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extraction, SPE)°] @o] AREE L QIT} HAs #412 918 ol2] @9 SPE #4LS a8t HAsS
e FEEE0] FolA e ke &3 22 HA] G2 SR REGAS Lvfo|Aste]
MEE Blwdte] AATH 5SS 250 ng/edllM 253-93.0%2] S 4L 4 A9 FHE e 0
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ARG D NEAHLE S 53 HH W-LC/ESI-MSOl Ao 2n 28 SRENEH HAsE BAshs
g 3-89 4 S Aot thE MO Z = freezing filtration WO Hi} £L& F& §87 AdA

& YEhASAH.

Abstract: The heterocyclic amines (HAs) are a family of mutagenic/carcinogenic chemicals formed from the
cooking of muscle meats such as beef, meat, fowl, and fish. A major draw back in the analysis of HAs from
foods is their very low level of concentration (ng/g) and a number of matrix interferences in samples. Solid-phase
extraction (SPE) is one of the procedures widely used for the extraction and purification of HAs in food samples.
In this study, several SPE procedures of HAs determination were performed. Recoveries of the HAs were obtained
from comparing a matrix such as a standard methanolic solution and pre-cooked meat extracts. Recovery values
were ranging between 25.3 and 93.0 % at a concentration of 25.0 ng/g. HAs were determined with high sensitivity
by micro-HPLC (u-HPLC) analysis with electrospray ionization mass spectrometry (ESI-MS). Another developed
method, which is freezing filtration method, shows better extraction recoveries and good precisions. The established

method will be applicable to monitoring of heterocyclic amines from the cooked meat.
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xﬂ WA FEH S o]&3te] ANEEZRE] HASE 53
% HPLC, CEMS, LC/MS 5 Al&3le] A 3l=
HBaskal 9ok SR o] HELS A o)

3 AY A8 Aol Hasta Agido] v

Ao 2 vepgrt.5

wEha] 2 AofA = 71| Al NS Fars

Hg—tﬂ
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o] AF FoA 1559 HAs(Fig )S 4o g 5
EA4A 8 WHS 4 M8k, u-LC/ESI-MSS AL
ot o]sde] &ul 24, T ¢hE&, pH, 2

H 55 o83 TS st ESIe] HH o

Carbolines

N NH; N_. _NH
el 2
(\/@N & (\/@/ e Q Swel
= =
N

IQ, mw : 108

MelQ, mw: 212

Glu-P-1, mw : 108 Glu-P-2, mw : 184

NH; NH,
Nﬁ( N = o =~ CHy
C_N N-CHy H;C._N N-CH; | o
‘[ | \[ | N N7 NH, NN N,
= |
N N CH; H H

MelQx, mw : 213

N

<

N=

H,C /N N-CH; H,C N N CH;
L I |
C"'N HyC™ N

7.8-DiMelQx, mw : 227 Tri-MelQx, mw : 241

CH,
N
e

N N

PhIP, mw: 224

Fig. 1. Structures and abbreviations names of HAs.

4.8 DiMelQx, mw : 227

ActC. mw : 183 MeAoaC, mw : 107

Trp-P-1, mw: 211 Trp-P-2, mw: 197

|
H CH; H

Norharman, mw : 168 Harman, mw: 182
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21. Alef A M=

sl ZAto]ZE ot EFEZH 15F, 1Q, MelQ,
MelQx, 4,8-DiMelQx, 7,8-DiMelQx, Tri-MelQx, Trp-
P-1, Trp-P-2, Glu-P-1, Glu-P-2, PhIP, AaC, MeAoC,
Harman, Norharman< Toronto Research Chemicals
Inc. (Toronto, Canada)Atoll A T3t on, g
< FFEZ S HPLCH HEEo] 59 1 mygdl ¥
=2 z2AEeH, £43517] A 500 ng/g ©l3t=E &
3] A}8-35}9 T} Diatomaceous earth extraction cartridges
(Extrelut-20)2 Merck (Darmstadt, Germany)AFZ+-E,
PRS column¥} C;3 Bond Elut cartridgess= Varian
(Harbor City, USA)AFZ -], Oasis HLB cartridge (60
mg. 3 mL)= Waters Corporation (Milford, MA, USA)
APREE Yt AREEATE & 2 AAE HF
gk A AHEE EE f+7]-891= Burdick & Jackson
(Muskegon, MD)AF€] HPLC 55 AHE-3SIATH WH
% ZE329l 1-naphthylamine Aldrich (WI, USA)ALE
e SI5te] AHgtTh

