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Table 1. BREEMADDH—/N\A— FREEDRMEIUGEGIEER n=5
) mi oil live oi Rape seed oil
- Fortified Sesami 0 Qlive oil p
Pesticides (mg/kg) Recovery CV. Recovery C.V. Recovery C.v.
(%) (%) (%) (%) (%) (%)
Aldicarb 05 85 32 80 6.5 91 53
icarl
0.1 80 47 85 48 91 58
) . 0.5 118 16 108 1.2 111 3.0
Aldicarb sulfoxide
0.1 115 1.1 102 46 99 4.9
Aldicarb sulf 05 111 28 114 22 111 2.9
icarb suifone
caro su 0.1 98 22 102 8.3 92 1.7
Methi o 0.5 103 67 96 1.8 92 2.8
ethiocar
0.1 101 2.4 86 39 78 7.9
. 0.5 115 1.2 101 25 109 3.1
Pirimicarb
0.1 97 3.0 97 55 108 26
Carbaryl 0.5 106 1.9 102 2.4 105 22
arba
ry 0.1 100 2.0 92 1.6 95 1.7
0.5 105 27 96 2.0 103 37
Methomyl
0.1 98 2.0 100 7.7 94 3.1
Fenob b 0.5 103 22 97 27 104 1.8
enobucarl
0.1 91 3.0 92 1.7 98 2.0
o | 05 107 7.3 100 45 95 6.7
Xam
4 0.1 95 12.8 94 7.4 79 9.0
e -~ > BB i e Tl
Table 2. EFBHMMNLDH—/I\A— FREBZEORMENHERESR n=5
- Wheat flour Rye flour Whole wheat flour
. Fortified
Pesticides (mg/kg) Recovery C.v. Recovery Cc.v. Recovery CV.
(%) (%) (%) (%) (%) (%)
. 0.1 85 4.1 99 0.7 92 0.5
Aldicarb
0.01 99 17 116 4.9 94 1.9
. . 0.1 30 4.0 97 1.9 90 23
Aldicarb sulfoxide
0.01 84 7.4 60 42 90 1.2
Aldicarb sulf 0.1 104 54 104 33 86 2.0
icarb sulfone
0.01 103 78 93 9.4 100 6.9
. 0.1 69 37 66 2.0 52 6.4
Methiocarb
0.01 74 26 79 6.3 66 39
o 0.1 104 2.9 107 1.6 122 1.8
Pirimicarb
0.01 101 56 87 42 110 5.8
Carbaryl 0.1 99 25 99 2.8 98 45
arba
ry 0.01 105 27 105 2.0 101 28
Meth | 0.1 100 238 104 1.9 101 23
ethom
Y 0.01 102 3.0 102 46 99 35
Eenob b 0.1 97 1.1 100 13 97 07
enobucarl
0.01 101 1.4 107 1.7 100 1.7
o | 0.1 93 36 106 4.1 90 53
Xam
y 0.01 110 6.3 69 1.3 90 6.5
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Table 3. B/IXUMNLDH—IN\A— FREEQRMEIUNG R n=5

