-84.

Shirreffs, S. M. (2003). Markers of hydration status. European
Journal of Clinical Nutrition, 57(2), S6-S9.

Shirreffs, S. M. (2003). The Optimal Sports Drink. SMss Sports &
Exercise Medicine, 41(1), 25-29.

Shirreffs, S. M. (2009). Hydration in sport and exercise: water,
sports drinks and other drinks. Nutrition Bulletin, 34(4),
374-379.

Shirreffs, S. M., & Maughan, R. J. (1997). Whole body sweat
collection in humans: an improved method with preliminary
data on electrolyte content. Journal of Applied Physiology,
82(1), 336-341.

Shirreffs, S. M., & Sawka, M. N. (2011). Fluid and electrolyte needs
for training, competition, and recovery. Journal of Sports
Sciences, 29(S1), S39-S46.

Weschler, L. B. (2008). Sweat electrolyte concentrations obtained
from within occlusive coverings are falsely high because sweat
itself leaches skin electrolytes. Journal of Applied Physiology,
105(4), 1376-1377.

Wilson, M-M. G., & Morley, J. E. (2003). Impaired cognitive
function and mental performance in mild dehydration.
European Journal of Clinical Nutrition, 57(2), S24-S29.



369

Field sweat test on athletes

o

o

Zolck. () M

= ke

44 29

b <n|7} Acta Abegc),

L
T

3

Hr

e

"o
Jo
~

]_

4



