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Simultaneous Determination of Aldicarb, Aldicarbsulfone and Aldicarbsulfoxide
in Grain and Grass Hay by LC-MS/MS

Mayumi NISHIMURA"
(*Food and Agricultural Materials Inspection Center, Fukuoka regional Center

(Now Fertilizer and Feed Inspection Department))

An analytical method was developed to simultaneously determine aldicarb, aldicarbsulfone, and
aldicarbsulfoxide levels in feed using liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

After addition of water to samples, aldicarb, aldicarbsulfone, and aldicarbsulfoxide were extracted
with acetone, and the resulting solutions were filtered. The filtrate was then diluted with acetone to a
final volume of 200 mL. The sample solution was purified with InertSep K-solute (GL Sciences Inc.;
Tokyo, Japan) and InertSep GC/NH, (GL Sciences Inc.), followed by LC-ESI-MS/MS analysis for
determination of aldicarb, aldicarbsulfone, and aldicarbsulfoxide. LC separation was carried out on
an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d.x150 mm, 5 pm from Agilent Technologies
Inc.; Santa Clara, U.S.) using a gradient with 2 mmol/L ammonium acetate solution and methanol as the

mobile phase. MS/MS analysis was performed in the selected reaction monitoring (SRM) mode.

Spike tests were conducted on feed spiked with aldicarb, aldicarbsulfone, and aldicarbsulfoxide at
levels of 0.01 or 0.05 mg/kg (corn), 0.01 or 0.02 mg/kg (wheat), and 0.05 or 1 mg/kg (sudangrass
hay).  The resulting values obtained for mean recovery and repeatability in terms of relative standard
deviation(RSDy) , respectively, were 81.3 to 118 % and not more than 13 % for aldicarb, 84.7 to 99.6 %
and not more than 12 % for aldicarbsulfone, and 89.5 to 97.4 % and not more than 7.7 % for

aldicarbsulfoxide.

A collaborative study was conducted in eight laboratories using corn, wheat and sudangrass hay spiked
with aldicarb, aldicarbsulfone and aldicarbsulfoxide at 0.02, 0.01, 0.1 mg/kg respectively. The
mean recoveries of aldicarb were 90.9 % to 105 %, and the repeatability and reproducibility in terms of
relative standard deviation, and HorRat were not more than 9.2 % , 14 % and 0.63, respectively. The
values for aldicarbsulfone were 93.6 % to 102 %, with not more than 8.8 %, 11 % and 0.50,
respectively. The values for aldicarbsulfoxide were 93.0 % to 97.9 %, with not more than 7.5 %, 8.4 %
and 0.38, respectively.

This method was validated and established for use in the inspection of feed for aldicarb,

aldicarbsulfone and aldicarbsulfoxide.
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CH3 CH3
| NHCH, | NHCH;
CH3S—C—CH=—=N—O0O—C CH3SO—C—CH=N—O0O—C
\\O | \\O
CHj, CH3
Aldicarb Aldicarbsulfoxide
2-methyl-2-(methylthio)propionaldehyde 2-methyl-2-(methylsulfinyl)propionaldehyde
O-(methylcarbamoyl)oxime O-(methylcarbamoyl)oxime
C/HisN,O,S  MW: 190.3 C/HisN,O3S  MW: 206.3
CAS No.: 116-06-3 CAS No.: 1646-87-3
CHj
NHCH;
CH3S0,—C—CH=N—0—C
\b
CHj
Aldicarbsulfone

2-methyl-2-(methylsulfonyl)propionaldehyde
O-(methylcarbamoyl)oxime
C7H4N,O4S MW: 2223
CAS No.:1646-88-4

Fig. 1 Chemical structures of aldicarb, aldicarbsulfoxide and aldicarbsulfone

2 EERAE
21 & B
INE, EOBAT LKA —H 7T AGE LTI 1T mm OS5V AT 5 THikL,
HEREURE L L7,
22 AREEE
1) T IVTREERIR
TV I T RENER, (Sigma-Aldrich 2, #lE 99.9 %) 25 mg & EfEICE ST 50 mL OA&RET T
AN, TR MCEMATENL, BT E CREEE A N2 TT VY 07 R % 71 R
L7z (ZOW 1 mLiE, 7/APANL7ELT05mg (£<0999) #&HT5H. ) .
2) TATHINT AR F L NEEAEIE
T ANT AR RERER, (Sigma-Aldrich B, i 96.2 %) 25 mg % IEfEIZHE->T 50
mL ORET 7 AN, 7B MAEMATENL, TITERE CRBELMZ T VTN T
ANVRF Y FIERFERZRB L7 (Z0W) 1 mL X, 7VV LT ALEFT RELT 05 mg
(F0977) Z&EHT 5. ) .
3) TITHIVT AR NEUEER
TP HNT AV KRR (Sigma-Aldrich 8, #i/E 99.4 %) 25 mg A IEREIZ &> T 50 mL @
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BET T AACAN, TENAZMZTENL, BITERE CREEZ M TT AT TNV T AR
HEAEER AR L7 (2R 1 mLI%, TAY AT AR E LTO0.5 mg (1.006) & &AE7
5.) .

