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Determination of 2,4-D and Related Compounds in Grass Hay for Feed by LC-MS/MS
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An analytical method was developed to determine levels of 2,4-D and related compounds in grass
hay 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 condition, and the resulting solutions were filtered. The filtrate was then diluted
with acetone to a final volume of 200 mL, furthermore, it was diluted 500-fold with acetone.
2,4-D related compounds, such as 2,4-D-ethyl 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
purified with liquid-liquid extraction with diethylether under acidic condition, and 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, USA) using 5
mmol/L ammonium acetate solution and 5 mmol/L ammonium acetate methanol solution as a
mobile phase. In the MS/MS analysis, negative mode electrospray ionization (ESI-) was used.

Spike tests were conducted on 2 kinds of grass hay. Timothy hay was spiked with 260 or 10
mg/kg of 2,4-D. Ryegrass straw was spiked with the same compound at 260, 10 or 5 mg/kg,
respectively.  2,4-D mean recoveries ranged from 98.2 % to 105 % for timothy hay and 91.7 % to
98.6 % for ryegrass straw. The repeatability in terms of relative standard deviations (RSD,) were
not more than 4.2 % for timothy hay and 4.8 % for ryegrass straw. Subsequently, timothy hay
and ryegrass straw were spiked with 260 or 10 mg/kg of 2,4-D-ethyl, respectively. 2,4-D-ethyl
mean recoveries ranged from 94.9 % to 96.2 % for timothy hay and 90.0 % to 94.7 % for ryegrass
straw. The relative standard deviations of repeatability were not more than 5.0 % for timothy hay
and 5.7 % for ryegrass straw.

A collaborative study was conducted in nine laboratories, using 2 kinds of grass hay spiked with
2,4-D and 2,4-D-ethyl in the following quantities: 260 mg/kg for timothy hay, and 52 mg/kg for
oats hay. The mean recovery, repeatability and reproducibility in terms of relative standard
deviations (RSD, and RSDg) and HorRat, respectively, were 94.2 %, 3.4 %, 11 % and 1.5 (timothy
hay) and 93.5 %, 2.7 %, 15 % and 1.7 (oats hay) for 2,4-D and 84.8 %, 6.9 %, 11 % and 1.5
(timothy hay) and 82.4 %, 3.2 %, 8.0 % and 0.86 (oats hay) for 2,4-D-ethyl.

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

Key words: 2,4-D and related compounds; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); grass hay; collaborative study
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2,4-D X 1950 FFIZE BRI N TR LVE CRIORIEBREAICTH Y, 4 XBHEM LD b IRBEME R
ST BEMNRE L, KEAREAE LTELSBEHSA TS .

K ETIE, BAKEZSICBT SEEO 2,4-D (2,4-D F MU DA, 24D PAFNLT I U,
2,4-D =F ), 24-D A YT at ), 24D 7 hFTZFNRKRWN24-D TN =T I U8 (LR
[2,4-D BEHE] V9. ) 2ET. ) OFEREEE DIx, 2AE, KE, ~10, MNERDRT
A £ TO0.5mgkg, &9HAZLTO005mgke HET260mgkg Lo TW5. £, fkloFE
WV OFFEIEYEIC I T B EEM V1T, Wb o T1 mgkg L2->TW5. i, EABEBEOR
b, WS DMK YEIC R AR RS YT, k (XK) T 0l ppm, £2HAZLT
0.05 ppm, < DOMEFEIATIX 0.5ppm &72> TN 5.

AR D 2,4-D OHTIEE LTIE, BEICEEI T RAE DICiliik s a~ N 7T 7 4 7 ARV By
Frat (LT TLC-MS/MS| & \9. ) 1Tk DHYSE GEAHAE &8 RO A7a~< K
7T 78D 2,45 T & ORMSHED (2,4-D BEBWEIZIENSR) BlESh TS, 72, &l
D 2,4-D OOMEE LTIE, BEABE@RMRARE Y L TEIRRE (WA2r~ T T 7
(ECD) kO H AV u~ h7 7 7 EESHTE) DRINTND.