22 ®x ¥ I|7

A7 T4 AxE 98 A8 AR =
Labconco (Kansas, USA) AF2] Stoppering tray DryerS
AREERTE AlEel %S fI8iA Eyela (Tokyo,
Japan)rte] AiE 719} I AFEEEF71E AR
3, I3 558 Supelco (PA, USA)AFS] SPE vacuum
manifoldE AMHE-3I9TE Al &8-S #1314 Termolyne
(Towa, USA)AF] vortex mixer®} Eyela (Tokyo, Japan)A}
©] Multi ShakerE AHE-8IAAL, A8 23 E3-&
$]3 NEURON FIT (Tokyo, Japan)AF2] TAC ultrasonic

Table 1. Operating conditions for HPLC

4020 AHESIITE 2E SA4S flsid = 32°C~
535°C7HA] &Ho] 7H&d Raynger ST™ (Seoul,
Korea)yg A3} T}

23. 24717]

2F % HAsS 4% )8 AH-¥ HPLC ¥
binary pump system©] “FZ% Agilent 1100 series
(Palo Alto, CA, USA)E AM8-3F3 21, MS+= Agilent
1100 series LC/MSD Trap (Agilent Technologies, Palo
Alto, CA, USA)E AH&-31Th

AF T HAsSl B4E 99 a=vteady £
= Zobax 300SB-Cg(Agilent Technologies; 0.30 mm
x150 mm LD., 5 um particle size)e] ZAM & ZAH &
AHg-stom 7F FEEA tgk £2E 15 ul/min
o fifoz o 4R A2UL AgAUT ol EA A
7.5 mM ammonium formate buffer (pH 2.8)& A}
St 3L, o] 54 B acetonitrileo] o™ 7]&7] &
| 270& ARSFAET 2719 A7F 100 %143 20
ol AXA 60%7HA Ao Ay e] A-HE S
S8l AZ 100%2 1587 E8FAcH(Table 1).

AHEE AR 7= o] 2 EF (ion trap) FE 9
Agilent 1100 series LC/MSD Trap©] 2.1, o]23}
= Yol Wy HA #F o]23)(electrospray
ionization, ESI)©]$1t}. Capillary voltage®} nebulizer
= Z+7zF 3.5 kv 15 psi ©]U 3L drying gas flowS}
2%+ 27} 5 Limind 325°C ©] St} Skimmer$}
capillary exit offset> Z}z} 40 Ve 137.7 V ©|Slth
18] 3L Max. accu time$} averages= 77} 200 ms<}
301912, Full scan mode?l| A dlolE] =32 93t &
2 54 W9E m/z 50 ~ 300004 <=3 ¥ A TH(Tuble 2).

oo fIf

o

24. A= HNIH

24.1. g 1

T SF7FE 7HHE giA ZA 22 -70°C deep-
freezerdl] 3A17F &< Ho] A thy o|& AR

Parameters Conditions
Column Zorbax 300SB-C18 (Agilent Technologies) 0.30 mm X150 mm I.D., 5 um partticle size
Flow rate 15 pL/min
Column Temp. 25°C

Mobile phase

Injection Vol. 1 uL

A : 7.5 mM Ammonium formate buffer(pH 2.8), B : ACN
(100% A, 0 min; 60% A in B, 0~20 min; 100% A for re-equilibrium, 20 ~ 30 min)

Vol. 20, No. 2, 2007
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Table 2. Operating conditions for mass spectrometer

Parameters Conditions
Source ESI in the positive mode
Capillary voltage -3.5kV
Nebulizer 15 psi
Drying gas flow 5 L/min
Drying gas temperature 325°C
Skimmer 40V
Capillary exit offset 1377V
1CC on
Max. accu time 200 ms
Averages 3
Mass range in full scan mode m/z 50~300

w2
[}
=3
o
2
o
=
>
Py
4
[\ ]
>
o)

| 3 g sample |

Extrelut-20 A& ol ¥ 108 5%
F22 A7l FH mlg 5 mLe HCL 0.1 M3} 10 mL
H,0, 5 mL MeOH=Z &4 3} Al7] Bond-Elut PRS Z
Hol] AA3T} 80 mL HFEREHEO R SEAA B
2] E-0] Extrelut-20 Z#Ho|A] Bond-Elut PRS ZHo 2
o]53HAl gk ¥ the Bond-Elut PRS HH & 15
mL MeOH:H,O (4:6, v/v)Z 2 mL H,0& o] Ft},
olw] A3 £ 15 mL MeOH:H,0 (4:6, v/v)°ll= ¥l
o] HAs7l §3l] Jonz A tsEr]|2 55

