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Abstract Safety). The HI (Hazard Index) of metalaxyl-M and dino-
tefuran for consumers was 0.0075% and 0.2250%,

BACKGROUND: This study was performed to de- respectively. For females in the age between 50-64, the

termine residual characteristics of soil-treated metal- . ..

: . . major consumer group, the HIs of the pesticides were
axyl-M and dinotefuran in crown daisy and to evaluate the
risks from intake of the residual pesticides in the crop.
METHODS AND RESULTS: The pesticide granules

were treated in soil on two levels, and the plants samples

<3%. Considering the consumption of crown daisy, they
are not considered to be of toxicological concern.

Key words: Crown daisy, Dinotefuran, Metalaxyl-M,

were collected 51 days after seeding. The analytes were Residue, Risk assessment

extracted and partitioned using the QuEChERS ex-
traction packet (MgSQO4 4 g, NaCl 1 g). The quantitative
methods for metalaxyl-M and dinotefuran were validated
in linearity, accuracy, and precision. Risk assessments of

o i i ok WglE 1l 2z SO REE 2B 20 HAAEE
the pesticides were performed using Korea national nu- o= ¢ H_F - HE ° *E‘TEi A S Haset
trition statistics 2019. of w3 Bl FHES A A3l A ow AR ¥
. . [¢} & 37 wl 2R = 2] oke] 9]3

CONCLUSION(S): The residual concentrations of met- ArpAleTE{1]. cieft 23 B A 7_%‘}"TL °_"’Oﬂ elet
alaxyl-M in crown daisy were 0.09-0.10 mg/kg (for the THUA B 2R R epege] WA £ glo
10m 2o gk Aol W, A%, A AAE

treatment at 6 kg/10 a) and 0.17-0.19 mg/kg (12 kg/10 a), m[2] O]Ql e A
respectively. The residual concentrations of dinotefuran
in the crop were 0.53-0.75 mg/kg (3 kg/10 a) and
1.17-1.26 mg/kg (6 kg/10 a). The amounts of pesticides
were less than MRL (Maximum Residue Limits) accord-
ing to the Korean MFDS (Ministry of Food and Drug

= Ao 4¥A QI35 &
oFO R RE| AH|Ake] /b FRE El AHE 2HRe87]
F(Maximum Residue Limits, MRLs)¢| 24 EA] 942 &
e F woke] A dEACR 001 mg/kgl®E AEohs
SoRbe =4 53] Al%(Positive List System, PLS)
£ Alsto] sAHES BAS Askstal SlvHse, 7.

* Corresponding author: Jiho Lee %7K Crown daisy, Glebionis coronaria)s =8k}l
Phone: +82-2-450-3758; Fax: +82-2-450-3758; Fohe 198 22 AwE o Aol Al Ak 2
E-mail: micail@naver.com Eoltt, &, 7F& 4 23] AE 5 glen B A Al 3~5¢
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o 3} 4~6—°é°ﬂ skl 712 A Al 9~1020] d
ato] 11~1290] FEsity dztoz AujEs EA uket
xHﬂH?fL o &%, é‘i, ol 93t &S Folal YAt} F

A8 Z7IA17)7] 93 thoket woks ARgska Qlhs]. 18
L} £7vS L 4w AujaE AujE ) Fok AR
o) Foj Byl 2o Fo AujaEo] Hjg SEH o &g 7}
S8 s 77F AlgHAo|t9]. |A S-2lvehs PLS AlRE
A&k 9o, dg e $EEA] @ Foko] HEEW
0.01 mg/kg?l A5 7]5=0] Ag, 0|5 Zy}slo] Ao

\1@% %ﬂ%% Az w7)Eo] el AAZAQ Fek
olg]3t EAAL djadly] Y], HEA

I

zjéﬂl = ¢“W etz 2] %ﬂo"&ﬁ gl A Mg
[e]

(

of tielid A% A-gatar ArH11-13].

Metalaxyl-M<> metalaxyl?] 7}o]& €47t RFH<L
A& o) AAE acylalanine”l] AtAlolth. RNA 3
2 1 AsE w8l dAate] s Aslish[14], 370l 3”‘3
o] Fo} wofo] AEE FF o|FH o] =i, P T ¥
Aol ARg-ETH15].