BEC R M LB I STV D LC-MS/MS (12K % 24-D OOHTEEZETHICHEZY, 2
DoHTE R BIAKR OB HE L2 G a OMBUEEEZ LFRBRIC L VR L 24, BT
R B M EBREE NS D22, Ho4KE TIX HorRat 728 2 & KIEICHE 2, BEAfF 72 FHUEE 15
HZENTERN-T O XoT, BEAMEMAEIHE T2 0WED & AT L CHEE T 25 1E I
#L, BT AR L T Bk RE T A 2k L ah

BE ARG & U B A B EREI A 1, — M ENEAN B AR SO 2 =2 [ER 22 4
FERRI R OB EYEESHTIEREFEE] BV THELE LC-MS/MS ZHWEERE (LT
[JFRLIE] v 9. ) P&EIC LTz, 2,4-D BEWE ZMANIRICE Y 2,4-DICE#HRL, 24D L L
TERTDHETHD. JFRL IEOBRBRICEB VT, 2,4-D BEEWE O 9 bix b koK 2,4-D
7T X TFADONKGIRBOREFPITOI, BRERERBHELNATND. BHEHEXSR L LI
Oy BT IR MEREIER L IC B W TUE, 2,4-D =F L EHWT 2,4-D B#EME 2 S0 EREE LTORY
PR L TRy, Az L 75 AKBMFHI BV TS 24D = F L2 WD THRE 21T 2 72,

FRlRE o3 AT B ERR AN LS 2 B2 ORI TE ) L 723560 12 BAF R M BUR EE 235 S v o T2 R RN,
ARGy i t% DO R A EN R EECd > 72 (B TIXHRPEICE LR CRBNATR DS BB T 5 7= D
WEGTH o, WHETIXHFMEICE LS THABE T, ABOBNEH LW, EHATRD
ErEllc rF-oCLEo7. ) 28, BMETCOMMIKREZT & M THIRT 2 EWBERTED, £
DB OFERETF /L —~FH 2 (1+41) ITK D8R (LT HERDE 1 &) . ) At sko
THREMENR DD Z LENBZ DI, £Z T, BEIZEIT D 2,4-D M U% OBIEME OF% 4 K HEfH
DEBERIE AR THO TESBRESNTNDLZ D, BREORARE AR T2 Licky,
B A MG L LT b oA S YEBEEE O B BFIED 9 b, WKSEL 1, &7 2T vV by
UATNI =0T L X OEH (IEaTomfmELEde. UT 7208 1) L), ) KO
757774 MI—Ry,/ TF LT IVN-Ta L)LY ) AF VBB I = T LML D
R (LT T 7581 LW, ) OBRENPERATREL DD TIXRWINEE R, £ DEIEE
EAT-72DT, TOMEEZHRET 5.

i



HHE O 2,4-D RO OBEWE OWRIK s v~ 7T 7 % 07 DRE RGN X 5 E&IE 3

BEZ 2,4-D L 24D T F L OHIERL & Fig | 107 L.

2,4-D 2,4-D-ethyl
Cl O Cl O
OH o
Cl Cl
(2,4-dichlorophenoxy)acetic acid Ethyl 2,4-dichlorophenoxyacetate
CsHeCl203 MW: 221.0 CAS No.: 94-75-7 C1oH10Cl203 MW: 249.1 CAS No.: 533-23-3