97} 1 mLo] =5 AXAZ ¥ Cs 7HEZ A F
7 &A1t} vg] 5 mL MeOH$} 5 mL H,02 &
A3} A7l Cj5 7FEE A E Bond-Elut PRS Z 3]
A3dte] 20 mLe] 0.5 M AcONH, (pH 8) 20 mLE &
SA1Xth 5 mL Hy0E Cyy 7HERZAE HojFaL v
Al 2.0 mLe] MeOH:NH; (9:1)& €247 o8 o] &
EFNg A FEVE 2315 20 E= H UR
X FE22 l-naphthylamine®] o} 1= 1 mLe]
MeOH &4 o2 3 LCMSY FY3th 544

Lyophilized and powdered sample
Add NaOH 1 M, 12 mL
Sonication/shaking 3h

| Extrelut 20 column

|Elution : CH,CL, 75 mL

| PRS cartridge (500 mg) |

Washing

Elution

Preconditioning

1) 5 mL HCI 0.1 M
2) 10 mL HxO

3) 5 mL MeOH

1) 15 mL MeOH:H,O (4:6, v/v) -> loading to C;g cartridge
2) 2 mL H,O

1) 20 mL AcONH4 0.5 M, pH 8

Cis cartridge (100 mg) I

Preconditioning

1) 5 mL MeOH

2) 5 mL H,O
Washing : 5 mL H,O

Elution : 2 mL MeOH:H,O (9:1, v/v)
Dryness with N,

Make-up to 1 mL methanolic solution (IS)

Inject 1 uL to LC/MS

Fig. 2. Sample clean-up and extraction method 1.
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| 3 g sample I

Sonication/shaking for

Lyophilized and powdered sample
Add 12 mL of IM NaOH + 28 mL ACN + 2mL MeOH

1 hr

Freezing at -78°C for 10 min

Centrifuge at 4500 rpm for 10 min
Collection upper layer I

Add 28 mL ACN and 2 mL MeOH
Sonication/Shaking for 1 hr

| Freezing at -78°C for 10 min

‘ Collection upper layer II

| Mix layer I and II

| Evaporation using rotary evaporator

| Extrelut-20 column

Evaporation

loading aqueous residue

Elution : 80 mL of DCM:EA (5:5, v/v)

Add 10 mL H>O:MeOH (9:1, v/v) + 1 mL of IM NaOH

HLB cartridge

Washing : 5 mL H,O

Elution : 2 mL of 2% acetic acid / 65% MeOH
Filtering using 0.2 pm disk filter

Inject 1 pL. to HPLC

Fig. 3. Sample clean-up and extraction method 2.
42 Fig. 200 YERHATE

242 HHH 2
A & SFEAESDHE 7R ZA 2 -70°C
deep-freezer (-78°C)°ll 3A17F &< Bl €9 ths 3Y
BN BE A=A 5 AxE 2E AW 2R
oF BtpALEES: o] &-3te] HA| F F 3 g& 3}
IM NaOH 12 mL9} ACN 28 mL Z2] 3 MeOH 2
mL& %?51 oF 1A ZF Bt 253 o) ¥ Wk 3
S o] 8NS deep-freezerdl 10 &2 W] 3k
-, %u‘%ﬂﬂ 4] 4500 rpm, 103 &<t 4] 8}
o FFde w2 HolErh thAl ACN 28 mLe}
mLE B3 % 1AIZF B9 259 g B

'_”fﬂ' #4 & AX F deep-freezerol] 10 += ‘%}5‘]“‘?}

N

ﬂJIO ;ﬁ
R
i
i
(=]
o
. S
3
é
X
=
T

off
0
[
o,
o>
T
_VE,
ol
o0
2
o3

% I EHR B o] o] BAE B
o Feiaze] 370 F 37 FW)0A bEUE
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3} o] ¢H43] 3d bR FEAIZI o]
ZIAFE Extrelut-20 Ao Y3 108 &< 2 A7
H &2 (DCM : ethylene acetate, 5:5 (v/v)) 80 mLZ
ST BS54 S oA 3 FLTA SEAIR
T ZEAFell 10 mL water : MeOH (9:1, v/v)€} 1M NaOH
1 mLE Y3 v]2] MeOH 5 mLS} water 5 mLZ 7
tAd g HLB 7FER| Ao XAt & 5 mLE 7}
EZAE Aol £ s 2 mLY 2% acetic acid®}
65% M ¥E FE&NE AL §EA17] v 02 pm
U233 FEE AyEs B4 Aud YAy
(Fig. 3).

