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B-(2,3,4,5,6 T Ak)
Felfgdh iz £ fir k- HPLC %
g R e &5

1E,X R E, N E.BREEERE,.E O, XK
(3T M B £ B ARFFZ AT, 5 M 38 550006)

= &,F

H E.@adAR-(2,3,4,5,-ARFR) SRS TRTAE A TUNERAFPPRATHILRAME LR,
SR E A T0 CH BT HBRBATA 30 min, 2 B S E R EBEN, IMFEEE, KRG EELMHH.
Eelipse XDB-C s # (4.6 mm X250 mm,5 pm) ;%3484 T A=K (70:30,v/v) ,i7i% 1.0 mL/min, 428 40 °C %0 % ¥
210 nm, #5R A, EF e HRTZS 0.114 mg/kg, £ 0.57~57 mg/kg REA N ERFHEMR L Z, FHEKES
82.3% ~94.1% ,AASTATMAR £ 7 4.0% ~T1% (n=6) , Z 75 kAR AT AL 3L W48, A4 2 M IF A M FRAK, & R 3R P P B
84 e ik € F A

SKEEE VAL, HRCRAR GG, 4R-(2,3,4,5,6- AR A ) Em R ATA

Determination of formaldehyde in fruits and vegetables by HPLC derived
with 0-(2,3,4,5,6—pentafluorobenzyl) hydroxylamine hydrochloride

LI Jun, WANG Hui, LIU Hui, CHEN Zhong-ai,LIU Jia, CHEN Zhao-jun,
TANG Jian-bo,LV Du,LIU Yong-xiang "

(Biological Technology Institute of Guizhou Province , Guiyang 550006 , China)

Abstract: A high performance liquid chromatography method was used to determine formaldehyde in fruits and
vegetables by o- (2,3,4,5, 6 - pentafluorobenzyl ) hydroxylamine hydrochloride derived with formaldehyde,
Samples was directly extracted and derived at a temperature of 70 °C under the conditions of ultrasonic 30 min,
then monitored by liquid chromatography after centrifugation and purified and quantified using the external
standard method.The detection was performed on a XDB-C,; column (4.6 mm x 250 mm,5 ym) in an isocratic
elution mode using a mobile phase consisting of acetonitrile and water(70:30,v/v) at a flow rate of 1.0 mL/min, the
column temperature was 40 “C and detection wavelength was 210 nm.The results showed that the quantification
limit of the method was 0.114 mg/kg, with a good linear relationship between 0.57~57 mg/kg.The average recovery
rate were 82.3% ~94.1% ,with RSD of 4.0% ~8.1% (n =6).The method was simple, stability, low detection limits and
suitable for the determination formaldehyde in fruits and vegetables.

Key words : formaldehyde ;HPLC;0-(2,3,4,5,6—pentafluorobenzyl) hydroxylamine hydrochloride ; derivatives
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Mt e R DA K df 2 2L . AR sE R, A A
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3 W 8 DB R R R U B o T AR R LA

FHA HE AR N 9 A4 e S i ok — b A4 A 5
5SS G A i — AP RRCE M AT A, 8 o R I AT A
Wrokewfoe S S, W A MAT AR o Z BN R A 2,
4- TREFERITE. LRPS R 430 ' v 04 R B 2 1
PRI 5 B 1 S 0 N, SRR R it 1 B X A YO0 4
RPN ;2 ,4- AHIEFRE S I AT 2R P FE K
A AN s LR AL B R v A B, B
R 28 IR T . APt 4R-(2,3,4,5,6-H
FEIL) B ER R £ ( PFBHA) M 5 g7, fio b
A 22 SN A4, Pk i A B0 2 A A v R AR
R, Shy SR v FR g A ) i AR — R RS v AU E
e 5 o
1 #MRl5FE
1.1 RS E

SER ST ORISR S b LTI ETE
TR AR XK T s 48— (2,3,4,5,6- HHR
L) B ELERER (PFBHA) AR UEM  Sigma 23 7] 3K ;
ZNE gLl ;37.0% ~40.0% WS WASE T BED
AAHE AL Tl T, A R bR HORS 5 e R
1.14 mg/mL, Bt i R AR RO B >R 114 pg/mL;
BRI 1187 3 /S o i

