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Determination of 2,4-D and Related Compounds
in Grains for Feed by LC-MS/MS

Katsumi YAMAMOTO", Masayo NOMURA " and Kengo YAMAMOTO
(" Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department)

An analytical method was developed to determine levels of 2,4-D and related compounds in grains
for feed using liquid chromatograph-tandem mass spectrometer (LC-MS/MS).

After adding water to the samples, 2,4-D and related compounds were extracted with acetone
under acidic conditions, and the resulting solutions were filtered. The filtrate was then diluted
with acetone to a final volume of 200 mL. The extract was purified by liquid-liquid distribution
with hexane-ethyl acetate (1:1). 2,4-D related compounds, such as 2,4-D ethyl ester in the
sample solutions were hydrolyzed to 2,4-D by heating for 30 minutes at 80 °C under alkaline
condition. Then the sample solution was neutralized and purified with an SPE mini-column
(Mega Bond Elut C18 from Agilent Technologies Inc.; Santa Clara, CA, U.S.), liquid-liquid
distribution with diethylether under acidic condition, and an SPE mini-column (InertSep GC/PSA
from GL Sciences Inc.; Tokyo, Japan). The sample solution was injected into the LC-MS/MS for
determination of the 2,4-D level. LC separation was carried out on an ODS column (Atlantis T3,
2.1 mm i.d. x 150 mm, 3 pm from Waters; Milford, MA, U.S.) using 5 mmol/L ammonium acetate
solution and 5 mmol/L ammonium acetate methanol solution as the mobile phase. In the MS/MS

analysis, negative mode electrospray ionization (ESI-) was used.

Spike tests were conducted on grains. Wheat and rye were spiked with 0.5 or 0.05 mg/kg of 2,4-
D and 2,4-D ethyl ester. Corn was spiked with same compounds at 0.05 or 0.01 mg/kg. The
resulting values obtained for mean recovery and repeatability in terms of relative standard
deviations (RSD,), respectively, were 78.7 to 93.6 % and not more than 5.7 % for 2,4-D, 84.0 to
103 % and not more than 6.8 % for 2,4-D ethyl ester.

A collaborative study was conducted in nine laboratories using wheat spiked with 0.5 pg/kg of
2,4-D and 2,4-D ethyl ester. The mean recovery, repeatability and reproducibility in terms of the
relative standard deviations (RSD, and RSDg), and HorRat, respectively, were 84.5 % and 7.1 %,
12 %, and 0.63 for 2,4-D, and 95.5 % and 6.5 %, 8.7 %, and 0.48 for 2,4-D ethyl ester.

This method was validated and established for use in the inspection of 2,4-D and related
compounds in grains for feed.

Key words: 2,4-D and related compounds ; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS) ; electrospray ionization (ESI) ; feed
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A £ TO0.5mgkg, &9HAZLTO005mgke HET260mgkg L7>TW\5. £, fkloFE
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2,4-D 2,4-D ethyl ester
Cl O Cl O
OH o
Cl Cl
(2,4-dichlorophenoxy)acetic acid Ethyl 2,4-dichlorophenoxyacetate
CgHsCl203 MW: 221.0 CAS No.: 94-75-7 C10H10CI203 MW:249.1 CAS No.: 5633-23-3

