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ABSTRACT - In this study, we investigated pesticide residue levels in 535 domestically distributed agricultural
products in South Korea using multi-residue analysis. Agricultural products from 13 regions, including Seoul, were
pretreated using QUEChERS and d-SPE, and subsequently analyzed using LC-MS/MS and GC-MS/MS. Residual
pesticides were detected in 288 (53.8%) out of the 535 samples, including 40 of apples, 40 of peppers, 33 of manda-
rins, 31 of peaches, and 144 other commodities. Furthermore, one sample of Korean cabbage exceeded the permitted
maximum residue limit (MRL), diniconazole (0.18 mg/kg), detected at about twice the MRL. In total, 91 types of
residual pesticides were detected, including fungicides (42), insecticides (48), and a nematicide. The most frequently
detected pesticides were dinotefuran (91), carbendazim (75), tebuconazole (61), and pyraclostrobin (59). Our results
showed that continuous monitoring of agricultural products is necessary.
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Materials and Methods

R ]
2 AT AHgE oA EY E H(acetonitrile), ™ &S
(methanol), = (water}> LC-MS 5522 Merck (Darmstadt,
Germany)Atell A st ARSIt 5 Ao AR
E EN kit (Fritut2vlg 4¢3 ASHES 1g 74
ZRIGESF1.55738HE 0.5 g, FAAMIUEEF2738HE 1)
o} A o AMEH d-SPE (3224 150 mg
I 12} 22k o}¥l 25 mg)E= CHROMAtific (Heidenrod,
Germany)A Pl A 48k ARS8 TE 0.2 um PTFE WX
#¢l FE+= Thermo Fisher Scientific (Waltham, Massachusetts,
USA)elA 43kttt
< Sl Tk AEH AFE AT T
Yate] 71714 & i Fofo] BEHEHEA ERlg &
AREBF o, bR E ALl AMEE FAFES 20219
ARAR FRSE Q1 B A d ZALE 2AR
of 27 ARE ol AF Ads HEFLE Ae 607,
25771, 1A 507, Ul 477, 7 437, Ol 407,
9 397, &4k 387, A 367, FF 337, 95 3274,
T 304, AF 304ds AAst FEs FASKAT &
T A muj A, dErtENAM FEEHA e v
e 15F52 e siflen SR 487), TR
(A7 367), AF(EA 3470), HAFMEHA 287), HaF
(ALF 5 2237), HLFAH T 1667)E & 5357 +A
}

o o 4z o o2

st AEe AEFFA A HAe] AV
et FEE AR E Hdstete] EEd g7 Hop
-20°Cel Bstal Aol ARkl

EEU Y XS] X

LC-MS/MS 2 GC-MS/MS E4th4 5 46552 4
F34 B A2 F4 193] (CODEX)S] 2HRE9] A9
of we} tjAlA| 9} o] AAE E3F3S Kemidas (Suwon,
Korea), Dr. Ehrenstorfer (Augsburg, Germany), Chem
Service (West Chester, PA, USA), HPC standards (Cunnersdorf,
Deutschland), AccuStandard (New Haven, CT, USA), Wako
(Osaka, Japan)ollA] Fate] ARE-sHATh 2h2he] 234
A EFate] £F FFEAS Az F, AT =
7 HEs oEYUEZR 343t 2EddH BF
S BF o) ol 20°Ce] HAste] A&t T

FE U A
Mg AAE HHE AETd TR AR -A2H
P AR 10 g JE3] Dol 5o0mL YR el ¥
a7 2 FRY A, AR S¢S AES| Dol & S5mL
go & 3087 ) oHEYEZ 10mLE ¥E H |
7k et g5 FEAUT FE=C Ttz
g 4¢3 HUEF 1g, TAAIHESF1.55731= 0.5 ¢,
TAMNUEF2F3E 1g8 ¥ 187 EET 4C,
Sample 10 g
Extraction

- Add 10 mL of acetonitrile

- Shake for 1 min

- Add magnesium sulfate anhydrous 4 g,
sodium chloride 1 g,
disodium hydrogencitrate sesquihydrate 0.5 g,
trisodium citrate dihydrate 1g

- Hand shake for 1 min

Centrifugation

- 4°C, 4,000 G, 10 min

- Collect supernatant layer 1 mL

Purification
(d-SPE)

