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Monitoring and Risk Assessment of Pesticide Residues in Commercial
Environment-Friendly Agricultural Products Distributed
Using LC-MS/MS in Seoul Metropolitan Area
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Abstract This survey was carried out in 2014 to estimate the pesticide residue levels in commercial environment-friendly
agricultural products in Seoul metropolitan area. Pesticide residues in 27 commodities were examined and analyzed using
LC-MS/MS, which can simultaneously detect up to 85 pesticides. A total of 441 samples were collected and analyzed.
Among the detected samples, the residue levels in 1.2% of organic agricultural products and 2.2% of pesticide-free
agricultural products exceeded the maximum residue limits (MRLs); hence, 1.8% of the total samples exceeded the MRLs.
The safety of the detected pesticides was assessed by monitoring the acceptable daily intake level (ADI) and acceptable
dietary exposure (ADE) to the pesticides via consumption of the commodities. ADI and ADE are found to be 0.07728-
9.46530% and 0.00141-0.17210%, respectively, which means that the residual pesticides in the environmental-friendly
agricultural products in Korea are below the safe limit and therefore, pose no potential public health risks.
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Table 1. Major classification and the number of samples collected and analyzed

Major No. of

No. of organic No. of pesticide-free

classification samples Commodity agricultural products agricultural products
Leek 14 24
Cabbage 15 16
Radish 16 18
Lettuce 25 32
Winter grown cabbage 10 15
Vegetables 389 Kale 15 25
Soybean sprout 11 16
Cherry tomato 18 28
Broccoli 18 22
Green pepper 10 14
Red pepper 14 13
Plum 0 2
Grape 0 5
Fruits 10 Blueberry 1 0
Citrus 0 1
Melon 0 1
Glutinous rice 1 3
. Non glutinous rice 0 2
Cereal grains 14 Millet 0 |
Rice 2 5
Beans 4 Black beans 0 2
Soybean 0 2
Winter mushroom 0 1
Oyster mushroom 0 8
Mushrooms 24 Bottom mushroom 0 10
Shiitake 0 5
Total 441 170 271




308

Table 2. Analytical conditions of the scheduled multiple reaction monitoring (sSMRM) transition for 85 pesticides

AN EASEA A 47 AA 35 (015)

No Pesticide RTV Precursorion  Product ion Fragmentor voltage
(min) (m/z) (m/z) DP? EPY CEY CXPY

] Acetamingid 48 231 126.0 86 10 29 7
cetamipri . : 99.1 86 10 49 7
, b ISt 04 2109 136.1 71 10 45 4
cibenzolar-S-methy’ . . 108.0 71 10 43 10
X Aldicarh 53 208.1 116.0 51 10 11 6
icar . ‘ 88.9 51 10 20 6
) N o 05 4041 372.1 76 10 19 11
oxystrobin . . 344.1 76 10 31 9
. Bendiocah 53 42 167.2 71 10 13 7
endiocarl . - 109.2 71 10 23 7
) R | o1 3801 116.2 86 10 29 7
enthiavalicarb-isopropy : : 180.1 86 10 39 7
; 5 - 19 3641 199.2 66 10 17 7
enzoximate . . 105.2 66 10 31 7
. 5 i . 3430 307.0 111 10 27 13
oscali . : 140.0 116 10 27 9
. Cafenstrol 92 3512 100.2 31 9 19 5
afenstrole . . 7.1 31 9 39 5
o Carbare] 62 2001 145.1 71 10 16 6
arbary : ) 127.1 71 10 39 6
| Carbenda 43 1901 160.1 91 10 27 9
arbendazim . . 132.0 9] 10 41 7
- Carbofi 53 1 165.1 70 10 17 5
arbofuran ‘ : 123.0 70 10 29 5
13 Carfent thyl 103 412.0 S o 0 - s
arfentrazone-ethy : ’ 365.9 96 10 25 8
14 Chlorantraniliprol 7.9 481.6 09 o 0 - I
orantraniliprole : : 283.9 91 10 23 11
15 Chl h 9.0 214 7o ¢! 0 - .
orpropham . 154 61 10 25 14
6 hr . o 05 1959 175.1 71 10 21 7
omafenozide : : 1472 71 10 61 7
17 Clethodi 11.6 360.1 1640 70 0 o ;
ethodim . . 77.0 76 10 99 7
s Clofonteni 109 303.0 138.1 71 10 19 7
ofentezine . . 102.1 71 10 55 7
19 Clothianidi 4.6 250.1 11 60 0 o -
othianidin . - 132.1 66 10 17 17
N . i 03 5.1 107.9 71 10 19 7
yazofami . . 261.0 71 10 15 9
256.1 81 10 17 7
21 Cyhalofop-butyl 114 3582 1202 81 10 35 7
” c i 4.9 199.1 1284 2 19 . i
ymoxani - : 127.9 56 10 13 10
. e 100 Lo 158.1 76 10 19 7
iflubenzuron . . 141.1 76 10 45 7
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Table 2. Continued
No Pesticide RT" Precursorion  Product ion Fragmentor voltage
(min) (m/z) (m/z) DP? EPY CEY CoxXpY