Fig. 1 Chemical structures of 2,4-D and 2,4-D ethyl ester
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22 O
) 7Hhr=K U, TR, Bifg=FL, PoFLz—F)b, blx, ~FHo, HiT
FU D AKROEET B U TN (BK) (3R EHE - PCB B 2 Wi, A% /7 — i3kt
B OV BRI I3 2 3K - PCB B %, BRI IT LOMS HEHWe. BT v E=v
DVEHRIZFEHIER T35 1 mol/L BEBR T > & =7 AIAIKR LC AZ MWz, KiT#sik (JIS K
0211 |[ZEH D 5218 OREHIAK) Z AW, ZOMORIITHH (7272 LRI 98 %D H D)
s LAY
2) 2,4-D FEAERR
2,4-D EYES, (BAH b2, S0P 98.6 %) 25 mg & EMEICE > TS50 mL DERE 7 T A3 lT A
n, 7B b &Mz TENL, FITERETTE b2 MA T 2,4-D EEFRIKEZFAK L (2
DO 1 mL 1%, 2,4-D L T05mg (f=0.986) #&HTDH. ) .
FEAIZEE LT, 2,4-D EHFERO —E&EZ, AKX/ —/—Ff (1000+1) TEMIZHRL,
1 mL H(Z2,4-D & LT 0.004, 0.008, 0.02, 0.04, 0.08, 02 %104 ug #&A3 5% 2,4-D %
ik 2 L U7z
3) 2,4-D = F LREAERR
2,4-D =F L= X7 VAEHES, (Dr. Ehrenstorfer 8, i 97.0 %) 25 mg % IEMEIZ &> T 50
mL ORFET7 T AAZAN, T M ZMZATENL, BIERETTEFZ2MAT 24D
TFUERER R AT L 72 (Z0#E 1 mL 1%, 24-D=F/LELT05mg (f=0970) &A1
5.0) .
23 HEROEGE
1) BBtk : Retsch & ZM-100 (f I F[El#5%% © 14000 rpm)
2)  HLARELH R © Retsch 2 SM-100 (ffi FI B [E1#5%% © 1430 rpm)
3) WEHIM: 44T v s8] LTy = —H—SR2W
4 v—XHVJ—xz /5K —H— : BUCHI & R-200
5) U4—4&—s A : BUCHI #£ B-490
6) WHl~v=FK—NK:V—xz Lt A2 GL-SPEW5|~v=FK—/I K
7 AT BTN VALY U BV =T I Agilent Technologies #. Mega Bond Elut C18
=Ry (ECAKIELg) TV HF—"— 20mL) ZEELZHOD
8) VT T7 7 A MNI—Ry,/ ZF LV TIVN-Ta ALY )b VBTNV EBI =0T
Lo V= YA = AH InertSep GC/PSA 1 — b VU v ¥ (FETAHIE 500 mg/500 mg) 2V
P— 31— (50mL) ZEFE LD
9) ks n~ hrT 7T ARV BSHTE
LC 5 : Waters 2 ACQUITY UPLC System
MS #5 : Waters # ACQUITY Xevo TQD LC/MS/MS System
24 TERFIE
D #h
IITRREE 10.0 g 28> T 300 mL O3 =47 7 222 A, K20 mL Z00%, 30 5k
B, FICHEE (4 mol/L) 5mL KLON7 & b 100 mL %z, 30 Z5RHE Y IE¥ T (300 rpm)
H L7z, 200 mL o2& 7 722427 75 —F}O FICES, gz A% (5 f B) Tl
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GlAHMLTet:, HO=M7 7 2aROKILZNAKRT & F 50 mL THEF L, FERICWES] A
Lz, FICEBR7 I AaDERETT ¥ b2z, Wikmm Lo 2388HRT L Lz,

2) RIS 1
AEHEIK 8 mL %2, H O Uik MU U LK (10 w/v%) 100 mL K& OFERE = F /L —~
¥4 (1+1) 100 mL Z A4L72 300 mL D53 i&IRF A ICIEREICIN 2, 5 R IR E 7% ikiE
L7=. KE (FBE) % 300 mL O3kIE}; B IZ AN, EEE=FL—~FH @ (LE) % 300
mL O =77 Za|lZ AN, kR A 2= F /v —~F % (1+1) 50 mL THHE L,
Vel & 3RS B A%, 5 IR B %E#E L, KEEZ#ET, BT L— %9+ E
BEO=M7 T 2A3IChbY . BB~ T LV —~F VU EErEEORE ST N v A (EK) T
ik L, 200 mL ®72 37 7 A 2ZAH (5 A) TAHE L. i} B KOV ED =47
TAaL/b OB TV —~FH 2 (1+1) THREFL, EREZEOAMEZEB L TAHREREZAD
Wiz, HiEE 40 CCULTFTOKIBTH | mL £ TRHERMEL, ERT ALK THELE. A4
J = 2mL Mz CHREMERN L, KSR 230HAR & Lz,

3) WK fiE
AHEHAR D AN - 72200 mL D72 T 7 7 A 2 KBt F b U U A% (1.5 mol/L) 1 mL Z N
Z, WEEZAHFT 80 °C O/KIET 30 sk L7=% i L. pH ZHEEE (1.5 mol/L) T
7.5~8.0 \ZF% (pH 1% pH B A WV THER) L72t%, REBAKFET Y 7 AEK (0.1 wiv%)
16 mL 2%, 717 LAETICHT 23 BHAKRE LTe.