- Add magnesium sulfate anhydrous 150 mg, PSA 25 mg
- Vortex for 30s

Centrifugation

- 4°C, 4,000 G, 10 min
- Collect supernatant layer 1 mL
- Syringe filter (PTFE, 0.2 pm)

LC-MS/MS
GC-MS/MS

Fig. 1. Flow chart for 465 pesticides analysis.
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4,000 GellA 1027 A& st 45 1 mLE 33
o}, FEgamkav 5 150 mgd 12} 23} oF9l 25 mgo] H
2] 9AA Q& 2mL FAEB A=A | mLE B
A EE0] A& v gARYs S 2
S WEH< HE(PPTFE, 02 um)=E 943 &
o' ARE-SIATHFig. 1).

Aol A28k LC-MS/MSE ShiseidoAF2] Nanospace
Nasca (Tokyo, Japan)®} AB Sciex (Framingham, MA,
USA)AF] QTRAP® 4500 4H|E AME3SISITH 418 Z
H2 OSAKA SODA (Osaka, Japan)A}€] capcellcore C,q
(2.1 mm x 100 mm, 2.7 um)& A3} THTable 1). GC-MS/
MSE Agilent (Santa Clara, CA, USA)AF2] 7890B GC
system3} 7010 GC/MS Triple Quad, DB-5MS Ul Z ¥
(30 m x 0.25 mm, 0.25 um)S AHE-3FS tH(Table 2).

AEE 218 435
FAE TR A

ox

H2 ‘CODEX 7] =21RI(CAC/GL

P

Table 1. Analytical condition of LC-MS/MS for 222 pesticides

Instrument
LC Shiseido Nanospace Nasca
MS/MS AB Sciex Triple Quad 4500
LC condition
Capcellcore C g
Column (2.1 mm x 100 mm, 2.7 um)
Flow rate 0.2 mL/min
Injection volume 2 uL
Oven temp. 40°C
A : 5 mM ammonium acetate,
. 0.1 % formic acid in water
Mobile phase
B : 5 mM ammonium acetate,
0.1 % formic acid in methanol
Time (min) A (%) B (%)
0.0 95 5
1.0 95 5
3.0 40 60
Gradient
13.0 0 100
18.0 0 100
18.1 95 5
25.0 95 5
MS/MS condition
Collision gas N,

Ionization mode ESI(Positive or Negative mode)

Electrospray Voltage (+) 4500 V/ (—) 4500 V

Table 2. Analytical condition of GC-MS/MS for 243 pesticides

Instrument
GC 7890B GC system
MS/MS GC/MS Triple Quad
GC condition
Column DB-5MS (30 mx0.25 mm, 0.25 pm)
Flow rate 1.2 mL/min (He)
i
Injection mode splitless
Rate (°C/min) Temperature (°C) Hold (min)
Oven temp. Initial 60 0
20 180 0
5 300 5
MS/MS condition

Ionization mode Electron ionization (EI)

Transfer line

280°C
temp.
Ion source 280°C
temp.

40y 2F °]° FHAA A FO|FEIHE L] A FET
AW mFEARFEAR] #AgE 7ol =l (2016) S AR
3} /\]6“”0] X"‘Vé (linearity), &3 (limit of detection,
LOD), 4 %A (limit of quantification, LOQ), %d 2= (accuracy)
2 AU E (precision)ol] 3 84S HASSAGON &
FHFENS 5435l] matrix-matched WHSZ 0.005-0.2
mg/Le] % Ul gt AFAS A8, A
A 4=(coefficient of correlation, R>)Z 3}t LOD
o} LOQe AZEPETH Aol AlE of F3H|(S/N ratio)
7F Z4zF 3 E 10 oo R St AlEHe] Hgw 2 A
A s gristr] flste] A AR A ok
LOQ, 2 x LOQ, 10 x LOQoﬂ Gt L8 stEo R
Fstslon, P+ IFEH HEA T (coefficient of
variation, CV)& 74]4‘1'0]—04 Ao Hdx W AU E
sl aksd

Results and Discussion

0_'9'_1'] J-IE

WE FAE 2F (2F, 4B olgsel ABEe F
4 AFE AT B4 0 oF 46559 BIE
282 oMEUELE 8453 THY FHES 0§
3ked 0.005, 0.01, 0.02, 0.05, 0.1 28|32 0.2 mg/L F=9]
AuAe A 404 BAsn Ao A
ASE 0999140 % Fet gEold Ee HAYL B
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At} 465% o] td LODE 0.003 mgkg LOQE

0.01 mg/kgS 2 YeEPTE 2 AFoA 2E it Foke
LOD:= A F33 AFal ol 435t de 522
0.05 mg/kg °|3tE FFeE&71F FFoRE I

wA7E §lE AR AEEHAA.

