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Study of Alternative Determination Method without Helium
(1) Simultaneous Determination Method of Pesticides by LC-MS/MS

FUNAKI Norio*! and KOBORI Takuya ™
(*! Nagoya Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Kobe Regional Center, FAMIC),
("> Nagoya Regional Center, FAMIC)

We have examined a simultaneous determination method of the concentration of 64 pesticides in
feed using a liquid-chromatograph electrospray-ionization tandem mass spectrometer (LC-ESI-
MS/MS), instead of gas-chromatograph mass spectrometer (GC-MS).

Having added water to a sample, pesticides were extracted with acetonitrile, and the solution was
filtered. The filtrate was purified with GPC and three types of solid phase extraction columns
(Chem Elut CE 1020, GL Sciences Inc.; Tokyo, Japan, ENVI-Carb/NH,, Sigma-Aldrich Co. LLC.;
St. Louis, MO, USA and Sep-Pak Plus Florisil cartridge, Waters Co.; Milford, MA, USA), and
injected into an LC-MS/MS to determine the concentration of each pesticides. LC separation was
then carried out on an ODS column (Wakopak Ultra C18-2, 2.1 mm i.d. X 100 mm, 2 pm, Fuji Film
Wako Pure Chemical Industries, Ltd.; Osaka, Japan) with a gradient of 5 mmol/L ammonium acetate
aqueous solution and 5 mmol/L ammonium acetate methanol solution as a mobile phase. In the
MS/MS analysis, the positive mode electrospray ionization (ESI+) was used.

Suitable measurement ion conditions were found for 48 out of 64 pesticides. Linearity of
calibration curve was confirmed in the range of 20 to 400 ng/mL for 47 out of 48 pesticides
mentioned above. Peaks that interfered with the quantification of each pesticide were not observed
in the chromatogram of formula feed, corn and alfalfa hay, obtained according to this method.
Under the measurement conditions that the peak intensity of each pesticide was the highest, 23 out
of 47 had a matrix effect range of 80 to 120 % in all samples. And no pesticides had a matrix effect
of less than 50 % in all samples.

Key words: pesticide; simultaneous determination method; gas-chromatograph mass spectrometer
(GC-MS); liquid-chromatograph tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); feed
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L O FLAEN Iy O D~DOE AR AR L TV 5. BT EEINEED 5 5, BIK
WZOWTIEEICTARA I~ N7 T 7HEESHFHC L5 —FoiE (LT TGC-MS k) &wvw)H. )
WCEVRBREERL TWDEN, ZOHETIENIULEFERTLILERS S.
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Table 1
Compounds (Group A)

Target compounds in this study
Compounds (Group B)

Alachlor Deltamethrin Atrazine Fipronil
Aldrin Diazinon Cadusafos Flutolanil
alpha-BHC Dieldrin Chlorobenzilate Iprobenfos
beta-BHC Edifenphos Clorpyrifos Isofenphos
gamma-BHC, Lindane Endrin Clorpyrifos-methyl Isofenphos-oxon
delta-BHC Fenpropathrin Cyhalothrin Isoprothiolane
Bifenthrin Flucythrinate Difenoconazole Malathion
Bromobutide Heptachlor Dimethoate Pendimethalin
deBr-Bromobutide Heptachlor epoxide EPN Phenothrin
Chlordane Methidathion Ethion Phenthoate
(cis-, trans-) (E)-Methominostrobin Ethofenprox Phorate
Chlorfenvinphos permethrin Fenbuconazole Phosmet
(z-,E-) (cis-, trans-) Fenitrothion Procymidone
Chlorpropham Pirimiphos-methyl Fenthion Tebuconazole
Chlorthal-dimethyl Propanil Fenvalerate Terbufos
DDD Propargite (+Esfenvalerate)
(o,p™-,p,p*-) Propiconazole
DDE Silafluofen
(o,p"-,p,p") Trifluralin
DDT
(o,p-,p,p"™)
2 EBHHA
21 &R B

Ao fEl (WRIEERAEOEFGFHER) , EO2bAZ LEVEKE (TL77 07 71) 1%
TNENHEBRE Imm OARAY V= 235 LT E ol L, ofrARE S L7z,
E, WHEHIHAWZEA R OB A E A % Table 2 12x L7-.
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Table 2  Compositions of the formula feed