4) T LAERT
G BTN DT Y BTN =H T KA X —/L 10 mL R OUK 10 mL CIER B
L7z (BBl~=&—n FEzHW, fiE%z | mL/min F2E L L=, UTRUE. ) . REHARZ 2
=H T DA, REPFTETAKRO ESICET 2 E TR IEZ, S0mL ORTHT T Aa%
=W TLAOTICESE, BREBEEOAS TR T T 7 A& REBKET N U LARHK
0.1 w%) — A% /— (1+1) 5 mL THHFL, WiKEZ I =07 HIZMA T 24D ZEHS
B, BICEEE 15 mL 23X =7 7 22N A CTRBRICIEH S 872, 2 OB IR A2 KK 5B 11 IS
T D FBHRIR & L7z,

5) RIS HEC 11
e 2 & 6 L ERE (4 mol/L) 5 mL K OME T U 7 A%#E (10 w/v%) 100 mL %
A2 300 mL D3RG C 27z, BEHERD A > TWeRTIET7 T A az v F Lo —
TV 50 mL TYEF L, YERZSEE C 1oz, 5 oMV IRE-%EHE L. KE (T/E)
% 300 mL O3 ER DICAN, YoFrz—F U (LE) 2200 mL O =447 F 23| A
ni-. iR} C 2y =F = —7 /1 50 mL TS L, WEiRZ DK} DIz, 5 oiE
DIRE-HEHE L, KBE2HEC, VFAD—T A EELEOZAT7 7 A3l l8bE. VT
N —T)VEEEEONET U v A (HEK) THAKL, 200 mL DR TET 7 22 TAHK (5
i A) TABLE. kR D KOO =AT7F7 A2,k VbEOVZF LT —TFT L THEL,
Wiz Je D A a8 L CAIRE G DETZ. A% 40 °C LLTF OKIB TR 1 mL F TRERM L,
BRAIOAEBES>TEHE L., 72 h=FU b=tz (3+1) SmL ZM2 CTEEDEZRML,
717 BALER T 2 3 HER & L7z,
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6) H1 T LALER L
T3 774 M=K/ Z2F VL TVTIV-N-Tab LU fb VB FLEREI =0T A
7 Rr=hrUb— kx> (3+1) 10 mL THEE L7z, REHREREZ I =5 7 LI AR, R
MIETAHKIO EMHCET 2 E TRt S8, B, BEHAKRDO A>T\t B 77 2Aa%T
Th=hUL— kx> (3+1) SmL THEEL, BKE I =0T LA, REICHEE ST,
S50 mLORTTZ 7 Aa%2I =0T LD FICESE, REBROAS>TWERTIETZ I Aax2T
T h=hrUL— bz =X (75425+1) 5 mL CTHHF L, iKE I =77 AI2MZ T 2,4-D
ZIRH &, FICHEEE 25 mL 2 2 =8 7 Az CTRERICIEH S 872, ImHiiE 40°C LLF
DOKRBTHK 1 mL ECRIERM L, BT AZE-> THELEZ. A% —/L—X (1000+1)
I mL % EMECINZ CEREDZRML, LC-MS/MS ([Z X2 HIE I3 2alhaii & LT

7) LC-MS/MS T & % HlE
FREHAE e OV 2,4-D FEHER 4 5 uL & LC-MS/MS I[ZHEA L, SBIRSHH (LT TSRM]
Lo, ) ravw T AES. BESRMNE Table 1 KON 2 IZR LT,

Table 1  Operating conditions of LC-MS/MS

Column Waters, Atlantis T3 (2.1 mm i.d. x 150 mm, 3 pm)

Mobile phase 5 mmol/L ammonium acetate solution - 5 mmol/L ammonium acetate methanol solution
(70:30) - 10 min - (0:100)(10 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Negative

Ion source temperature 150 °C

Desolvation gas temperature 400 °C

Capillary voltage 0.6 kV

Table 2 MS/MS parameters

Precursor Product Qualifer Cone Collision
Target substance

ion (m/z) ion (m/z) ion (m/z) voltage (V) energy (eV)

