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Determination of Dicamba and DCSA in Soybean and Soybean Meal by LC-MS/MS
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An analytical method was developed to simultaneously determine the levels of dicamba and 3,6-
dichloro-2-hydroxybenzoic acid (DCSA) in soybean and soybean meal using liquid
chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS).

After spiking dicamba-'">C¢ and DCSA-">Cg to the samples, and further adding water, dicamba and
DCSA were extracted with water-acetonitrile (1:1). The extract was hydrolyzed with
hydrochloric acid. The sample solution was purified with liquid-liquid extraction and with Mega
Bond Elut C18 (Agilent Technologies Inc.; Santa Clara, CA, USA), and injected into LC- ESI-
MS/MS for determination of the levels of dicamba and DCSA. LC separation was carried out on
a phenyl column (Inertsil Ph, 2.1 mm i.d. X 150 mm, Sum from GL Sciences Inc.; Tokyo, Japan)
using a gradient with 5 mmol/L ammonium acetate solution containing 0.1 % acetic acid and
acetonitrile as the mobile phase. In the MS/MS analysis, negative mode electrospray ionization
(ESI-) was used.

Recovery tests were conducted on two kinds of soybean and two kinds of soybean meal spiked
with 1 mg/kg or 10 mg/kg of dicamba and DCSA. The resulting mean recoveries ranged from
88.3 % to 100 % for dicamba and 86.2 % to 101 % for DCSA, and the repeatability in terms of
relative standard deviations (RSD,) were not more than 5.2 % for dicamba and 7.6 % for DCSA.

A collaborative study was conducted in nine laboratories, using soybean spiked with 1 mg/kg of
dicamba and 5 mg/kg of DCSA, soybean (heat flaked) spiked with 5 mg/kg of dicamba and 10
mg/kg of DCSA and soybean meal spiked with 10 mg/kg of dicamba and 1 mg/kg of DCSA. For
dicamba, the resulting mean recoveries, repeatability and reproducibility in terms of relative
standard deviations (RSD, and RSDg) and HorRat, respectively, were 100 %, 8.2 %, 13 % and
0.80 for soybean, 103 %, 3.1 %, 6.8 % and 0.54 for soybean (heat flaked), and 98.2 %, 4.5 %
5.1 % and 0.45 for soybean meal. For DCSA, the resulting mean recoveries, RSD,, RSDy and
HorRat, respectively, were 101 %, 5.6 %, 8.6 % and 0.68 for soybean, 100 %, 4.7 %, 7.4 % and
0.65 for soybean (heat flaked), and 103 %, 7.9 %, 11 % and 0.66 for soybean meal.

This method was validated and established for use in the inspection of dicamba and DCSA in
soybean and soybean meal.

Key words: dicamba; 3,6-dichloro-2-hydroxybenzoic acid (DCSA); liquid chromatograph-tandem
mass spectrometer (LC-MS/MS); electrospray ionization (ESI); soybean; soybean meal;
collaborative study
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Table 1 Maximum residual limit of dicamba in feeds

Feed Maximum residual limits (mg/kg)
types After revision Before revision
Barley 7 0.5
Corn 0.5 0.5
Milo 4 3
Oats 3 3
Rye 0.1 0.1
Soybean 1()* —
Soybean meal 1()* —
Wheat 2 0.5
Grass 200 200

* As total of dicamba, DCSA and glucuronide of DCSA
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Dicamba DCSA
S OH o OH
Cl O\ Cl OH
Cl Cl
3,6-dichloro-2-methoxybenzoic acid 3,6-dichloro-2-hydroxybenzoic acid
CgHsCl203 MW: 221.0 CAS No.: 1918-00-9 C7H4CI203 MW: 207.0 CAS No.: 3401-80-7

Fig. 1 Chemical structures of dicamba and 3,6-dichlorosalicylic acid (DCSA)
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1) 7 b=hkVix, HHEICTEGERK . PCB B, LC-MS/MS DIAEMEKRIZIX LC/MS H,
FEBR X LC/MS A, BT v & =7 AL 1| mol/L HPLC A, kT hY v LA, Y=Flxz—
TR RA Y ) — VXT3 - PCB R, T OMoREEIIRH% (KL 98 %l Eo b o)
Rz, Zr4 Y 7 10X Celite 545 (Imerys Minerals California, Inc.f) % 7=, KIZEHK
(JISK 0211 @ 5218 [ZEF S L7 @fliAK) & Huiz.
2) VA EEYERE

DI KRR (RIEE 98 %, FOGHIBE T M) 25 mg # EMICE > TS50 mL ORET T X
WA, AZ =N EMATENL, BIERETAY ) =V E2MATIH  ERERK %
PR L7 (ZoW 1ImL X, PHo e LT05mg2ahlmd 5. ) .

