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B O s — R IARES — $hE5tea T 5 2 iRt

W FwR RAEZ OWRBE O REF GEE MEW RS

R E BT bt

W R

RHF 9838 L VAR AR #r P M H sE4& (liquid chromatograph/tandem mass spectrometer,
LC/MS/MS)#| & #f 7 B iR ik A % & R & 18 8] (multiple reaction monitoring, MRM) %~
A e W CHy =i va BEBR — 4545 (calcium disodium ethylenediaminetetraacetic acid) °
TR H R A e 2AF BT R20 mLANAR Bk IR B IR 0 B R BIR IR A RIS E
P& 0.5 mLI0.01M & ALERZ % 0.5 mLiE 4 %+ £ 54 4% » 41 Acquity UPLC
BEH Phenyl & 4% * YA 45 mM = iE T e 2 W BE BOR IR iR & 4% B 48 200k i 47 4 L b
o BAPBVE SRR M o B Am O Hy — e vd BS BR — 4% (ethylenediaminetetraacetic acid
disodium salt)# 2% @ A T Ziv 4z » R 520 %40 ppmiE AT MGRER - L ek A
94-105% * % FAF B 2% o J& A ARG R EAT T E R SR 0 31X
MRS X O M —fi va BEER —4n 45 ke B 0 [ A & R $1-2218.4 ppm 0 K Ty R T SRR
M2 5 e

RABEER - CJR_PRIUESES  RARE AT SR B ET AL

[l

Al

N [ VUEE A (ethylenediaminetetraacetic
acid, EDTA) &y fifi 15 B #8 H 5 € 1Y & &b
a0 5 (CH ((N,Oy) » LB R
(CH,COOH),N-(CH,),-N(CH,COOH), > #E/E A
K ABEERERI S AR - B—EE HES
Fill(chelating agent) * AJf#EHPY(EH - 25568
JiRa - SRR~ ERE AT DB B LM%
VUBEER AR IE

AR E E S 07 £8P o e R A
FITYE - REGFH B Y - 25 RZUESER 53 51
IEE = R JH - fERPIEALRE - BERR
Rl iR R TG ek 2 Bl - HAER
0.10 g/kg L N(AEMEBEERD) 5 fFRMEMERE
H - BEESEH RELELE A - AR i

VUEE R —sm5at - TR TEEE RS25 ppmL
T BGREEEEEN 250 ppmPA T A{LE
h A S AR R L 150 ppmPUR  ARA
18 &350 ppmPA N (CLEZEED) 5 1
B BINIIAE IR R — R EAF DL AN
EBZEER - L RIUEEREIN R HER
EHHEE300 gBMCREREHEREE)F
Hif o & &5 E222.5 mg » HEDTAZ#
FEMIENRTS mg - HRARHARLFNE
CEBRZFRRH - HARET R
ALY o MUK DL 2% R VI BE R — 5 85
FeEtEHERE -

Cagnasso® A (2007) @ DL = 850 8 T 1 (25
FEECU VR H 28 bl IR RS MR ECR R 206 i
VURE Ry = & 0 BRamAT R T X EE DL REZE
B+ B ORI BB P ELAE (R RS TR FeCl,
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BCEITE S RUEIREIE % DAHPLC /3 AT -
SR HEIE R 1-20 mg/L - ZERU G R - o HT
fRFfE 10576 -

Krokidis5 A (2005) O LLBE T & # # #5 id
1) 72 5 L A HH 28 (suppressed conductivity
detector) DL [t A2 3B A - A HlESE &2
KETER 20 R UEER . S& o DIETY
W B > SeDAZKIE AN AN - 5@ E % P AR
ZEHL - DLEBRETIRZIRE » HERERTR
74-108% -