. White bread Rye bread Whole wheat bread
L. Fortified
Pesticides (mgrkg) Recovery Cv. Recovery CVv. Recovery CVv.
(%) (%) (%) (%) (%) (%)
. 0.5 76 8.1 78 1.9 77 35
Aldicarb
0.1 76 59 78 6.9 88 48
. . 0.5 100 10.6 107 22 90 1.4
Aldicarb sulfoxide
0.1 100 2.7 97 46 100 3.7
Aldicarb sulf 0.5 116 4.4 110 25 101 3.4
icarl ne
carb sulio 0.1 17 0.9 123 5.4 123 1.8
Methi b 05 92 1.4 85 55 81 4.2
iocarl
ethioca 0.1 89 2.8 102 57 96 4.9
Pirimicarb 0.5 109 2.9 109 39 116 0.9
irimicar
0.1 109 2.4 100 23 99 3.6
0.5 104 1.2 102 1.1 98 12
Carbaryl
0.1 106 1.8 108 27 112 4.4
0.5 104 35 103 23 103 1.3
Methomyl
0.1 113 1.3 103 1.2 118 4.0
0.5 100 1.8 99 1.2 101 1.3
Fenobucarb
0.1 104 1.3 107 1.9 106 4.4
o | 0.5 101 4.6 97 2.1 102 23
xam
y 0.1 137 3.1 100 4.1 106 5.0
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Table 4. BRAMBIASOFER U REZEORMEIGIERER n=5
. Fortified Rape seed oil Olive oil Soybean oil
Pesticides (ma/kg) Recovery C.V. Recovery CV. Recovery [OAVA
(%) (%) (%) (%) (%) (%)
. 0.5 99 6.3 98 2.1 95 23
Methamidophos
0.1 94 1.8 95 3.4 96 3.4
0.5 103 1.1 102 1.7 100 3.1
Acephate
0.1 99 1.5 100 1.6 100 1.7
) 0.5 91 58 85 36 95 3.2
Dimethoate
0.1 102 6.7 105 6.1 101 7.8
=) = BB T Ty 3 e =2
Table 5. MMM LDER') o REEDRMENGHERER n=5
" Wheat flour Rye flour Whole wheat flour
. Fortified
Pesticides (mg/kg) Recovery [SA'R Recovery C.V. Recovery CV.
(%) (%) (%) (%) (%) (%)
. 0.05 103 5.4 93 1.9 95 3.4
Methamidophos
0.01 78 3.4 88 6.6 107 37
Acephat 0.05 103 3.8 98 1.4 111 2.4
cephate 0.01 104 5.2 101 6.1 100 6.0
Dimethoat 0.05 113 5.2 108 7.4 109 5.0
imethoate 0.01 107 10.4 92 5.1 108 3.8
o ~ Bh s N Eobt
Table 6.  B/SUMDOEHY VRBEOFMERHBHESR =5
. White bread Rye bread Whole wheat bread
. Fortified
Pesticides (ma/kg) Recovery C.V. Recovery CV. Recovery CV.
(%) (%) (%) (%) (%) (%)
. 0.5 70 8.4 64 3.1 67 2.7
Methamidophos
0.05 62 0.9 65 2.9 65 2.9
Acephat 0.5 86 1.4 100 1.1 102 1.1
cephate 0.05 97 15 89 1.0 97 45
Dimethoat 0.5 92 4.1 91 7.4 87 4.4
imethoate 0.05 110 42 101 4.0 97 3.3
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Table 7. EBREERUEFHIMIOOEBEDORMEILKERFER (1) n=5
Fortified Raisin Prune Mungo
Pesticides " Recovery C.v. Recovery C.V. Recovery C\V.
m
(mglkg) %) %) ) *) %) %)
0.01 57 12.3 19 453 55 39.7
Alanycarb
0.1 58 1.9 11 19.7 27 71.0
. 0.01 29 83.6 47 358 47 47.8
Aldicarb
0.1 31 47.0 37 24.1 25 54.7
0.01 94 6.7 a3 12.8 85 27
Aldoxycarb
0.1 100 53 88 2.9 88 4.4
) 0.01 73 9.9 83 14.1 61 15.1
Bendiocarb
0.1 105 34 86 2.9 60 11.5
0.01 58 8.5 52 25.4 52 38.2
Benfuracarb
0.1 65 4.6 56 9.1 32 13.9
0.01 104 4.9 63 11.4 74 13.8
Carbaryl
0.1 98 3.5 68 4.6 88 7.3
0.01 88 7.8 82 9.0 76 12.2
Carbofuran
0.1 90 1.6 83 5.6 78 49
) 0.01 71 16.6 82 14.1 72 20.1
Diethofencarb
0.1 83 8.1 73 7.8 81 45
. . 0.01 76 6.8 86 15.4 59 30.7
Dimepiperate
0.1 97 9.5 78 3.3 74 46
0.01 62 11.9 64 7.5 48 26.8
Esprocarb
0.1 87 4.9 84 5.4 65 14.0
. 0.01 68 116 40 15.7 50 14.8
Ethiofencarb
0.1 73 10.9 70 12.4 67 16.1
0.01 59 15.2 94 8.9 36 26.9
Fenobucarb
0.1 89 13.4 85 7.6 56 19.8