Formula feed types Ingredient types Pror:z)/:t)lon Ingredients

For piglets Grains 70 Corn, wheat flour, roasted soybean flour, rice
Brans 22 Bran
Oil seed meal 3 Soybean meal, corn germ meal
Others 5 Calcium carbonate, animal fat, calcium phosphate,

salt, garlic powder, molasses, corn steep liquor,
feed additives

For dairy cattle Oil seed meal 58 Corn gluten feed, potato gluten feed, rapeseed meal,
soybean meal

Grains 36 Corn, barley, rice, wheat flour
Brans 2 Rice bran, bran
Others 4 Molasses, calcium carbonate, feed additives

22 A 3K

1) 7 bh=hU UIFFEREEK - PCB RBEHEZH W=, A%/ — X LC-MS A (L7114
TGRSR 2 MWz, 1 %7 v T v ARKITESERE 7 o~ 797 (BL7 40
LFOEAMEER) Wz, FERT B =T AR ORES Y U MTRIERRE AW KX
Milli-Q Advantage (Merck Millipore #) 2 & 0 58 L 72 Hfik (JIS K 0211 @ 5218 IZEFE S 1
7HEHiAK) RV

2) A JV— BN SR

7V KU v, a-BHC, B-BHC, yp-BHC, 7 /L7 (cis 1K) , 7 a5 (trans 1K) , p,
p-DDT, T4V KUYy, = RY LV ROANTZ7mr (LT TA Zv—78EE] Ln
I. ) OFFEAESIL, Table 3 IR LGS, MEOLOE AW -

3) A ZV— BN S R

ANV —TBIMEEERENL 25mg &> TENEN S0mL ORET 7 A3 Z A, Tk b
VEMATHENL, BIERETTE RN EZMXTE A 70— 7 BINEEEAE R 2 R L
72 (ZNHD|EA 1mLiE, HEEELTOSmg 2 EAH) .

4) RIKEAEUER

A 7V — 7 BN SRR R4 4 mL & 200mL O2R T 7 A 3 ZIEMEICAN TRAL, ®Ii
THRETTE M ZMATAZ A —7BENMEEKEASEERREZAR L7 (20K 1 mL X, &
B LT l0pg 2 8H) .

Table 1 D A 7V —7 DRI (A 7V —7BMEIEITRS. ) 25T 10pug/mL O A 7 v—"7
R AEEERR (MM LR, 72 b3k, ) KO 10 pg/mL O A 70— 7B INEHEIR
AIEYEREAS 2 mL %2 20 mL O2®R 7 7 A 2 EMICANTRAL, BICERETTE =1
UNLVZEMATAZNV— 7 RIEEAEERAFAR L7 (Z0R ImL 1%, £REEL LTl srs
A) . Table ] ® B 7N —7DEEEET B 7V — 7 EBEBEAEREFR (MM TER, 7=
PR, ) ICOWTHRBRICEIEL, B 7 — 7 EREKIRASERER 2R L.

FHICE L T, FREKEAEERO —TEREE, 7 h=rV -k (1+1) TEMIZHRL,
1 mL $24& B L LTEREH 20, 40, 60, 80, 100, 200, 300 K% TX 400 ng # &A% 4R
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REFEERZH-E L.

Table 3  Additional group A pesticide standards used in the present study

Pesticides Manufacturer Purity (%)

Aldrin Accu standard 100

alpha-BHC Dr. Ehrenstorfer GmbH 98.6
beta-BHC Dr. Ehrenstorfer GmbH 97.5
gamma-BHC, Lindane Dr. Ehrenstorfer GmbH 99.5
cis-Chlordane Accu standard 100

trans -Chlordane Dr. Ehrenstorfer GmbH 99.1
p,p'-DDT Accu standard 99.5
Dieldrin Accu standard 100