Quintana 5 Reemtsma (2007) VEL15 K 31
(2012) O¥ LI AE R AT B I U B R 0 AT B
1 2% —HEVUEER - Quintana fz Reemtsma$®
Z Bkt B T S TR R R B & LR
BEfE A - BIR] BT - 15 R ERAER (L
A TRIE R G Al - PR EFE AL B £ FRIE
HEEY) -

fECagnassoft) ST iEH » SriTEIRE & H —H
T - HHRESRIVEIEY) ; BT
M FE B 1 BY BE 25 A HH s 170 f R B S T
EHYImtES 2 Iee - B E e ks il
RHELE - AT DO A SR E R 1T
B 20 I VO EE R e 85 2 f e U R PR
2 W E AR ER A2 EL (-

MFERTTE

—  REERIR
FR1023 87 H X 10355 i » RERE
At 25 KB 5 W RO T 20k~ ReRAm
THESE - REF20E DRI 181 R B BRI
o HE314 -
=g
Rl R LB R  =1ET
JZ (tributylamine) & &b ## (ferric chloride)s
PR SR A BB K (SLEERR R 25°CH]
18 MQ - embPh b)) 5 2% RE VIS I — 5
(ethylenediaminetetraacetic acid disodium salt
dehydrate, EDTANa, - 2H,0) ¥ & F#ZH#E 1, -

=i

-~

(i FLIE A (syringe filter)FRAH M FEAE - 13
mm * FLIEF0.22 mm © 50 mL ¥ B (VS B A
PPH'E -

\ fRERETR

W& AH T AT B I B R R (Acquity ' with
Waters Micromass Quattro Premier XE, Waters
Co., Milford, MA, USA) ° fili/k #E#EMIlli-Q
SP Advantage A10 System, Millipore Ltd.,
Bedford, MA, USA) - gl &% (Type 37600
mixer, Thermolyne Co., Dubuque, 1A, USA) °
R % #5(DC300H, DELTA, Taiwan) © B
[ M#(Allegra 25R Centrifuge, Beckman Coulter,
Inc., Brea, CA, USA) °

F~ Ots ZRRVUBE S — SRS AR Z B
H
Y 2. 0 — e VO 8 T — ik S5 e PR ASE VA
100 mg » FEHETEE » DALBE T /KA AN B R
2100 mL > {ERARMERY - 2T (T - A
B M A RO - DAEBE T /KR REZ0.1-2
mg/mL © % H70.5 mL * 10.01 M&/[bLFiAE 0.5
mL - RA%  RERKES 58 DIERE
IR - HEEREEA W -
AR [ Pk
FETER AR #80.2 ¢ IIEBET-7K20 mL >
FEmIR 30 DI IR 307 8
PA5000 x giffe (555758 % » FSURHEETE - B ETE
#%0.5 mL » 7110.01 M & /bEATR B R mL - R
EREFES o BERR -
FE L LETEERERIER AT H50% J B VA 120
mLEFTZEHY -

€ RABETRERE S TR E R

(BT
JEHTE : Acquity UPLC BEH Phenyl * 1.7

mm * N2.1 mm x 100 mm
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xR—  RAEENZERRE
Time (min) Mobile phase A (%) Mobile phase B (%)

0.0 95 5
1.0 95 5
5.0 80 20
5.1 70 30
7.1 70 30
7.2 95 5
10.2 95 5

A: methanol / 5 mM tri-n-butylamine (1.0 : 9.0, v/v)
B: methanol / 5 mM tri-n-butylamine (9.5 : 0.5, v/v)

R EIEVE W - BENERR AR —
AW FEE/S mM=1E T H£(1.0 : 9.0, v/v)
B : FFEE/S mM=1E T f#(9.5 : 0.5, v/v)
BEIFHGGE © 0.2 mL/min
EAE 5mL
() BRI E
BT A AT B (negative ion
electrospray ionization, ESI)
EifliE FEBE(Capillary voltage) : 2.4 kV
HET-JFIEE (Ton source temperature) :
110°C
AR (Desolvation temperature) :
400°C
VAT B R S VLE (Desolvation gas flow) :
500 L/hr
ENES © 268 S (E ] (multiple reaction
monitoring, MRM) » H /322
Wk
N\~ IRAERRAR 2 BUE
WU 20 — R U e B — SR MR A VRGEETTLC/
MS/MS7HT » DA % R AT IR (R [E - A8 %
RATHE AR -