1290 &8 /= 250 W FH 8 335 A . A A [ 5 A T
28 [ Agilent 2\ A); DK—8D 7 = F[, Hi i 4 75 7K
1 W STIRERRAER A B A F] ; KQ3200DB Y2
HAERIEvER RILTTEAS IR AR R 722-P
R AT WA e RIS A TR A F] .
1.2 XWHE
1.2.1 WA S B AL F2 HL 200 pL
114 wg/mLFFEEPRAEME W T 10 mL ¥ 8D, InA
1.0 mL 1.0 mg/ml. PFBHA 4], FHZRIE K EHE
10 mL, 7£ 60 °C /K& 254 T in#4 30 min, ¥ 415 i
0.22 pm JRAHEUERL, 2R 5 & T 0 SO AR 3% -
DAD #6J] #5% 47 4= U H 37, 0 8 S BRI .
BPEEZNE FOKAE iR sh A5, Ji i 1.0 mL/min, # V&
40 °C , G shAH EL 53 51k ZiE: 7K =60: 40 [70: 30 |
75:25 .80: 20 ,90: 10 iy i S AE PR shAH tb il o [R) Bk
MR YRS AE TR 2 AH LU 461 8 15 A2 R 43 5301 8 30 .35 .40 °C
St e S A A R o
1.2.2  [FIRSHRIUNT A S5 A4 0 B
1.2.2.1  F7AE RV 2R IE AL Ae s 56 AR B A A
IO EE I VR A N A R Y 3 AR 2K AT
25131 D1 7NG = QN 1 2 N 5w AL A L1 M v o T sl v £ A
B, 43S0 R A A e 1T R
1.2.22  #7F P R EGE 2R AR AP s A 4 2
IR RE  AERRRRECET 7 S5 B0 1 SR AR & 10.00 g, BT
100 mL H € &5 .0 4 v, 76 & 0y £ 5 b 43 50 m A
21.9% B 2 T2 %% . 106 o/L B4 3V 2k & Ak 80 F1 — 3
(1: )R AW H 0.1.0,.20,.3.0,40,.5.0.6.0.7.0,
8.0 mL, %b /& ZE 1B 7K &= 50 mL, ¥ & 48 /&5 I o R
100 W, 75 )% 60 °C , 8/ $#2 1L 30 min, R J5 76 55 0oL
[~ 8000 r/min B5.0> 5 min, }f iR EE A 50 mL 25 &
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bR g

A, FAZEEK E A ZE 50 mL, 2 H 2.0 mL $2 B0,
FHATYCCEETIE 413 nm P A LG (25
WA VAR BRI 0.22 wm AKARBENEL) , I Ml
IS

Rl AR AR IE S S P 3K 3R

Table 1  The orthogonal test factor levels list of
derivative reaction conditions
SES
KV A RO E B fiiAE 5 C Rz [a]
(C) AR (mL) (min)
1 50 0.8 20
2 60 1.0 30
3 70 1.2 40

1.2.2.3  EA RS IE AR S5 AR R
PRI ZR S0 45 2, 06 45 X0 B8 7 I3 2 RO 8 R il /Y 3
ASPRIER PRI R RS P DA SR IBOIR EE , EAT IEAS
PEALSES o BEPEPY 22 AEAE e A .
2 PR UR R IE SR SR R R KPR
Table 2 The orthogonal test factor levels list of

