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 OE: B A RRORAR CR% - H ST A E DR 9 b E BT 25404 3 (aminoglycosides, AGs)fty
SN A FERLCRAT 10 mmol/L B RR — AU ZE phiR A R IO, BEEN RS FEEL 1 min, 38 BHE RS
o AR A BOR: WAk, 8 FUIBE 557 P 8 1 88 R e P R o 0O € 35 - £ I 3 (R A T AR, PR i it
R ZJEERAE, 1E 5~1000 pg/L TEFEIN, 9 Fh AGs B RFAIZETESC R, kit R 5~20 pe/ke,
E R A 20~80 pg/kgo7E 20~400 pg/kg AN EETL N, fRDELT 9 Fir AGs (1972 BN 76.2%~113.2%; H
NAE ST RZBON 1.1%~8.4%, HIEAEFRZBON 1.1%~11.6%. & ke, 28, nFEB PR o F
AGs BRI, W 21k AGs H R W IR 7R .
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ABSTRACT: Objective To establish an analytical method for the determination of 9 kinds of aminoglycosides
(AGs) in feed by ultra performance liquid chromatography-tandem mass spectrometry. Methods The samples were
extracted with 10 mmol/L potassium phosphate buffer solution using enzyme probe ultrasound for 1 min, and purified
by cation exchange solid phase extraction column. The samples were detected by ultra performance liquid
chromatography-tandem mass spectrometry in electrospray ionization positive ion mode, and quantified by external
standard method. Results Verified by square law, the linear relationships of the 9 kinds of AGs were good in the
range of 5-1000 pg/L, with the detection limits of 5-20 pg/kg and the quantitation limits of 20-80 pg/kg. The average
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recoveries of 9 kinds of AGs in feed ranged from 76.2% to 113.2% at the concentration of 20-400 pg/kg; the

intra-day coefficients of variation were 1.1%—-8.4%, and the intra-day coefficients of variation were 1.1%—11.6%.

Conclusion This method is stable and sensitive, and can simultaneously detect 9 kinds of AGs in feed, thus meeting

the daily monitoring application requirements of AGs in feed.

KEY WORDS: feed; aminoglycosides; ultra performance liquid chromatography-tandem mass spectrometry
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SN2 P14 & (aminoglycosides, AGs)fkH 2 JLFR
PRI 22 S o SR B T B T2 B ), dPk 28k
% PC R A A — S 2 G P TR LA A R ), J—
KEEWANBIAPUERE T, Fe & Hol i+, AGs
T2 AT AN B HoAT AL AT R AR
KAt i, dRale e i sh g g1l sk,
TR R AE RN S AS kss 20 KR,

2 FHEWTE B AN A BIR, T BUK A RS AWk,

[l AGs W2 S 3024 5 P B ol die i DL I D BT, R BB
FUE AU I, AGs BRI ZEAE IR 2500 i
WRIHEE . FET X AGs BRI &, TSR 2020 4R
Y1 S VF AR FRDREAE 7 B VS 0 25 W e R ), i 2
2020 A LRIRRM T A TR AR BT ST HEAE RS SRR
TR A IR B LR v T B BBk R 25 22, SR
& AGs. {H AGs I ARBEFNEEFAZGY, 782 m0 ks &
GV AR, T U W R BOR e AGs JEEEEIN
Frakk b AT

AGs JEMIRMEIEY), SV TK, Bz ka5 EFEE

JEHEN, X FIXZEACE PRI, SRS ORI R A,

e v G R e D T P J7 2 . BABIN 251 SLR A Nucleosil C g
HE, PLZJEFT 100 mmol/L LT BN, #A 1 RH]
TR €633 - 58 B ST 1% 25 (liquid  chromatography-tandem mass
spectrometry, LC-MS/MS)IlIE gh#PE & 5l v W A5 & R
(dihydrostreptomycin, DSTP), P K% (gentamicin, GEN)Fl
B8 ZE (neomycin, NEO)RIAHT L, ERFRH 100 peg/ke.

