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Clopyralid Aminopyralid Picloram
CAS No: 1702-17-6 CAS No: 150114-71-9 CAS No: 1918-02-1

Fig. 1 Chemical structure of Clopyralid, Aminopyralid and Picloram
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T—BeEFEZL72#%, HBHE 500 pm OAZY— a2l 3 5 E ThL, i Haleke Lz,

2) REFDRAH

(1) 7rbEJUR, TIETIR KO 707 MERER: 7ee T NERER (5 & 99 %, Dr.Ehrenstorfer
GmbH), 73I/EFUREEHEN, (& & 99 %, Dr.Ehrenstorfer GmbH) } N7 105 L HE L (G B 98 %, Fitit
T EMA S 7 BRI M) 10 mg 2 EfEIZE->TaE 77 A2 100 mL (2 AL, 7ER=RILZINZ T
WL, FHEYERRZ TR 72 (ZOHKR L mL 1345 23K 100 g 25 A 35) . L C, SIERFIRO—E
FA X (1+1,000) TIEFEICARL, 1 mL FICAEIEL TEIZEI 05~1,000 ng 25 A T HIR AR UER A
TR 7.

(2) BRI AY 7—: LC-MS % V-,

(3) HEUEIHRLN T2 h=RL: FRRE R A T F RS 2 V.

(4) Rt L COD LS ORI DTtk FV e,

3) BEERURE

(V) ik ra~ 777507 DRVE ESHER(LC-MS/IMS) : Waters  Quattro Premier XE
S 2 Waters  ACQUITY UPLC HSS C18(N#% 2.1 mm, & 100 mm, #7£% 1.8 um)

(2) #RESHE: iuchi AW-1

(3) =B : KOKUSAN H-26F

(4) m—#)—=x KL —%—: BUCHI R-200

(5) H—K)wT 72 : Waters OasisHLB 6¢c(200 mg)

(6) MLy EfER%: ASONE MCD-2000

(7) ~=A&—/LR: Waters

4) FERRME

(1 #

IMrakER 5.00 g &I o THede = 75 22 200 mL (2 AL, KER(L TR 23R (A wivde) 1 mL O
A= 99 mL &Mz, 30 HIRVIEE . =D, HkeiE OrbEE 50 mL ICHE &L, 3,000 rpm
(1,300%g) T 5 7z Doy BEL C L AR AR S LTz,

(2 ¥ %1

=N P HT DT AR )—/L 5 mL K OVK 5 mL CHCONIEEH L. 7 d 7T 2350 mL 20—k
CATLOTFICEE, I 5 mL 24 —R oY hT7 MIIEMICINZ, LN AT CTAAID e 4
HETIHEHEE T, SHITKERLT N AERIE (0.04 Wivde) — A% /—/V[1+41]5 mL % 2 [8] 7 — R P HT BT
Nz, RIS S,

) K #2

2 —N o7 2T EN=F/L 5 mL KU (1+120)5 mL TR0 L. iz
40°C LA F ORI T 5mL LA T ETRERMEL /1%, W (1+11) 3mL ZINZ 7. 0%, IMEL -tk a5
—Ny PN T AA RS, HNITIK AT TAAIO Bl ETHE TS E7z. AR (1+120)5
mL T 2[\FL, BERZNRR AT —R) Yy H 7 M A, RICHEFE (1+120) — 7 2h=hJ/L[9+1]5 mL & UVK 5
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mL ZER 7 —R) > T LINZ TGRS S 2, RET7T7A35mL 20 —MN oy hT7 L0 FICES,
T =TI (0.0025 W) — 7B h=RIL[9+1]4 mL A — Ry P AT MMIIERECINZ, BRI E
7z, X (1+1,000) TERLIZt., 7 TAF v 7ilm0 i 1.5 mL (2 A4, 10,000 rpm(8,000xg) C 5 47 i
wD T EEL, B AR A REHAIR S L.

