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Abstracts : Urea in blood has been measured as an effective marker for diagnosis of renal function. Urea which
is the end-product of nitrogen containing metabolites such as proteins is filtered through glomeruli of kidneys
and then excreted as urine. If the renal function is deteriorated, the urea concentration in blood will be increased,
from which the healthiness of renal function is judged. In order to improve the confidence of diagnosis results,
the results must keep traceability chain to certified reference materials, which was certified by primary reference
method. In this study, we proposed isotope dilution-liquid chromatography/mass spectrometry (ID-LC/MS) as
a candidate primary method, in which '"Nj-urea is used as an intemal reference material. The developed method

is highly accurate in principle and is convenient as it does not require cumbersome derivatization. 0.1 mmol/
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L ammonium chloride was selected as a mobile phase for HPLC because it provided low interference in

MS analysis of relatively low molecular weighted urea. HPLC and MS were connected with an electrospray

ionization (ESI) interface of positive mode, which provided high sensitivity and reproducibility. The developed

method was validated with internationally recognized reference materials, and we have obtained satisfactory

results in an international ring trial. The expanded uncertainty calculated according to 1SO guide was 1.8 %

at 95 % confidence interval. The developed method is being used as a primary reference measurement method

such as for certification of serum certified reference materials (CRMs).

Key words : urea, isotope dilution-liquid chromatography /mass spectrometry, primary method, traceability
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NIST (National Institute of Standards and Technologies)
SRM (Lyophilized Human Serum 909b level I, 11}
WL 7AW AN 24]7F o) HR)Ete] £
= HE ol=ZA 3 v, wAE HIls ARE-she
100 mLe] A28 FHRTE Yol & AT
o} oo] o B o] FAY B0l B FAE S
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28 atlZ F2M 591 & NIST @33 58 W
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Waters (Milford, MA) 2690 HPLCS} Micromass
{(Manchester, UK)®] Quatro Ultima triple stage quadrupole
AFEA71E AFAZ HPLOMS M 2¥E AREE1S
ot ¥ F# L Symmetryshield C;5 Guard Cartridges
(Waters, 4x2.1 mm)E 23} Shinseido C,5(250x4.6 mm)
columng ARE-31H.H, o] F4& 0.1 mM NH,Cl &
AE AT 452 1 mL/min= 3FA3L spliters:
2ol MSE FYHE ¥ 128 929, AlEE 10
LA FUA Y SAETEY, ANE ¢o= 53
£ A5
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HPLCS} At 7] 9] 91Ejuf|o] 2 AA-L electrospray
positive ionization mode® F$J 3, SIM(selected ion
monitoring) mode®| A ureas} T UL EEEH A
Hol2S [M+H]™ m/z%] 61.29} 63.2¢14 43t
t}, o] 23l XHLZ capillary voltageE 1.65 kV, cone
voltage 42 V, cone 7+~ 5% 110 L/min, desolvation 7}
2 §4 470 L/min, source =% 150 °C, desolvation 7}
2 XS 200°CE 3o
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Fig. 1. HPLC/MS chromatogram of urea according to
ammonium chloride buffer concentrations of mobile
phase.
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Fig. 2. HPLC/MS SIM chromatogram of urea at m/z 61.2
and "N,-urea at m/z 63.2 in serum.
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o A& 24 =F 71719 drit ARE L 5 U
th o]e] AIE Table 19) JERA =T JIREHA}
7} 021% o2 YA 3t A 717553 71719] long-
term dr]ﬁE AN EFEFEA Az s =

=& Al 5= glit) o] EEEEY sred 3
IBa=+ /;jE“rs}oq A A5 urea FEE A3 AF
|3t rt.

3.3. LC/MS ol ReM HE

wel fE48 AS3] A Asas 7R U
= NIST SRM#} IRMM F30 2 A8 [MEP 27
H A28 E33t 4E v|ast . NIST SRM3}
IRMM IMEPAZ= ID-GC/MS #PH o= 9128t Fo)
I B AFeME ID-LOMS HPHo = &8t Hog
274 A3 vae WY 84S 45T § AddE
2ok olujgt 7 WY vinx rhsA sl B A
3ol =24 ZAxte} NISTY SRM 1&gk, IRMM IMEP
SAIE Table 29} Fig. 39) YERlen BT Baln
A Wl F dAlEln) ol24 B e Ay
gt ID-LC/MS urea EA1W o] fasin et 2338l

Zable 1. Relative response factor of urea-isotope and urea
standard mixture solutions

No Conc. ratio Area ratio Relative
* (ureal/isotope)  (urea/isotope) response factor*

i 1.017 0.717 0.705
2 0.981 0.692 0.706
3 1.030 0.729 0.708
4 1.063 0.752 0.708
Average 0.706

