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oF: AW F I olelde] HAHQ FEHSE 30-300 mg/dLE vlekF 7ol kA Aaoteld
SEE ST EN 4o AR FEAS RISt Tt AdolEd v& F4S fa JAARNE
) v A PR PEAH (LC-MS/MS, liquid chromatography-tandem mass spectrometry)yS AR8-3} T} -4
M AEE 2502 AR F 10 uLE B33t S/ 390 pLot et g4t sM €
A& 20 pLoll WEEFEZ (5 pug/mL) 30 pLe} acetonitrile 10 pLE H7ksle] 338 T o33k A8
LC-MS/MSell =43kt A& oFEl A& multi-mode ODS column (Scherzo SM-C18, 75 x 2.0 mm, 1.D.
3 um)g o]-&3te] RN, o] 5 0.2% formic acid®} acetonitrile® A E Ao FE 150 L/
min® 2 3t} A olE U WREEEEZS [M+H]' precursor ion3} 53421 product iong $F 242
2 miz 114.0 = 86.07} m/z 117.0 = 89.1914 EUE Hsle] o] A3t A2nfETdS A4S S
th SAESE Hrtol M AN SR TS T AAES FoRZ A7 8450
Aol ofd JIFE FErHe AHESdTE AR 54, AA FA, AR, FEEE] A &0
E3ro G VR US RIS AA| Al AWoA FgolEld FEE ST A,
Aol ek oAk Mol FhEdee 142%2 AEE 0T

Abstract: The objective of the study was to estimate the measurement uncertainty associated with determination

A e o
AN o2 o2 3@

of creatinine (Cr) in urine samples by liquid chromatography-tandem mass spectrometry (LC-MS/MS).
Centrifuged urine samples (10 pL) were diluted with 390 pL of distilled water. To 20 pL aliquots of diluted
urine samples, 30 pL of internal standard solution (Cr-d5, 5 pg/mL) and 10 pL of acetonitrile were added
and filtered. The samples (1 uL) were introduced into LC-MS/MS with no further pretreatment. Cr was separated
on a multi-mode ODS column (Scherzo SM-C18, 75 x 2.0 mm 1.D., 3 um) and quantified by LC-MS/MS
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operating in MRM mode (Cr, m/z 114.0 — 86.0; Cr-ds, m/z 117.0 — 89.1). The four factors that contribute

uncertainty to the final result were extracted and evaluated. The principal factors of contribution to combined

standard uncertainty were sample dilution, calibration curve and repeatability, while the preparation of standard

solution was only a minor factor. Relative extended uncertainty of the measured concentration was 14.2%

in a real urine sample.

Key words: Measurement uncertainty, urine analysis, creatinine, LC-MS/MS
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Ho g FASA ATh FH M A B F(World
Health Organization)o| A= AW F Cre =7} 30-
300 mg/dLe] MY Aol FEF=HST A
CiSvi=

2l F Crg B4 shs WHoR dA|azvtEa
¥, 71 Azt E 2 oA LA, A2 nE
Zef 9] A AT (LC-MS/MS) o] Utk zrejut
olglgt fFEA o] FRlE WHE o] &3t wAE 7
Folle AlFe] 71-, AAe 3, £47171¢] Ak
ofste] Aol zpol7t WAYsHAl "k, 53] whekR 2t
Ao AF 2 AR 34 EE dAde a4
(false-negative) == 9] ¥/d (false-positive) 2] @" =
ZA T F JAoER Cr FEE A5t AR
A ARE AG3te W F v S
EEECREETE P P,

=7 & ¥ % (uncertainty of measurement)= 7%
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2.1. Al g 1=

EFEA Ao AMEE Cr(creatinine)> 4 7] <]
Acros OrganicsAFolA] Fetgon, YR EFEZR
AL2-E Cr-dye= 7Yt} CDN IsotopesAFollAl 14315
ot EFEA R EFERS 489] 10 mgs =4
3lo] &#FZ 22310 mL, volumetric flask)ol] ¥ &
F 2542 AY 1000 pgml FEE RAEFE
(stock standard solution)& A| 23T Ao AME-E
41l = HPLC-grade acetonitrileZ 7|=F J. T. BakerA}ol]
A FYsER e, TF4E Milli-Q water purification
systems &3 3%} SHRTE ] 83Ut pH 24
< 9130 AH&-E formic acide V1=t Sigmai} | Eo]T}.
Cr 37892 T/HTE TAH 2R 8| ste 2zt
100, 10, 1 pg/ml ¥ =2 42397 RREZEY
(Cr-dy)Z 5 pgmL =2 AxeoH AR H7HA]
4 °CAllA ¥ Rasisict.