Dimethomorph (E) 85 3882 301.1 101 10 25 7

o4 165.2 101 10 45 7
Dimethomorph (Z) 9.0 388.1 3011 101 10 25 7

165.2 101 10 45 7

25 Diuron 7.5 233.1 721 86 10 35 7
160.1 86 10 35 7

26 Ethiofencarb 6.5 226.1 106.9 61 10 21 5
164.1 61 10 1 6

27 Etofenprox 14.0 3943 177.2 71 10 21 7
1352 71 10 33 7

28 Famoxadone 10.8 3922 311 66 10 15 9
238.1 66 10 23 7

29 Fenoxaprop-ethyl 11.7 362.0 288.1 86 10 23 9
121.0 86 10 37 7

30 Fenpyroximate 13.1 4220 366.0 66 10 23 17
135.0 56 10 41 9

Ferimzone (E) 6.9 2552 132.1 81 10 29

31 91.0 81 10 47 6
Ferimzone (z) 7.6 2552 132.0 86 10 27 13

124.2 86 10 27 13

32 Fluacrypyrim 114 427.0 205.1 71 10 17 9
145.1 71 10 33 7

33 Fluazifop-butyl 12.0 383.9 282.0 101 10 29 3
328.0 101 10 23 9

34 Flubendiamide 10.5 682.9 407.8 91 10 13 10
273.8 91 10 47 14

35 Flufenoxuron 12.9 489.0 158.1 91 10 27 7
141.1 91 10 71 7

36 Flumioxazine 7.9 354.9 299.2 106 10 37 24
326.8 106 10 23 20

37 Fluquinconazole 9.4 375.9 306.9 96 10 35 20
348.9 9% 10 29 »

38 Forchlorfenuron 7.5 248.1 129.0 81 10 21 7
155.1 81 10 19 7

39 Hexaflumuron 11.7 461.0 158.2 91 10 25 7
141.1 91 10 59 7

40 Hexythiazox 12.4 353.1 228.0 76 10 23 11
168.1 76 10 37 9
41 Imibenconazole 12.1 411.0 125.0 88 10 50 6.5
171.0 88 10 28 7

%)) Imidacloprid 45 256.0 175.0 65 10 25 10
20.0 65 10 21 10

43 Inabenfide 8.4 339.1 321.1 91 10 25 3
80.0 91 10 47 6

44 Indoxacarb 11.5 528.1 2180 101 10 31 8
150.1 101 10 35 8
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Table 2. Continued

No Pesticide RTV Precursorion  Product ion Fragmentor voltage
(min) (m/z) (m/z) DP? EPY CEY CXPY

i | . 70 1942 952 71 10 19 7
soprocar . : 137.1 71 10 13 7
P Lut 126 5108 158.0 101 10 29 14
ufenuron . : 140.9 101 10 61 12
47 Mandi y 0.0 2118 328.1 76 10 21 9
andipropami . . 125.0 76 10 47 7
N Metami 1o sl 288.0 101 10 23 9
etamifop : ' 180.2 101 10 27 7
49 Methabenzthi 6.9 222.1 1952 7 o p !
ethabenzthiazuron . : 150.1 76 10 45 7
“ Methiocars 05 62 169.2 71 10 13 7
ethiocar . . 121.0 71 10 23 7
B Meth | 1o 163.1 88.1 61 10 13 7
ethomy - : 106.2 61 10 13 7
o Methoxfononid 02 3693 149.2 66 10 21 7
ethoxyfenozide . . 133.1 66 10 31 7
“ Metolcarh 55 16622 109.2 66 10 15 7
etolcarl . . 4.1 66 10 39 7
“ Noval 1o 1931 158.1 86 10 27 7
ovaluron . : 141.1 86 10 69 7
. o | il 2371 72.1 63 10 25 6
xamy : ‘ 90.1 63 10 11 6
“ Oxasiclome ", 3176.0 190.0 76 10 19 18
xaziclomefone . - 161.0 76 10 39 14
- , L 1290 124.9 86 10 33 12
encycuron . : 218.0 86 10 23 12
“ bt 102 3540 133.0 71 10 25 7
entoxazone . - 134.1 76 10 25 7
59 Phoxi 10.9 299.1 1259 7 0 . ;
oxim ‘ ‘ 76.9 71 10 45 7
60 Pi 1 butoxid 122 356.2 177 i 9 . o
iperonyl butoxide . : 119.1 46 10 49 10
B , 5 2102 111.1 66 10 19 7
ropoxur : : 93.1 66 10 33 7
62 Pyraclostrobi 10.9 388.0 1940 i 19 . o
yraclostrobin . : 163.0 51 10 29 10
o Db ] 122 6102 413.1 61 10 23 11
yribenzoxim . : 180.2 61 10 47 7
o puributicath 123 3L 181.1 70 10 21 6
yributicar . . 108.0 70 10 40 6
B osimethai] . 20022 107.2 96 10 31 7
yrimethani . - 8.1 96 10 35 7
o i . 124 320 96.0 56 10 21 9
yriproxyfen ‘ : 185.0 51 10 29 10
- » ) . 1741 132.0 101 10 31 7
yroquilon . : 117.1 101 10 41 7
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Table 2. Continued
No Pesticide RTV Precursorion  Product ion Fragmentor voltage
(min) (m/z) (m/z) DP? EPY CEY CXPY
o i . 208.1 105.1 101 10 33 7
Quinoclamine . : 77.1 101 10 51 7
o © alofoncthy] 18 3731 299.2 101 10 25 6
Quizalofop-ethy : : 163.1 101 10 59 6
0 Sethosvdi 120 3282 178.1 81 10 25 9
ethoxydim . . 2823 81 10 17 7
N Silafluof 147 162 168.2 51 10 53 6
ilafluofen . : 592 51 10 75 6
72 Spirodiclofi 13.1 410.8 7l 5 19 » !
pirodiclofen . . 312.9 86 10 19 11
N Tebuf ” 102 3531 133.1 71 10 25 7
ebufenozide - : 297.1 66 10 25 7
74 Teflub 122 380.9 1382 0 o - ;
eflubenzuron : : 141.1 86 10 57 7
e Thisbendasol 16 2001 1751 96 10 33 9
iabendazole : : 131.1 96 10 43 7
6 Thisclonrid 49 2531 126.1 81 10 27 13
iaclopri : : 186.1 121 10 19 12
. Thiameth 15 2920 211.2 66 10 17 7
iamethoxam - : 1812 66 10 27 7
s Thidi 5o "1 102.0 81 10 19 7
idiazuron . : 128.0 81 10 25 7
o Thiodicarb 66 3551 88.1 71 10 23 7
jodicar k : 108.1 71 10 21 7
80 Thiophanate-methyl 5.8 343.1 111 ! 0 " ;
iophanate-methy : : 2262 81 10 15 7
N Tadinil o1 2679 100.9 71 10 27 9
iadini - : 100.4 71 10 25 7
o Trievelasol . 190.1 163.1 101 10 31 7
ricyclazole . : 136.0 101 10 37 7
83 Trifloxystrobi 115 409.0 1860 ! 19 - o
rifloxystrobin . : 206.0 46 10 21 10
w“ i o 350.1 156.1 91 10 23 9
riflumuron : : 139.1 91 10 45 7
N o 1 0 ror | 70.0 46 45 41 4
niconazole : : 125.1 46 45 39 4
YRT: Retention time
PDP: Declustering potential
JEP: Entrance potential
YCE: Collision energy
ICXP: Collision cell exit potential
= 44170010 ol dERE IS AR 3897, AAF 8552 FS AAsI, dEe Table 201 YRS g