Endrin Dr. Ehrenstorfer GmbH 96.5
Heptachlor Dr. Ehrenstorfer GmbH 99.0

2.3 IEEK UG A
1) ek
etk 1 (AR EOE S S AZ LA)
ZM-200 Retsch ! (HBHE 1mm 227 U —, fifi {EFEHR4% 14000 rpm)
sk 2 (RzB0s )
SM-100 Retsch ! (HBH&Z 1 mm 227 U — 2, [EHEEE (FEEE) 1430 rpm)
2) IRVEEH . Ly 7oy 2—Hh—SR2W XA 7 v 78 (i fARRE% 300 rpm)
3) 74 YD+ #HZ A ChemElut CE 1020 (20 mL)  Agilent Technologies ¢
4 I3 77A M=K/ T Fa AUk U WX VFERE I =H T L ENVI-
Carb/NH, (500 mg/500 mg)  Supelco %
5y 7w YY) A T A Sep-Pak Plus Florisil Waters (2 U ' — _R—ZHfE L= D
6) FNiRBE I/~ NS T 7 GPC VAT A il
7 AT T T 4 /0% — : DISMIC-25HP (L% 0.45 um, [E£& 25 mm, Bl/KPE PTFE) H{EIE
LY
8) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters i
MS/MS #6 : ACQUITY TQ Detector Waters
24 EREFGIE
D # M
SRR 10 g (BEARELIE 5 g) 28> T 200 mL Ok =/ 75 2 2|2 Ak, K 15 mL &1
Z, 30 MEER, W7 h=1FU /1 100mL 20012, 30 43M4E Y B CTHH L7=. 300 mL
DRTIET T Aaz7 7=} FIZES, iz A8 (5 7 B) TWSl Al L7z, %
D=7 7 AaROEESFIAKRTE h=1FU /L 50mL THHF L, FERICKSIAE L. A%
40 °C LA FOKIET 15 mL LA F £ CHULIRME Li=th, » 7 A0t 250HRE & LT,



AU Y AEEHLRWREREORT (1) ik v~ b7 T 7% 07 DR E W BRI F HTE O 69

2) T LB

BB 2 A Y O+ T DT AR, EHAIRDO A > TWe T 7 7 A3 %K 5 mL T
WL, WikE A Yot h7 52N, 5 5ikE%, 300mL ORTETZ T A% H 7 L5DTF
WEE, BRBHRIKOAN> TWeR TR T 7 2 az T /L —~F % (1+41) 20 mL §>°T
3 [EEE L, WRANRR A 7 A2z, WEAFETAHRO EIIET 5 F T F Lk, B
FEfg = F L —~FH 2 (1+41) 40mL 207 Mz, FEECEDSE72.

WA 40 °C LN OKIBTIEE A CRET 5 £ CRERM L2k, SR T AE2E-> T
B L7z, vZa~dHhr—78 K (441) 10 mL % ERECINZ TEREMZEML, 10 mL O
mOEEE IS AN T, 1000xg TmboliL7-%, LBREEA VT T 7 402 — (FLE
0.45um) TAi L, GPCIZHtT 23R & L7z

3) GPC

AEHA# 5 mL Z GPC IZTEA L, E&T 2HFERFENEHT 2453 % 200 mL DRI 7 7 X
AL, F—N—L LTV F LTV a—n—Tk by (1449) | fZMz, 40 °C LA
TOKBTIEE ALEHET D E CRIERME L%, ERTAZ2Eo THRELL., BFE=F /L 2
mL Z X CHEREWERENL, BT HLE I 2 0ehAR & L.

4) BT ALE I

T7775A4 NI—R /T 770V Vb VSNV ERBI =07 A& F iR T
10 mL THE L7z, REHEIRA I =5 7 A A, WREAFR TAKO EEGIZET 5 E Tt S
H. S0mLOLET7 T A% I =T LD TICES, BEHRKOA-> TWeRT K7 7 A2
ZEETF /L 2 mL §O T2 BIWEE L, WREZIERI =07 22, RS FTAHID ik
ICETDHETHRR F L%, BICHBR=F L 4mL 20 7 A2, RRICEHSEE.

WHKICF— "= LTV F Lo a—L—T% by (1+449) 1 &Mz, 40 °C LAF
DKW TIE L A EHLET D E TRIERME L7, EFTAZzXko Tl L7z, ~FH o —7F
Fy (7+3) 10mL (BzFIEL SmL) N2 CTEREWEZED L, 7 H0E AT 2 50BN
e L.

5) 7T AALER I

7YV I =T RPN T, TR SmL ROASNFH 2 5 mL TIEK
B Lz, BBEHATE 4 mL Z1EfEICEL > T = 7 A AN, WRENFETAHK O ESGIZEST 5
FCWMHESEL. S0mL DEET T ATEZI=HTLADOFICESE, ~FHor—T8 L (743)
6mL ZNx CTHRIELEH ST,

WHIKICF ==L LTV F Lo Ya—L—T% b (1+449) 1 &Mz, 40 °C LAF
DKW TIE L A EHLET 2 E TRIERME L72%, EFTAzXk-o Tl L7z, 7 h=FU
—K (1+1) 2 mL ZMx TEEMEENL, AT I 7 0% — (4L 045 ym) TAEL,
LC-MS/MS IZ X 2 HlE i3 5 3kkaik & LTz,