ultrasound extraction conditions

EES
ACE AR B AR CRRIBURE
(min) (W) (€)
20 70 50
2 30 80 60
3 40 90 70

1.2.3  Z PR A AL AT X HE i — PFBHA 71424
MISEIE  VERMAZ E 50,100 200 pL 114 pg/mL f#)H
FEARAEAE P A W4+ 10 mL Z5 )P, Horp— 4K
YINA 0.5 mL 21.9% (4 2. TR 54 ,0.5 mL 106 g/ [t
WAERFALFR WL, 1.0 mL 1.0 mg/mL 1) PFBHA {74
75 55— AR In A 1.0 mL €48 7K ,1.0 mL 1.0 mg/mL
) PFBHA fi7 2L 7, "Iy I W H 28K E X &
10 mL,#R 5 7E 60 COKEHIn# 20 min, B J5 FE IR
KR HLEE AT, #E B 0L | 8000 1/min 0> 5 min,
WD VFE AT 0.22 wum YR -G AH U8 R, W AH £o i s i
EE 3 W,
1.24 ZiatPeacs Ay o afhoe srs @
SUR U A NN 1 - Nl ol LU N R 71 ) 1N
2.28 g/ mLay B AR S T AT R DR S, DU e
LTI AR AR Ak, B SR B W B €0 ) PR R A ) Ak
Pl El | WY

YERREL B 50,200 500 pl 114 we/ml [ H AR
WEAL W T 10 mL 25 &, A 1.0 mL 1.0 mg/mL
) PFBHA fi54E 50, JHHZE M /K EH ZE 10 mL, &5 F
60 °C/K¥E P ATAE 20 min, BUH J& 26T K A 4,
BUDVFEERGE 0.22 wm B A AHIE I, SR )5 43 3 i &
0.2.4.6.8.10.12 18 24 h, ¥ #H €23 v 90 a2 454~ Bsh
(7] o5 B ¥ VAR ) 0 T AL, A o PR T — PEBHA T AE 90 1
oA ESE ]

1.2.5  brofEph g2 dERM 2 HL 0,20 .50 ,100
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200,500 L FF AR v FHW T 10 mL 25 )i b,
A 1.0 mL 1.0 mg/mL ) PFBHA 5457, FHZE18 /K &
252 10 mL,70 “C/KEAGA 30 min, BUH JE HiiK bk
BRI, SRJG N 0.5 mL ZPREF# # ,0.5 mL W AR4R
LA %5 W, B £F 3457, 8000 r/min #.0> 5 min, 3
0.22 wm JEk AR E . EEME 3 K.

RESETRHEE S M = (C x50 x 1000)/(m x
1000)

A M R RE L AR R A BR BE i (mg/kg) € R
PAARIE T AE £ A5 2 R A FP I A R BE (mg/L) 5
m FRBORAE BB (g) 550 S $2 BOR fic 4 8 25 AR
(mL)

1.2.6 iy RIS FORS 25 BE S0 o S0 50 50
7 FRRE ST RE A AR AE S A3 0 ORG B BRI 4 1, B
10.00 g, F 100 mL H FEBG.0 8 9, A3 Fp AR & A3 H
P B RIS 43 510247 0,114 8.55 |17.10 mg/kg, SRS
Fiz RE S8 BT A5 A6 I 0T 2 FH IS & k. TR 6 1K,
1.3 EiEAE

K H Origin ( Version 8.6) #17/E K, & FH SPSS
(Version 17.0) #4748 11245087 ,p <0.05 A NAE GLit
FWEFEMZE R, p <001 KA ST 2%k WM
2 ZHERE5HW
21 RBIEFHFNHE

rH & 1 A %0 PFBHA A7 AR AR €33 32 A6 I 49 5
1EUE K R 210 nm, 38 o 5256 & B 30 AH E ) 2.

i5: 7K =70: 30, 4R 40 °C B, BT 45 4 i i AR & 19
SYEEUR AR AN 2 BTN, 477 A2 0 1 g L Ak e
BESEA AT, 58 I — DR B9 53 AT FERT 7 min, FP S
AR B BHEIAE 5.3 min, RIS RORAH g 6
A Ry W : 1.0 mL/min; B AH: 2 0F: K =
70: 30 ;4E7E :40 °C s FEFER 20 pL s B 2% . AR 51
ARG 28, R I+ 1210 nm ;B354 K C fE .

