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One of the major roles of public health agencies is to ensure safe products for consumers through analysis of resid-

ual agricultural chemicals and veterinary drugs in foods. The use of agricultural chemicals and veterinary drugs in
agriculture is necessary to improve the quality of the food produced. They play a beneficial role in providing a plentiful,
low-cost supply of high-quality food. On the other hand, as a consequence of this use, the presence of residues in food
that is a critical element of overall public health is unavoidable, and residues in food are of great importance in the evalu-
ation of food quality. N-methyl carbamate pesticides have anticholinesterase activity and are used worldwide. The
postcolumn HPLC method is widely used for the detection of N-methyl carbamate pesticides in food. However, this
traditional method involves a time-consuming process that requires skillful techniques. Therefore we developed a new
analysis method for N-methyl carbamate pesticides as described in detail in this paper. The new method, including sam-
ple preparation and determination, is simple and rapid and allows simultaneous determination of pesticides in food wi-
thin a much shorter analysis time as compared with the traditional method. This should provide high-quality analysis

and ensure safe products for consumers.
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Fig. 1. Chemical Structures of the Carbamate Pesticides
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Methomyl-ds 1662
Oxamyl 220
Pirimicarb 2399

25
15
20
15
15
25
25
23
15

9
15
30

(eV) (m/z)
10 89
5 132
10 148
10 145
10 152
15 152
14 95
20 121
8 106
10 109
10 72
2 72

9 [M+H-75]+, % [M+H]"



1002

Vol. 130 (2010)

J IV RICEE L W RERERG L, @
KTI0EICHNT S & &L
PEofatk v, ikl 5eic, WEEYEZIRM
%, BM/AKTSOmIIZAZRY v, 0.45um O A >
T2 TA4NI—TABLEbDERBIERE L,
Z OiRBRIEWE 2 ESI LC/MS/MS THIE T % 43 Hri
EHENLUTZ. ZOoEERW, JL—T 7)) —
Ja—R, L —FPa—R, FLITa—2A,
J>oaIYa—R, RIAKROCATA > OFRMEIL
EBEEBLE. Z0LEESNE, RUA D
MRM 707 vy A I EZTDT IR TA 2D
MRM 7O 7 7 A )L EPFET Fig. 2 1TR L. 20
51F, H—NA—FREFEOEERROZNE XKL
—H U, £k, TI72IRIA nSI3InHONE
ERBAF I I Nho . [BIER A B R
¥z, WINoRBOWTNORMEEICIBNT
H, AR 67.1 /05 124.8%, ZENMREIT 6.9% LA
T ERBIFRERZEZ. N5 O EDZEMIL Ta-
ble 2 {Z/;RL 7=,

222. B¥  REFZFOEEEROATE  #ik
DR, BIENMENMRIREMICBRSNTHD,
RBLTWEEZOBMICHEHATAHZENTER

HEINTHD, RITEX<BEINTNDEHE - THE
LZOBEREMTANOEREOHRENH S, £DW,
R DTz 2N S ERB RSO S ITITRHT 572
WIZ, AHEEEICIDBEDNS BEEZMTL 2
%, KHICBITIE5 2 & THRIRER SR FRE
EIDHEERGEL -

WBUDIC, EEETF)LCTHI U728, BEE L
7297 Sml DMK CTHIRMLERLZEZ 5,
2DODREOHEINRKRIZEEN D>, Tabb, 7
W2 HIVTINE147.7%, AFFHIV T3 46.1% DlA|
NRTHo/z. ZOHMBELT, FRTLIOAT
ESI LC/MS/MS 73 #TiCftd 5 Z &M TELRIRE
i DFREHT LR, B3 - REFOERRML DT
W, i, EUERCE, AR S WO BMENEA S,
NS —HOBEEOH O, FRITEMK THAEMRT 25
WCRERBEENDZ EE AT, MIBROSHTIETIE,
INEELEY)E & oy BT IR MEBR GAREICEURHTIRIN L 7218,
SEITD CETHEEZMELZ. LML, 9D
BEITXTONEEMEOAFRINETH > 72/
W, AFHRETH>Z3BONEEYEEHWTE
BIAHIEELE TRbE, B, TILNDRE
FRIZEHL, LC o ORI WNEEEY S

