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Validity of sweat Ca concentration measurement
using a simple measuring device (LAQUAtwin)

Shun Hashimoto, Masaaki Sugita

Abstract: It is essential to replace fluid and electrolytes lost in sweat, to prevent the heat stroke and to
improve the exercise performance in summer. Sweat contains not only Na and CI, but also minerals such as Ca
and K. It is important to understand their concentrations in order to develop water supply strategies. The
validity of the simple measuring devices that can be used in the field has been examined for Na and K
concentrations, however analysis of Ca concentration has not been examined. The purpose of this study was to
examine the validity of measuring Ca concentration in sweat with a pocket water quality meter (LAQUAtwin;
HORIBA Advanced Techno, Co., Ltd., Kyoto) that uses ion-selective electrode technology, and to revalidate the
validity of Na and K concentrations. Sweat samples were collected from 368 athletes (301 men, 67 women). The
Ca, Na and K concentrations were analyzed using a precision measuring equipment (JCA-BM8060; JEOL Ltd.,
Tokyo) that uses the Arsenazo III method (Ca) and the ion electrode method (Na, K) and LAQUAtwin.
LAQUAtwin was highly related to precision analysis, ([Ca, Na, K]: intraclass correlation coefficient=0.907,
0.992, 0.960, respectively; Pearson's correlation coefficient=0.834, 0.984, 0.929, respectively, P<0.01). On the
other hand, in the Bland-Altman analysis, fixed bias and proportional bias were found for Ca and K, and fixed
vias for Na between the precision analysis and LAQUAtwin. LAQUAtwin is a useful device for estimating sweat
concentration in the field, although caution is required when using it for research that requires accurate
measurement.
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LEVWHBBERERTIE LML E o TEYY,
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D, 74 =)V FIZBWTRERTHRRG OHE % 1T
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EBI, BEEZEICBOWTHEELRZRHZR-LT
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W, BBk B ) 2 BEEES L OEERER
I8 FETICE =7 ICHET LI EAESINTS
DY ZOERETICHOREEEREET LI LN
EETHLEEINTVE., E51, T AY—MIC
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HTANOA Y OWIZE Y BHERREEZTSE LR
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Ca%k 74—V IFTHEICHETEELEEZLND
LAQUAtwin IZ2W TG SN TE T W,
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2.1, WRE

AW BNTIZ 368X DMHELR T AU — + (B
30144, ZH674) ONE LT —F 2l L 7.
WRT A — b OEREB L ORE, WE OB
FURY. TRIGGHE LTI 74—V FIZBIT 3
WEMEAS 271 44, EBRSBIZBIT S ERENI7TXHTH
D, FMEHOIRE BB RERED L kv Ty oN
225%, WAAS76 4, WHHEAS3 A, B 14, b
FGAT AT YN, Yo I =465/ THo72. F
NRTOMLETI L CTHED TR H i, WEITHE
I fabtE R EERBAL, FHEEHZ BB, AR
HAGRE R BT R B R ORBEL M THEML 7.
(KB 45018-H54 77)

K1, NRT7 A — b O, EERIRE, TR

Py OF) & (kg) S (T) B (%)
n#k 368 368 364 364
Py 23.39 58.84 23.55 65.18
SD 3.89 6.11 6.76 18.42
531 34 83.48 32.20 98.48
Tl 18 43,55 5.12 14.34
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LY A =3IV ITTyTHTIE, AF— 1 FETOR
W ER PR AL WX 2% F (BRI B A7 16 & 7.5 cm X
75cm) RS0 A F9, B KT G LBk
W2 O THRRIGI. B X 02 DB 0HF B & O
WaREWY, W 7ikBs X OBUEM 2 v Tkasz
EEICHEM -7z, Tk, M (R v AT —¥
Iy U7, FFHFAT4 AR, RS
L7 40Vva, BIOREMEEWNEIGHE - IR
(FHF =274 0V2A, 3MALE) TR L 72T R I
Xy F B RGBT L7z, BREGEBALIEIER S L <
EEER, KBRERRITE CTd o 72, SR ISTTREU S
FRENL, RVZFL IRy ZIZBE L 20
&, WEEALZMEZERS (FVESY) Y 20mL,
TIVERE) AN, HEKRY) ALY Y VITERINL 7.