3.1. LC-ES/IMS &4
1559 #2271 fAkslaL EAlgo] 2k 3l Ess
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Table 3. Retention times and characteristic ions for HAs studied

r.t

HAs - m.w. Characteristic ions (m/z)
(min)

1Q 9.3 198 199 [M+H]", 184 [M+H-CH;]", 157 [M+H-CH;-HCN]"
Glu-P-2 9.3 184 185 [M+H]", 158 [M+H-HCN]"
MelQ 9.8 212 213 [M+H]+, 198 [M+H-CH;]*, 197 [M+H-CH,]*, 172 [M+H-CH;-CN]*
Glu-P-1 10.9 198 199 [M+H]", 184 [M+H-CH;]*, 182 [M+H-NH;]*, 172 [M+H-HCNT"
MelQx 11.7 213 214 [M+H]", 199 [M+H-CH;]", 173 [M+H-CH;-CN]*, 172 [M+H-CH;-HCN]*
4,8-DiMelQx 12.8 227 228 [M+H]", 213 [M+H-CH;]", 160 [M+H-C5H,N,]*
Norharman 13.0 168 169 [M+H]", 115 [M+H-C;H,NT
7,8-DiMelQx 13.1 227 228 [M+H]', 213 [M+H-CH;]", 187 [M+H-CH;-CNJ*, 131 [M+H-C,H;N;]*
Harman 14.0 182 183 [M+H]", 168 [M+H-CH;]", 115 [M+H-C;H,N]"
Tri-MelQx 14.1 241 264 [M+Na]’, 242 [M+H]", 227 [M+H-CH;]*, 201 [M+H-CH;-CNJ*
PhIP 15.3 224 225 [M+H]", 210 [M+H-CH;]"
Trp-P-2 154 197 198 [M+H]', 181 [M+H-NH;]", 154 [M+H-NH;-HCN]*
AaC 15.7 183 184 [M+H]", 167 [M+H-NH;]", 140 [M+H-NH;-HCN]"
Trp-P-1 16.4 211 212 [M+H]", 195 [M+H-NH;]*, 168 [M+H-NH;-HCN]"
MeAoC 17.7 197 198 [M+H]", 183 [M+H-CH;]*, 181 [M+H-NH;]", 154 [M+H-NH;-HCN]*

m/z 185

i

m/z 199

m/z 213

m/z 214

==

i,\__/k
T

m/z 228

o
=1 Ed

m/z 169

M
J& m/z 183
L

—

m/z 242

A

| e
| I

A s

67 10 112 TIC
12 s 14
‘ M 13/
4 ist

0(min) 10 20 30

Fig. 4. TIC and EIC of u-LC/ESI-MS for HAs. Peak
identification : 1. Glu-P-2, 2. 1Q; 3. MelQ 4. Glu-
P-1; 5. MelQx 6. 7,8-DiMelQx; 7. Norharman 8.
4,8-DiMelQx; 9. Harman; 10. Tri-MelQx 11. Trp-P-
2; 12. PhIP 13. Aa

Relative abundance

m/z 198

m/z 225

m/z 184

m/z212

1Q9} Glu-p-2, norharman®} 7,8-DiMelQx, harman3}
Tri-MelQx, PhIPS} Trp-p2= AZvtEIH A= A
o FAl SEHUTE AR, AFRA 7NN FF

o] A Zv}E 13 (extracted ion chromatogram, EI)ol
Azt zte] BEAdol s tg ARvEIRE Ao
A A1 G o] 7kt

HAsE o5 240l vlsl 23t |74 &40
7] wEel Ak el FA UI7E 22 [MHH] ek
wWE 7|7} R [M+H-CH;]'7F 7]150]<2(base ion)2
2 AEENoT 540 LES Table 39 YERHATH
1552 HAs®| extracted ion chromatogram, EIC$}
total ion chromatogram, TICE Fig. 49 YERST).

