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CAS No: 1702-17-6

Figure 1  Structural formula of clopyralid
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2) ¥EERUHRE

(1) K r7a~rrI7 5807 DE 53 H1EF (LC-MS/MS) : Waters Quatro Premier XE
7172 : Waters ACQUITY UPLC HSS C18 (N£E 2.1 mm, £ 100 mm, KifX 1.8 um)

(2) IRVIEEHE: TAITEC SR-2DW

(3) L4y EERE: KUBOTA 7 —7 /b hy 71 D 4000

(4) v—H)—=x R —%—: BUCHI R-200

(5) aRV~—H—hk)» A7 GL-Scienses InertSep HLB FF 500 mg/20 mL

Waters Oasis HLB 12cc (500 mg)

(6) Yna=7a—hrUh7 A7 Supelco HybridSPE®-Phospholipid (500 mg)

(7) #EEL oy BER: AS ONE MCD-2000

(8) ~=7a4—/LK: GL-Scienses

(9) HREBEIFY—: ASONE HEREIFH—TRIO TM-2N

3) HE

(1) 7K: JIS K 0557 IZHLETD A3 K. 72721, LC-MS/MS (T AT BHIRBERIC OV TIE A4 DK
L.

(2) 7Eh=RJ/L: JIS K 8039 7% 3K -PCB aER HFE (JRHE 5000) (& L7 A /v LF0 e fliE)

(3) AZ = (i -2V =Ty - R RS - PCB AR I 3E (IR A 5000) £721X LC-MS A (&
T AV LTFEHEER)

(4) A% /—)v (FEBERA) : LC-MS HFEE (& L7 A /V AREHtiSk)

(5) KEE{LFRU7 L JIS K 8576 HEfkakR (B H (k%)

(6) MEfZ: JIS K 8180 fE4 )& /3 R (8 L7 AV A F i H)

(7) 7rE=77K: JIS K8085 Hpfkad# (H #7472 28 %) (B L7 A/L LRl HE)

(8) EMWe: LC-MS HFEE (8 L7 A/ LG HIEE)

(9) 7 IUR: R EERBRARE(E L7 AV L)

(10) 7oE=TA(0.0028 % (H&EHH)): 7>oE=7/K0.1mL %Z/K 1000 mL (ZMNz5.

(11) 7rEJUREAER (0.1 mg/mL) : 7t TR [CeH3CLNO2J#) 0.01 g Z O EH & ILICEY, ZDH &
% 0.1 mg OHTETHE L%, VEOTER=RLTENL, £ETZTA2 100 mL ([ZB LA, EHRET
FIVABEZ N Z 7=,

(12) 7veZURNERERR (1 ng/mL) : 7o ZUREEAER (0.1 mg/mL) @ 2 mL Z 4 &7 7 A2 200 mL (2
L0, B ETT B =N AN Z 7.

(13) MEARH 7 7Y REEAER (100 ng/mL) : fE HRFICZ7 2 ZY REEMERR (1 ug/mL) D 5 mL Z 4
7723 50 mL \Z&0, FERRETEEE (1+1000) 2N %72

(14) BEHRHZae Y REHER (5 ng/mL~50 ng/mL) : FEMRH 7o' S FE ARG (100 ng/mL) O
2.5 mL~25 mL Z 4 &7 7 A3 50 mL ([ZBEFERYICEY, AR ETERE (1+1000) N2 7=,

(15) MEMH 72T NEAER (0.5 ng/mL~2ng/mL) : fREMHH 707U REEHER (10 ng/mL) O 2.5
mL~10mL Z 45~ 7 A2 50 mL [ZBPERIIZED, BEMETE R (1+1000) 200 % 72
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4) RERER{E

FBHA IR O (R R, 2V —2 7y 7 (D) B R O ) —2 77 (2) #:4F) 1, Scheme 1-1~
Scheme 1-3 (Z/RU7-. AEAEMEGERE (2020) 7 D 8.2.c DEH L, 7U—r7v7 (D) #EICB W TaR)~—%
Z N A T HREHA R 15 Doy BT A8 EE BN LU 7= (Scheme 1-2) . 7z, 2ARU~—A7 5L LT Oasis
HLB 23/REFU TV, InertSep HLB FF Z3B 1L 7-.

AREHZA N O AR ERR R A RS HE & LC-MS/MS (Z¥EA L, Table 1 OHIE M HE » TS
B (MRM) 70~ 27T L%572. 5507 MRM 27 0~ h 7T A0 BEKS O — 7 HfE4 KT
EAR AR L, RBHART O &ERD, srkthorsrevs ) Ro&EzHE N L.