Dinotefuran< neonicotinoidZ| %A & sz
nicotinic acetylcholine receptorel 24830 A3 AGE2
3l acetylcholines A3lietal 2745438 do7][16] HF
o]giXo] zo} Eoko] AHaH weko] ZERE F4 o3 H| o]
A, ARER T WAl FE ARstH17]. old
Aol =W dinotefuran®] HAE ZF  1-methyl-3-
(tetrahydro-3-furylmethyl) guanidine (DN), 1-methyl-3-
(tetrahydro-3-furylmethyl) urea (UF), 1-methyl-2-nitro
guanidine (MNG)¢] 7% &3} AlA]o|4] dinotefuran?}
e E"“%kg YERATH18-20]. W&ol %7t 5 dinotefuran
o AR B3EY oA we doR A=t

R i“ﬂ@ A Azl £kl gt soks= g

£ 9I8 At metalaxyl-M % 254 dinotefuran®] %t
T 54e TEeslon, ok ARd W AoldFEE 1y

ko] SlaidE Frkskiek

Mz X AE

AlFdd 3 A2k

- AelA= metalaxyl-M (1,000 pg/mL, Kemidas),
dinotefuran (1,000 pg/mL, Kemidas), MNG (100%,
Mitsui Chemicals Agro), UF (99.8%, Mitsui Chemicals
Agro) % DN (99.5%, Mitsui Chemicals Agro)E %T%
o7 Agalgitt. EZA el E metalaxyl-M 1% QA2
EUSFE, AR, dinotefuran 2% UAI(NE, &3
AE)E AAste] EFEslAEsiSith  Acetonitrile =
99.9%<> Merck & Co., Inc. (Kenilworth, NJ, USA),
formic acid =98%+ Fluka Co. Ltd. (Steinheim,

Germany), QUEChERS extraction packet (MgSO, 4 g,
NaCl 1 g) Chiral Technology Korea (Daejeon,
Korea), QUEChERS ceramic homogenizer kit Agilent
Technologies (Lake Forest, CA, USA)°l4] -$)&to] A+
sl

/\]@5{%—% %7 }f_’_ =947 HASia Seed Co.,Seoul,
Aol 1A 47k
Al O]‘—r"\"ﬂ A 3%1?‘ B 59714 3888l
obH Algl= VI ARt 3 vHE, ik
At 3 W g T?‘%EHL 1 *H%“Qi, HHEE 10 m*9
U:]Z‘]OE :rLzz]_O_ /Hz%o]. 1_ :r"ﬂ'lm«] %?—E

ot} Metalaxyl-M< a3 1% JA1E 6 kg/10 a
(7] ), % 12 kg/lO a(MiEh) el ko w AHzlaiglon,
dinotefuran®] 2% 2% YAIE 3 kg/10 a(VI£D), 2 6
kg/10 a(viz) 2 ‘—’nk%ko] A 3k A Eokel &3} Al
of 9§ 5197 A & AlelA Akl o,

A oA
o). Z2te] AR

_|M

AAVFE B BESA AFTA ATHE B
AT Al ek s AEY] G SRS AR
1 kg ool HE2 AHSAT AN AZE PE film

bagell 9ol 24417 oluo]l AFAZ LISk

Az Fxz|

APAR SNk AR R WA Qi Bk A 5
Talololo] A5 718l Food mixer FM-808 (Hanil
Electric, Bucheon, Korea)Z w4 3}al3itt w48t Als
T B RS} HE AR ro] IR 7k 20T

oM ErE s3It

Aldet 42k Al 10 goll acetonitriles 7FE § Geno
grinder 2010 (SPEX Sample Prep, Metuchen, NJ)& 1-&
- A4s] 2 FZ38Itk Ice bath “3l4 QuEChERS
extraction pachet (MgSO4 4 g, NaCl 1 g)= H7tsto] 3
W1 AEs] 7gE 4,000 rpmelA 581 AalEE]Eel
o} A5 500 uLgl acetonitrile 500 uLE autosampler
vialell Z£33to] vortexingst §- LC-MS/MS®E -5k
A ST

