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CASNo: 1702-17-6 CAS No: 150114-71-9 CASNo: 1918-02-1

Fig.1 Chemical structural formulas of clopyralid, aminopyralid and picloram
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2. MHERUAZE

1) #REBRAEM

MRS AL TN D 2 FFHOHENE K OF 3 FEHADIHIEFEEENLEL (B35 A) 4 40 CT—BEEL-1%, HBEHE

500 um DAZY—> Z @il 5 F THEL, L<EAL CEFRRBAGREIELZ. 20O L FEEOHEIRIZY
B ZURDOEANROLN, TI/ETIR LR 70T AOEFPBDOLIRVGETHY, oMt 4 FXEOR
BHIR SRR D DO EA DFBOLNRVRENCh-o72. TDw, HFERBRBINRBREICB W TEA LRV S
ROy A IRINL CHE AR A St 9~ 52 &L LTz

LA BHIA 9 g ARV =F L AR AN EIL CTENEHL B WAL=, — XD T F AR5k}
IR D720, TN OERBAREORIIIT U Z D F AL, SIERBRE AT L.

2) FMAZER

RSN TWD7ue 7R, TI/E VR RO 7aT 5% 7 B = N/WEf LT SR EIR O Z T —E
BAHIRAL, 7 EM=RL AL T 5 FAORE ORI AEERE AR L.

ISIMAREAERR 13K 1.5 mL &2 H T A AT AN, —RE DT T4 REE AR 572, 1) 5 FEO I
AR B Bl LT3 52 A T LIS L, B0 BR =B LT,

3) EBERUSKRE
HBREICHEL TS LC-MSIMS, REOHE, 3.0y BiErE, s OB, n—&)— T/ \RL — 4 —
KO~ =RV REFE L.

4) YOEZYFEDRIE

(D Hh

S3HTRCEL 5.00 g 2130 - THAR =475 23 200 mL (AL, AKEE(LT R 278 (40 g/L) 1 mL L A%
J—L99mL ANz, 30 3 MHRVIER =, 2D, Hiem LD 50 mL ICNZREE L, 1700xg(3000 rpm)
T 54y RE O BEL T LB A AT R LT

(2 ¥ %=1

H—N P NT L TOA% /—/L 5 mL L OVK 5 mL T/ Liz. 723772250 mL 25 —hRJv
CATLOTFICEE, 5 mL 24— oY hT7 MIIEMIZINZ, eI AT TAAID EiiicEd
HECHIS T, SHIKRALT MY AT (04 glL) — A% /=L (1+1) B mL & 2[E I —R BT A,
[FRRIZ I S 7.

Q) K M2

2 —N o7 8% THT7E=FN/L 5 mL K UOWERE (1+120)5 mL TElCNZHEE L. iz
40 °C L F ORI T 5mL LA FETRIERMEL721%, Wi (1+11) 3mL 20X 7. 20, MLt ka7
—No T NTAARTSHE, HOPNTIRE DT TAAID EEGICET HE TR S, Fava ik (1+120)5
mL C 2 [AEE L, YERENER D —N) 2Nz, WICHEEE (1+120) — 72 h=RJ/L (9+1)5 mL & UVK 5 mL
ZNER S — R TN 2 TR Sz, 2B 7T 5 mL 27 —KNy U BT L0 FIZEE, TVE=
T (0.0025 wivo) — 7 ER=RIL (9+1)4 mL 7 —hK)o T BT MIIEMIZINAZ, 7ae’ZUR, 7/ TUR
KO 7T 2 iE NI S 7. & (1+1000) TER LI, 7 I7AF v/ iha OInEE 1.5 mL 1AL,
8000xg(10000 rpm)C 5 4y [#lizt Lo BEL , By Ak & slEHA IR & LTz,
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(4) Ik a~ T T7 5207 WAV B OHFHI I DIE

FRBEHATE K O AR E A IR A Y 2 LC-MSIMSIZIEAL, BIREUGHH (SRM) 78~ 7T L& 1572,
BT SRM 7 N T B H A il 5y DY — 7 TR @ 3% 3R D T i A ER L, SRUBHAIR D& B4y
BE2RD, SHTEH T 0o YR, TETIR KO/ uT A0 BEE L. 7228, MEICHT-->TIL,
AR RER % (2016) 8.2,a HA S L T BRE D LC-MIMS #AE T IEICHEST-.

