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ABSTRACT - Melamine has raised international concerns for its catastrophic health effects from tainted infant
formula. This report concerns the developmental validation of a sensitive HPLC/MS/MS and GC/MS methods about
melamine and cyanuric acid in human urine and serum. Analytical detection ranges of LC/MS was from 0.2 to 5.0 ng/
mL and 2.0 to 60.0 ng/mL about melamine and cyanuric acid, respectively. The limits of quantification and confirma-
tion are 0.2 ng/mL for both analytes in human urine and serum by LC/MS/MS. The range of recovery was 91.6%, and
107.6% for cyanuric acid and melamine in urine, respectively. The range of precision coefficient variation was from
2.0%, to 11.8% for cyanuric acid and melamine in urine. The range of recovery was from 94.9%, to 119.0% about
cyanuric acid and melamine in serum, respectively. The range of precision coefficient variation from was 3.7%, and
13.5% about cyanuric acid and melamine in serum. Analytical detection ranges of GC/MS were 5.0 to 100.0 ng/mL
about melamine and cyanuric acid, respectively. The limits of quantification and confirmation are 5.0 ng/mL for both
analytes in human urine and serum by GC/MS. The range of recovery was from 83.7%, to 114.5% for cyanuric acid
and melamine in urine, respectively. The range of precision coefficient variation was 3.5%, and 10.7% for cyanuric
acid and melamine in urine. The range of recovery was 94.4%, and 110.7% for cyanuric acid and melamine in serum,
respectively. The range of precision coefficient variation from was 3.9%, and 13.8% for cyanuric acid and melamine
in serum. Several changes were taken to optimize performance by this method.
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Fig. 1. Synthetic mechanism of melamine resins.
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Fig. 2. Schematic of the hysrogen bonding that occurs between
melamine and cyanuric acid (Whiteside et al., 1991).
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Table 1. Tolerable daily intake (TDI) of melamine and cyanuric acid in various conturies

=7} 7) 2% DI Reference
u = USFDA 0.63 mg/kg bw per day for melamine USFDA, 2007
F Al E oL = EFSA 0.5 mg/kg bw per day for melamine EFSA, 2008b
kot Health Canada 0.35 mg/kg bw per day for melamine Health Canada, 2008b
TaRs NZFSA L5 ke b por dy for eyamre acid NZFSA, 2008
MABRAITF WHO 0.2 mg/kg bw per day
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Fig. 3. Chemical structure of melamine, cyanuric acid and ISTD.

Table 2. Preparation of working solution and quality control sample

S 24 HPLCE EFAYSZ 747} Sigma B2 MerckA}l
A FYste] AFEEIHE T LOMS ©] 549 acetonitrilest
32k F5F5F= 47 pore size 0.45um®]| MilliporeAA)
membrane filter® o3k & 2087F E7|AH T N, O-Bis
(trimethylsilyl) trifluoroacetamide (BSTFA) £ 1%trimethyli-
chlorosilane (TMCS)2 SigmaAPA|ZA A A|eFo 2 A}
L3l duk IR FEH (solid phase extraction, SPE)
column OasisAte] MAX Cartridge, 1 cc/30 mg(30 pm,
particle size), MCX Cartridge, 1 cc/30 mg(30 pm, particle
size)S AHESFAIL ZHzte] ZEH2 FEE conditioning,
activation, elution, washing®] ©AlE AHZt}. Serdolite PAD-
I resin (100-200 um)S S ServarlAZA], olHE 2 o
He2E e F SFFE AANIE WHOE B4
A AHE-st T