HONG %7 7 LC-MS/MS 3515 7K 7™ b v 17 5
EMEEEZE, UILIERM 5 mmol/L £ TR A shAH, K
JH Shim-pack FC-ODS 3 kE #4746 BEVENE, & & R Ky
50 pg/kg. BARUAGEPILUR AR Obelise R (L, 45
B I ARFBHE FASHALE], PAZIER 1% BRK A s,
SRR 13 Bl AGs, i HHFRATRE 1~50 pg/kg. HAT,
EA MR AGs B4 7 k38 L8 I Sl AR A A - R
TRRAF B AR, XX B AN R, A
T FERE N, —FIERS . P . RO E R 9 Bl AGs[HE
HE., WEHHE . T E (kanamycin, KAN), BiE & .
Z A% % (tobramycin, TOB) . %8 R (4L 72.2%) . KK

BE . WIER B AT MR R (amikacin, AMK)]/1# =
AW A 35 - K BT 3% 7 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS),
VU AGs HOARIEAS IS BLtEA A il Skl &
WUAE 77 B BOR i A AR b B BEAR S

1 MR5ERZE

1.1 R
1.1.1 XA 544

9 PR EMET P RhRES: BERE R (LI 96.4%) .
MAEERE R (LY 94.4%) . RABE R (LE 98.4%). M &
(SiFE 80.0%). ZATEE K (LR 90.0%). %98 &K (4
72.2%) ., KRKFER G 90.8%) ., #Wi#E R B (hygromycin B,
HYG, 4% 90.0%). THERIBEZREIE 99.0%)(FEE Dr.
Ehrenstorfer GmbH /A dl); Z 5. HEE, HER(EELL, £
Thermo Fisher Scientific /A 7]); -3 T AR (heptafluorobutyric
acid, HFBA)(taik4l) . 2R . 2K . SR%ER . Whfe — %087 .
Z — & D Z BR — 4 (ethylenediaminetetraacetic acid
disodium, EDTA), =& 4 & (trichloroacetic acid solution,
TCA). S AL (53 Bt 4l ) (18] 25 48 F A2 3500 A BR A WD ;
IR Milli-Q #il & iy 4lizk; PCX SPE #£(500 mg,
6 cc)(3 [# Agilent 24 ]); WCX SPE #£(500 mg, 6 cc)(3E [
Waters 23 ) ) o

SRR i ] SRARDAR I e ARG 56 O (A ) M4 [
T 1B PN 8 ARk A 7 i ol B ML Al BB e 0 3R o 8 T i o
1.12 BELH&E

1290-6495 TR AH 135~ FR I B3 (35 [ Agilent 22 F]);
BS 2108 43#7r R F-( 5 Sartorius 23 w]); Milli-Q 482t K AY (&
Milli-Q 23 ]); MS2 Minishaker ¥ HENR % #e (2 E IKA 2
), 3K1S B A A O LR Sigma 24 H]); N-EVAP 112
FWAL(ZEE Organomation A H]); ZM 100 Jie XUE (14 =
Retsch A ]); HD 2200 FFHREH#H L (fEE Bandelin 23 F]);
ZM-CQ-12Y [ AHAEHCE & (H AR HA H) .
1.2 REHE
1.2.1 R BH

Sy BIMERRFREL 50 mg #ERE K WA RH R . FIREE .
WER. ZAME. KEHE. KAEE. MEEBMT
e RAREEZ 9 Bl AGs ArifEdh, ET 50 mL #5 a0, 5091
FH AR Al K BT ) BT MR A 1000 pg/mL Y BAARE A5 VT o
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% S H) AGs LAY, 2T B Y, I,
4 AGs bRUfER R E TRV 6 . P iR RS L 9
Pl AGs BRBRE A 100 pL, BT 10 mL A=), FBLk
IKBCHIAL 10 pg/mL FIARAE 1 BV o HERR ARSI — 22 2 b iR Ar
WA, BRFERER— RIVPRUE TR, M T AR N I
AR

TR — P P (10 mmol/L): 43 BIFRE 1.36 g Wi R
ZEM. 20 g =HE TR 0.15 g Z TREVU 2R 4R, K
WIRITESRZE 1L,
122 #omara

HERFRELZ AR 183 40 H 05(0.45 mm FLA2) I 1) ABHRE
1.0 g(WEHHZE 0.001 g), BT 50 mL Z.08h, A 20 mL
P10 mmol/L BEFR SN vhik), e 1 min, BHE
EHEEFEPEEC 1 min, 10000 r/min 5.0 10 min, B EWER
o W5 mL byEBaT 21585 51/ S mL FEEFT 5 mL K
ALY PCX A, 2351 5 mL /K F1F bk 6, 5 mL 22K -H
7K (2:6:2, VVIV)ESIRVERL; 5B S mL L3 WUA 3 mol/L
SAAL NIRRT pH=7.5+0.1 5, 3 2 P EFIACGE ALt 19
WCX H:44k, 5 mL Kk, 5 mL ZBR-F EE-/K (1:7:2, V:V:V)
TRVENE . VRGBT 40 °CTF AR EZ) 0.2 mL, fIA 10 uL
B HFBA J5 K ERE 1 mL, i 0.22 pm JEME 2 B
e/, R EHLIE .
123 LB HH