2.00 g

analytical sampl 50-mL centrifugal precipitate tube (A) with a screw cap

< 25 mL of sodium hydroxide solution (40 g/L)—methanol [1+99]

Vertical reciprocating shaker

haking to mi ) ) . .
Shaking to mix (300 times/ minute, amplitude of 40 mm), 30 minutes
[
| Centrifugal separation | 1700x g, 5 minutes
[
| Put supernatant | Acceptor, 200-mL round-bottle flask (B)
(Supernatant)
(Residue) <Repeat procedures inside the frame 2 times>
< 10 mL of sodium hydroxide solution (40 g/L)—methanol [1+99]
Shaking to mix |
[
Centrifugal separation Centrifugal pr§01p1tate tube (A) with a screw cap
1700% g, 5 minutes
(Residue) (Supernatant)

| | Combine the supernatants
| Extract |

Scheme 1-1 Flow sheet for clopyralid in composts (Extraction procedure)



fEEBHIFZE RS Vol. 14 (2021)

102
Extract |
I
Concentration 40 °C, until the volume 3 mL or less, remove methanol, round-bottle
under reduced pressure flask (B)
< 3 mL of hydrochloric acid (1+11)
| Transfer | Reciever, centrifugal precipitate tube (C) 10 mL
|
| Centrifugal separation | 740% g, 5 minutes
(Supernatant)
(Residue) <Repeat procedures inside the frame 2 times>
< Wash round-bottle flask (B) with 5 mL of hydrochloric acid (1+120)
H' Transfer | Centrifugal precipitate tube (C)
|
| Centrifugal separation | Centrifugal precipitate tube (C), 1700x g, 5 minutes
(Residue) (Supernatant)

| Sequentially load the supernatant liquid

Copolymer cartridge column

Cleanup (1) (Wash with about 5 mL of acetonitrile, then 5 mL of hydrochloric acid

(1+120) in advance)

< Wash with about 10 mL of hydrochloric acid (1+120)—acetonitrile [9+1]

< Wash with about 5 mL of water
< 8 mL of ammonia solution (0.0028 % (mass fraction))—acetonitrile [9+1]

[Elute, 10-mL centrifugal precipitate tube (D)]

Elute |

Scheme 1-2

Flow sheet for clopyralid in compost and composted sludge fertilizers

(Cleanup (1) procedure)
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| Eluate |
< 2 mL of formic acid (1+1000)

| mix |
[

Zirconia coated silica gel cartridge column
Cleanup (2) (Wash with about 5 mL of acetonitrile, then 5 mL of formic acid
(1+1000) in advance)

< Wash centrifugal precipitate tube (D) with about 5 mL of acetonitrile
< 10 mL of formic acid (1+120)—acetonitrile [2+98]
[Elute, 50-mL round-bottom flask] (E)]

Concentration
40 °C
under reduced pressure
|
Exsiccation Nitrogen

< 4 mL of formic acid (1+1000)

Ground-in stopper centrifugal precipitate tube,

Centrifugal separation 8000 * g - 10000 * g, 5 minutes

| Sample solution | Supernatant
|
| Measurement | High-Performance Liquid Chromatograph/Tandem Mass Spectrometer

Scheme 1-3  Flow sheet for clopyralid in compost and composted sludge fertilizers

(Cleanup (2) and measurement procedure)

Table 1  Operating conditions of LC-MS/MS

[LC conditions] ACQUITY UPLC
Guard column: Inertsil ODS-SP HP (3.0 mm I.D., 10 mm L, 3 pm)
Column: Waters ACQUITY UPLC HSS C18 (2.1 mm [.D., 100 mm L, 1.8 pm)
Mobile phase: A: Formic Acid (1+1000) B: Methanol
Gradient program: 0 min (5 % B)—5 min (60 % B)—6 min (95 % B)—7 min (5 % B)
—12 min (5 % B)
Flow rate: 0.4 mL/min
Column temperature: 40 °C
Injection volume: 5 pL

[MS conditions] Quatro Premier XE
Capillary voltage: 1.0 kV
Desolvation temperature: 400 °C
Desolvation gas flow: 1000 L/h
Cone gas: 50 L/h
Cone voltage: 24 V
Source temperature: 120 °C
Precursor ion: m/z 192
Product ion for determination: m/z 146 (Colision energy 20 eV)
Product ion for for validation: m/z 110 (Colision energy 30 eV)
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3. BMRRUEER