3) DCSA FEHEJFHE

DCSA FEHES (GMiE 98 %, AK Scientific ) 25 mg # EfMEICE > CTSO0mL OEET 7 A 2|
A, AH )= )VEMXTHENPL, LITEMRETRAZ /) — /L% MZ T DCSA FEHE K % 77 H
L7z (ZO# 1mL X, DCSA L LTO0Smgaafad5d. ) .

4) ZERMIR TR T N (DH o R-BC) PR YER I

ZE RN AR TEFRIEF Y N (DA R BC) HEHER (W 98 %, KEFAME) 10 mg %
EfEIZE>T 20 mL ORET 7 AZAN, AX = V&M THEML, FITERE CRE
BEZ N Z T H By WEMERKZREL L7 (Zo# 1 mL 1%, PHr_PC & LT 05
mg G HETDH. ) .

5) ZERNMRITCEIER DCSA (DCSA-Cq) PR HE JF %

ZE RN AR TE L # DCSA (DCSA-"C) RS, (ML 98 %, KB EER) 10 mg & EAEIC
BEoT 20 mL OEET T AIIAN, AX ) —/VEMZTENL, FITERE CRIEEZ M
% T DCSA-"Co WHEHEJF K Z#FL L 72 (Z 0% 1 mL 1%, DCSA-"Cq & LT 0.5 mg 23 AT
B.0) .
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6) IRGPAEHENR
D 2 RBC NEEHEFUE K O DCSA-"Co WEEHEIR K4 1 mL % 25 mL O&E T 7 A 3| A
N, ERETAY ) — L EM CTRAMNEEERZFAM LZ (Z0# 1 mLix, Y70 3-PC K&
O'DCSA-"CeZ 20ug & HT5. ) .
7) IREEEER
ERIICER LT, U BRI, DCSA FEHER, ¥ 2 3-PCe NESHER I & ' DCSA-
PCe WS HEIFE O — BB & 0.1 VVAFERIEH — A % /7 —/v (1+1) TEMICHR L, 1 mL fic
PH e LT 10, 20, 50, 100, 150 % TX200ng, DCSA & LT1, 2, 5, 10, 15 }%X20ng
BEHL, oY H L RBCe L LT 20 ng, DCSA-Ce & LT 2 ng &4 T 541 B 1E Rk ]
IRATEER 2R3 L 7=,
23 HEROEGE
1) ¥k - ZM-100 Retsch # (1 mm A2 U —, i HEF[E#54% 14000 rpm)
2) IREHIHE: LT ur2—F—SR2W ¥ A 7 v 7 & (i HEHES)$X 300 rppm)
3y AU EFTINT VALY U BN =5 T I Mega Bond Elut C18 71—k~ U v ¥ (F£TAHI
B 1g, K40 um, U ¥ — X—%& 6 mL) Agilent Technologies
4) LC-MS/MS :
LC-MS/MS 1 LC #B : ACQUITY UPLC Waters
MS/MS #B : Xevo TQD Waters
LC-MS/MS 2 LC #0 : Nexera X2 FyitflfEpr il
MS/MS #F : LCMS-8040 &b 7 { iy il
24 TERFIE
D #h
SIHTEEE 10.0 g 28> T 300 mL Ofe =M 7 7 X 22 A, BRAWEMER 1 mL & EfE
Mz, ®IZ/K20 mL Z#N%, 30 pMi#E L%, LiKk—7% h=FU/ (1+1) 80 mL &N
Z, 30 0 RHE D IRE CTHiI L7=. B % 100 mL o k2@ Db I AL, 1500xg T 10 %
i DBl U, RV AR & K o i3~ 2 3hA R & LTz,
2) K fiE
FBHATR 10 mL % 100 mL O A2 .O RS IS IEREIC AL, HEEE (27+170) 20 mL # 1%,
FRE LT 95 °C O T 1 REfIINE L= % i L, 1500xg T 10 sz 0o L, EEAEE
IR Sy Bl i3~ 2 3Bl & L T-.
3) RIS
AEHA 3 mL 2 & 5 LT MU U A% (10 w/v%) 20 mL % Adu7z 100 mL D 43K
b A ICIEREICIN 2, BiZYoF Lo—F/L 20 mL 2T 5 MRV IBE/-1%HE L.
KE (FRE) % 100 mL O53kE}; B IZ A, Y=F o—7/vE (LJE) % 100 mL O72
W7 F 23z AT, DikiR A 2P F L —F )0 20 mL TUWHE L, WL 5HkR} B I
Mz, 5 pEEVIEE-HEFE L. KBEZHET, YoFALo—TLBELEORTIET 7 A2
IZ/ADET, 40 °C LTOKB CTHTERMEL, EXT A2 LTV T LT =T LERELT.
0.1 VW% FMEEH— A % / —/v (4+1) 5 mL ZFEEWMITMZ TEPL, B 7 LA 5
BHAW & L.
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Table 2  Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature

Inertsil Ph (2.1 mm i.d. x 150 mm, 5 pum), GL Sciences

0.1 v/v% acetic acid, 5 mmol/L ammonium acetate solution - methanol (19:1)
— 2 min — (7:3) (hold for 8 min)

0.2 mL/min

40 °C

Ionization Electrospray ionization (ESI)
Mode Negative
Source temperature 150 °C
Desolvation gas N2 (800 L/h, 400 °C)
Cone gas N2 (50 L/h)
Collision gas Ar (0.4 Pa)
Capillary voltage 0.6 kV
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) W) (eV)
Dicamba 219 17 — 6
— 145 20 10
Dicamba-''Cs 225 181 - 6
DCSA 205 Lol — _
— 125 26 20
DCSA-"Cs 211 167 — 12
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7 HFE & RO THIEHEIEIC L W REREZER L, BEHRO YT RE N DCSA OZNZERD
BEHEM L.
ek, TEIEOWE % Scheme 1 [Z/R LTz,

Sample 10 g (300 mL Erlenmeyer flask)

—add 1 mL of surrogates solution (20 pg/mL)

——add 20 mL of water and allow to stand for 30 min

——add 80 mL of water-acetonitrile (1:1) and shake for 30 min
——centrifuge for 5 min at 1500xg

Hydrolysis

——transfer 10 mL of sample solution into 100 mL centrifuge tube

——add 20 mL of HCI (13.7 v/v%) and heat in oil bath (95 °C) for 1 h
——centrifuge for 5 min at 1500xg

Liquid liquid extraction

—add 20 mL of sodium chloride solution (10 w/v%)

——transfer 3 mL of sample solution into 100 mL separatory funnel

——add 20 mL diethylether and shake for 5 min } twice
——transfer diethylether layer into 100 mL eggplant frask

— evaporate diethylether under 40 °C

——dissolve in 5 mL of formic acid solution (0.1 v/v%) - methanol (4:1)
Mega Bond Elut C18 (1 g/ 6 mL)

——prewash with 10 mL of methanol and 10 mL of formic acid solution (0.1 v/v%)
—apply sample solution

——wash with 5 mL of formic acid solution (0.1 v/v%) - methanol (4:1)

——elute with 10 mL of formic acid solution (0.1 v/v%) - methanol (1:1)

LC-MS/MS (for dicamba)

_l—dilute sample solution 10-fold with formic acid solution (0.1 v/v%) - methanol (1:1)
LC-MS/MS (for DCSA)

Scheme 1 Analytical procedure for determination of dicamba and DCSA
in soybean and soybean meal
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Table 4  Operating conditions of LC-MS/MS

Column Inertsil Ph (2.1 mm i.d. X 150 mm, 5 pm), GL Sciences
Mobile phase 0.1 v/v% acetic acid, 5 mmol/L ammonium acetate solution - methanol (19:1)
— 2 min — (7:3) (hold for 8 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Negative

Desolvation gas N2 (3 L/min)

Drying gas N2 (15 L/min)

Collision gas Ar (230 kPa)

Source temperature 200 °C

Heat block temperture 500 °C

Table 5 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
175 — 7
219
Dicamba — 145 6
221 — 177 14
207 163 — 11

DCSA
205 — 161 12
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Sample 10 g

add 20 mL of water and allow to stand for 30 min
add water-acetonitrile (3:2) 100 mL

shake for 30 min

— filter through GFP using diatomite under reduced pressure

wash with 50 mL of water-acetonitrile (3:2)
—fill up to 200 mL with water-acetonitrile (3:2)

transfer 20 mL of sample solution into 100 mL centrifuge tube
Hydrolysis reaction

add 40 mL of HCI (1 mol/L)

plug air-tightly and heat in oil bath (95 °C) for 1 h

uid liquid extraction I (300 mL separatory funnel)