2.3. FoHhAEE
FTARTCOFY ¥ T VARG L5 50 D 258 1)
DN ZE-RLA. 208 OO EITR 729 TV
13 Cav368, NaAt227, KA%209 Th -7z,

2.3.1. HEEIH
Kot R A St (st o 27—
IOV, WE) IHKBHLER L 72, 7 14—V KR EERE
WCTHRELL 723~ V30 L 72 % i s TR
L, MeAEANIRID L 72 50T 32 B B 57 268
(JCA-BM8060, HAREF#ASHE, i) 2 HW,
Cald7 Vvt FVIHIEICT, NaBLUKIZA 4+ V&
W THHr s T b,

2.3.2. @HoHh

T4 =NV FIZBWCTHHATRTH LS5 L L
T, TX7 MREGHTETE FVCTobr 2 F20E L 72,
a %7 b KRE 5T EF i Ca : LAQUAtwin B-751,
Na : LAQUAtwin B-722, K : LAQUAtwin B-731 (¥
KEMWY 7 FNv 277 248, 5048) 2 L,
R 2R O W E B IZTRTA + VEMEL 2> TWw
5. FORHPIL3 D DOWEL & 12 0~9900 ppm T
H %A, WEHPHIE Call BT 40~4000 ppm, Na
12 3B T23~2300 ppm, KIZ T 39~3900 ppm

L, TNPAOWEMISEZEE LTHFREIND
LD ETH o7 SfRIEIZ0~99 ppm 2B VT
1 ppm, 100~990 ppm {2 5 \» T i 10 ppm, 1000~
9900 ppm (2 BV TIX 100 ppm & %> TW b, T 72,
WEREEEIX Call BT £20%, NaBLUKIZBWT
*10% Th o7z B, KFZEICBVTidppm L 1)
Caldmg/dLiZ, Na®d X UK mEQ/L 124 L 7-1H
L7,

WEFMEE LCTIEDMIORTHE Y ICERK L2, Zh
ZTNOREFHIBWTHEKZ W TE v —oikE
R AR ARV AL i A o M 7 S B S
ZF DOMBIEHR & VT, Cald 150 ppm O 1 5 AHIEZ,
Na B L O KiZZh 21150 ppm, 2000 ppm DJEFE I
2RAEZ M L 72, MERICBWTIERERICB T 5
150 ppm 5 & U¥2000 ppm, FEFRIKIZHE T S 0 ppm D
AIEL CMETE 20 A2MHRL T O0MITE -
7z B, WEHTRB LI CMERIZBWTIZ10Y
YINVEE HE E LR DS X OHRRKIZ B Tl
FHIZTFRAIE L TR WAIERE Lz, WEICBY
TRERY FE2AWTHFY Y 7V % 300 ul & » 4 —
WHEEL, 2HOBHEBE > TWH I L EMERLL
%, WERY > 2MUCTHE L, #EwHflz il L
oo Fz BV IAVBICBLTIBREKICTE Y
P—% 33, ool Em i L.

2.4. HRETALIE

WAL, TP £ EHERFAETR L. LA-
QUAtwin & FEE G2 L/ LN MEio —HEL
T OZMERTT 572012, HNHBERE (ICC)
& Bland-Altman 534, ¥'7 YV ¥ ORFEAM BRI E H
Wiz, B, BEKEIZS%E Lz MEHLELE AT
7 b SPSS Statistics 24 % J\ 7z,

3. & xR

3.1. Ca

A B 2 WEMMIZ 1.12+0.51 mg/dL TH
). LAQUAtwin IZ51F % I % fH 13 1.41 =0.46 mg/dL
TdH o 7z K% 5 H & LAQUAtwin ® ICC id r=
0.907 Th o7z (£2). MEEEIZB T 57 RO &
) LAQUAtwin % % U 7= i) ®F-¥1# 1% -0.29+0.28
mg/dL & 7% 1), Bland-Altman 74712 5 W C [l 5 i &
BILURAERE»RD bz (P<0.001, 2, K1).

2. MAHBEERED &£ U Bland- Altman 5347

WA GR L RO S%EEXE  EESEOAHE MR OE SRR OR S BREOTE R
Ca 0.907 -0.32--0.26 3.367 ] —0.85-0.27
Na 0.992 0.93-2.29 1.298 o —8.63-11.85
K 0.960 0.22-0.33 4311 ) -0.55-1.10
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F 72, WEOH & LAQUAtwin DM B4R E X r=0.834
L, AERMEMEMR (P<0.001, X2) 2851
7z.

