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Abstract method and LC-MS/MS (liquid chromatography-tandem

mass spectrometry).
BACKGROUND: Pesticides are broadly used to control METHODS AND RESULTS: The agricultural samples

weeds and pests, and the residues remaining in crops are were extracted with acetonitrile followed by addition of
managed in accordance with the MRLs (maximum residue anhydrous magnesium sulfate, sodium chloride, disodium
limits). Therefore, an analytical method is required to hydrogencitrate sesquihydrate and trisodium citrate
quantify the residues, and we conducted a series of analyses dihydrate. After shaking and centrifugation, purification
to select and validate the quick and simple analytical was performed with d-SPE (dispersive-solid phase
method for tolpyralate in five agricultural products using extraction) sorbents. To validate the optimized method, its

QuEChERS (quick, easy, cheap, effective, rugged and safe) selectivity, linearity, LOD (limit of detection), LOQ (limit
of quantitation), accuracy, repeatability, and reproducibility

*Corresponding author: Sang Soon Yun from the inter-laboratory analyses were considered. LOQ of
Phone: +82-43-719-4211; Fax: +82-43-719-4200; the analytical method was 0.01 mg/kg at five agricultural
E-mail: yss0520@korea.kr products and the linearity of matrix-matched calibration were
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good at seven concentration levels, from 0.0025 to 0.25 mg/L
(R*>0.9980). Mean recoveries at three spiking levels (#=5)
were in the range of 85.2~112.4% with associated relative
standard deviation values less than 6.2%, and the coefficient of
variation between the two laboratories was also below 13%.
All optimized results were validated according to the criteria
ranges requested in the Codex Alimentarius Commission
(CAC) and Ministry of Food and Drug Safety (MFDS)
guidelines.

CONCLUSION: In conclusion, we suggest that the selected
and validated method could serve as a basic data for
detecting tolpyralate residue in imported and domestic
agricultural products.

Key words: Agricultural Products, Analytical Method,
Herbicide, HPPD Inhibitor, Tolpyralate
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Tolpyralate ((129-1-{1-ethyl-4-{4-mesyl-3-(2-methoxyethoxy)
-o-toluoyl] pyrazol-5-yloxylethyl methyl carbonate)
Ishihara Sangyo Kaisha, Ltd.l|4] 743t benzoylpyrazole
Al ¢HAIZ 4-hydroxyphenylpyruvate dioxygenase (4HPPD)
40 S Alst] S Al Al sk ddA fel
F Ax2E WAk Wols AlZAloltk 4-HPPD+= opv|=
2RI ElZAl(tyrosine)= afiate] Aol Habdde] #
oJah= ZEPAEF]i=(plastoquinone) ¥} HIEFIES] 245 7t
© HAEHA EFHE(tocopherol) 55 sl webA
4-HPPDO] &4 A= 7H44 02 F}2E| -0 =(carotenoid)
A 7 =22] PDS (phytoene desaturase step) a4l J&ks
o] 7kERl gAJo] AAlE]aL PEAR] Ex 23 (chlorophyll) €]
537} o} 21919 WsKwhitening) @S Holv U
o AEAE JTARZICH1-3]. T3 ZHAET = U EF
HES A=A Yol AbskAle] ogks dt] 4HPPD &
27F AFEE AEA el 45T Akangh datart A
SHAl Har o] & Qlaf i, A gl e E3HA| sol 3t
et =9 A7oIM= tolpyralates e 28714
ERlE= AlZA)Q1 chloro-acetamide, dicamba, atrazin 5
I AR Aeiis W ¥ vekdt xS WAs S
of tigh oFel: gle A& FRlekltH4, 5]