. 0.01 82 6.5 79 4.9 68 15
Fenothiocarb
0.1 98 4.4 78 2.5 70 76
Fenoxycarb 0.01 79 8.9 100 9.0 83 28.8
Y 0.1 84 6.4 83 8.3 89 6.9
. 0.01 68 75 59 7.0 67 16.7
Furathiocarb
0.1 68 52 71 35 75 3.9
0.01 67 18,5 58 35.8 81 452
Indoxacarb
0.1 75 3.0 67 8.0 72 12.7
Iorovalicarb 0.01 81 10.3 61 133 86 28.1
P 0.1 82 3.6 68 4.8 81 4.1
Isoprocarb 0.01 67 14.5 84 15.2 37 37.4
P 0.1 84 4.2 98 6.9 47 20.4
0.01 67 14.3 121 13.3 102 84.0
hi
Methiocarb 0.1 85 33 82 11.6 86 1.1
0.01 79 21.8 70 11.0 63 11.0
M 1
ethomy 0.1 82 6.1 65 6.2 64 20.3
Oxamvl 0.01 88 19.6 84 156 82 8.4
Y 0.1 94 5.7 77 7.2 77 9.3
Pirimicarb 0.01 82 8.7 52 4.4 90 1.1
0.1 84 4.1 60 46 76 5.8
Promecarb 0.01 100 21.0 80 17.3 59 206
0.1 95 9.3 92 4.3 63 12.1
Propoxur 0.01 73 16.1 74 7.9 66 21.3
P 0.1 88 2.9 77 5.4 70 12.4
I 0.01 60 13.2 51 5.5 75 19.0
Pyributicarb 0.1 66 35 56 6.3 75 4.4
0.01 74 9.7 76 1.5 55 275
Terbucarb 0.1 83 3.7 85 4.5 76 12.2
. 0.01 66 18.5 63 10.5 79 46.1
Thiobencarb 0.1 92 12.4 77 5.1 61 11.8
L 0.01 75 14.8 12 63.3 52 35.7
Thiodicarb 0.1 58 16.5 4 229 26 113.2
0.01 58 13.3 58 12.5 41 213
XMC
0.1 78 2.8 74 4.9 51 20.1
Imidacloprid 0.01 81 153 88 10.8 82 157
rmidaciop 0.1 94 59 85 5.1 88 3.4
. 0.01 69 49.0 65 11.8 66 17.8
Methoxyfenozide 0.1 87 10.1 67 3.5 78 35
0.01 81 8.0 57 8.6 74 16.9
Tebufenozide 0.1 74 6.6 77 49 75 52
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Table 7. BEBEZERUEFHINCOEEDRMEGIERIER (2) n=5
Fortified White pepper Turmeric * Masala *
Pesticides " Recovery C.v. Recovery c.v. Recovery C.V.
(mgfka) (%) (%) (%) ) (%) %)
0.01 45 14.5 113 8.2 80 10.8
Alanycarb
0.1 51 7.1 103 5.1 84 9.0
0.01 112 54.3 63 55.0 51 64.6
Idicar
Aldicarb 0.1 96 16.9 57 17.6 65 18.4
0.01 105 8.0 96 7.1 78 9.4
A rl
Idoxycarb 0.1 99 33 98 26 86 25
0.01 85 11.4 86 59 80 7.9
Bendiocarl
e carb 0.1 90 6.0 84 35 89 14.2
Benfuracarb 0.01 61 9.2 90 59 78 8.0
0.1 42 133 86 3.4 82 46
Carbarvi 0.01 69 15.5 71 8.6 85 17.7
Y 0.1 77 8.3 59 5.4 69 8.1
0.01 93 85 7 10.4 83 216
n
Carbofura 0.1 84 6.8 72 4.1 80 0.8
. 0.01 22 44.7 36 206 56 25.0
Die ncarl
thofencarb 0.1 23 11.8 33 18.5 62 9.5
Dimepioerate 0.01 39 18.0 85 226 64 176
PP 0.1 39 10.6 77 10.9 88 8.0
Esprocarb 0.01 71 7.8 61 6.4 69 11.0
P 0.1 54 13.4 79 7.0 84 4.1
. 0.01 12 32.1 35 20.9 67 9.7
Ethiofencarb
0.1 15 19.0 30 8.5 69 6.6
0.01 8 1333 66 18.4 62 17.2
Fenobucarb
0.1 22 6.2 56 8.0 70 7.5
. 0.01 9 5.9 38 9.2 72 9.0
Fenothiocarb
0.1 11 6.8 36 45 45 7.1
0.01 46 255 65 19.3 65 229
Fenoxycarb
0.1 33 10.0 52 8.5 62 45
. 0.01 75 7.5 69 10.6 79 48
Furathiocarb
0.1 41 19.4 71 3.8 81 27
Indoxacarb 0.01 64 17.4 87 24.6 88 10.5
0.1 75 9.5 89 1.3 92 9.7
lorovalicarb 0.01 62 6.3 - - 79 22,6
P 0.1 61 6.1 214 28.4 63 5.1
Isoprocarb 0.01 - - 78 9.4 101 11.4
P 0.1 45 7.4 83 9.5 88 6.2
. 0.01 9 64.6 37 25.0 55 28.7
Methiocarb
0.1 9 40.2 34 4.9 85 19.0
0.01 77 3.0 87 47 86 13.6
Methomyl
0.1 98 56 89 7.2 91 29
0.01 120 24.4 65 57.3 72 9.9
Oxamyi
0.1 89 5.2 65 6.1 72 1.2
Pirimicarb 0.0 109 30 49 45 58 6.0
0.1 80 1.0 58 2.3 59 29