A& DAalEEe] A& Safe-Lock tube (1.5 mL)&=
=<4 EppendorfAtoll Al Y3k o™, of o] ARG
A7 13 mm nylon syringe filter (0.2 pm pore size)=

v]=; RestekAFA] 431 T

22. 7171 4 BM =A

EEFEY AXE 98] 54 BrandAte] -3 &2t
(10 mL)2} =< EppendorfAle] 100 pL} 1000 pL
&2 J3l(pipette)yS A3 EFEH ] A
Z4-2 2912 MettlerAt H712] X A1A 2(XS205DUV)
< ARE-3FATt

A0 ALg-H ¥ = Pl Agilent TechnologiesAt
1200 series high-performance liquid chromatograph
(HPLC)$} 7=+ AB SCIEXA} API 3200 QTrap triple-
quadrupole mass spectrometer”} 174 ¥ LC-MS/MSES
AHE-3FS T w222 multi-mode ODS column (Scherzo
SM-C18, 75x2.0 mm LD, 3 pm, Imtakt, Japan)S A}
2319 th o5 A9 B 0.2% formic acide}
acetonitrile & 2 542 150 pL/min, A& FYZF 1
puLE HA3 2700 = AT} ©]5%2] acetonitrile
248 AE 3.5 B2 10%04 20%2 F7H2 F,
THA 45 B7HA) 50%2 FSA7] AL 0.5 #2F FAIA
Zth AFE2719] turbo gas(N,)Q] €%+ 550 °CE
AABFA L o] 23} a2 ol (positive ion) A}
X o] 23} (electrospray ionization) %2 © 2 MRM

(multiple reaction monitoring) S AHE-3te] A Fa}
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STl MS/MS fragmentations 93l FE71AZ A4
E AHEskem Aol =9k #3 ¢ product ion A
J 3] collision energyE 15 VE A4 3FA T} ©]
| &3 9] precursor ion¥} precursor ion 2 ZF-E]
3dE 544 product ions A3 dhte] o
Z FUHY 39t Crel MRM transition paire m/z
114.0 — 86.0, m/z 114.0 > 44.0°.= Cr-ds= m/z 117.0
— 89.1, m/z 117.0 > 47.02 A3}

>

M o
LA

>

2.3. A9 FAE|

(1000 pL)e 2 4H | mLE 1.5 mL Safe-Lock
tubeol] &7 BS F 50000 goll A 3R &0 9
AR AT 4SS FH(100 pL) o2 10 pLs &
Fat] SR/ 390 uLet EF3t 34Tt 34
H Al 20 pLo] WHEFEZ (S pg/mLl) 30 pLo}
acetonitrile 10 uLE 3 7}3le] 8¢k < nylon syringe
filter= o] 73+ A|FE LC-MS/MS)| 1 uL U3kt

S

W F FEE 1, 10, 50, 100, 300
o] 737 3/d(calibration curve)

< 233t skellA AR S [ Wl wet Al
2 Ags T Ao ARnEIY O ZRE 379
T8 A F81a, Crdie 93 WA g

Cre] I3 914 HE 34 48 A8

K

o

25 QC A9 NHus
Cr FE&NE AU el QC N7 F H2 &
| Sl EE 2 mg/dLe] BEE H71ela, A8}

2

=

2o goE AY BN F, 298 4T 42 vl
Late] HUEE AEAAT. AUE SHL 5 A7
urEste] 29t

26. EYzdl
oA Cr B4 3g-e AR, 34, ZA I3

¢

55 ZFste= AAE 9 LC-MSMSE ©]&-3 7171
4 goz FREKFig. 1).

AW F Crs® 43 Add B3 s A
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EEEAY £ 2 258N AR B B
T, w4 AFAERE A AAA A G ek
A% FAdol gk 2%, F7g0] A7 FIL WA
o2 o]0l wf I = AAF dg EF=9
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Urine sample (1 mL)

|

Centrifuge the sample at 50000 g for 3 min

Upper layer (10 pL)

f
H

Dilute the sample with distilled water (390 pL)

Aliquot of diluted urine
sample (20 pL)

Add 30 pL of internal standard (Cr-ds, 5 pg/mL) and 10 pL of acetonitrile

Purification

Filter the sample with nylon membrane of 0.2 pm pore size

i
i

LC-MS/MS

i

Fig. 1. Urine analysis procedure of Cr.