Li

8

transfer all of sample solution into 300 mL separatory funnel
add 40 mL of sodium chloride solution (10 w/v%)

add 50 mL of diethylether and shake for 5 min (twice)

put diethylether layer into 200 mL Erlenmeyer flask

add sodium sulfate

—filter through No.5A

evaporate to dryness under 40 °C

——dissolve 4 mL of formic acid (0.1 v/v%) - methanol (4:1)

Mega Bond Elut C18 (1 g)

prewash with 10 mL of methanol and 10 mL of formic acid (0.1 v/v%)

apply sample solution
wash with 3 mL of formic acid (0.1 v/v%) -methanol (4:1) (twice)
elute with 10 mL of formic acid (0.1 v/v%) -methanol (1:1)

Li

=

quid liquid extraction II (300 mL separatory funnel)

transfer all of sample solution to 300 mL separatory funnel
add 100 mL of sodium chloride solution (10 w/v%)

add 50 mL of diethylether and shake for 5 min (twice)

put diethylether layer into 200 mL Erlenmeyer flask

apply sample solution
—filter through No.5A

evaporate to dryness under 40 °C

——dissolve 2 mL of methanol-water (7:3)

LC-MS/MS (10 pL)
(for dicamba)

——dilute sample solution 5-fold with methanol-water (7:3)

LC-MS/MS (10 pL)
(for DCSA)

Scheme 2 Analytical procedure for determination of dicamba and DCSA
in soybean and soybean meal (without using internal standards)
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VAT 25 (5 ) ng/mL FHY &) 2RI L7243k Z 2511280 3 ST CEREL, BIXE
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— LB AR ) —L—K (7+3) & L7T-.

2.5 O DITHEW TP TRANENN ERER % 5206 L 72 fE 51, Table 6 DBV Tholz. FUEfHEIC
435 10 mg/kg TliX, ¥4 3T DCSA ONHEIR T, 71.5~88.4 %, <+ O UKEE X
FEXHIEYER 72 (RSD,) & LT 8.0 %LL T D BAF 2GRN DAV, (RIREWRIITIX DCSA XAl
WHENFL RDHHEMBRD T, —J7, KEHOT T NN TEREIEME < 7 2@
P BT,

25 O DICE VAR LAEREEORG T OREARICT 7 3T DCSA & LT 0.2
mg/kg FY B (&R EHRIRT T h e LT 100 ng/mL AH%4 8 &% O DCSA & LT 20 ng/mL)
EENEFNRMLES~ FY w7 ZAEHERRIZHOWT, FEED DB 8 TN DCSA G 1 %t
TOHOE— 7ML ARLICE 24, E—ZEMLIIRE A PREHMNT RO 28BN T
111 XV 133 %, DCSAIZHBWT 974 TV215 % ThHY, FINENESRLIERELTY MY v
T ANENE Z Tz,

RKEFDOTH U ANOEILRPMMEL o2 2 LIZOWTIE, KEIZHOWTIIMoRE & Ry,
HH OFS, W51 AW 1 a1 FER 30 AL EFE L2 2 &, WIRDELOBEIZKEO =< /LY 3 V)
HELVZFNT—T NVEBOGRRNECTH 220G, EREBETO o ANER EEZ L
niz.

JFRL OB DS E L Sk 9T, RERNVETHEERNEERE (P02 R-PC
J O DCSA-PCe) BHWOLN TN, ~ Y v 7 AR ENERBIEICL S0 22 MET S
CEAAME L THEEREEH VDL E L. 2O ENnE, WE A TIT> TV #
VRN BT % [ 45 Bl 2 1 DA B TAT VY, IS, SIERORT R KT T OB IEERIT 10
mg/kg & HERE <, RREECHET 2 HLEEDNERN L b dH - T, JFRL IETIT-> Tz 2
B8] H QWIS & DM TRZ2EAK L, J=87 20EHKEZDEE LC-MS/MS OHIEIC
I 2 RENRK & 2 FiEE R LTz,
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Table 6  Recovery tests for dicamba and DCSA without using surrogates
Feed types
Pesticides Sf:\l:;d Soybean Soybean (heat flaked) Soybean meal S(ZZ:;?II;:SM
(mg/kg) Rec overya) RSD;” Rec overya) RSD,” Recoverya) RSD;” Rec overya) RSD,”

(%) (%) (%) (%) (%) (%) (%) (%)
0.02 66.5 2.7 141 15 77.8 2.7 165 8.0
Dicamba 0.4 64.0 6.2 90.8 7.5 73.7 4.7 116 3.4
10 73.2 6.4 85.5 2.4 86.4 2.7 71.5 1.7