" BREEZONBH

PN — N[ =]
=] E/,EJJIE

VIR Vil

FHE B IR T RS S ul - 3
AT R E R AR - KN YIBRSETT
AT st A LAY A VA P 15 e B R ] R
% [ A AR S B T IR S 1 2 A
IHEFRFCR e T 2 I VIR R 5

L& & (ppm)
Ife b O IR VUES R — S5 = &
CxVx1.10
(Ppm): T

C : HHIFHE AR RIS IR TR O — RETY B
M —#h .2 IR (mg/mL)

V @ ZEEUR S A TR B TE(20mL)

M : BUER3 A s 2 L (g)

1.10 © 2% —RZVUEE e — SRR RL 2 0% —
i O e — S 65 o B A T

FE1 : AHE BT 90 2 AR BT 2 g
FEELIM (= 100%) ©

FEFHET -
HHEIBET 50 (%) A FRIE(%)
>50 + 20
20-50 +25
10-20 + 30
=10 + 50

+ ~ ANEI N ER

R T R S is R min o
VURE e —SRREHEVA TR - (o AR i IR R20 5240
ppm * MR T EEAZERAE - HEERE - DA
LC/MS/MSHETT /M7 » FIREETZZH S - DA
TR T iRRE REFE Se THIRE - 43 B B HE VA B
g2 10 A= o £l = = v o T 1 2 59

T R S NI 2 [ECR (%) =

Cfx Cu

ca > 100%

TE &

ETE

VALY

{EHIBE T (m/z) JERESERERE (V) HifERERE (eV) EHBET(m/z) HEEHEERE (V) THERER (eV)

NaFe EDTA

344 > 300 23 14

344 > 256 23 18
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Cf - ORISR IR g
2N ZREVUBERR — 5= P (ppm)

Cu : MRS Z A el 2% =
VR R — SRS (ppm)

Ca @ FINE )% I VUBS I — S e
(ppm)

+— B EFE(matrix effect) 574

B EGHAS AR LT H1 G T AR AR

TR EBEREA B ARG Z

()R AE fH #% (standard calibration curve,
SCC) : {10.1 0.2 0.4 > 1.0522.0 mg/mL
THEVATR - BERFLLAI00.01 ME(LERTA
W 20.05-1.0 mg/mL -

(O3 E VLR A & 45 (matrix-matched calibration
curve, MCC) : 7 Bl & ZE H 51K 500
mL * 73 BIA0A4 mg/mLEHEEE25-500
mL > FIIAEBET/KZE 1000 mLIE &
A HHEERE0.1 0204 1.052.0
mg/mL °

EREEREFEART ¢
BB E= (MCCZHIZR -
SCCZREE x 100%

+= » EEMRZFHE

IRIgE 222 dfale - MBHEMRE > InA
3 EYA TR - MRPT AT 2 5 v B g Al
PALC/MS/MSo3#t » SR 15 % 16 2 SRR o

£
5

SCCZARL=R) /

K= OB IRVIEERRSAEE  ERE B2 H

SFEH M HL(S/N ratio) © LC/MS/MSLLE M
- F R EE KRR 3 HoE E T RHER EE R R 10
AR IR Ry b B 7 2 E B IR (limit of
quantification, LOQ) °

