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Abstract inearranged from 0.001 to 0.25 mg/kg with 12 > 0.994. The
limits of detection and quantification were determined to be
BACKGROUND: Pesticide residue analysis is an essential 0.001 and 0.01 mg/kg, respectively. There covery values of
activity in order to establish the food safety of agricultural clopyralid for tified at 0.01 mg/kg in the control samples
products. Analytical approaches to the food safety are ranged from approximately 82 to 106% with relative
required to meet internationally the guideline of Codex standard deviations below 2 0%.
(Codex Alimentarius Commission, CAC/GL 40). In this CONCLUSION: The method developed in this study meets
study, we developed a liquid chromatograph-tandem mass successfully the Codex guideline for pesticide residue
spectrometer (LC-MS/MS) method to determine the analysis in food samples. This, the method could be
herbicide clopyralid in food matrixes. applicable to determine pesticides in foods produced
METHODS AND RESULTS: Clopyralid was extracted domestically and internationally.
with aqueous acetonitrile containing formic acid and the
extracts were mixed in a citrate buffer consisted of magnesium Key words: Clopyralid, LC-MS/MS, Residue
sulfate anhydrous, NaCl, sodium citrate dihydrate and
disodium hydrogencitrate sesquihydrate followed by M B
centrifugation. The supernatants were filtered throqgh a Clopyralid (3,6-dichloropicolinic acid) (Fig, 1= pyridine
nylon n.lembrane filter and us§d for the analysis of A%l AzAle Aoy 7|Aos A FERe mei
clop‘yr‘ahd. The. method was validated by accuracy and A 99 718, 2719 1 S ol A% 24 0 o} 7]
precision experiments on the samples fortified at 3 different o . .
levels of clopyralid. LC-MS/MS in positive mode was AFE3E ERL ST (Cremlyn 1991, Schiitz, 1996). =
Py L R p L 2 Q2 }\].E]—U == o] ;ﬂq;]oﬂ th;;;]»i. O]Lﬂ/\g il ]:].L:]Ag
employed to quantitatively determine clopyralid in the food :To ;IZ o ° jb" - 3 e
samples. Matrix-matched calibration curves were FAUES PASH=E AL .
Clopyralid= &EeAo] Wiy Y, B2 192

o] 3ol Ruly B CO R
*Corresponding author: Hyo Chin Kim (CHRCLNOy) Q! A%< aagejolt). iz, C}Opyr‘ahdh
Phone: +82-2-2640-1494; Fax: +82-2-2640-1364; n-octanol/water HIAI5(Log Pow) Sk =l Het 837}
E-mail: hckim77@korea.kr pHell w2} o]t Table 2). thFst f7]-8-1ll(Ethyl acetate:
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Fig. 1. Molecular structure of Clopyralid.

102 g/L, Acetone: >250 g/L, 1,2-dichlorethane: 20.7 g/L)°ll
2 gallEn, S 7= §74o] Slth(Pohansih, 2015).
2018'd @A FAHE F Clopyralid2] =9 #53]87]%
(MRL, maximun residue limit)< 7=, §4, 42 2 7|
ks de I3 sAEd bRl 55 B ARl
o] 0.015 ~ 500.0 mg/kgO% *Wﬂo] ne)e T o =
= 5 AIE A3, AEAde] o fades Clopyralid
W oS BHE A ot v5E 29 oAM=
SERto R el JYE s %W able 1). =] 7
T, e Feolu, FUAEY KA FHE SF FU4
178187 | (Import tolerance) A= %ol whet Lol 3.0
mg/kg 71F0] AldEo] #elE il QItMinistry of Food
and Drug Safety, Notice No. 2018-74, 2018.10.12.).
2019 AwAo® APE= AFJoRietdA Positive
List System A|3(Ministry of Food and Drug Safety,
Notice No. 2018-8, 2018. 2.22) H|§tel| we} el ojst
Clopyralid 45788715 A4 A wkt sik= <ol
uhE Ay Fol Aas A Aol AlEskgic
uebd, Aol e AN 55 A 9ol EEA o
& AR o o 5 A g ThsAlS e
g SN A= 7HHL“5]'JJ} O}Oﬂ‘:]' o] ‘qﬂ' = A
9 9]

o] HE AEo|A #ﬂo] 7}—0}Ei A;—o a1l Xézw
He #5sty, %LH st HAF Al A8 s E Al

tlo 1x ob

i
H

oot

R

AleF & 7|

Clopyralid (99.9%) %% Dow AgroScience (Seoul,
Korea)ollAl Alggol ARE3I3T}. Acetonitrile, Acetone,
n-Hexane 5 #7]847 % A9k HPLC 5323 Merck
(Darmstadt, Germany)°llx] T-¢J3to] ARE-3tal, NaCle-
Wako (Osaka, Japan), 75 3APHEHRS Merck (Darmstadt,