219 161 -
2,4-D 28 12
221 - 163

8) #F H
BHITE SRM 7 a~< 7T AMnE 24D OE— 7 ERELOE S 2Rk CTHRER 2 1ER L,
Bl 24-D BEZHEH LT
F72, 2,4-D =T NOHERIN L CTHMEUGGRER Z 1T > 7RO BICEOFFIL, RERMD
K7z 2,4-D OREZKRNITLY 2,4-D TF VOREIZHE L, IWRIMLT 2,4-D =FLORE
THRLTZOEEGEZRDDZ LIZEVITo
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AREFF D 24-D = F )L =4 x 249.1/221.0
A BRERN RO T-HAEF D 2,4-D B
ek, EEiEOMEE % Scheme 1 [Z/R LTz,
2.5 WHEOEETE
) #h IIHTRREL 10.0 g 2 8- T 300 mL ok =7 7 23z A, /K30 mL &%,
30 435 E %, W2 (4 mol/L) 5 mL X O7 & h 120 mL 2%, 30 4 BHE YV EBE T (300
pm) fHH L7=. 200 mL O2E 7 7 A a2 7 7 F—F}I0 FIc@EE, ks A% (5 B)
TWRBI A LTctk, DO =M 77 AaROEIZNART & F 50 mL THE L, [RERICWS]
A LTz, BIZEETZ T AADERETTE N 2MA T,
2) @i W DTHOLNTLIERO —E&R&E T & b CTIEMIZ 500 F4AR L CRIESEL 1 I3 2
AR E L, 24 O ) LIBOBIEZITWER L.
2.6 ERERENAR (BE) ORI IEOKRG
24D L LT, FEV—FLEIZ 260 mgkg HHYBEZIRML, 250 D LBV EIE LS LM
ik 3 WE AT, 4 Tk DR 2)ITHE, 5672 ilHgiKZ LC-MS/MS (2L, #nE
I % b U7z
1) 2.5 O DITHEWHIHKZ 7 & b > TIEREIZ 500 AR L7, 2.4 © 2)LIBEOERIELIT-
7.
2) HHEEZMRETIC 24 O 2)In6 6)FE TORIEEZIT -T2, HICA X ) — /b — Xk
(1000+1) TIEMEIZ 500 {5 AR L7=.



BHT D 2,4-D KO OBEWE ORI v~ + 7T 7 5207 WVERGHTFHT X 5 E &L

Sample 10.0 g (300 mL Erlenmeyer flask)

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

add 5 mL of HCI (4 mol/L)) and 100 mL of acetone and shake for 30 min
——filtrate with suction filter (No.5B)

wash with 50 mL of acetone

top up to 200 mL with acetone

——8 mL of sample solution

Liquid liquid extraction I (300 mL separatory funnel)

add 100 mL of sodium chloride solution (10 w/v%)

add hexane-ethyl acetate (1:1) and shake for 5 min (twice: 100 mL and 50 mL)

put hexane-ethyl acetate layer into 300 mL of Erlenmeyer flask

add sodium sulfate
—— filtrate (5A)

evaporate to dryness under 40 °C

dissolve in 2 mL of methanol

Hydrolysis reaction

add 1 mL of NaOH (1.5 mol/L)

reflux in water bath (80 °C) for 30 min

adjust pH to 7.5~8.0 with HCI (1.5 mol/L)

add 16 mL of sodium bicarbonate solution (0.1 w/v%)
Mega Bond Elut C18 cartridge

prewash with 10 mL of methanol and 10 mL of water

apply sample solution

elute with 20 mL of sodium bicarbonate solution (0.1 w/v%) - methanol (1:1)
Liquid liquid extraction II (300 mL separatory funnel)

add 5 mL of HCI (4 mol/L) and 100 mL of sodium chloride solution (10 w/v%)
apply sample solution

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

put diethylether layer into 200 mL Erlenmeyer flask

add sodium sulfate
—— filtrate (5A)

evaporate to dryness under 40 °C

dissolve in 5 mL of acetonitrile - toluene (3:1)
InertSep GC/PSA cartridge

prewash with 10 mL of acetonitrile - toluene (3:1)

apply sample solution

wash with 5 mL of acetonitrile - toluene (3:1)

elute with 30 mL of acetonitrile - toluene - formic acid (75:25:1)

evaporate to dryness under 40 °C
dissolve in 1.0 mL of methanol - formic acid (1000:1)

LC-MS/MS
Scheme 1 Analytical procedure for 2,4-D and related compounds in feed
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3 BRRUBE
3.1 LC-MS/MS & &k o st
JFRL i Y ClIA A bt LT Ly br 2 FL—A Aok (BUF TESI 3£ &0 9H) %
AT ndZ Enh, REIZBWTYH ESTEZHW TR 21T 72,
BEHERIZONWT, RIEOWEFRMHFICEI VA — M Fa—UHEZEH LT, BEOEWTY B
— A A RETaE T NG DOR#ER 2 —VEELT Y Va rmx X — AR LT
&2 A, Tablel KO\ Table 2 (278 L= G2 i Td - 7=
32 MEmR
22 D DITHES TIHAB L7 2,4-D & LT 0.004, 0.008, 0.02, 0.04, 0.08, 0.2 TN 0.4 pug/mL
FIY OB FEARETLS 5 uL 2 LC-MS/MS ([ZIEAL, #5577 SRM 7 a~ N7 T AnbE— 7
LB IZHOCTHREREZER L. S0 RERIL, Fig 2 0BV THY, 24D TH
0.004~0.4 pg/mL A48 (FEARE LT 0.02~2 ng FAYM &) O#H CEBMEEZ R L.