107, 37/ 147, 357 47, HAF7E 24700193, Table 19 Al
g 5 YeMiith o f7] - FeksidES e g

DTN A9 FAse] B4 A

2

TFAAM = LC-MSMSZE FAIEA 7158 acetamiprid &

TF 85%2 Dr. Ehrenstofer GmbH (Augsburg, Germany)ol|A],
Oxaziclomefone:= Wako Chemicals (Osaka, Japan)ell 4] i3 3%
FES oAM= (acetone)} oI ELO)EE (acetonitrile), ™EH-(meth-
ano)Z 43} 100, 200, 500, 1,000 mg/kgs] =2 A|Zd}H,
ETHYoZ ARSI o] i ZELHE E9ste] A=zt
2ol gotb -30°C ols}

L=
Smgkee] 858 THFERETENS



312 =2 F 388 X] A 47 WA 3 & (2015)

‘ Sample 50 g

- Add 100 mL acetonitrile

- Homogenize for 3 min

| Filtration

- With shark-skin filter paper into a bottle
- Add 20 g of NaCl

| Partition

- Shake for 1 min by shaker
- Centrifugal separation (4°C, 3000 rpm, 5 min)

|

Water layer ‘

‘ Acetonitrile layer ‘

- Take 10 mL of acetonitrile layer
- Evaporation to near dryness at 50°C

‘ Purification

- Preconditioning NH, SPE Cartridge
- Dissolve with 4% methanol/dichloromethane 2 mL
- Elute with 4% methanol/dichloromethane 5 mL

| Concentration

- Dissolve with acetonitrile 2 mL

- 0.2 um PTFE syringe filter to vial

- Dilute at 10 times by 0.1% formic acid, 5 mM
ammonium formate in methanol/water (5/5, v/v)

Analysis with LC-MS/MS

Fig. 1. Schematic sample preparation diagram for residual pesticide analysis

WEZoo H# ¥ 0.1% formic acid, SmM ammonium for-
mate in methanol/water (5/5, v/v) E3rgufol] 8435l BHAM =
48 EPRTEA0E A

Alef A T

E Aol ARgsE 8l ol EYo|EY, WEE2 Sigma
aldrich (St. Louis, MO, USA), dichloromethane< J.T. Baker
(Phillipsburg, NJ, USAY\}¢] HPLC grade #|&-S Fisle] AM&-3}
%37, waters= Merck-Millipore (Dar-mstadt, Darmstadt, Germany)
A 2 AZFA Milli-QE ©]8 - Alxdte] ARSIt
Formic acid (295% purity)} ammonium formate (299% purity)
= Sigma aldrichAte] AFE FYst] ARSI oM, AA A
4% NH, SPE 7FE&A(1,000mg, 6 mL):= phenomenex (Tor-
rance, CA, USAYIS] AFS AMESIATH A5 vl 2 #23],
41 E3= omni macro homogenizer (Omni, Kennesaw, GA,
USA)9} vortex genie G 560 (Scientific Industries, Bohemia, NY,
USAE 717t ARE-sislom, Alse] 1S 918k 21871 recipro
shaker SR-2s (Taitec, Saitama, Japan), A| 52| & ®E 93
Al%2]7]E= SUPRA 30K (Hanil Science Industrial Co., Incheon,
Korea), %8 TAE FF7|= TurboVap LV &7 (Zymark,
Hopkinton, MA, USAYE AMS-3FS T} ESH EAlo] AlE-sh A9
719 BA7171 B A7) S VXA 2ES s 9
3] ZAF 2 teflon, stainless steel A &S ARE-3F T}

AlRo| FxZ|
ARe] AAE HFT DEEIR B 28 F
sol, 449 A9S Fig. 19 ANSAL SR AT
=
o

[y}
rE
2

AH 3] ANEEHNNZ AES T AE 50gS@FRe AF A

FAL] 124 7hge] ES vkt 1AZF F&3h) SIS o]
oM EUC|EL 100mLE 7}ela, #2715 o]&3dte] 3%7F AL
& upfisle] 23 3 2029 sodium chloride”} 0] e £
ol oFsignt. o]& 95 MRS ol&at 157 s 3
B3 oy dAEEVE ol&dt F EEE AV, 2EE S
A AFAEMHEUCIEZESE) 10mLE 100mL H]FAo F 3}
50°C ©olste] F&x oA o7 F FFAIZT vE 4%
methanol/dichloromethane 5 mLZ 24314171 NH, 7IERIXE =
H5l, F=A)7] FFES 4% methanol/dichloromethane 2 mL=
g3kl NH, SPE cartridged] 2% 12%8 AL &2 &
ZSAIATE v]AC] HHE- 4% methanol/dichloromethane S mLZ th
Al & W Mojo] NH, SPE cartridge®] @] ml=7] Aol 22,
dg o R GEAA A@He EZ3AATE &S 50°C
olate] TAIE FF7|0A PN T5¢ F o EYC|EY 2mL
A&3)3taL, 02 um PTFE syringe filterZ SJZA|A o] AL
HEFEAHOZ 0.1% formic acid, 5SmM ammo-nium formate in
methanol/water (5/5, v/iv) E3rgjo] 108] &4isle] AJggHo

= 33t

=2 9 of
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Table 3. Analytical conditions of LC-MS/MS
Agilent Technologies 1260 Infinity HPLC
AB SCIEX API 4000

Instrument

Ionization mode Electrospray ionization (ESI, positive)
Column Kinetex C,; column (2.1 mmx100 mm, 2.6 pm)
Columntemp. 35°C

