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Abstract

Sulfonylurea herbicides are widely used in agriculture
because they have a long residual period and high
selectivity. An analytical method was developed using
QuEChERS (Quick, Easy, Cheap, Effective, Rugged,
and Safe) technique for simultaneous determination of
sulfonylurea herbicide residues in agricultural products
by liquid chromatography tandem mass spectrometry
and for establishment MRL (Maximum Residue Limit)
of those herbicides in Korea. Extraction was performed
using acetonitrile containing 0.1% formic acid with
MgSO, (anhydrous magnesium sulfate) and NaCl (so-
dium chloride) and the extract was cleaned up using
MgSO, and C;s (octadecyl). The matrix-matched cali-
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bration curves were composed of 7 concentration levels
from 0.001 to 0.25 mg/kg and their coefficients of de-
termination (R?) exceeded 0.99. The recoveries of three
spiking levels (LOQ, 10LOQ, 50LOQ, n=5) were in the
range of 71.7-114.9% with relative standard deviations
of less than 20.0% for all the five agriculture products.
All validation values met criteria of the European Union
SANTE/11312/2021 guidelines and Food and Drug
Safety Evaluation guidelines. Therefore, the proposed
analytical method was accurate, effective, and sensitive
for sulfonylurea herbicide residues determination in ag-
ricultural commodities.

Key words: Agricultural, Analytical method, LC-MS/MS,
Sulfonylurea herbicides, Validation
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ginal, No. 5982-0500; EN, No. 5982-5650; AOAC, No.
5982-5755) 9} A AREE Aok kit (No. 5982-5021, 25
mg Ci5/150 mg MgSOy; No. 5982-4921, 25 mg PSA/
150 mg MgSOy; No. 5982-5121, 25 mg PSA/25 mg Cis/
150 mg MgSO;; No. 5982-5221, 25 mg PSA/2.5 mg
GCB/150 mg MgSOs; No. 5982-5421, 50 mg PSA/50
mg GCB/50 mg Cis/150 mg MgSO4)+ Agilent Techno-
logies (Santa Clara, CA, USA)Z5E] 313131, nylon
(0.2 um x 13 mm)i= Teknokroma (Barcelona, Spain)
oA H]lste] ARSIt Al AEedelA sk ol
X FAME 535 dv|(Hulled rice, =5), 7F*KPotato, A1),
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365 A¥xd$dol EFEEF(Amidosulfuron, Azimsulf-
uron, Bensulfuron-methyl, Chlorimuron-ethyl, Chlor-
sulfuron, Cinosulfuron, Cyclosulfamuron, Ethametsul-
furon-methyl, Ethoxysulfuron, Flazasulfuron, Fluceto-
sulfuron, Flupyrsulfuron-methyl, Foramsulfuron, Halo-
sulfuron-methyl, Imazosulfuron, Iodosulfuron-methyl,
Mesosulfuron-methyl, Metazosulfuron, Metsulfuron-
methyl, Monosulfuron, Nicosulfuron, Orthosulfamuron,
Oxasulfuron, Primisulfuron-methyl, Propyrisulfuron,
Prosulfuron, Pyrazosulfuron-ethyl, Rimsulfuron, Sulfo-