Fig. 1 Chemical structures of 2,4-D and 2,4-D-ethyl

2 EBRAE
2.1 & OB
FEV—E, T —YHELRRTA 7T ADLITENZEN 1] mm OfSD WV EEET 5 ETH
el 7z,
22 O
) 7Ehy, PFArz—T, HT M) TLAEOERET N UL (K TR -
PCB B ZHW\Wo. A& 7 — /I3 3RS 2% - PCB B %2, BRERICIX
LC/MS HE MW=, BEfRT =0 AEIRIEAGHMIE TR LC H 1 mol/L FEfET »E=17 A
Wik & Wi, AKIZEHIZK (JIS K 0211 IZEDH 5 5218 OFEMIAK) ZHW-. OO I X
ik (FFEIX 98 %D b D) Z A7, 2,4-D =F /LEEH#E T Dr. Ehrenstorfer 8 (i 99.0 %)
s LAY
2) 2,4-D FEAERR
2,4-D EYES, (BAH 228, S0P 98.6 %) 25 mg & EMEICE > TS50 mL DERE T T A3 lT A
N, 7B b &2 TENL, BIEBRETT® 22 TRERIERH 2,4-D EHEFE 4
B L7 (Zo# 1mLIE, 24D ELTO0Smg2aAa7T5 (F=098) . ) .
EHICE LT, 24-D BEH¥FEO —E&Z, A¥ /) —/N—FXW (1000+1) TEFMIZHRL,
1 mL H(Z2,4-D & LT0.004, 0.008, 0.02, 0.04, 0.08, 02 (04 ug #&A 3 5% 2,4-D %
MR AR L7z,
23 HEEROZGE
1) ERACEE AR 0 SM-100 Retsch . (1 mm A2 U —>, [Al#55% 1430 rpm)
2y AT ETINATIUNMMET Y BNV =47 A Mega Bond Elut C18 71—~ U ¥ (FETAHAI
# 1g)  Agilent Technologies #(Z U #—/3— (20 mL) Z#Ef5 L= D
3y V9774 M=K/ Z2F LT IVN-TREALTI NS B SNFEEI = T
2 : InertSep GC/PSA 71— kU v ¥ (FETAHIE 500 mg/500 mg) ¥ — /A= 2B Y
W= 3— (50mL) ZEFEF LD
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4) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters
MS # : ACQUITY Xevo TQD Waters
24 TEEIFE
1 #h
IINTEE 10.0 g 8-> T 300 mL O3t =7 T 2|2 AL, /K30 mL Z01%, 30 5k
B, FICHER 4mol/L) SmLEKONT & b 120 mL Z00%, 30 454 0 EE T (300 rpm)
HH L=, 200 mL O2& 7 7 XA a2% 7 77 —iK}FOTICES, gz A% (5 fE B) T%
GlAHWLTet:, KO =M7 7 2aROKIEZNAKRT & F 50 mL THEF L, FERICWS] A
L7z, BIZEBT7 7 AOERETTE N ZMATZ. ZOWEET £ b TIEMIZ 500 54K
L7, AR 8 mL % 100 mL ORI 7 7 A T EMIC AL, 40 °C LA T OKE THK 1 mL
FORERML, BT AZE>THELL. A% /=2 mL 2N CEBWEE,L, M
KA BRBHARR & LTz,
2) K fiE
AHEHAR D AN > 72 100 mL D727 7 A 2 KBt F MU U A% (1.5 mol/L) 1 mL Z N
Z, WHE ZAHT T 80 °C O/KIRT 30 /MR L%k Liz. Z OWRE RIS BB 5
AEHEIR & LTz,
3) RS
RENAK & & B U RS (4 mol/L) 5 mL K OME(LT b U 7 A¥EK (10 w/v%) 100 mL %
A#VTZ 300 mL D53 A Iz 7z, BMEBHEKDO A > TWeRTIET7 7 XA az vy F )l o—
TV 50 mL TYEE L, TeiRAE SIS A 2z, 5 oRMEY RE#HE L. KE (TE)
% 300 mL OSIRFBICAN, YoFLo—F U8 (EB) %200 mL O =75 22 |ZA
niz. DR+ A =Y F L —F)L 50 mL THF L, iRE SR B2z, 5 0MiE
VIRE-%HEL, KEE2ET, VPoFLz—T U EE2EO= A7 T 22 |lhbEl. P=F
N —T)VEEEBEOET U v A (HEK) THAKL, 200 mL OR2THET 7 22 IZAHK (5
A THABLE. DR} B KOO =77 2Aaz2VbEDY=F L —T /L THEL,
Wiz DA AEB L TAREGDLETZ. A% 40 °C L FOKE TR | mL £ TRUERME L,
BRI A LS THE L., AX 7 —/L—FE (1000+1) 1 mL % EfIZINZ TEREDZEH
L, LC-MS/MS {Z & &I 2 30k & L7z,
4) LC-MS/MS (2 X 2 HlE
BHAIE & OV 2,4-D BEHEHR A 5 uL & LC-MS/MS ([ZiEA L, B|IRKSHE (SRM) 7 v~
N7T KESTE. MIESM% Table 1 XN 2 2R L7,
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Table 1  Operating conditions of LC-MS/MS

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

Mobile phase 5 mmol/L ammonium acetate solution - 5 mmol/L ammonium acetate methanol solution
(7:3) » 10 min - (0:10) (hold for 10 min) - 1 min — (7:3) (hold for 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

Tareet Precursor  Product Qualifer Cone Collision
arge
ion(m/z) ion(m/z) ion(m/z) voltage (V) energy (eV)
219 161 -
2,4-D 28 12
221 - 163

5 #
BoNT SRM 72~ R I A5 24D O — 7 HELE NG S 2RO THRERAZER L,
Bt 2,4-D BEAFH LT
F72, 2,4-D =T NVOHEIRIMN L CTIRMEUGRER 21T > 7-BE ORI E O FHIX, REHR S
KOTZAEF D 24-D EERKICEY 24D = FVEITHEFE L, ML 2,4-D =F L0k
HIRETHRLTEDORIGEZRDLZ LI VITo
B D 2,4-D = F /L &= 4 x 249.1 /221.0
A BRERN RO B D 2,4-D &
ek, EEIEOHE %A Scheme 1 [Z/R LTz,
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Sample 10 g (300 mL Erlenmeyer flask)

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

add 5 mL of HCl (4 mol/L) and 120 mL of acetone and shake for 30 min
— filter through No.5B under reduced pressure

wash with 50 mL of acetone

—fill up to 200 mL with acetone

dilute sample solution 500-fold with acetone

—— 8 mL of sample solution

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

Liquid liquid extraction (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 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 in 1 mL of methanol - formic acid (1000:1)
LC-MS/MS