Inj. volume 10 uL

A: 0.1% formic acid, 5 mM ammonium formate
in water

B: 0.1% formic acid, 5 mM ammonium formate
in methanol

Time Flow rate

(min)  (mLmin) 2C® B

Mobile 0.0 0.3 95 5
phase 1.0 0.3 95 5
1.5 0.3 45 55
5.0 0.3 40 60
12.0 0.4 10 90
12.1 0.4 2 98
15.0 0.4 2 98
15.1 0.3 95 5
20.0 0.3 95 5
Gas N,
Collision gas (CAD) 4
Curtain gas (CUR) 30
Source &
G Ion source gas (GS1) 50
as parameters
Ion source gas (GS2) 55
Temperature (TEM) 500C
Ion spray voltage (IS) 5500

71712M=A

£ ARS Fdshst AR LC-MSMSE 25 A Az m)
EI 7 (high performance liquid chromatography, Agilent Tech-
nologies 1260 Infinity HPLC, Baden-Wrttemberg, Germany), Z-&
S Kinetex C,, column (2.1 mmx100 mm, 2.6 um)2 ARS-3}31 32,
o542 A: 0.1% formic acid®} 5mM ammonium formateZ 3%
st 84 B: 0.1% formic acid®} 5mM ammonium formate
EFE Mg SO =M o]F Y] 52 03-0.4 mL/min®|
e AT dERtA72s 7] BF o] 3K (electrospray
ionization, ESI) W42 ©|&3}= tandem MSD (API 4000, AB
SCIEX, Framingham, MA, USA)E ARE3IS1T, B4 4L Table
30l veRf AT

2 AFelMe B4 9 AFAE SAlel Jds] fls) A
FEA 7S TS BEA o] &(precursor ion) 2 ZHE A=
ZHEAL o] 2(product ion)yS NE FF T ZF 20 AAFE L,
FoF Zh7te] wEE A7 7171EA 24 vE] AF sk
olE B3l 7MY ATt B2 olS AuRAolo® HAAs,
o2 Zrrl &2 o8 ARl a MAAsgon,
SMRM (scheduled multiple reaction monitoringyS &3l %Fo]-23}
W (positive mode)O = 48 AAIBISTE. L 2712 Table 39
e em, 2EA o] & (precursor ion), AHEAF ] (product
ion) 2 fragmentor voltage 522 YERYATEL

BN ok O rf

7 EArEe) 2REe mUE Y 2 oy %7 313

NCEES:

BUE ] $A tEsdtdE AEEe H1S5E 3] flst
o AaF, FLF, TFY UR AFO2ZA, A, 25, oA
9] 3|5E&S ot 35E A2 002, 02mgkgd] F L
o|A 3RHRo R FaEom, AA FFE W= 70-120%, ¥
B 35g X7 HolAlF 20% ©l3tE SAtk17). 58 A
P AxT BTF EFENE AF Hrtste] & Aol

o
ol
>
o
o
iz
2
=
ol
&
09:,‘4
_O|L
8
£

A 1293,

(¢}
of wet f7] - FgoFsitee] A, AREeFE ASHA @t
i &

i
(o]
nand
2

st

N

7] - FEFEitEela Eefo]l B o) der HEHA
< 7T, AT AESRS 19 A3 518 (acceptable daily intake,
ADI)ll &3k 7F Wlew bAdE Hrkeiinh &, 27t 8t

| B2 Tl FHRe Foke FE(1Y 4
%%, estimated daily intake, EDD°] 1€ A#H FF(%AD)S
ZHeteA ARE HESIY 2 oldtr =W Hdsittal Hrkst
= Aotk & w191 19 A3 =% (acceptable dietary
exposure, ADE)S AH&3sto] 191 1€ H3 $2(%ADE)E HESH
o=x S HrrsIinh o716 AREE Feke] ADL 19 4
F A%, A0S 5o AFES AHEdSATY Fet
ARG rAH| 2] AA FES B8 TH(19).

soke) 19 34 HAED) = 5ot 2T x 19 AF 4%
(mg/person/day) (mg/kg) (kg/person/day)

2 A% =%(ADE)
19 AdF 8% <=9 FFAZT 55 (kg)
19 i;g 2]

FF] 19 A3 FE®%ADE)= = T

eo0ko] 10] 19 A= 19 274 A=
=] 0, =
el 191 19 A 4 (4ADE) 1901 HH =27 <100
Any o&
SMgo| A&, M
43 855 Tl ek A2 HEIAIE 0.001-0.005 mg/
X

kge] FEoR oA AFe] ¢ iseF AW dAEd
AR FA38L UE 0.05mgkg ©l8tE TESHHA FAld] F
87130 12-1/107HA AZ3EE sl 8L S rk1s).
Bk, Al tiside SllollA obF] FAHR el §
AR FEATNA AL dE FA7IES 2851 (20), £
Aol AEEA 0.004-0.016 mgkg F=0] ©] 3 FA|7|E
S UESIGiTh o) R 22 AWl A&, ARdAle o
o

-

N
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Table 4. Recovery, LOQ, and LOD of the pesticide using the determination method in the study by LC-MS/MS

1 () 4) (0 —
o LOQ" LOD? . Fortified Recovery (%)£RSD" (%) (n=3)
No. Pesticide K R conc. -
(mgkg)  (mg/kg) (mg/kg) Lettuce Grape Rice