E A#EWe LOQ, 2xLOQ, 10xLOQ FE&E 1F¢}
Agox el 3leg HES T sl 74 F
Tl HF 35S 60.3-119.8%F 61.7-119.9%0]J 32, ¥
FATE 47 19.6%9 24.8%°]5t2 BRI AT} o] A3}
£ ‘CODEX 7Fo|=21R1(CAC/GL 40)'0 2 2135 AEH
nE FF AR gk 7tol=2k1(2016) ol wht 0.01 mg/
kgollAl 3158 60-120%, WHE- 7F "B AT <30%, 0.02 2
0.1 mg/kge 3|8 70-120%, WHE 7F WHEASF <20%0
ks AL Rl A7 A% A9E B8 £
Aol RUHE 3ol Agsittar dAdaislon w4t

E 1535, 535709 djgt RYEHS Y3
S5E IRsY

5
oz RFAHRALE ST FA F
2887194 91F (5 A= 23 isE
5 5

2}
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Table 3. Detailed results of pesticides detected in samples

71221 0.01 mg/kgs A-&3th E7d HEdS
HAF 86.1%, MA2F 54.3%, 7 39.6% =O &2
AZES B 9, WAR, AR, FRAAE 5% 7
o2 et AEE BAF 14371 F AelAl 407
(100%), E-zoF 317(96.7%), 7 2571(92.6%), & 337
(91.7%), BRI 1473 (45.2%)01 903 AAF 1214 T 2
F 4074(97.6%), 2.°] 2571(78.1%), EVLE 2171(61.8%),
vl 1871(46.2%), §- 171(42.5%) <02 =& AEES
Hon, gute ERES0IUH. FFAE & 1971(39.6%)
o] AEHAUL A Fot FRAME A 17(2.9%), i+
171(2.8%)9] w2 HEES R tKTable 3). o3 A3}
= Kang 593 Park 5, Jeong &'Vl AAS ZHRA
B 2AE A3 5 G, A7), giFelA HEEC] 0% A
I v5=gk AxE yebsh

At BEsol, I 5 FL Rk
=24, Al Au) 7]171o]

PLS
LR

flo

= Hol7t 4710, A E
3] £ 27]

AL

Type Commodity No. of samples No. of detected samples Detection rate (%)
Apple 40 40 100.0
Banana 31 14 452
Fruits Mandarin 36 33 91.7
Peach 32 31 96.9
Persimmon 27 25 92.6
Sub total 166 143 86.1
Cucumber 32 25 78.1
Korean cabbage 39 18 46.2
Onion 37 0 0.0
Vegetables Pepper 41 40 97.6
Radish 40 17 425
Tomato 34 21 61.8
Sub total 223 121 543
Cereals Rice 48 19 39.6
Mushrooms Mushroom 28 3 10.7
Potatoes Potato 34 1 2.9
Pulses Soybean 36 1 2.8
Total 535 288 53.8
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Sele A4 4E2A o ot
o]

Sch,

TR EIIE X144

T AE Al AFYFEPA A TAFe] Ve
T4, ¢ ARFEEIIES BER FFEE7IE] e AT
001 mgkgE UEXOZE A&AUP. 7s87ES 23
Sk FAHES 53571 T 171(02%) 22 wS=ollA] diniconazole

°] 0.18 mgkge] HAZEo] 7|Ex9] oF 2|E =Tt
Diniconazole triazoleZ] AAZ Hl, A}, vl SollA]
F2HFHY, 59 58 WAEeY AMREHA lom W
G v S = AEAA FH R ARG EHL T
Dinicoanzole> &, A% 5 FAFAA AHHo= F

s zsLo] 1Y O}J—
mAE ol

ol AHgE

AP o) = o] A7t AEAde
E7] witel gt tEo] wab=elA
W AoZ ARHET

B} Y 2 2
A 2ol wheh A2 91F kS LI Table

49 VERATE. AEA] 425, A 485, AAEA 152

Table 4. The Frequency of pesticides residue in sample
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o] A&Hgomw s FoF
dinotefuran (9171), carbendazim (7571), tebuconazole (61
71), pyraclostrobin (5971)2.2 YERSETE