Scheme 1 Analytical procedure for 2,4-D and related compounds in grass hay

2.5 RIS EEAER OV T DALERERE DB W O A IR D et CHW - E &7k
B A M P & 3 2 @Rk oA R E (OF 6 A 1 6 2.1) 2, SFEREBEORRK
DEBIAR DM EIT o7, 72771, fET O 24-D OFEFEREE L, FEBHEIZHBWT 0.5
mg/kg L FTH D DITx L, #HE T 260 mgkg MO TEL o> TWA 70, fEHyHT %
INEHE DB T 500 f5ARAE Mz, BICHREZITO 2 EICKVIKEDOBRMENRHE D729,
RIS 1 IZHB W Th b U ORI IR AN DEIEEZ T ZNINZ 72U F O HEE Hn
7.
1 #h
IINTEE 10.0 g 28> T 300 mL o3t =/ 7 T 2 a2 Ai, /K30 mL 201z, 30 5y
B, FICHER 4mol/L) SmLEKONT & b 120 mL Z01%, 30 4[4 W EE T (300 rpm)
HH L=, 200 mL O2& 7 7 XA 2% 7 7 F—iK}FOTICES, gz A% (5 fE B) TK
GlAHWLTet:, O =M7 7 2aROKILZNAKRT & F 50 mL THEF L, FERICWKS] A
L7z, BIZEBT7 7 AOERETTE N ZMATZ. ZOWEET £ b TIEMIZ 500 54K
L, MR B LT3 2 30RHAKR & LT,
2) RIS 1
AEHAKR 8 mL %, O LM (4 mol/L) 5 mL, HibF b U T AEK (10 wiv%) 100
mL & O'EEfR = F )L —~F 3> (1+1) 100 mL % A7z 300 mL O 53R A [T EfMECINZ, 5
SRRV IRE - %EFE L. K@ (FTHE) % 300 mL O}t B IZ A, BT L —~F
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g (L) % 300 mL O =7 7 A3l ANz, DRk} A ZEBRT T L — X
(1+1) 50 mL Ty L, PRz oikim B 2z, 5 MHEV BE-%iHE L, KEEHET,
W= F N —~FH UEEED =AT7 T A aIlhbE . iR F L —~F ¥ @&l RO
e R U O (HEK) THKL, 200 mL ORTHT 7 Aa|ZAH (5 fE A) THWL. 7
K=k B KOO =47 T 2 az/bEOFRTF LV —~FH > (1+1) THEEFL, EKEZLED
HAEB L TAREGDOETZ. A% 40 °CULFOKB TR | mL £ CTRIERMEL, EHT A
ko THAEI L7z, A ¥/ — 2 mL # X TEBDEZE? L, MKSRIHET 230N &
L.

3) WK fiE
REWRIE D AN -T2 72T 7 7 2 2 1ZKER LT N U 7 A% (1.5 mol/L) 1 mL i1z, WA
B 2ALT T 80 °C DK T 30 43 FIAMNE L= it L7z, pH 4 (1.5 mol/L) T 7.5~8.0 IT
A% (pH T pH BB 2 HI WD THERR) L7cte, RIEKFET MU U LB (0.1 w/iv%) 16 mL %
Mz, 77 KRB TICHT 25 0HAIR & LTz,

4) T LAERT
G BTN DA Y BTN =H T B A X 7 —/L 10 mL JxOUK 10 mL CIER B
L7z (EBl~=h—L FEH, fi#EH%z | mL/min F2E L Lz, UTFRL. ) . REHAKZE 2
=0T DA, WEBFRTAHO FIHIZET 2 E TS E7Z. 5S0mL ORI I Aaxr
R=HTLADOTICES, REBREOAS> TWEARTIEY T A3 2 RBAKFEF ) 7 LRK
0.1 wv%) — A% /— (1+1) 5 mL THHFL, WiKEZ I =07 LA T 24D ZEHS
B, BICEEE 15 mL 23X =7 7 A2 CTRBRICIEH S 872, 2 OB IR A2 KK 5B 11 IS
g2 BRI & LTz,

5) ST B 1T
RENAK % & 5y U RS (4 mol/L) 5 mL K OME(LT b U 7 A¥EK (10 w/v%) 100 mL %
A7z 300 mL D53k C Iz, BEHRKDO A > TWeRTIET7 7 XA az vy F )l o—
TV 50 mL TYEF L, YERZSEE C 1oz, 5 oMV IEE-%EHE L. KE (T/E)
% 300 mL O3 ER DICAN, YoFrz—F U (LE) 2200 mL O =47 F 23|l A
niz. DR} C Y =F o —7 0 50 mL THEFL, EiRE SRR DIz, 5 oMiE
DIRET-ZEHEL, KEEZEC YoFLz—TAEEEO=AT7 T Aa|lhbil. V=F
N —T)VEEEBEOET U 7 A (HEAK) THAKL, 200 mL OR2THET 7 22 IZAHK (5
EA) TAHBELE. B} D KOO =477 Aa%baOyF Lz—7T )L TCHHEL,
Wiz D Azl L TAIREADLETZ. A%z 40 °C L F ORI THR 1 mL £ TRUERME L,
BEH AL THELZ. 7=t U b— bz (3+1) SmL 2 M2 THEEMEE,L,
717 DAL LIS 23 URHATKR & L7z,