meturon-methyl, Sulfosulfuron, Thifensulfuron-methyl,
Triasulfuron, Tribenuron-methyl, Trifloxysulfuron, Tri-
flusulfuron-methyl, Tritosulfuron)& =l SHA =3t
3 ol EUEZe] 747} £8)15ko] 1,000 mg/Le] FEES
AR 7 2599 1,000 mg/LS &&31e] 100 mg/L
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Table 1. MRM condition of target compounds for analysis using LC-MS/MS
Compound Molecular formula Molgcular Precursor Pr(.)d.uct ion, m/z Retentiqn
weight ion, m/z (Collision energy, eV) time, min
Amidosulfuron CyoH15N50,5, 369.4 370 261(8), 218(26) 6.93
Azimsulfuron C13H16N10055 4244 425 182(8), 156(36) 7.17
Bensulfuron-methyl Ci6H1sN,O/S 4104 411 149(10), 91(44) 7.64
Chlorimuron-ethyl C15H;5CIN,O6S 414.8 415 186(10), 213(8) 8.37
Chlorsulfuron C1,H1,CINsO4S 357.8 358 141(14), 167(18) 6.86
Cinosulfuron Ci1sH19N5075 413.4 414 183(8), 83(42) 6.54
Cyclosulfamuron C17H19N506S 421.4 422 261(8), 218(16) 8.69
Ethametsulfuron-methyl Ci15H1sNsOsS 410.4 411 196(7), 168(112) 6.99
Ethoxysulfuron C15H1sN4O;S 398.4 399 261(8), 218(16) 8.35
Flazasulfuron C13H1,F3N5055 407.3 408 182(8), 83(30) 7.69
Flucetosulfuron C18H2FN505S 487.5 488 156(10), 100(40) 7.52
Flupyrsulfuron-methyl Ci5H14F3N50,5 465.4 466 182(8), 139(26) 8.02
Foramsulfuron Ci7H20NO/S 452.4 453 272(12), 182(12) 5.92
Halosulfuron-methyl C13H15CINO7S 434.8 435 182(9), 83(34) 8.39
Imazosulfuron C14H13CINgOsS 412.8 413 153(20), 156(16) 7.73
Iodosulfuron-methyl C1sH1IN506S 507.3 508 167(9), 69(40) 7.76
Mesosulfuron-methyl Ci7H1N500S, 503.5 504 182(9), 139(28) 7.04
Metazosulfuron Cy5H35CIN;O5S 475.9 476 182(9), 295(16) 8.14
Metsulfuron-methyl C14H15N5065 381.4 382 167(7), 141(10) 6.53
Monosulfuron C1oH11N505S 337.3 338 136(12), 110(14) 6.18
Nicosulfuron C15H1sNO6S 4104 411 182(8), 106(20) 5.70
Orthosulfamuron Ci16H20NO6S 424 .4 425 199(10), 227(12) 6.99
Oxasulfuron Ci7H18N4O6S 406.4 407 150(6), 107(28) 6.27
Primisulfuron-methyl Ci5H12FsaN4O7S 468.3 469 254(10), 199(23) 8.46
Propyrisulfuron C16H15CIN;OsS 455.9 456 261(8), 196(10) 8.08
Prosulfuron Ci5H16F3Ns04S 4194 420 141(10), 167(14) 8.11
Pyrazosulfuron-ethyl C14sH1sN¢O75 4144 415 182(4), 139(26) 8.25
Rimsulfuron C14H17N5055; 4314 432 182(10), 325(17) 6.82
Sulfometuron-methyl Ci5Hi6N4OsS 364.4 365 150(6), 107(26) 6.77
Sulfosulfuron Ci16H1sN6O7S, 470.5 471 211(6), 261(6) 7.42
Thifensulfuron-methyl C1oH13N5065; 387.4 388 167(6), 205(14) 6.32
Triasulfuron C14H16CIN5O5S 401.8 402 167(8), 141(23) 6.77
Tribenuron-methyl C1sH17N506S 395.4 396 155(5), 181(22) 7.78
Trifloxysulfuron C1sH14F3N506S 437.4 438 182(5), 83(32) 7.16
Triflusulfuron-methyl C17H19F3NgO6S 4924 493 264(7), 96(36) 8.47
Tritosulfuron C13HoF¢N50,4S 4453 446 145(40), 195(16) 8.16