(4) Wik ra~r o727 DRVEBSITEHC L DHIE
AUBHRIR M ONEBEYETR S 5 L 2k a~ 757 4205 DAV B3R (LU FTLC-MSIMS &), ) 1T
HEAL, Table 1 & O Table 2 OHIERIFITHES GRS HZ7 -~ T 58 (LLTFISRM 7~ 7T 2

9. ) BRI,
Table 1l Operating conditionsof LC-MS/MS
Column Waters, ACQUITY UPLC HSS C18 (2.1 mmi.d.x100 mm L, 1.8 um particle size)
Mobile phase A: Formic acid (1+1,000) B: Methanol
0 min (5 %B)—5 min (60 %B)—6 min (95 %B)—7 min (5 %B)
Flow rate 0.4 mL/min
Column temperature 40 °C
| onaization Electrospray ionization (ESI)
Mode Positive
Desolvation gas N2, 400 °C, 800 L/h
Cone gas Ar (50 L/h)
Capillary voltage 1.0kVv
lon source 120 °C
Table2 MS/MS Parameters
Product ion Collision energy
Agricultural  Precursor for for Cone for for
chemical ion quantification identification voltage  quantification identification
(m'z) (m/z) (m/z) ) (eV) (eV)
Clopyrdid 192 146 110 20 20 30
Aminopyralid 207 161 189 22 22 16
Picloram 241 195 223 28 22 16
5) & H®

S5 SRM 7~ T ambruat’ 7R, 78 IUR KO /a7 A0 — 7 HiEE KD TR ERZTER
L, REtF oL EEREZHH L.
0k, EEEOMES Scheme 1 (Z/RL7T-.
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| Sample 5.00 g | Erlenmeyer flask( with stopper) 200 mL
< Sodium hydroxide (40 g/L) 1 mL
< Methanol 99 mL

| Shaking | 30 min
| Centrifugal separation | Centrifuge tube 50 mL (3,000 rpm), 5 min
| Refining 1 | Qasis HLB column

—Prewash the coluumn in order of methanol 5 mL and water 5 mL
< Sample solution 5 mL
< Wash 2 times with sodium hydroxide (0.4 g/L) —methanol [1+1] 5 mL

| Evaporation | Remove methanol
«—Hydrochloric acid (1+11) 3 mL
| Refining 2 | Oasis HLB column

—Prewash the coluumn in order of acetonitrile 5 mL and hydrochloric acid (1+120) 5 mL
<—Apply concentrated sample solution

«—Wash 2 times with hydrochloric acid (1+120) 5 mL with washed the container beforehand
«—Wash with hydrochloric acid (1+120) —acetonitrile [9+1] 5 mL

—Weater 5 mL

< Eluate with ammonia solution (0.0025 w/v%) — acetonitrile [9+1] 4 mL

<« Formic acid (1+1,000)

| Fixed volume | Measuring flask 5 mL

| Ultracentrifugal separation | 10,000 rpm, 5 min

| LC-MS/MS |

Scheme 1 Analytical procedure for Clopyralid, Aminopyralid and Picloram in fertilizers
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Fig. 2 Cadlibration curves of Aminopyralid and Picloram by their derivative
peak areasin selected reaction monitoring chromatograms
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DRI -3 UBHANK 5 uL % LC-MSIMS IZIEAL, E&ZIHT A~ OF BERLI-LZA, EEEYIET
HE—IIRBH LIRS T.

4) h—RIyPhSLDOBELES DR

T1—=N) T WD TR IR ORI BT 2 MET a1 T o7, K E3EEL TRk 50 pg/kg AH4 &
LIRD IR EIEER TR, 2.4) D (3) DIFH 2 ITHEV, TE=7 1k (H &35 0.0025 wivde) — 7k
=RUL[9+1]20mL N %, 4% 4 mL ZEDOUEH By RO & REARE L. ZOfER, Table 3 DL, &2
T OmL~4mL IZIEHL, ZALLREDE 5y ~DOE TR SN2 ) o7,
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Table3 Elution pattern from cartridge columun @