25

210 nm

mAU
=

S W

210 230 250 270 290 310 330 350 370
nm
Kl 1 PFBHA-HEEfT A 4 K HA A

Fig.1 Full wavelength scans of
PFBHA-formaldehyde derivatives

22 TERMFUMEZMULLEER

F R 3 43 B I A5, 52 ma AT AR S N AR i IR 3R
U Ay < A5 A2 I B > K W R EE > K Vs e TE]
ZEG A IR, I AT A2 SO DL 26 7F 2 - A B, Gy, RIJK
W 70 °C T AR I A i 2 1.0 mL, K 35 i [a)
2h 30 min, FEIZERAENT AR SOV A5 AF T BEAT I UE S5,
A 3 U, AP g A 486.1 £3.1,
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PFBHA
-

o s
PFBHA- i
10 &2 i
w
0 L S\

o2 3 45 6
min
K2 HEESR S (A) A SREER (B) i) HPLC 5]
Fig2 HPLC profile of formaldehyde standards(A)
and cabbage sample(B)
F3 A SRS AE R Ly (3*)

Table 3 The results of orthogonal test of

derivative reaction conditions Ly (3*)

— —
oy Aﬁg“‘ Bﬂ‘u@@ J Cﬁfjé 5] GER
1 1 1 1 1 397.6
2 1 2 2 2 437.8
3 1 3 3 3 426.5
4 2 1 2 3 421.6
5 2 2 3 1 483.1
6 2 3 1 2 435.2
7 3 1 3 2 427.3
8 3 2 1 3 441.8
9 3 3 2 1 485.9
K, 420.6 415.5 424.9

K, 446.6 454.9 448 .4

K, 451.7 4532 445.6

R 31.1 394 23.5

2.3 ZERFHMITSKIURHERE

FrASEE RN 3 o, B A £ 1R B AN 2K 51
B B3 22, 1 9 A OGBS BT [ 4ER , 150 B 9
B S AW T . M E RGN AEIEFE] S mL
Joi VMR W TG (B B I A B B T RS E , oA
5 mL ZPRBF AR FALER (12 1) IR-G 3 H IOGE
FE B — A £ R B ol B — I A E R A B0 S A,
Uk B VS TS N 8 377 325 BT, I I X 300 2 5 SR 52 1 B /)
Br ARSI A SR BEFE B FAL R (1 1) 3 # 5 mL
RS AR
24 BERERERNFHHHEE

F 4 20 BT FT A5, B2 A RS A I 4 BRUAR 1R i DR
TV g« M P P D)3 > PO TR > $R IR B2 .
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0.30 -
0.25 A —=— LR
—e— Ak E AL
 0.20 1 —A— RGN
2
= 0.15 A
0.10 1 e -
- » = -
T A A A
0.05
0 2 4 6 8
DA FE(mL)

(SKIAN§= 2 INAISTR A DIV SOR RT3 )
Fig.3 Effect of the amount of Zinc acetate

and Potassium hexacyanoferrate on the clarity of the solution

L 4% B2, B G A A R IR 1 S s ALBLC, , B
PR IE 60 °C , #H P D13 80 W, EUH ] 30 min,
PEZ I L R 7 B 3 I 4% 1 F R T B iE 5 0, 7 A2 3
Y, BRI T RESFE 2 A it 2.40 +0.53 mg/ke,

R4 PEARBUR I IESS AL LR EE AL 1 (3°)
Table 4  Results of orthogonal test of

ultrasound extraction conditions Ly (3*)

Sy A SRR B 7S C‘%%ES( 53] TR, R
i TR R (mg/kg)

1 1 1 1 1 1.49
2 1 2 2 2 1.82
3 1 3 3 3 1.52
4 2 1 2 3 1.58
5 2 2 3 1 2.30
6 2 3 1 2 2.07
7 3 1 3 2 1.62
8 3 2 1 3 1.95
9 3 3 2 1 2.31
K, 161 156 184

K, 198 202 1.90

K, 196 197 1.81

R 037 046  0.09

2.5 ZERFEFNTL SRS 1k 5%t FHEE - PFBHA 744
A

HH 32 5 00, N5 S 2 TR B I 42k Ak 4 7
i BT A4 I — PFBHA 737 25 #7166 T B G (b
225 (p >0.05) , BLI NI 2 IR FI Y 4% AL 0 %
FI i~ PFBHA £i7 4= ) Y A5 5% W, 2. 1R B A0 IE 2k R 1k
BT LAAE R PFBHA £i7 A2 0 AH € 135 122 17 Ak 2 5o 75 v
B 2 T )