4) IRATEER

FAEMERIK 1 mL 2 25 mL O2R7 7 22 ZANTRG L, HIERETT & b2z RS
HERFR 2R L2 (Z0 1 mL X, 7AWV, TAPHNVT ZAVERF Y RERT VYL
TANVRELTHE 200 2EHT D, ) .

FRICE LT, IRAEEFRRO —E&%EY, A¥ /—/VCTEMRIIHRL, | mL FIZT7 v hn
T, TN HLT ZANEFRY REOT AP H LT AR E LT 0.0002, 0.0004, 0.0006,
0.0008, 0.001, 0.002, 0.004, 0.006, 0.008, 0.01, 0.02, 0.04, 0.06, 0.08 &X* 0.1 pg &HT7%
FIRAAEHER 2R L7

5) A% =), TEF=FU, TE b ROFRTF VTR EE - PCB BB, KITIRIES o
~ NI 7AW BT R U U A ROWFERY =T AT A V.
23 EK U E
) RBEOIB . #4778 Ao r /v =—Hh—SR2DW
2) m—X&Y—x/,URL—4%—: BUCHI #{ R-210
3y AN A YL T A V=Y A = ABL InertSep K-solute (5 mL £&EFH)
4 77774 M=K/ TI 27NV BTN FEEI =T A V=T v =
28 InertSep GC/NH, (500 mg/500 mg)
5)  rEndE L BERS - BN THE®S himac TC15D
6) WA v~ N7 7B T ARVE RS
WAk a~ K77 78 . Waters 8, ACQUITY UPLC System
& T DAVE BHTHEE © Waters 2 ACQUITY TQ Detector
24 EEFIE
H fh

SIHTECER 10.0 g 2 IEfEIZ > T 300 mL O34 =7 7 2 32 Af, K20 mL (A—X> 75 A
WLEL, TT7 7V T 7 N OV AETENT 30 mL) 2Nz T 30 4rfEE L=, BT ' b
100 mL (R—HX > 7 T AWK, TIVT7 7V 7 7 i R ONZ AFEFEIL 120 mL) ZI1Z, 30 2[R
DIRET (250 rpm) FHH L72. 200 mL O2ET7 T 22427 75 —F}IO FICE, fMRE A%
(5FEB) TWA|IAi LR, EO=AT7 T ARSI ZIART & F 2 50 mL THHEL, [FERIC
B A L7, BICERET7 T AaDERETT M2 A. 20K 4 mL (A—X 27T A
HLEL, TIVT 7 VT 7 R RO AREENY, FIZT R N CTIERMIZ 10 SRR L2, 0K 4
mL) % 50 mL 7237 7 A 2TIEMIZAIL, 40 °C BLFOKE T 1 mL £ TRIERMGEL, 77
ZALPR T D3RI & LT,

2) HT LA

AEHRRICHEAL T FY A 1 g KUK 2mL &1z, ZNEZHAMT A Y U7 KZANTI0
SEFRE L7z, 200 mL ORI T Aa%2 07 AOTICEES, EHEROAN> TW=RT 7 7
A2 Zfii=F /L 5 mL 90T 2 BIFE L, WREZNERY 7 22N, K2 Fe T ARl iz
ETOHETCHMIELTCT A HNTEEZRE S 72, BICHE=T /L 80 mL 25 7 A2 CH
RIS &8, WHIEE 40 °C LUTOKIBTIE E A CHEET D £ TRUERNE L7-%, BHZT A%
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W)

Ko THELE., 7 h=h UV 5 mL 22 TEEMEENL, B 7 508 111249 2R
BHAWR & L=,
3) T LA
T35 A =R/ TI 70 b VB EEI =T L (UTF
[GCNH, R =7 L) L), ) 27 =KV 10mL THHE L.
50mLDRTIET T A% GCONH, 2 =H 7 L0 FICES, REHAKZ GCONH, S =H 7 A
WA, DB FTETARO ESICETL2E TR FLTT AT AT EE S ®2. kICK
BHE D AN > T3 77 Aa%27 8 b= UL 5mL 2T 2 BIYEHL, BEERZIAK
GC/NH, 2 =077 MMz, R sE7Z. Fic7® h=hrY /b 5mL % GC/NH, 2 =7
7 LTz CRERICHEH S 7.
W Z 40 CCLL T ORI TIZ & A CRLET 5 £ TRIERM L72%, ER T A% THL
H L7z,
AKX J—)v 1 mL Z ERECIZ THEREWZEI L, 5000xg T 5 s ol L-%, BB
wRK 7 a~ 7778 07 AREESHIFHC L D2BEICHT 2 BHAKR E LTz,
4) K7 a~ NIT T H T AR RGNS X DRIE
ABHARTE L OV IRAIENENR S 2 uL 2k 7 n~ N7 T 7 % o7 DMAVEESHFHIEA L, Table
1 & OX Table 2 DPEFRMAITHE, BIRSHRE 7 v~ N7 T L &5,

Table 1 Operating conditions of LC-MS/MS for analyzing aldicarb, aldicarbsulfone and
aldicarbsulfoxide

Column Agilent Technologies, ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5 pm)