wznle] working solutionre 10 ng/ml, 25 ng/ml, 35 ng/ml,
40 ng/ml, 50 ng/ml, 100 ng/ml, 150 ng/ml, 250 ng/ml¥] &%=
7} HE% 50% acetonitrile® A Z3ATE ZHte] EEES
200ul¥ F3sld A5 5 47 0.2 ng/ml, 0.5 ng/ml, 0.7 ng/
ml, 0.8 ng/ml, 1.0 ng/ml, 2.0 ng/ml, 3.0 ng/ml, 5.0 ng/ml®} &
= H7}t HEE 3 Aol 24t working solution
50 ng/ml, 100 ng/ml, 200 ng/ml, 400 ng/ml, 500 ng/ml, 1.0
ug/ml, 1.5 ug/ml, 3.0 ug/mi®] F=7} H=F 50% acetonitrile
2 Azt 7228 EEES 200 uld FHsl AR F
Z+2} 1.0 ng/ml, 2.0 ng/ml, 4.0 ng/ml, 8.0 ng/ml, 10.0 ng/ml,
20.0 ng/ml, 30.0 ng/ml, 60.0ng/mle} FE= W7 H=E
stk WIRETE C,, "N;-melamine 1.0 ng/mL, "C,,
N,-cyanuric acid= 10.0 ng/ml®] ¥ %% 3} tH(Table 2).

2AP| 2 AWl

2 dFdM e = 2 8F F PR, AokrEate A4
L HFENS $3le] AgilentAFe] 1200 series A 22w}
Ez#iF ] Applied Biosystems (MDS Sciex, Concord, ON,
Canada) AF2] API 5500 FHAE717F 28 AZ4€ LCMS
£ AMgslR o, Lo/MSHH]L LC/MS-ESI positive mode,
negative modeE 43Itk o]uf data™ analyst software

Working solution <]

Stock solution &) % spiked volume

) S
Working solution ] Stock solution ¢] % spiked volume

5 55
Cl 0.2 ng/mL 10 ng/mL 200 uLL 1.0 ng/mL 50 ng/mL 200 uL
C2 0.5 ng/mL 25 ng/mL 200 uL 2.0 ng/mL 100 ng/mL 200 uL
C3 0.7 ng/mL 35 ng/mL 200 uL 4.0 ng/mL 200 ng/mL 200 uL
C4 0.8 ng/mL 40 ng/mL 200 uL 8.0 ng/mL 400 ng/mL 200 uL
C5 1.0 ng/mL 50 ng/mL 200 uL 10.0 ng/mL 500 ng/mL 200 uL
Cé6 2.0 ng/mL 100 ng/mL 200 uL 20.0 ng/mL 1.0 ug/mL 200 uL
C7 3.0 ng/mL 150 ng/mL 200 uL 30.0 ng/mL 1.5 ug/mL 200 uL
C8 5.0 ng/mL 250 ng/mL 200 uL. 60.0 ng/mL 3.0 ug/mL 200 uL
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Table 3. A process of melamine and cyanuric acid quality control
sample (serum andurine)

Actual
STD conc.  Spiked volume Sample volume melamine Conc.
in sample
10 ng/mL 200 uL 10mL 0.2 ng/mL
25 ng/mL 200 uL 10 mL 0.5 ng/mL
35 ng/mL 200 uL 10 mL 0.7 ng/mL
40 ng/ml. 200 uL. 10 ml. 0.8 ng/mL
50 ng/mL 200 uL 10 mL 1.0 ng/mL
100 ng/mL 200 uL 10 mL 2.0 ng/mL
150 ng/mL 200 uL 10 mL 3.0 ng/mL
250 ng/mL 200 ul 10 mL 5.0 ng/mL
Actual cyanuric
STD conc.  Spiked volume Sample volume acid Conc.
in sample

100 ng/mL 200 uL. 10 mL 2.0 ng/mL
200 ng/ml. 200 uL. 10 mL 4.0 ng/mL
400 ng/mL 200 uL 10 mL 8.0 ng/mL
500 ng/mL 200 uL 10 mL 10.0 ng/mL
1.0 ug/mL 200uL 10 mL 20.0 ng/mL
1.5 ug/mL 200 uL 10 mL 30.0 ng/mL
3.0 ug/mL 200 uL 10 mL 60.0 ng/mL

Table 4. Conditioning test of Liquid liquid extraction (LLE)

A A F2 9 (Liquid liquid extraction) 9] setting 57 A &
Solvent : 5 mL n-Hexane, pentane
pH adjust : acetic acid, 0.IN NaOH
Set 1 Shaking : 20 min
Evaporation : N, Evaporation (40°C, 20 min)
Reconstitution ; 50% acetonitrile