* Quantitative ions are underlined.

protonation enhancer® 2H8-sh= XFARS 77t H7tstod
AREBISIEH17]. ZF ol 52 o3 22 ESI (electro-
spray ionization) positive-mode& AH3-3}3131 TIC (total
ion chromatogram)<} mass spectrum< 53l #7% 5/Jo]
& ARSI 365 AxdeHor 2FE9(1 pug/mL)

=
27F Qe Suw A4 FU A3} 2T [MH] 3o

O

tlo
Ko
O

3

A m/zaks ERISISITE MS/MS A& Fal e A
% Z%E Fugir7]2At 8493 MRM (multiple reaction
monitoring) mode® CE (collision energy)#ks 4 3}o]
#249] precursor ionZ} product iong 417435t oH, 7} o
4 AR 7P $2 AEE Bol= product ions HF

o] 2(quantification ion), THr 2% &%= product ions
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Fig. 2. Comparisons of d-SPE sorbent for purification efficiency of sulfonylurea in hulled rice.



144

Lee et al.

Table 2. Recovery results of QUEChERS extraction method for the determination of sulfonylurea in hulled rice

Recovery + RSD%(%)

Matrix Compound —
Original AOAC EN
Amidosulfuron 904 + 3.3 829 £ 53 89.3 £ 4.5
Azimsulfuron 93.1 + 1.8 86.8 + 3.2 89.7 + 15.2
Bensulfuron-methyl 92.0 + 6.3 929 + 45 93.6 + 3.1
Chlorimuron-ethyl 100.0 + 3.3 9.4 + 3.6 101.6 + 1.7
Chlorsulfuron 885 + 3.4 71.8 + 3.6 85.0 £ 1.9
Cinosulfuron 948 £ 3.0 902 £ 2.7 979 £ 0.9
Cyclosulfamuron 99.1 + 3.8 94.6 + 2.6 984 + 1.9
Ethametsulfuron-methyl 9.5 + 1.3 86.6 + 2.6 974 + 2.1
Ethoxysulfuron 921 + 6.4 88.4 + 6.5 975 + 53
Flazasulfuron 89.1 + 8.3 80.1 + 8.4 88.3 + 2.6
Flucetosulfuron 952 + 6.2 87.7 £ 3.6 933 £ 3.7
Flupyrsulfuron-methyl 923 £ 0.7 917 £ 3.8 959 + 0.2
Foramsulfuron 814 + 6.0 709 + 5.0 843 £ 6.3
Halosulfuron-methyl 995 + 2.6 923 + 43 92.0 + 11.8
Imazosulfuron 90.1 + 2.6 84.1 + 5.2 86.0 + 6.6
Iodosulfuron-methyl 872 +19 842 + 5.0 89.3 + 4.7
Mesosulfuron-methyl 99.9 £ 5.0 85.0 + 5.3 883 + 2.1
Hulled rice Metazosulfuron 919 + 45 873 £ 2.0 95.0 £ 1.7

Metsulfuron-methyl 876 + 1.3 83.0 + 2.6 926 + 2.3
Monosulfuron 824 + 3.2 794 + 5.6 782 £ 5.7
Nicosulfuron 80.5 + 6.0 634 £ 5.0 842 + 1.2
Orthosulfamuron 88.6 + 2.4 86.5 + 4.3 91.2 + 3.0
Oxasulfuron 994 + 1.6 934 + 14 985 + 1.7
Primisulfuron-methyl 1044 + 2.5 944 + 49 977 £ 2.6
Propyrisulfuron 99.0 £ 1.9 921 + 14 1014 = 1.7
Prosulfuron 913 + 1.6 95.0 £ 1.0 100.6 + 3.6
Pyrazosulfuron-ethyl 929 + 35 90.7 £ 5.5 928 +£22
Rimsulfuron 879 + 48 85.7 £ 5.2 944 + 35
Sulfometuron-methyl 96.3 + 4.1 85.8 + 2.4 918 £ 15
Sulfosulfuron 90.8 £ 2.6 86.7 + 3.7 939 + 3.1
Thifensulfuron-methyl 916 + 1.2 775 + 3.8 915 + 3.8
Triasulfuron 90.7 £ 5.9 85.6 + 4.7 919 + 2.6
Tribenuron-methyl 87.8 + 5.0 858 + 1.4 90.1 + 3.7
Trifloxysulfuron 933 £ 13 83.8 + 24 952 + 2.7
Triflusulfuron-methyl 108.1 + 2.1 106.1 + 4.6 104.4 + 2.0

? Mean recovery values for 3 repetitions with relative standard deviation
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Fig. 3. Representative MRM (quantification ion) recovery chromatograms of (A) Sulfonylurea group 1, (B) Sulfonylurea
group 2 at (a) hulled rice control sample, (b) matrix-matched standard at 0.01 mg/kg, (c) sample spiked at 0.01 mg/kg

and (d) sample spiked at 0.1 mg/kg.
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Fig. 4. Representative MRM (quantification ion) recovery chromatograms of (A) Sulfonylurea group 3, (B) Sulfonylurea
group 4 at (a) hulled rice control sample, (b) matrix-matched standard at 0.01 mg/kg, (c) sample spiked at 0.01 mg/kg

and (d) sample spiked at 0.1 mg/kg.
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Table 3. Matrix effect and method-validation results for the determination sulfonylurea in agricultural samples

Compound Matrix L b)RECOVerY £ RSO0 9 R? 1\(/[;; )

ab 1 Lab 2 °

Hulled rice 80+73 ~ 91.7+£84 950+49 ~ 979 +25 0.9998 35.2

Potato 924 +24 ~ 970+45 981 +14 ~ 1063 £25 0.9999 282

Amidosulfuron Soybean 902 +28 ~ 91.0+24 971 +45 ~ 1058 £51 0.9998 30.8
Mandarin 940 £25 ~ 1034 +46 787 £23 ~ 992+ 0.7 0999 26.2