| Acctamingid w00s ool osogro 002 972435 1014453 948455
cetamipn : : : 02 89.441.6 95.541.7 972411
 AcbomolnSamctnl 0004 0001 090708 02 102.048.1 1034423 102.6£1.9
cibenzotaES-Metly ‘ : ' 02 100.1+2.0 103.8+3 .4 103.343.1
5 Aldicath w005 ooz ooort0 002 102.945.6 99.443.4 8744135
ear : : : 02 775464 86.549.2 88.544.5
A Aroxstrobi Y 102543 8 103.941.9 98.642.6
ZOKySHObM : : ' 02 90.0:£0.1 94.2:40.5 943+12
S Bendiocarh w00s ooz oooss 002 98.449.8 922416 947442
endlocar : ' : 02 89.6£4.2 96.342.8 102.02.7
Benthiavalicarb- 0.02 102.0+4.0 102.7+0.6 99.443.1
6 isoprapyl 0.004 0.001 099857 4, 109.140.8 109.4412 109.443 4
., Bemoxiimat w00s 000l oooms 002 89.6:4.9 100.742.6 933457
enzoximate : : : 02 96.540.8 100.744.9 110.541.4
q Boscalid 0005 000 ooor0s 002 102.041.9 106.243.9 104.653.8
oscall : : : 02 92.7+3.8 99.3+6.1 99.442.0
0 Caonsirol 00t 0001 oooses 002 104345.0 103.143.6 98.441.6
atenstrole : : : 02 99.642.8 101.041.9 102.9+2.4
" Carbar] Y 103.3£5.5 100.540.8 95.1414
Arvary : : : 02 105.142.9 107.6+8.6 101.148.4
N Carbendani w00s 000l ooogss 002 104.9443 1054403 95.744.1
arbendazim : : : 02 92.842.3 103.941.3 95.141.7
o Caboft w00s 000l ooogss 002 1032435 101.741.0 08.541.4
arboturan ‘ : ' 02 91.6+1.4 97.041.7 97.443.6
5 Cafont o 00t 0001 oooosy 002 107.944.1 1092422 103.042.3
enfazone-efly : : : 02 95.544.0 97.043.6 90.541.4
4 Chiorntraniliol 0wl oo ooorss 002 1093472 110.4+0.4 1134455
orantEmpro’e : : : 02 97.1+1.8 104,512 1034414
s Chiororonh w0l 000 oooge 02 109.6+4.1 1074512 102.6:2.2
orpropham ' : : 02 101.943.1 1132405 114.0+3.7
6 Chromafenosid wo0s oool  ooom 002 100.8+1.7 96.043.6 884412
romatenozide : : : 02 78.243.9 80.142.3 81.0+2.5
- Clethodi w00s ool osossy 002 75.042.4 81.0+0.8 76.141.6
ethodim : : : 02 795433 89.941.9 91.01.6
8 Cloforicri I 100.0+7.4 103.0£2.9 99342.6
olentezine : : : 02 87.743.5 98.4+2.7 944421
o Clothianid 0005 o002 0900ps 002 98.443.9 102.6:2.1 95.044.2
othanidin ' : : 02 85.543.6 92.6£1.5 91,6413
M, Cvarofamid N 87.046.2 90.1£1.0 857419
Jazoiatt : : ' 02 89.142.0 96.11.0 94.342.0
’ Cohalofon-but] 00t 000l ooonge 002 98.6+72 93.9453 86.349.1
yhaloop-buty ' : : 02 99.944.6 106.246.0 105.443.1
’ . ’ w00s 000l oooms 002 99.5:4.7 104.0£5.6 99.842.1
yoxa : : : 02 89.843.5 100.542.0 98.242.4
2 B wooi 000l ooore 002 98.844.9 105.544.8 932423
HHubenzuron ' : : 02 72.742.0 827412 65.6£4.7
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Table 4. Recovery, LOQ, and LOD of the pesticide using the determination method in the study by LC-MS/MS

3 () 4) (0 —
o LOQ" LOD? . Fortified Recovery (%)+RSD" (%) (n=3)
No. Pesticide K R conc. -
(mgkg)  (mg/kg) (mg/kg) Lettuce Grape Rice
o Dimeth h 0.004 0.001 0.99811 0.02 107.7£3.2 107.4+1.6 105.4+1.5
tmethomorp ' : 09911 02 100.3+0.4 1023409 100.342.1
s N w00s 00 ooosis 002 1034447 103.5£1.0 101.0£0.4
uron ‘ : ' 02 92.2+0.7 96.941.1 08.242.1
y b foncart woos 000l ooy 002 100.6£5.7 101.841.9 974435
fofencar ' : ' 02 91.941.1 1012415 101.441.4
) o w00s 000l oooass 002 97.146.0 99.3+4.6 02.542.9
olenprox ' : ' 02 814424 91.5:9.4 793417
s Famoxad wooi 000l oooorn 002 105.0+4.2 103.740.9 104.842.2
amoxacone ' : : 02 100.8+4.8 108.243.5 101.9403
2 - . w0os 000l ooomn 002 745542 75.0£1.8 70.0£3.7
erioxaprop-cty : : ' 02 743423 86444 4 847423
0 . . woos 000l oooss 02 1013441 1054411 101.9+1.1
enpyroximate ' : : 02 81,5403 100.5£0.5 99.841.1
N P w00s o000l ooosge 02 86.0:0.5 85.6+0.4 81.0£0.2
ermzone ' : ' 02 945411 084414 963413
“ o . 005 000 oooas 002 100.544.1 102.6£2.0 977434
uactypyrim ' : ' 02 93.5:1.9 97.7413 97.242.0
5 Fluaifon-bus] 000t 0001 oooses 002 92.043.9 97304 95.9:38
uazifop-buty ' : ' 02 7302415 83.0433 86.8+0.2
i Flubendionmid wole 0005 ooossy 002 106.9+16.4 10324161 8624133
ubendiamide ' : ' 02 79.2+7.0 79.07.0 9824138
i s woos 000l ooose 002 105.4+5.4 11,6418 104.8£1.0
Hienioxdron ' : ' 02 105.5£2.9 114.6£2.7 113.742.6
6 Flumioxan ol 000 ooosro 002 982435 945442 94344.0
umioxazine : : ' 02 103.6+1.8 109.2+1.9 110319
5 Flucu | w0os o001 ooosm 002 108.3£5.3 114.020.7 106541 8
Hauinconazote : : ' 02 107.6£2.7 114.656.7 120.0+2.4
s Forchlont w005 0002 ooosrs 002 1012416 1013416 97.041.7
orenorfenuron ' : ' 02 98.9:0.9 103.9+1.7 102.4+1.8
% el w00s 0002 ooosas 002 1127461 106.5£5.1 101.8+8.8
exatiumuron ' : ' 02 87.740.4 96338 92,6433
40 et 00t 000l ooosas 002 11,1474 110.743.0 106.0+15
exythiazox ' : ' 02 113.6£10.0 1193453 1213417
i b | w2 oos  ooosse 02 89.115.1 83.4£16.6 84.142.4
ribeniconazote : : ' 02 87310 04,8444 034422
o . wooi 000l ooosla 002 104.942.7 1064423 99.743.9
fHcacioprt ' : ' 02 97.0+1.1 102.7+1.0 98.3+1.1
i ebenid woos 000l ooosa 002 1012436 101.542.4 1004423
nabertide ' : ' 02 99.5:0.6 103.941.4 102.342.4
i I doxacath 0005 0002 ooosn 002 100.1473 97.043.8 96.642.6
fidoxacar ' : ' 02 78.543.3 82.142.5 794434
45 1 . w005 0002 ooomos 002 106443 8 105.9+02 102111
soprocar ' : ' 02 93.540.5 96.4+0.2 08.741.1
0.02 100.842.8 107543 5 975447
46 Lufenuron 0004 0001 099820