DRl H A S 11 A it Ak B 3 Ay« o T B M 2 4T
WEAIRE S 10.00 g, T 100 mL H 328504 Kk

bR g

A 5.0 mL PFBHA 15 4: 7,35 mL ZEWK ., 7@ 75
W3 80 W, iHEE 60 C Z54F A $2HX 30 min, 4KJ5
HRIMA 2.5 mL ZFRFFIHF W, 2.5 mL RSB
WL TEESLHLE 8000 r/min B0 5 min K EIHFWE A
50 mL Zedgiifi DR ZR IR K (29 5 mL) 1 BEsR #
1 K FEES L E 8000 1/min B5.0s 5 min, & I _E
I FHZER/KEZRZ 50 mL, RUARE SRR
%5 LMERMEREAILE
Xf H - PFBHA 171 A= 918 52 1)
Table 5 Effect of the amount of zinc acetate

and potassium hexacyanoferrate on the derivative of

PFBHA-formaldehyde
PiE W G5 - 24 TR

e e Nz,
INZIS R GINZTS R

0.57 125.9 £5.4° 126.4 +4.3°

1.14 245.1 +4.1" 2463 72"

2.28 4852 +7.8° 484.6 £7.1°

T B — A7 A [ 7 B 2R AT ) (0 A 2 T RRG 8 35 22
5 (p>0.05),% 6 [,

2.6 EfETFHER

3R 6 R, S YR I DS 21 | kR e i —Fh
BREe , FF SR 7 V4 VROFT B S R I VR I A ) AT
Az U T AR S R €6 22 I A5 04 37 25 4 g T AR T S
225 (p >0.05) , U B B (X AT A= 0 1 AR il B IR
S, B SRR R S A B 00 0 A I 435 SR T 2 i, BT LA
4B—(2,3,4,5,6- IHE I ML A WAH
JHE A A AL BRI AR TP OR TR LA T A b B
2.7 HTEYREMEXE

FTfSas AN 4 proas, 46— (2,3,4,5,6 - FUoE
5o FRREER R - AT AE W FECE: 6 h )5, I AR
I ) A A, B R A R SR K 04 T RS T O /L
T BE 2 R AT A ICE 6 h S T AR 1218 4 i, T LA
Ab PR SE BRE SN SR TE 6 h DL PRI, LB A A ) 25
SRUERATE
2.8 tRAEHL . FIEHNLETEE G R

¥ AR IRAC IR 2 AR UE I ' 5 R,
PrRERZE RIH 7 FR S y =210.37x +6.2804 , FH2C FR %L
A1 0.9997 ,7£ 0.57~57 mg/kg Yl Bl N £k 1E ¢ &R B 4
RS 3 AEEMR L (S/N =3) T K R, 2207 15 1 K
HPRA 0.114 mg/ke,,
2.9 FHEMEWRMEEE

PR 7 W1 Zn, AR T B OEE Y WS i K
1.14 mg/kg B, B Fy 82.3% ~88.1% , AN AR MER 22
R 4.0% ~T7.0% ; G MK 2R 8.55 meg/kg B, By

F 6 NIFGE S - PFBHA 47725 WA (385 12 4G I 25 2R 1 52 )
Table 6  Effect of different colors on the test results of the liquid chromatography derivatived by PFBHA—-formaldehyde

A 10 138 0 - 2y T AR

i

A ISR iy fii
FH B3 1 5 R (2.28 g/ mL) 4859 +3.5° 479.6 £2.8° 483.1 £4.4° 4882 +3.2°
SN 13.7 £0.2° 13.5 £0.4" 13.8 £0.2° 13.5 +0.3"
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5 A A W
5 1350
e
i§H 900 —=—0.57 pg/mL
5 7507 —e—2.28 ug/mL
E 600 —4&— 5.70 pg/mL
= 4501 %H‘Q‘H\:‘i
& 300
i 0] $