Stdev 0.0015

Relative Stdev 0.21%

*Relative response factor = Area ratio/Conc. ratio
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Table 2. The results of measurements of urea in various serum reference materials

Serum NIST Level I NIST Level 11 IMEP Level I IMEP Level 11
Lab. (mmol/L) (mmol/L) (mmol/kg) (mmol/kg)
Certified Value 5.51+0.15 30.75+0.32 4.665+0.048 9.85+0.130
KRISS 5.49+0.06 31.13+£0.46 4.63 £0.05 9.82+0.10
6.0
unit mmol/t unit mmol/L unit mmol/kg unit mmol/kg
31.5 475 10.0 : .
J . [ i
S 55 ‘ ‘ ! ' .
o 30.0 96
4.50
5.04 v ; T .
NISTI KRISS NISTIl KRISS IMEP{ KRISS IMEPII KRISS
Sample
Fig. 3. The comparison of measurement results of urea in various serum reference materials.
RELA 1/2003
Urea [mg/dl]
Lab A peu. B p.euy. method
-120
E ; 010 188708 2834 116576 1984 ID-MS
22+ 1803 6838 1182 2224 ID-MS
24 872 1,368 544 1.368 spectrometry
+100
+80
+60

U i 1 1 T

100 120 140 160 180

Fig. 4. Results of JCTLM Ring Trial : Urea in Serum, Lab 01 : pilot lab, 22 : KRISS.

FEA8 A4S a2 3k ID-GCMS B3-S tiA
T4 U2S ¢ F AUNTH JCTLM ring triall = pilot
lab (01, G=¢] LGC)9] ¥ A79L ¥l & 7|
o] Aristi e, & WhH-S AMEEl pilot labdes F2
AAE HHOon spectrometryS AHE3H labae B
£ H3ith o|9] FA¥x AE Fig. 40 UeRAA,
olggt U9 FAUWE A B d7die] §8
e FRlstg e Ao g A ged & 9e-&
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Table 3. Quantification of urea in KRISS Serums

Sample No. Normalized conc.
1 1.0008
2 0.9980
3 0.9999
4 0.9960
5 1.0002
6 1.0051
7 1.0010
8 1.0054
9 0.9971
10 0.9966
Average 1
Standard deviation 0.0033
Relative standard deviation 033 %
1.10-
o
S
® 1.051
>
o
>
% 100 = » » , = " =« * _ o
3
g
@ 0.951
<
£
0.90 + —r : T -
0 2 4 6 8 10
Sample no.

Fig. 5. The comparison among the measurement results of
urea in KRISS serums.

ATk £ Aol A & urea EH 9] AHEE
1.8% ©]S.H, uncertainty contribution . 2 5-E
E¥mol & rAE AAES Hotsiych B
oM B FE& 71 ZA viRlE Uk A2
THPETENA e ureas} TALA uread] HHH| 2
A 71719 78 ARES JeR = Aotk 2E E3
& 7hel 9% ool 71719 I AR SA7E A
oy B 4 den ol B3R £o)7] Y=
71719] M@ L FRAZE FE 24L& F= Zlo] 4
g & 5 ATk

W= v K
o ox rff

ol® &7ES 7HXE= NIST SRM3t} AHS vl walgd e
o E3w 1] WollA dxjslke AHE Byor FA|
vl A<l IRMM IMEP} JCTLM ring trialol A &
Pilot lab®] A}e} AA3lHom g B AL urea
A2 93 Ay o s el 4= U} oS
EZ 333 A urea T=Z SASUE o

1.8%9] SAEIEE Byon, d4Aw Azte) A

X

4 oo

4E ®Y 7 AE ATEFEY A3 48T
Aol BT E 180 guided] wie} Hrishe] B3 UL}
FEE PAE A FIHE 55 Table 490 VER
Table 4. Uncertainty burget for urea concentration in KRISS serum according to ISO guide
. Standard Degree Type Sensitivity Uncertainty
Parameter Unit Uncertainty of freedom of uncertainty coefficient contribution (%)
Mis.urca, spiked g 0.0001 200 B 643.1973 0.08
AR ample 0.0028 4 A 353.3546 57.00
Murea. sud g 0.0001 200 B 164.0025 0.005
LA g 0.0001 200 B -161.0994 0.005
ARy 0.0038 4 A -224.0241 42.80
Mis.ureasid g 0.0001 200 B -651.7260 0.08
Miyrea ug 0.5774 200 B 0.0815 0.02
Mo g 0.0001 200 B -8.1568 0.00
Average 1
Combined Standard Uncertainty 0.008
Degree of freedom 7
k (95 % level of confidence) 2.360
Expanded uncertainty 0.0187
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