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1. [XL®HIC

Ut ZYRIIINVARF NV IEEGTHEVD L ROEIETHY (Fig. 1), 7R TYRNIIIG RS HEARSE 2]
RULESA, ORIV ABRES NSRBI TL2E8MONTNDY. AR 28 I/ Th &L LD L,
ENTEESN TODESAHEIRFIZL 7 TR NG ENHZENHERINTNDY . F7, F5AHERE K Y
TEIRREENE R P D7 TR OSHEE LTI, YRk 21 RS 28 R ICH W T/UR, B, /INEDIZ
IR a~ g T 7 5207 BEVE BT (LC-MS/MS) {E DSBS B L OV 4 M OREGR3 72 8~ E 8 TR
10 pgkg OFRBRITIEE L TIEEHERBRIEICINE S TODY. LnLanh, BHEFRo/7ae IR |
ng/kg FEEDIKREICE W THIEMIC L > TR EL S SEITHARH LML VRS &O /1
EZURZRE /T REZR S HTIE DS LR LS AL, SRk 29 R B ENLAT TR BA T8 15 N R 2E - B h PEZE BT BT e R
FECBWTER TR 2 pgke DL FOMFESAREIR T 70RO @R SHTE | (B5E) BBRSnY. £
72, BRNTATEC R N MR ETY B 2 iz 2 — (FAMIC) TlE, ZORBRIEIZOWT, F5ALUSNDE S A
FH Sl HEAE 2~ F #PHIE KA BRI, BB O Y VMR DT OB A FHEL 72 .

W2, ZOJFIEOVEREREM GRABR =M O HBR L) 0=, Hi@ilkta AV THEGUBR =KD 2% 4 M e
REFMLT=DT, TOMEERET 5.

2. MHRUAZE

1) XFERBRAFEH

FBSITWDHEAEZ 4 FEE (4 SAHERR 2 FikE, K SAHEIR L O S AHEIRS 1 FEE) K& OGRS BEE
BE 1 A 40 °C T BAERELL7-1%, HBIX 500 pum DAZ) — & @i+ 5 ETHREL, LIRS L THFER
B HREIE LT, 2O BIRSAHEIRE 2 FEOESAHEIIZZ o ZVROEH RO LI, TOMOFEHT
KBRS DGR PROENIRNRE Th o7, 2D, HFERBRBIRBREICB O TEA LW SRy
ZINU CHERIBRA I3 52 L L LTz,

EFER AREHIN 9 g 2RV =T LRI ANVEEL T, TN 40 BERRILZ. —XDOT7 74 Rk

VIRSTATEUE N RMOK EE B Z BN 2 — IR R A (BL) R A
2 MSIATBOE N RAMOK EEIH B e i o 2 — B R R A
P IRSTATBOE N RAMOKPETH B 2 ildfrt o 2 — IEA R 22 il GR) BAMOKEES  BASRRBUR
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Clopyralid
CAS No: 1702-17-6

Fig. 1 Chemical structure of clopyralid
2. MPRUAE

2) HRMAZRER

MRS TWE7aE TR ET B = N VIR L SRR DENZE N —EBEIRAL, 7EM=NAT
AR C 2 FHORE ORISR E AE L.

WINAARYERRIIA) 1.5 mL 2T AL T VT AR, —REOT TA RGBT 57280, 1) D 2 DIt
AR U Il L T2 52 A T VIS L, B0RRBR =B L7,

3) EERURBE
FRBRBICREL TS LC-MS/MS, HREIHE, Doy BlERE, w0y B, n—2)—x KL — 4 —,
~ =AU, REBRE IR —A L.

4) Y0EZVJFDAIE

(1) #h

SHTEER 5.00 g &2 - THRL M3 OERBAE 100 mL I AFL, KER(L TR AETE (40 g/L) — A% /—/L (1 +
9917 50 mL M., #REOHET 30 /3 MHRVIER 7. D%, #0718 1700 X g T 5 4y Doyl , Rk
=77 22 100 mL \ZRL7o. FREMIOKER(LT N D LVEHR (40 g/L) — A% /—/V (1 +99)% 40 mL SN %,
IRERET 30 0 MHRVIRE 7214, 13089 1700 X g T 5 /o fim Dol 7=, KEEE77A2100 mL 2% 4
ELT LR BB KA T T A M AR E ORI Ml L — TR G AL, FiW TR 4k O W% D D KEE
{EF NI LEEHE (40 /L) —AZ ) — V(1 + 99) THEIEIGEE LI Beik & [RIERIZWe 5| A U7, AR#E CRBRL T
N LR (40 g/L) — A% )=V (1 + 99) Nz ChilH ik & L7z,

(2) K 1

=N HT DETFTHOAR ) —/L 5 mL L OUK 5 mL CHLONIEEH L. 72 B 7722 100 mL &5 —h
Uy HT7 L0 FIZES, IR 10 mL 20— Ny P h T MIEREISNZ, BRI 2T TAFIO B
ETHE TR ST, &HITKERILTNY LE1E (0.4 g/L) — A% /—/V [(1+1)5 mL % 2 [8h — R BT A2
Mz, R HSET-.



