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W CE o7z 2HH % &b 722058 H 0 235 % 5
Gl L7, Zof2HHEIX, #EEIEN LB IORHE
WhtEd 5 2 & b—FairE~O#H I TH - 7:

B H # X ¥ H B

720, ERGHTEORMIERFR E L.

2.2 HHEF

EAHFHH (SPE) %19 1%, GL WA = > A% InertSep
Slim-J PLS2 (AF L v P EZNWARY PR =7 )b
(SDB)) 3 & OF InertSep Slim-J C18 (C18), 7+ —% — X
#1 HLB (SDB-N-¥ =)L ¥uovy F» (HLB)), 171
LA PresepC agri (SDB- x4 7 1) L— T (SDB-
M)) &M,

GC/MS (%, Bruker # 300MS % 72 13 A A & 1 #
TQ4000GC % ffi il L 72. LC/MS/MS (&, Waters # TQD
%, HS-GC/MS %, &% HS40 QP-2020% i L 7-.

2.3

BRI (Yroaxy sy, Ay J—), TEbZ Y
V) AL, BT 4 v ARG O R BB & v
7o MBS MU T AEE LT 4V AR R oK B
3 - PCB B 2 v 7z, 3Rk, &1 7 1 v AFGHEE

WO PCBAIZERZ W, FHix, 5171 )V ANEHSE
#o HPLC i % v 7z, KERLF bV w4, BER LKES

LOF AR MU v ok, BT 4 v AADGHISE R o4
a7z m- 7 0 mE R AERIIE L7 4 OV AF7DEHEE
ARG WKEEES M) v A, BT 4V AHEH
FHDOPCB - 77 VBT AT VB % w72, KiE, =2
V7 8 Milli-Q /K G B il p R RS BR A 2 v 72,

2.4 GC—AnMiEowiy

2.4.1 it FIROBE

43T H QIR L A Y 7 00 X ¥V THERSB & BRI
FRL, fEEEm e s Lz, NIRRT & L C, 20 mg/

Table 1 Agricultural chemicals analyzed

Agricultural chemicals

Multi residue analysis by BHC, EPN, acetamiprid, isoxathion, isoprothioran, iprobenphos, esprocarb, edifenphos, etofenprox, car-

GC/MS

baril, kresoxim-methyl, chlornitrofen, chlorpyrifos, chlorfenapyr, chlorothalonil, dichlofenthion, dichlorvos

and naled, cypermethrin, simazine, diazinon, thiobencarb, tebconazole, tricyclazole, trifulmizole, tolchlofos-
methyl, pymethrodin, pyridafenthion, fenitrothion, fenobucarb, phthlide, butamifos, bprofezin, fluazinam,
fluthlanil, prethirachlor, procymidone, prosulfocarb, propizamide, bromobutide, pencycron, pendimethalin,

boscalide, morinate

Multi residue analysis by
LC/MS
mepronil

Other sethoxydim, 1,3-dichloropropene

2,4-D, azoxystrobine, iprodione, imidacroprid, oxine-copper, kazsaphos, carbendazim, carbofuran, dinote-
fran, simethrin, trichlorphon, novifulmuron, hydramethylnon, probenazol, bensulide, marathion, mefenacet,
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L7+F+757>d10, 7=F > L d10, 7))+t dl12
AN L d12R A A A 1 mL (2 LT 20 pLin
272 ZORHEREW 2 ul % GC/MS I27# A L CHlE L 72,
GC/MS Dilllsg 4% Table 2 |Z/R"3. E& FRIE, 7
Fv - 24X (S/N) 28108 2 Bl L, k20 g
ZREICHE L 22 A ORI R OMRE L L TR L.
2.4.2 [ A 7 2o BGH

¥ b b 74 20 g 50% A & — VIKEERR 200 mL |2
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HLB B £ 08 C18% fiv 7z, kI, SPE# T A% /KTY » A
LCHimaREL, E8E IS VR % V7
O X% 5ml %S CRESEZENSE. Gl
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L, PR 20 ul 22, GC/MS Tilllsg L 72.
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2.4 2 L MR ORER% FENi L7z, SPE 7 7 41k, SDB %
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2.5.1 Ex PO
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(IR 72 BEHEVSE 5 ul % LC/MS/MS IZ7EA L CHllsE
L7z. LC/MS/MS O #ll5E 5% Table 3 |Z/R9. E&T
FRIZ, S/N2S10& 2 RS L, R 20 g ZHIEICfE L
7R A ORI ORE L L THEH L.