Mobile phase 2 mmol/L ammonium acetate solution- methanol(17:3)(2 min)—10 min
—(1:9)(3 min)—(17:3)(15 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Source temperature 150 °C

Desolvation temperature N, (500 L/h, 250 °C)

Cone gas N, (50 L/h)

Capillary voltage Positive: 0.8 kV
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Table 2 MS/MS Parameters

Precursor ion Production Qualifier ion Cone voltage Collision energy

Substance
(m/z) (m/z) (m/z) (m/z) (eV)
Aldicarb 208 116 - 10 6
- 89 18
132 -

Aldicarbsulfoxide 207 3 20 6

- 89 12
- 1

Adicarbsulfone 223 86 25 6

- 148 8

5 F "

BoNBERKSHRE 7 o~ 7T AL E— 7 HELOE I 2RO THREREZERL, et
WIRF DT N HNTEOZENENOREEF L.
RE, TANIHNT ANVEFY ReT LI HATITHE L TREBTOT LT E LTO
waERD 5511, RAUTKVEE L.
REHOT VANV T B (mgkg) = A+ Bx 0.922) x5*
A BREHRDROTZREHAR T O 7 VT H 7 OYRE (pg/mL)
B BREARD DRDIZHREHER P OT VT N7 AR F T ROPRE (pg/mL)
RR—=H T T AL, TOVT 7V T 7 R K ONR AEFEIZOWTIL, 502D
7ok, EEIEOME % Scheme 1 (2R L7,
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Sample 10.0 g (300 mL of Erlenmeyer flask)

—add 20 mL of water (grass hay ; 30 mL) and allow to stand for 30 min
——add 100 mL of acetone (grass hay ; 120 mL) and shake for 30 min
— filtrate with suction filter (No.5B)

— wash with 50 mL of acetone

— top up to 200 mL with acetone

— 4 mL of sample solution (grass hay ; 4 mL of 10-fold diluted sample solution
with acetone)

— evaporate to the volume of 1 mL under 40 °C

— add 2 mL of water and 1 g of NaCl

InertSep K-solute

— apply sample solution and allow to stand for 10 min

— wash flask with 5 mL of ethyl acetate (twice)

— elute with 80 mL of ethyl acetate

— evaporate to dryness under 40 °C

— dissolve in 5 mL of acetonitrile

InertSep GC/NH,

— prewash with 10 mL of acetonitrile

— apply sample solution

— wash flask with 5 mL of acetonitrile (twice)

— elute with 5 mL of acetonitrile

— evaporate to dryness under 40 °C

— dissolve in 1 mL of methanol

— centrifuge at 5000xg for 5 min

LC-MS/MS

Scheme 1 Analytical procedure for aldicarb, aldicarbsulfoxide and aldicarbsulfone

3 HBRRUER
3.1 Wikra~ s 7578 T DRGSR ORIE SOk
JFRL IETlEA A fbiEE LTy bu A7 L—A 4 bk (LLF TESI &) &), ) ZH0V
TREBRMEREF TN LG, KEITBWTS ESIHEZ W THET 21T 7.
FHEHERIZONT, RNEOWESRMFIZE VA= Fa— ez EHL, 7V h—P—AF KN
TR A Da— EBER YY) Vg VTR X =S MR LT & 2 A, Table 2 (TR L7255
N T o7z,
3.2 MERROIER
22 O HITHES TR USRS 2 uL 2RIk v~ N7 Z 7 8% 07 DRVE & EHTIEA
L, BOoNEBIREGHRHZ o~ s 279 A0 b E— 7 BM S S 2RO THREREIER L. Z0
FERIE, Fig. 20 LBV, BMERRIT 0.0002 ~ 0.1 pg/mL (FEAEL LT 0.0004~0.2 ng FH4 &) O#HiPH
THEMBREEZ R L.
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1)

2)

3)

Peak area

Intensity

Intensity

Intensity

Fig

y =482636x + 130.783

R*=0.9997

0 0.02 0.04 0.06 0.08 0.1
Concentration/[pg/mL]

y=379300x + 127.235

R*=0.9995

0 0.02 0.04 0.06 0.08 0.1
Concentration/[pg/mL]

y =237666x + 70.1119

R*=0.9997

0 0.020.04 0.06 0.08 0.1
Concentration/[pg/mL]

Peak height

Intensity

Intensity

Intensity

y =4766310x + 130.783

R*=0.9992

0 0.020.04 0.06 0.08 0.
Concentration/[pg/mL]

T T T 1

y = 1808480x + 995.698

R*=0.9994

0 0.020.040.06 0.08 0.1
Concentration/[pg/mL]

y =1496810x + 715.424

R*=0.9996

0 0.020.04 0.06 0.08 0.1
Concentration/[pg/mL]

.2 Calibration curves of 1) aldicarb, 2) aldicarbsulfoxide, 3) aldicarbsulfone

(left : peak area, right : peak height)

3.3 MR EORE

L.
REX Y RROT NN ANT AR DIREEER RN LT b DR L TiTo 7. ks, TATh
NTRENL, DTRICESETAVHINT AVERXY REEZT NV INVTEIBEA L TRRE L. £
OH|FERIILLTDO LB THS.