0,3 4% 1. Agilent Poroshell 120 EC-Cg & i 4
(100 mmx2.1 mm, 2.7 pm); A1 35 °C; FAEAA 5.0 pL;
WA A N 0.1%H BRZK (& 0.5 mmol/L Z.FR%Y), Wizh4l B
NN, VK 0.3 mL/min, FfEEBEBIFLE 1.

F=1 BERRES

Table 1 Gradient elution condition

Bt ] /min TN A/% s B/%
0.0 98 2
2.0 98 2
2.1 92 8
6.0 60 40
6.5 10 90
7.5 98 2

SRS BB %5 B F U (electron spray ionization,
ESD), IE & FHH#, £ M ¥ W (multiple reaction
monitoring, MRM)#X; FHRA MRS, BER
350 °C; EER N RAIRR, FibERE TN 40 psi; BATE
HUFE: 3500 V; BEBEHLE: 0 V; Frillfb & et . Em s F
X B hlf i R i WL 2.

1.3 HIEAIE

ARG T A B S R MassHunter k{74 (32
Agilent 2 F)EIR, Geitr MR Al OriginPro 2019b(3E E
OriginLab /A w1 7 Ab B

F2 SEBEHLREZRNEME. TEBFRIEESE

Table 2 Qualitative and quantitative ion and collision energy

of AGs
F5i HET  FET MR $EFLAUE
& (m/2) (m/2) feV N
S R
s 2SR
S I T
wo ass W%
I I -
o ses SR
OEN T84 e 16 103
IR SR
S A

TE N ERE T

2 HER5HH

2.1 HEACEEHHRKL
211 RIRERLE

AGs J& otk &9, 5Tk, MR TAIE
F1200 Bt KR S PR B AGs BT 2K A 79 Y 22 i
WRIG HL A T HEIR S BT 2 RER 2 FhE i, SR ER 2
FhER 22 thiR O T AGs MARBUHCR 2 A K, R S
BRZE SO T NEO PR BURCR 4K 2 BR%EL T% Wi TR 1Y) 48
BOCRGF. IeAh, TESRBUA W P I A =& LR LATTE & 11
AR RN . =R R i s R &5
i) E AR 0 I3, L H R e vk B 1) — S SR i B -5
FEFE, S SO AR A EURE o [ R R, SRR
T 1o T FEE I B ZE 10% L P P2 33 b — 28 L B BT o
W 1%, 2%. 5% 10%M =5 BT AGs IR A5
W, ZPYE = RN 1%, .05 AR IE I,
3 SPE FEGBHZE, HIEBCREML, Y =R LRIE N
2%. 5%. 10%HT, & BAratrny i eEs 2z AR, Bik
ARUFFREBEUIE N 2% = H LB ARV E [ . BLAh,
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AGs ARG 57 T A MIEBEAY, nIEZER
fFoin A EDTA Seiiil, HAERRIE I —FE AR 4
JBEFREMSIET AGs, B/NRER EDTA #tn] LIRS
AGs i [ 08

2,12 #EG KayirF

AT B SR BRI, SR 30 min, 455
KB T Tl AGs B IEIISCRILE 70% LA, (HEEHE R FUEHE
BRMERSCN 50%, AR SCHR R LB, B A 7Ei
FI A A R TR AGs K, IR ELk
BT B IR, SR, (LSRR PRI . FERT
K, 1% FERNANDEZ-TORRES 251218 (i 5 i s
WERETE I EE A, P SRR Sk SR A0 1) R o 2 3 3 7 g
IR 200 R, f FH R HRET EE A B AT KT 48 B EUs) )
A S 1L PR A 75 HRET TR AR I O R AGs, RIS mIk,
HR KA T 3B
213 ALt eyikdE

AWFFE T MCX, WCX, SCX K PCX %5 4 Fvir
FH SPE #:XF AGs My fbaCR, i & M, MCX #:Hl SCX
FEXTT 9 Fit AGs ¥ B SR AR B AR, JCikyklit, WCX #il
PCX HE&R HXIERS AGs A —ERIPREAIER, Btk
WCX H:H PCX A THFSE .