6) LC-MS/MS I L 2 HlE

FRBHATE B OV S SRS e 4 2 uL & LC-MS/MS IZ7EA L, BIREUSHH (LLF TSRMJ &

Wo. ) va~ T LB WESME Table 4 123 L7z,
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Table 4  Operating conditions of LC-MS/MS

Column WAKO pak C18-2 (2.1 mm i.d. x 100 mm, 2 um), Fujifilm wako pure chemicals

Mobile phase 5 mmol/L ammonium acetate aqueous solution- 5 mmol/L ammonium acetate methanol solution
(85:15) (hold for 0.25 min) — 0.25 min — (40:60) — 8.5 min — (20:80) — 9 min
— (1:9) (hold for 15 min) —3 min — (1:99) — (hold for 5 min) — 0.1 min (85:15)
— (hold for 3.9 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector

lonization

lon source temperature
Desolvation gas
Capillary voltage

Cone gas

Collision gas

Collision energy

Quadrupole mass spectrometer

Electrospray ionization (ESI) (Positive ion mode)
120 °C

N, (600 L/h, 350 °C)

3.5kV

N, (50 L/h)

Ar (0.4 Pa)

10eV,20eV,30eV, 40eV or 50 eV

7 i R
Hohr
PR L.

SRM 7~ N T AN E—7 HEEZRD THREREZIEMRL,

B 00 4 S

eF, EEEOWE% Scheme 1 (TR L7z,
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Sample 10.0 g (5.0 g for grass hay) (300 mL Erlenmeyer flask)

——added 15 mL of water and allowed to stand for 30 min

——added 100 mL of acetonitrile and shook for 30 min

—filtered through a filter paper (No. 5B of JIS P3801) under reduced pressure
——washed with 50 mL of acetonitrile

——evaporated to the volume of 15 mL under 40 °C

Chem Elut CE 1020 (applicable sample volume 20 mL)

——placed a receiver (300 mL evaporator flask)

——applied sample solution

——washed the evaporator flask with 5 mL of water and applied the solvent
—allowed to stand for 5 min

——washed the evaporator flask with 20 mL of hexane-ethyl acetate (1:1) and applied the solvent (3 times)
eluted with 40 mL of hexane-ethyl acetate (1:1)

——evaporated under 40 °C and dried with nitrogen gas

—dissolved in 10.0 mL of cyclohexane-acetone (4:1)

——centrifuge for 5 min at 1000xg

—filtrated through a membrane filter (0.45 pm)

——applied 5.0 mL of sample solution

GPC

——evaporated under 40 °C and dried with nitrogen gas

——added 2 mL of ethyl acdetate

ENVI-Carb/NH, (500 mg/500 mg)

——washed with 10 mL of ethyl acetate

——placed a receiver (50 mL evaporator flask)

——applied sample solution

——washed the evaporator flask with 5 mL of ethyl acetate and eluted (twice)
——eluted with 4 mL of ethyl acetate

——evaporated under 40 °C and dried with nitrogen gas

——dissolved in hexane-acetone (7:3) (grass hay 5.0 mL, others 10.0 mL)
Sep-Pak Plus Florisil (6 mg)

——washed with 5 mL of acetone and 5 mL of hexane

——placed a receiver (50 mL evaporator flask)

——applied 4.0 mL of sample solution

——eluted with 6 mL of hexane-acetone (7:3)

——evaporated under 40 °C and dried with nitrogen gas

——added 2 mL of acetonitrile-water (1:1)

—filtrated through a membrane filter (0.45 pm)

LC-MS/MS

Scheme 1 Analytical procedure for pesticides in feed

2.5 MS/MS HIE St DR 71k
BOICTPIHHEE LT, a2 Va oz X —%30eVICEEL, 23— FE% 10, 20, 30,
40 XX 50 V B ERL S SRMHIEEZITH 2 & T, 7V I—Y—A A RO Trx s K
A A DMABEDERIT, E—7 ORFERH, BREMESREZE L. B, U —H
— A F R OT LT AT DRBEDEITONTIL, LC-MS/MS D4 STk )-19% % 552
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WELZ. PHEMEDOKERENS, ROoEICT=—A 4% 2~11 FiE®EN L, =2—FE% 10,
20, 30 XiX40V, 22U g RxAF—% 10, 20, 30, 40 XiL 50 eV & ZNENE(L S CTH
ELT. 7ok, a—2EE 50 VIZOWTH, TIHHERICE — 27 2R LR o T2 ilm 3% h
ST DRI LTz,