2.5.2 [ A 7 2o B

YAt F M) w4 20 g &K 200 mL (2 VAR S B, %% 2
mg/L ® LC/MS/MS x5 55 1 mL % 0 L CRleRai
B BBEBnE YoarTara= v L
SPE 71 7 4|2 &7, SPE 7 7 421X, SDB, HLB,
ODS 5 L U°SDB-M # w27z, &KIZ, SPE %5 A% /KTY

Table 2 GC/MS operating conditions

AL EREEL, RS EE TR MP=RM)L5
mL %@l S CREESELFEN S Bl rER -
VTEMELT1ImL &L, KEMAT2mLIZERLH
LC/MS/MS CllE L7z, F7-, AR pH = 1k £ 72
WEKERILF U ATpH 1~ 9 IZF# L, BEAHIME S 5 2
OWGET L MOk % L7, SPE # Z 413 SDB % w7z,

2.6 ND OB

26.1 AXRTVHBEIOY IFTIIY

WA+t w4 20 g &k 200 mL 2R S, 2 mg/L
DFFTUMBLOY T 7T VEER ImLERNL, &
FECpH 3 ICFREE L 7-abEAR 2 0L L7z, SRhaiE, 7
XY )= VBLOKTary7T4a=r7L/7HLBY J
MW E T2 WIZ, SPE A T A %KTY ¥ A LTS
L, RSt 0.1%FEESH A%/ —)V 5mL
O S CREE LRSS SRSV Tl L
%ALY/ —NT1lmLIZL, K 1mL %z CTLC/MS/MS
THl%E L7z, LC/MS/MS Dilllsg 413 LC —F ik & [
Bk L7,

262 CFIAFNIIVBI 77 VAT Y

REOBHAN L B FT AF)V /) » OREEZ e
L7280, TN NUIIVEEO0, 10, 20, 308 & F40%7K
W 100 mL 12 2mg/L K5 XA F )L/ Vi 1 mL %1
ZCIRAE 7%, 30 L7z, 305 ICERToe K9 A
Fv ./ % LC/MS/MS THlE L 7.

R OGS ClE, ik bYU 7 A 10 g %40% 7 & b
= M UOVIKEERR 100 mL I2E# S, 2mg/Le FJ XA F)L
JryBIO T VAT UEER ImL 2L T, SR
W R R L 7. REERIE, FOTEM M) UBIY
KTaryF 43 a=r 7 L72CI80 I A @lsw. &k
12, SPE /S L %KTY VAL TS ERIL, BEsE
otk 7EPFZ MYV S5mL F il S CEREZ RIS
Bz, BEN-IUTERLLE TEIZFIYLT1ImL
IZEZ L, LC/MS/MS TilllE L7z. LC/MS/MS Dl E 5
HZLC —F ik L Ftk L L7z,

263 FFTVA

WAt ) w4 10 g &7k 200 mL 2% S, 1 mg/L

Table 3 LC/MS/MS operating conditions

GC conditions
Column Agilent technologies VF-17ms

(0.25 mm % 30 m, film 0.25 ym)

50C (1 min)-10C /min-300C (5 min)

Injector temperature 250C

Oven temperature

splitless
He 1.2 mL/min

Injection mode
Carrier Gas flow

MS conditions
Interface temp. 280C

250C

EI, Scan m/z:50-500/0.3 sec

Ton source temp.
mode

LC conditions

Waters CORTEC C18

(2.1 mm x 100 mm, 2.7 um)
Injection Volume 5 uL

0.35 mL/min

(A) acetonitrile,

Column

Flow rate

Mobile phase
(B) 0.1% Formic acid water solution
(B) 95% (2 min) — 95%/8 min —0%
(3 min)