WCX HEZ& 8 HF U Bia b &9, (A7 Bt
SPE #EZ R % pH LA BARY) B B ¥4k, A T HE
PR L &I R, EREESREY pH R MK TR R AL
SHEAE R pKa 7.8 7ELE pH T, 1L 99%I% BARML A Y0
Ry, (R AL AR AR BUR: |- 5 AGs sl s £ R 1.
e AR A 1F T, WCX AE R R FEBR AT b f LR B8
AGsfii ] 3 mol/L A AL4HTE T AW pH 5 6.5.7.5.8.5, W,
SRR AN AR B MR RAE . Hi, TR
R, AP AT pH o 7.5,

2.1.4  FRBLEAMEIHRAL

WCX FEFI PCX A3 0 8 T35, FEUE H AR it
O of P R B TR, AR A L R A SCR R Y,
WCX HFE pH<2.8 B, WM A Hs far gl R A, HOBUE R 25
KW | T8 ML NS pH, Bk WCX AR
JUR VR R R 2L TR IR 4K 1) R I v kT B bR alE A T . a6 e
BT UM 2R S EN 5%H 10% 2 AR T T
R R R RE R VRIS O, WF5E R B LR Uk By
10% 0 TSR B, 1 — 285 R e e At Ak, i) i3
B 50%., 60%. 70%. 80%F1 90%H EEX} STP Fl DSTP [H]
WA, RIS R 70% H BERT, BEER R AR
AR R MR ER .

PCX ##tEm, WHIRER A RTTEAN
THEI, WTRES AGs AN R, MEAFRM
B2, WATES A LA, BT SR P B V5 i AR B A
PCX #£ Y NEO, APR, HYG, KAN, SPC, TOB #1 GEN,

AL H B R VR IR E A G W T B 2 v ), e
20%% K, BRI 20%. 30%. 40%. 50%. 60%. 70%
1 80% HH BEXT 7 Flr AGs #HATUENL. Z5 6% 7 Fl AGs 1Y
[, 24 B o 60% A Ak R B £ o
2.2 REEIE-BRFERGNRL
221 EHEEFHRA

AGsTE R —Z@ ik 69, KA E—H
SE AT R A ME BT, R DR DN R A R B AE o
A—E R BB TR, B =T R . BT R0
PIsE B AR A P FE i i LR o R X R e fiE
FHT7HE T #1405 BT AN ul ™ A B 3 80
S, EMIRHA R B KB o ARBEST B R ST —Fh A 5L
ARSI 5 3, AE T B AH FpOR A B X, e X
ISR AS ELRZI

RIS VEEE 4 FORERY UPLC BT A HFoT . 1 561k
JH CORTECS HILIC faitE, X2 b h et A
Gy HE AR TERE 1 P B s Al vk Ak & i 15 ) — R
o iBE R : 9 Fl AGs 52 WIHE 2 min P HIGESEEE, 14
VS8 AR SR, ZEIEHAE S AGs . BT
AGs FERMIEEAE FILFARE, 65 PG 28, 4
O FERE B BRI, AGs 7E@IER: B AOLR R,
P (BRI o X b T 3288 % P 3 RO Rl 28 1 e i 4,
4% %A Eclipse Plus C;3 RRHD . ZORBAX SB-Cig 7
Poroshell 120 EC-Cg, k& w4370 12%. 10%. 5%, LIHT
ERERNREBEITNESRY), R&WE MM Poroshell
120 EC-Cy (i A I . Bakie S5k € g e M.,
IR AR Cy B3 v] LU H AR 44 4 38 2 itk
ABIBURL S B v TR R R B, 36 T R KR = R S A A
K, FHICHECAREE BE 1Y Cy (i A T LAYE Ry 55 HILIC A 55 0
X SRR A S M A
222 FREEEHA

AGs — R FE B F R . 430 Bl 1 pg/mL 1
9 F' AGs bR, FIEEFHT Eeiraai, i)
AR S FAEAE G AT R R FARE B 75, 2 RN
WA R B o s 1 2 DR B T BIE e
B FHERE T, @ RS FRE SRR
FLEJE, ETFETFHESRERIMEE R, JEmes
9 i AGs LIS S5, S5 ANER 2 FR .
2.3 FrfERhZk. Z&MTEE