TN HNT R = TV HNVTE + TV HLVT A)LRFY KR %0922

T INTIE, REOERIEICL O —Eni kL, ALEKRFT NMET 52 L2 AKRBREHCRBO THER

L7223 T, LFOBGHE, TAVINT OHROEEREZRMLI-bD L, TATINT AL
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1) ZHMrA Y oth T AOEHESy O

INERRA—F L 7T AW 24 O DICHEVILEL (7277 L, Z—F > 75 AWE TG %
10 fE7REPICOEL) LIS, TASHNALT, TAZPHAT ALEFY RERT LY H LT A
Nk L B S HTRER OPE b U C/NEICE N 0.02 mgke HIS B, R—4L 7T AWML 202
11 mgkg Y BEEIFML, 24 O OIS A Y 7 L0 T MBI 2 3BHAR & LT,
JERL 512 & 0 VIS OIGE& TERR L 7. Z ORFRIE Table 3 0 DRUIDOLHEY, A—F v
7' 2Tk 90~100 mL OEHEISIZINTT AP AT ZLRE S ROBUN E—2 BERH b
. £ZT, A—H 7T AR E 24 O DIIHEVILER LK% 7 & b CIERIC 10 FAR L7
%I, [FRRICIEHE ORIRZ S L7z, T ORRIT Table 3 O 3)D LF0, TAVHVTET
0~90 mL IZHH L, 90 mL Bl DI IRHH S /g~ 7.

UEORE RN S, BHCELTHHIEE 10 AR LIRS, 2R OSIENTHIlE 2 0 £ £H
BF %52 &b L, ZOWRMEIERIIREE T 71 90 mL T4 & K L 72

Table 3 Elution pattern from InertSep K-solute
1) Wheat

Recovery 9 (%)
Pesticide Ethyl acetate (mL) Total

0~ 30~ 40~ 50~ 60~ 70~ 80~ 90~
30 40 50 60 70 80 90 100
Aldicarb 98.7 1.8 tr 0 0 0 0 0 101
Aldicarbsulfoxide 756 94 38 1.7 0 0 0 90.5
Aldicarbsulfone 99.2 0 0 0 0 0 0 0 99.2

a) n=1

(e

2) Sudangrass hay

Recovery i (%)
Pesticide Ethyl acetate (mL) Total

0~ 30~ 40~ 50~ 60~ 70~ 80~ 90~
30 40 50 60 70 8 90 100

Aldicarb 982 1.8 ftr 0 0 0 0 0 100
Aldicarbsulfoxide 69.1 136 60 29 16 09 tr tr 94.1
Aldicarbsulfone 992 0 0 0 0 0 0 0 99.2

a) n=1
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Table 3 Elution pattern from InertSep K-solute (contd.)
3) Sudangrass hay (10-fold diluted)

Recovery “ (%)
Pesticide Ethyl acetate (mL) Total
0~ 30~ 40~ 50~ 60~ 70~ 80~ 90~
30 40 50 60 70 80 90 100
Aldicarb 108 tr tr 0 0 0 0 0 108
Aldicarbsulfoxide 67.4 144 86 43 23 tr tr 0 97.0
Aldicarbsulfone 986 25 0 0 0 0 0 0 101

a) n=1

) TI7T775AMI—R/STI 77NN YA U B FIVEEE R =8 T A O S O
Rt

JFRL £ T, #8031 A ALENRS S NL T2, TARE I/ a~ NI 77 4 —IZ X0
L7212, GCNHy R=A 7 2% HWTHREZToTWaD. LaL, EHEIL 33 © )OOk
BT IO BARTL L LoD, FURGBEI/Ia~Y NI T 7 4=l kDB RNRELE
Z, OB FARDOBRIETHBEN W & 2 RE LTz,

REEL L L C A= U T T AR, TAT 7 V7 7 B RO VELE A 2.4 O )R 2)ITHE
VR U72IRICT IV VT, TN IV T AVIRF Y RE T VY VT Ak & LT GRE
FOWEELLT) | mgkg HYREEZRIML, 24 O NS> THT LA Z17-7-. T h=F
UV AV & LT GC/NHy X =71 7 A0 6 O & I 53 D[ENE o OFME v — 7 F DO 5 % 1
WL, E, MEIZHONTS 24 O DERUTHEVLEE LTHRIZT AV TINT, TIATTNT A
NERFXY REOT AT ANT AR L LT GREHHORE L LT) 0.02 mgkg FHYEZRML,
[FIRR N 3 HE 3 D[R] R 2 el L 7=

FORERIL, Table 4 DEBY, HEHRKAREICT £ =K UL 15 mL TTTOEFENHH
T 52 EDHER S, MBETIIRME Y — 7 EDOFELRO Lo T

Table 4 Elution pattern from InertSep GC/NH,
1) Sudangrass hay

Recovery i (%)

Pesticide Acetonitrile (mL) Total
0~10 10~15 15~20
Aldicarb 99.3 tr 0 99.3
Aldicarbsulfoxide 93.6 1.7 0 95.3
Aldicarbsulfone 92.8 2.1 0 94.9

a) n=1
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Table 4 Elution pattern from InertSep GC/NH, (contd.)
2) Alfalfa hay

Recovery Y (%)