MS conditions

Mode MRM (see Table 7)
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LMY AEER ImL AL C, BEHA L
7z BURNAWC0.1%EREZ A2, pH3.0LLTFIZ L7z &
FHATZ30% #ER LK 0.33 mL 2N, 95T DRIz 1
BRI S, 3V — LIS &7 gk, Y
ou x4y 50mLNz, ST 5aEkRE D S8, B
KWEHEEF P I ATABL 2Ly 700 x5 »&ENLL
oo INEHVEL, £V 0028 VERE TR
L — % T 30 mL DU 12 i L7z

WIZ, m- 7 DO EEEER 20 mg 2Nz, 30CO%HE
10 HRE &, AR ALE 7z, 5% F Tkl T
P A30mLEANZ, 54HIkEH &E, Yruaxy
YRAEKEEEE S N ) T ATHAK L 2B A T A EICX
D, B L7z. COBEEZBEYEL, b/l raaR
¥ W AR TONR L — 8 THFE S %, T M= M)V
T1mLIZEAREL, S THh Lt ¥ Y 4 M2-S0, B £
UF60H-M2-S0, % LC/MS/MS Tilllsg L 72. LC/MS/MS O
HESME LC —F otk e ARk Lz, BEHICOWT
b, M & AR LE L TR L 2.

T &= LIS O L) b ) 7 LGRS X O
DEBIZOWTHET H720, HILF MY v 240, 2.5 5
giEAn &, K50mLIZHEML, sekame Lz, £72,
BRI OWTIE, b b TA 2512 LT, KFE
721350% X & 7 — VIKEEH 50 mL TR L, sERATE L
7z, ZHIZ 1mg/L+ b %3 Y 250H-M-SO, i 1 mL
EMA T, ERRoF 4y — LS EERL2. Y70
O X5 ECRI L 72 OS A TNAR L — & THARE S8,
7€ b= b YVERE LT LC/MS/MS TRIBED & b ¥ &
¥ 5 60H-M2-SO, % #l5%E L 7-.

264 13- Y 7uoaryaNRy

b+ b A 3g &K 1I0mL TAfEL, 1 mg/Lol,3-
vruu 7Ry EigEE 100 uL B L 010 mg/L 7V 40
Ny ¥y IR 100 L & 70 L T, HS-GC/MS Tl
L7z. HS-GC/MS Dil5E %% Table 4 12/~

3. WRBROEE

3.1 GC—Anhikori

3.1.1 Ex PO

GC xR EZEHE DR % GC/MS THlE L TiEoh
ERH/EMLE (m/z) B X OERETR% Table 5 1277
¥, EE T 0.0001~0.01 mg/kg TH-o72. ZD7z
W, RIT7T47) A MEICBIT,2—HEETH L 0.01
mg/kg OWIEIHR LTI @EHTETH - 72,

3.1.2 [ 7 2 0BG

SPE 71 L 22T, Mt L7z #% Fig. 1 1R, [l
IEET0% DL 1o j2 3855 58 & % - 72 SPE 1 7 41%, SDB
Thotz. F7z, BIEERTO% LT Th - /- BIESE, L
B BIK DS B WMEN Td - 72720, RO B IETIZ50%
AE )= VKERE A2 EI2L Y, SPE 5 AN
ENGGL otz b EZ NI,

Table 4 HS-GC/MS operating conditions

HS conditions
Oven temperature 70C
Transfer line temperature 150
GC conditions
Column Agilent technology DB-624 ms
(0.25 mm X 60 m, film 0.25 ym)

40C (5 min)-7C /min-120C-30T /
min-190C (5 min)