Green pepper 799 +39 ~ 915 +31 898 +27 ~ 1005+ 0.7 0.9996 57.8

Hulled rice 782 +50 ~ 906 +27 988 £36 ~ 1037 £19 0.9999 442

Potato 806 +54 ~ 880+45 832+25 ~ 979 +26 09998 379

Azimsulfuron Soybean 876 +29 ~ 893 +55 8.6+09 ~ 893 +21 0.9998 53.5
Mandarin 866 £28 ~ 952 +28 779 +22 ~ 982+15 09991 375

Green pepper 804 +23 ~ 851 +32 929 +29 ~ 1001 £1.2 0.9998 55.3

Hulled rice 8671 ~ 937 +81 89.6+29 ~ 1060 28 0.9985 46.0

Potato 847 £27 ~ 884 £35 825+57 ~ 929 +47 09999 321

Bensulfuron-methyl Soybean 888 £ 41 ~ 914 +12 8l2+44 ~ 845+03 1.0000 29.7
Mandarin 902 +24 ~ 943 +£32 854+24 ~ 99210 0.99% 329

Green pepper 81.0+54 ~ 915+49 902 +70 ~ 987 +17 0.9998 452

Hulled rice 830+41 ~ 1013 +9.1 887 +48 ~ 976 +13 0.99% 43.8

Potato 866 £46 ~ 926 +31 964 +11 ~ 1002 £20 0.9997 21.6

Chlorimuron-ethyl Soybean 913 £+27 ~ 935+46 755+18 ~ 867 +26 09998 25.6
Mandarin 978 +45 ~ 1027 £76 778 £ 69 ~ 946 +12 0.9999 28.0

Green pepper 926 + 26 ~ 940 +31 83.6 £27 ~ 1148 £1.0 0.9957 61.7

Hulled rice 86.6+74 ~ 939+73 964 +71 ~ 1027 £12 0.9995 25.3

Potato 88 +81 ~ 907 +13 947 +41 ~ 973+ 0.9997 3.7

Chlorsulfuron Soybean 789 £28 ~ 871+45 836+41 ~ 872+10 09999 55.1
Mandarin 920 +£43 ~ 963 £23 814+51 ~ 972+34 09999 18.5

Green pepper 755 +44 ~ 904 +£37 850+ 16 ~ 1033 £02 0.9998 43.0

Hulled rice 802+74 ~ 90.6+89 81+57 ~ 97623 09997 46.4

Potato 787 +44 ~ 828 +£36 981 +08 ~ 1019 £1.0 0.9999 33.0

Cinosulfuron Soybean 805 +44 ~ 829+17 8.0+09 ~ 90.7+1.6 09998 39.9
Mandarin 873 +£39 ~ 914 +65 808 +21 ~ 1042 £19 0.9998 66.9

Green pepper 83.6 £38 ~ 89.6+42 851 +47 ~ 1029 £10 09991 58.2

Hulled rice 753 +22 ~ 813+109 85+18 ~ 970+24 0.9999 50.4

Potato 864 £33 ~ 879 +51 81.8+39 ~ 966 +17 09998 21.6

Cyclosulfamuron Soybean 856 £36 ~ 966 +18 842 +07 ~ 903 36 09999 15.0
Mandarin 898 +26 ~ 980+19 812+69 ~ 1016 £13 0.9999 56.0

Green pepper 812+ 31 ~ 952 +3.0 931 +44 ~ 103.6 £1.0 0.9994 37.6
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Table 3. (continued)

a) d)

Compound Matrix Lab 1b)Recovery =50 (%)Lab 29 R? 1\(4713 )
Hulled rice 842 +69 ~ 936+94 984 +85 ~ 1040 £33 0.9998 43.0

Potato 872 +26 ~ 941+39 961+08 ~ 1031 £3.0 0.9998 26.1

Ethametsulfuron-methyl Soybean 894 +25 ~ 915+42 89.0+05 ~ 984 +26 09997 309
Mandarin 911+ 14 ~ 980+41 801+37 ~ 988 +0.6 0.9992 34.8

Green pepper 721 +34 ~ 887 +£35 927 +14 ~ 982+0.0 0.9995 71.0

Hulled rice 815+85 ~ 91.1+£98 919+09 ~ 957 +11 0.99% 47.7

Potato 820+40 ~ 89.0+36 983 +14 ~ 1059 £31 0.9999 244

Ethoxysulfuron Soybean 873 £33 ~ 935+76 872+17 ~ 999 +31 1.0000 23.9
Mandarin 863 +£38 ~ 986=*67 792+36 ~ 956+ 11 09997 29.7