Agriculturd Fraction volume
chemical ” 0~4mL 4~8mL 8~12mL 12~16mL 16~20 mL Tou
Clopyralid 89 0 0 0 0 89
Aminopyralid 87 0 0 0 0 87
Picloram 96 0 0 0 0 96

a) Mean Vaue(n=3)
b) Each Pesticide spiked a each 50 pg/kg in the sample

5) AFA LIS - 1A LREZ R DOIRET

IHTHERRIC BT D~ N 7 AL DA A AN - A A AR ERN R DB O F I T 28 & T o 72,
FJEFELLT 50 ng/mL 25 A T HIRAIEMEIRE, FHHEN X O3S A5 TREILEE 2.4) (D26 ()1
TEWTHRL 728 HR I A5 =38 E LT 50 ng/mbL 72 A JOIRAIEEIR Z IR L T-s ik &%, 2.4) (4) I THIEL L
B L7248 ST Table 4 LRV THY, Zhb% Welch D t UEE A B /KHE S W% TIT-o72825, st R icH
BRI Lot

Table4 Confirmation of sensitization or desentization effect action by sample solution

) Spiked Recovery of Recovery of
Agricultura 3 . ayb)
Sample - level standard sample solution
chemica
(ng/mL) (%) (%)
Clopyralid 50 105.6 103.1
Cattle manure compost Aminopyrdid 50 101.5 100.8
Picloram 50 102.7 108.2
. Clopyréid 50 105.6 106.6
Composted sludge fertilizer : i
P - g Aminopyralid 50 101.5 100.3
containing cattle manure _
Picloram 50 102.7 101.0

a) Mean Vaue(n=3)
b) Spiked standard in sample solution

6) FHhnEIELER

PHEHEAE (2 FESE) , RS AIGIRFBRACEL (2 ) KOS /G e R EEIE R (L) (12, Z7ae'JUR,
TI/ETIR KO 707 5L TENEI 40 pglkg, 400 pg/kg K O 1,000 pg/kg ARG =RANL, — & RE %,
AIEZHEST 3 EPHT O EATV, FHNT-Z O SEHI R K O TH AR HE R 224 Table 5 1R L7z, 71
EZURDOFH RN R 74.7 %~114.2 %, ZNOO P TR MR 22 (RSD) 1% 1.2 %~10.7 %, 7I/EZUR
DR EINERIT 71.2 %~104.5 %, EHHDOPHTHXHEHER 72 (RSD) 13 1.1 %~10.2 %, £'27m7 ADF-H)[HE]
INERIE 72.7 %~117.6 %, EALHLD P THXHE R 2 (RSD) 1E 1.1 %~9.2 % Th-o7-.

7) EETRERUKRETR

FHHENE N RS A IGIRBERIEEZ T, 7 ZUR, TIETVR R 7aT L8 L TENER 20
uglkg FRYEHINL, —B&IER, AIEICHE-ST 7 fOMTRBREZ ZEM L E & T IR& O T IROFERRZ1T -
<. ER T IRIT GEUERZE) x10, £72, Bth T IR (R HER Z2) x2xt (n-1, 0.05) L TRESNDHD T, AIEDTE
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i MR A O T RRIE 10 pg/kg FREE & TY 5 pglkg 2 5 LHE e S 7z (Table 6) .

Table5 Accuracy result and repeatability precision

Spiked level Clopyralid Aminopyralid Picloram
Sample
(Mgk9)  Recovery® RSD” Recovery® RSD”  Recovery? RSD”

1,000 82.8 3.2 78.3 7.3 87.9 3.7
Cattle manure compost -1 400 114.2 1.2 104.5 3.7 117.6 15
40 95.7 2.6 83.0 34 75.5 57
1,000 82.3 3.3 80.8 4.0 84.4 2.7
Cattle manure compost -2 400 90.1 3.8 81.0 3.3 88.7 11
40 101.3 6.5 83.5 4.7 83.0 2.7
Composted sludge 1,000 819 49 816 87 9.0 24
fertilizer 400 111.2 2.5 94.6 4.4 97.1 2.8
containing cattle manure-1 40 865 107 712 26 827 92
Composted sludge 1,000 89.0 41 781 11 865 23
fertilizer 400 81.6 51 94.0 1.2 99.2 34
containing cattle manure-2 40 747 52 975 26 727 86
Composted sludge 1,000 823 15 816 87 90,0 24
fertilizer 400 91.4 45 95.1 2.0 105.0 3.6
containing pig manure 40 765 4.2 895  10.2 27 24

a) Mean Vaue(n=3)
b) Relative standard deviation

Table6 Cdculated LOQ and LOD vdues (Lg/kg)
Agricultura . ) b) o) d)