0 2 4 6 8 10 12 14 16 18 20 22 24
JBCEL I T8 ()
B4 firA g tEpE I el As Al ih 2k

Fig4 The curve of derivatives stability changed with time

1500
] e
1000 - 7
= e
£ 500 e
o
0 el
0 2 4 6

WP (ng/mL)

5 PR
Fig.5 Standard curve of formaldehyde
90.5% ~94.1% , A5 %] k7 Ui 25 2~ 4.6% ~6.1% 5 s MK
SFSA 17.10 mg/kg B, [FIACR SRy 89.2% ~93.3% , AHX Tk
Wil 258 4.5% ~T71% o 1E = A AS[FJH R B 3 K 7
T, 2 1 W %k 82.3% ~94.1% , A8 Xt 4% i R 22 R
4.0% ~7.1% , i iZ 5 1 WO THERRA BE AN ER B3 R R4

KT AR A [ SRS B (n =6)
Table 7 Recovery rate and precision tests of

formaldehyde in different samples(n =6)

B FERRE R BImK WQEL[&;BHA -
(mg/kg)  (mg/kg) (%) (%)

1.14 82.9 55

R 0 8.55 91.1 46
17.10 92.6 7.1

1.14 83.4 49

Fis 0.53 8.55 923 6.0
17.10 89.2 5.8

1.14 88.1 6.0

EE2 0.19 8.55 90.5 6.2
17.10 93.3 45

1.14 83.1 7.0

B 0.17 8.55 92.8 6.0
17.10 91.7 5.1

1.14 82.3 6.5

FHH 0 8.55 91.1 5.4
17.10 92.1 6.7

1.14 82.7 4.0

[l 0.24 8.55 90.7 49
17.10 90.1 5.3

1.14 82.5 55

ES 0 8.55 94.1 6.1
17.10 933 5.9
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3 #ig

BFSE B AR—(2,3,4,5,6— TS 2L ) B2 Eh g
5 A9 AT AR W TR oK v T e s g, ELAS I e A
R SZ AR e T, BT AR AL AR AT A B A B, B
e KSR E B[R B i A=, 28 & PR B I 2R AL 41 2
b 4b B 5 W AH o 1 R T, 5 A TR AR, A R
2B—-(2,3,4,5,6— HHRIEL) mMEh IR L 5 AT AR
FCE B e A3 25 A SR 7K R R BE 70 °C, 435 2R R A &
1.0 mL, S W7 30 min, 28 %4435 28 4 fe A e C 2 1R
210 nm, ZJFEEARMERMZ MIH I #E y =210.37x +
6.2804 , FH 2 FH 0.9997 , 7 0.57~57 mg/kg Ju. BN
LM R B, A ER 0.114 me/ ke, BEAA R L H
W B AR AR i FH R B 2 S NOK ST 4
Wk 1.14 8.55 17.1 mg/kg I, SE-I4 MR Sk 82.3 %~
94.1% , MK bRt 2% 4.0% ~7.1% (n =6) , 51y
[P 3 A B2 AR AR v o AR J7 125 58 Il — > SRR A
ARSI HLUFE 47 min, AT DA 375088 v FH R 5 5= g b
T A F A
[1] Tang X J, Bai Y, Duong A, et al. Formaldehyde in China;
Production , consumption , exposure levels, and health effects[ J].
Environment international ,2009,35(8) :1210-1224.
[2]A 2%, F—E W AREFSEAHE(M]. LT AR
F & o AE,2010:815,881-888.
[ 3] IPCS. Concise International Chemical Assessment Document
No.40 , Formaldehyde[ R ].Geneva: WHO ,2002.
[4 ] Charpin D, Dutau H, Falzon S. Hypersensitivity to
formaldehyde[ J].Allergy,2000,55(10) ;986-987.
[S1Boik¥y, A4, 3077 R, % .0 B F JILAR T B A &AL R
R AFHM[T]ASRA,2007,3(5) :221-224.
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spectrophotometry for formaldehyde determination in cosmetic
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[7] Liu J F, Peng J F, Chi Y G, et al. Determination of
formaldehyde in shiitake mushroom by ionic liquid—based liquid—
phase microextraction coupled with liquid chromatography [ J].
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[8]#ARB , K F, Shbsr RERAKREARF T EMAA
gk )] P B R AR A E,2005,15(1) :64-71.
(9] B FK = &5 % EHAI o .SC/T 3025-2006, K = &
PP ER e R[S ] AR B AR d iR, 2007
[10] 7 R ARBTG5 s, 7 KT 2 AL F B R
. . DB44/T 519-2008 A 5% b ¥ BL 64 Heik A 5 %[ S]. db
P B AR i, 2008.
(1] R AE = AR EARn X Po(bE), kA
TR RAGALE A R E], iR A AR AR
Pt NY/T1283-2007 4% # F #4-F e m 2 [ S].ab 7. ¥ AR
A B g4 ,2007.
[12] P A AR 3 Ao B 37 I N B2 3o 4 92 By . SN/T 1547 -
2011 # i v 2 g% P W RSN E ARG S]. AL P B AR
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BELET TN Y = 1355X +481.66, #H & R % R
=0.9994, 5 FEIHVEHARAEAE 0.2~20 wg/L YL [l
PP C R AT