Promecarb 0.01 58 12.9 28 15.7 93 14.1
0.1 64 37 34 10.5 80 65
0.01 75 6.2 65 5.0 77 10.6
Propoxur
0.1 99 39 76 4.4 84 4.8
I 0.01 29 229 65 46 58 145
ributicarb
Pyributica 0.1 27 6.4 66 2.3 63 7.2
0.01 27 13.3 79 12.7 81 8.4
Terbucarb
0.1 27 9.5 90 2.4 88 4.0
. 0.01 27 24.4 69 8.8 27 21.1
Thiobencarb
0.1 25 11.5 74 13.1 22 8.8
0.01 86 46 114 7.4 101 10.1
Thiodicar
iodicarb 0.1 101 32 96 23 95 48
0.01 73 7.6 81 12.0 63 125
XMC
0.1 78 7.0 73 6.0 67 5.6
. . 0.01 85 57 88 10.8 76 12.6
Imidacloprid
0.1 87 7.0 85 5.1 91 45
. 0.01 115 14.0 80 13.6 104 14.1
Methoxyfenozide
0.1 62 56 72 4.1 90 6.0
0.01 42 15.2 86 9.6 85 94.5
Tebufenozide 0.1 44 32 94 7.7 86 6.4
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Table 7. HEEERUVUEFFHMNLOBREDQRMEIUNGIEZER (3) n=5
Fortified Sage * Thyme * Red pepper
Pesticides " Recovery CV. Recovery CV. Recovery [OATA
(mg/kg) %) %) %) %) &0) %)
0.01 83 7.2 108 6.5 87 1.7
Alanycarb
0.1 98 56 108 73 94 62
) 0.01 91 36.7 92 80.2 154 215
Aldicarb
0.1 84 16.6 48 9.5 127 15.5
0.01 92 8.1 83 6.0 97 8.0
Aldoxycarb
0.1 90 5.7 88 6.6 100 4.2
. 0.01 82 16.0 58 13.9 92 8.5
Bendiocarl
endiocarb 0.1 83 58 62 36 114 4.0
0.01 95 40 91 75 74 42
Benfuracarb
0.1 85 5.0 95 2.1 86 4.4
0.01 111 186 76 20.9 93 10.4
Carbary!
0.1 73 6.4 56 12.8 120 4.9
0.01 90 6.2 52 6.1 107 6.0
Carbofuran
0.1 82 36 60 6.4 99 3.9
0.01 87 16.9 73 26.4 69 14.2
Diethofencar!
ethofencarb 0.1 102 6.1 76 44 78 9.5
Dimeiperate 0.01 46 7.8 59 156 84 7.2
pIp 0.1 43 10.1 61 5.9 84 3.5
0.01 93 6.5 50 10.8 89 57
Esprocarb
0.1 65 10.8 49 6.3 97 9.9
) 0.01 66 13.8 53 18.9 109 7.6
Ethiofencarb
0.1 95 9.5 55 8.0 96 13.3
Fenobucarb 0.01 74 11.8 63 21.9 90 20.4
0.1 73 13.8 56 15.8 102 10.7
. 0.01 69 14.2 56 4.4 86 7.7
Fenothi b
enothioca 0.1 76 8.3 62 7.6 86 5.8
Fenoxvcarb 0.01 50 156 63 17.4 64 24.0
Y 0.1 61 18.0 76 19.6 83 28.6
0.01 103 34 81 7.9 101 53
Furathi r
urathiocarb 0.1 91 46 70 29 103 2.4
Indoxacarb 0.01 79 117 87 6.9 95 216
0.1 79 17.1 92 13.5 115 18.5
lorovalicarb 0.01 95 8.1 86 17.8 59 10.1
P 0.1 98 6.0 65 4.9 59 39
Isoprocarb 0.01 77 10.2 93 345 108 1.2
P 0.1 101 6.3 59 3.8 101 7.0
. 0.01 57 18.3 55 76.3 92 18.9
Methiocarb 0.1 70 20.7 29 114 83 13.9
0.01 97 6.4 77 17.0 83 9.6
Methomy! 0.1 94 3.5 82 1.4 91 2.1
Oxamyl 0.01 99 25.5 65 9.4 82 17.4
Y 0.1 91 6.6 64 5.7 101 6.0
Pirimicarb 0.01 87 76 46 5.8 87 4.9
0.1 86 3.5 53 8.4 95 27
Promecarb 0.01 79 8.8 32 10.1 31 62.7
0.1 82 5.8 36 11.7 46 11.0
Propoxur 0.01 81 15.0 76 17.3 109 10.0
P 0.1 86 4.3 61 4.4 120 5.4
I 0.01 84 5.0 53 8.4 79 5.1
i
Pyributicarb 0.1 71 8.0 46 5.7 76 56
0.01 82 14.1 83 7.2 92 4.1
Terbucarb 0.1 80 5.0 71 6.8 99 55
. 0.01 73 175 57 39.3 100 8.7
Thiobencarb 0.1 74 9.8 70 17.2 107 11.2
L 0.01 a8 6.8 83 11.4 77 7.9
Thiodicarb 0.1 96 7.3 71 8.3 84 5.9
0.01 104 18.8 74 6.7 123 13.2
XMC 0.1 98 8.3 74 9.0 128 6.6
imidacloorid 0.01 88 19.5 82 10.3 81 10.5
p 0.1 79 59 76 5.0 83 3.6
. 0.01 93 116 97 11.1 95 6.2
Methoxyfenozide 0.1 81 2.3 81 52 98 52
0.01 96 8.2 84 12.3 81 96
Tebufenozide 0.1 84 3.8 78 33 88 27