=9 235 4] 713 < v]=(United States Environmental
Protection Agency; US EPA)¥} 71tHPest Management
Regulatory Agency; PMRA)= 27t 0.01(555F & 8%
=) 2 0.01~0.02(5FF, - & 23%5) mg/kg? 8]
7155 Al At oks Bt vk wakE F &
T dYe F =9 V1 By E3hER Agojska
Aurte] A Fiks 5 AFed] s Eaek=dt it
A9l MT-21539] #o& Aste] wejata Atk w4 &
tHrEe] AJelE A%sh= Ul total radioactive residues

ta o 3

ul

v

(TRR) #°] 10% ©l’dolHA 0.01 mg/kg ol’do] &7¢
EE TRR ko] 10% wlwkolA%t 0.05 mg/kg °lde] 5
g Fo diER AAE] A 1 A 1Al 7]
(European Food Safety Authority; EFSA)| tolpyralate
A5 Bade] mEd S F e MT-21539] TRR
#tol Hdl 7.6%°1™ 0.009 mg/kge] ¥ 202 e}
S} wEbA Sujell A= tolpyralatel] AR T AR
AoE BelER ogsta glon, ofudt kel I
34715 (maximum residue limits; MRL)°] A4 %o ¢)
A k3 el gk 7] Aol Q¥ AEiolrh A
ZUfell tolpyralates fFEARCE o] T5¥ O g
FEolm S50 FRAYSE7B~5%47)l BAAE A
S vk webd @A i8]l AH A ¥
< tolpyralate”} Sl HEd 4 3824551
A E(positive list system; PLS)ell @} 0.01 mg/kg ©|
7} AFHoJof gtk TP R FAE f8 Al ARFEE7]
o FASES 7] Slsto] vk sakEel 43871

et FN N O

T
= AAsta, A3t sl AFs tolpyralates 4]
T QA= AlE, g S0l v E oo} gtk

Tolpyralate®] #AHo] ¥ =9] A7-2:= EFSAIA
Sl g Md, A5 L5, A T tolpyralate 9}
tAkEERl MT-2153& LC-MS/MSE o-g-3tf #4135t <
T Bk Qe A el s @ kol ot
oMlE £ 80:20(v/v)o® EFete] FEEIIL 1 9
A oOMIEHERR =5 80:20(v/v)o® Ejtete] &
st3lom, A#1= HLB (hydrophilic-lipophilic balance) 7}
EYAE ol g8tk tld 229 A gE 71~105% 3
om AEY AL 0.01 mg/kgOE 7P| =ElRlel v
Ak oA, S A AEt 9 sabEe] thg
tolpyralate®] <73 Aol we} Al w52 g 48
g AIgHo] g it opel WARtel] o AlRE AAKE
T s Zhekeh wge) Algy Jido] B esith. QUEChERS
(quick, easy, cheap, effective, rugged and safe)*H<> 2003
\d Anastassiades©l o]l 7EE o] sk 9 FAks 5 o
g 7H AIRE tdeR A AAIF R AFEa Sl 24
Hog Addapt el i Adwe] Sl wet vk
s WAgste] A8 = 9= Fol wrHe-8]. HE3 tHdi
4] N o} A8 e =Y AN AdEs it
AHes A sk Hl &80l 7 d Aol 39, 10].
Wep B AT tolpyralated] 7 AAl] o
374 A3W 0% QUEChERSHS ol-83to] Avl(3#), 17
(A7), G, AR 2 23T 555 B
Foll AL o ST NEslal =g ARserIE 24
& Qg VxR FEstat sl

Mz X AE

AleF 2 xi=
Tolpyralate 375(99.9%) YA ISKHlo| @A A~
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FeJol(F) el Aol ARSI 0, oA EL EZ acetonitrile)
< HPLC grade® Merck (Darmstadt, Germany)=4-H
T8t ARGk AAe] T AR-E QUEChERS FE A
ok 71E(Part No. 186006813)= Waters (Leinster, Ireland)
ol A elskgiom, AgAlel AH8-¥ d-SPE (dispersive-solid
phase extraction) A%F 7]E(Part No. 5982-0028)+= Agilent
Technologies (California, USA)Z-E] F+J38I5ith 7171
A Al olgldell Hrkehe EFEAKformic acid) Sigma
Aldrich (Buchs, Switzerland)ollX T-}181%1 1, A== &
E|(PTFE, 0.2 um x 13 mm)+= Teknokroma (Barcelona,
Spain)=FE TYletlch AW i ZER1 @nl, 74,