Solvent : 5 mL Ethyl acetate
pH adjust : acetic acid, 0.1N NaOH
Set 2 Shaking : 20 min
Evaporation : N, Evaporation (40°C, 20 min)
Reconstitution : 50% acetonitrile
Solvent : 5 mL methyi-tert-butyl ether
pH adjust : acetic acid, 0.1N NaOH
Set 3 Shaking : 20 min
Evaporation : N, Evaporation (40°C, 20 min)
Reconstitution : 50% acetonitrile

(1.4.1 version, Applied Biosystems/MDS Sciex)E ©]-8-35}¢]
A At A8 A7) (HP 7683 Autosampler) 2
Hewlett PackardAl2] 6890N 71#] I EBnlEn#j 5ol 5975
AFAYg2re 44 94% GOMSDE AHE-shath
Software Revision 3.1.1.2] Chemstation (HP 59970C)& -
2ao = ARSI, Y4lEEl71E Tomy(Japan kel High
Speed Micro Centrifuge (Model MX-300)9}  Technospin®
centrifuge (Sorvall® Instruments; Du Pont, Wilmington, DE)
g AHgstslen, ARERE f1EIME IKA-Werke (GmbH

Table 5. Conditioning test of solid phase extraction (SPE)

A 55 (SPE) Y setting =71 A1 g
washing : 5 mL MeOH, 5 mL D.W
Set 1 loading sample
(cation exchange) washing : 5 mL 0.IN HCI, 2 mL MeOH
elution : 5% NH,OH in MeOH

washing : 5 mL ACN, 5 mL 4% formic acid n D.W.
Set 2 loading sample
(cation exchange) washing : 5 mL ACN
elution : 0.2% diethylamine in ACN
washing : 5 mL ACN, 5 mL 5% ammonium
hydroxide in D.W.
loading sample
washing : 5 mL ACN
elution : 4% formic acid in ACN
washing : 5 mL MeOH, 5 mL D.W.
Set 4 loading sample

Set 3
(anion exchange)

(HLB) washing : 5% meOH in D.W.
elution : 5.0 mL meOH
washing : | mL D.W

(S)?:D) loading sample

elution : 2 mL meOH

and. Co., Stauffen, Germany)*}2] shaker (IKA Labortechnik
HS250)2, A& 52 Y8 nitrogen evaporator (TurboVap
LV. Evaporator, Zymark)S, HF=A 3 935 fsiXe=
Eyela(Tokyo, Japan)*F2] dry thermo bath MG-21005 A&
313tk HPLCAAM ARE-RE o)&/d2 2H2F 20 mM ammonium
formate”} E3HE distilled water®} 95% acetonitrile®] 3.2
71€7) SelHE AMEEt Aozl Zgofow BMERY
3 A EES 2 olwie] 452 030 mimino| 2
o} o]F4e] SujEAdL Table 63 2t} Al EFYE Agilent
AFe] 1200 high performance autosampler SL2 A4 10 plE
FYU3AL column HILIC (normal phase column LD.
2.0 mm, length 150 mm, particle size S-micron; SHISEIDO,
tokyo, Japany® AMESIIGL 2E 2EF 35°CE FASIAT
{Table 7).

Ay, AlolrEate] LOMSE ol 88 #4dX & o2
3} &2E ESI (electrospray ionization)2] positive mode}
negative mode® AHS-3te] EAEAE o] 23} sttt Al
AFAAE mi 100~50022 3] FAFS 1S
tandem massiPH (MS/MS)2 ©}-8-3td fragment ion pattern
S oz FHEAE ST AgEN S B
Aat AgAdo] 7ialE el multiple reaction monitoring
(MRM) modeZ AFE3191t}. Table 63 o) EF-A} o] &34
REZ7} AA daughter ion2] TEE Yo R AT ¢

Sl wgoz AHH7] 24 ARSI,

3t7) 918t curtain gas 20 Mpsi, GS1 50 Mpsi, GS2 50
Mpsi, detector temperature S00°CE ©]-8-3}91.2™ Ion souce
E electrospray ionization (ESI) positive, negative 321 &
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Table 6. Instrument and sample preparation conditions