W, ULinL, A—=/NA—FREFEIZE < R THE

EERBMRYE L ZHATDE TERT DHENE

Table 2. Recoveries of the Carbamate Pesticides from Wine and Juice
Pesticides lg;rgt}g:)i Gr?lrl)iecf;uit Grape juice  Orange juice Apple juice  Red wine White wine
Aldicarb 0.1 81.6(1.2) 77.0(2.0) 77.9(1.4) 88.7(1.6) 76.1(2.0) 69.9(1.3)
0.5 82.1(1.4) 88.2(4.3) 75.9(1.3) 97.3(3.4) 73.9(2.7) 69.4(1.3)
X . 0.1 109.4(2.2) 107.5(1.1) 107.5(2.0) 99.3(1.1) 87.4(2.3) 86.6(1.1)
Aldicarb sulfoxide
0.5 102.3(1.9) 101.7(1.9) 106.6(1.2) 105.9(1.7)  105.5(1.4) 92.1(1.2)
X 0.1 97.3(2.2) 95.5(2.3) 103.2(0.5) 101.4(1.1) 110.3(1.7) 108.6(2.4)
Aldicarb sulfone
0.5 100.8(2.9) 94.7(1.8) 102.5(1.3) 102.0(2.2) 115.0(1.7) 114.3(3.0)
0.1 101.4(1.9) 104.1(0.6) 105.8(0.6) 98.9(1.0) 101.0(1.4) 102.8(1.2)
Carbaryl
0.5 98.8(1.1) 97.5(1.5) 102.1(0.7) 101.0(1.8)  101.8(0.4) 97.8(0.8)
0.1 96.5(1.6) 97.2(0.9) 100.1(1.1) 100.0(2.1) 98.1(0.8) 98.7(0.5)
Fenobucarb
0.5 100.4(3.0) 98.2(1.7) 97.2(0.9) 100.6(1.6)  100.8(1.1) 100.6(1.2)
. 0.1 94.8(0.6) 100.6 (1.2) 109.5(0.9) 101.3(1.1)  103.9(1.4) 110.3(1.4)
Methiocarb
0.5 88.4(0.9) 98.6(3.0) 90.9(1.5) 98.8(1.5) 114.4(1.5) 114.7(3.6)
0.1 100.8(2.0) 102.4(3.6) 100.6(1.0) 99.6(1.4)  102.5(0.9) 101.7(1.6)
Methomyl
0.5 98.6(1.6) 99.3(0.9) 101.4(1.1) 101.0(2.3) 96.7(1.3) 98.1(1.8)
0.1 124.8(5.1) 102.0(5.0) 119.1(2.5) 105.4(1.9) 92.8(3.2) 97.8(3.9)
Oxamyl
0.5 97.0(4.9) 98.0(5.6) 108.1(1.9) 102.1(4.8) 98.2(6.9) 99.4(3.5)
L 0.1 115.8(2.1) 100.6 (2.6) 115.4(0.8) 87.7(1.2) 89.9(1.0) 78.8(1.9)
Pirimicarb
0.5 112.2(3.1) 84.2(2.1) 114.0(1.0) 76.2(2.3) 74.6(2.1) 67.1(2.1)

The values given outside the parenthesis are recovery (%) and those inside the parenthesis are C.V. (%). Calculated from mean values (n=35).
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Typical MRM Profiles of the Fortified Red Wine Sample under ESI LC/MS/MS

A) Red wine (control) and B) fortified with the nine N-methyl carbamate pesticides at the concentration of 0.5 ppm.
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Fig. 3. Typical MRM Profiles of the Fortified Spinach Sample under ESI LC/MS/MS
A) Spinach (control) and B) fortified with the nine N-methyl carbamate pesticides at the concentration of 0.01 ppm.
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Table 3. Recoveries of the Carbamate Pesticides from Fruits and Vegetables
Pesticides Fortified Spinach Tomato Potato Apple Cucumber Mandarin
(mg/kg)
X 0.1 74.4(2.6) 84.9(2.9) 77.6(2.2) 75.9(2.6) 74.6(4.6) 79.2(1.8)
Aldicarb
0.5 75.9(2.6) 76.4(3.0) 79.2(1.8) 67.1(1.1) 83.8(1.8) 73.1(1.5)
. . 0.1 113.4(2.5) 91.1(3.6) 106.3(3.6) 112.03.7)  108.2(2.9) 101.3(3.9)
Aldicarb sulfoxide
0.5 112.0(3.7) 74.1(4.3) 101.3(3.9) 114.5(3.9) 116.4(7.8) 119.3(3.3)
. 0.1 100.8(2.0) 106.3(3.4) 111.1(2.6) 107.9(3.8) 115.0(2.8) 101.5(2.5)
Aldicarb sulfone
0.5 107.9(3.8) 106.3 (3.6) 101.5(2.5) 99.9(1.3)  104.7(1.3) 117.3(1.0)
0.1 98.9(1.0) 96.2(1.7) 98.4(0.9) 102.2(0.5)  102.7(1.1) 98.9(1.7)
Carbaryl
0.5 102.2(0.5) 101.1(2.9) 98.9(1.7) 99.9(0.9) 96.9(1.0) 106.2(0.8)
0.1 101.8(1.8) 103.0(2.6) 103.8(2.9) 100.8(0.8)  101.0(0.9) 95.7(1.6)
Fenobucarb
0.5 100.8(0.8) 99.5(0.9) 95.7(1.6) 103.8(1.2) 99.0(1.0) 98.1(0.6)
. 0.1 76.7(4.7) 88.5(3.3) 96.8(1.7) 74.9(3.4) 106.4(4.3) 98.4(1.6)
Methiocarb
0.5 74.9(3.4) 92.2(2.0) 98.4(1.6) 103.6(0.9) 84.1(3.0) 110.5(2.2)
0.1 98.2(2.0) 99.8(3.3) 99.3(2.4) 99.9(1.6) 98.4(2.0) 98.7(0.8)
Methomyl
0.5 101.0(2.2) 96.5(1.7) 98.6(2.1) 96.9(1.4) 98.6(1.4) 100.1(1.7)
0.1 91.0(3.7) 88.5(8.7) 97.9(3.4) 103.2(6.4)  108.2(3.7) 114.4(3.0)
Oxamyl
0.5 103.2(6.4) 103.8 (3.0) 114.4(3.0) 98.2(3.4) 102.1(3.1) 100.5(5.0)
. 0.1 103.9(3.5) 67.7(3.1) 92.6(2.0) 104.2(2.1) 91.4(6.0) 102.8(3.9)
Pirimicarb
0.5 104.2(2.1) 82.9(1.8) 102.8(3.9) 79.6(1.7)  107.6(3.5) 108.5(2.5)