LC-MS/MSIEIZ I DHEIL T D7 m e ZURORE  —HEmlBRIE D I [FFER Rk — 71

(3) K 2

B2 — Ny BT L& THTER=RN/L 5 mL K OWERE (1+120) 5 mL THEOIHELZ. MRz
40 °C LA F ORI T 5 mL L FETRIERML /=14, ¥ (1+11)3 mL 201z 7. 20, BMEL itk E 7
—RNy VBT AAMSHE, ECNITRE T TARI O Bl ET 2 E TS, 2297742 100 mL
3 (1+120)5 mL T 2 [BIGEHL, YR ZNAR 7 — )2 hinz, RICHERE (1+120) — 7 Eh=KJ/L[9+1]5
mL % OVK 5 mL ZNER 71— Ry Nz CHSeN i S 72, 2al 0 g O RS 10 mL 27—
YVATLD FITEE, 7 E=TH#R (0.0025 w/v%) — 7 ER=RL (9+1)4 mL 20—y T7 NI IERIC
Mz, 7aeZRZH RS T

(4) K 3

RHRIZKERIE T R T A (40 g/L)0.1 mL Z0N%, SEVEIF I —CRA L. TO%, Y/7arA¥ 2 mL
Nz, REBEIFH— T30 WRIEAL, 3.0/ 740 X g TKI 3 2 fhE DA BEL, T (PraniZ f@) %3
AV — WAy NCRRETDEER 2 BV IR U T2, FRo 7Kg IThilE (1+2) 0.15 mL 200 %, SRBREIF—T
RELZ. 2Dk, YranAz 2 mL Iz, REREIF— T30 BERAL, .07 740 X g T 3 43O
SEEL, TR (P 7anrZ @) /A — LRy NCRT I T 7 A2 50 mL I ANLLEEE 3 [FIRLT-.
MR LOBIEICBWT, FREIZFRILARTIEY A2 50 mL (A 7z, ZHUc7'he 5mL Z%, 40 °C LLF
DRI ETIFEAEHE T L E TRIERMEL 2%, BHRT AL k> TESET2. ZHUCEE (1+1000) 2 1 mL
Nz, EBE Vs A OGS I AEC L 0IR R U714, e DL 1.5 mL 12 L sl /] 8100 X g
T 5 MmO B L7z, B AT E LC-MS/MS OJITE AT M LRERATRE LT,

(5) Wik~ T T7 507 WWE ESHTFHIIDME

UBHA N Ok AR IR A S MR 2 LC-MS/MS IZTE AL, SBIREUSHH (SRM) 71~ M5 A2 1577
O SRM 7= N T AW DH A 5y DY — 7 i L@ 8% 3RO T B A /ER L, SEHATR HF & Bl 4y
BE2RD, Skt O e ZIROEE R L. 7ok, HIEICHT-- T, IEBFERERE (2017)8.2,0 THE
ZH L THERBRED LC-MS/MS #IEHIEICHE-T-.

08, EEEOMES Scheme 1-1 2 T8 Scheme 1-2 (Z/RL7=.
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| Sample 5.00 g | Centrifuge tube with screw cap 100 mL
<« Sodium hydroxide (40 g/L) —Methanol [1+99) 50 mL
| Shaking | 30 min

|
| Centrifugal separation | 1700x g, 5 min

| Supernatant solution | [Receiver, Erlenmeyer flask 100 mL]

(Supernatant solution)

(Residue)
<« Sodium hydroxide (40 g/L)—Methanol [1+99] 40 mL

| Shaking | 30 min

| Centrifugal separation | 1700x g, 5 min

Filtration under reduced Glass fiber filter paper
pressure [Receiver, Short-neck volumetric flask 100 mL ]

< Washing centrifuge tube and recidue, Sodium hydroxide (40 g/L) —Methanol [1+99]
< Sodium hydroxide (40 g/L) —Methanol [1+99] 40 mL (up to the marked line)

Extracted solution |

Oasis HLB column (1)

Purification (1
4 (1) (Wash with about 5 mL of methanol, then 5 mL of water in advance)