Green pepper 848 +18 ~ 905+24 925+34 ~ 1056 £09 0.9999 64.2

Hulled rice 836 +83 ~ 984 +102 876 +56 ~ 1025 +21 09991 44.5

Potato 864 +£27 ~ 875+£19 832+46 ~ 946 +12 09998 26.4

Flazasulfuron Soybean 879 +48 ~ 922+21 801+65 ~ 881+17 09993 25.0
Mandarin 908 £+ 28 ~ 995+37 924 +21 ~ 98413 09997 26.6

Green pepper 831 +28 ~ 952 +17 911 +48 ~ 953 +14 0.9993 36.7

Hulled rice 837+64 ~ 934+91 101.7 +75 ~ 103.7 £ 04 0.9993 434

Potato 885+17 ~ 892+15 90.1+72 ~ 1186 £1.0 0.9989 271

Flucetosulfuron Soybean 889 +25 ~ 932 +29 8.7+26 ~ 929 +63 09993 29.5
Mandarin 952 +29 ~ 963 +20 838+54 ~ 96126 09987 375

Green pepper 818 +57 ~ 931 +£28 949+07 ~ 990+ 05 0.999% 439

Hulled rice 863 +74 ~ 1011 £3.1 939 +25 ~ 976 +1.0 0.9991 46.3

Potato 871+26 ~ 994 +72 89.8+107 ~ 98025 0.9992 245

Flupyrsulfuron-methyl ~Soybean 871+19 ~ 1019 +48 771 £95 ~ 888 £32 0.9999 29.7
Mandarin 935+ 1.0 ~ 106.0 +32 935+ 24 ~ 111.7 £33 0.9998 24.5

Green pepper 917 +22 ~ 934 +18 835+09 ~ 945+ 14 0.9999 44.5

Hulled rice 885+64 ~ 9911181 875+50 ~ 944 +26 09994 322

Potato 900 £29 ~ 1033 +63 940+ 10 ~ 1003 £ 0.8 0.9998 32.0

Foramsulfuron Soybean 879 £55 ~ 905+17 896 +19 ~ 1077 £7.7 0.9999 34.4
Mandarin 912 + 162 ~ 964 +15 845+53 ~ 969 £02 09995 49.7

Green pepper 971 +£75 ~ 1008 +£47 900 £51 ~ 946+ 19 09997 61.4

Hulled rice 9.8 +74 ~ 1073 £ 66 864 £33 ~ 988 +22 0.9998 40.8

Potato 942 £ 35 ~ 1005 + 6.5 1005 + 1.0 ~ 1064 £ 58 0.9997 27.0

Halosulfuron-methyl ~ Soybean 9.6 £33 ~ 1065 +54 847 +45 ~ 870+ 1.6 0.9999 27.7
Mandarin 9.0+ 63 ~ 1100 +£29 887 +21 ~ 974 +14 0.9998 345

Green pepper 943 +48 ~ 1021 £3.0 91.6 £ 78 ~ 1090 £ 02 0.9994 52.5

Hulled rice 827 +62 ~ 945+ 100 86.6 +59 ~ 1014 £32 0.9970 359

Potato 830+46 ~ 887 x16 945+52 ~ 978 +13 1.0000 21.7

Imazosulfuron Soybean 876 +44 ~ 913 +46 886 +29 ~ 904 +27 09998 19.3
Mandarin 908 £39 ~ 93.6+£22 942+45 ~ 975+12 0.9993 25.0

Green pepper 815 +71 ~ 937 +£29 956+ 12 ~ 1016 £49 0.9986 299

Hulled rice 838 +33 ~ 933 £93 882+36 ~ 956 +24 09998 30.8

Potato 83 +33 ~ 870+18 943 +22 ~ 1015+ 3.0 0.9989 22.7

Iodosulfuron-methyl ~ Soybean 885+28 ~ 91.0+32 8.2+15 ~ 928 +£89 09997 215
Mandarin 80+17 ~ 915+£24 862+67 ~ 998 +19 09992 30.3