47K 828 2T 29 F Cr 24 A
B el 9T UAE BHE 3

e v 2
Cer = CoxDyx Sy xCix Ry 1

(C.: Concentration of urine sample, Cy: Measured

concentration of urine sample)
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M Dz W AR S AN BAshs eatel,
Spe EEgel AN Bk oAt tiE &
o, Rie SRS 712 9F 4 ARY =4
A EAEE oAb tFd 248 YEh
Cie A% FACRFH B oA e 84
S vehd Zlojtt. 3 & Alg F Cro] FEE A
Fohe Aol 2gd ] 95 298
== e At 2).
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Sample Dilution Standard Solution

Stock standard
Solution

. Pipette —»/ .
\ \ Purity ——» /7Welght

Sample volume Working standard
‘—\ (10 L) N \ Soldtion

Pipette Pipette  Volumetric
Flask

ZLneamy

/«— Precision

Repeatability Calibration

Fig. 2. Cause and effect diagram.
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3.1. EESY FM=x=zHoMe ==
Cr 7549 ¢Ev AA 9%= £7159] 3
X85l A] 9o} rectangular distribution
te] AT EFEITwP)et FuE
S (u(P)y= Tt R
u(P) = 001 _ 9.005774
J3

u(P) = 0.005774

A ZHA e 285 s 247
AP e EE B
HARAAAZHE 95%9] A=+
2)E 0.059 mgo| Ao o FEAFE(y)E oo
o Ao EEER @) 2EEE 10 mgs =
A ) FHEEEI= @)= T 2k
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u(W) = 0.0295 mg

u (W)= % =0.00295(W,=10 mg)
0

EEEY Aze Do) et LAEEEYL 54
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AR LA Bgw, AL SFTeaa g e
aelo] et
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o Zre zhE ATt Eo Bk R3] BZA L
0.00021 mL/rCo]aL APAY 2= F710] 20+5) °C
ojR®E EFEHE(u(D)E Tt 2ol Fekith
SEARE (Ve = 00|

u(Viae) = 0.005 mL

10x5x0.00021

u(T) = =0.006217 mL

E9x Ag gl ue} FoEgLaE o) &g

93 FEEE(u(Ve)= 0.007978 mL
ORI, FEAEE 8U¥ RFHAS AFEE 2
(2)2] Welch-Satterthwaite equation®l] &-&3}e] -3k 2
7} oAtk FAFFESE(u(V)SF 10 mL S8 A %4

HEZE = (u(Ve)E AR A3be va3 2tk
ug
Verr = —3 @
Ui
v;

u(Vg) = «/ (u(F 90) +(u(T))* = 0.007978 mL
U(VF)
V

u(Vy) = =0.000798(V,=10 mL)

A HA s ol E3EE wgd A
& &3t *P%SP‘HE} 1000 pL &2
g3lle] JHAMZEE IAHEIEE 6 uLATH 1000
pl &3 9319 FFEE-F % (u(Vpioe) 2t 1000 pL =
AN BHEZESE (Vi) E T3 Ade v
2t} oju] frEAHE= oAt

u(Vpigge) =3 KL

u(Vpig09)
u(Vpig00) = V—l

_VE

=0.003(V,=1000 pL)
BE8Y AZAG B BREE BEE
Ao FAZY, &% Zekaa, 956 9§ A 7
AARTE FUHEFEESE((S)E FET doe o
<3 2} oju] fFEAEE oAtk
u,(S)=
J ) (W) + 4 (u, (Ve +3x (U, (Vprg00))
=0.008468

32. A2 sMINoIMel EEE

F3 SAA TS FYe] B = wPAH
o] B E &8sl 4F ié}"w 100 puL &%F<]
Aol JAMZEE B EE 0.74 pLI T} 100

B
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uL &3 93] FEBTE (Pt 10 pL S A
AN EEBLE((P), 20 pL ZHA FEE RS
E(u(Py)), 30 pL SHA N EFEFE(u(Py) S
38 Axte} 1000 uL £ 93O F 390 pL A A
FNEFESE(u(Pro)E T3 AFE v 2
ol FaA =S coitt.