Pesticide Acetonitrile (mL) Total
0~10 10~15 15~20

Aldicarb 90.9 1.1 0 90.9

Aldicarbsulfoxide 87.7 1.6 0 89.3

Aldicarbsulfone 92.2 2.8 0 95.0

a) n=1

3) Oathay
Recovery ? (%)
Pesticide Acetonitrile (mL) Total
0~10 10~15 15~20
Aldicarb 96.2 tr 0 96.2
Aldicarbsulfoxide 89.0 tr 0 89.0
Aldicarbsulfone 95.2 1.7 0 96.9
a) n=1
4) Wheat
Recovery Y (%)
Pesticide Acetonitrile (mL) Total
0~10 10~15 15~20
Aldicarb 111 0 0 111
Aldicarbsulfoxide 105 0 0 105
Aldicarbsulfone 105 0 0 105
a) n=1

3.4 WiEWE ORE

B (LObAHAZL, v 1), B UMK, KE) , WlE (R—F 7T AE, TLV7 7L
7y HLE, ZAEFE) ROEIEE (KEM»T, S57F, a—r 77—, LH58AZ LY
AF TG =T VLAV 2aTN) ZHG, RECIY - LRSI AR u~ N7 77207
LIVEESHTEHCIEAL, ERZT -V OFELHZRE LIZEZAH, WTHOREHIBWTHY)
ELRDHE—7ITRO LN T-.

EWE OB THE O NIRIRFISHE 7 u~ 75 A0—fl% Fig. 3 ® )R LT,

2%, Fig. 3 @ DIZBWTREERFFOALEIZUNO B — 27 B3BD NI T VTN T KR OT VDT
VT AR F Y RIZONWT, o=, FEUEED 1/20 A4 OEHER (0.001 pg/mL JEAE L LT
2pg FHY &) ) ORISR 7 v~ N7 T A% Fig.3 D )R LTz,
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4

1) 2)
- ¢ Aldicarb 100, Aldicarb
A "
? ¢ Aldicarbsulfone ‘5,’ ¢ Aldicarbsulfone
g ’ N S f: \ . W
¢ Aldicarbsulfoxide ¢ Aldicarbsulfoxide

T T T T T T T T T T T T T T T T T 2 Time:
300 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

Fig. 3 SRM chromatograms of oat hay (non-spiked)
(Arrows indicate the retention time of pesticides.)
1) Oat hay
2) Standard solution (0.001 pg/mL : 2 pg as each pesticide.)

3.5 WINEMGEER

TNATANTEHEELLT, £H5HAZLIC 0.05 KT 0.01 mgke FHYE (R&EREH T 0.01 XD
0.002 pg/mL AHXS &) , /N2 0.02 & TN 0.01 mg/kg R4S & (Rf&FEHF T 0.004 K 18 0.002 pg/mL A
i) , A—=X 7T AT 1 KT0.05 mgkg YR (A&HUEF T 0.02 T 0.001 pg/mL FH4&) %
WL 7230 2 W T, RIEICE- T 3 AOMTCTER L, BN K ORI UK EE 2 Mt L7z,

ZORER, Table 5 DEEBY, TTHNT OFEIEILET 81.3~118 %, & Ol UK EE I3 XHE
Y72 (RSD) & LT 13 %LLTF, TAYHIANT ZRF L ROFHENLERT 89.5~97.4 %, F Dfkik
UKL RSD, & LT 7.7 %LLTF, T HNT Z)LIR O EILERT 84.7~99.6 Y%, Z Dk Lk
JEIXRSD, & LTC22%LAF 7oz,

2%, BHNENGAER TR O VS BIRBUSHRI 7 n < 7T A D—fil % Fig. 4 IR LTz,

Table 5 Recoveries for aldicarb and it derivatives

Feed types
Spiked Maize Wheat Sudangrass hay
Pesticedes level  Recovery® RSD,” Recovery” RSD,” Recovery® RSD,”
(mg/kg) (%) (%) (%) (%) (%) (%)
1 — — — — 104 4.5
Aldicarb 0.05 81.3 8.3 — — 118 13
0.02 — — 81.7 3.7 — —
0.01 101 5.9 93.7 1.6 — —
1 — — — — 91.1 1.6
Aldicarbsulfoxide 0.05 95.9 1.6 — — 89.5 7.7
0.02 — — 93.7 2.2 — —
0.01 97.2 6.8 97.4 4.1 — —
1 — — — — 95.6 2.4
Aldicarbsulfone 0.05 99.6 1.4 — — 84.7 12
0.02 — — 98.7 4.7 — —
0.01 93.6 6.0 88.5 6.0 — —

a) Mean (n=3)
b) Relative standard deviation of repeatability
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) | 2) | 3)
| I
| Aldicarb | Aldicarb
z l I = Iy z }
@ | PG ) T Q — @ ) i i PR PP
«“—é ‘.'\ ~l Aldicarbsulfoxide ‘qa) ‘ Aldicarbsulfoxide ‘E i J Aldicarbsulfoxide
— N = P — g™ .
1 Aldicarbsulfone j’L Aldicarbsulfone

120

Fig. 4 Selected reaction monitering chromatograms
(Arrows indicate the peaks of pesticides)
1) Standard solution (0.004 ng/mL)
2) Sample solution of wheat (Spiked at 0.02 mg/kg of aldicarb)
3) Sample solution of wheat (Spiked at 0.02 mg/kg of aldicarbsulfoxide and aldicarbsulfone)

3.6 ERE FRRKE O IR

AVEDOE R FIRE ORI FIRAMZET 2720, &H98AHZ L, IWNERVOARA—F T T AEITT )V
THNTHE BRI LTZREHZ W, IRINEIGRBRIC LV B o s 8 —2 D SN s 10 KTV 3 &7
HIREZRDT=.