6) BT LALERIL
T2 774 NI—Ry/ 2F LoV TIV-N-TRELVY AL Y BT NVFERE I = T A
Z7ER=bFUL— kx> (3+1) 10 mL THHE L. AWK Z I =0 7 LI AR, Kl
MIETAHKIO EMHCET 2 E TR S8, B, BEHAKRO A>T\t B 77 2Aa%T
Eh=hUL— kx> (3+1) SmL THEEL, BKE I =T LA, RRICHEE ST,
S50 mL ORI 7 Aa%2I =07 LD FICESE, REBROA>TWERTIETZ I Aax2T
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T h=hUL— by —Ff (75425+1) 5 mL CHFL, WIKEZ I =77 AIZMZ T 2,4D
IR &, FICEAEB 25 mL 2 2 =0 7 A2 CRERICIEH S 87, W% 40°C LT
DOARBTH 1 mL £ THIERML, ERTAEESTHELE. A%/ —/L—FE (1000+1)
I mL % EfECINZ CHEREWERNL, LC-MS/MS ([Z X 2 HIE I3 2alhain & LT
2.6 RIRATEL 1 O EAEA WE O "I 4R DR 7 ik
24D =F )t LT, FEV—HLEIZ 260 mgkg AU EEZTML, Tid DE O 2ITES & HfE
L THE LN REHAT 2 LC-MS/MS (ZHt L, [aliX R % bk L=,
1) 250 D06 6)E TO#REEZITo72 (BIEOEMEZRL) .
2) 24D D)OBIEEAITo121%, 2.5 D HLUBEOBIELIT o7 (RIS EL T BAEDOERE) .
2.7 1T DAPR T OEAEENE O RIS ITER D R T E
24-D =F )& LT, FEV—FLEIZ 260 mg/kg AN EAZTML, Tid DE OIS BfE
L THE LN REHAT 2 LC-MS/MS (ZHt L, [mlIX R % bk L=,
1) 240 H)OBIEEZIT ST, 2.5 D HUBROEIEEZITo 7o (RIRZE 1 BIEOER) .
2) 24 O DFETOHREZITVELNTZREHEKIZOWT, 2.5 O SHUUBOBRIEEZIT-72 (K
WEL T ROV T SALEL T #RIEDAERE) .
2.8 T HAER I OERAEE NS O R AR D T T A
24D =F )t LT, FEV—HLEIZ 260 mg/kg AN EEZTML, Tid DE O 2)ITHS & HfE
L CHELNZRENRK 2 LC-MS/MS (2t L, [BIIR A g L 7=,
1) 24 ® 2)ETORIEICE VB OENTHAEHEKIZOWT, 2.5 © 5UBEOBEZIT>7- (K
WO BL T e OV 7 DALVER T HREDERS) .
2) 240 D06 HNETORELIT o (WKIKREL L, 7T LB T O T LA 1T #ED
HIg) .

3 BWRRUBE
3.1 s
22 D 2> THI L7 2,4-D & LT 0.004, 0.008, 0.02, 0.04, 0.08, 0.2 % T"0.4 ug/mL
FHY BEDOBAEHERL S S uL 2 LC-MS/MS IZHEA L, BON7ZSRM 7 u~ b7 I AL E—7 H
RS S ZHNTREREER L. SO RERIL, Fig2 DB THY, 2,4-D TH
0.004~0.4 pg/mL AHY% & (JEAE L LT 0.02~2 ng FA4 &) OFPHCEMRMEZ R LT,
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1) 01 0.2 03 04 o 01 0.2 03 0.4
24-D/|pg/mL] 24-Di[pg/mL]

Fig. 2  Calibration curves of 2,4-D by peak area (left) and peak height (right)

3.2 R OTEL 1 DEAEE I O "I AR D RS
26 D DERD)IZHE > THREHFIKZFH L, 23 S0MTTER L. T OREEIX Table 3
DEBY, RRSEL T BRIEAEIE LI SICRDEE~DODRBIRO NNl 2D &M
B, WIRDEL T OFEIXEMAREE B bz,