(Wako Japan)E Z17F T-§dste] ARE-8Ith Formic acids

+ Sigma Aldrich (Buchs, Switzerland) 552 -3t
Ag-3F3iTt

SUE A=

A9+ Codex 9 7 AW oY dssakEyt
(Codex, 2003), =H] AFAH]FF 9 goF 75 3]87]50]
AARE sAE S EQ u#ste] EsAE 5%, Avl(=), 7
ZHAT), ), A=), 1FAHAETHE A6k
AHeiTHLee et al, 2010). A9 HFECA 5o FikES
Tolale] AEFA A Zﬁ\ﬂ‘ﬂ‘ﬁ(l\/hmstry of Food and

Drug Safety, 2012)°l wje} #2slst & Wigd 871 &
o 20C ol Hytatar 3o AREaSITh
ZHM A FEIM

Clopyralid %% 20 mgs 20 mLe| o EUEH]
g3l3to] 1,000 pg/mLe] EFANS ARt BFEL
78-F, Clopyralid®] pKag 1#3te], pH7} W& 2305 W
o] Hlo| A EH= EAsH ST fIste] 1% EEAF
S EYEHZ 3|43} T}, Matrix-matched calibration<
QP 2 shkE AAY) A e 5= 900 pLlell 10 ug/mL
FEE 100 uLE ¥ol 1.0 pg/mL 89S A3 H
AR FENE olgste] TAFOE 0.001, 0.005 0.01,
0.05, 0.1 % 0.25 LJ.g/ngl Tt HEE 3435k 90%
049 matrix7} 37}l matrix-matched EF89S A

pY

e

Seic ERAN} BEAe BE 2ol o} 4T
nase] ARl A8k

T ASHE A 5 g W3] 2ot 50 mL YR el
HIEYESR &4 20 mLE 7}t
¥ 1083 Agsilth et dls 40 g A3ER
1g, TAFEFCIFS= 1.0 g disodium hydrogencitrate
sesquihydrate 0.5 g= i 13%3F £50] E3e ¥, 4T,
4,000 Gellf 10:27F 4 efstelth 10mle] s O—ﬂﬂr Cis
350 mg, Alumina 0.1 g-= 15ml falcon tubel Fo] 1%
b A% 5 4C, 4,000 GolA 1023t 942 shalth s
NS HAERl FE|(nylon, 0.2 pm)E o]Zst $ AJHE-H
o= S

> o

717124

Germany), Cis (Waters), Citrat Kit (Bekolut), Alumina Clopyralid 9] #2l70] 164 C o} F=7lo] o|HT} v
Table 1. Registration status and MRLs established by overseas countries of Clopyralid
Korea EU Japan USA Canada
Registration pending (@) @) @) @)
Commodity wheat almond etc. wheat etc. apple etc. wheat etc.
MRLs (mg/kg) - 0.05~5.0 0.08~10 0.05~500.0 0.08~10
Residue definition Clopyralid Clopyralid Clopyralid Clopyralid Clopyralid
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Table 2. Physicochemical characteristics of Clopyralid

Property Clopyralid
CAS no. 1702-17-6
Molecular formula CsH3CILNO;

Molecular weight average: 192.0

exact mass: 190.95
149.6C

164C (7] el Z31%)
1.763 g/cm’ (20.77C)

1.81(pH 5), 2.63(pH 7),
2.55(pH 9) (at 20C)

pKa pH 3.1
1.36x10° Pa(25C)

118 g/L(pH 5), 143 g/L(pH 7),
157 g/L(pH 9) (at 20C)

Hexane: 0.6%

Acetonitrile: 12.1%

Methanol: 10.4%

Ethyl acetate: 102 g/L

Acetone: >250 g/L
1,2-dichlorethane: 20.7 g/L (at 20C)
Hydrolysis & photolysis Hydrolysis: -