3.2, Hi 12

321, ZHzEM 2 NI

HAs 3TE4S A &2 27|(HBAIE) "7t
A AsE EHE A%

° o
~ 167 ng/g, HAELTT
167 ng/g F=H oA A

FrgRE o o
AAASE

=
HAs £5-89% ]'E]'/\]E( S 7HekA] @& A7)
o spiker| A ‘ZFEZ T 100ng/g2i—‘?'—E1 A=}
FTEE EHIMAA 71712 243 G FEA (limit
of quantification, LOQ)E 3l 3L o|w] LOQ= “dtl
EZHAE 20 %0l3ke] ZholH A5 o) F-3-H](signal
to noise ratio)’} 1091 FHE= FtAT B HEIH
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Table 4. The absolute recovery, LOD and LOQ of spiked HAs in food

HAs LOD*(ng/g) LOQ**(ng/g) Conc. (ng/g) Recovery (%) + SD (%RSD)
3.30 83.0 = 0.010 (%11.2)
1Q 0.51 1.7 25.0 83.0 £0.011 (%1.87)
167 78.4 £0.290 (%6.80)
3.30 85.6 = 0.005 (%3.72)
Glu-P-1 0.51 1.7 25.0 88.6 £0.044 (%4.63)
167 87.1 £0.180 (%3.41)
3.30 110 = 0.016 (%7.58)
MelQx 0.51 1.7 25.0 93.0 £0.039 (%2.22)
167 92.1 £1.93 (%16.0)
3.30 112 £ 0.005 (%4.41)
Glu-P-2 0.51 1.7 25.0 62.8 £0.061 (%11.1)
167 67.5 £0.197 (%6.13)
3.30 103 = 0.025 (%5.76)
7,8-DiMelQx 0.51 1.7 25.0 80.5 +0.105 (%3.03)
167 78.1 £1.085 (%5.92)
3.30 111 £ 0.025 (5.76)
4,8-DiMelQx 0.51 1.7 25.0 253 £ 0.105 (3.03)
167 20.2 = 1.085 (5.92)
3.30 25.1 = 0.022 (5.43)
MelQ 0.99 33 25.0 88.8 = 0.342 (11.0)
167 89.0 = 0.650 (3.64)
3.30 98.5 £ 0.005 (6.03)
Tri-MelQx 0.51 1.7 25.0 87.0 = 0.054 (9.45)
167 91.1 £ 0.469 (8.51)
3.30 59.1 = 0.007 (2.40)
Trp-P-2 0.51 1.7 25.0 49.0 £ 0.168 (6.20)
167 50.6 = 1.090 (7.09)
3.30 59.8 &= 0.005 (4.42)
MeAaC 0.51 1.7 25.0 31.8 = 0.017 (2.118)
167 26.9 = 0.721 (13.5)
3.30 108 0.011 (9.37)
Trp-P-1 0.99 33 25.0 54.7x 0.061 (7.09)
167 52,4 = 0.200 (3.98)
3.30 71.5 £ 0.020 (8.43)
PhIP 0.51 1.7 25.0 773 £ 0.020 (1.45)
167 79.0 £ 0.887 (12.0)
3.30 66.5 £ 0.017 (11.2)
Harman 0.51 1.7 25.0 54.1 = 0.026 (2.99)
167 45.1 £ 0.071 (1.34)
3.30 78.6 £ 0.029 (30.3)
Norharman 0.51 1.7 25.0 71.1 £ 0.066 (10.4)
167 69.3 = 0.438 (10.6)
3.30 61.0 = 0.030 (30.5)
AaC 0.51 1.7 25.0 45.8 = 0.060 (8.41)
167 51.1 = 0.340 (8.52)
*LOD : Limit of Detection (at S/N > 3), **LOQ : Limit of Quantification (at 20% < RSD)
?:at 33 ng/g

Vol. 20, No. 2, 2007
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Table 5. Precision and accuracy of inter-assay for of HAs spiked 25.0 ng/g concentration

Compounds Bias* (%) Precision (%) Compounds Bias (%) Precision (%)
Glu-P-1 -13.2 7.12 MelQx 3.22 6.51
4,8-DiMelQx -5.7 3.08 MelQ 18.3 10.4
Tri-MelQx -14.6 1.96 Trp-P-2 10.2 0.991
MeAoC -4.32 2.05 Trp-P-1 4.82 149
PhIP -134 3.68 Harman -0.219 1.35
Norharman -18.2 153 Aes-C -17 8
Glu-P-2 -0.558 291 7,8-DiMelQx -13.9 1.46
1Q 4.73 3.49