728, TEEIEOME A Scheme 1 1 Z/R L7z,

| Sample 5.00 g |  Erlenmeyer flask (with stopper) 200 mL

< Sodium hydroxide (40 g/L) 1 mL
< Methanol 99 mL

| Shaking | 30min
I

| Centrifugal separation | Centrifuge tube 50 mL, 1700xg, 5min
I

| Refining 1 | Oasis HLB column

< Prewash the column 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) 5mL

Evaporation |  Remove methanol

< Hydrochloric acid (1+11) 3 mL

Refining 2 |  Oasis HLB column

< Prewash the column 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) 5mL with washed the container beforeh
< Wash hydrochloric acid (1+120) - acetonitrile (9+1) 5mL

< Wash with water 5 mL

< Eluate with ammonia solution (0.0025 w/v%) - acetonitrile (1+1) 4 mL

< Formic acid (1+1000)

| Fixed volume |  Measuring flask 5 mL

| Urtracentrifugal separation | 8000%xg, 5min

N LC-MSMS |

Schemel Analytical procedure for clopyralid, aminopyralid and picloram
in compost and composted sludge fertilizer
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Tablel Instruments used in the collaborative study
LC-MSMS . LC column .
(i.d.xlength, particle size)

LC: Nexera X2, Shimadzu ZORBAX Eclipse XDB-C18, Agilent Technologies
MSMS: LCM S-8050, Shimadzu (2.1 mmx100 mm, 1.8 um)
LC: Nexera X2, Shimadzu InertSustain C18, GL Sciences
MS/MS: Triple Quad API 6500, AB SCIEX (2.2 mmx100 mm, 2.0 um)
LC: LC800 System, GL Sciences InertSustain AQ-C18, GL Sciences
MSMS: API 4000 Q TRAP, AB SCIEX (2.2 mmx50 mm, 1.9 ym)
LC: ACQUITY UPLC H-Class, Waters ACQUITY UPLC HSS T3, Waters
MSMS: Xevo TQ-S micro, Waters (2.1 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: TQD, Waters (2.2 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: Quatro Premier XE, Waters (2.1 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: TQD, Waters (2.1 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters

MSMS: TQD, Waters (2.1 mmx100 mm, 1.8 pm)
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Tablel Continue

LC-MSMS ~ LCcoumn
(i.d.xlength, particle size)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: TQD, Waters (2.2 mmx100 mm, 1.8 um)
LC: ACQUITY UPLC, Waters ACQUITY UPLC HSS C18, Waters
MSMS: Quatro Premier XE, Waters (2.1 mmx100 mm, 1.8 um)

3. HMRRUER

1) #EHBRAFEMOHE R

PPENERBR OFERAE IOV T, Cochran OAMUIEREIZLHEIEL 1%, — TR E B sEsn
TR EE Table 2 1Z/R LT, ZOfER, FAEAYF(9,10; 0.05) BEfUEE Flal~>7-2805, A H/KHES %lZku
TREHICH B2 ZITRRObN T, HFEFRBRICHWAZEN T EMEF L QWD AR LT,

Table2  Homogeneity test result of clopyralid

No. of P crc) rd) <o < +rf) +rg) i
Sample ) Mean < RSOD Sbb Sb RSODb F vaud
sample”  (ug/kg)  (Hg/kg) (%) (Morkg)  (Hg/kg) (%)
Compost 1 10 (0) 114 8 7.4 0 8 7.4 0.68

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

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

c) Standard deviation of repeatability

d) Reative standard deviation of repeatability

€) Standard deviation of sample-to-sample

f) Standard deviation of sample-to-sample including repeatability — Spir =V Spp?2 + 5p-2
g) Relative standard deviation of sample-to-sample including repeatability

h) F vaue caculated based on analysis of variance (ANOVA)