Photolysis: DTs5=271 days

Melting point
Degradation point
Density

Log Pow

Vapor pressure

Solubility (in water)

Solubility
(in organic solvent)

Ao 7E gRIxo] GC (Gas Chromatography) 41| o]#
R, = A9 EAAEE FrEkaA LC-MS/MS
(Liquid chromatography-Tandem Mass spectrometry)
= Ol%é}JJ} stk e Zdore 54 249 #e
89 %2 Ci columns AESIAY, 0.1% ESAF ShHr
OW]E‘/]E%J% 0.1% EFAE T8-S ol /o ARSIl
™, 0] 23] © %= electrospray inization (ESI)%] Slpositive-
ion mode ¥& AM-3FSItKTable 2).

HEsHA

A AFEHA(LOQ, limits of quantization) 5 °F
o] FAbE AREFEH (e A $as FIe
5, ®A71719 AREA 9 A Eg AR T s5ulE

& Axtste] o ] ARE2el oJsl Atz s aL(Ahn ef al,

Clopyralids A#sto] 3|42 2

AeFA(mg/kg) = [717] A (ng)/FHHW)]
A E&H(mL)/ A 53K g)]

Microspecies dstibution

HO (@] o: e}

cl
Y Cl X

/CI /CI

Fig. 2. pKa graph of Clopyralid.

2n ¥ oa
=& 3 =iy

Clopyralid= Log Pow #°l pH 7°14 26302 5435
Hv pH 0-3 Aol ollM mlol& e 2 EAehs shieolt
(Fig. 2). 2y & SR8t = AA 49,
Clopyralid7} A 42+ FHou vjHe] EAlsta, 1 +
A7F FEoR 3o 7] Wil &3 Aol ks mls

A 78S A3 AR AL AZA WY Ao vl &
B 3% 28S A5 5 ok web A v R4
& ] Q8 84 718l oREYEH opAlE
T FF afo| ¥ MEYELS olgsle] FF sl
Hr|2b™o| z|X5t

Clopyralidt= Log Pow #k°] 1.81¢1 A3} 221 vzl

shel=oln, pKa < 49] Zs AVd-& 7H slgHEoltSack er
al, 2015). %*éﬁ}ﬂ%]j 5% EEAF et oHEYER S
Arketo] &= kvl 2 Citrates 7kl 2415
HE 3588 841~932%% TR} 2rHTable 3).

Clopyralid®] BA12d-& #HAslslaat 54k 5 QUEChERS
el ARgSlo] SRS T ME S AISh= PSA (primary
secondary amine), Cis (octadecysilane)s S2H| 2 AME-8}
v TS AEsto] AAEES nlusigich =& 2849
ddh A, ekt Al A8k T AReR

Table 3. Recovery results of extract method for the determination of Clorpyralid

Average + RSD(%)

Compounds -
Mandarin

Red pepper

Potato Soybean Hulled rice

Chlorpyralid 841 + 71 83.8 +

932 + 34 842 + 6.1 859 + 14.1
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Table 4. Recovery results of official analytical method for the determination of Chlorpyralid

Average + RSD (%)

Compounds -
Mandarin

Red pepper

Potato Soybean Hulled rice

Chlorpyralid 30.6 + 49

675 + 2.4

39.8 + 19.6 293 + 17.3 379 + 104

Table 5. Recovery results of modified analytical method
by Cis amount for the determination of Clorpyralid

Average + RSD (%)

Compounds Ci5+0.1 g Alumina
150 mg 250 mg 350 mg
Mandarin 428 +98 871 +79 978 =126
Redpepper 163 + 167 716 + 0.8 86.7 + 6.8
Potato 179 £ 9.6 835+ 67 962 + 10.6
Soybean 573 + 11.7 81.6 + 109 87.0 = 12.1
Hulled rice 345 + 131 1014 =32 885 + 104

Table 6. Recovery results of modified analytical method
by Alumina amount for the determination of Clorpyralid

Average + RSD (%)