[Reciever, Eggplant-shaped flask 100 mL]

< Apply 10 mL of extract

< Wash 2 times with sodium hydroxide (0.4 g/L)-methanol [1+1] 5 mL
< About 5 mL of methanol

Evaporation | 40 °C, removed methaol
< Hydrochloric acid (1+11) 3 mL

Oasis HLB column (2)
Purification (2) (Wash with about 5 mL of acetonitrile,
then 5 mL of hydrochloric acid (1+120) in advance)

< Wash 2 times with hydrochloric acid (1+120) 5 mL with washed the flask beforehand
< Wash with hydrochloric acid (1+120) - acetonitrile (9+1] 5 mL
< Wash with water 5 mL

[Reciever, Centrifuge tube (screw cap) 10 mL]

< Eluate with ammonia solution (0.0028 w/v%) - acetonitrile [1+1] 4 mL

Eluate

Scheme 1-1  Analytical procedure for clopyralid in fertilizer
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| Eluate |
|
| Purification (3) |

< Sodium hydroxide (40 g/L) 0.1 mL
| Mixing | Vortex

< Dichloromethane 2 mL

| Mixing | Vortex, 30 sec
|

| Centrifugal separation | 740% g (2000 rpm, 165 mm), 3 min
|

| Clear underlayer | Pasteur pipette

Repeat 1 time

< Sulfic acid (1+2) 0.15 mL
| Mixing | Vortex

< Dichloromethane 2 mL

| Mixing | Vortex, 30 sec

| Centrifugal separation | 740% g (2000 rpm, 165 mm), 3 min
|

Pasteur pipette

S ling of underl
ampling of underiayer [Reciever, Eggplant-shaped flask 50 mL]

Repeat 2 times

<—Acetone 5 mL

| Evaporation | 40 °C
I
| Dry up | Nitrogen gas

< Formic acid(1+1000) 1 mL (Volumetric pippet)

| Transfer | Centrifuge tube 1.5 mL
[
| Centrifugal separation |  8100xg (10000 rpm, 72.5 mm), 5 min

| Supernatant solution |

| Measurement | LC-MS/MS

Scheme 1-2  Analytical procedure for clopyralid in fertilizer

5) #FRIREBRARABOHFERE

TUPAC/ISO/AOAC DHEHERER 7 b 1O DBEMBRIZHE Y, 70 TYROEH MG i L [FER
AEEESAHEIR 1, 2FSAMEIR 2 K OMKSAHENR) 235 10 3B SR EHY, 3 EHE 2% 2 ST T 4)
IZHESToHMT LT, 7235, AU O DI IZEH AND AT e EHE A S AHERE 113 4.00 g, ZOfthi% 4.50 ¢
el

6) HEEHER
PERIZSIMNUTZ 10 FBR=EEFEH L72 LC-MS/MS (ZLL FO#EY THY, ZNENOREREICHB WAL
10 FEHZ DWW T 4) IZHE> Tt LTz,
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Table 1 Instruments used in the collaborative study

LC-MS/MS

LC column
(i.d.xlength, particle size)

LC: 1200series, Agilent Technologies
MS/MS: QTRAP 4500, AB SCIEX

L-column2 ODS, CERI
(2.1 mmx150 mm, 3.0 um)

LC: Prominence, Shimadzu
MS/MS: LCMS-8060, Shimadzu

InertSustain C18, GL Sciences
(2.1 mmx150 mm, 3.0 um)

LC: ACQUITY UPLC, Waters
MS/MS: MICROMASS Quattro micro API, Waters

ACQUITY UPLC HSS T3, Waters
(2.1 mmx50 mm, 1.8 um)

LC: Prominence, Shimadzu
MS/MS: LCMS-8050, Shimadzu

Eclipse XDB-C18, Agilent Technologies
(2.1 mm>100 mm, 1.8 um)

LC: Agilent 1200 Infinity Series
MS/MS: Agilent 6460 Triple Quad LC/MS

ZORBAX Eclipse Plus C18
(2.1 mm>100 mm, 1.8 um)

LC: Prominence UFLC, Shimadzu
MS/MS: QTRAP 4500, AB SCIEX

L-column2 ODS, CERI
(2.1 mmx150 mm, 5.0 um)

LC: Nexera, Shimadzu
MS/MS: API 4000 QTRAP, AB SCIEX

InertSustan AQ-C18, GL Science
(2.1 mmx100 mm, 1.9 um)

LC: ACQUITY UPLC, Waters
MS/MS: Quatro Premier XE, Waters

ACQUITY UPLC HSS C18, Waters
(2.1 mmx100 mm, 1.8 um)