HEIEFE R O/ TR ORBHAK OFHR O FNEEL T, KEE(L TR T 2OKEIK (40g/L) — A% ) —
N9 T L7284, R D AZ ) — Ve /KL —Z TR\ 1%, Mg (1+11) 2 Mz CThd. 20
B, ¥R pH ST VI UMENDIRIEICE LT DI END, BEAREY T B SUIILE N A TS, ISR
EDTIXZDORR DO EaR)~— =R o T MART D720, BB TLO EHOT 42— (A
3G ED, INE K O EBRAEZ N2 T 3UBHA IR ST B3R T L7e< 2 FHI A B RSz,
ZD7=, AR~ —A1—K v 717 25 (0Oasis HLB 12¢c (500 mg) ) (ZE i 250 EHETR 2 8 B U sd 1047 Hife
THIEU. ZORERBEIZIY B R EV T B0 TBIRES V03, T SUIINE T 28 EIInETh o7,

ZDTEDD, [FEEOMEEEH T 2VY — =R EDOKREN (T4 F—DREHEOKEN) R ~—H—hR
> 77 2 (InertSep HLB FF 500 mg/20 mL) 2 FW\ T H ARV F TR T2 7 IEO B EOF A Z 35780, RO
et & FE L7z, 15IRBEEIEEHZ 7o TR ELT 40 pgkg FYBEZRIMUZEE VT, InertSep HLB
FF X% Oasis HLB % W g BB EIZ L0 ENZ 1 4 s T CONTLT-RE % Table 2-1 \Z/RL, FRRE
(XD HERHIL, ¢ MEICED EEMEDO AR L7 (Table 2-2). A& & OBE ORI~ —h—K) w7
T L% W2 BT EO AL 36.6 ng/kg &N 75.7 pglkg THY, TNLOIEERZEL 1.7 ngkg KT 0.6
nglkg Th-olz. BT, FHoHMELMER L%, FEZ R LI AR BERZITRRObNRD o7z, e,
InertSep HLB FF Z W2 R SHRAEIZ LD 3 T E OB EIUER 1T 73.2 % THY, IEEHERBRIEI RSN T
WDEFED BAE (70 %~120 %) Z357-L Tz,

2 A OAR) =N — P AT L& AN Wk R OB S ML R T 5720, FIEMOika EfiL
7. OasisHLB Z W TR L AT L T/rEZUREL T2 pg/kg UL BRI L7 HEAES5E 4 AV, InertSep HLB
FF Z W TRHERL 7aeZURZ 5L, Bl O HrEIC 3 5% FH O OB % Figure 2 (7 vk
L, BN ER K DT RIXK A2, F72, £ R ESRO BRI RENSDEIFARIED 95 %51
X R N AH BEFR %% Table 3 IR LTz, ZORER, WTH O/ 3T A—24 JREHE BRSO D HE
TEILYE (X (b)) D 95 %(EHEXMIC 1, U1 F (a) D 95 %IEFEIXEIC 0 238 £, BRI ()23 0.99 L
) &=L T,
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Table 2-1 Comparison of purification procedure with different

copolymer cartridge column (ng)

Analytical value of clopyra]ida)

InertSep HLB FF” Oasis HLB”

1 37.8 38.1

2 38.2 37.0

3 35.6 38.3

4 34.8 37.9

Mean value (m) 36.6 37.8
Standard deviation (s) 1.7 0.6
Recovery rate (Unit: %) 73.2 75.7

a) Composted sluge fertilizer spiketed 50 pg/kg as clopyralid
b) Considered copolymer cartridge column

¢) Conventional copolymer cartridge column

Table 2-2  Statistical analysis for evaluating trueness

Calcurated value Critical value
F-test  Varyance ratio 8.17 9.28"
t-test  t-value 1.38 2.45b)
a) F(3,3;0.05)
b) ¢(6;0.05)
150 -
%}J 125 +
= 100 |
)
=
s L
£ 75
a
2
© 50t
25
0 v 1 1 1 1 1 )

0 25 50 75 100 125 150
Clopyralid (O) (ug/kg)
Figure 2 Comparison between analytical values purified with InertSep HLB FF and Oasis HLB
Clopyralid (I): Analytical values purified with InertSep HLB FF
Clopyralid (O): Analytical values purified with Oasis HLB
Solid line: Regression line,  Thin line: y=x

Dotted lines: Upper and lower limit 95 % prediction intervals
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Table 3  Evaluation of regression line for comparison of clopyralid analysis values

with two types of cartridges

Coefficient” Slope (b) 0.137
Intercept (a) 0.968
Correlation (1) " 0.994
Range of slope (b )C)d) Lower limit 0.911
Upper limit 1.025
Range of intercept (a )C)e) Lower limit -0.361
Upper limit 0.634

a) Regression equation: y=bx+a

b) The recommended criteria* of correlation coefficient: » > 0.99

¢) The 95 % confidence interval

d) The recommended criteria* of coefficient of range of slope:
One is included in the intercept range.

e) The recommended criteria* of coefficient of range of intercept:
The origin (0) is included in the intercept range.