FRER BT iR
—  RIEENREEES T2

AN 5% DLEE NS B+ L (electron spray
ionization, ESI) » BB EEAETEM - FEH
PR B 4 B B (capillary voltage) ~ AT
(desolvation)fit & S S G it ~ Bk mife(sample
cone) FE BE ) fili f BE & (collision energy)<f » {5
M) E T EEEE - (precursor ion) 5 EE A2 W)
Ht+(product ion)H i K Z HMIEE » =T
AWFeR R E VARG ES2 - HETRRE TP
HIRE A - BGE R ST R RN H AR R
VBt + 7 RMRMAE B+ - DRGSR E @AY ZE
Vil E T E R MELLERGRR & 2 E VIRE T
Fo ETEWERD o £ M — P VO 5 Iz £ 53¢ AT le it -
Fym/z 344 - EV)EETEEm/z 30088m/z 256
Hmass transitionB[lFym/z 344 > 300 FKm/z 344
> 256 » 53 Bl Ry i B T B E 1 T 5 (]
—) © HiEEHEE T Quintana Fz Reemtsma'” . 51t
FE R B [Fe EDTA-4H] > Hm/z 15344 - (K7
FER[-CO, %13 5]m/z 3008im/z 256,27 FE VI
T (B ) - KBEEE Z # R #E » LC-MS/MS
R R ZH AL LE RRE (1 IP) ke 24 e
T(1.5%x2=3 IPs) » {54 IPsA BELEER] - A&

Source (ESI+) Settings Analyzer Settings
Capillary (kV) 3.0 LM1 resolution 13.0
Extractor (V) 3.0 HMI resolution 13.0
RF lens (V) 0.0 Ion energy 1 1.0
Source temp. (C) 120.0 Entrance 1.0
Desolvation temp. (C) 500.0 Exit 1.0
Cone gas flow (L/hr) 50.0 LM2 resolution 13.0
Desolvation gas flow (L/hr) 700.0 HM2 resolution 13.0

Ion energy 2 1.0
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0701_200ppk STD MRM of 2 channels,ES- 0701_A18 EDTA MRM of 2 channels ES-
344 = 300 4.10 344 = 300
EDTA 2.804e+004 13994852 5.488e+004
10 411 1
4000.74 |
S %
| I
o ; LY
O~ min [ T T T min
0701_200ppk STD MREM of 2 channels, ES- 0701_A138 EDTA MREM of 2 channels ES-
344 = 256 4,10 344 = 256
2.659e+004 o+
100 EDLA et 100 1363313 5.292¢+004
3701.85 |
%o %o
| I
| |
O ""|J'_II1'| T min O+ TTTT .|l‘ T TTTTTTTTTT min
2.30 5.00 7.50 280 500 7.80

[FeEDTA-4H]

100 150 200 250 300 mz 350
B - 2t hxIuBEEE SRS 2 MRMEBIRE

WHERFEREHE - HiR10.253 8N BT AT 58 sy function 1/X)ETTHR MR R - %8 dhfx & E

M e 0.05-1 pg/mL + HAHBAFREL(R)AI3E0.9993 D
b BT EL P R 4 TR B B A
=\ (e A . ”
7.0 R VURE IS SR BB REELC) et e
MS/MS 8 4 0o e s g et — BRI RIS
=l > DAN#E 55 = (calibration weighting Dhze G40 T b 1T 2 0% — i VO

R ~ G RRPUBERE SRS LC/MS/MS Z iR M EEELRIE
Compound Linear range (mg/mL) y=ax+b R
Py A S 0.05-1 y=776.51x +48.71 0.9993
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KA~ AINCNHZPRIUBEEE —$hnsth T RDEZ

B[R

Matrix  Spiked level (ppm) Recovery* (CV , %)
20 94.0- 96.6 (1.7)

i
40 101.0- 103.4 (1.4)
20 99.0- 100.0 (0.1

Pt o
40 95.5- 105.0 (1.9)

*n=3

B sh oz I E e R o R R 20 K
40 ppm * HEIER55H15594.0-96.6% 52 101.0-

B70A_AM 50 s 00-1
"0

103.4% » BEARE RIS 1.7 5 1.4% (FT)
BN TR T R E R BT -

P9 ~ ZEVR B SR

2% Cagnasso 3 A (2007)? .2 51 & # i
12 G e EERVAR L8 2 IR EITHRET
DAV O 2 ¥ S NaFe EDTAZ AR T 43 BILLO ~
10 ~ 20 ~ 40K50% LG A WHEIT R - DA
LC/MS/MS3 T2« #REER » FEZIBHIERE
170 > NaFe EDTARY N2 B L(E =) -
R OIERE R ERIERZBITHE - mH

