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CAS No: 1702-17-6
Figure 1 ~ Structural formula of clopyralid
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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

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 |
|
. . trifugal ipitate t A) with
Centrifugal separation Centrifuga pr§c1p1 ate 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)



JEEHIFZE S Vol. 14 (2021)

112
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)

Centrifugal separation

Ground-in stopper centrifugal precipitate tube,
8000 x g - 10000 x 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 1-1  Operating conditions of LC-MS/MS

Column

Mobile phase

Flow rate

Column temperature
Injection Volume
Ionaization

Mode

Precursor ion
Product ion (1)
Product ion (2)

A silica gel column to which octadecyl chemically bonds

(2 mm~3 mm i.d, 50 mm~50 mm L, 1.6 pum~3.0 um particle diameter)
A: Formic Acid (1+1000) B: Methanol

0 min (5 % B)—5 min (60 % B)—6 min (95 % B)—7 min (5 % B)
0.2 mL/min~0.5 mL/min

40 °C

5uL

Electrospray ionization (ESI)

Positive

m/z 192

m/z 146

m/z 110
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Table 1-2

Example of parameter of MS/MS

Insturment

Parameter

Waters
Quatro Premier XE

Capillary voltage:
Desolvation temperature:
Desolvation gas flow:
Cone gas:

Cone voltage:

Source temperature:
Colision enargy:

1.0kV
400 °C

1000 L/h

50 L/h

24V

120 °C

(m/z 146) 20 eV, (m/z 110) 30 eV

SHIMADZU
LCMS-8045

Probe voltage:

DL temperature:

Heat block temperature:
Interface temperature:
Nebulizing gas flow:
Drying gas flow:
Heating gas flow:
Colision enargy:

0.5kV

150 °C

150 °C

400 °C

3 L/min

10 L/min

10 L/min

(m/z 146) 21 eV, (m/z 110) 34 eV

Agilent Technologies

Drying gas temperature:

350 °C

10 L/min
370 °C
12 L/min

6460 Drying gas flow:
Sheath gas temperature:
Sheath gas flow:
Nebulizing gas pressure: 50 psi
Fragmentor voltage: 80 V

Colision voltage: (m/z 146) 20 V, (m/z 110) 36 V

Table 1-3  Measurement operation of clopyralid
Product ion (m/z)" Indicated value
(1) (2) of the peakb)
m/z 146 m/z 110 Area
m/z 146 m/z 110 Height
m/z 110 m/z 146 Area
m/z 110 m/z 146 Height

a) Product ion that created the chromatograph
b) Indicated value of the peak used to calculate the amount

of clopyralid

4) HEFEBRARHOHEMSSR

TUPAC/ISO/AOAC D RERER 7 1 haL 12 OB MERBRIZHE S, 22 L EEBRH RS 10 306
EHERY, FEHI DX 2 ST T IS THbTLIz. 708, Al Him OREAE I EH 0 AN D o drakihi
1.8 g&bLiz. 7272, 7ubZUREOFE M FIEIL, 7mZ A4 (1) m/z 146 DHFEIZE STz,

5) H*RFER

FHERIZS LTz 12 3HBER= W NS L2 LC-MS/MS OFI K O LC 43 B 15 0% Table2 D EBYT
BV, FNFNORBEBIZBWTES L 12 REHZOW T )ITHESTE 2410 A 23 B 11 HERBE
T T5ZEELT2. 72383, Table 1-3 O3B LD ZENZEND TG R HRE ST,
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Y 7 (Sp4r) % Table 3 [RLTZ. EHIZ, IEREMERER L OIOREN CODE M HBUREFE O B %2 (CRSDR) & Y
ZIHBE I (G 1) U7 HEE = B BUR (R 7 (6 r) % Table 3 [TRLTZ.

BYEPEDHE T, IUPAC/ISO/AOAC DIZRERBR 7 oL 2 D FNEEZBEIZEM L=, £, Wk R0
W ETERE D728, Cochran ORMEEEMLIZ. ZTOFER, T COREHIB W UMUEIZERD BN
IRINSTeDT, ZIHD T AT DN T—JeBlE s BT a2 FE L7z, ¥IZ, ITUPAC/ISO/AOAC DErRE
B b L O+ EOHER (X 2) Z W THEEOH EEIT o7, ZOFER, 2 TOREFCHER
(K 2) 2L Q=2 ennh, EFRFBRHREIE L TSR EME AL QA EEMERL. 728, 50
7280, K 3L T TR EE 2 5 Lo sl B HE (R 72 (spap) Z R LIZEZA, WO ELGR LU T
T NSWVETH -T2,

6r = CRSDg X X/100 -GN D)
spp < 0.30, = 0.36x -+ (2)
Sb+r=\/Sr2+Sbb2 -+ (303)