T oaE Y 05 47 AR oREeaA A et 2,
A5, T AT AATE sl dideb B
ek FAES Yk drjel UiFE oF 1 kgs %
afo] EFA 420 pmE FHSEE Walleta Ake) 7,
IFE oF 1 kg wallsto] wtdsiet & Eoldal x|u
of gol 20T ofstellA WErt a3l
HEATM M =X

Tolpyralate %4 94] 20.02 mgs 20 mL F3&
giiagef Wil opAEYESRE §3)3te] 1,000 ug/mLe] 3%
e FAE O, FAY AIRE A W} st
A z2AB S St AL S g0 T ARES)
9tk 1,000 pg/mLe] EEANE opEYELR 3]45}o]
10 pg/mLo] FXEFENS ZAF | 0025 005, 0.,
0.25, 0.5, 1.25 ¥ 2.5 ug/mL o= WAH = s4s}al, 717t
o] EFEH 100 uLE oAl FAE] €9 900 pLE 348t
90% ©13e] matrix7} ¥ EF7]%(matrix-matched
calibration curve) €4S ZASITE EFgoe AA &
Al BEEo] ARESIgl o, o) BEg ol B Ao
ol 4T el Bysto] Aol AREsISiT
717|124 =A

Tolpyralatet= WatersAt] MS/MS (Xevo TQ-S, Milford,
MA, USA)E &3t LC (Acquity UPLC, Milford, MA,
USA)E #48131aL, WZe] 2 mmel™ Ze]7} 50 mm<!
Cis columns o] &3tk o5 At Bell 2H2F 0.1%
Salo] FE ocMEUEHY ES ARl HAshd
gradient 2 0% O AES wElsksith 7€) & W
22 o] ACHIEUER)E 7] 2711 20% 14 281t
A F 258714 80% = &)1 5E7HA] A5k, ThA]
55%7H4] 20% % W™ § 727K 27] 205 frAEich
A A F tolpyralate®] A% W A GRS flste]
MS/MS®] ESI (electrospray ionization) positive mode
& ol 9 YAdols HEgt & HA 9] cone voltage
4 collision energy %t 41733tk MS/MS®] capillary
voltage:= 1 kVol"] source ¥ desolvation &%+ 717}
150C 9} 500C 0] 8lt}. X3t desolvation gas % cone gas
2 22 550 L/hr¥ 150 L/hr ©]31ltk

2| AlFE

g SAHE AR 5 g5 %ol 50 mL polypropylene
of Wil opEUEZ 20 mLE 71 ¥ 400 rpm 2.
getgitk o] W, 7 9 7o ¢ FE8E
7] el 7 10 mLE 47K 5 3083t saskelo] &
= 8282 =tk el Freikavig(anhydrous
magnesium sulfate) 4 g? A3+HEF(sodium chloride)
1 g TAAOIUER1.55 3 (disodium hydrogencitrate
sesquihydrate) 0.5 g, TIAMNEF- 2578 = (trisodium
citrate dihydrate) 1 g©| 323%]°] li= QUEChERS % A
oF 7|ES Wil 187 &% 8 % ¥ 4,000 golA 10
W ateEasin Aalite] & sl 1 mLE FrEilet
2vl4 150 mg¥} PSA (primary secondary amine) 50 mg,
Cis (octadecyl bonded silica) 50 mg, GCB (graphitized
carbon black) 7.5 mg®] 44| 7|E7} 3 2 mL A4
2ol ol 3057t sHrwnlekal o] 4,000 gollA 1031t
A el AAlE e PTFE A4 FHE o