FE RN SR VR AR - ER BT I EST 42 358 UL
(B8, BRSO LU F IR IR JE 2, 1R 45k 2
Do FE S ETALBERE DAL B e 4 AR, RImAE_B AL A
FFAER BT, B RZha K+ Binfb &Y. #
ESI HUEHT, XU Bipfb S Wi s, (115 B9
ARETEEME, LEYRITERNEEEAES, 230
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BOR T H FR 9 i 1o (-5 b VA VRORH EL BH S R AIG, T 52
M5 A E o e B AGs TR B OB i - HR I S i
A ) O (B B S IR T (AT HE VS WA, STP 7E
FEBCARDRL . XS i fRDRE A A AR X i AL 53 3R 45.2% 0
36.4%, DSTP 4 69.5%#11 60.8%, KAN 4 58.2%#1 54.3%, NEO
A 77.4%F01 66.7%, TOB A 80.3%F0 75.5%, APR 4 62.7%Fl
58.2%, GEN 2y 84.0%71 82.1%, HYG A 72.6%F1 69.9%, AMI
9 79.5%F0 75.6%, FH 9 F AGs HFETEE TR, K
I, AHIFFER I VG Fehr e A T 4047

Bzs AW AGs Bl i & R AE N
1= BT 6 AN B2 TR & FEFTINFR ISR, STP FTHREHk - 20,
50, 100, 200, 500, 1000 pg/L, H4 8 flt AGs RE Wk
By 5. 10, 50, 100, 200, 500 pg/L, Z# 000 (3%
R I TR 78 430 o DA rp A AT ) R Ve R R A A, A
BT E T IR TR A Ar e bR 2k, 45
mE 3. 4 iR, 9 i AGs PR R RIT.

24 FEMKRUHRSE=EMR

T AR BB 12t 2 (IR RE S, e B Ak 19 i 4k B8
RUEAT AL B, R O £ i - R I B R A T 00 S 43T
W5 FELe MRS o A B (limit of detection, LOD)LA S/N=3 i}
&, & & PR(limit of quantification, LOQ)LL S/N=10 {145, %%
R 3, FRHRERGER . iR, RIR&R. T
FRER . LEER. ZNER. WER B HKKERN
K BR A 5 ng/kg, RN 20 ng/kg; HE%EEBATR N
20 png/kg, ERFRN 80 pg/kg. 9 Flt AGs B Hi BRANE & R
Y700 L [T B A BT 5 TR M BRI 3K
2.5 EIFM. EBENBEEE

FREX 1.00 g(k5Hf 2 0.01 g)as FURDBHEE S, HEHR 1. 2,
5 i LOQ 1 3 AR EEAKSF, AT iRl boes . 4wk
W% 6 AN PAT, HLEEE 3d, HHEmER, HNEH
AR S 25, FERIEK S, 6,

R3 BEEANERLCEMERENEESENEXRY

Table 3 Linear equations and correlation coefficients of matrix matching standard curve of pig compound feed

FENAL A ZEVEVE R/ (ng/L) LR AR H () ¥ R/ (ng/kg) E R/ (pg/kg)

STP 20~1000 Y=1814.1X-33669 0.9932 20 80
DSTP 5~500 Y=989.4X-21047 0.9952 5 20

KAN 5~500 Y=1402.8X-30609 0.9929 5 20

NEO 5~500 Y=1814.1X-33669 0.9932 5 20

TOB 5~500 Y=2020.8X-53143 0.9923 5 20

APR 5~500 Y=1556X-30501 0.9957 5 20

GEN 5~500 Y=858.64X+1306.2 0.9966 5 20

HYG 5~500 Y=817.91X-20230 0.9945 5 20

AMI 5~500 Y=4629.1X-75507 0.9969 5 20

F4 GREENERLCEREREZNEESENEXRY

Table 4 Linear equations and correlation coefficients of matrix matching standard curve of chicken compound feed