* The criterias shown in Testing Methods for Fertilizers (2020)

4. FEo

HRE RO 7ae VRO FIEIZBEW T, RBEOFIHO—HEZL R L, {EkOaR)~—T—h
U (Oasis HLB) E[FIEEDIEREE 7D InertSep HLB FF Z4# 425550 1 5B I DWW CORZ Y A B —3R
BB ICLVRRER LT L2 A, IROFER I GLITZ.

(1) aR)~—A =Ny AT LD RBAE TR BT LD L OT7 A NVE—ZBERE DG £58
503, AT 2REHRR 2 H LN U E Ly 52 Llc kg sz,

(2) VBIRFEEEEEHZZ7ae T RELT 40 pg/kg F8Y4 &2 L72308 % - C, InertSep HLB FF X
I% Oasis HLB Z W RERIEREICIVENZ N 4 SOMT TOM LR R, AERETRDLNR) -
7.

(3) Oasis HLB Z W THRIL ML Co/rETUREL T 2 ng/kg~121 pg/kg LA R H U 7= HE R 45 % H
VY, InertSep HLB FF # H W THRL 7a VR &2 G L7of Ra2BlR o LimE 25, MBESRE (r) 2
0.994 THY, WiH O A EIZ—EHL TV,

INODOREREEZ, ARV~ —D—N) P IT L LHRE MEREIZ W TEUBHA IR O 12 .0 57 B 45
TEZBINL, BEfFOar)~—a—k v BT AOMIZ InertSep HLB FF 2 & 521, == MRk
O DT OFREHE IR O TR FNEAVERR LT,

X ®

1) BEMOKER 7neZURDBRRLEEDN S ETREE DI AR
< https://www.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-54.pdf >
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2) [EINCHFFEBHEIE N SR - B b PEE BT RS B B FERRAR - DL N ONHENRIZ AR 3 DB A (7 e ZUR)
il P E L L F RO R~ == 77V (5 2 if)
< https://www.naro.go.jp/publicity report/publication/files/clopyralid ver2.pdf >

3) BAASCHL, NARFIR, AR, ARG ks u~hr o7 507 ZUE 855 8rat (LC-MS/MS)
BEIZLDHENE K G IR IRt o 7a TR, 78 TUR K 7a7 AOHIE, IBEHFZEHRE, 7, 1-9
(2014)

4)  [EINIWPIERRTETE N - B S PE S EAT R S WP IO R BRI A B e o — R S AMEIE T e
UR DR EE 3 ATiE (Z515) (2017)
< https://www.naro.go.jp/publicity report/publication/files/clopyralid_analysis 1.pdf>

5) OHEERE I, NEEER, FILES, A ks u~ b 7 207 WE RS (LC-MS/MS) 1AI2 8D
HEREE T O7ae ZVRORE  — RO HEEPHILR —, JEBHFEEE, 11, 63-74 (2018)

6) HAME, NEEE, ARG RIK I a~ T T 20T NE R HT (LC-MS/MS) IEIZ LD HENE S H1 o>
7aeZUROREEOS R, JERHIFZEHR TS, 12, 69-83 (2019)

7) REMOKPEIHE Z 22— (FAMIC) : IEEH B E  (2020)
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2020.pdf >

8) MEEED, AHMIE WKk u~ T T7 507 DB w it O HEEF T o7 ZURD 55
Hr — SERIL R L2 2 Y MEfERR —, TEEHFZE |, 14, 109-122 (2021)
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Microanalysis Determination of Clopyralid in Compost and Composted Sludge Fertilizer
using Liquid Chromatograph-Tandem Mass Spectrometer (LC-MS/MS): Improvement of
Purification Operation

KATO Madoka ' and SHIRAI Yuji !
' Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

The analytical methods for clopyralid in compost and composted sludge fertilizers described in Testing Methods
for Fertilizers (2020) are as follows. Clopyralid was extracted with methanol under alkaline condition. We purified
the extract with a copolymer cartridge column and a zirconia coated silica gel cartridge column. Clopyralid was
determined using Liquid Chromatograph-Tandem Mass Spectrometer (LC-MS/MS). However, there were cases
where contaminants in the extract clog the filter of the copolymer cartridge column. We improved a part of the
purification operation procedure and examined the performance of InertSep HLB FF (Column size 500 mg/20 mL),
which has the same function as the conventional copolymer cartridge (Oasis HLB 12cc (Column size 500 mg/12
mL)). We compared InertSep HLB FF and Oasis HLB using the analytical values purified by loading the

centrifuge sample solution. As a result, the analytical values were in agreement in the range of 2 pg/kg to 121 pg/kg.
Key words  clopyralid, compost, composted sludge fertilizer, LC-MS/MS, copolymer cartridge column

(Research Report of Fertilizer, 14, 99-108, 2021)