ZORER, oo —27 O SN S 10 LLEL R 2REITE 9 HAZ LEUVNET 0.01 mgkg &
WA—H 7T AFET0.05mgkg Thotz. LL, TATHATIE, ARFHIBWTALERSF Y
NbT 5 2 ERNHERENTEHEY, REHRIERTOT VANV T RORT AT HNAT AKX R, BN
L7ERELVIRWVBECERESNDZEERD. 22 LT, BNEGRER CERESINT-ZNEOR
BHARFP OBRELEEL, EH2HAZ LEWNEICT AP LT L LT 0.005 O 0.002 mg/kg
BEAZTIM U750 (ke URHATE T4 0.001 %11 0.0004 mgkg fHY &) MONA—X 2 7T AHLE
WZT NI TEEE LT 0.02 mgkg A EA R U730k (BofEaUEHANR T4 0.0004 mg/kg FH4
) ZHWT, AEICEY 3 80T &I L, & O FHRIEE K OWER URSEE 2 fat L.

ZORESE, Table 6 DBV, L2 HLAZ LEKWNRIZT VY75 L LT 0.002 mgkg fHY &%
W L7230k T, 7Y BT OFHEINERIL 104 KON 90.5 %, T OMEE UKL RSD, & LT
6.0 LTN48 %LLT, TN T ANNRF Y ROFHEILEIT 95.8 TN 88.2 %, F DK LRI
RSD, & LT 78 XN 17 %LLF, T IINT 2L v OEHEIERIT 84.5 TN 101 %, F DK L
FEEEIL RSD, & LT 45 KON 19 %A R otz., A=K 7T AMEIIT VY75 L LT 0.02
mg/kg FHY EA I L7230 ClE, TP v 7 OFREIGEEIL 883 %, € O#uk LIEEIX RSD, &
LT 16 %LAF, THATYINT Z)VRFT ROFHEIET 82.0 %, Z O UKSEIL RSD, & LT
6.5 %LL T, TNTNT AR ORI 91.2 %, O UREEIXRSD, & LT 22 %A
Lotz

Fz, SN S 3 ERDBEITE S HLAT LEUNET 0.0006 mgkg M ONA—H 27T ARLET
0.006 mg/kg Td > 7-.

PLEDFER G, TN INTHEOERE TRIL, - EEEH T 0.002 mgkg (FHE Tl 0.02
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mg/kg) , M FIRIZZIZEN 0.0006 mg/kg ([F] 0.006 mgkg) T o7z,

Table 6 Recoveries of pesticides at the level of limit of quantification

Feed types
Spiked Corn Wheat Sudangrass hay
pesticedes level  Recovery® RSD,” Recovery® RSD,” Recovery® RSD,”
(mg / kg) (%) (%) (%) (%) (%) (%)
0.02 — — — — 88.3 16

Aldicarb 0.005 83.9 8.8 97.3 4.5 — —
0.002 104 6.0 90.5 4.8 — —

0.02 — — — — 82.0 6.5

Adicarbsulfoxide 0.005 105 3.5 96.2 5.0 — —
0.002 95.8 7.8 88.2 17 — —

0.02 — — — — 91.2 2.2

Aldicarbsulfone 0.005 96.7 12 96.5 35 — —
0.002 84.5 4.5 101 19 — —

a) Mean (n=3)

b) Relative standard deviation of repeatability

3.7 F[ERER
AEORMHFIBE LR T 5720, EH2bAZ L, NEROA—F U T T AFEIZT VY IV

7, TN HIVT ZAVEFY REOT VI VT ALk v i Uz @kl 2 vy, 8 =it

A2 £ L=, SBOMEIILLTO LB THD.

i) SFrREoORE LobAZ L, NERORA—F 7T A Z 1 mm OS5 W\ A@iEd 5 E
TH#EL7Zb O ZEAT L, FRBREICEWT 10 g 280 o721, JEIER O TN AERER
(TN T THEAER e YT IV T VT Z VR T KR ONT VD LT AV IR ARG HE R 245 1
mL) Z 3 ATBHAGOFT BRI L TR L 7=, 3 FEOREHI W, FEHDRO 2 RUNE Tkl %
FEhiti L7=.