Compounds - - -
No Alumina 0.1 g Alumina 0.25 g Alumina

Mandarin 725 + 44 871 +79 706 = 0.6

Redpepper 135 + 3.8 71.6 = 0.8 583 + 3.7

Potato 852 +£93 83567 84.8 £ 2.8

Soybean 784 £52 816 109 777 + 0.6

Hulled rice 287 =79 1014 =32 687 + 3.5

QUEChERSE o8¢ Axj2] WS 11esiAl Stk Mastovska
et al, 2010). FZI|EY == FhERAA IS A AMd
SR A olA PSASL s Age] gt FROE
29.3~67.5%2] S 35EE BT Cisl A4 35TE
T s mAA dethe s gRlte] U a&ARl
AL S8l Cis S8 218 W3t F85 AAasS v
ot Avk= the ) Zth(Table 5). 1 A%} Cis 350 mgs
g3to] GA Al 3l5go] 81.7~105.8 % A=
st oz wdsoe] B zio=w AFEWE sl
Alumina netural samples & A"-2} HeRI, vyt &
Fotal AW F el HE(free sterol)¥} o|AE3 AHE
(esteried sterol)®] &F&& wv 9TS sk 3o, pH 6
~89] Alumina neutrals 7}sto] #4138 23 100 mg
o uf FANEE AN EA BE ARelA 716~
101.4%% 7V & 888 K53t Table 6).

fol X Rl oX 2

717124 3k

Clopyralidt %7]%t°] 1.364 < 10° Pa (25TC), #-3
T 164CZ GC ¥ LC #4o] 7k Zlog Hgkont
Clopyralid®] &4 TR w2 710w SR1¥ gl

o Wb GCE o182 ¢ 3ds] Aol Eaid 7
°] 3l°] GC ®AHTH= LC #40] gol& Jlow shds)
o}k LCY #E7] A8 Clopyralid® W2 F38A=
Hap7] fjs nlaA Aeol i1, U2 FE el
A AEE R ¢ Qe AARrkE A AT
(Liquid Chromatograph-Tandem Mass Spectrometry,
LC-MS/MS)E w47171% Adgsisiv w48 22 o/l
Cis 23 AEsiiar, el o3 o2 electro-

spray ionization (ESI)*{®] positive-ion modeE AH&-3}

o

Moo 39 ox

%L total ion chromatogram (TIC)¥} mass spectrum-+e
&3l selected-ion monitoring (SIM) 4] 913 %] SA4J0]
<& A5t Kwon et al, 2008) s14|RL, Clopyralid ZH4]
7F A" HellA mg Algto] ghot ofd] 7HA] AflS ARS8t
of vji-5 AR HAsH & o Qe 2de gl o ®okth
pH7} 52 Z23do| A vlo] 2 el = EAsh= Clopyralid?] =
& 1HEe], pHE Y& F Al 215 W50l B2 pHe
A B40] 7F58k IMTAKTAFS] Cadenza CD Cis (4.6 %
250 mm, 3 pm) A AR EAskol oM, B ol
= WEEkA] Zeiglvh 9 woke] SAS adse] ol
shARE ARESESIT olw, o] 2w eE e IMTAKTARS
Scherzo SM-Cjs (3 < 150 mm, 3.0 pm)E AF-3}Sth o]
WP E olgstol AY el Fok w5 ARk AA
s omA ek 2E SaiSitk SNt o] 91A] Cadenza
CD Cis A3 o] A4 ol2gks A Kool F2eet
thar AE ik o]o] CAPCELL CORE Cis (2.1 < 150 mm,
2.7 um) Agls o]gsto] #52 0] 190.959! Clopyralid©]
F78901 ug/mL)s YHT £52 pL/min)E AFHE
7ol A3 T g A3} Aol [IM+H] FEiQ! 190 mass #h=
21319tk ©] W cone voltage®] W3lol| w2 23} 37
< 3l Clopyralidi= 14 VelA ] peak L7} WER
1315t kA #4814 cone voltage S Eoll A 4]
et AEAEs SsAz17] flste] MS/MS 4
Al MRM (multiple reaction monitoring) mode= +413}31
t}. Collision cellollA] collision energys Z=d3ste] 22|
precursor/product ion pairg A0, 7V £ AEE
HoJ= product ione % %¥|2(quantification ion) 2%, T}
wo® I AEE)E product iong gJ0le(qualification
ion) .2 AAste] I3t Kwon et al, 2008). ©1F7%
o] AHE-# formic acid o8& golsHA sto] EAEL
o] [M+H]" o244 W A& #4138t Clopyralid 9]
P FdE 5 A8E SIUHLIn eral, 2002). ¥ AT
9] #A 7)718A 22 Table 7¢l|, wA2zlelA A4€
54 o3} w5 AREE Table 8¢l Yehhgich