Sample chemical Spiked level  Mean s LOQ LOD
Clopyralid 20 14.9 1.3 13 5
Cattle manure compost ~ Aminopyralid 20 14.0 11 11 4
Picloram 20 16.5 0.8 8 3
fertilizer Aminopyralid 20 14.8 11 11 4
containing cattle manure Picloram 20 18.9 1.4 14 6

a) Mean Vaue(n=7)
b) Standard deviation
c) sx10

d) sx2xt(n-1,0.05)
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(0.0025 ng~0.5 ng) DHPH CTEARIEE R L.
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3) AR CRUBLP 50 pug/kg FY LB LIRS ﬁﬁ«ﬁz%;ﬂ%bﬁﬁ Ny Y BT KZARL, T%E
=7 HIR (0.0025 wWivde) — 7 Eh=RU/L [9+11Z XD B 5 R O & E3EA R E L2225, K R23KIL 0 mL~
4mL IZIRHL, FRLIEOE S ~DOVE T RSN~ T,

4) ST ER BT B~ Ny 7 R DA A AN - A A AVREN R OO F T ONT, K EIEEL
T 50 ng/mL #H Y4 &4 &0 T ORATEHERE, FHAN N O35 A 15 IE R IR R R R 2 & =g e L
T 50 ng/mL FHY B L7 D OB B IEER A RN LTI & & LR LTS S, B2 ZE TR0 DL o7,

5) 2 fEEDFIHEN, 2 FREEOA S A TG TEREEIEE L O 1 RO KIS A 1HIE RN DUV TR
BEIZHEV, 707K, TI/ETYR RO 7T A0 E A #7535 40 ug/kg, 400 ug/kg K O 1,000 pglkg 1278589
(CESIN AN BN ERER 2 S5 L 7o 5, IR T 71.2 %~117.6 %, & O OF T HE L 1 3RH o 122 HE {72
(RSD) £L T 10.7 %LL FCTdH-7-.

6) AIEOHEE K NBIRFEREILEL R O 7aeZUR, 7 e TR RO 707 AOE & T IR & O FRRIZ
10 pg/kg FEE KON 5 pg/lkg FEEE L HEE STz,

ARIEL, B BREICLDRBRIEOZ S EDN RS- 2800, 2013 ERE IRt S D% i#EE =
T RERFERBRIES I 2B R L O #E S

X |
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Deter mination of Clopyralid, Aminopyralid and Picloram in Compost and Composted Sludge
Fertilizer by Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MYS)

Hisanori ARAYA?, Toshiharu YAGI?, Yoshimi HASHIMOTO? and Yuji SHIRAI?

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

An analytical method for simultaneous determination of agricultural chemicals (clopyralid, aminopyralid and
picloram) in cattle manure compost and composted dudge fertilizer containing pig or cattle manure by liquid
chromatography electrospray ionization-tandem mass spectrometry (LC/ESI-MS/MS) was developed. The
agricultural chemicals were extracted with methanol under alkaline condition. The extract were purified two
times with copolymer cartridge columns on different pH conditions, and analyzed by LC/ESI-MS/MS. The LC
separation was carried out on a C18 column using solvent gradient with formic acid solution (1+1,000) and
methanol as a mobile phase. The determination was performed in selected reaction monitoring (SRM) mode. As
aresult of 3 replicate analysis of 5 fertilizer samples (2 kinds of cattle manure compost, 2 kinds of compost
sludge fertilizer containing cattle manure and 1 kind of compost sludge fertilizer containing pig or cattle manure)
spiked with each agricultural chemical at 40, 400 and 1000 pg/kg, the mean recoveries and the relative standard
deviations (RSD) were 71.2 ~117.6 % and 1.1~10.7 %, respectively. On the basis of 7 replicate measurements of
spiked samples, the LOQ values were about 10 ug/kg as agricultural chemicals in the compost or the fertilizer.
Those results indicated that the developed method was valid for the determination of these agricultura
chemicals.

Keywords clopyralid, aminopyralid, picloram, compost, composted sludge fertilizer,
liguid chromatography/tandem mass spectrometry (LC-MS/MYS)

(Research Report of Fertilizer, 7, 1~9, 2014)