st AlRlgH o7 ARESISITE

o
N [‘-{E

()
N

AlEH R84 HS

SHE Al S AT Sl AEiAd, AA
A, 717178 AE3(limit of detection; LOD) %} 7 =sHA|
(limit of quantitation; LOQ), A1&% d%¢H(method limit
of quantitation; MLOQ), M @ WA, AlddS S
SIATE AL FAg Alael IFEAS HUs I
ARE 99 dA2 AlgHeR ZAS & Zbzke] 32w}
< AM=E vlwsta, AAAS AP gHow sMs
A5 &S 5 uLA FYJekar dojxl 1)=e] WAgke
T S ZAsl] A7 Al9(correlation coefficient, )=
T3t Bst 771 eSS Al AErkE s
oA AEH 3 As of F5H|(signal-to-noise ratio,
S/N)7F 247} 3 ot 10 o)ds vl AR v5E
ofulab, AW A= 71718 Ageel A% U
FEBES olgste] AEslth Al el e 9 vk
& 5% A= AR 5 goll AEY s, et 108)
3 508 ol ddE= 9l 0.25 25 % 125 ppm?)
EFE 200 uLE AHsto] A & 5ukE A3 3|eE
(recovery) 3717} At 3EFH relative standard deviation;
RSD)E Tafo] H7lsiolct Al@A)e o7l AFAT As
(inter-laboratory validation)& A|8taL Ho| A5 coefficient
of variance; CV)E 73l ERI5I3ith

7|7|2Mx &
QuEChERS #4H& 5ok #40] &3] ARgHE 9-

o]
phase extraction; SPE)°|| H|3}o] ©&% FA7go = 3}
ot 7R EAo] Holdls = e wRo] Stk mEkA M9



Application and Validation of Analytical Method of Tolpyralate

249

Jo] =3 A 0.01 mg/kg Foe TR T F 0= 1L
L] A7 A= LC-MS/MSE 471712 A3
th Tolpyralate®] 2] I8l Ad2 U717} 3.0 um<!
Cis P3EHs A9813la, 01% X5 3t oHIEYER
ﬁr 0.1% EFA &+ =& ¢ 3o gradient ¥4
HAETh
@X]—E—r |2 3P(electrospray ionization; ESI)®| posi-
tiveion mode°ll] 1 pg/mL 2] tolpyralate 38
S 5 uL/ming 443 S A7) A4 F9lska
=3 "3“01—8—(pr0duct ion) 2} Al"o](pre-
B4 ey} AEdEE s
a}7] $lato] H4 <] cone voltage 4l collision energyE Al
Jetsint. 941 AAoleS 5—}015]'7] #1851 100~600 m/z°]
HOE mass scane TH38F33L exact mass7} 484.15%1
tolpyralate®l] thato] [M+H]"* 6331‘3 48525 m/z & &
1&tdct o] @ cone voltage® 5~50 V ¥ lelA 5 V 1t
ox dejato] 2> A9 voltage: 15 VoM, THA
10~20 V H9jelx 1V 7o x Aol o] ~HAE-S o
Qlst A3} 18 Vel Huje] A EY ey yepdth v
O % MolE gRlah] flste] 18 V& cone Voltage x=
2ex 100~600 m/z8] W$lE daughter scangs 3331
aL Hoj o] FHEE Hole ATt o] 139.06 m/ze ol
(quantification ion) 0%, Thx0 % IA| HEs= 7 71| A
o] 325.067} 383.11 m/z& %J’J°l{qualification ion) S
eIty Z47ke] Aol 52 5~50 eV H91elM 5 eV 717
o= 7L1:?_ Z;Q—g}.‘-y = 71—1: TE

mass spectrum=
cursor ion)& Q18 &

ERH collision energy = 71
FOo® T 1 eV 7 0R F3te] 28] MRM (multiple
reaction monitoring) 7% 25}t Table 1).