10 o
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Table 7 . Analytical conditions for the determination of Clopyralid

Condition

Content

Instrument

LC: Acquity UPLC (waters, Milford, MA, USA)

MS/MS: Xevo TQ-S (waters, MA, USA)

Chromatographic separation

Column Capcellcore ADME Cis (2.1 X 150 mm, 2.7 um)
Flow rate 0.4 mL/min
Injection volume 5 uL
Oven temp. 40 C
Mobile phase A: 0.1% formic acid in water, B: 0.1% formic acid in acetonitrile
Time (min) A (%) B (%)
0.0 95 5
. 0.5 95 5
- Gradient 3.0 5 95
5.0 5 95
7.0 95 5
MS/MS condition
Capillary 0.5 kv
Source temp. 150 C
Desolvation temp. 450 C
Desolvation gas flow 800 L/hr
Cone gas flow 150 L/hr

Table 8. Selected-ion of LC-MS/MS for Clopyralid

Compound Molecular weight Exact mass Precursor ion (m/z) Product ion (m/z) CE*
. 146° 17
Clopyralid 192.0 190.95 192 174 10
* Collision energy (eV), ” Quantification ion
Alggﬂ_o_l é‘% E—J gEO'F%I—I‘ﬁI i;gi\'m; Snilin 22 H?!\

Clopyralid 2] X184 (selectivity) %8, FA2] Al
5, B589E AU 398 AR ARnEIHS AR
Hlmgro Za Gk 4 Stk FAE] ARS8 Als
v e A w243 Ay, FAE AR F
Clopyralid®] %5 A7t} A of AsHl(m/z)7F 22
ol el EdE HEHA ko g HA F Clopyralid
S wAE] S8l 2 AlEHel e wele Ages 7

18 4 SISItHFig. 3). Matrix-matched 378
A4 (linearity) & ER1et7] $l5to] Clopyralid 3¢
e FAY FE=E 4] 0.001, 0.005, 0.01,
.05, 0.1, 1#8]3L 0.25 pg/mL 5 uLE LC-MS/MSell 74
o] ¥ A, FE NI BE =R, 2 1
%, O, du)) g Z2ge AAAFE) 0.99 o4ke
& AAE HolFoltHFig. 4).

AR gAY AdY 2L a898 Frsl] $lste]
LOQ, LOQ 108, LOQ 508 <=2 0.005, 0.05%} 0.25
mg/kg?] e FE% Clopyralid? 3|58 A3S 39S
2 Yl 7 sxollA Clopyralid®] B3t 3582
81.7-105.8 %°l™ FZFTA FolM= 89.5-105.8%, &%
A 108] Tl 86.7-97.8%, EEHAl 50u) oA

to X e

ol ©
-

10 w A

R I R R T T T T T
o 2

S0 3 S fln,

wwwwww T T TR T
i b 02 140 160 R 200 2B M0 OZED 230 00 M0 M0 A 3R ¢l

ST04 S i w:

D¢ S

Fig. 3. LC/MSMS chromatograms of Clopyralid stock
solution at (A) 0.001 mg/kg, (B) 0.005 mg/kg, (C) 0.01
mg/kg, (D) 0.05 mg/kg, (E) 0.1 mg/kg and (F) 0.25
mg/kg.
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Compounc rame:Clopyralid

nre\aunn aoeficient 1 = nee; 2, r2 0.998458

n cave: 14363 x+ 1102

me e tern 5t vea

Line: ,09 n Excluce, Weighting: 1 A trans: None

A

0T m T T ppb
010 20 30 40 50 6) 70 8 9 100 <10 120 130 140 150 ‘G0 170 160 190 200 210 220 230 240 250

| Area
Excluce, Weighting: 1/ Ais trans: None

o
¢ 300000 /
£ 200000 B

I3
100000

ok
Frmrrrre e T peb
0 10 20 30 40 5C 6 70 8 8 100 -10 12¢ 13) 140 150 -60 170 180 180 200 210 220 230 240 260

opyr:
ficien 0997332 2 0.994670

n a
Og E>c\ e, Weighting: 1/c A trans: None

300000
£ 200000 C
I3
100000
D Fprrrrrerrery T T ppb
20 10 20 30 40 5C 6) 70 8 9 100 <10 120 130 140 150 ‘60 170 160 190 200 210 220 230 240 250
2 0397285
zsponse ype e St /rea
e type in Exclade, Weigating: 15 Ais trans:Non
o 00000
& 200000 <
e —— T e ppd
91020 3) 40 50 30 70 8) 90 100 110 12¢ 30 140 1€0 16 170 80 130 200 210 220 Z3) 24C 280
lid
993908, 2 =0.897847
97729
| Area
Excluce, Weighting: 1/ Ais trans: None
402000