F HAE RS} B FoRe

Dinotefuran neonicotinoidZd] FFL 2 FH £33 27
EFS 7R o] 9] AMEEHIZ 491 nicotinic

acetylcholine receptor (nAChR)2| Al\YZ~ Sute]| 2k8-35}]

A ogE ATS AR A87142 71

A, B ARA ’\szﬂi HE=H AHAHE5S 55
of 4Fa3}E vepliv, 1, , L3, A T oo
Fet FAE ]/‘1 ZEA | 7, ‘“axﬁv 7HRol R, X5
7, LR 55 BAS] S8 ARk ot
Carbenda21m-— benomyl®] £3l 4tEolH, IR/, FLF

S FHSH AFEE= benimidazoleAl FFA AAAZ
mlcrotubule-J 2433 34 S B-tubulin subunitel] ZA3}s}
o o,p-dimer B9 A3lsh= 28714 7RG QlomP),
AL Fgoly, e, AVIFHE WAs] Q] AHEH
= QJI:Z-HE {q-LHHBU]— 01.1,] /\?ﬂ;q.x = tﬂ-Oﬂ_Q_Oi H]]:H
sHA AHEEE v & AHAEE ARl

HEA AdA 2l tebuconazole triazoled & FOZ
lanosterol-14a-demethylase (CYP51A1)S] 7]5S A3

24.25).

Classification Pesticide Frequency of detection =~ Detection conc. (mg/kg) Detection rate (%)
Amisulbrom 1 0.06
Azoxystrobin 19 0.01-0.53

Boscalid 31 0.01-0.09
Carbendazim 75 0.01-2.80
Cyazofamid 1 0.04
Cyprodinil 4 0.02-0.07
Diethofencarb 2 0.03-0.06
Difenoconazole 37 0.01-0.28
Diniconazole 3 0.01-0.18
Famoxadone 1 0.13
Fenoxanil 4 0.01-0.03
Ferimzone 9 0.01-0.06
Fungicide Fluazinam 15 0.02-0.25
Fludioxonil 11 0.01-0.58
Fluopicolide 3 0.01-0.06
Fluopyram 7 0.01-0.06
Flutriafol 7 0.01-0.15
Fluxapyroxad 7 0.01-0.02
Hexaconazole 6 0.01-0.08
Imazalil 3 0.67-2.21
Isopyrazam 1 0.03
Kresoxim-methyl 2 0.01
Mandestrobin 1 0.01
Mefentrifluconazole 3 0.03-0.17
Metconazole 15 0.01-0.28
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Table 4. (Continued) The Frequency of pesticides residue in sample

Classification Pesticide Frequency of detection ~ Detection conc. (mg/kg) Detection rate (%)
Metrafenone 1 0.01
Myclobutanil 2 0.03-0.09
Penthiopyrad 4 0.01-0.07
Procymidone 6 0.02-0.76
Propamocarb 9 0.01-0.69
Propiconazole 7 0.01-0.82

Pydiflumetofen 3 0.01
Pyraclostrobin 59 0.01-0.38
. Pyraziflumid 1 0.01
Fungicide .

Pyribencarb 3 0.02-0.08
Pyrimethanil 2 0.02-0.04
Tebuconazole 61 0.01-2.68
Tetraconazole 0.01-0.06
Thiabendazole 0.98-2.10
Tricyclazole 0.01-0.04

Trifloxystrobin 25 0.01-0.15

Triflumizole 2 0.01-0.02

Sub total 471 43.1
Acephate 2 0.01-0.06
Acetamiprid 43 0.01-0.17
Bifenthrin 24 0.01-0.08
Bistrifluron 2 0.02-0.05
Buprofezin 32 0.01-0.97
Chlorantraniliprole 15 0.01-0.06
Chlorfenapyr 45 0.01-0.75