0.2 91.7+2.6 100.7+2.6 102.7+41.1
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Table 4. Recovery, LOQ, and LOD of the pesticide using the determination method in the study by LC-MS/MS

3 () 4) (0 —
o LOQ" LOD? . Fortified Recovery (%)+RSD" (%) (n=3)
No. Pesticide K R conc. -
(mgkg)  (mg/kg) (mg/kg) Lettuce Grape Rice

i Mandi . 0005 0002 0ooes 002 109.043 4 108.52.1 103.541.7
andipropamt : : : 02 100.0+3 .4 103.4+2.4 102,733
48 Metammit U 744£152 76.6410.7 757416
clamtiop : : : 02 75.244.0 87.9+6.4 87.6:7.4
9 Methabengthi woos 0002 oooesy 002 106.8+2.9 106.141.0 102.740.2
ethabenztiazuron : : ' 02 93.0£0.2 98.121.0 97.6+2.2
5 Methiocarh w00s 0002 09oses 02 1004+2.8 99.0+1.7 99.242.9
etocar : : : 02 93.542.1 102.146.1 102.7£0.5
. Methoml 0005 ooz 0ooos0 002 1111445 111.551.6 1042431
ethormy ' : ' 02 934432 954427 88.842.1
5 Methoxyfenosid wo0s 000l 099303 002 104.544.5 104.62.1 105443.7
ctioxylteozide : : : 02 93.125.2 97.7+8.4 102.3£2.0
“ Metolcath w005 o002 090750 002 98.243.6 08.8:2.8 93.142.1
etolear : : ' 02 98.0+1.8 101.8+3.6 1002242
5 Noval w005 0002 099056 02 102.6£0.2 1014421 102.543.4
ovaiuron : : : 02 91.843.6 99.9+1.4 101.742.2
o Oxam w005 000 ooty 002 977447 98.443.6 93.743.0
xamy ' : ' 02 872414 104.6+4.1 97.9+1.8
56 Oxasiclome: wo0s 000l 099mn 002 103.4+5.1 104.840.7 103.144.2
xaziclometone : : : 02 84.5+1.3 95.742.3 96.7+2.6
. , 00t 000l oooars 002 93.9453 98.9+1.8 95.740.7
encycuron ' : ' 02 82.6:2.1 89.4+1.8 88.641.4
s Pt w00s 0002 0992y 002 100.6:6.6 109.5:2.4 108.246.9
enoxazone : : ' 02 76.9+8.4 90.1+4.2 88.4+1.5
s Phoxi woos 000l ooorry 002 100322 1034404 106.343.5
oxim ' : ' 02 97.145.0 101.9+2.4 102.9+3.9
6 N butoxid wo0s 000l o9ogss 002 1052446 108.0+1.7 104.0+2.2
iperony’ blitoxide : : : 02 79.6+5.3 84.246.0 81.6+1.4
o , 005 0002 ooosie 02 8§7.8+12.1 83.545.0 81342.9
ropoxur ' : ' 02 91.8+3.9 98.148.7 95.544.8
o puraclosirobs wo0s 000l o9osig 002 100.0+3.7 100.6£0.3 953422
Jraclostrobin : : : 02 89.8+1.0 94.3+2.1 94,1413
o Putibergond o 000s 090500 002 95.0+10.1 96.8:11.4 95.648.5
yrbenzoxim ' : ' 02 80.8+15.4 95.2+10.6 106.5+8.8
o puributicarh w00s 000l 099mo 002 104.842.5 107.520.8 104.5+1.2
yributear ‘ : : 02 90.0+2.1 95.4+1.9 94.0+14
o it 00t 000l ooosa 002 103.143.7 104.0:2.7 100.3+3.1
yrmethan ' : ' 02 99.5:0.2 103.5:0.9 103.3+2.8
o oo wo0s 000l 099z 002 107.4452 110.741.8 1045413
ynproxyten ‘ : . 02 87.0+1.6 942412 93.6+0.4
. procil w00t 000l ooogs 002 103.346.1 102.942.6 101.140.5
yrogurion ' : ' 02 91.5+1.2 99.2+1.1 100.8+1.4
6 - wo0s 000l o9oms 002 100,345 .4 992437 974435
Quinoclamine : : ' 02 83.9+1.5 97.6+1.0 98.9+3.0
6  dofonctin] w00t 000l ooone 002 102.143.5 103.141.3 103.141.5
Quizalofop-ethy : : : 02 72.5+1.4 822419 80.6:1.6
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Table 4. Recovery, LOQ, and LOD of the pesticide using the determination method in the study by LC-MS/MS

3 () 4) (0 —
o LOQ" LOD? . Fortified Recovery (%)+RSD" (%) (n=3)
No. Pesticide K R conc. -
(mgkg)  (mg/kg) (mg/kg) Lettuce Grape Rice

0 Sethoxvdi woos 000l o0oor0s 002 743433 76.9453 77,6448
cthoxydim ' : ' 02 79.43.1 96.142.0 93.3+2.6
) Siafluof Y 7644143 87.9+5.7 8274112
ratiuoten : : ' 02 711272 8124128 77.5+7.7