0.02 242 42 220 5.2 210 22 282 14
DCSA 0.4 87.0 12 99.0 8.2 113 4.4 149 5.8
10 75.1 8.0 85.9 1.5 88.4 2.0 75.5 0.8

Colored cells stand for recoveries of less than 70 % or more than 120 %
a) Mean (n=3)

b) Relative standard deviation of repeatability

3.2 MRE#R

2.5 OWNIEHEYE 2 W2 W HFEORKRFCIE, 2.3 @ 40 LC-MS/MS 2 ZHW=HllEIZ LY,
AN T 5~250 ng/mL & 10 pL FEA (FEAREE LT 0.05~2.5 ng #H% &) , DCSA T 1~50
ng/mL % 10 pL A (FEA&EE L T0.01~0.5 ng fHY &) Lo CEMAEZ TR LTV, L
L, BfEAZ#L2T23 D 4)D LC-MSMS 1 ZHWTHIELZE Z A, T /3T 10~500 ng/mL
Z 10 pL ¥ EA (EA&EE LT O0.1~5.0 ng tH¥ &) , DCSA T 1~50 ng/mL % 10 pL {EA (FEAR
& LT 0.01~0.5 ng tHY &) L7-#ifl CRAFREMMENRG O NRNoT. 2O LITIEAEE
LI Z ETHENRONIZTD, YB3 T200 ng/mL % 5 L JEAEE LTI ngfHYE) ,
DCSA T20ng/mL % 5puL (GEAEE L TO.Ing FHYE) LITOEARICET L.

T, =T LOEHKEEZDOEE LC-MSMS ORIEICHT 72010, P KD
DCSA DOFRIAMEE 0.1 vVATBRIA — A % / —/v (141) & LT LC-MS/MS THIE L= & Z 5,
RiF7 e — 7 IR TH D Z L PR CE 2O AR IR RS & LT,

220 NNZHE-> TR L ZIRAIEHER 4 5 uL 2 LC-MS/MS (ZiEA L, #5472 SRM 7 7~ |
T ALY — 7 HEE RO CTREREZIER L. ZTORMSE, Fig. 2 oLk, VB ART
10~200 ng/mL (JE A& & LT 0.05~1 ng fH24 &) , DCSA T 1~20 ng/mL (JEA=ZE & L T 0.005~0.1
ng FHY &) O CEMMEL R LT,
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Fig. 2 Internal standard calibration curves of dicamba and DCSA by peak area

33 ATV ET NI IMMET Y BTNV =BT KD OV B O HERE
REKONRGH»TE A, BAEPEERZ M TIC 24 IV L TRF ) TERT A%
Ko TV F N —T NV ERELLE-EWME, U238 LT 300 ng 2O DCSA & LT 30 ng
EEHTDH 01 vVIVATERIRI — A X /—)b (4+1) 5 mL TEMN L CTREHRIK & L, 2.4 D 4)IHE
WA T BTN I D BTN = AT DIANTI =0T 505 ORIy % il L.
ZORER, Table 7D EHY, PUH L NKONDCSA (X 0.1 V%R — A% /7 —/ (1+41) 3~9
mL OEyTHEHT D 2 ERMRINTZ. 2O Z &5, JFRL EE FEE 0.1 vive X ERIRIR — A #
J— (1+1) 10mL THEHEE L Z L & LTz,
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Table 7 Elution patterns of dicamba and DCSA from Mega Bond Elut C18

Formic acid solution (0.1

L . o/ .
V%) - methanol (4:1) Formic acid solution (0.1 v/v%) - methanol (1:1)

Load Wash Elution
Fraction 0~5 mL 5~10 mL 0~3 mL 3~6 mL 6~9 mL 9~12 mL Total
Only standard solution 0 0 0 75 31 0 106
R-GCOVHZ’) of  In the presence of matrix 0 0 0 64 7 0 90
dicamba components of soybean
In the presence of matrix
(%) components of soybean 0 0 0 53 45 0 98
meal
Only standard solution 0 0 0 99 3 0 102
Recovery of i
. y In the presence of matrix 0 0 0 112 5 0 114
DCSA’ components of soybean
In the presence of matrix
(%) components of soybean 0 0 0 112 3 0 116

meal

a) n=l1

3.4 WIEHEWE OB
K 4 BR KR ORGHNT 4 Bz, BENEERORINIITHLT, 24 12> THE L
ToREHA Z LC-MS/MS IZHEA L, 5572 SRM 7 0~ b7 T AEfERLIZEZ A, WD
HEHZBWTHERERAY T HE—7 T30 b do Tz,
ek, HoNSRM 7 u~ 7T ADO—Hf% Fig. 31T LT,
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Fig. 3  Selected reaction monitoring chromatograms of standard solution and blank samples
(Arrows indicate the retention time of dicamba and dicamba-"Cg, or DCSA and DCSA-"*Cq.  Scales of y-

axis are the same all chromatograms.