3.2. Na

R B4 5 P il 13 69.94  29.64 mEQ/L T
H bV, LAQUAtwin IZ B F % il % 1 1% 68.33£29.19
mEQ/L T&® - 72. W% 5 & LAQUAtwin ® ICC 1
r=0992 THh -7z (2). MELRICBI 22D

160

140 4 y = 0.9995x + 1.6431 O
R? = 0.9691
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FEEHHT Na (MEQ/L)
©
S

60
40 A
20 & P <0.001
7 r=0.984
0 T

0 20 40 60 8 10 120 140 160
LAQUAtwin Na (mEQIL)

4. LAQUAtwin & #5312 351F 2 Na O BRI

25 4
20 4 O

5 1 8 o T
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FEEHHT — LAQUAWIND 7=

FEHAMT & LAQUAWIN KO 91

X5, ¥ 98 & LAQUAtwin (23815 % KIZBI9 % Bland-
Altman Plot

y =1.0383x + 0.1069
R?=0.8635

£ 4
ﬂoE
21 o n =209
P <0.001
r=0.929
0+ T T T T T y
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%6. LAQUAtwin L5 HTIC B 1) % K D4R

131.61+522mEQ/L £ 7% 1), Bland-Altman #1128
WTHBIRAERZRED SN Lo b 0o, RBEiizd
B b7 (P<0.001, #2, K3). T/, KBS
& LAQUAtwin OHIBREIZr=0984 L 2 ), FE%
MERFR (P<0.001, K4) 2SR 57z,

33. K
KO BT 5 illEfEIX 4.73+1.13 mEQ/L T
D, LAQUAtwin |2 3317 % Ml % fit 13 4.45+1.01 mEQ/
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LTH - 72. W% /H5H & LAQUAtwin ® ICCld r=
0.960 Td -7z (F2). WML BIT 52O FIHIX
0.28+0.42 mEQ/L & 7 ¥, Bland-Altman #7128 W
THEERAED X AR DTFRD 5 17z (P<0.001,
2, K5). F72, BESH L LAQUAtwin OB FR
Bidr=0929 & % 0, & %= AHB B AR (P<0.001,
6) BH SN

4. E =

AWFZED HIZITFH o Ca, Na, KOiE® a2 %
7 MKERHE BERAIC S V5T 2 %00
D2 O E N CTHIT2AT, B o—3%
R L, MiBMERORLYEEMHTEI L ThH-o
7z. Ca, Na, KOM#EHMEICH TS ICCIEZENTH
r=0.907, 0.992, 0.960 TH v, HEAKRKD ZhTh
r=0.834, 0.984, 0.929 & 0.1% 7K & o #H B B 4% % 7%
L 7z. —7 T Bland-Altman #1128 W Tlix, 33HH
EDICREERENADOON, EHICCaBLUKILH
WTIZIE B D RO Sz, FERENSRD b
ZEhB, ZHBLEDICLELL2OBEBRIIB VT
FCHMESNTVD I EPREN, CallBWTiX
LAQUAtwin IZB8 W THI% 04T £ ) $ 0.29+0.28 mg/
dL, Na B X O'KIZHH 5128 T LAQUAtwin &
DHENEFN161£522mEQ/LB & 1U80.28=0.42
mEQ/LE L o Tz, %72, CaBLUKIZDOWT
FIFIRAD RO LN TEY, CallB v Cidflefl
HINEL % BIEE, KIZBWTRINEMAKREL 5
3 ERREMOENTREL BB ENWLNE o7