Table 3  Effects of omission of liquid liquid extraction |

Spiked Run Preparation with Preparation without
level No. liquid liquid extraction I liquid liquid extraction I
(mg/kg) Recovery (%) Recovery (%)
1 88.9 88.0
260 2 87.9 91.2
3 91.9 91.1
Mean recovery (%) 89.6 90.1
RSD.” (%) 2.4 2.0

a) Relative standard deviation of repeatability

3.3 T DAER T OEAEENE ORI ITER D RS
270 DERD)ITHE > TREHSIRZFHR L, ZhEZn 3 80T CER L. T OREIT Table 4
DERY, BT LUBEBRIETI ZEK L EICLD2EE~ORBIIRDO LN -T-. 2Ok
Mo, A7 LAEET OBEITEK RS B b,
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Table 4  Effects of omission of clean-up column | (Mega Bond Elut C18)

Spiked Run Preparation with Preparation without
level No. clean-up column I clean-up column I
(mg/kg) Recovery (%) Recovery (%)
1 93.0 90.7
260 2 92.3 94.1
3 83.9 89.0
Mean recovery (%) 89.7 91.2
RSD:" (%) 5.7 2.8

a) Relative standard deviation of repeatability

3.4 A7 NLHE I OBRAERNE O AT ESIZER DR

28 D DRI TRENARZHEL, ThEN3 ST CEE L. T OREEIL Table 5
DEBY, BT LI EEZAK LI LICLDAEE~DRBIIRD N1, ZDZ
LG, BT AMFLI OFEITERAETCH D EEZ BT,

Table 5  Effects of omission of clean-up column Il (InertSep GC/PSA)

Spiked Preparation with Preparation without
Run
level No clean-up column II clean-up column IT
(mg/kg) Recovery (%) Recovery (%)
1 97.5 92.2
260 2 90.5 95.7
3 87.7 97.0
Mean recovery (%) 91.9 94.9
RSD:" (%) 55 2.6

a) Relative standard deviation of repeatability

3.5 ~ bV w7 AR OMER

24 O DD NI VFAR LT —HEDT T 7 RBHAEIC 24D L LT 5 KO 10
mg/kg FHY B (REHEHAI T 0.004 0 0.008 pg/mL A% &) #ZnNENHRMLZ~ MY »
7 AREREHRIZONT, 2.2 O DT> CTHB L2 [FRE D 2,4-D BEHERICH T 58— 7 mig %
R LILEZA, E—2mEITEHIZI8 % THY, 24-DIFHRAE~ MY v 7 R LB RERE
BhEZ DL WEAETH T,

3.6 WiEWHE OB

INEDD 1RIR, A—YHE 2K, 7L AT T AWE 2 RIK, A—F 7T AWE 2 BRI,
FEV—HE2LRER, 722705 1 REEKOTTA 7T 2005 1 gRiEZHV, RECL DAL
T EHA R Z LC-MS/MS ([ZIEAL, BOoN7ZSRM 7 u~ N T LAEMRLIZEZ A, A=K
7T AME I REIZEBWT, RETRU E (ER&TREAR) ov—27 3R bhi-

YRGB IR A A THRERICE — 27 SRS i, ZOA 4 THIBREREZIER L,
RBLIZE A, EEAAVEIZEREORE LIRS LD, 2,4-D KUZEOREYE NEY
LTWaRETHD UMW L. TRk T, EREZHITI2E—71IRD LN T-.
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B, UEA—HF T T AFED SRM 7 n~ s 77 5O —f#l% Fig.3 ® B IR LT
3.7 WHNEDNERER

24D L LT, FEV—HEIZ 260 LT 10 mgkg A% E (RERENAKR T T 0208 LKW
0.008 pg/mL M) , T4 772D 5HIT 260, 10 XN 5 mgkg ZHRMN &R EHRE T
0.208, 0.008 % TN 0.004 pg/mL FHM &) ZFEML, RECELY 3 S0MTCTERL, BEUEEE O
WU 2 MRt L7z,

F72, 2,4-D =F UL, MKDEEICE D 24D ICEBSNDZ LD, MENEFELTWDE
AICIFEEMIX 2,4-D K 24D =2 FLoG&EE L TEMNEINDS. 2O END 24D ZF LD
WINEIGRERIC X 2B OBIZIX 24-D = F LORZIRML CiMi2475 2L & L7, 24D —
FNLELT, FEV—HEKONT A F T AGEIZ 260 KT 10 mg/kg A4 & (R&REHAK + <©
% 0.185 & Tr 0.007 pg/mL fHY &) ZWIL, AEICED 3 S0MTTERL, PIUEE LK OHHR L
FBE LB L.