EAMHo| =t
A AAE 218 metalaxyl-M, dinotefuran, MNG,
UF, DN< 0.01, 0.02, 0.1, 0.2, 1, 5 ug/mLﬂ' IE=E

acetonitrile® 3]4]3}] working solutions A|Z3}31T
Working solution 748 A5 FEH7 1112 E3}s}o]
matrix matched EFENS FAsI] A 2o A
SRt “AEE A ek A AT s e wet o]
d52] WZFsHA(Limit of quantitation, LOQ)+= Signal-

to-noise ratio”} 10 oJdo] H= FEE AYs3ITH21]. 3
T& APE 77 4iE0] 0.1 mg/kg, 0.5 mg/kgo] HE
= A Azl Melato] 39T AT Begk sk
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2 A& 10 goll 2+7+e] #A4=0] 0.5 mg/kg7t H
FEeds A F A YERE20TC)8kL
A sde ARl EAEt sES AMEshs

OS2 NE B F BAUE s A S Ed

o,

o o > i -d
¥Q > i J 3

717|1=A

1 AFelA= metalaxyl-M, dinotefuran 3 UAFE
#457] 9J8) HPLC-MSMS (UHPLC Nexera X2/LC-MS-
8045, Shimadzu, Kyoto, Japan)2| ESI (Electrospray
ionization) positive ionization modeE ARE-H3ITE
Metalaxyl-M=> Phenomenex Kinetex C18 (2.6 pm, 2.1
x 100 mm) column< ©]§3te] #AeF3101 injection
volume2 2 uL, column oven <%+ 40C]3lth o]t
2 0.1% formic acid FE9(°l5Y A)F 0.1% formic
acid FHr acetonitrile(©]5% B)& AH-8IoH, gradient
Z271& 57 2tk flow 0.2 mL/min; 0-1 min, 20% B;
1-2 min, 20-100% B; 2-5 min, 100% B; 5-6.5 min,
100-20% B; 6.5-7 min, 20% B. Dinotefuran 2 TtHALA|
MNG, UF, DN+ Phenomenex Kinetex HILIC (2.6 um,
2.1 x 100 mm) column ©]€-3to] 48131 2™ injection
volume< 2 ul, column oven <=5+ 40C 2% 43513
= 01% formic acid TNl st AT 0.1%
formic acid 3§+ acetonitrile(®]5% B)S ARSI o,
gradient & t=3 2tk flow 02 mL/min; 0-0.5
min, 50% B; 0.5-2.5 min, 50-100% B; 2.5-5 min, 100%
B; 5-6 min, 100-50% B; 6-7 min, 50% B. Z} 33H&ol tf
%t MRM (multiple reaction monitoring) 371 Table 1

7} g}

Dinotefuran?| & SHAtRt=2F

TEXNEA “Foke] ze —‘i‘r @91" 7‘]%]01] upel AR
£ ¥33h= dinotefuran?| ¥
A=t (1):

Totaldinote furan =
3 ldinote furan, (MNG = 1.71%), (1)
(UF = 1.28"). (DN = 1.207)

202-2 | Molecularweight of dinote furan)

a) -
L7 = 118.1 ( Molecular weight of MNG)
D128 = 202-2 { Molecularweight of dinote furan)
“° 7 1882 (Mblecularweight of UF)
9129 = 202-2 { Molecularweight of dinote furan)

157-2 ( Molecularweight of DN)

Flsid Eot
A, AR g AP 27 AT kg
[} P

Ak A Sl F OL
o Agshd flaliifo] WAl Ak 7hsAdol gl olF 11
sto] AA =l AF7F obd AA AFAE e s
B7re A3k Y 47 51-87H Acceptable Daily Intake,
ADI)—°~ =F ;Siié ”l-:.Ol:O]—Z—]X—]E}\])\Eﬂ”.Q_ iLJ—_yg]_oﬂ ol
o A3 F7%%H(Estimation daily intake, EDI)¥} hazard
index (HI)T tha Ael weh 2k=sisitt (2, 3):

EDI'mg/ Kgbw + day)
&3 Ao/ Kgbw + day) < ()
zoto] B E=t(mg/Kg) = 1000

- A% i BHF

EDNmg! Kgbw » day)

1% ) = . .
HI% ADImg/ Kgbw + day) 100 3)
R
SRCETS

F AR

N P
rlo
»

Metalaxyl-M, dinotefuran®| %
A, AE 2 AUdE FEiA 79: T Table 2). LOQ
001 mg/kgo® AAslola, EFE9 A 394
& A%AF(?)7} 0.9903~0.9989 = Z%i A Feeigith %
7t % NEEeke] 848 74.9~117.9% %21, JojEEH
ZHRelative Standard Deviation, RSD)& 1.42~9.11%
A7, FENEH(2018) ALS 3)5& 70~120%2] B9
£ REsIGle) 2k 27 F Aldwek] AR AlE A