ZTNENOTIMEEE, £ 9652112002 mgkg fHSE (1 mL U202 pg &5 H T 54518 %E
AWM , /NEIZ0.01 mgkg FHIYSE (1 mL 12 0.1 ng &0 T D SARMERZ RN LOA—4
V7T AREENC 0.1 mg/kg FYE (1 mL P2 1 pg 2 5A8 T HFEHERZTN) OBV THD.

i) ZIEERE —REETEAN BAREEEHG 2B PR e o 2 —, —RIWEIEAN B AR ST
2 —ZEENIERT, MNATEIENRMOKEEE R et o & — BEEk 2 s, Rt
Z—, WflEtr#—, BATEE ¥ —, ALy 2—kOFERNE 2 — G 8 HR=)

i) FEROMYT EEEMICN—T A RSN HFERBRICET 2 FIE P P %2552, Cochran HE,
SRHUIE 1 D Grubbs R E K OSMUE 2 il > Grubbs BEZ 1TV, SMUBDOITERIE 21T 729 2 TF
BIEN R, o URSEE (RSD,) KR OVEMIEBURSE (RSDr) ZH M L7z, 5547 RSDr 205, &
1E Horwitz 0% AV C HorRat & 3R 7=.

ZOFREROMEITILL T DO LB THS.

) THNTHNT

EIBLATL, IMERPA—HF 7T AFEIZOWT, EHEILERIT 103, 90.9 KTY 105 %,
RSD, IZZNZH 5.5, 92 KX 5.7 %, RSDg IZZNZ4 11, 14 X 8.2 %, HorRat [ZZNZH
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0.50, 0.63 X 037 Thotz. o, A—X 277 ZAOFERIZEB T, Grubbs ME THNE L X
NDET—ERROONTZ. TOT—ZEZRI LR THRIRO LB Y BIFREE Ch o723, 55
FTILEDOT — X %A L CEYEIINE, RSD,, RSDy &Y HorRat ([ZOWTHH L7-/ER, Th
ZI 107 %, 5.4%, 5.0 %% 00023 Thotz.
2) TINVHANT AVEKRFT R
EIBLAHIL, INERPA—F 2T T AZHONT, FEHEILERIT 96.0, 97.9 KT 93.0 %, RSD,
IXZENEA 7.5, 3.4 K41 %, RSDRIZZNZI 8.4, 5.0 Tr6.5 %, HorRat IXZ4Z74 0.38,
0.23 X1 0.30 TH-7-.
3 TIVTHIVT AR
EOBLAZL, INEEOBARA—F T T A ZHONT, EYEINERT 102, 982 &Y 93.6 %, RSD,
XTI 44, 6.5 KT 8.8 %, RSDpIIZANZEI 7.2, 7.5 KN 11 %, HorRat 1ZZ4LE 4L 0.33,
0.34 XY 0.50 TH - 7-.
BEDD, FRBRECHA LIZRIKs a~ N 7T 7% 0 F DAV BHEFOMFES % Table 10 12
~L7z.
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Table 7 Collaborative study results of aldicarb

Feed types
Lab. No. Corn Wheat Sudangrass hay
(mg/kg) (mg/kg) (mg/kg)
1 0.0169 0.0167 0.00810  0.00788 0.0875”  0.0872°
2 0.0175 0.0192 0.00698  0.00726 0.102 0.108
3 0.0201 0.0197 0.00971 0.00942 0.113 0.0966
4 0.0219 0.0202 0.00850  0.0104 0.110 0.103
5 0.0207 0.0213 0.00932  0.00825 0.113 0.108
6 0.0229 0.0234 0.0107 0.00846 0.106 0.110
7 0.0216 0.0219 0.0112 0.0103 0.110 0.0972
8 0.0206 0.0243 0.00916  0.00975 0.110 0.112
Spiked level (mg/kg) 0.02 0.01 0.1
Mean value ” (mg/kg) 0.0206 0.00909 0.105
Recovery ” (%) 103 90.9 105
RSD: ¥ (%) 55 9.2 5.7
RSDr ¢ (%) 11 14 8.2
PRSDk ° (%) 2 22 2
HorRat 0.50 0.63 0.37
Mean value " (mg/kg) 0.107
Recovery ) (%) 107
RSD: " (%) 5.9
RSDr ” (%) 5.0
PRSDr " (%) 2
HorRat 0.23

a) Data excluded by single Grubbs test
b) n=16
¢) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

e) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
f) Calculated excluding Lab.1
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Table 8 Collaborative study results of aldicarbsulfoxide

Feed types
Lab. No. Corn Wheat Sudangrass hay
(mg/kg) (mg/kg) (mg/kg)
1 0.0169 0.0182 0.00921 0.00861 0.0947 0.0908
2 0.0190 0.0176 0.0103 0.00962 0.0795 0.0839
3 0.0211 0.0201 0.00989 0.0104 0.100 0.0944
4 0.0171 0.0198 0.00977 0.00937 0.0993 0.0940
5 0.0190 0.0195 0.00964 0.0102 0.100 0.0989
6 0.0220 0.0207 0.0102 0.0104 0.0925 0.0942
7 0.0181 0.0206 0.00987 0.00952 0.0845 0.0958
8 0.0169 0.0205 0.0100 0.00970 0.0943 0.0917
Spiked level (mg/kg) 0.02 0.01 0.1
Mean value a)(mg/kg) 0.0192 0.00979 0.0930
Recovery 2 (%) 96.0 97.9 93.0
RSD: ” (%) 75 3.4 4.1
RSDk ° (%) 8.4 5.0 6.5
PRSDr * (%) 22 2 2
HorRat 0.38 0.23 0.30

a) n=16

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 9 Collaborative study results of aldicarbsulfone