A: Standard solution

(10 ng/mL: 0.05 ng as dicamba)
(20 ng/mL: 0.10 ng as dicamba-'">Cy)

B: Blank sample of soybean

(sample solution I)

C: Blank sample of soybean meal

(sample solution I)

The baselines were shifted for display.)

D: Standard solution

(1 ng/mL: 0.005 ng as DCSA)

(2 ng/mL: 0.010 ng as DCSA-"Cy)
E: Blank sample of soybean

(sample solution II)
F: Blank sample of soybean meal

(sample solution II)
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3.5 IRINENEER
RKEFOKREHNTIZT A NETNDCSA & LT 1 KON 10 mgkg Y& (REREHATRK+
TUA L NELTI10 KOV100, DCSA & LT 1 KON 10 ng/mL FHY &) Z RN L 72 &Rk AL
W20 3 AT TERL, FIUICEEOER UKEE 2RO, Z ORI Table 8 D&Y, Th
Y SONEEENL T 88.3~100 %, & DR UKSEL TR HER 2 (RSD,) & LT 5.2 %L T T,
DCSA O FEJEUER T 86.2~101 %, £ Dk LFFEEILRSD, & LT7.6 %L FTh -7,
7k, o SRM 7 v~ 7T ADO—f% Fig. 4 IR LT,

Table 8 Recoveries for dicamba and DCSA

Feed types
o Spiked level Soybean Soybean (heat-flaked)
Pesticides 5 3 TS) m
(mg/kg) Recovery RSD: Recovery RSD:
(%) (%) (%) (%)
. 1 100 ( 95.8) 3.9 98.4 ( 71.2) 2.1
Dicamba
10 97.1 ( 84.7) 0.9 94.7 ( 60.9) 1.4
1 101 (112 ) 7.6 86.5 (111 ) 4.2
DCSA
10 88.0 (103 ) 1.5 91.9 (106 ) 1.3
Feed types
o Spiked level Soybean meal Soybean meal (extruded)
Pesticides Db ) a)b) ©)
(mg/kg) Recovery RSD: Recovery RSD:
(%) (%) (%) (%)
. 1 95.0 (102 ) 0.9 88.3 ( 91.7) 2.5
Dicamba
10 95.7 ( 71.2) 5.2 98.8 ( 73.3) 0.4
1 98.7 (111 ) 6.7 86.2 (100 ) 4.0
DCSA
10 93.4 ( 86.9) 3.1 91.1 (104 ) 2.1

a) Mean (n=3)
b) Cells in parentheses stand for the recoveries of surrogates.

¢) Relative standard deviation of repeatability
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Fig. 4  Selected reaction monitoring chromatograms of standard solution and spiked samples

A: Standard solution D: Standard solution
(10 ng/mL: 0.05 ng as dicamba) (1 ng/mL: 0.005 ng as DCSA)
B: Soybean spiked at 1 mg/kg of dicamba E: Soybean spiked at 1 mg/kg of DCSA
(10 ng/mL as dicamba) (1 ng/mL as DCSA)
(sample solution I) (sample solution II)
C: Soybean meal spiked at 1 mg/kg of dicamba  F: Soybean meal spiked at 1 mg/kg of DCSA
(10 ng/mL as dicamba) (1 ng/mL as DCSA)

(sample solution I) (sample solution II)
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3.6 & FREOHH TR
KEOTERETRE OB FIREZMET 5720, 3.5 OFMENGRER THREL L7 1 mg/kg % &E
(FBAEFABHAIRP T v NE LT 10 XUYDCSA & LT 1 ng/mL fHY &) OR#&REHANR 5 uL
Z LC-MS/MS IZHEAL, ol SRM 7~ b7 T AN Y UK TN DCSA DE—27 D SN
310 KRN 3 L7 b iREZRDT-. ZORE, SNHN 10 BLEE 72D T v /3K DCSA
X1 mg/kg, SN 3 LLEEZRDIEEEIL03 mgkg ThHoToZ &b, RECBITLV UK
' DCSA D E & FRIE 1 mg/kg, B TRIE 0.3 mgkg ThoTe.
72%, Table 8 IZ/RL7c& B0, MELE & FIRIEEIZK T 2EMEINGRERF RIZRIFTH > 7-.
3.7 FEFEIFER

RIEO BB B E 2R T 5720, REIEEM, N OIEPIRO 2 sUKE CHIERENT L 53
[ kR 2 S L 7.