y=53551x+170.84 y =352097x+1790.8
R? =0.9990 R? =0.9982

Peak area
Peak height

. 01 02 03 04 0 01 02 03 04
24-D/|ug/mL| 2,4-D/[pg/mL]
Fig. 2  Calibration curves of 2,4-D by peak area (Left) and peak height (Right)

3.3 W E A %G s L7z JFRL EO§E 220 T

FREHR D 2,4-D ORI, TERIEICHBWVT 0.5 mgkg LLTFTH DL DK L, SKET
1% 260 mg/kg & 725 T 5. ARiEZEFEEEMAY BITHERINZEHREIZEA T 5 720120%, 3k
IR DOARP LB L 72 5.

JFRL VLTI, BHEMICHE LN ZRENAR A AR L, LC-MS/MS IZfiLTWb. £Z°T, 26 D
ERVREHRE AL, BUEOLEEIT 72, ZOFSE, Table 3 ® &3V [ij#HH CEIULE
ICEEETRBO OGN 72D, BIREOREIZ ST 2 2 L2 X507 AgEE~DHY
KO =0T K00 OB OEBZ1ET 252 & 2BE L, BEIC O Witk E 7 &
kT 500 AR L7242, 2.4 O )LUBOEMELITH) 2 & L LT,
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Table 3  Comparison of recoveries of 2,4-D in grass hay by dilution of sample solution

) diluted after diluted after
Spiked Run extraction InertSep GC/PSA
Pesticide level
(mg/ke) No. Recovery Recovery
m,
i *%) %)
1 76.1 75.6
2,4-D 260 2 76.9 78.1

3 77.5 77.2

3.4 WiEWE OB

ANE, RE, 4w, INE, &56AZL Q #@EH) , FAXKOEHE (TL77 V77
WL, FEV—WHEROT A 77 AWE) 2 Hv, RECED AR LS’ 4 LC-MS/MS
WCEAL, EREZHTHE—7 OFEEMHE L=, KEIZBWT 2,4-D &R CARRERICHRE T
RAEY OB — 27 BERO LALTEN, HERA T VBV T RKICHREIN TS Z &b, 24D
WLl L, Zo/E, EEFZHT2UEY—7IIRBO LN -T2,

72k, YFEKEDOSRM 7 v~ b7 J A% Fig.3 D B)II/RLT-.

3.5 RINENREER

JERL # ¥ Ti%, 2,4-D BEME D 5 5, fKbWBEOKY 24D 7 FF v =F o0, i
k/\ﬁ’@ﬁ@*ﬁdﬂﬁbn BAHRER/FE LN TNDZ E0D, RIETIER2TO 2,4-D BEWE

CHEAFRETH D EE L, AREITIE, 24D EOAERELE L TEEEBEIZEENDIZ AT VK
? 2,4-D BEEMEOMNE L L T24-D =T L E2FE L TR L.

24D L LT, IERRTAEIZ 05 K 0.05 mgkg MY E (REKREHAKT T 02 KO
0.02 pg/mL Y E) , &9 HAZ LIT0.05 X0.01 mgkg fHYE (&N P T 0.02 &
O 0.004 pg/mL FHYE) , T4 77 AFEIZ 260 LT 10 mgkg FHYM & (GREiCEHAK + ©%
0.208 JTF 0.008 pg/mL AHY &) AWML, AIEICEY 3 ST TERL, BEUEREOHER UK
EaEt Lz,

F72, 2,4-D =F UL, MKDEEICE D 24D ICEBSNDZ LD, MENEFELTWDE

AT EREMIT 24D KN 24-D = FLvobdEE L THEBEINS. 2O ENE 24D ZF LD
TONEUERER I L DR OBRICIE 24D = F L DOHEZHRML CEMEiZ4T> 2L & L7-. 24D —
Fl LT, MEEKRTAFEIZ 0.5 KO 0.05 mgkg Y E (RKAEHAKT T 24-D &£ LTH
0.18 X0 0.018 pg/mL MY E) , &9 HAZ LIZ 0.05 LT 0.01 mg/kg A4 & GRfEEHATK +
T2,4-D & LT4 0.018 XTr0.0035 pg/mL AHY &) , T A 7 T AHHEIZ 260 & T8 10 mg/kg FH4
B (RERENART T2,4-D & L T4 0.185 X110 0.0071 png/mL A &) ZWML, KEicky 3
AOMTCER L, BUE K ORR USRS 2 s L7z,