QUEChERS £& = z|®s}t
Tolpyralatet= Log Po. #t¢] 192 F{H=4ES
9l

2 STk ghgheoe
atof T Agatol mjol3) AE7h HH %ﬂ%”ﬁo FE 8
&2 ¥Y 7 3tk oHEUELS 84 f718vz A
yHze] % &8o] =il ol oMAH|o]E(ethyl acetate)
3l obAlE(acetone) ¥ 22 WS4 78R ok, A

i e A4 248

A7 FEE) opEESS F

_WL

% 4n|E A3 QUEChERS #4148 AlZol 1449
s AY Hrlsle] FeHERS FESRe g kst A
& otk thiEd 02 QuEChERS original¥ 5 %
Aol H7kee B FEdibldlgy d3uERFS

2zt Ngol RS AAst 4718 39 & S5 Bt
v o9& stie]. 3 71E9 originalle WES The

Association of Official Agricultural Chemists (AOAC)®]
A st AOAC Official 2007.01%%} British Standards
Institution (BSI)ol|A] 7i-3t EN 15662%] & pHell R4t
S F=37] At F% Bl acetate T
citrate bufferg ARSI} Oﬂ_‘?oﬂfﬂ—t‘ bufferS 2*#] 9
+ original % F 7F4 bufferg ©]&3 QUEChERSH&
Bl AASIGItE Originalf> oM EUEHR 35 5 F
Sl 6 g7 UIPER 1.5 g& ¥lom, AOAC
Off1c1a1 2007.01% 1% oFEAle] 35 o EUEY
% 5 F R 6 gif MISIIER 15 g8
o *é%% wulskolck 72F &9l W d-SPE AA|

ﬂrﬂ o= FrditntadlE 150 mg¥ PSA 50 mg, Cis 50
mg, GCB 7.5 mge AHskE AE ¥E UCE St 3
TES Tol3ith o] wl, d-SPE #HdlA *PﬁﬁF Tt
nvlES FE 5 AR AEshs 5 AZeh =49
FrEEe dAATE 98 st PSAb A Akt 22
() A3k we 71 52 AAGTE B3 Ce 54 11
A 24E AAS GCBe W 725 7}1] Akl K3
7} ol AEHEOIY EEEY B2 MAE gHHoE A
gtrh 3kARF GCB+= thiabendazole, cyprodinil 57 2>
AW T2 A1) sok AR FANA gl AstHt
A= ﬂq sP71% stehe, 11]. 559 wibe Almel Yst
7 1091 8] FEol s 2.5 ppm #8200 uLE A
g8t Al 7H4] QUEChERSH2.Z & 2 A AdE o
A, BE AgTelAe 3580] Codex 7hol=elle] %+
Tk A VI 9 AEeokEdE e AE = A
W ol B3zt 33 Jfo| =gkl Adlslgl o xfolt
AA YeRHA] 943t tKTable 2). aHA1RE @] /\]E’«l 3% 2]
TEY FFEAE aA deied olg e AnE
matrix®] &l wpet 3Eo] JIS Ha glom AOAC
Official 2007.01H 2% Av|E F=& 49 1 dFol o &
& & 7 STk wEbA] 2 dAellA= QUEChERS EN

== 0

Table 1. Mass transition parameters of tolpyralate in ESI positive mode using liquid chromatography-tandem mass

spectrometry
Compounds Exact mass Precursor ion Product ion Cone CE? RTY
P (g/mol) (m/2) (m/2) V) (eV) (min)
139.06° 31
Tolpyralate 484.15 485.25 325.06 18 20 35
383.11 14

% Collision energy
b Retention time
9 Quantification ion
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Table 2. The recovery results of tolpyralate according to three QUEChERS method in five agricultural products

Recovery + RSD”