HaEFEL e LTI, REIWCY I NE LT 1 mgkg XKOYDCSA & LTS5 mgkg fHY & GUBRH
AEF10 g 2R LT 1 mL 2 A8 LT 10 pg X OVDCSA & LT 50 pg &4 9 DU 1
mL #0) , K&E ONBJESRA) 2P H 38 LT 5 mgkg O DCSA & LT 10 mg/kg FHY &

GRBR R 10 gl LT 1 mL P B o8 LT 50 pg KONDCSA & LT 100 pg & A7
HREWERR 1 mL RN K ONKE M T I B 38 LT 10 mgkg & O DCSA & LT 1 mg/kg FH
B GRBARE 10 gl LTI mLHPIicy B e LT 100 pg XO'DCSA & LT 10 ug 28 FH
TOEMER 1 mL i) &, HRBREICTONAGORTBIZEML TR LZEBEZ vz, &
IiEBRE Y, — M EEAN BRSO v X —Z BT, — MR AN B ARBYRE S T
RAFGEFT, 74— R« U R SHMITEAT, 2 R R A G 2 kG P P i Je T i
BIAFESR, MNTATEOE N EMOK PEY B e i e v 2 — B R SRS, Rl 2 —, [FH
ity —, R4 ERE XY —RORMFE 2 — Gt 9RBE) Thotz. MROMITIZO
WL, EBEMIC—F T A R a7 HERRRICET 2 FIE 7 Y225, Cochran B7E, sM1
fill 1 I 0> Grubbs & K& O AUIE 2 il D Grubbs fRE 21TV, SAUIE O A % 8 L 7o BT n]
I, MK UIEE (RSD,) K OVEMEEREE (RSDr) #H ML, S o4/ RSDr 206, EIE
Horwitz 7. % F\ T HorRat K 7-.

FEFLIL Table 9 XU Table 10 D &Y Thoto. KE, KE (NBJERA) KOKEWMNTIC
DN, PH U AOEHEIERIZZ LI 100, 103 X982 %, RSD, (XZN L 8.2, 3.1 K
4.5 %, RSDpiZZNZH 13, 6.8 X151 %, HorRat [3ZH 21 0.80, 0.54 } (R 0.45 TH -7z,
DCSA ORI ZZ40 101, 100 TN 103 %, RSD, IZZFNE4 5.6, 4.7 KN 7.9 %,
RSDg IZZNZH 8.6, 7.4 ¥ 11 %, HorRat IZZHN LA 0.68, 0.65 KN 0.66 ThHh-o7=. 1 DD
AREHZDWT, U230 HorRat 23202 0.5 % Flal> T\ a2y, Ziiuk, AENZERNL
RICHRIEBDE E AW NEEETh DD LB 2 b,

BEDW, FikBrE T L7z LC-MS/MS OF§fE%E % Table 11 (278 L7z,
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Table 9  Collaborative study for dicamba
Feed types
Lab. No. Soybean Soybean (heat-flaked) Soybean meal
(mg/kg) (mg/kg) (mg/kg)
1 0.918 0.890 5.31 5.71 9.51 8.93
2 0.991 1.01 4.99 4.98 9.74 10.2
3 0.914 1.14 4.87 5.05 9.31 10.5
4 0.812 0.954 5.10 4.89 9.79 9.78
5 1.32 1.17 5.52 5.97 9.94 10.6
6 0.968 1.01 5.25 5.19 10.0 10.2
7 1.02 1.07 5.11 5.00 9.56 9.54
8 0.881 0.981 4.62 4.70 10.2 10.4
9 1627 1.7 5.40 5.35 879  9.77
Spiked level (mg/kg) 1 5 10
Mean value” (mg/kg) 1.00 5.17 9.82
Mean recoveryb) (%) 100 103 98.2
RSD:” (%) 8.2 3.1 4.5
RSDR” (%) 13 6.8 5.1
PRSDR” (%) 16 12 11
HorRat 0.80 0.54 0.45