Table 8.

BRIER UL & 5 Mmh 5 DREDRMENGEERFER

n=5

Pesticides

Fortified
(mg/kg)

Recovery

Miso

Shoyu

(%)

C.V.
(%)

Recovery
(%)

cV.
(%)

Alanycarb

Aldicarb

Aldoxycarb -

Bendiocarb

Benfuracarb

0.01
0.01

34

645

19

0.01

74

9.9

86

879

8.2

0.01

0.01

74

_ ,29,,

142

11.2

Carbary! 7

Carbofuran
7 Diétﬁéfenéé'rb
Dimepiperate
Esprocarb
Etﬁioféncarb '

Fenobucarb

Fenothiocarb

Fenoxycarb
Furathiocarb

Indoxacarb

Iprovalicarb

Isoprocarb

0.01

001
0.01

0.01

0.01

0.01

57

11.5

112

1677'

104

76
86

106 o

111

48

9.5

209
4.2

5.5

234

123
103

99
76

0.01

oot
001
oot
001

95

84

84

84

109

13.6

8.9

4.3
8.3

18.9
103

89

102

92

104

106

135

108
111
8.0

7.1

32.7

6.4

276

7.1

15

3.8
17.5

0.01

0.01

79

Methiocarb

001

88

87

16.3

115 '