Rl =] B [/ (ug/L) ey AHIE BB i B/ (ng/kg) 2 B /(ng/kg)
STP 20~1000 Y=102.67X-1806.8 0.9948 20 80
DSTP 5~500 Y=1054.5X-3449.4 0.9993 5 20
KAN 5~500 Y=3337.2X-17583 0.9989 5 20
NEO 5~500 Y=989.1X-7311 0.9918 5 20
TOB 5~500 Y=1228.6X-11438 0.9948 5 20
APR 5~500 Y=1106.1X-9380.7 0.9958 5 20
GEN 5~500 Y=1007.2X-7458.5 0.9967 5 20
HYG 5~500 Y=1027.6X-7068.5 0.9936 5 20
AMI 5~500 Y=1024.3X-7561.2 0.9966 5 20
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#=5 ALAANAMEEETENE RN EHEW R mn AN 1 R, SRNMEE YRR R AF, HAERE
EFRH . » Wb 25 4 4 B B A ek G20 T, 20y e LT,
Table 5 Average recovery rates and coefficients of variation of o B P R .. 5
aminoglycosides added to pig compound feed HE%E V\]é’f‘hﬁi?zﬁa?gﬁv('ﬂ']ﬁ*ﬁjf‘/l‘@ HEE"J%E’E@
N HPH H [
B e R R 2k
Kty e T s, PR R e mrs
Wx%  (n=6)  WE% T ®6 GREEARLRMEAET XMEZNEWENER AL
(n=18) Table 6 Average recovery rates and coefficients of variation of
80 82.1 4.2 794 4.1 aminoglycosides added to chicken compound feed
STP 160 91.3 2.3 84.5 7.6 — 0 T
400 90.2 7.1 83.4 9.1 O e TH  srzm THE ZRim
20 91.2 2.1 86.2 7.1 waEY  Angke) IR % (e s o
DSTP 40 98.1 3.0 88.2 9.7 o 1% (n=6) WK% /% (n=18)
100 96.3 56 92.6 8.9 80 81.6 2.1 79.4 4.3
20 1013 62 94.4 57 STP 160 89.3 6.4 843 6.3
KAN 40 107.3 22 102.5 1.8 400 83.2 32 794 2.6
100 104.8 42 99.5 9.4 20 914 6.3 87.2 7.6
20 1102 48 . . DSTP 40 93.9 2.9 88.2 4.8
NEO 40 113.1 22 105.2 32 100 88.6 5.1 85.6 3.9
100 103.2 5.4 99.4 7.8 20 89.4 8.4 87.4 21
20 932 11 853 28 KAN 40 86.9 3.9 83.5 35
TOB 10 96.4 s6 914 y 100 90.3 4.2 37.8 5.4
100 89.3 23 84.4 7.8 20 104.5 - 97.4 8.1
20 106.1 18 1032 11 NEO 40 102.3 53 98.4 2.6
APR 10 1023 32 08.4 46 100 110.4 73 99.4 10.3
100 101.4 5.4 97.2 32 20 93.2 11 85.3 2.8
20 812 . 6.4 9.6 TOB 40 87.4 22 82.4 5.6
GEN 40 98.4 76 9.1 54 100 89.3 2.5 78.4 7.8
100 20 102.3 3.5 93.9 9.2
20 942 13 874 8.7 APR 40 98.4 6.1 94.2 7.8
HYG 20 113.2 7.2 105.4 3.2 100 94.2 2.1 92.3 3.9
40 102.5 7.8 94.2 11.2 20 84.2 2.4 81.3 45
100 112.1 4.7 97.4 11.6 GEN 40 87.3 6.4 82.1 6.1
20 107.3 35 104.4 2.1 100 79.4 3.1 76.2 5.1
AMI 40 101.2 5.6 97.3 3.1 20 108.4 3.4 103.2 5.7
100 98.3 L5 94.1 4.0 HYG 40 98.4 5.2 93.5 42
LERAEW], 15 3 ARIEURIUKF . 9 Fl AGs 07441 P o A
WeRH 76.2%~113.2%, HNEFRE<8.4%, HIALRF AMI 40 91.4 7.2 83.5 7.8
B<11.6%, T LRI EsR . RS B ke 100 89.4 6.7 85.1 3.1
0 2910 x10° [ 1 27 10
1.00F  sTP 1 1.00 1.00 [ psTp 1 1.00
0.90 1 0.90 0.90 | 1 0.90
0.80 - 0.80 0.80 [ 1 080
0.701 0.70 070 [ 1070
tou| 0.60: 0.60 4 @ 0.60 L 0.60 |
Z os0f 0.50 = & 0.50 | 0.50 £
- 040 040 B F 40l 040 E
0.30 - 0.30 0.30 0.30
0.20 - 0.20 0.20 F 0.20
0.10- 10.10 0.10 | 0.10
0 Ao AN 1o 0 o ,_W\/q 0
010 4 1 v o0 0111 010 o010 L 1010
051152253354455556657 051152253354455556 657
% B B[] /min 5 BB 5} 8] /min

T8 1 2 FURMRAR DRI BT 2 D 3 BT o
P12 PR S RLRE BUOIAR AR o i 18 T ik

Fig.l Quantitative ion chromatograms of blank samples and matrix spiked standard
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