- Soirodiclof 00t 000l oooess 002 100.743.7 106.541.5 102.340.7
pirodicioten ' : : 02 86.32.9 107.2+2.4 106.9+2.7
- Tebufenosid wo0s 0002 o0ooesi 002 100.3+4.9 98.8+4.4 98.2410.2
ebutenozide : : : 02 79.443.1 87.145.0 938422

o Toflub wole o005 oooses 002 107.4417.6 101.144.2 104.546.8
etiubenzuron ' : : 02 94.4+1.5 101.423.6 98.2+5.2

s Thiabendagol wo0s 000l oooms 002 102.6+3.7 105.0+0.2 99.8+1.5
fabendazole : : : 02 80.6:£0.4 93.542.1 93.3+1.3

6 Thiaclonrid 00r 000l oo 002 103.043.5 104.622.9 98.742.1
taciopn ' : ' 02 88.3+1.6 95.0+0.7 92.5:1.1

. Thiameth wo0s 000l 09975a 002 1033437 105.343.6 992424
famethoxam : : : 02 89.243.3 89.241.0 90.4+0.7

s Thidi woos 0002 ooogss 002 107.046.1 104.64.5 101.0£2.7
\diazaron : : ' 02 100.3+1.7 102.842.6 101.63.7

i, Thiodicarh wo0s 000l o9ogss 002 109.5:3.7 108.5:0.6 107.6+1.1
fodiear : : : 02 89.9:0.4 90.240.7 96.3+8.8

0 Thioshamatermeti] woos 000l ooosy 002 853129 97.9+412 98.9+3.1
tophanate-metiy : : ' 02 86.5:1.8 92.942.5 95342

N Tiadin] w00s 000 om0 99.2+4.6 103.141.0 98.543.5
fadint : : : 02 96.0+0.7 103.740.7 100.2+1.9

o Trevelagol wo0s 0001 000505 002 100.6:4.4 100.6£1.4 962432
nicyclazole : : : 02 90.1+1.9 96.12.2 93.8+1.9

o THifloxvstrobi wo0s 000l 099500 002 105.0:4.5 106.940.6 107.72.8
ritloxystrobin ‘ : . 02 76.149.1 82.048.1 762412

w Trif 00t 000l ooome 002 103.6:3.8 105.0+1.7 100.553.5
ritiumuron : : ' 02 90.32.0 96.5:1.6 94.1£1.5

s Uni | wo0s 000l o9oses 02 97.943.0 100.82.7 94.52.0
niconazole : : : 02 85.6+0.8 90.7+3.5 78.8+2.1

YLOD: Limit of detection (signal to noise ratio=3)
PLOQ: Limit of quantitation (signal to noise ratio=10)
JR?: Linearity coefficient (Correlation coefficient, R)
YRSD (%): Relative standard deviation

A HE 8 A (mg/kg) = (A/B)x(C/D)x(E/F)
A: H2EF (ng)
=247171¢] A % AZFIA (ng/uL)xA EF U FHuL)
B: AAFY L)
C: HZHA &He] FI(mL)
D: 4] AA ()
E: & 8vZ(mL)
F: & &7 3% (mL)

HHMo| AMY
5mgkge] 85%

kT F L8NS 0.001, 0.005, 0.01, 0.02,

0.03, 0.04 mg/kge] F=Z FA3te] B
th e ZEEeF A
|AE Ay JhetAY WEEEER

she the

o 3l

rulo

ATEe] APHL 9lork2), & ATiM=

]-—-—-B‘

21812l 0.1% formic acid, 5SmM ammonium formate in methanol/

water (5/5, viv) EFEWIE EFRETELFS
At ATE
HE QbAA FAAS

sAsta, BAAS
ok et AL Er

o= O

-3y 8}02 o, 85%

= 0.99089-0.99998% <F5 s ZMAHLS H
ST
ASE 95l AFAHFAES Aoz sl 284
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Table 5. Maximum residue limits of pesticide residues in agricultural products

Major No. of Agricultural product No. of Pesticide Amount MRL"
classification sample & P detection (mg/kg) (mg/kg)
Winter grown cabbage 1 Dimethomorph 0.024 2.0
.. Etofenprox 0.117 2.0
Pesticide-fr
esticide-free  Red pepper ! Imidacloprid 0.110 1.0
Vegetabl 389 o
cgelables Lettuce 1 Clothianidin 0.143 3.0
. Green pepper 1 Thiamethoxam 0.018 1.0
Organic - -
Lettuce 1 Imidacloprid 0.096 7.0
Mushe o Pesticide-fi Buth i 3 Methomyl 0.138-0.299 0.5
ushrooms esticide-free  Button mushroom Carbendazim 0.274-0.534 10
PYMRL: Maximum residue limit
U5 LY ORRLE ALRE 4% ddRE TR 3RE o 44 958 098 Yokt ol 0e dael ase
we ARl AE YL FYSAL. A5 ABES 002, & B Y FAE manixe] FFF Fol FoF 4R o] 3}
[e] o

02 mghkg E=olA NHEL 2 FY3iolon, 518 IFg He
70-120%, #2 @ x}91 Abtl %5 X (relative standard deviation,
RSD)= 20% ©|3t2 3tAth 3|48 A PL AFe 2FF &5
SAG A Bl Hrlsle] £ Aol gt Aguiol wet 4=
gl om LC-MSMS £4 thyt 59 8558 thy 5AkE 3%
A5, Xx, Al ZH2F 0.02, 0.2 mgkgel QE% H7yete] 34t
A Piou% 0.02, 02 mgkg F=2| 3|5 ZI= Table 4
HERIZ td FoF 85% HEES] ﬁ-rgg Z} FAHET}
Foldt AES eI 335 FAHENA 3R @2
2 AR AT
o] AS 3WHE P3| 5Egke] HEl7E 0.02 mgkg ol
ME 743-112.7%, RSDE 02-17.6%2] H 1S JeRAAET), set-
hoxydim®] Ha3]58(74.3%)°] 7F& BA UERIIL, hexaflumuron
o] HH3]4E(101.2%)°] 7P =A YERG S, teflubenzuron®]
RSD (17.6)7F 7F& =A Jelsdth &3k 0.2 mgkg TwollM= 3
#3358 W7 71.1-113.6%, RSDE 0.1-154%2] HS 1}
Epfiglem, silafluofen®] S3#3]58(71.1%)°] 7 B, hexythi-
azox®] B3] TE(113.6%)°] 7 E=A YEFIL, pyribenzoxim
©] RSD (1547} 7F¢ =4 Jeth. Acetamiprid & 85712 4
7o 70 120%2] A4 35& "WE YERATH
=9 A$ 3Nk H#s|5ge] M9 0.02mgkg FEolA