Data excluded by single Grubbs test

Soybean: n=16; Soybean (steam-flaked): n=18; Soybean meal: n=18

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation
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Table 10  Collaborative study for DCSA
Feed types
Lab. No. Soybean Soybean (heat-flaked) Soybean meal
(mg/kg) (mg/kg) (mg/kg)
1 5.00 5.06 10.7 10.4 1.09 1.01
2 4.16 4.75 9.93 9.44 0.976 0.965
3 5.04 4.84 10.6 9.61 1.07 1.13
4 4.92 4.69 8.90 9.86 0.794 1.02
5 5.92 5.67 11.8 11.0 1.30 1.14
6 5.20 4.64 9.74 10.5 1.07 1.01
7 5.35 5.39 10.0 9.79 1.02 1.02
8 5.50 4.77 9.85 9.89 1.02 0.908
9 4.65 4.96 9.52 8.82 1.04 0.914
Spiked level (mg/kg) 5 10 1
Mean value” (mg/kg) 5.03 10.0 1.03
Mean recoverya) (%) 101 100 103
RSD:” (%) 5.6 4.7 7.9
RSD” (%) 8.6 7.4 1
PRSDr" (%) 13 11 16
HorRat 0.68 0.65 0.66
a) n=18

b) Relative standard deviation of repeatability within laboratory

¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation
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Table 11 Instruments used in the collaborative study

Lab. No. LC-MS/MS . LCcolumn

(i.d.xlength, particle size)

| LC: ACQUITY UPLC, Waters Inertsil Ph, GL Sciences
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 um)

) LC: ACQUITY UPLC, Waters Inertsil Ph, GL Sciences
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 pm)

3 LC: 1200 Series, Agilent Technologies Inertsil Ph, GL Sciences
MS/MS: API-3200 Q TRAP, AB SCIEX (2.1 mmx150 mm, 5 um)

4 LC: ACQUITY UPLC, Waters Inertsil Ph, GL Sciences
MS/MS: Quatro Premier XE, Waters (2.1 mmx150 mm, 5 um)

5 LC: Prominence, Shimadzu Inertsil Ph, GL Sciences
MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 5 pm)

6 LC: ACQUITY UPLC, Waters Inertsil Ph, GL Sciences
MS/MS: Xevo TQD, Waters (2.1 mmx150 mm, 5 um)

7 LC: Nexera X2, Shimadzu Inertsil Ph, GL Sciences
MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 5 pm)

3 LC: ACQUITY UPLC, Waters Inertsil Ph, GL Sciences
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 pm)

9 LC: 1200 Series, Agilent Technologies Inertsil Ph, GL Sciences
MS/MS: 6410, Agilent Technologies (2.1 mmx150 mm, 5 pm)

4 F&EOH

KEKOKGIMNTHO YA 73K X DCSA [Z2W T, JFRL #E% K12, LC-MS/MS % AW i= &

EIEOEEI W EE~OTEH O A FICOWTRFI L& 2 A, WIREME Z AV, %5 A%
SHEICAEE L, 2B H ORKSE 2N, 1REIEER O ARG 2 28 8 ) O LC-MS/MS ~O{E AN &

Z10uL 726 SuLICER T 52 LT, LTOMEN GO, EHAAETHL EEZ LILE.

1) MEfIL, ¥ F /3T 10~200 ng/mL (FEAEE L T0.05~1 ng) , DCSA T 1~20 ng/mL (7 EA
L L T0.005~0.1 ng) O#PHCHEMRIEEZ /R LT,

R, BEBRERICBITLIE~ M) v 7 2AORMEGEBRORERE X, I & LT 10

KTON100 ng/mLAHY &, DCSA & LTI1 AU 10ngmLAHYEE LT,

2) RGKROCRGHNTIZONT, KEZHE->THLNLZ v~ 7T A2, EEEZBLT L8 —
IO N Tz,

3) RKELOKEMMNTIZT A NEONDCSA £ LTH 1 KO 10 mgkg FHYEAZTML, AL
Mo T3 RPMTCER L THUE R OHR LIEE A2 RDT- & 2 A, BIFRFHERNPELNT.

4) AKIEIZBITDVH KO DCSA O E & FRITFE T 1 mg/kg, #MH TIRIL 0.3 mgkg ThH
> 7.

5) REICVH"E LTI mgkg FHYSEKR O DCSA & LTS5 mgkg fHYSE, KT (NEJESRA)
WU NE LTS mgkg FHY E R TN DCSA & LT 10 mgkg HHY EX PREMNATIZT I N
E LT 10 mgkg HHY EHX TN DCSA & LT 1 mgkg fHY EZRM L2 HWT, 9 BR=IC
BWTAREIENEFRRBREZEEB L= A, BiFRERERSE LN,
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