Sample Original Ao EN 15662
Hulled rice 95.4 + 3.5 94.2 + 17.4 93.0 + 6.4
Potato 91.1 * 3.4 95.1 + 5.0 93.3 + 6.9
Soybean 103.4 + 4.8 98.1 + 4.2 101.7 + 2.7
Mandarin 90.5 + 4.2 94.8 + 7.3 922 + 3.6
Green pepper 96.2 + 4.4 92.6 + 0.7 89.1 + 1.6

9 Mean values of 3 times repetitions with relative standard deviation

° 1 == . = = 5
1566215 ©]4-3t FF3} MgSO, 4 PSA, Cis, GCBE ©| time; RT)<! 3.5l owst T =A% HEHA] Yot &5
§3 d-SPE A & 283l tolpyralate Al3Rle g AIEHo] &2 Eeled AgdE 7S ER1E U
A3}l &t THFig. 1). MS/MS 4] A] YER= matrix-induced ion

suppression == enhancement &%l djn|3l7] i) 84
A QSM AS & AE5E 28 o= matrix-matched calibration curve
2 Aelx FAE AR Al5S] LC-MS/MS AZvHE Z 31991, 0.0025~0.25 mg/L2] wLZ A% 55 At
o 3 = . °
O35 ZRIg A3} tolpyralate®] mY-5 Al{Hretention E AN AATE 09980 oo ® =2 AXEE U
MRM of 3 Channels ES+ MRM of 3 Channels ES+
485.25 > 130,06 (Tolpyralate) 485.25 > 130,06 (Tolpyralate)
A0 4505 1007 3.80e5
(A-a) (B-a)
b= b
-0.00 ' 1,60 ' Q,bﬂ ' 3!'1) ' 4,60 j ﬁ,bﬂ ' Glll) ' 7,60 -0.00 ' 1,60 j Q,bﬂ ' 3!'1) ' 4,60 ' ﬁ,bﬂ ' Glll) ' 7,60
MRM of 3 Channels ES+ MRM of 3 Channels ES+
- sgp 49525> 19006 (Rpyraale) a5z 48525> 19006 (Ropyralat)
(A-b) (B-b)
£ £
000 100 200 300 400 500 600 700 000 100 200 300 400 500 600 | 700
MRM of 3 Channels ES+ MRM of 3 Channels ES+
485.25 > 139,06 (Tolpyralate) 485.25 > 139,06 {Tolpyralate)
1007 352 450e5 1007 352 3.80e5
{A-C) (B-¢)
b b=
O prerrrerrereeer e Tie O e Time
000 100 200 300 400 500 600 7.00 000 100 200 300 400 500 600 7.00
MRM of 3 Channels ES+ MRM of 3 Channels ES+ MRM of 3 Channels ES+
485.25 > 139.06 (Tolpyralate) 485.25 > 139.06 (Tolpyralate) 485.25 > 139,06 (Tolpyralate)
10 35005 1007 230e5 1007 2.70e5
(C-a) (D-a) (E-a)
# # #
000 100 200 300 400 | 500 600 7.00 000 100 200 300 400 | 500 600 7.00 2000 100 200 300 400 | 500 @ 600 7.00
MRM of 3 Channels ES+ MRM of 3 Channels ES+ MRM of 3 Channeis ES+
100+ 352 48525 > 130.06 (poysralﬁzg 100+ 353 48525 > 130.06 (pole‘a]szg 100 152 48525 > 139.06 (Tﬂpy;a;ﬂ.hﬁgg
(C-b) (D-b) (E-b)
=] =] #]
000 100 200 300 400 500 600 7.00 000 100 200 300 400 500 600 7.00 000 100 200 300 400 500 600 7.00
MRM of 3 Channels ES+ MRM of 3 Channels ES+ MRM of 3 Channels ES+
485.25 > 139,06 (Tolpyralate) 485.25 > 139,06 (Tolpyralate) 485.25 > 139,06 (Toipyralale)
100, 353 350e5 1007 - 230e5 1007 152 2.70e5
(C-c) (D-c) (E-c)
# # #
O prerprrrrrrrrr e e————rn Time. O Time Oy Time
000 100 200 300 400 500 600 7.00 000 100 200 300 400 500 600 7.00 000 100 200 300 400 500 600 7.0