He 2.5 mL/min

Oven temperature

Carrier Gas flow
MS conditions

Interface temp. 250T

Ion source temp. 230C

Mode EI, SIM
1,3-dichloropropene: m/z:75, 77,
110

fluorobenzene: m/z: 96, 70

3.1.3 RAelEREOBET

REL OB % R L 724G R % Table 6 12”3, 3EHA
TRHE, 30% X ¥/ — VIKIETHICT A2 L I2L Y, [N
D70% VL E O BEEESEII39IHE & o7z, 512, #EEE
L= —%T 700Xy CPEL, BULL THEH
WEdHbEL I EIZLD, BIERT0% L. Lo RsESEE, 41
HH L o7z, BUKMEDRIEEL, SPE /1 7 ANOWHE DS
SR 72 ), R Lz e 2 SNl —T, Bk
HORIEEX, C—h—F~ETLEHENELRD,
SPE 71 7 A~DEAREDHA L, BEMET L2EE X
SN, E—h—0OiHi% SPE 71 5 L7505 ORI & A
bELIEIZLY, EIEEDT0% D KR 2 2 & a5
RE& o7z,

DiEEXY, GC/MS MEEFEHFBHEDH 5, 41HH DS
—FH AT RETH o 72,

3.2 LC—Anhiikowat

3.2.1 &Rt FHROBH

LC xf 5 RS o ik i LC/MS/MS THllE L T Hh
7-m/zB L OEETE% Table 7 |2/R$. FE& TR,
0.0001~0.01 mg/kg THo72. DD, EIF4 7Y
A MEEEIZ BT B~ HL#ETH 50.01 mg/kg DU EDT
SICHRETH o 72,

3.2.2 WM S 7 208G

AR 7 5 & & W) L 725 5% % Fig. 2 1”9, R
70% DL b 3535 b % 925 72 SPE # 5 41%, SDB T
otz F7o, REANE pH 1~ 9 1B L, FEEOHIH
RBRE L72RER, £ 0B pH 3~ 9 1B W C[ARE
OENRTH 7205, €A aPvid, pH7 U ETOMANE
PEPT0% LI TH - 7=,

DiEX Y, LCASREEE20HE D) b, 163 H S —F5
WHEICEHTRETH o 7z, —FHIWESEH CTE Loz
FEVU, V)T 75, BRIAFLI yBIU VY
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Table 5 Detection limit and monitor ion for agricultural chemicals by the presented method with GC/MS

Detection limit

Agricultural chemicals Monitored ion [m/z]

[mg/kg]
BHC 0.0005 181 219
EPN 0.0005 157 169
acetamiprid 0.01 152 126
isoxathion 0.001 105 313
isoprothioran 0.001 118 162
iprobenphos 0.001 91 204
esprocarb 0.001 91 71
edifenphos 0.0005 109 173
etofenprox 0.001 163 107
carbaril 0.001 144 115
kresoxim-methyl 0.0005 116 59
chlornitrofen 0.0005 317 319
chlorpyrifos 0.0005 197 199
chlorfenapyr 0.0005 59 60
chlorothalonil 0.0005 266 264
dichlofenthion 0.0005 223 279
dichlorvos 0.0005 109 79
naled 0.005 109 79
cypermethrin 0.001 163 181
simazine 0.0005 201 186
diazinon 0.0005 137 93
thiobencarb 0.0005 257 125
tebconazole 0.001 125 70
tricyclazole 0.005 189 162
trifulmizole 0.005 73 278
tolchlofos-methyl 0.0005 265 267
pymethrodin 0.001 98 113
pyridafenthion 0.001 340 199
fenitrothion 0.0005 125 277
fenobucarb 0.0001 121 91
fthalide 0.001 243 241
butamifos 0.0005 286 200
bprofezin 0.0005 105 57
fluazinam 0.01 418 337
flutolanil 0.005 173 145
pretilachlor 0.001 238 162
procymidone 0.0005 96 67
prosulfocarb 0.0005 251 128
propizamide 0.0005 173 175
bromobutide 0.0005 119 91
pencycron 0.001 125 180
pendimethalin 0.005 252 57
boscalide 0.0005 140 112

morinate 0.0005 126 55
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Fig. 1 Recovery rate of agricultural chemicals with SPE cartridges for GC/MS method

Table 6 Recovery rate of agricultural chemicals with 10-40% methanol solutions for