¥H84 A= AA AR o]
LC : column : HILIC column
A- 20 mM ammonium formate 95% ACN
B- 20 mM ammonium formate D.W.
Time Flow (ul/min)  Eluent A (%)  Eluent B (%)
Initial 300 100.0 0.0
5.0 300 100.0 0.0
7.5 300 20.0 80.0
8.0 300 20.0 80.0
8.2 300 100.0 0.0
30.0 300 100.0 0.0
melamine © s 150 2] MS:
cyanuric acid T g EmEddy LOMSMS Compound QI Mass Q3 Mass
Melamine 127.2 85.2
68.2
43.1
13C,, ""N,-melamine 133.1 89.2
55.1
452
Cyanuric acid 128.1 80.1
42.1
13C,, "N,-cyanuric acid 133.9 89.1
44.1
Extraction solvent : Ethyl acetate
pH adjust(acidic, basic)
GC
Column : DB-5, length 30 m, L.D. 0.25 mm, film thickness 0.25 uL
Flow rate : 1.0 mL/ min (carrier gas: He)
Injection parameter : Mode split 1/5
Injection temperature : 280°C
Injection volume : 2 uL
Oven temperature program :
melhine | n o ®el 944338 GOMS

cyanuric acid

150[1]°C[min]

MS

Interface temp. : 280°C

Source temp. :

180°C

Ionization mode : EI

Tons monitored : m/z 345, 330, 351, 336, 342, 327, 348, 333
Dwell time : 50

Multiplier voltage : autotune value + 200 eV

Acquisition mode : SIM

polar switching® 2 ©]-8-5}31.2 [on source energys 4500V
[e]

g A3 daEAr)e] BAZAL Table 633 74t),
GOMS 45 HilMe= AEE &2 F 24 52319 2

TOE TES 93] AA T 5 ol FAsl FE GO/
EA3A Y He carrier gas® AMR-3ted flow rateS
1.0mL/minE 2] 3tAt}. InjectionS split mode(1:5)°l 4]

2uE FY3 L injection portd] &E=E 280°C 3t T)
Interface®] SEE 280°CEZ FA13+Z EI modeR ©]&3}3}

Ae™ jon multipliers 200 eVE A73l¢] Software Revision
3.1.1.8) Chemstation (HP 59970C)& ZZ1& o] &3&}o]
integration 3% THTable 6).
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Table 7. Calibration data of melamine and cyanuric acid using LC/MS

Regression line

Calibration range  Retention time

Analyte .

Y Slope, a Intercept, b r (ng/mL) (min)

Urine Melamine 1.223 0.005 0.9990 02~5.0 9.83

Cyanuric acid 0.083 0.262 0.9990 2.0~60.0 2.88

Serum Melamine 1.353 -0.115 0.9990 02~50 9.83

Cyanuric acid 0.085 0.056 0.9990 2.0 ~60.0 2.88
BMAI2 A F=2E 93 JIEYAE MCX, MAXE o] &332
B a5 ool mE st e H Ul & H, dulzAE S MCXE 0.IN HCL MeOHE A3 & 7
A= TS H2A) 98l FRFR LIZ £ F $ B AR EANERY specificity”) &

js
£CAM 12717+ FF T3t 0.2 ul filter paper® o 25}
o BE Af A
convertedS Y3t AE-&FSI T

Quality control A|EH|Z

0.2 uL filter paper® ] #3F =& o| g3ty 3 HWelgle] A
F FEHEE 02 ngmLolA 5.0 ngmLeE 7Hz}e] 5
+ 02ng/mL, 0.5ng/mL, 0.7 ng/mL, 0.8 ng/mL, 1.0 ng/mL,
2.0 ng/mL, 3.0 ng/mL, 5.0 ng/mLo|T} AJoprEAke] Ak
F% U9 2.0ngmLoAlA 60.0 ng/mLO 2 Z47te] FEi=
20ng/mL, 40ng/mL, 8.0ng/mL, 10.0 ng/mL, 20.0 ng/mL,
30.0 ng/mL, 60.0 ng/mLe|t}. Z+2} Quality control A 8= T}
9] Table 33 7Fo] FFES spiking k= WHEOE Az

sttt
HX=]9] Hlu M

XA F=&EH (Liquid liquid extraction)2 0123t XMx{2|
Acetic acid, 0.IN NaOHE ©]-&3t9 pH 52 =3 H
n-hexane, pentane, ethyl acetate, methyl-tert-butyl ethers
S5mL 7HeF T shakerS ARg-3te] 2027t 1B 3l &

sttt o] &3t &8 3000 rpmoll A 587 FAI B8k
TEAFE freezerE o83l A T A2Ae & A
P A H2 T Ad kg s A Az
FEES AUHTable 4).