3 3o A5 L TR VRORR R R vE VR AT A T, 2
TEUEAE IR LY (S/N) £5 7 3 s o 07 B4 VR BE AR Sl 2 19
R B, S 56900 5 P i AR AR AS I B SRy 0.025 peg/L, it
WA A 0.5 we/L BTG HBARAR AW 5 0y, #4218 ik
PRAEUEAT RGN . 4% B8 LR bR vl fl R PR AT 15, SR AR
TZHR BT PE AR Mk B RS 2 (RSD) N 1.32% <
3% ¥4 0.5 wg/ L AEAIZ Ik i 2 R .
243 EEE BUKE N1 pe/L FTTHLARAEE T,
EEIEAE 6 U, ic 5% W A I T 5 AH X AR TE e 2=
(RSD) ., 45 PHHuARAEME I FY RSD 2 1.39% <2% ,
FEH T R AT
2.4.4 [ N RAS SCEE S VL, 7RSS B AR
dm PR IR HE VS W, 43 4 0.05 0.1 FT 1 mg/kg 19 3
R NG 3 P N I g B 7N 11 A N G R A L TR A 8
Fe IR 1.3 5 B R RE S Ak B 7 R 45 21 RE 5 I AT
R, MRS AN 2, PHHBARAE S 24 [RIR A 92.45%
~106.91% =[] , A5 X Hr A 25 7E 4.98% ~7.48% 2 |H],
%A A N T E Y AR AR g = AT o

2 PUHLIRARAS N ISR AR BRI R 22 (n =5)
Table 2 The RSD of Recovery(n =5)

BEm Jintra AR RSD
(mg/kg) (%) (%)

0.05 92.45 7.48

ks R 0.1 92.82 7.43
1 106.91 4.98

245 FaEtE IR ECHHE S 100 we/ LY
FRUEUE , 5 W HE 0.2 .4 6.8 10 h K, 3155 0% 17 FR
RSD DAGTEST BT 7 32 1 Fa e M, S 56 I 2 76 AS 8] Bsf
[a] A VY IS AE I THT AR RSD 2Ry 1.78% , /NTF 2% , J7
REAE RIFRR e
2.5 LEREFERAHT

o7 FH BT 2 57 59 UPLC— MS/MS 5 &%t i 3 |- 14
B2271)1| B2 SN2 1| RTUTINE 22001 1K @ = S 22100 | =l e S 200 B
L 14 A-Ehwn = S SEAT A o 0 S Ik e 3 P i e
B AINVE AR AR, I HEAT B B AT, AR 4 R AR
AF T W S PR AR oy 329 A ARG T S 94 i P b R I
3 it

AL ST T UPLC—MS/MS 3t B = & 5 JE
LRSI Mo AR AE FEAT ARSI . % 07 v B e R
= R N E PR BT R A, R S AT AR
SRR (AT B, T 2 B TR RN AR A, AT HE T TAERLER . W]
FH T 7= i A 5 92 88 0 v AR AR i 52 R A, B
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