Z DOFfEFIL Table 6 LN Table 7 D & BV, 2,4-D X, FE T —E TIXFEHEIULE 98.2~105 %,
ZOMGR UKE L, MHXERERFE (RSD,) & LT 42 %LU T, REICTA 77 2Ab6TiE
91.7~98.6 %M N 4.8 %L FThH-o7=. —JF, 24-D =F /L, FF ¥ —FE CTIXEHEIILE
94.9~96.2 %, Z DO IK LIEE X, RSD, & LT 5.0 %LAF, FERIZT A 7 7 2o 6 T
90.0~94.7 %K X 5.7 %LL F T - 7=,

ek, BHoHNZSRM 7 a~ 77 AO—fl% Fig. 3 IZ/R LT,

Table 6  Recoveries for 2,4-D

Feed types
Spiked Timothy hay Ryegrass straw
level > m > =
(mg/kg) Recovery RSD: Recovery © RSDx
(%) (%) ©%) (%)
260 105 4.2 93.1 1.9
10 98.2 0.4 91.7 4.0
B - 98.6 4.8

a) Mean (n=3)
b) Relative standard deviation of repeatability

Table 7  Recoveries for 2,4-D-ethyl

Feed types
Slzi\lfeeld Timothy hay Ryegrass straw
(mg/kg) Recoverya) RSD:” Recoverya) RSD:”
(%) (%) (o) (%)
260 94.9 2.6 90.0 5.7
10 96.2 5.0 94.7 5.0

a) Mean (n=3)
b) 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 ug/mL for 2,4-D.)

B: Sample solution of sudan grass hay (not spiked with 2,4-D)

C: Sample solution of timothy hay (spiked with 2,4-D at 260 mg/kg)

D: Sample solution of timothy hay (spiked with 2,4-D-ethyl at 260 mg/kg)

3.8 EETIREOMMH TR
KEOERTRE O FIRZHERT 5720, 2,4-D 26N L RNEIGRERIC X W G5
E— 27 D SNEN 10 N3 L biRELZRD. ZTORE, oz —27 0 SN 10 UL E
EIRDIREIX Smgkg Thoto, £, SNIR 3 L2 DRI 2mgke THhoTo.
¥, ZTOERTREEICIT D EIEE K OHOR LR IE, J6l2 Table 6 IZ/R L7 &0 BAT
ThHoT-.
3.9 JL[EEER
AIEOEMTFBREE 2R T 5720, REIEEM, HOIEPIRO 2 sKE CH@EREHT L 53
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[ 7R 2 FE i L7z

ekt e LT, FEV—HERTA—YHEIZEREN 24D KT 24D =F /L& LT
260 } OY 52 mg/kg FHY & (A3 AT HEREE 10 g 12xF LT 1 mL H11Z 2600 & TF 520 ug = & H 3 HAZ %
1 mL &0 %, SRBREICTHONBLEORT BICEBNCEM L THRE L RE 2 vz, &m
B IE, — R EEANR SRR A T2 R F T, RGBSR, SERERR
RGBS S RS PE R FERT, IRSZATEOE N RMOKPE B 2 2Bl & o & — IR 2 e A,
LR 22—, Fiatr % —, A4 ERE 22—, AMEr 2 — kOG22 — (G
9 M=) Thovo. MROMHTIZTHONTIEL, EEMICN—FE T A XS EFRBRICEAT 5 F
JIg 191D % 2302 Cochran B &, AMAUIE 1 {8 Grubbs 1 & & UL 2 8 @ Grubbs 187 217,
AN O A B2 iR Uiz BRI E, MK UK (RSD,) K OVEMEHEE (RSDr) #H
HL, 5547 RSDr 25, EIE Horwitz 2. P % Fl v\ C HorRat Z R 7-.

FERIX Table 8 X WV Table 9 DBV ThHho7z. 2,4-D T, FEV—HEKOA— VIO
W, EHEINER L 94.2 TV 93.5 %, RSD, i 3.4 XY 2.7 %, RSDg i 11 XY 15 %, HorRat i
1.5 KON 1.7 THoiz. 2,4-D ZF)VTIE, FEFV—HEKR A —VFEEIZOWT, FEHEIE T
84.8 &1} 82.4 %, RSD, % 6.9 & X3.2 %, RSDpiL 11 1% 8.0 %, HorRat (X 1.5 KT*0.86 T -
7.