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

2) HRIRBRAEBERUNNIERTE

KRR DA ST 2 R BR kA A Table 3-1~Table 3-3 (/R L7z, &R 5N OFEIORE R4 IUPAC O
HFEFRBR 7 bV o TRREFHAELL 72, 7235, MEMOFFAZ TlElo TS Tlbbo03, Zhb
DI T AR ERESN TG RO R EBRODTHREHLEEZ L. SBREGE O/ N EE R E T 572012
Cochran & J O Grubbs &% S hE L7z, T OF5E R, 10 REREORBEEDOHIH/a 7RI OV L 1
FOBEICLIRBRED, TI/ETURICOW T LAHOREC LR = & O 3HEOFEC& 2B =D,
B0 ACOWTIHE 2 FEORE T LS & O 2 FRE OB 2 B E DM UES L CHIES L.
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Table 3-1 Individual result of clopyralid (Lg/kg)
Lab ID? Compost 1 Compost 2
A 140 153 883 890
B 131 128 805 812
C 94.8 113 676 692
D 91.2 93.3 1070 977
E 151 155 846 906
F 125 126 797 855
G 149 142 759 845
H 120 121 789 722
I 112 114 740 804
J 148 149 895 941
a Composted sludge Composted sludge Composted sludge
Lab 1D fertilizer 1 fertilizer 2 fertilizer 3
A 21.0 17.2 95.9 77.9 357 360
B 21.3 17.4 105 97.2 321 318
C 4189 6.83 ° 99.9 75.3 361 275
D 312 9 4.67 99 88.6 74.3 343 365
E 13.4 15.8 102 103 377 360
F 16.0 16.0 84.3 80.1 329 375
G 24.4 22.0 71.5 96.8 312 343
H 13.8 11.6 86.2 87.1 325 316
I 17.7 17.4 81.9 82.9 302 355
J 17.7 18.0 101 102 337 348
a) Laboratory identification
b) No detect
¢) The vaue which was lower than the range of cdibration curve
d) Outlier of Cochran test
€) Outlier of Grubbs
Table 3-2 Individual result of aminopyralid (Lg/kg)
Lab ID? Compost 1 Compost 2
A 76.4 ° 80.9 © 9.78 © 26.7
B 278 274 18.5 21.8
C 8.0 ¥ 229 9 15.1 7.30 ©
D 390 365 319 9 69.3 9
E 337 353 24.5 27.2
F 355 339 26.9 27.4
G 355 344 163 9 497 9
H 259 302 23.0 20.1
I 314 329 15.7 23.3
J 296 286 24.6 27.4

a)~¢€) Refer to the footnote of Table 3-1
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Table3-2 Continue (Lg/kg)
a Composted sludge Composted sludge Composted sludge
Lao D fertilizer 1 fertilizer 2 fertilizer 3
A 3529 1.66 © 200 133 22.4 427
B 145 9 451 99 682 546 66.8 44.2
C N.D. © N.D. © 630 595 52.5 36.2
D 6.349 9.74 9 1300 809 86.0 76.3
E 3329 4519 845 812 83.2 76.0
F 5.819 8.68 9 824 783 63.7 63.7
G 24.4 ° 23.3 © 745 419 219 9 139 ¢
H 4839 3129 707 770 65.9 61.7
| 6.39 9 6.49 9 733 799 57.0 54.9
J 5.78 9 5.26 9 880 805 54.4 62.5
Table 3-3 Individua result of picloram (Lo/kg)
Lab ID? Compost 1 Compost 2
A 876 930 31.4 42.7
B 737 685 34.4 34.0
C 1310 1150 9.2 9 107 °
D 667 655 52.8 51.5
E 819 811 21.0 17.8
F 836 735 43.8 37.1
G 850 781 43.1 40.5
H 652 694 31.6 27.2
| 791 821 34.6 35.7
J 1010 990 47.8 51.2
Lab 1D? Composted sludge Composted sludge Composted sludge
fertilizer 1 fertilizer 2 fertilizer 3
A 71.8 68.9 330 328 161 167
B 102 67.7 325 307 152 150
C 412 9 284 9 724 9 752 ® 761 9 467 @
D 73.0 88.3 319 267 143 133
E 105 95.8 288 291 162 159
F 80.7 95.3 355 329 165 193
G 143 158 785 9 467 9 432 9 308 9
H 50.9 37.9 287 310 157 155
| 81.7 83.4 395 354 188 204
J 105 116 490 488 286 338

a)~¢€) Refer to the footnote of Table 3-1

3) HHTRERVERBRREE
ARBREGRE KO R I U7 M, DM TREYER 22 (s) M OVIFATAE R HEMR 22 (RSDy) fiE 17 ONZ 2 [#] 75 B ME (R
72 () S OV=2 [l FF BUAH 6 HEfR 72 (RSDR) % Table 4-1~4-3 [Z/RLT-.
7at’ZYRONEEI 16.2 pg/kg~835 pglkg THY, FOOHTEEEMRZEX.1.7 pglkg~41 pg/kg, P74
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KHTEHENF 21T 4.5 %~12.6 %, FEMFHHAEER 1T 5.2 pg/kg~100 pg/kg K OV B AH e HE (R 721 X
8.3%~31.8 % Th~7-.