3 BRRUBER
3.1 B O R
TER=RFIAEFTE =PV =K (1+1) THRL THRE L7Z 100 ng/mL EIKREAIEAE
WOBEKTIZHONT, E—IBREMEFRELZ B LA, B2PICBNTTEN=1Y
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Fig. 1  Typical selected reaction monitoring (SRM) chromatogram of
pirimiphos-methyl (100 ng/mL) by different solvents
(Precursor ion > Product ion (m/z): 306 > 108, Cone voltage: 30 V, Collision energy:

30 eV, Solid line: acetonitrile-water (1:1), Dotted line: acetonitrile)

3.2 ESRMFDFS

2.5 OFPHHEICB W CTHEEREIEE, ERICTFORIEEDOA A VB RWIEER o T2/l
(A ZNV—7: 7KV, BHC, 7 a/LZ— )L AF ), /L5, DDD, DDE, & (/v
KUY, =22 R, AT EZ IV ONTHZ a2 RlRE K, BZL—7 7L UL
— MEOTBrYI RY) ZROWESKEIICONT, TV =Y —AF RN Ta X7 b F D
MAGDEZEN L, 100 ng/mL BEESEERICOWTa—ryEBELXYa) Vg rmxrX—
Z 10 Z A CFREE L CHE L, #2103 L EOfE S EEAS 5 AL/ I E S/ % Table 5 & OY 6 12K
L7=. 7238, DDT IZOoW T+ REFBRENGEONTZEOD, AF & U CHEREMENERE I
TV % DDD & O DDE ORESRMEN RN TEE e d o 72728, SRIOBRG S IZERIM LT,
SEPELE A ZNAN—TD 345055 18 kB Z/v—70 30 (53D 56 27 43I
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DNT, ENENT VI —P—AF LU RO Ta X7 b A ORAEDLE 2L ETHaRER
PN DI, EREA TV ROHERA A & L TRETE D AMENRRINT. "B, AL
—7 D077 70—V EONRNITZNALTY AN B ZA—TDEL— MIOWTHE, 1#HOA A4
THABRBEEN GO,

Table 5 Confirmation result of MS/MS conditions (compound group A)

Cone  Precursorion  Collision  Retention Cone  Precursorion  Collision  Retention
Compounds voltage  >Product ion energy time Compounds voltage  >Product ion energy time
V) (m/z) (eVv) (min) V) (m/z) (eV) (min)
Alachlor 20 270 > 162 20 8.2 350 > 97 30
440 > 165 50 Fenpropathrin 20 350 > 125 10 15.2
Bifenthrin 10 440 > 166 40 20.4 367 > 125 20
440 > 181 10 . 469 > 107 50
Flucythrinate-1, 2
312> 119 20 20 469 > 157 40 14.4
312>194 10 (Not seprated) 469 > 199 20
Bromobutide 10 e 7.9 e
314> 119 20 285> 191 30
314 > 196 10 (E) -Methominostrobin 20 285 > 196 10 5.2
>
deBr-Bromobutide 10 fre b 10 6.9 285 > 238 10
234> 119 20 303 > 58 30
. 359 > 155 10 Methidathion 20 303 >85 20 5.5
Chlorfenvinphos-1 = ELSEael)
(Z orE) 20 359 > 170 40 9.5 320>85 30
361> 172 40 Permethrin-1 408 > 168 40
_ 350 > 155 10 erme 10 408>183 20 183
Chlorfenvinphos-2 — (cis or trans) ===
(Z orE) 20 359 > 170 40 10.1 410> 183 20
361>172 40 . 408 > 168 50
214> 154 20 Permethrin-2 10 408>183 20 195
Chlorpropham 20 = — 5.0 (cis or trans) = '
214> 172 10 410> 183 20
504 > 172 30 306 > 108 30
506 > 93 50 Pirimiphos-methyl 30 306 > 125 30 10.5
506 > 172 30 306 > 164 20
Deltamethrin 521> 172 30 218 > 127 20
(Metabolite of 20 521> 181 50 16.5 Propanil 30 218> 162 10 6.3
tralomethrin) 521 > 279 20 220 > 127 20
523> 172 30 368 > 57 20
523> 181 40 Propargite 20 368 > 107 30 14.6
523 > 281 20 368 > 175 20
305> 93 40 . 342 > 69 20
Propiconazole-1, 2 Y
305> 97 30 30 342 > 159 30 9.4
. (Not seprated)
Diazinon 30 305> 125 20 9.7 344 > 161 30
305> 153 20 426 > 59 40
305 > 169 20 Silafluofen 10 426 > 168 40 22.5
311 >109 30 426 > 287 10
Edifenphos 20 311>111 20 9.2 Trifluralin 30 353 > 236 20 10.9
311>173 20