GC method
Concentration of methanol solutions
10% 20% 30% 40%
>70% (eluate with SPE ) 32 38 39 38
>70% (eluate added solution washed beaker) 39 40 41 38

Table 7 Detection limit and monitored ion for agricultural chemicals by the presented method with

LC/MS/MS
Agricultural chemicals Deiclg?ﬂéamlt Monitored ion [m/z]
pymetrozine 0.0001 218.0>78.7 218.0>104.5
oxine-copper 0.005 146.0>90.9 146.0>118.0
dinotefran 0.01 203.4>87.0 203.4>129.0
carbendazim 0.005 192.4>132.1 192.4>>160.1
EBC 0.001 206.0>134.0 206.0>178.0
trichlorphon 0.005 257.3>79.0 257.3>109.0
imidacroprid 0.005 256.4>175.1 256.4>209.2
acetamiprid 0.0005 222.8>56.0 222.8>126.0
simethrin 0.0001 214.4>68.0 214.4>96.0
carbofuran 0.0005 222.4>123.1 222.4>165.1
probenazol 0.0005 224.4>41.0 224.4>102.1
2,4-D 0.001 219.2>125.0 219.2>161.0
azoxystrobine 0.0005 404.6>172.1 404.6>372.2
mefenacet 0.0005 299.5>120.1 299.5>148.1
mepuronil 0.0005 270.5>91.1 270.5>119.0
hydramethylnon 0.0001 495.9>151.1 495.9>323.3
marathion 0.0005 331.5>98.9 331.5>127.0
iprodione 0.001 330.5>56.0 330.5>245.1
kazsaphos 0.0001 271.5>96.9 271.5>159.0
benslide 0.0001 397.8>76.9 397.8>157.9

novifulmuron 0.0005 527.6>193.1 527.6>344.1




26

MR EWIZERT it (55 23 )

120

® eHIB eCl8 ©oSDB e SDB-M

100

[ Sie:}

80 | ° ?

o0

@

ocoe @0
©oe
@
@0 00

Recovery rate [%]

]

pymetrozine
oxineCu @
dinotefran |@
carbendazim
thiophanate+EBC
trichlorphon
imidacroprid
acetamiprid
simethrin
carbofuran

30H-carbofuran

24-D PO

probenazol
azoxystrobine
mefenacet
mepuronil
hydramethylnon | @
marathion I
iprodione
kazsaphos
benslide
novifulmron
fluazinam

Fig. 2 Recovery rate of agricultural chemicals with SPE cartridges for LC method
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FE T U, —FOEICB VT, \IEDB30~77%
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BKHEWE CH o722 L BXOTE b= MY VBB T,
LCIZBWTE =RV ARTHo722 LICL Y, —F
MEICHEHCTE o7z,

ZZT, AEBLOBRHEEEAEREICL, BHARIC A
57—V T, FEMm R 9 L 72, SPE 71 7 4
X, —FESIEOREICBWT, FF L UVBIUY 7
77 Y OQEENIEE 2> 72 HLB 41 7 A= Hw/z. Z
DFER, X2 VIO RIEERIL, 87~100% & Z:5E L 721X
BPEON, V2T 7T 598% & B BIEEDRE S

oo Fh, V2T T7Iroruav 7T 4% Fig. 3 1OR
T.OBHEEE A Y VI L2 EICED, = TRIR

NUEEI Nz Dbrs, REE2 IS 2IHE ORI
WA L7z

332 EFIAF NI UVBIO 77 VAT Y

LRI XFN 7 A, KREET TGRS 5 2 &
ENTWBY 20, BRETFO 72 b= N IVIEREZZ1L
X GRERHT L L E2RA EEE Fig. 4 [OR
F. TP FUVEES0% L ETIEE KT AFIV ) Vi
SR L o7z, WEOBEICTE b= M LR EL S
BHIEILY, HREIHITELLEEZLL 2T