T/EZURONHEIL 5.39 pg/kg~701 uglkg THY, FOOHTIEAER 21T 1.41 pg/kg~146 ug/kg, OFHT
FHXHZE (R 7213 4.5 %~26.2 %, =5 [ FF BUSE (R 2213 2.22 pg/kg~263 pg/kg K OVEE [ AR BURE AR R 221 X
12.0 %~41.2 % ThH-7-.

v ruZ AONHEIEIL 37.7 ug/kg~840 puglkg THY, FOPHTIEUER 721X 3.5 ug/kg~50 pg/kg, JF1THExE
FEAEMR #21E 5.6 %~12.3 %, EFFHIEHERZT 10.3 ug/kg~175 pg/kg(f OV [ BUAH 1% MR 221X
19.8 %~33.5 % ThH-7-.

I ZYR &K 707 MMIOW T, A EIEAT U7 3R RER R (R EEREEH) C, OF 1 THE e e R 22 K
OV ] P AR G R 228, IR BRTE O 238 1T B3 BRIE D 2 Y PEREGR O FIEIC R L COD KR EL

CRBIDEED HEZD 15 IR E-Cz, AL, 1 FEOTGIREBIEE R O 70T A TR HH
FEHR MR 2223 33.5 %C, ZOFEED H 22D 1.5 1% 33 % 72 B[Rl Tz,

TI/ETURIZOWTIE, 1 FEOHEIR K O 1 FEOGTERBEREC, DT SHE HE(R 72 & OV B
SHEAENR 72278, AERHEBRIEIC BT DR BRIE O Z Y MEMERE O PRI R L TOAKIREEL ~ VBT DR E
DHZD L5 EFUNIZH -T2, LinL, 1 FEOHEIL COMTHXHMERERZENZOREDO B ZD 15552, 2
FEFE D5 VRS B R COM TR e R IR 72 S OVEE T A BUAH XHEHE IR 22 ZORG BE D H 42D 1.5 fi5 A2 T
7-.

Table4-1 Statistica analysis of collaborative study results for clopyralid

Sample Labs’ Mean” &7  RD® CRD? = RD:’ CRDR"

p(@)? (Mgkg) (Hgkg) (%) (%) (Mgkg) (%) (%)

Compost 1 10(0) 128 6 45 1 21 16.4 22

Compost 2 10(0) 835 41 4.9 1 100 11.9 22

Composted sludge ¢y 465 17 106 1 52 318 22
fertilizer 1

Compostedsludge 100, g9 113 126 1 13 126 22
fertilizer 2

Composted sludge 1 ) 359 28 83 1 28 8.3 22
fertilizer 3

a) Number of laboratories, where p=number of laboratories retained after outlier removed and
(9)=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) Reative standard deviation of repeatability

€) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2016

f) Standard deviation of reproducibility

0) Relative standard deviation of reproducibility

h) Rough standard of relative standard deviation of reproducibility in Testing Methods for Fertilizers 2016
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Table 4-2 Statistical anaysis of collaborative study results for aminopyralid

Sample Labs’ Mean” & RD® CRD? =’ RD:’ CRDR"

p(q)?  (Mg/kg) (Hg/ko) (%) (%) (Mg/ka) (%) (%)

Compost 1 82 324 15 4.5 1 39 12.0 22

Compost 2 82 212 52 247 1 64 303 22

Composted sludge 7, 539 141  26.2 1 222 412 22
fertilizer 1

Composted sludge 16 709 146 20.8 11 263 37.6 22
fertilizer 2

Composted sludge ¢4y 595 89 150 1 166 280 22
fertilizer 3

a)~h) refer to the footnotes of Table 4-1

Table4-3 Statistical analysis of collaborative study results for picloram

Sample Labs®  Mean” &° RDY CRD? =’ RD? CRDR’

p(q)? (Mgkg)  (Hg/k) (%) (%) (Hg/kg) (%) (%)