Double line: The ions that achieved the highest sensitivity under the conditions for measurement for

each component
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Table 6  Confirmation result of MS/MS conditions (compound group B)

Cone  Precursorion  Collision  Retention Cone  Precursorion  Collision  Retention
Compounds voltage  >Product ion energy time Compounds voltage  >Product ion energy time
V) (m/z) eV) (min) V) (m/z) (eV) (min)
Atrazine 30 216 >104 30 50 324> 65 50
216> 174 20 Flutolanil 30 324293 %0 6.6
271> 97 30 324> 173 30
Cadusafos 20 271>131 20 10.7 324> 242 20
271> 159 10 Iprobenfos 10 289 >091 20 8.8
350 > 97 30 306 > 91 30
Clorpyrifos 20 350> 198 20 14.0 Isofenphos 10 346> 121 40 10.3
352 > 97 30 346 > 217 20
352 > 200 20 Isofenphos-oxon 10 330>121 40
Clorpyrifos-methyl 10 322> 125 20 11 FContains in 10 330 > 201 20 7.2
324>125 20 isofenphos) 10 330>229 10
- 450 > 141 40 Isoprothiolane 10 291 > 189 20 6.9
Cyhalothrin-1 30 450 > 225 10 15.7 291 > 231 10
467 > 225 20 331>99 20
- 450 > 141 40 Malathion 20 331>125 30 6.9
Cyhalothrin-2 30 450 > 225 10 16.1 331 >127 10
467 > 225 20 348> 99 30
406 > 251 20 282>43 30
Difenoconazole-1, 2 0 406 > 265 40 106 Pendimethalin 10 282> 194 20 14.3
(Not separated) 408 > 253 30 282 > 212 10
408 > 267 30 351> 153 40
230 > 47 40 Phenothrin-1 20 351>168 40 18.9
Dimethoate 20 230>79 30 2.6 351 > 183 20
230 > 125 20 351>153 40
324>77 50 Phenothrin-2 20 351> 168 40 19.4
EPN 20 324> 110 50 11.2 351> 183 20
324 > 157 20 321>79 40
385>129 40 321> 107 30
Ethion 20 385> 171 20 135 321> 125 20
385> 175 30 Phenthoate 20 321>135 20 9.0
385> 199 20 321 > 163 10
394 > 107 40 338>79 50
Ethofenprox 20 394> 135 30 201 338> 107 30
394> 177 10 338>135 20
394> 183 30 318>133 40
337>170 20 Phosmet 20 318> 160 10 5.8
Fenbuconazole 30 337>125 30 8.0 335> 160 20
337>129 30 Phorate 10 261 >75 10 10.4
437 > 367 20 308 > 70 20
Fipronil 30 £57 36 20 8.3 Tebuconazole 30 308> 125 %0 9.1
454 > 367 20 310>70 20
454 > 368 20 310> 127 30
Fenitrothion o 282109 20 9.6 Terbufos 10 ¥ 20 127
278 > 125 20 289 > 103 10
Fenthion 0 29715 20 9.6
279 > 169 20
420 > 125 40
Fenvalerate-1, 2 20 420 > 167 10 170
(Not separated) 437> 125 40
437 > 167 20

Double line: The ions that achieved the highest sensitivity under the conditions for measurement for

each component
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3.3 MEM

22 D HTHE- TR L 7= 4 BB A EMER S 2 uL 2 LC-MS/MS IZ7EA L, & 5472 SRM 7
B NI AP E =T EEE AW THREMEZIER L7-. Table 5 X6 IZFREHOEHED H> L, B
7 v—7" 0 EPN LIS D EIRIZ ST, 4 20~400 ng/mL (JEAE & LT 0.04~0.8 ng tH45 &) O
P CHEMBMEZ R L. 25 % TIE, 55607 EPN OBE#RR% Fig. 2 (2R L7, EPN %, SOl
EAFNCOWVWTHEREEZ RIS LD ORIEOMGHN & L. E—7 @S E AWV THRER
ZIERE LTZ381E, 2L AL ORS CEBEZRE o7,

B, UHHREBROBEGEL, £EK%E 0.02~04 mgkg &4 9 200 HARE %2 GC-MS &I
PEVFRI U 72 Bl URHA IR P O & R IR E S IS Y 35 .
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Fig. 2 Calibration curve of EPN by peak area

(Precursor ion > Product ion (m/z): 324 > 157)