Chlorfluazuron 1 0.01
Chlorpyrifos 18 0.01-0.89
Clothianidin 13 0.01-0.13
Cyantraniliprole 18 0.01-0.08
Cyclaniliprole 1 0.03
Cyenopyrafen 3 0.01-0.03
Cyflumetofen 4 0.02-0.23
Deltamethrin 7 0.01-0.05
Insecticide Dichlorvos 1 0.02
Diflubenzuron 27 0.01-0.32
Dinotefuran 91 0.01-0.48
Emamectin_Bla 1 0.02
Etofenprox 26 0.01-1.56
Etoxazole 8 0.01-0.09
Fenazaquin 4 0.01-0.09
Fenpyroximate 1 0.02
Flonicamid 39 0.01-0.36
Flubendiamide 6 0.01-0.05
Flupyradifurone 4 0.02-0.55
Fluxametamide 19 0.01-0.47
Hexythiazox 5 0.02-0.13
Imidacloprid 8 0.01-0.15
Indoxacarb 7 0.01-0.47
Isoprothiolane 1 0.02
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Table 4. (Continued) The Frequency of pesticides residue in sample
Classification Pesticide Frequency of detection ~ Detection conc. (mg/kg) Detection rate (%)
Lufenuron 15 0.01-0.13
Metaflumizone 13 0.01-0.47
Methoxyfenozide 8 0.01-0.10
Phenthoate 2 0.01-0.02
Phorate 2 0.02-0.03
Pyflubumide 6 0.01-0.17
Pyridaben 10 0.01-0.25
Spinetoram 2 0.01
. Spirodiclofen 10 0.01-0.10
Insecticide . .
Spiromesifen 11 0.01-0.20
Sulfoxaflor 26 0.01-0.30
Tebufenozide 3 0.01-0.02
Tebufenpyrad 1 0.04
Teflubenzuron 3 0.01-0.02
Tetraniliprole 3 0.01-0.02
Thiacloprid 7 0.01-0.10
Thiamethoxam 20 0.01-0.11
Sub total 618 56.6
Nematicide Imicyafos 3 0.01-0.03 0.3
Total 1092 0.01-2.80 -
2 AEZEre] FAEQ ergosterol?] A FHAS A st 22 0ok
AE71AE TG QQeme A3 Ab), v, BEulE 5
o] Aol AW, AnlEH VIR 58 @A) 2 d4E U 75 4 5357 tde R IART
8] Alesha YT, oF A EANE FAAAT. Ae 5 137) AN 57
Pyraclostrobin> methoxy carbamate”] &FO. 2 HEZE gt F4HE A]EE QUEChERSHOZ &3 & d-SPEE
glole] uyEte] EIA ME  FASIE  cytochrome A skl LC-MS/MS B GC-MS/MSE #4183l 54k
bel(ubiquinol oxidase)e] 715 A3l 2713 714 E 15EE 5354 T 14%E 28870A AR o] HE
I gom® 7k 3%, @7, Beol Al o] BN & (53.8%)HNCH, AEE S AR 4071, I3 407,
W, A7k, gAY 52 wAlsh] el Abgsta Qok0. A 337, Bl 314, 7IEE F5 144710130 o] T
AZ HNT7 28 g AR 2% ZEA Fokon zE Z]—-,—ro-]»g—ﬂ—,—»—e— Z3}3 FAEL I ]7‘]_& diniconazo]e
o] ¥y Z7], dozREH AEANE &5 o= u o] 0.18 mgkgo 2 713X oF 2v) AZHAUL F AEH
Ro| 9% SAZARTIE ZAEA Yoo Hajjol] ola)A FOF 91T 02 AAl 42F, AA 48F, AATA 1T
AAEEZE ZH7| o] Uz o2 A JEhd Ao= 0] ¥, dinotefuran 9171, carbendazim 7571, tebuconazole
wolth 20219 AAE REAg A A AZ2E Eke 617, pyraclostrobin 5970] 74 WA AEE At o
shtel AER AEEE A$E o 2F o] woF 2 V1Y AHE FE AAF B AnFol o A&
o B BFSIIE S ol B Bopel A, A ARANLAL B ALT AR,
ESF ) 2Rl ola), Fue e AR Yud
oo @ 2lg 0 S0 <ty Tkt woko] A& Conflict of interests
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