Green pepper 809 +17 ~ 913 +28 972 +08 ~ 103.8 £24 0.9997 33.2
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Table 3. (continued)
a) d)
Compound Matrix Lab 1b)Recovery =50 (%)Lab 29 R? 1\(4713 )
Hulled rice 834+61 ~ 920£36 996 +29 ~ 1107 £1.6 0.9989 36.8
Potato 83 +13 ~ 89.0+33 936 +04 ~ 1045 +74 0.9997 26.8
Mesosulfuron-methyl ~ Soybean 906 +11 ~ 937 +35 849+91 ~ 924 +57 0.9987 39.9
Mandarin 906 +£19 ~ 933 +£43 9.0+11 ~ 998 +28 0.9979 33.2
Green pepper 895+ 50 ~ 937 +£29 947 +14 ~ 1006 £33 0.9998 40.3
Hulled rice 841+76 ~ 946+78 875+55 ~ 977 +38 0.999% 56.2
Potato 895+49 ~ 979+£93 946+ 16 ~ 1119 £32 0.9995 26.0
Metazosulfuron Soybean 945 +£37 ~ 990+31 804 +£04 ~ 976 +£69 0.999% 34.0
Mandarin 919 £32 ~ 1012 £ 65 924 +06 ~ 928 +28 0.9999 50.6
Green pepper 826 +73 ~ 948 £40 901 +32 ~ 992+ 05 0.9997 52.0
Hulled rice 825+75 ~ 925£90 833+76 ~ 1012 £13 0.9988 33.0
Potato 857 +24 ~ 905 +23 1016 + 0.3 ~ 1043 £ 40 0.9995 24.7
Metsulfuron-methyl Soybean 869 +19 ~ 90.0+17 925+33 ~ 997 +94 0.99% 23.7
Mandarin 921+14 ~ 9.7 +21 897 +58 ~ 1034 £1.7 0.9992 40.1
Green pepper 859 +19 ~ 930 +45 826 +30 ~ 1063 £1.6 0.9960 42.0
Hulled rice 809 +29 ~ 853+£83 949+14 ~ 969+ 11 0.9998 -38.0
Potato 90.8 £3.0 ~ 1028 £52 979 +23 ~ 1016 £1.1 0.9999 -44.0
Monosulfuron Soybean 743 +31 ~ 748 £18 896 +24 ~ 922+ 04 0.9998 19.3
Mandarin 741 +37 ~ 795+45 84+11 ~ 997 +18 0.9999 14.1
Green pepper 911 +44 ~ 965+51 855+23 ~ 1001 £ 08 0.9999 -40.1
Hulled rice 806 +68 ~ 883 +£80 932+54 ~ 971 +40 0999 42.8
Potato 828+25 ~ 85.6+15 83.0+87 ~ 99605 09997 264
Nicosulfuron Soybean 839 +24 ~ 876+46 886+13 ~ 948 +51 1.0000 29.1
Mandarin 884 +18 ~ 907 +49 927+72 ~ 982+14 0.9999 56.0
Green pepper 724 +27 ~ 807 +44 8.1+11 ~ 976 +29 0.9999 68.2
Hulled rice 860+ 65 ~ 112.6 + 83100.8 + 13.4 ~ 1085 £ 2.6 0.9998 40.5
Potato 792 +75 ~ 1073 £35 938 +22 ~ 1017 £13 0.9999 26.1
Orthosulfamuron Soybean 819 +£47 ~ 1057 +29 877 +£30 ~ 950+ 13 1.0000 29.7
Mandarin 89.1+£80 ~ 111.0+17 8.0+56 ~ 965 +20 0.9988 40.2
Green pepper 717 +18 ~ 940+ 13 899 +39 ~ 1032 £13 0.9999 84.1
Hulled rice 86.0+71 ~ 96.0+94 829 +158 ~ 977 +39 0.9998 36.4
Potato 894 +18 ~ 902 +44 938+35 ~ 1024 £51 1.0000 275
Oxasulfuron Soybean 894 +29 ~ 925+35 879+50 ~ 942 +1.6 0.9998 39.1
Mandarin 980 +36 ~ 101.5+28 821+33 ~ 997 +18 0.9998 49.1
Green pepper 815+ 34 ~ 972 +62 872+68 ~ 976 +12 09995 98.6
Hulled rice 851+30 ~ 935+99 1040 +42 ~ 1019 £26 0.9999 39.2
Potato 838 +47 ~ 848 £23 844 +£191 ~ 988 +12 0999 20.5
Primisulfuron-methyl ~ Soybean 885+15 ~ 918+26 774+95 ~ 835+29 09999 214
Mandarin 883 +£37 ~ 955+37 826+52 ~ 1006 £09 0.9965 33.5
Green pepper 80.0 +43 ~ 897 +£47 870+23 ~ 1154 £+11 0.9956 36.7
Hulled rice 835+90 ~ 972£39 870+27 ~ 988 +20 0.9999 65.7
Potato 809 £33 ~ 995+51 952+04 ~ 981+33 0.9999 275
Propyrisulfuron Soybean 903 +18 ~ 997 +17 826+21 ~ 859 +32 09997 40.0
Mandarin 913 £+ 22 ~ 1054 +3.8 929 +23 ~ 1125+ 40 0.9999 38.2
Green pepper 853 + 44 ~ 884 +39 866 +57 ~ 1008 £ 0.6 0.9997 52.3
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Table 3. (continued)