75.0-114.0%, RSDE 0.2-16.6°]1%1 32, fenoxaprop-ethyl®] 3]
£(75.0%)°] 7F& A, fluquinconazole®] ¥ +F3]5&(114.0%)°]
7P =4 Yelso™, imibenconazole2] RSD (16.6)7} 71 =4
UERITE 02 mgkg F2ollHe Fasl4g2] W7} 79.0-119.3%,
RSDE 02-1285 YEeR)Sl o™, flubendiamide®] 83|44
(79.0%)°] 7F¢ A, hexythiazox®] F+3]58(119.3%)°] 7H¢
=7 YeRt o™, silafluofene] RSD (12.8)7F 717 =741 Yebstt}.
Acetamiprid 5 8571¢] A 70-120%2] AA 35 WS Y
ER St

Ao A 3WHE B34S Y7 0.02 mgkg FEFNA
£ 70.0-113.4%, RSDE 0.2-13.52 YERHA L, fenoxapropethyl2]
B3| 58(70.0%)°] 7FF WA YERSAL, chlorantraniliprole®]
T3TE(113.4%)°] 7FS =A JERESH, aldicarb®] RSD (13.5)
7} 7F% =4 Uehtth 02 mgkg FolAe Haslese] W
27} 65.6-121.3%, RSDE 0.2-13.85 YERN21e™, diflubenzuron
2 70% ekl 3582 HSOm, hexythiazox’} 120% ©]%42]
H3)FE-S YERNSITE. Acetamiprid & 837H2] AJE-S 70-120%

of T2t i

)

o
o}
3

=

Al FEFE o EH A O}J—Z} at= AEe olest 7t
(ionization enhancement) &/} % ©]3} 7rAx(ionization suppres-
sion) @Afe] FEAHoZ WAEN7] wEolgt AztETh22). 3
F&ol Tagh AR A, o233 Fxe JF¥= UAAT 3
F& A7 oA = dF¥E o AdE

Lo

r_&

[

etEsiE Rset BLEE

T 4119 71 - Feoketd s Fd Ao tgriEd]
A FARZ $ASle] LC-MSMSZE 14 7Fs3t 5oF 855 o
3 ZREt RUEHS At 2 A3 f715HES 170
A F 270X Bl ool zhREefe]l HAEEY 12%S] F
ARES JEMNE, F5ksEe 27171 5 6x1olA Ao
o] A& 22%° FAFES UYEMIAL
S5 T 4417 F 8ellA ke

1.8%2] FA3ES JepAh

AaFot WMARAA HAEE FF RS 85F T 750U,
HEHL 0.018-0.534 mgkg TS YEMASH, Table 50
AFE eI o5 313AFAHE0] ofd dubEiER B
3 RS EIES Haste] B A, BT 71E o] AEY
< el Aoz =Y 13RS A4S 6Y AE
Foo] AR ol HEE AT F HE FHE &
A=At

fefERE HAaF F F71% A5l imidacloprid, 7715
E3130 A thiamethoxam, F-5<F GZo]ul3=oA dimethomorph,
FEoF A etofenproxﬁ‘r imidacloprid, §-&2F “J5=ol A
clothianidin®] A&%e] % 3894 5 57, 1.3%9 FITES
ERfdTh 3 WAIROIME 244 F T gl 3760A
methomyl—v} carbendazim®] AZE o] 11.1%2] F2TES YERY
AL, YR ZER/, J7F, TF T 280 e FRE] AE
A EdThFig. 2). Tl MAY A9 A Fok Au F
Ao 7FAE Aot Al A GAA wWalFo] WA RS
o 2 93] AEE Fol7] 9% FHOE Al AE S
i3 TS APIy] Wil RAow Adn 2 1A
SAHEOA €] i“«] FEES ARE-S FAlE] M A
Ax g 1F HE § AR, 283 21873 LS Alst
= 9 ¥ 59 94 NEE e o= 04741“3}
f&ﬁ, Lee(23)E 2010058 201243704 =& X3A
< GC-ECD/NPD$} HPLC-DAD/FLDE ©]4-3lo] ﬂﬁ% EA] %

N1
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Fig. 2. Monitoring results of pesticide residues.
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Table 6. Risk assessment of the pesticides detected from environment-friendly agricultural products
. Agricultural Food daily intake ~ ADI" EDI? ADE? 0 5 0 5
Pesticide product (ke/day)  (mgkg/day) (mg/person/day) (mg/person/day)  °AD! 7eADE
Dimethomorph ~ Festicide-free winter 1 504 02 0.00015456 11.00 0.07728 0.00141
grown cabbage
Etofenprox Red 0.00427 0.03 0.00283959 1.65 9.48530 0.17210
Imidacloprid pepper ’ 0.06 0.00266970 3.30 4.44950 0.08090
Imidacloprid Organic lettuce 0.00390 0.06 0.00037440 3.30 0.62400 0.01135
Clothianidin Pesticide-free lettuce 0.00390 0.08 0.00055770 4.40 0.69713 0.01268
Thiamethoxam Green pepper 0.02427 0.08 0.00043686 440 0.5460 0.00993
Methomyl Bott - 0.00035 0.02 0.00007735 1.10 0.38675 0.00703
Carbendazim otfon mushroom : 0.03 0.0001554 1.65 0.518 0.00933

YADI: Acceptable daily intake
JEDI: Estimated daily intake
9 ADE=ADI X 55 (kg)
YADI%=[EDI/ADI]x100
YADE%=[EDI/ADE]x100
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