NS OfERE Table 4 &Y Table 5 1Z/8 L7z, 2,4-D 122V TIE, /NETIHEHEILE
86.0~90.2 %, Dk UKL, MHxE#EFZE (RSD,) & LT 5.0 %LLF, RERIZT A £ T
84.8~93.6 %N 4.7 %L T, &9 HAZ L TIXT8.7~91.3 %K V57 %LAT, T4 7T AME Tl
78.3~87.0 %M N 85 LA FTH-o7=. T2, 24D =F I HONWTIE, /INETIHEHEIYLER
91.3~94.7 %, * O UKEEIL, RSD, & LT 1.9 %A TF, RERICT A £ T 92.1~96.2 %MK
6.8 %LL T, £ 9 HAHZ LTIE84.0~103 %27 %L F, T4 7T AE Tl 88.8~96.9 %KL Y
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3.0% L F Th o7z
7B, WNEGABR TH LN SRM 7 a~ 77 A0 —#l% Fig. 3 1R L7z,

b)

b)

Table 4 Recoveries for 2,4-D

Feed types
Spiked Wheat Rye Corn Ryegrass hay
level ) 5) a) b) a) b) a) b)
(mg/kg) Recovery RSD; Recovery” RSD: Recovery” RSD: Recovery” RSDx
(%) (%) () (%) () (%) (%) (%0)
260 - - - - - - 78.3 8.5
10 - - - - - - 87.0 7.0
0.5 86.0 5.0 93.6 1.9 - - - -
0.05 90.2 1.7 84.8 4.7 78.7 2.9 - -
0.01 - - - - 91.3 5.7 - -
Mean (n = 3)

Relative standard deviation of repeatability

Table 5 Recoveries for 2,4-D ethyl ester

Feed types
Spiked Wheat Rye Corn Ryegrass hay
level a) b) a) b) a) b) a) b)
(mg/kg) Recovery RSD: Recovery RSD: Recovery  RSD: Recovery RSD:
(%0) (%0) (%) (%) (%) (%) (%) (%)
260 - - - - - - 88.8 3.0
10 - - - - - - 96.9 0.9
0.5 91.3 1.8 92.1 6.8 - - - -
0.05 94.7 1.9 96.2 1.7 84.0 2.4 - -
0.01 - - - - 103 2.7 - -
Mean (n = 3)

Relative standard deviation of repeatability
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Fig. 3 SRM chromatograms

(Arrows indicate the peak of 2,4-D and each peak is shown as 100 % in each segment except B),
in which the peak of 2,4-D in the lowest standard solution (0.004 pg/mL) is to be shown as
100 %.)

A) Standard solution (The concentration is 0.2 pg/mL for 2,4-D.)

B) Sample solution of barley (not spiked with 2,4-D)

C) Sample solution of wheat (spiked at 0.5 mg/kg of 2,4-D)

D) Sample solution of wheat (spiked at 0.5 mg/kg of 2,4-D ethyl ester)

3.6 EE FREOKH TR
KIEOTERETFREOCHBHE FREZMRT 720, 9 bAZLEWNT A VT AFEIZ 2,4-D X%

2,4-D = F VAN LT EHZ DWW T, IRINENGERBRIC LV 556 2,4-D D E— 2 D SN s
10 KO3 LR D IRE A RDT-.

ZORER, FHoONTZE—7 DO SNEN 10 LA EERDREE, £ H5HAZLTO0.0l mgkg, 71
7T ARLECT 10 mg/kg ThH o7z, F£7z, Table4 LN Table 5 (IZ/R L7 B0, HiXiREEIZHKT
L IRMEGREBR A RIT R CTh o 7.

F72, SN 3 LD, 98 A2 LT0.003mgkeg, 747 7 AT 3 mgkg Th
STz

L EDOFRERNS, RIEIZEIT 5 2,4-D OFE R FIRIL 0.01 mg/kg (Fz8EIE 10 mg/kg) , BT
FR1Z 0.003 mg/kg (WZHCHIX 3 mg/kg) Th o7z,
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3.7 FEFEIFER

RIEORM B E 2RI 5720, LlakHe X 2 LR ZREIEE M, 22IEHRD 2
ABE (BE8 ) TIHEME L.