117

90

14.7

104

Methomyl

0.01

Oxamyl

Pirimicarb

Promecarb

9.01

oot

47

15.6

71
58

163

4.7

60

BRI

86

8.3

463
137

7.7

0.01

79

Propoxur

0.01

71

140

99

9.6

5.1

102

11.8~

Pyributicarb

0.01

76

9.1

97

4.4

Terbucarb

0.01

93

9.8

97

6.0

Thiobencarb

0.01

91

11.8

87

3290

Thiodicarb

0.01

3

83.4

31.8

XMC

lmiddcloprid

oo

0.01

57

10.1

89

48.7

81

14.9

85

9.5

Methoxyfenozide

0.01

61

Tebufenozide

0.01

84

8.9

81

14.0

9.4

107

7.8
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High Throughput Analysis of N-Methyl
Carbamate Pesticides in Cereals and Beans
by Dual Countercurrent Chromatography
and Liquid Chromatography Electrospray

Ionization Tandem Mass Spectrometry

Tomomi Goto, Yuko Ito, Sadaji Yamada, and
Hiroshi Matsumoto
Aichi Prefectural Institute of Public Health, Tsuji-machi, Kita-ku,
Nagoya, Japan

Hisao Oka

Faculty of Pharmacy, Kinjo Gakuin University, Moriyama-ku,
Nagoya, Japan

Hisamitsu Nagase
Gifu Pharmaceutical University, Mitahora-higashi, Gifu, Japan

Yoichiro Ito
Center for Biochemistry and Biophysicis, National Heart, Lung, and
Blood Institute, National Institutes of Health, Bethesda, MD, USA

Abstract: We developed a new analytical method for analysis of N-methyl carbamate
pesticides in cereals and beans using dual counter-current chromatography (dual CCC)
and liquid chromatography-electrospray ionization tandem mass spectrometry (ESI
LC/MS/MS). After pesticides were extracted from cereals and beans with ethyl
acetate, each extract was cleaned up by dual CCC using a non-aqueous binary
solvent system composed of n-hexane-acetonitrile and analyzed by ESI LC/MS/MS
with a short column. The average recoveries from cereals and beans fortified at the
level of 0.01 ppm ranged from 73.9 to 119.6%, with the coefficients of variation
from 0.7 to 6.8%. At the fortified level of 0.5 ppm, the recoveries ranged from 72.1

Address correspondence to Tomomi Goto, Aichi Prefectural Institute of Public
Health, Tsuji-machi, Kita-ku, Nagoya 462-8576, Japan. E-mail: tomomi_3_gotou@
pref.aichilg.jp
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to 117.1% with coefficients of variation from 0.4 to 9.3%. The present analytical
method of N-methyl carbamate pesticides in cereals and beans is considered to be
useful for monitoring the pesticide residues in cereals and beans.

Keywords: High throughput analysis, N-Methyl carbamate pesticides, Beans, Cereals,
Dual CCC, ESI LC/MS/MS

INTRODUCTION

N-Methyl carbamate pesticides are used for combatting a variety of pests
throughout the world, and have been often found in agricultural
products.”!~* Therefore, it is one of the most important roles for a public
health agency to always inspect residues in foods. The analytical method
used in the inspection is required to be simple and rapid.

In the past, we reported a simple and rapid method based on ESILC/MS/
MS, without a sample clean-up step, for the determination of nine N-methyl
carbamate pesticides, shown in Fig. 1, in juice, wine, fruits, and veg-
etables.”® However, the samples we examined in our previous reports did
not contain an aliphatic sample matrix that interferes with the analysis, and
the method could not be applied to cereal and bean samples that contain the
aliphatic sample matrix. Therefore, we considered that the clean-up step
was needed for determination of these pesticides in these samples. The most
widely used sample clean-up methods include liquid-liquid partitioning
using a separatory funnel, prepacked cartridge, gel permeation chromato-
graphy, etc. However, these methods involve time-consuming processes that
require skillful techniques.

T 9 e a § e o

1l
ch—S—?—*g =N—O—CNHCH3 H3C—S—C—C=N—0—CNHCH3 H3C~—IS'—C—C=N'~O —CNHCH3

I 1 H |
CH3 O CHs o] CH3H
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Figure 1. Chemical structures of N-methyl carbamate pesticides.