3.4 WiEWE OGS
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BlEfkl, E9bAZLKRT AT 707 7 A& L RIEEZ G, REICE DR L 230EHA TR
Z LC-MS/MS IZIHEA L, BN SRM 7 B~ b7 T AEFER LTAER, W o BEo R
MICBWTCHEREZHTHE =713 N7, ARFHZI LI V&AL SRM 7 u~ h 7
Z7LD—f% Fig. 31" L7, Fig. 3 0EB0, MAMEHESGEEHIE Y IFRAAFILVERLT
RFFFRHIICE— 27 BB b, TV h—H—AFo>Ta s A A 306> 108 (m/z) L
ShDE=Z—AF L (306>125 LT306>164 (m/z) ) IZBWTHREKROE—7 BRI/ Z
ENBEY IRAAFILTHD &I LT,
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Fig. 3  Typical SRM chromatograms of pirimiphos-methyl in standard and blank sample solutions

(LC-MS/MS conditions are shown in Table 4.
Cone voltage: 30 V, Collision energy: 30 eV. Arrows indicate the retention time of
pirimiphos-methyl.)

A: Standard solution (20 ng/mL),
B~E: Blank sample solution (B: formula feed for growing pigs, C: formula feed for dairy cattle, D:

corn and E: alfalfa hay)

35 < hU v AR OMER

Precursor ion > Product ion (m/z): 306 > 108,

BMOBEMRMEZHER CTE I 47 1y (A Z7v—720 %4y, B Zv—7 27 ik4y) 12250,
24 0 D5 E VR L 2WKIEE BEdA Sk, b EHRGEE, &2 6AZ AT VY
FIVT 7NA DT T BRI A IR L LT 0.1 mg/kg AH4 & (B #&aBHA R T 100 ng/mL
FAME) ZRINLT-~ b U v 7 ZMEHERFIHOWT, 2.2 O HITHE-> THHELL 72 B FE ORI
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o S eIk b = RENRE DS TCESRMEICBIT S~ MY v 7 2% RIL Table 7 KT 8
DEBYTHY, RTOREHZONT~ MU v 7 ZAFREN 80~120 % & /oo 72 BT A /' v—7
TOkSy, BIZNVW—TTIla ki ThoTz. —FH, AZNL—TD2/50 (XA R RO nm
NR=)L) OB IL—TD3k4sy (o by, A —R RO T7 4 7a=)1) TiX, &7C
OREHZDWT~ b U v 7 AR 80 %% Flal- 7-.

7238, GC-MS {ETIE, WIMNEIGAERIZI T 5 EUGRD B % % 50~200 %OHiPH & LTz b,
ETOREHZOWT~ M v 7 2GRN ZOHFHMANTH T2 RBEIT A 7 Vv—7T 18 iisr, B 7
N—T T WA THY, ETOREHZONWT~ b U v 7 ZFEN 50 %% FlEl> 72y id 7o
7.

Table 7 Matrix effect study (group A)

Matrix effect’ (%)

Compounds Precursor ion Formula feed Formula feed

>Product ion for growing pig for dairy cattle Corn Alfalfa hay
(m/2)

Alachlor 270 > 162 94.3 95.8 99.2 83.7
Bifenthrin 440 > 181 68.3 77.4 86.1 56.6
Bromobutide 312 > 194 98.9 95.4 100 89.4
deBr-Bromobutide 234> 116 99.4 97.9 102 91.1
Chlorfenvinphos

b) 359 > 155 98.2 93.4 98.3 86.6
(Total amount)
Chlorpropham 214> 172 95.1 93.6 101 72.4
Diazinon 305 > 169 103 103 104 105
Deltamethrin 523 > 281 83.7 81.4 83.3 70.9
Edifenphos 311> 109 96.5 94.8 99.0 86.9
Fenpropathrin 350 > 125 91.2 88.4 92.9 78.7
Flucythrinate-1, 2 469 > 199 96.8 88.7 95.4 711
(Not separated)
Methidathion 303> 85 925 89.7 96.3 57.9
(E )-Methominostrobin 285> 196 96.0 90.5 98.6 61.9
Permethrin (Total amount)” 408 > 183 56.5 57.4 61.7 46.5
Pirimiphos-methyl 306 > 108 101 104 101 102
Propanil 218 > 162 63.0 58.8 66.3 49.3
Propargite 368 > 57 99.0 94.9 100 80.6
Propiconazole-1, 2 342 > 69 82.7 79.0 84.6 69.8
(Not separated)
Silafluofen 426 > 287 74.4 62.5 83.1 56.6
Trifluralin 353 > 236 101 98.9 96.6 90.4
n=3