*Bias = (Xc-Xm)*100/Xc or (Xa-Xm)*100/Xa
Xc : values from calibration curve,

Xm : measured values,

Xa : added values

(limit of detection, LOD)E 1% t #-24]7} 391 gk
o2 Ak RE HAsoll ths] LODE 0.51
ng/g °12™, MelQ9} Trp-P-1= 0.99 ng/g®]| A Th.
A $13 LOQE 1.7 ng/g ©1A 21 MelQe} Trp-
P-19] thaiXE 3.3 ng/gs VERIRIE o=
o YER LOD ¥ LOQ# - fAMS ZAxfolm 2
F FoA HAsE &41st7100 3421 A8 AA e
9 71712 e 2 A4 E AT
3pge EEEAS AR Hlste] AAE
z1 k= ‘*%%é_‘ @91 A 2ZH A 2
ng/g), &(25.0 ng/g), 3167
ng/g)¢] Al %Etﬂ]* é éo}&’it} Table 49 HAs<]
LOD, LOQ, 3|57 ¥ AU=E Jepfidch Al 71X
Frold A3 3FES YAFHE 70~ 100 %2
S YEl R 2™ MeAoC, Harman, Harman, AcaC
7F F7F e 3] 5E(45~66 %) VERI T, AEE
2 Y E AHEFAIHRSD)YE 1.34-16.0%2] ¥35
st AE JER AT Table 5).

r_{

33 i 2
Freezing fltration®d 5 & AFE3le] A A& AF o
2 AAS & OA] Extrelut-20014 A2 A AT &

PRS9} Cg cartridge t41oll HLB cartridgeS AHE-3HS
2 8 1 B AR AXE o] dEEEA,
DMIPE A9l HAIZH SR 348 0°] 865~
96.6 %= JEN L, RSD7} 0.8 ~3.8 %S UEIHE L
24 BH 1o vEiA sleEg AdEAGAA FFE
AZE BAFATH(Table 6). 1 pg/g LA 2 43}
24 W 13 BUst T2 oA vwalx] Qola 9
Ad Axes oFYA T MeAaC, AaC, Trp-P-2, 4,8-

Table 6. Recoveries and precisions in freezing filtration

method

HAs Recovery (%) = RSD (%)
DMIP 527 + 5.6 (10.6)*
1Q 93.8 £ 12 (13)
MelQx 90.9 £ 1.0 (1.1)
Glu-P-2 96.4 + 1.4 (1.4)
7,8-DiMelQx 86.5 + 0.7 (0.8)

MelQ 96.6 + 1.5 (1.5)

4,8-DiMelQx 93.6 £ 1.4 (1.5)
Glu-P-1 93.6 £ 1.4 (1.5)
Tri-MelQx 93.0 £ 1.5 (1.6)
Trp-P-2 925 £ 1.4 (1.5)
Trp-P-1 912 £ 1.1 (1.2)
Harman 93.1 £ 1.6 (1.7)
PhIP 93.1 + 1.6 (1.7)
Norharman 93.8 £ 2.0 (2.1)
AoC 91.4 + 3.4 (3.8)
MeAoC 86.6 = 1.2 (1.4)

DiMelQx 5& 453t 3|4
A7EA, o] Wwel gt £
tolg= grEo] A e

o
vlelA T2 A5 Zthstal Sl

£ =A== SPEE AHE-3te HAFEs= I
< AHA p-LC/ESI-MSE ARE3Ie] 21 (EF7) FollA
SE|EAo]FolRlE A 3k WH S AAISHAT

HhH (oM E Bgdl vleA oA 1.7 ng/g-"% o

E7HA] 15%2] HAsE Al A& &+ e 4
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LC/MSE o] &

21& 8L 170~ 167 ng/gel F& H S1A
0.99 o]/¢e] Hlw A dsgh AM4E BT HAES
AE MelQ9} Trp-P-191] thall 0.99 ng/gol AL YA
1359 HAs= 0.51 ng/g ©1 1tk A 3l = MelQ<}:
Trp-P-19] 7% 33 ng/gel A3, YA 13F2] HAs9]
739 1.7 ng/g ©1Ath 34&-2 3.30, 25.0, 167 ng/g2]
Al FEoA 202~112 %S HE At 25.0 ng/g S =9
A 2+ Bl g H T (bias)E -18.2~ 183 %S U

ERH T U ERSD)E 0.991 ~ 153 %S LERA ©
2H 2F F HAsE 248719 Aga Wes vet

WA

Tk o2 B R AAE freezing filtration
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