SEOD, FBR=ETHEH L= LC-MS/MS O#¥%fE% % Table 10 (27 L7z,
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Table 8  Collaborative study results of 2,4-D

Feed types
Lab. No. Timothy hay Oats hay
(mg/kg) (mg/kg)
1 243 244 52.2 49.8
2 268 257 51.7 49.5
3 229 231 47.7 45.1
4 235 253 52.1 51.1
5 263 254 47.7 48.0
6 228 230 39.4 37.8
7 272 258 47.6 47.8
8 203 184 40.0 41.3
9 285 272 61.9 64.7
Spiked level (mg/kg) 260 52
Mean value * (mg/kg) 245 43.6
Recovery Y (%) 94.2 93.5
RSD: ” (%) 3.4 2.7
RSDk © (%) 11 15
PRSDr (%) 7.0 8.9
HorRat 1.5 1.7

a) n=18

b) Relative standard deviation of repeatability within laboratory

c¢) 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 9  Collaborative study results of 2,4-D-ethyl
Feed types
Lab. No. Timothy hay Oats hay
(mg/kg) (mg/kg)
1 179 186 34.1 36.5
2 213 207 41.2 43.4
3 191 197 38.1 35.8
4 216 203 423 40.2
5 228 192 35.2 36.9
6 188 159 35.2 34.7
7 220 228 41.4 413
8 173 165 36.3 35.0
9 177 203 37.6 38.9
Spiked level (mg/kg) 260 52
Spiked level as 2,4-D (mg/kg) 231 46.1
Mean value * (mg/kg) 196 38.0
Recovery Y (%) 84.8 82.4
RSD: ” (%) 6.9 3.2
RSDr © (%) 11 8.0
PRSDr * (%) 7.2 9.3
HorRat 1.5 0.86

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 10  Instruments used in the collaborative study
Lab. No. LC-MS/MS LC column
(i.d. xlength, particle size)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
1 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
2 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters Mightysil RP-18GP,
3 MS/MS: ACQUITY TQD, Waters Kanto Chemical
(2.0 mmx150 mm, 3 pm)
4 LC: ACQUITY UPLC, Waters Atlantis T3, Waters
MS/MS: ACQUITY Xevo TQD, Waters (2.1 mmx150 mm, 3 pm)
5 LC: ACQUITY UPLC, Waters Inertsil ODS-SP, GL Sciences
MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 5 pm)
LC: 1200, Agilent Technologies Inertsil ODS-SP, GL Sciences
6 MS/MS: 6410 Triple Quad LC/MS, (2.1 mmx150 mm, 3 pm)
Agilent Technologies
; LC: LC-20A, Shimadzu Atlantis T3, Waters
MS/MS: AP14000, Applied Biosystems (2.1 mmx150 mm, 3 pm)
g LC: ACQUITY UPLC, Waters ACQUITY UPLC BEH C18, Waters
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 1.7 um)
9 LC: LC-30AD, Shimadzu Atlantis dc18, Waters

MS/MS: LCMS-8040, Shimadzu

(2.1 mmx150 mm, 3 pm)

4 F&EOH
LR PICR T 5 2,4-D M OVE OBEMEIZHSWT, BEOSHEZ FIZ LC-MS/MS % Hw
T EBIEOFEI O RE~OBAO AR 2RI Le L 25, WIRSEL T, 77 20H 1T LOH T A
MR ZBWET 52 L2k, UTOMERSELN, EHNAETHDL EEX LT,
1) MREMRIL, 2,4-D T 0.004~0.4 pg/mL fHY & (FEAREE LT 0.02~2 ng 02 &) OHiPH CEMHE
MaEr L.
kB, BEMERICBT LK~ MY v 7 ZORMENGREBROR EREIL, 24-D IZBWT
0.004, 0.008 K X 0.208 pg/mL FH4JEEE, 2,4-D = F/L{ZFHBUT 0.007 KT 0.185 pg/mL AH 24 2 &
L.
2) AREZHENELNDREHAERICOWTY N v 7 AR AR LR, 2,4-D I3 B~ MY
I ALK DREREELZITHERPEARTH .
3) W HOWT, KB THELNZZ7 e~ b7 T L2, EEZIT52E—27138O 60
o T,
4) 2,4-D & LT, FAHELIC 260, 10 Y5 mg/kg FIY &AM L7 EHE NS 24-D =F L& L
T, FERCOEIZ 260 KON 10 mg/kg M EZRM L7ZRE 2 HWT, KiEICLY 3 SMTCER
L, ENEROMOR UIEEE R LIzE 25, RIREREHS.
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5) ARiED 2,4-D OEE FRIX 5 mgkg, i FRIZ2mgkg Tho7z.

6) TEV—HEKR A —VHEIZENEI 2,4-D K 2,4-D =F /L& LT 260 &O52 mg/kg #H4
BAPML B2 DT 9 RBR=ICE W TARIBICHE W FERBR Z 32 Lz &L 25, BAFRRR
T

# &
HFEFBRIZS I L T 7207 — M R N R b BR B A 1 2 B S 26 T, 10 () B bR U AL
Fep K UM [ 26 17 R 6 08 & 2 SRDEE 8 PE T AT ERT IS B 1 D BERE LIS OB 2R L £,
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