Gr - HEE = ] A B E(R 2
CRSD g :NEBFEREBRIAI RS COD = A FF LR B (R BB MR R 22 (%)) D B %

X AeTEIE sy PFATEE HE(R 22
op UV EATO B BICE & LI R 2
Spp P EHAEIR VB 22 Sper : DHTREEE 25 ToRURH IR HE(R 22

Table 3 Homogeneity test result of clopyralid

Sample No.of %3 CRSDR” 6R%  s:® 0567  Swb” 03655 Sbir”
sample  (ug/kg) (%) (ngkg) (ngkg) (ng/kg) (ug/kg) (ng’kg)  (ng/kg)
Poultry manure compost 10 5.38 22 1.18 0.34 0.59 0.25 0.36 0.42
Pig manure compost 10 53.1 22 11.7 3.5 5.8 0.0 3.5 3.5
Cattle manure compost 1 10 129 22 28 3 14 1 8 3
Cattle manure compost 2 10 7.03 22 1.55 0.32 0.77 0.15 0.46 0.35
Horse manure compost 10 25.0 22 5.5 0.4 2.8 0.4 1.7 0.5
Composted sludge fertilizer 10 17.1 22 3.8 0.6 1.9 0.2 1.1 0.6

a) Grand mean value ( # = 10xnumber of repetition(2) )

b) Criteria of precision for reproducibility relative standard deviation in Testing Methods for Fertilizers 2020
¢) The estimated standard deviation of reproducibility calculated based on CRSDr

d) Repeatability standard deviation

¢) Parameters for the determination of repeatability standard deviation (sr)

f) Standard deviation of sample-to-sample

g) Parameters for the determination of homogeneity (sbb)

h) Standard deviation of sample-to-sample include repeatability ~ Sp+r =V S bb? + Sr2

2) HREBREERVIINERTE

FRBRENORE SN2 TN N O FFABRAGKEZ Table 4 (ZRLTz. & RFND 3 Hrakkl ot R4 TUPAC
DL RGBT B ha L 3 IV ZhE S TREFHEEL 72, SMUVEZE R T 572912 Cochran DIRE &Y Grubbs @
MELERMLTz. TORER, WTIDraeZUREO 53 HiE (Table 1-3) I8V TH 12 BRE DO/ HER DS
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Table 5  Statistical analysis of Collaborative study results
Measurement Sample Labs Meanc) K rC) RSD rd) 2x CRSD P SRg) RSD Rh) 2%xCRSDR
operation” p@)  (ugke) (ugky) (%) (k) (ke (k) (%)
m/z 146 Poultry manure compost  11(1) 5.30 0.73 13.8 22 1.50 28.4 44
Area Pig manure compost 12 50.3 2.8 5.6 22 9.1 18.0 44
Cattle manure compost 1 12 115 14 12.6 22 22 19.1 44
Cattle manure compost 2 11(1) 6.67 0.44 6.5 22 1.48 22.1 44
Horse manure compost 12 22.6 3.2 14.1 22 34 15.0 44
Composted sludge fertilizer 12 15.3 1.0 6.4 22 4.2 27.5 44
m/z 146 Poultry manure compost  11(1) 5.30 0.70 13.1 22 1.62 30.6 44
Height Pig manure compost 12 50.6 2.6 5.1 22 9.9 19.6 44
Cattle manure compost 1 12 115 15 12.8 22 23 20.2 44
Cattle manure compost 2 11(1) 6.53 0.49 7.5 22 1.45 22.2 44
Horse manure compost  10(2) 21.7 3.3 15.3 22 3.3 15.3 44
Composted sludge fertilizer  ]1(1) 14.4 0.9 6.1 22 3.0 20.5 44
m/z 110 Poultry manure compost  11(1) 5.25 0.61 11.5 22 1.48 28.1 44
Area Pig manure compost 12 50.4 2.5 4.9 22 9.3 18.5 44
Cattle manure compost 1 12 115 14 12.2 22 22 19.4 44
Cattle manure compost 2 11(1) 6.49 0.41 6.3 22 1.57 24.2 44
Horse manure compost  10(2) 21.5 3.1 14.3 22 3.1 14.3 44
Composted sludge fertilizer — 11(1) 14.4 0.8 5.6 22 2.8 19.2 44
m/z 110 Poultry manure compost  11(1) 5.19 0.63 12.2 22 1.26 24.3 44
Height Pig manure compost 12 51.2 2.5 4.9 22 9.9 19.3 44
Cattle manure compost 1 12 116 15 12.6 22 22 19.4 44
Cattle manure compost 2 11(1) 6.36 0.53 8.4 22 1.20 18.8 44
Horse manure compost  10(2) 21.7 3.2 14.9 22 3.2 14.9 44
Composted sludge fertilizer  ]1(1) 14.5 0.8 5.8 22 3.0 20.4 44

a) Upper column: Product ion, Lower column: Indicated value of the peak used to calculate the amount of clopyralid

b) Number of laboratories, where p =number of laboratories retained after outlier removed and (g )=number of outlier

¢) Average value after excluding outliers(n=The number of laboratories(p )xThe number of samples(2))

d) Repeatability standard deviation

e) Repeatability relative standard deviation

f) Criteria of precision for repeatability relative standard deviation in Testing Methods for Fertilizers 2020

g) Reproducibility standard deviation
h) Reproducibility relative standard deviation

i) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2020
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Microanalysis Determination of Clopyralid in Compost and Composted Sludge Fertilizer by
Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MS): A Collaborative Study

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

We conducted a collaborative study to evaluate LC-MS/MS for determination of clopyralid, in compost and
composted sludge fertilizer. Clopyralid was extracted with methanol under alkaline condition. The extract was
purified with a copolymer cartridge column and a zirconia coated silica gel cartridge column. We analyzed the
clopyralid by LC-MS/MS. We sent five samples, respectively, to 12 collaborators. They analyzed these samples as
blind duplicates. The mean values and the reproducibility relative standard deviation (RSDr) for clopyralid were
5.19 pg/kg - 116 pg/kg and 14.3 % - 30.6 %, respectively. These results indicated that this method has an acceptable

precision for determination of clopyralid. Copolymer cartridge column

Key words  clopyralid, compost, composted sludge fertilizer, LC-MS/MS, microanalysis method, collaborative
study

(Research Report of Fertilizer, 14, 109-122, 2021)