a) d)

Compound Matrix Lab 1b)Recovery =50 (%)Lab 29 R? 1\(4713 )
Hulled rice 873 +76 923 £91 915+65 ~ 1080+ 01 0.9993 43.5

Potato 86.5 + 44 89.6 +28 980+09 ~ 1007 +71 1.0000 23.6

Prosulfuron Soybean 93.3 + 3.1 963 +41 827 +37 ~ 858 +22 0.9999 23.8
Mandarin 948 + 34 96.1 +28 807 +£63 ~ 1073 +14 0.9999 320

Green pepper  81.1 + 3.8 945+ 47 931 +£80 ~ 1068 +1.1 0.9954 421

Hulled rice 873 +73 1070 £ 49 930 +29 ~ 101.1 + 88 0.9998 46.8

Potato 862 £ 1.3 1016 £ 09 994 £13 ~ 1032 +4.0 0.9994 29.4

Pyrazosulfuron-ethyl ~ Soybean 87.8 £ 49 1104 + 29 863 £ 124 ~ 89.7 £32 0.9998 29.2
Mandarin 93.1 £ 26 1149 £32 976 £ 75 ~ 1143 £ 1.7 0.9997 334

Green pepper 903 + 3.2 1050 £ 2.8 935 +£02 ~ 992 +03 0.9999 492

Hulled rice 812 +72 975+ 44 973 +19 ~ 1074 £1.0 0.9995 40.0

Potato 842 £ 3.3 954 +50 8.7+16 ~ 1016 +1.1 0.9995 27.0

Rimsulfuron Soybean 84.0 + 4.2 859 +25 839+26 ~ 887 +9.8 1.0000 60.8
Mandarin 875 £ 2.0 971 +63 875+ 123 ~ 955+ 17 0.9998 44.5

Green pepper  85.0 + 4.8 879 +54 92 +78 ~ 1024 + 13 0.9998 56.7

Hulled rice 981 + 58 1105 £ 79 976 £ 1.7 ~ 100.8 + 2.8 0.9998 59.6

Potato 999 + 14 101.0 £ 23 945 £ 68 ~ 1004 + 1.4 0.9998 441

Sulfometuron-methyl ~ Soybean 104.8 + 3.5 1054 + 1.2 8.1 +51 ~ 924 +15 0.9999 49.2
Mandarin 106.6 + 3.4 1092 £31 792 £98 ~ 947 £ 09 0.999 30.1

Green pepper  96.6 + 5.1 108.1 £ 21 971 £32 ~ 1025+ 43 0.9999 71.7

Hulled rice 875 +55 932+ 69 933 168 ~ 994 +27 0.999% 40.8

Potato 871 + 47 903 + 14 9.0 +13 ~ 1111 +95 0.9979 284

Sulfosulfuron Soybean 95.3 + 24 988 +13 876+14 ~ 940+75 0.9992 255
Mandarin 95.6 £ 1.9 970 +26 844 +50 ~ 976 +21 0.9993 421

Green pepper  86.6 + 5.2 953 +30 886 +£39 ~ 999 +30 0.999% 411

Hulled rice 833 +70 908 £79 950 £ 134 ~ 996 +71 0.9980 312

Potato 87.1 £ 3.1 89.8 £39 942 +15 ~ 1121 +£49 0.9997 27.6

Thifensulfuron-methyl ~ Soybean 88.8 + 4.2 894 +21 904 +15 ~ 952 %55 0.9995 48.4
Mandarin 936 £ 15 949 £ 37 951 +76 ~ 1012 +24 0.9997 30.2