& 200000

e L LM ppb
-0 10 20 30 40 5C 6) 70 8C 9 100 10 12C 13) 140 150 “60 170 180 190 200 210 220 230 240 250

Fig. 4. Matrix-matched calibration curves on corresponding to:
Clorpyralid in (A) madarin (B)potato , (C) red pepper, (D)
soybean and (E) hulled rice

= 81.7-96.9%2] %ot §l TEE HolW, A5 Tl 4
o] A 71E 34& 70-120% HHeF AulEEAs)
= B 20% olst= Z\_A}E]ﬁ‘il-. Codex 70| =2kR1(Codex
Alimentarius Commission, CAC/GL 40, 2003)2] Zt&
oF ¥4 7oA ddiEsaabE AElEs >0.001 mg/kg
<0.01 mg/kg®l 30%, >0.01 mg/kg <0.1 mg/kg2| 20%,
>0.1 mg/kg <1 mg/kg?l 15%H.t} So} 7]Ee] st
ASASS .‘,ﬂ_/d‘jﬂoﬂ q}s} =0 z%d-/ﬂ z]]tsi/ﬂ asA g]-ol m
z]._[ETJLok HM 7]_,_01] x%zflo gLLﬁé ‘}F
LC-MS/MSE ©|&sto] s4k= 5% 5 thirel dvjel ot
Clopyralid®] 3584132 383 thFig. 5).

2 ATelA gt AFEH Al 9 7P E ol%
ato] AAl % Clopyralid 9] J&sHAl 9 HAEeAE 78 2
7 HaFEF] 000125 ng (S/N=3)°|%3 HEIA=
0.001 mg/kg % Webstth. J3FoAAl= 4% %

Table 9. Validation results of analytical method for the
determination of Clopyralid residues in samples

£ RSD (%)  LOQ

Fortification Ave.

Sample

(mg/kg) Clopyralid (mg/kg)
0.01 105.8 + 7.4
Mandarin 0.1 97.8 + 12.6
0.5 925 + 129
0.01 964 + 15.0
Red pepper 0.1 86.7 + 6.8
0.5 945 + 9.3
0.01 89.5 = 10.5
Soybean 0.1 87.0 = 12.1 0.01
0.5 817 = 1.0
0.01 100.5 = 6.0
Potato 0.1 96.2 + 10.6
0.5 877 £ 3.1
0.01 102.8 + 6.6
Hulled rice 0.1 88.5 + 104
0.5 969 + 4.9

°] 0.0125 ng (S/N=10)2.% o}f2] AAtalel] uwkel 0.01
mg/kg % LERSITE

2 %
7 A7 LC-MS/MSHE 28sto] skl e
pyridineZl8-2] A|ZA] Clopyralid®] HitA1H-e 53t
Aok B SAERE & 15 0F, 2R 9 s
474313131 acetonitrile®l] 93 FE¥ J¥-S QuEChERS
e WAt A oR ARgSkal LC-MS/MSE A3}
o SAYE Gkt Clopyralid®] g% A& 9%
4 24 2 gRsklon, A& = 0.001 mg/kg,
@% F(LOQ)E 0.01 mg/kgoliTh 7zt thE bw%oﬂ
g gk, X*%Fﬂlﬂ 100l 500 F=ollA B4&S 7
T3 Ay BE A skolA 81.7~105.8 %Tae L}E}LH
glom, RE *Zoﬂﬁ 20 % gk B o aE vehfe]
TS SISt 2 dtellx] g3 Clopyralidit
A 1EH, ﬂ?% A A A A A A
PGSR WA O wakEe] whet R O AR 7}
& ZoR Alsdrh

By
_>.i
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Fig. 5. Representative MRM (quantification ion) chromatograms of Clorpyralid on corresponding to: Soy bean (A), Hulled
rice (B) Sandard solution at 0.1 mg/kg (1), control (2), spiked at 0.01 mg/kg (3), spiked at 0.1 mg/kg (4), and spiked

at 0.5 mg/kg (5).
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