Fig. 1. LC-MS/MS chromatograms of tolpyralate in (A) hulled rice, (B) potato, (C) soybean, (D) mandarin and

(E) green pepper at (a) blank sample, (b) matrix-matched standard at 0.025 mg/L and (c) recovery sample
at 10times of LOQ.
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Table 3. Inter-laboratory validation results of analytical method for the detection of tolpyralate residues in samples

Sample Fortification Recovery + RSD” (%) Ave? cve
(mg/kg) Trial 17 Trial 2° (%) (%)

0.01 1124 + 14 99.2 + 29 107.5 6.6

Hulled rice 0.1 97.6 + 15 92.7 + 6.0 95.8 4.3
0.5 91.6 + 0.9 87.4 + 4.6 90.0 3.5

0.01 90.3 + 5.0 84.0 + 2.0 87.9 55

Potato 0.1 91.1 + 4.3 89.8 + 22 90.6 3.5
0.5 91.2 + 3.8 96.4 + 6.4 93.2 53

0.01 95.7 + 4.7 112.1 + 3.6 101.9 9.2

Soybean 0.1 91.5 + 6.2 91.3 + 5.7 91.4 5.6
0.5 100.7 + 2.3 80.8 + 8.7 93.2 11.9

0.01 93.9 + 47 76.1 + 35 87.2 11.3

Mandarin 0.1 85.2 + 3.9 87.8 + 4.6 86.1 4.1
0.5 88.2 + 4.7 88.9 + 1.6 88.4 3.6

0.01 101.5 + 19 90.9 + 7.9 97.6 7.0

Green pepper 0.1 90.6 + 2.4 113.7 + 4.0 99.2 12.4
0.5 90.6 + 2.0 112.2 + 2.1 98.7 11.5

¥ Mean values of 5 (Trial 1) or 3 (Trial 2) times repetitions

® National Institute of Food and Drug Safety Evaluation
9 Seoul Regional Food and Drug Administration

9 Recovery average of inter-laboratory

© Coefficient of variation of inter-laboratory

ehigltt. 717178 HEAIe Al 244 0.0008 mg/L
7} 0.0025 mg/LO% \%Ebm Al AEsAlE 7171
Aol FEEHS Fok A|EEoE o] 0.01
mg/kg o= AEH T oe|dh A Ao okaeiAdl
Al =948k PLS Al £4F 7121 0.01 mg/kgoﬂ -313]
Ak 247+ wakE FAE AlEel 0.01, 0.1 % 0.5 mg/kg
o] 4<70] HEF tolpyralates AElato] 58k 3]7& 4
S o Ay Hit deES 85.2~1124%0°1%0%, AHES
ARz 6.2% olstz A 19 Aol w2t & A9
tﬂg] 24:5:]-/\4 u] a]..i/ag Codex 7]_011:31_01 ) }\1%9/]01:%
b7l Thol=ejlel wE A A5 7ol A et
& F912 4 33t Table 3).

A AEARAFAEDRRA ATAL AT FAT
WO BNE AT, 157100) SO 3 4
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Az Ax AZ7B 7t sy
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2R= 8.7% olake AT kT AR 54 er
of W Fagk> 86.1~107.5%°] WHolAGE XM

0.01 mg/kgolH 11.3% ©1a}, 0.1 mg/kgelA 12.4% oI }
0.5 mg/kgelA 11.9% oItz W& AHzlol M Codex 710l

with relative standard deviation

Eefel gl ARelelaerdsgrd e Tlol=eklo] AlAF A
& 2 7Y vof A9t Zlo 7 It Table 3).
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