LC: Nexera XR, Shimadzu
MS/MS: QTRAP 4500, AB SCIEX

InertSustain C18, GL Sciences
(3.0 mmx50 mm, 2.0 um)

LC: ACQUITY UPLC, Waters
MS/MS: Xevo TQ, Waters

InertSustain C18, GL Sciences
(2.1 mmx100 mm, 2.0 um)

3. HRRUER

1) #EHBRASEMOHEEREE

EYEMERABR ORI AR DWW T, Cochran MUEICL DA IVEAERSMNL, —JCBLE D B HT A DRLNTH
FHEA Table 2 [RULT2. WAL FBHI I TS, OH TR UENR 72 (RSD) I ALBHEaRBR L © 0 224 A
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RBOTFNEITRL TODKIRE DL~ BT HOMTHIE D B 22 (CRID,) LN THY, FAEDS F 5L %Tlﬁlo
72ZED, HEKYE 5 %IZBWGREHRICE B2 ZITRO LTz, ZNHDZEND, &ikEHI Ik
BRICHWAZEN TR EMEAL CWAIEa R LT,

Table 2 Homogeneity test result of clopyralid
No. of  Mean" s’ RD.” CRD"  swp’ Soe  RDpur”

Sample 2) E value’?
sample ™ (ng/kg) (ng/kg) (%) (%) (ng/kg) (nghkg) (%)
Cattle manure compost 1 10(0) 180.31 11.88 6.6 11 2.02 12.05 6.7 1.06
Cattle manure compost 2 10(0)  2.70 0.28 10.4 11 0 0.28 10.4 0.43
Pig manure compost 9(1) 31.92 1.50 4.7 11 1.58 2.18 6.8 3.23

a) Number of the samples used for analysis; (): Number of outliers

b) Grand mean value (n=20=10xnumber of repetiton (2))

c) Standard deviation of repeatability

d) Relative standard deviation of repeatability

e) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers
f) Standard deviation of sample-to-sample

g) Standard deviation of sample-to-sample including repeatability  Spir = v Spp? + Sr2

h) Relative standard deviation of sample-to-sample including repeatability

i) F value calculated based on analysis of variance (ANOVA)

J) F critical value: F (9,10:0.05)=3.02

2) HEFERBERUNNIERE

KRB ENOHRE I e FIFRBR G A Table 3 1R LT, & RFID T REO S Foa TUPAC O3 [FIFRER
T aha S TREFHLEE L 7=, SMUVEZ 3572812 Cochran OFE K& Y Grubbs DR EZ FEhE L7-.
ZORER, 10 RBREORBREAR DD, 3 FIHDOREI TS 1 B UEE L THES .

3) BHTRERUVEMBEREE

SR IEA BRI TR BR AR J 0 B U7 M, DM TR EIR 7 (), DF TR MR HE(R 22 (RSD,) il & OVIE K}
SR BRIES 1T BT DO T X HER 22 (CRSDY) O H 223 ONZ 2 ] B BUAE HE(R 22 (sp) , =28 M1 P BLAH ST HE (R
7% (RSDR) K ONEAFERRBR LV I 361 2 2 1 BUAH S YE(R 72 (CRSDR) 0 H 2% Table 4 [Z/RL7Z.

7abZURDOFEEIEIL 1.20 pg/kg~128 pg/kg THY, FOHHATIEMERZZ13.0.06 ngkg~10.1 pg/kg, H1T
FERHE AR 7503 2.5 %~15.3 %, EFMHIUEERZIL 0.14 pg/kg~14.6 ngkg, =5 M AR HE MR 721X
11.4 %~17.6 % T -7=.

WO P TR R 72 (RSDy) S OV [ A BUMA SHZEHE( 72 (RSDR)  AERHE BBRIES O 2 Y MR O
FIAIRL TCODEIRE DL VIR DIFED B R D 2 {ELINTh 7o Zeh b, RIEOREE IXIFREBRIED
PERBRFA A MED ER RIS A L QDT LA R L=,
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Table 3 Individual result of clopyralid (ug/kg)

Cattle manure Cattle manure

Lab D" compost 1 compost 2 Pig manure compost
A 91.6 91.2 1.34 1.14 16.6 14.4
B 129 128 2.52 2.50 26.6 27.8
C 113 146 2.45 1.88 10.19 26.5°
D 166 157 2.18 2.45 26.0 33.2
E 115 121 3.38 2.14 22.3 19.5
F 138” 1617 2.63” 2.89” 30.0” 28.9”
G 100 85.0 1.48 2.00 15.6 12.0
H 129 134 2.45 2.69 23.1 22.8
I 153 155 2.16 2.17 20.5 23.8
J 127 121 2.72 2.44 21.7 19.5