HamaEb e LT, /INEIZ 24-D KX 24-D =F L& LTENEN 0.5 mgkg Y E (ZhETh
10 g2k LTI mLHIZE S ng 236 T HKEMER | mLik) KOT A 77 AHEIZ 2,4-D &
W2,4-D=F e LTENEN 260 mgkg fHE & (ZAE4 10 glZxf LT 1 mL HiZ4% 2600 pg
EEATOREMER 1 mL) %, FRBREICTHWBBOR BICZERZIRINL TR L 72308
Rz SRR EE, RV ENEAN BRSSO o —ZBETEET, —MRAEETE AN B AR
FREHG S B REE R o 2 —, RER G R A A 2 B RS PE R A ST T 5B B ST,
MNTATEOE N BMOKPEE & 22N v % — BB 2 2RAE, Rkt % —, Flakes ¥
—, ARt Z—, AMEEr 2 —ROFEGERE 22— GFIRRE) Thoto. FROM
Fric oW TIEEBRIC N —F T R &N LFERBRICET 5 FIE 7 ' 228512, Cochran BT,
AU 1 1H D Grubbs #E & DS AUIE 2 D Grubbs BE 1TV, ANEOA LR L- ETF
HlE R, #uRk UREE (RSD,) K OVERIEBEE (RSDr) #H ML, 55472 RSDr 206, &
1E Horwitz ZU% BV C HorRat # 3K & 7z

FEFLIL Table 6 X (X Table 7 D LY THh -7z,

INEIZBWTIE 2,4-D KT 2,4-D =F /LT HONWT, FEWEIILERL 84.5 TN 95.5 %, RSD L%
NENT.1 K65 %, RSDpiIZZ4 12 KT8 8.7 %, HorRat IZZHE4 0.63 X110 0.48 TH Y,
WL BAREREEEENGONT. —J, 74277 AHEIZE W TIE 2,4-D K0 2,4-D =
FIAZDNT, FHEILERIL 81.9 KT 82.9 %, RSDIEZHZ4L 13 KT 6.2 %, RSDRiLZNZ
33 KT 21 %, HorRat lZZFNFI1 4.6 L N29 THoT-. T4 7T AMEIZEIT 5 HorRat 23\
TNOLAEL T2 TFICINE SR, ZRALICOWTITRGREMFRBENS LN
Rino .

TA T T AGEOEBTFBREEN/NE LR TREL RoZJRK E LT, MK S O ik
TEICH T DS D BRSO N IEE ICIREE OhECiEddEiceE LS CREHARS BB T 528, 7
A 7T AGETIIAZE) THY, pH PERMEIIT X8 X 7RI S0 OF R THANE Z - 7 7]
RRHEENRBEZ DN, ZOZEnD, WHEOEREICHOWTIE, FIHOEMO JHEIZONWTHE
RAORADPMETHLEBEZ DN,

SEOD, FBR=E THEH L7 LC-MS/MS O#§fE% % Table 8 (273 L7z,
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Table 6  Collaborative study results of 2,4-D
Feed types
Lab. No. Wheat Ryegrass hay
(mg/kg) (mg/kg)
1 0.385 0.395 211 249
2 0.452 0.436 226 231
3 0.389 0.371 231 216
4 0.408 0.389 198 210
5 0.441 0.425 260 237
6 0.440 0.520 225 134
7 0.386 0.319 150 194
8 0.483 0.421 327 352
9 0.474 0.468 96.8 87.0
Spiked level (png/kg) 0.5 260
Mean value “( ng/kg) 0.422 213
Recovery Y (%) 84.5 81.9
RSD: " (%) 7.1 13
RSDx ¥ (%) 12 33
PRSDr ¥ (%) 18 7.1
HorRat 0.63 4.6
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 7  Collaborative study results of 2,4-D ethyl ester

Feed types
Lab. No. Wheat Ryegrass hay
(mg/kg) (mg/kg)
1 0.442 0.440 184 189
2 0.448 0.460 182 178
3 0.434 0.453 196 206
4 0.394 0.399 179 180
5 0.421 0.435 225 214
6 0.413 0.395 245 241
7 0.409Y  0.324" 128 170
8 0.908%  0.766" 231 251
9 0.467 0.450 130 119
Spiked level (ng/kg) 0.5 260
Spiked level as 2,4-D 0.444 21
(ng’kg)
Mean value © (mg/kg) 0.424 192
Recovery (%) 95.5 82.9
RSD: ' (%) 6.5 6.2
RSDk © (%) 8.7 21
PRSD& ” (%) 18 7.3
HorRat 0.48 2.9

a) Data excluded by the 1st Cochran test

b) These data were included although it was an outlier by the 2nd Cochran test, since
the results of RSD, and RSDy were good.