7t b= b OVIREEA0% KR & I CHE L Y v A
R L CEAAIR R 2 i L 72, SPE & T 4L, —F
TFIHEDOBEFICBWT, B KT AT/ v OGRS
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Fig. 3 Mass chromatograms of dinotefran with methanol or

acetonitrile eluent
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Fig. 4 Preservation of hydramethylnon with acetonitrile solu-
tions
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v D logPow 134.9TH 1), Bk R EVWE TH - 72
DS, —HHWEIIBWT, =3 =70 T A%
HLIZZEIZLD, BIEEMEr -T2 EEZ HNTDS, R
HEr o7 vaaryNEH LR 7 vaarol
ERIEI7% TH Y, B2 BRI SNz, BRI T
LR M) WVEEESELIEIZIY), JETVLAT YD
=R 7 LEANOWHE X T L, B2 RBIEE)E
LNz EZ oz Dbrs, RErINo 2HHORE
AW L7

333 MRV VA

b EF VA, BRA RIS 720, —F
WHENOBEHDHWEETH - 72, EHEIRTEMICTERA T
5 RBEEOFRBLE T, ThofEmr 4+ F9 vy —its
TOANF AT A EIZEY, B FFT YA M2SO, B
XUt M F 2T L60H-M2-SO, 244, L TERET A
FE>0 BHES Lz, A F =k, B ANVE VLK
IBIZBWT, WP OIS M) 7 A OB O TG
L7,

T &= LIS O L) b ) 7 LGRS X O
DB R BET L7245 % Table 8 (2R3, LT ) 74
BENE L B IO THEEEIMET L7z, F72, B
X, 27— VERERCESEIET L 2oZen
5, BEREICIEKE v, e SRS FaEok
fbF M) LR~ M) v P AR YTV TTHIEE LT
ZIVERALIZBW T, LT M) A oEEITR SN

Mol INOLOMENZLY, WEEHIBWT, BEEADS
101% & BIFZdEEats oz, RiEx L b F 2 YV a~EH
L7.

3.3.4 1.3-YZ7uuaryaKRy
1,3-vVr7uaryuaxik, BEEREVD, —FON
FOBHPHETH 572, — T AOBEREICET 55
SR EHET |2 BT, HISEDSEE 2 HSGC/MS s S
TBY, RTYH, HSGC/MS #Exat Lz, ZoRE,
1,3-VrzaaraxroiEE, 101%Th Y, HEEHC
BWTRAFIZHEIE TE 72,

Table 8 Recovery rate of sethoxydim with NaCl solutions
and solvents

Concentration of

NaCl solutions Solvents Recover rate
0% water 76%
2:5% water 66%
5.0% water 449%
2.5% 50% methanol solutions 16%
4. #W 3

PRREE IS 2 RY 74 7)) A MEEICIG Y 5 72
W, FEELZ66HBICOWT, 2HO—Foirikbs L
Bz by < 4 o Mplotmikz s Lz, Shbamkid,
WoZEWEeEET 2 ETHEHTH L L HER .
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Abstract

Analysis for Agricultural Chemicals of Positive List in Edible Salts

Takuya Asapa and Yasushi Nopa

In compliance with the “Positive List System for Agricultural Chemical Residues in Foods” of the Japanese Food Sanitation Law
enacted in 2006, our center focused on seawater as a raw material for salt, the saltmanufacturing process, and ingredients in processed
foods which often use a large amount of salt. As a result, 116 agricultural chemicals were selected. However, more than 10 years have
passed since this law was enacted, and the actual use of these agricultural chemicals has changed and scientific data, such as toxicity
and degradability of individual agricultural chemicals, have been added and updated. In consideration of this situation, the items targeted
for survey were reviewed, and 66 agricultural chemicals were reselected.

According to the Food Sanitation Law, the method for simultaneous analysis of agricultural chemicals is specified, but this method
mainly focuses on major foods and cannot be directly applied to salt. Consequently, a simultaneous analysis using GC/MS and LC/MS
(for 57 items) and four individual analytical methods (for six items), were developed for 63 of the 66 items. Individual analyses for the
remaining three items had already been established during the analysis development for the 116 items previously selected.