LAQUAtwin I B1F A H CailR EED I E 12D\ T
BINFETICHRFH SN TE ST, A5 LAQUA-
twin (2B 1F 2@ Cafll IOV THET L 72/ T
DOWfFE L 7 - 72, LAQUAtwin & 58481 5
ICCIZ0.907 T b, MBEIRED 0.1% K #EDHBIBFR
ERLI2ZER6, BATHIRICBIT 5 Na® K & [k
W7 4=V FIZBWTHP CalgEx e s 572012
BHTHZ L3R ThbrEEZONL. —hT,
Bland-Altman 4TI B W CIEFE B iR 7B L LAl
FEHNAD SN 7. Bland-Altman Plot Z B.5 £ £ < @
Tay PBY#HO0LD B TIITEY PENTHED,
315 7, T b b AR 85.6%7%%0 Ki DT
Ho7z (1), T/, BILBYGERIEI MR OFEH
BNEL B3 EREMOENPRKELL RoTwT
(1), 512, #AKICBWTIZA E B BRI
ARoNnTwa oo, BEHERIISHELD S LA-
QUAtwin 1l 12 & » THI2* 1, LAQUAtwin I2B8 W T
FWHE 2o T D I ENMERINZ (K2). Nak
KIZHRCalZBWTIELDEDPKRELL o ¥R E
LT, WESHICBT B HENA 4 v Bk T
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oz X, LAQUAtwin (2B % Ca Dl & #i
FAASEIR L CTWahd L\, o Na i % il
ELEATHRICB W T, 4 4 Y EREEE O
W, avF s AERRK LA, A VEm
BESOEEB I ar ¥y ¥ v A X ) IRVl
Tholzl EPWEESNTHEYY, WEHEILL-T
MEMIZEDRLOSNLZEPHL N ERSsTWE, F
72, ARBFFEIC B 2 Callt 1L 4~29 ppm & 7 >
THBY, THICEHEINS CaldPRTH B Z L DHEE
ENTz. Ak KEDGHNOZDIZHIE S Lz LA-
QUAtwin (2813 % Ca ® Hl % #EPH 1% 40~4000 ppm T
HH1D, TRTCOWEMPBEME 72, Thb
DT ENCallBITFHMEMDITHD ZIZHHRL T
2borEZONL. IS ORES S LAQUAtwin
2B CaltBENEIL, BB ED D EVHICHE
fliLCTLED ZERCaiREDRL 22T LR O
EPREL DR ERETROLNL OO0, FEEH
IR W B S A B R AR A H 7z 2
END, 74— FIZBWTHT CailtE D HEE I
WEHZEDNFETH D LEATRIBI NI
TATHEICBWT, LAQUAtwin & 4 + > 7 a< b
7574 =B S5NaBLOKMEMZ KL,
MIEH & H 12 LAQUAtwin I BWTE Bl & A, B
PRI CENEN 471787 B X 1M0.44 %
0.52mEQ/L &7V, ICCIZZNZN0.963F & 170.87
THholZl E2WHELTWEY, BT s X, A
W91 BV Tk LAQUAtwin & KB 4001 B o st 213/
L, ICCIEEWiE Iro Tz, F72, BEERHICA
ELRMHEBERPRED SN2 &5, LAQUAtwin 12
B DHEME 7 1 =V BB BI85 O FHii &
LCTHMATAZEIZRYTHD I ENRERSNA. L
2L 755, Bland-Altman 73#7 12 3B W TN E R 74
RHBIESBD LN TWDEZ LS, HEEHOWNE
EICIZEARN R EERH L 2 L bW LY, F
YRS SN BHEDOEHIIZEEILETH L DD
EEZOLND. KWFRICBOWTHEEINE L o TW
7EHE LTUE, OFICHW T ESER LTV S H
b LN\, BRI BV TIEA + v EBETH S
LAQUAtwin 4 v > 27 ua< 757 4 —FEx2 v
TWbEIAH%Y, KWFFEICH WV TIZ LAQUAtwin &
FEHOGE B ITA F YV ERETH o 72720, HEEREO
FEANEL RSN TV REMDE 2 5 5.
A28 W, LAQUAtwin % JfI v T Ca % 54T
THE, BESMEOMIITEEN I LNDL L DOD,
AERMBEBERR EE2R LIS D SITHhRS Z e
FT572OICHVEZENTEXLUWERGRTHAHZ LS
REN. T2, NaBIXUKOGHIZB W TR
FIZCa & D b EVERBREZ EPR LN, 74—V
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FIZBI BB W CTHEH R FETH 5 T & AT
RENT Call BTl B A3 X T LAQUA-
twin DM EHPI CTH o 22 L2 5, SN E HiPH
DEDILHTH DRI ELENS.

5. & i

ARWFFERER L Y, LAQUAtwin IZ B 17 % Ca, Na,
K O BEIAEE ST & W3 % LN LN 5 D
OO, BEHEMICHBERHBAMREEEZR LIRS
T4 =V FIZBWTIFRE S RERHEET 5 720121F
HRREHRTH LI LAURKBREINI:. — /T, Call
DWTIENa, KEERTIELDENKEL, Wk
ERBEBOHPATH 72 EHFELTVEHDE
SN, 74—V IFIEOEREZLVEDL0IC
I EEEPH DS X 0 IR & 7 o 2RISR T h
5.
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