¢) Wheat: n=16; Ryegrass hay: n=18

d) Relative standard deviation of repeatability within laboratory

e) Relative standard deviation of reproducibility between laboratories

f) Predicted relative standard deviation of reproducibility between

laboratories calculated from the modified Horwitz equation
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Table 8 Instruments used in the collaborative study
Lab. LC column
No. LCMS/MS (i.d.xlength, particle size)
LC: Waters ACQUITY UPLC Agilent Technologies
1 MS/MS: Waters ZORBAX Eclipse XDB-C18
ACQUITY TQD (2.1 mmx150 mm, 5 um)
LC: Waters ACQUITY UPLC Agilent Technologies
2 MS/MS: Waters ZORBAX Eclipse XDB-C18
ACQUITY TQD (2.1 mmx150 mm, 5 pm)
LC: Waters ACQUITY UPLC Waters
3 MS/MS: Waters Atlantis T3
ACQUITY Xevo TQD LC/MS/MS System (2.1 mmx150 mm, 3 pm)
LC: Waters ACQUITY UPLC Waters
4 MS/MS: Waters ACQUITY UPLC® BEH C18
ACQUITY TQD (2.1 mmx150 mm, 1.7 um)
LC: Waters MassLynx Kanto Chemical
5 MS/MS: Waters Mightysil RP-18GP
ACQUITY TQD (2.0 mmx150 mm, 3 pm)
LC: Waters ACQUITY UPLC Agilent Technologies
6 MS/MS: Waters ZORBAX Eclipse XDB-C18
Quattro premier XE (2.1 mmx150 mm, 5 pm)
LC: Shimadzu Mexera X2 Waters
7 MS/MS: Shimadzu Atlantis T3
LC-MS 8040 (2.1 mmx150 mm, 3 pm)
LC: Agilent Technologies 1200 GL Sciences
8 MS/MS: Agilent Technologies Inertsil ODS-SP
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 pm)
LC: Agilent Technologies 1200 Kanto Chemical
9 MS/MS: AB SCIEX Mightysil RP-18GP

API-3200 Q Trap

(2.0 mmx150 mm, 5 pm)

4 FLo

L ORI RE T 5 2,4-D K OFORHEYEIZ oW, JFRL 4% 512, LC-MS/MS %

AW EREOFBI I EE~OEA O HFICONWTHF LI A, UTOREREON, I8

IZBWTIZEHANRTRETH - 7-.

1) MEHRIX, 0.004~0.4ng/mL (FEAE L LT 0.02~2ng) OHPH CHEHMBEMEEZ R L.

2) 24D B#EMED O L, 24D TFLEREL, MitLic b ZARGRMENPHFEONTZZ LK
O bR DIR 2,4-D 7 R XL = F O NT, KiEDO KM TRAIFISINASIENTHOR TN D
ZEmb, RKEZETO24-DBEAEMEIZHEHAIEETH DL B2 L.

3) AREHES THEDLNZ SRM 7~ 7T AT, 10 FEOEFEFEEHIBW T EREZ TS &
— 7 I ooz,

4) 24D LT, IhEERTAEIZ 0.5 KO 0.05 mgkg FAYE, &5 HAZLIT 0.05 O 0.01
mg/kg FY EA M L 7ZRERE NS 2,4-D =F L L LT, /INERDT A £IZ 0.5 T 0.05 mg/kg
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YR, &9 8AZLIC0.05 %1001 mgkg FHY &, T4 7T ARLHEIZ 260 & Y 10 mg/kg FH4
EARMUZZEEZ HWT, RIEICKD 3 80T CEREL, [EUNEE KR OOR UE 2 Mt Lz &
A, RARERERE.

5) ARIEIC K D EE FRIZFEEBH T 0.01 mgke (FEHEIX 10 mg/kg) , M FBRIE 0.003 mg/kg
(RZHEL I 3 mg/kg) ThH o 7=,

6) /NEKRNTA VT AFEIZ 2,4-D KR 2,4-D =F ZRM GEHHIC 2,4-D XN 2,4-D =F )L
ELTO05 K260 mgkg FHY &) L7aiBtZ2HWT, 9 RBREIZB W TARIEICHE WL [RRER %
e L7z, TORE, NERIIBOWCIRGREMBIBENGONTLR, 747 7 AGLEIZE
WTITRBAF R BE T B E NG N7,

Bl iz
HERBRICS M L T a2 nW s — R EIE AN B ARS8 v % —ZEFZEET, — AN H
AR LB SR 2 E R 58 o 2 — K OV [ 3 R (Al A 8 A 2 BB S PE T SR A 52 B Ol B BRAT
FRICBITH2BBESNMNIEHFOELR L ET.
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