W of 2 Channes £2-

TR (EDTAN
(-
10% ACN
0% ACN
STD in DW
[l

T T

B= + UTRIRE ZEZEENZ % — Rz EERE SR 2 MRME 1 B
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RSV ST

FH0% ~ 10% kb fZ e 5L A 3G s flE BF B 25 5L - 4K
& A = BE o3 B i ZEEUR - HOKZER A R e
BN LSy SYASE R R) e bty paniiL e e BRE |
FEFH50% B AR ZEEL - DA R AR S R VAR -
2% Cagnasso’®: A (2007)” K85 $1(2012)0 2
BE R BUSEERLZ R - 110.01 M & (b8
ETCETTEE S > RS BEORER
1T 208 — RE VIR R 85 i ELERIn(El st Bs
B RAiT 2 e R R BERAE ISR
0.01 M E(bIE IR BRFES T EGRIE
JE R vIAT o SRR BE R N AR 20 R YRS
FR 8W ~ Z)% —NEVUBEE IR SR #5 e M gy
BERRIREN - A7 152 RE 435 it — L ER AL Ko 2
GHEERE - WLUEERIRE - RBIEWETEH
N PR VISR S5 2 B o

h ~ BEXEFHERER

L LC/MS/MSHEFTE & » Bl AT 2Ll
FEH 2 FE T (co-eluting matrix compound)
F B MYNERE T LIBE - "6
I PN B 5 AR - T R B S (matrix
effect) o FyaT G ERE - 73 I BLIEREUE dhiR
FEE VLR AR - G PR L RIER o BEMEdAR
R VST E BT /K 2 AFHEVAWR » IR i1 [ £50.05-
1.0 mg/mL » BB VLR & A0 T D hiE
TR RS AR T AR - RIS
i HLB P 1 550.05-1.0 mg/mL » #&FFfEHE
BEES A 12,1 %529.25 % (£5) » Al B
A E -

7N~ EEIRZ FHE

AMRAEEZEEMHR(limit of
quantitation, LOQ)ZHFF & MRM{HHIIE =T 2 &
BEETRETEZS/N > 10 B E BT RETE>
S/N > 3 o KLC-MS/MS H AR T R ibhilg
2N R VYPE  —8 E EAmPR R 10 ppm ©

T mERGPIHIRIUEEEE — 5

ZERERER

AR1024E3E7H K 1035E5 5 4 HIE g
20(Fh e R 1 pe e - SE— AR ie A5 kAT
TR~ BEA T - WETE2M DRI EES
R EEA - B S REm T
M3 R EE10M - HA s —itigds pHE
T8 REMATE BEE—REEEY
ol 2% VU S I —SREh - Herig#eZ &
Mo LU R e — SR #5 1 H s B HI 587.8-1984.9
ppm > HR B HREE =AM SE 1881 +
51.8 ppm * WRIEE )R HEIT R331.2
+ 582.5 ppm » HA - SRS Tlight ) #Y
A=Y DAy < U R T A
1984.9 ppm * R ANFHE L —ftigie T oM %
VUBERR N85 5 By s L - e kB &
SR AN ) {5 i [ R PR R AR AT e S A
TRl iR S LS gk 2 i - HAHE
F50.10 g/kg A N(LLEAHE &R » DURIE il
BURA - BEERA R ELBEERE - AENL
s R VUES BR —shihET - FEAL LB R150

=N - BEWRERTL
. Standard calibration curve . 0
Matrix matrix-matched calibration curve R Matrix effect(%)
y=16539x+0.91 0.9994

Vil 12.10
y=18545x+1.69 0.9978

=1022.75x—7.29 0.9997
WhE Y 9.25
y=1117.4x +291.18 0.9999

5 ¢ AR EE 0.05-1.0 mg/mL
FEREY = (MCCZER - SCCZAER) / SCCZAER x 100%
SCC : FE#EHR# (standard calibration curve)
MCC : FE UL iz & ##(matrix-matched calibration curve)
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ppmPA N ZHUE o AR AR RS - 0% %
VURESTE — NP5 i S Ry 147.4 + 43.3 ppm © 55
e i 4 - o 2 U E TR S N v da L
BER —$he5 - Whr g ta e JM —IE VUG RR —
$hEE G HH G E HI $549.4-2218.4 ppm » Hi i
Bg Tlight ) B9 RLE RGBSR R LU LR 8
N —REVUBE IR —eh 5 & iR LA AL WA
BRI RS - 20 REVURSE — s 85k S
577.0 +24.9 ppm °