u(Pgo) =0.37 pL

u (P = u(f;lo") ~0.037(V,=10 uL)
u,(Pyy) = u(f;z‘“’) —0.0185(V,=20 pL)
u,(P5y) = u(l:/;"") =0.012333(V;=30 uL)

1, (P30) = u(li;"o") =0.007692(V,=390 L)
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Table 1. Relative standard uncertainty of precision measurement from QC samples (n = 35)

N Cr (2 mg/dL)
0.
1% day 2M day 39 day 4" day 51 day
1 1.989 2.155 2.234 2.518 2.340
2 1.979 2.060 2.168 2.353 2.253
3 1.951 2.117 2.071 2419 2.445
4 2.038 2.280 2.092 2.309 2415
5 2.052 2.116 2.123 2.461 2.369
6 2.131 2.006 2.364 2.382 2.219
7 2.257 2.282 2.083 2.531 2.349
Mean (;() 2.057 2.145 2.162 2425 2.342
Standard deviation 0.106 0.104 0.106 0.083 0.081
Standard uncertainty (u(R)) 0.077223
Relative standard uncertainty (u(R)) 0.034690
Table 2. Calculations for least-squares analysis of calibration
No. X; Vi Xi Vi Xiz d; diz didi—a (di—a) Sxx
1 1 0.038 0.038 1 0.0321 0.00103 0.030176 0.00091 8317.4
2 10 0.302 3.017 100 0.0318 0.00101 0.029851 0.00089 6756.8
3 50 1.479 73.932 2500 0.0367 0.00135 0.034776 0.00121 1780.8
4 100 2.771 277.06 10000 -0.1363 0.01858 -0.138256 0.01911 60.8
5 300 8.812 2643.69 90000 0.0454 0.00206 0.043453 0.00189 43180.8
Sum 461 13.402 2997.74 102601 0.02403 0.02401 60096.8
]

(ur(R) - u®) =0.o34690,;=2_xi)
n
X

(v ratio of the analyte area to internal standard
area, x;: analyte concentration, m: slope, b: intercept
of the calibration curve)

el 570 E (1, 10, 50, 100, 300 mg/dL)
18] 4 8to] 2Hd sk A th(Table 2). 4
Haes 7RSS e 28T AR
o Atk e ARl 2h0% &
Y A2AFHOR AN 7 A3 Crel 2

& 3L

£ oo lo

d F4e AAAS (R?) 09995, 71€7] (m) 0.0293,
y-intercept -0.02312] #+-& UER AT AA AW Al
EE AA FAdd &3l 42 Cr ¥E== 88.03

mg/dLe] T}

A oA e R A4 24 F4 93 &
FEIE ()t FHNEFZEI = u(Co)E v 2
o] A=3IATtH(Tuble 2). o)W FEAH-EE 40T

X<7)_(i
u(Cy) =2 L&) s 5710
mAp n S
DG s 24
s d; =y;—(mxx;)-b, dfT, p:

number of measurements to determine x;, n: numbf of
- X.
1

. . 1
measurements for the calibration, X;==——

, X==—,

-2 m n
Sxx:z(xifx) )
_u(Cy) _ 3
u,(Cy) = —— = 0.038801(C,=88.03 mg/dL)
S

35. HY=HETo At

B E ARtE) 9Ete Cro] B8 E a9l
Soll 3t FHEEESEE Table 39 A3t
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Table 3. Detailed estimation of uncertainty contributions in the results of Cr analysis in urine
Uncertainty factors Relative standard ~ Effective degrees Coverage factor Degree of

Y uncertainty of freedom (v.z) (k) contribution (%)
Standard solution (u(S)) 0.008468 8 - 1.5
Sample dilution (u/(Vy)) 0.043847 8 - 40.9
Repeatability (u(R)) 0.034690 30 - 25.6
Calibration curve (u(Cy)) 0.038801 4 - 32.0
Relative combined standard uncertainty (u(C)) 0.068580 36 2.1 100
Relative expanded uncertainty (U,(C)) 0.142234 - - -

Uncertainty was quantified for a single measurement of urine sample.

Coverage factor (k) was obtained from the Student's #-distribution corresponding to the calculated effective degrees of freedom of relative

combined standard uncertainty using a confidence level of 95.45%.
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95%)°1A3L Cr & S e EZT= 14.2%
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