Compost 1 10(0) 840 50 5.9 11 175 20.8 22

Compost 2 o1 377 35 9.4 11 103 27.3 22

Compostedsludge g1y g9, 117 123 11 303 335 22
fertilizer 1

Composted sludge g, 349 19 5.6 11 67 19.8 22
fertilizer 2

Composted sludge g, 105 16 8.6 11 56 31.0 22
fertilizer 3

a)~h) refer to the footnotes of Table 4-1

4) BERERERDEL

A Elo I [FEFERIE, e FE BB FERHC RN AR R A2 N2 CHEM L7z, ISR I = v %
WRIEE L CTH T ANAT IV AN TEIMERBR RSB AT L7z, BfT L7z ST O RN AAEHERR I B W TH Ay ©
BbIENEEE L, 7uE SRR OT I ETIR2R 0.1 pugiml, EZ05 47802 pg/ml Téhot. 22T, 7rh=h
UVETRELE L CTH S 0.2 pg/mL R UTIR BRI A T T ANAT WA AN — R R B %, SR
(1+1000) T 2 ng/mL ARL T LC-MSIMS [ZHEALS R A RDTo. ZOEE DK 5 DRIEMEE 2
ng/mL (232 E 43 3RIZLT Table 5 1R L7z, ZORER, FHICT I/ ETURDEIZKERFD BB DO LI

THLTZEDD, ﬁﬂﬁbf_{ﬁﬂﬂﬁﬁﬁfﬁ{ﬁz‘( THMEIRE DT ETUNREIZECR T2, bW T 1/
EZVR & OFEHCIL AT R AR MR 75 K& O == [ BUAH R R 22 28 IR R R BRIE R L T DK E O H
B RESBRIZZENEZ LI
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Table5 Recoveries of standard solution in glass vid

Pesticide Recoverya)
(%)
Clopyralid 20
Aminopyralid 62
Picloram 74

a) Recovery for the concentration of preparation
solution (N=3)

4. FEH

10 #BR 212350 T S (10 A7) OHERE K ONG IR R BRI RN T [FEBRZ F L, LC-MSIMSTEIZE
DHHEAE S OB IR FEBEAEL 1 D7 e Z VR K OV O B E ORI E DOFH 21T > 7. ZOFER, 7ae 7RO
LA 17.5 pglkg~826 pglkg (ZFW T M HEUG EE (R R 72) 13 8.3 %~21.1 %, 7/ Z7URDE-)
i 5.37 uglkg~685 pg/kg (2 35\ T = [ BURS BE (PR HE(R 72) 13 12.0 %~45.1 %, £’/ a7 LD -14){E 36.2
HO/kg~T771 pg/kg lZF3 W T R AR BIUG EE (R R MR 72) 13.10.6 %~35.6 % Tdho7z. kBR =M D iz L%
ARRBRIEOERMFBUEE 1T, 70 TUR T, £ CoHmEaRER R oo i B &P IR R BRiE IR LT
WOKEEED B 2D L5 fELINICHY, [RIFRBIEOMERRILEIZE AL QWAL RSN, Fo, BRI AT
b, A TCOHMRP AT OR E P CIERHERBUEI R TCOWAREDO B Z D 1.5 FIT#allEsTwn
= — 05, TIJETURTIE, 1 EEOHENR K O 1 FE O 5 R REEELE CARBHE BRI R L CWB RO B
270D L5 EUNICH-T203, 1 EFAOHEE K O 2 TR OIG IR B AR CIREHERBRIE IR L QWD R E D B
LD 15 5% ERloTRY LT O E AR CE o7,

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-M S/MS):
A Collaborative Study

Kenji KOZUKA?, Mayu OSHIMA?, Yoshimi HASHIMOTO?, Naoko TAMARU?, and Yuji SHIRAI*
! Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department

A collaborative study was conducted to evaluate liquid chromatography-tandem mass spectrometry
(LC-MS/MS) for determination of clopyralid, aminopyralid and picloram in compost and composted sludge
fertilizer. Clopyralid, aminopyralid and picloram was extracted and with methanol under alkaline condition. The
extract was refined with a cleanup cartridge by taking advantage of characteristics that the behavior of elution
varies between acidity and alkaline. The clopyralid, aminopyralid and picloram were anayzed 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 clopyraid were 17.5 pg/kg ~ 826
po/kg and 8.3 % ~ 21.1 %, respectively. Those for aminopyralid were 5.37 pg/kg ~ 685 pg/kg and 12.0 % ~
45.1 %, respectively. Those of picloram were 36.2 ug/kg ~ 771 pug/kg and 10.6 % ~ 35.6 %, respectively. These
results indicated that this method has an acceptable precision for determination of clopyralid, but an unacceptable
precision for determination of aminopyralid in these concentration ranges.

Keywords  clopyralid, aminopyralid, picloram, compost, composted, sludge fertilizer, LC-MS/MS,
collaborative study
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