The values given outside the parenthesis are recovery (%) and those inside the parenthesis are C.V.(%). Calculated from mean values (n=5).
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Fig. 5. Typical MRM Profiles of the Fortified Brown Rice Sample under ESI LC/MS/MS
A) Brown rice (control) and B) fortified with the nine N-methyl carbamate pesticides at the concentration of 0.01 ppm.
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Table 4. Recoveries of the Carbamate Pesticides from Cereals and Beans
Pesticides Fortified Brown rice Wheat Soy bean Corn Red bean
(mg/kg)
X 0.01 88.4(2.4) 95.2(5.0) 81.8(1.4) 88.1(3.6) 91.2(4.2)
Aldicarb
0.5 92.9(1.1) 95.4(2.3) 82.1(1.7) 102.4(5.1) 83.2(1.8)
. . 0.01 95.0(2.3) 80.5(1.8) 100.2(1.5) 94.3(5.4) 76.5(5.9)
Aldicarb sulfoxide
0.5 95.2(3.9) 84.5(5.4) 83.6(1.3) 79.2(7.5) 80.2(1.8)
. 0.01 87.3(5.4) 88.3(11.2) 106.6(5.2) 109.1(9.1) 80.0(4.3)
Aldicarb sulfone
0.5 93.5(4.3) 89.1(5.3) 93.4(1.4) 76.6(4.7) 89.3(1.2)
0.01 100.9(1.9) 103.2(1.1) 102.0(1.7) 102.5(4.3) 100.7(0.9)
Carbaryl
0.5 96.0(2.5) 96.1(1.5) 101.8(0.9) 94.8(1.8) 100.3(1.6)
0.01 99.8(1.1) 95.4(2.5) 99.1(1.9) 95.1(1.7) 103.0(0.7)
Fenobucarb
0.5 102.5(1.5) 103.4(0.6) 100.7(0.6) 101.7(2.1) 100.6(2.2)
. 0.01 78.6(3.3) 79.7(3.0) 90.1(4.3) 86.0(3.1) 74.8(6.8)
Methiocarb
0.5 80.7(6.3) 90.0(1.6) 90.0(1.6) 88.6(3.9) 87.6(1.6)
0.01 100.2 (2.2) 107.6(4.2) 102.3(2.3) 96.6(3.4) 98.8(2.7)
Methomyl
0.5 100.1(2.9) 99.7(2.2) 101.0(0.4) 102.4(1.1) 100.8(1.6)
0.01 100.5(3.1) 73.9(4.1) 90.2(5.6) 96.1(6.1) 98.8(6.0)
Oxamyl
0.5 103.8(5.5) 94.2(11.3) 83.7(3.0) 94.3(6.1) 85.6(3.5)
L 0.01 110.6 (3.6) 110.2(2.2) 106.1(2.0) 113.0(3.7) 119.6(3.0)
Pirimicarb
0.5 117.1(1.2) 111.4(3.8) 104.6(1.9) 112.3(4.1) 107.5(2.7)

The values given outside the parenthesis are recovery (%) and those inside the parenthesis are C.V. (%) . Calculated from mean values (n=5).
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