Light gray: 50 % or more but less than 80 %, Dark gray: less than 50 %
a) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

b) Components with isomers detected as two peaks is calculated as a total amount.
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Table 8 Matrix effect study (group B)
Matrix effect” (%)
Precursor ion
Compounds >Product ion Formulg feeq Form_u la feed Corn Alfalfa hay
() for growing pig for dairy cattle
Atrazine 216 > 104 79.0 73.8 88.5 48.1
Cadusafos 271 > 159 96.3 925 96.8 88.2
Clorpyrifos 350> 97 102 96.2 99.5 89.8
Clorpyrifos-methyl 324 > 125 100 97.3 100 98.8
Cyhalothrin (Total amount)® 450 > 225 71.6 71.2 76.4 59.6
Difenoconazole-1, 2 406 > 251 82.1 74.9 83.9 63.7
(Not separated)
Dimethoate 230> 125 72.2 56.3 77.8 29.0
Ethion 385>171 96.7 91.1 96.0 84.2
Ethofenprox 394 > 177 60.8 79.2 86.3 57.7
Fenbuconazole 337>70 82.1 77.6 83.1 65.6
Fenitrothion 278 > 109 96.8 97.2 95.3 104
Fenthion 279> 169 92.2 87.7 92.9 86.7
Fenvalerate-1, 2 437 > 167 82.1 79.7 78.7 74.0
(Not separated)
Fipronil 437 > 368 75.9 72.5 78.7 64.7
Flutolanil 324> 93 96.3 88.0 97.1 72.0
Isofenphos 346 > 217 86.2 74.0 78.0 75.6
Isofennphos-oxon 330> 229 99.0 96.1 97.9 96.7
Isoprothiolane 291 > 231 97.3 92.7 97.8 824
Iprobentfos 289 >91 97.6 94.0 97.7 91.0
Malathion 331> 127 101 97.7 100 89.1
Pendimethalin 282 > 212 97.8 93.1 95.4 87.4
Phenothrin (Total amount)b) 351 >183 74.9 75.7 80.3 59.1
Phenthoate 321 > 163 94.3 915 98.4 85.9
Phorate 261> 75 99.3 102 99.3 97.7
Phosmet 318 > 160 85.1 77.1 86.7 51.8
Tebuconazole 308 > 70 80.7 77.4 82.4 71.0
Terbufos 289> 103 101 96.6 100 98.7
n=3

Light gray: 50 % or more but less than 80 %, Dark gray: less than 50 %
a)~b) Refer to the footnote of Table 7

4 F&EOH
K —FVE DO BRI 64 AT ICOWT, LC-MS/MS % W72 [F & BIE ORI E Sk 2 it Lz

LA, UTOMENTFEON, —HORSICOVWTHENTRETH D EBE X HILE.

1) EEHEOFRNEGEZ 7 b= )AL I TE = U=k (1+1) L LEHAED s a~ bY
ThEHKLTEEZA, E—IBREMMEFHRE L BICEEDTBRIFTH-T-.

2) HEREELBEBICE=F—AF U EBREL,
F—% 10~50eV OFiH CENENZLSETHIEL7ZE 2 A, 641D 5 H 48 /T iz DOV T D
BIEA A 2 Ffha R LT,

a— U FEE % 10~40 V OHPH,
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3) MEMIE, 2)THEA A RMUEERH L 48 kD955, EPN ZFR< 47 Kyl >\ TENE
A 20~400 ng/mL AHY & (FEAEE LT 0.04~0.8 ng FHY4 &) O#iPH CEMMEEZ R L. B,
UM BEROBERIIL, £23K%E 0.02~0.4 mg/kg &A% o8 Hakkl 2 GC-MS JEIC eV iRl
L 72 B AR IR T DO R EE PR IC A2 5 5

4) WKIEEREGEGE, FEAfFEEHERAER, E9bAZLEOT VT 77 7 A 2DV,
KB TR 0~ M T AIIBREOEREZ T O =7 IR O LR o7

5) AIEIHE- THLNTREHAKIZCOWT~ Y v 7 2R B LR, ~ Y v 7 2%
25 80~120 % & R T RIEIT A NV —TTOMSy, BZLV—F T4y Thole. iz, &2TO
REHZOWT= MY v 7 2R 50~100 % TH > 7= =T A 7L —7T18 k%, B/ /L—FT
5% THY, BETORBHIDOWT~ ~Y v 7 ZED 50 %& Tl 72l idenoiz.
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