. Poultry manure Composted sludge

Lab D" cgnpost It)"elrtilizer ¢
A 0.896 0.856 35.9 34.2
B 1.07 0.971 53.5 54.8
C 1.05 1.00 35.4° 53.0°
D 0.992 0.967 56.7 55.0
E 1.29 1.36 33 35.0
F 1.49” 1.5 62.7" 61.1"

G 04139  0.765° 35.2 33.4
H 112 1.13 42.0 425
I 1.23 1.14 54.3 56.8
J 1.65 1.84 60.9 59.3

a) Laboratory identification
b) Calculated value using m/z 110 for quantification
c¢) Outlier of Cochran test
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Table 4 Statistical analysis of collaborative study results for clopyralid

Sample Labs” Mean” s”  RD.” CRDS s’ RD’ CRDR"
p@) (ng/kg)  (png/kg) (%) (%) (ng/kg) (%) (%)
Cattle manure 1000) 128 10.1 7.9 1 146 114 2
compost 1
Cattle manure
1000) 228  0.35 15.3 1 0.40 17.6 22
compost 2
Pig manure compost 9(1) 22.5 2.31 10.3 11 3.43 15.3 22
Poultry manure 9(1) 120 0.06 5.0 11 0.14 12,0 2
compost
Composted sludge | 48.1 1.21 2.5 1 5.60 11.6 2
fertilizer

a) Number of laboratories, where p=number of laboratories retained after outlier removed and
(q)=number of outlier

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n=pxnumber of samples (2))

c¢) Standard deviation of repeatability

d) Relative standard deviation of repeatability

e) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers

f) Standard deviation of reproducibility

g) Relative standard deviation of reproducibility

h) Rough standard of relative standard deviation of reproducibility in Testing Methods for Fertilizers

4. FEDH

10 FBR =2 1236 T 5 FHE (10 7)) OHENE K OGRS B2 P TR R 2 Fh L, LC-MS/MS ¥AIZ X
HHERE R OB IR HEE IR E D70 U R ORI EIZ SN TR B RO M E(T-7-. FOFEE, 7aeIUR
DF-LIE 1.20 pg/kg~128 pg/kg IZHBWWT, M HIAHMEERZT 114 %~17.6 % Th-o7-. WTNo=
1 P LA ST YE {72 (RSDR) & IEAEHE BRERVES D 2 YRR O FNAI R L TOD KR E DL~ BT A
DB ZOFHANTHLIEND, RIEOREEILFRREBREOMEGEFMHAED ZRFEHIZH G L TNDIEN
ez,

S [FRRBRIC T I THE LT — Y IR AR EER 2B ARAR BV [ 5 A A B KB, —AxAEMIvE N B A
FE W R AT 2 —, —fRMEEAN B AR SRR EFEET, Y HEN BARR ST
=L EERTGERT, R R BR BT AT ZEAT, [EISLATFEPHSETE N 56 - R Gl PE S BN B P Jepins 26
B ASEIFIC B 2 — A BB REIR, ¥ — A L AR SR B T A ) A S~ — AR —
e d—, AARBRBER R AT ON 7 L — 7 O =il TR SR F AR 2o
HZ—DEAICHEEZRLET.
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Microanalysis Deter mination of Clopyralid in Compost and Composted Sludge Fertilizer by
Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MYS): A Collabor ative Study

Kohei ITO!, Kenji KOZUKAZ,Satono AKIMOTO?, Satoko SAKAIDA!, Mayu OSHIMA',
Nobuhito NAKAMURA! and Yuji SHIRAT'

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Food and Agricultural Materials Inspection Center, Agricultural Chemicals Inspection Station

2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Ministry of Agriculture, Forestry and Fisheries, Kanto Regional Agricultural Administration Office

A collaborative study was conducted 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 by retention and elution with a cleanup cartridge and by extraction with dichloromethane These
purification took advantage of characteristics that the behavior of elution varies between acidity and alkaline. The
clopyralid, was analyzed by LC-MS/MS. Five samples, respectively, were sent to 10 collaborators. These samples
were analyzed as blind duplicates. The mean values and the reproducibility relative standard deviation (RSDr) for
clopyralid were 1.20 pg/kg ~ 128 pg/kg and 11.4 % ~ 17.6 %, respectively. These results indicated that this

method has an acceptable precision for determination of clopyralid,

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

study

(Research Report of Fertilizer, 11, 75~85, 2018)