FHERE S MR RN S M R
FEf Hig HEE 130 Hp3ERBkiEgsE -
10 R R EREE  ELAErmERHER
8FF - MR RLE RS -

# @

ARBFFEEETT LALC/MS/MS /T Bt th 203
ZREVUEE R NP5 2 ek 0 TR IR
HFAE - BRIEREE - AR - BORE - EE
- BEEEREBEEHEE BT BRIERT
ERAE - T BEMRDEEZ 2% _E RS
ZENESPIIT AT A o AR ER2 #H R IE3 14F
e+ 2B R 2AERE T light , 2R R
HEHL O I PO BEER S #5289 B f51984.9
ppm22218.4 ppm * ¥CLHEEREI R AR IIY)
{5 PSR B e (R RS A YE - RSB AH R B
e S -

ZENR

C EAEEAES - 2013 o &AL I0Y) 6

] Bz [ B R AR AR AR E
fda.gov.tw/Law/FoodAdditivesList.
aspx’nodelD=521] °

[http://consumer.

. Cagnasso, C. E., Lopez, L. B., Rodriguez, V. G.

and Valencia, M. E. 2007. Development and
validation of a method for the determination
of EDTA in non-alcoholic drinks by HPLC. J
Food Compos Anal. 20: 248-51.

. Krokidis, A. A., Megoulas, N. C. and Koup-

paris, M. A. 2005. EDTA determination in
pharmaceutical formulations and canned foods
based on ion chromatography with suppressed
conductimetric detection. Anal Chim Acta.
535: 57-63.

. Quintana, J. B. and Reemtsma, T. 2007.

Rapid and sensitive determination of ethyl-
enediaminetetraacetic acid and diethylenetri-
aminepentaacetic acid in water sample by ion-
pair reversed-phase liquid chromatography-
electrospray tandem mass spectrometry. J
Chromatogr A. 1145: 110-7.

. 7F’ﬁ§au BAJE - 2012 - VEIHGRE-ERYE

SHEHIE BT 2 IR LB R & e
fiuui#%é’ 33:180-185 ©
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Determination of EDTA in Foods by Liquid
Chromatography/Tandem Mass Spectrometry

HUNG-WEI HSIAO, CHING-HAO KUO, GUAN-YAN WU, YUNG-WEI LIN,
CHIA-FEN TSAI, SU-HSIANG TSENG, LIH-CHING CHIUEH
AND DANIEL YANG-CHIH SHIH

Division of Research and Analysis, FDA

ABSTRACT

A method for the analysis of EDTA in foods by liquid chromatography/tandem mass spectrometry
(LC/MS/MS) with electrospray ionization was developed. Data acquisition under MS/MS for EDTA
was achieved by applying multiple reaction monitoring (MRM). EDTA was extracted from foods
with deionized water, and reacted with FeCl; to form NaFe EDTA, then analyzed by LC/MS/MS with
electrospray ionization. The LC separation was conducted on an Acquity UPLC BEH Phenyl (1.7 pum,
2.11100 mm) column with methanol/5mM tri-n-butylamine as the mobile phase by gradient elution. The
recoveries of EDTA (20 and 40 ppm) spiked in pudding and mayonnaise ranged from 94 % to 105 % and
the coefficients of variation were below 2%. Application of this method to test a total of 31 commercially
available food samples, the concentration of calcium disodium ethylenediaminetetraacetic acid (CaNa,
EDTA) ranged from ND-2218.4 ppm. This method will provide a reference detection of EDTA.

Key words: ethylenediaminetetraacetic acid, EDTA, liquid chromatography/tandem mass
spectrometry, LC/MS/MS