Green pepper 823 + 3.8 887 +28 936 +£35 ~ 988 26 0.9999 51.2

Hulled rice 825+ 71 92.1 £88 885+ 142 ~ 1045 £ 3.0 0.999 39.1

Potato 827 £ 3.1 895 +53 83.0+92 ~ 1057 +£52 0.9997 34.8

Triasulfuron Soybean 84.3 + 2.8 884 +22 884+14 ~ 997 +79 09997 47.5
Mandarin 873 £ 3.1 100.8 £ 2.4 815 + 108 ~ 955+ 20 0.9995 33.0

Green pepper  79.3 + 5.7 893 +43 954 £96 ~ 1056 +24 0.9985 65.1

Hulled rice 822 + 26 979 £88 927 +£05 ~ 1029 £ 45 0.9997 36.5

Potato 837 £22 886 +26 957 +15 ~ 976 +31 0.9999 25.6

Tribenuron-methyl Soybean 90.5 £ 1.8 942 + 37 767 £ 6.6 ~ 857 +31 1.0000 214
Mandarin 928 £ 2.0 1003 £ 1.8 849 £94 ~ 1000 £ 2.7 0.9994 12.2

Green pepper 783 + 2.4 953 +30 871 +26 ~ 962+09 0.999% 33.6

Hulled rice 813 + 6.8 912 £ 83 1063 + 46 ~ 1089 £ 93 0.9997 16.0

Potato 812 +71 937 +£25 962 +£32 ~ 998 £74 0.9999 26.1

Trifloxysulfuron Soybean 86.6 + 0.7 899 +22 881+20 ~ 989 +92 1.0000 19.3
Mandarin 90.5 £ 3.9 927 +17 939 +105 ~ 1014 £ 55 0.9994 7.1

Green pepper 821 + 3.9 986 +47 875 +48 ~ 948 +49 0.9999 33.3
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Table 3. (continued)
Compound Matrix L b)RECOVerY £ RS0 o R? ME? (%)
ab 1 Lab 2

Hulled rice 872 +85 ~ 974 +73 831+39 ~ 839+17 0.999% 62.6

Potato 862 +28 ~ 932 +38 839+90 ~ 932 +25 09991 30.8

Triflusulfuron-methyl ~ Soybean 898 +32 ~ 950+29 740+41 ~ 777 +97 09997 29.0

Mandarin 941 +46 ~ 1054 +38 89.2+77 ~ 1049 £15 0.9997 25.6

Green pepper 882 £21 ~ 951 +51 101.7 £ 0.6 ~ 1099 £ 39 0.9986 39.6

Hulled rice 779 + 64 ~ 889 +94 845+40 ~ 886 12 09998 36.5

Potato 828 +43 ~ 863 +56 779 +86 ~ 958 £04 0.9989 27.8

Tritosulfuron Soybean 846 +63 ~ 94 +74 874+20 ~ 907 +32 09997 23.1

Mandarin 925 +29 ~ 1023 £6.1 804 +90 ~ 989 +£22 09998 29.3

Green pepper 833 +94 ~ 913 +52 81+61 ~ 99510 0.9999 33.6

For each of the five samples, standards at fortifcation levels of 0.01, 0.1, and 0.5 mg/kg were used
* Mean recovery values for 5 (Labl) or 3 (Lab2) repetitions with relative standard deviation

® National Institute of Food and Drug Safety Evaluation
¢ Seoul Regional Food and Drug Administration
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oz AIFE Rjsilth F5 2 A1 QUEChERS
e olgste] HAglslglom LC-MS/MS 7171341 3]
sl ALE 365 AEdSdoM BAANEHS 4%
AR 7F0.99 oo w2 AANS FRaisla, HEsH
(LOD) 2 AFHA(LOQ)= 217} 0.003 mg/kg, 0.01 mg/kg
2 Uebgth i s v, 24 o, 2 15R 9
SHA, gFetAl 104, e 500 s WUk FaE
& A A3 Hd FFEn=5) 71.7-114.9%°131 07,
HEFHEAR= 20% olat® Wbt Bk ARt 5S4

3l 7 AP Ft eSS Rl A BE sk
A 74.0-118.6%°1% 0™ AEFAA = 10% olek=E A
o], ¥ 97 EUC SANTE/11312/2021 4 2]&<]ekEgr
A7He] ‘AEmT AER rk BEdatel] sk vloj ekl
(2016) ol RESSHS ERISIGITE whebA] 2 ATtelx] dst
Axdgdob 5o 3652 FA AERE B3l wkE S
Tt 7hest sk ks st 3P o R &8st
4 S Flo= FokEch
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