A F=EH(Solid phase extraction) H|mEA

RS A5 WHEFEZHS HU1E § a4 &
5 stk olul XAD column, %0]& whg 20
XEEE F oA FIEZRAE o]&slo] AGA, B3} A
279, A3, &3 5L FYs%Y. SPEY FR/d wWE
T& S T oujAbe] A3} XADHY ¥ HLB 2

HET} o] 233 FHEYAE AREE Aol Wk &2 o)
AAFH L vlde] A B FA3I%ATE 0ASIS MCX
columne HWatgle] thale], OASIS MAX columne Ao}
FEA ] tiste] Melgo] Hold Ao 7 At

=
7rE skttt 8889 5% NH,OH in MeOH

g3l gHAAL W Y RS 58S A2 9

52 i o
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Table 8. Calibration data of melamine and cyanuric acid using GC/MS

Regression line

Calibration range

Retention time

Analyte ;
yt Slope, a Intercept, b 7 (ng/mL) (min)
Urine Melamine 0.017 0.255 0.9990 5.0~100.0 9.85
Cyanuric acid 0.019 0.324 0.9990 5.0~100.0 7.85
Serum Melamine 0.059 -0.010 0.9980 5.0~100.0 9.85
Cyanuric acid 0.018 0.027 0.998 5.0~100.0 7.85
I L L U TN T YO S Ty Lo o g

s.8e8

Shed

L 4ADeS
IS
2065

1.008

el  Reagent BLK(127/85)

o0 7 T

X

350

WEparsr B 1.

Reagent BLK(133/89)

408

E
1287, 1345 1521,

7.00, 487,

P 2 4% Y

it " SRS

i
Negative control sample(133/89)

100
* 1235 f
18 4t 520880 101 I '
800 i ’ £Y07 8

H

1480 N g pudi B G 18 o o]

ae B

W gy g, 200N, I38 2668

L i i 4 i P

X 2 4 ] ] £ 52 [

* 18 2 E3 ES 26 E E

Negative control sample(ISTDE &, 127/85)

&l mammm}:&»mzru&sﬁmnmxanzzs_aumm@'m]&nﬁmm

Sioe, i
B ey B T T S T TR e T R B o iR Tax Tied 5
Negative control sample(ISTDE #. 133/80)
ek e
800k
E o
248¢
L
2 4 ] ] % 2 1 [ [ :o 2 EQ E) E) E
T i

Fig. 12. Extracted chromatogram of reagent blank, negative control urine and negative control urine (spiked ISTD).
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Fig. 14. Extracted chromatogram of reagent blank, negative control urine and negative control urine (spiked ISTD).

Table 9. Precision data of melamine and cyanuric acid at LOQ
using LC/MS

Table 10. Precision data of melamine and cyanuric acid at LOQ
using GC/MS

LOQ(melmaine) LOQ(cyanuric acid) LOQ(melamine) LOQ(cyanuric acid)
T & Serum Urine Serum Urine -+ & Serum Urine Serum Urine
02ng/mL 02ng/mL 2.0ng/mL 2.0ng/mL 50ng/mL  5.0ng/mL 50ng/mL 5.0ng/mL
0.23 0.18 1.91 1.75 423 5.23 5.03 4.74
0.26 0.19 2.15 1.58 4.84 4.93 484 449
FE 0.24 0.17 2.17 2.03 = 4.26 5.08 5.43 5.57
0.25 0.18 1.99 2.08 4.65 5.42 4.57 493
0.18 0.19 2.12 1.77 5.85 5.23 4.76 441
3 0.23 0.18 0.11 1.84 i 4.77 5.18 4.93 4.83
CV, % 13.4 43 5.47 11.3 CV, % 13.8 35 6.6 9.5
R AR A A Zz 53] ubEsle] AAG A3 B 83.7%~ 1083.%
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