Feed types
Lab. No. Corn Wheat Sudangrass hay
(mg/kg) (mg/kg) (mg/kg)
1 0.0195 0.0200 0.00894  0.00989 0.0958 0.0938
2 0.0223 0.0228 0.0111 0.0107 0.0773 0.0768
3 0.0201 0.0222 0.00967  0.0110 0.100 0.101
4 0.0215 0.0189 0.00913 0.00912 0.0770 0.105
5 0.0190 0.0200 0.00910  0.0103 0.103 0.0968
6 0.0214 0.0212 0.0105 0.00966 0.0865 0.0956
7 0.0208 0.0209 0.00970  0.00971 0.0842 0.0960
8 0.0185 0.0179 0.00997  0.00870 0.107 0.101
Spiked level (mg/kg) 0.02 0.01 0.1
Mean value * (mg/kg) 0.0204 0.00982 0.0936
Recovery ? (%) 102 98.2 93.6
RSD: ” (%) 4.4 6.5 8.8
RSDr ¢ (%) 7.2 75 11
PRSDk ¥ (%) 2 2 22
HorRat 0.33 0.34 0.50
a) n=16

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 . LCcolumn
(i.d.xlength, particle size)
GL Sciences
1 Waters Quattro premier XE Inertsil ODS-SP
(2.1 mmx150 mm, 5 pm)
LC: Waters 2695 Agilent Technologies
2 MS/MS:Micromass ZORBAX Eclipse XDB-C18
Quattro micro API (2.1 mmx150 mm, 3.5 pm)
Agilent Technologies
3 Waters ACQUITY Xevo TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
4 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
5 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
6 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
LC: Agilent Technologies 1200 Series Tosoh
7 MS/MS: AB SCIEX TSK-gel ODS-100V
API-3200 (2.1 mmx150 mm, 5 pm)
LC: Agilent Technologies 1200 Series Agilent Technologies
8 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18

6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 pm)

4 F&OH
BHR O DTN INT, TP HNT ZVERFRY RROT VDIV T Z VIR AZDNT,
ik a~ w7574 07 MVERGHEE FO T2 8 BIEOETE I T B YE~O F O Al 12DV TR

Licl ZAh, ROFRENELN, EHNAETHDL LB L.

1) BEHRIZZNEI 0.0002~0.1 pg/mL (FEAR L LT 0.0004~02 ng fHY &) OFPH CHEMRMEZ R L
7-.

2) ST AV UL T DG OB ORE 1T 72 L 24, BHOEIZOW TR, RUBRERR % 10
TR LT-t%ICAMTT 252 8T, IWHBEEE 00 mL N4 CTho7o. Fio, Zhick v FnigiEs
v b T 74— EE L CHRM Y — 7 HEOWEIX RS, BRERERE ST

3) GC/NH, 2 =4 7 AOFHE OBGt 27728 2 A, HELIZ 15 mL 234 Th -7

4) BH (EHbAHZL, vAm) , B (L, KK, Wil (RA—F LTI R, TLT 7L
77, Z AREE) ROFEIEE (KEMW»T, STF, a—r 7 urrI—n, 29521V
AFFG—=RT VLAY Y aT)) IZ20WT, KEZES TR 7 v~ 87 F A TlE, 74y
HINT, TAPHNT ZANVEFRY REOT VY ANT AR DERERT 5 E— 7 1338 Sz

27z,
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5 TATVANTELLT, LHIbAZLIZENEN 005 KT 0.01 mgkg HYFE, NhEIZEZNLEN
0.02 % Tr0.01 mgkg tHYH, A—X 77 AREIZENEI 1 KT 0.05 mgkg FIYEATRIML, K
I THRIMENGER 2 2l L=, ZFOfE, 7Y 7 O EIGRIT 81.3~118 %, DOk L
FEEEIZ RSD, & LT 13 %LLF, TI/AT AT AVARF v ROFEEIUEIL 89.5~97.4 %, Z Dbk L
FEEEIZ RSD, & LT 7.7 %LLTF, TATHIAT ZAR L OIFHEINERIL 84.7~99.6 Y%, F Dok UKL
IZRSD, & LT 22 %L FORMAER G BT,

6) ANIEICKDEETFRIE, TAPHINT, TIAPHNT AVEFY RERT VS HNT AR &b
WZEUEHFF T 0.002 mg/kg (FZFCFTIE 0.02 mgkg) , B TERIZZLE4L 0.0006 mg/kg ([F 0.006
mg/kg) Th-o7-.

7 TATHNTEHEELLT, &9bAZ LIZENLI0.02 mgkg, /NEICZEIZT 0.01 mg/kg tH2 &M
VR—F 75 AMEICZ LI 0.1 mglkg FH2Y B4 TN L7230k % IV T 8 BREIC B TAEIS
PEWERFERERZ FE L7 & 25, BB RES.

# &
LFFBRICSIN L Tz 2D — A EE N A AR 2R 2 BHAEREIT 7t o 2 — R ORI A
N AR o 2 —Z BRI B T 2 BRE S E#H OB EZR LET.
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