=

T, &

Table 1. Multiple reaction monitoring condition for quantitative analysis of the analytes

- . > .
Analytes Prec(ljzrzs;)zr) ion Quang:?zx)fe ion ((?\1;3) Qualg;t}\zl)e ion %
Metalaxyl-M 280.20 220.10 14 192.15 19
Dinotefuran 202.90 129.10 13 113.20 11
MNG 118.90 73.10 10 44.10 22
UF 158.90 102.10 12 67.15 21

DN 158.00 102.05 15 57.15 24

% CE : Collision energy
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Table 2. Method validation of the analytes in crown daisy (linearity of calibration curves, recovery, storage stability)

Analytes C(E;,l:)biat;i{}) iurb\;e 2 Fortllefi/C:ltlon RECOVEI‘;’ (%) Storage sta?i]ity (%)
/ Linear range (Hg/mL) (mg/Kg) / RSD (%) / RSD (%)
= 22 616,523.88x 0.1 1114 - 1146 / 1.42 -
Metalaxyl-M y 010/ 0.9989
ey +210,613.95 / 0.005 - 0.5 05 957 - 1149 / 911 972 - 1144 / 8.17
- 0.1 101.2 - 116.8 / 7.17 -
Dinotefuran y = 56240141x 0.9962
+14,182.86 / 0.005 - 0.5 0.5 98.6 - 1065 / 428  99.7 - 106.9 / 3.55
MNG y = 1,218,955.95x 0.9972 0.1 100.3 - 117.9 / 8.06 -
+ 458.39 / 0.005 - 0.5 0.5 779 - 912 / 7.86 86.9 - 99.1 / 6.81
UR y = 826,555.39x 0.9903 0.1 101.3 - 116.7 / 7.11 -
+ 28,474.77 / 0.005 - 0.5 : 0.5 110.8 - 1139 / 155  90.0 - 97.1 / 3.80
DN y = 1,894,211.86x 0.9976 0.1 74.9 - 86.6 / 8.09 -
+21,622.87 / 0.005 - 0.5 05 108.2 - 1135 / 246 1061 - 112.7 / 3.13

) Area of peak in MS/MS spectrum
P Residue of analytes in crown daisy
9 Relative standard deviation

Table 3. Residual concentrations of metalaxyl-M and dinotefuran in crown daisy

Application amount

Concentration (mg/kg)

Analytes
y (kg/10 a) Rep. 1 Rep. 2 Rep. 3 Highest residue
6 0.09 0.10 0.10 0.10
Metalaxyl-M
12 0.17 0.19 0.19 0.19
3 0.52 0.55 0.39 0.55
Dinotefuran
6 0.88 0.93 0.96 0.96
3 0.10 0.07 0.06 0.10
MNG
6 0.09 0.09 0.10 0.10
UF 3 0.04 0.04 0.03 0.04
6 0.10 0.06 0.08 0.10
3 0.01 0.01 <0.01 0.01
DN
6 0.01 0.02 0.02 0.02
3 0.75 0.73 0.53 0.75
Total dinotefuran
6 1.17 1.19 1.26 1.26

2] 7§ metalaxyl-M 181%, dinotefuran 21647+ K3t

3 AEg o 86.9~114.4%2] 35S Hol AE HI
T TAEA2] AL FREGIcha wkE o)

27t = metalaxyl-Mz} dinotefuran?| XREM
ST SR EAIARY o] e metalaxyl-M
1% WA= QAT skel A AR el el vt
gAY BH o7 v A 6 kg/10 aS AREEIES 555
o] Stk o]& Farste] & Adeld= H%kE skl A 6
kg/10 a9} 201 12 kg /10 a7} H=% &3 H2sloly,
T & AFES glskdtt 1 A 6 kg/10 a A2 ollA
0.10 + 0.01 mg/kg, 12 kg/10 a AHg]T°llA 0.18 + 0.01
mg/kg®] metalaxyl-M¢] &5t Table 3). A4 =uf
SRS 871 GUEAE metalaxyl-M A7 E o] Q)

s o

o] oltk 7] 739, metalaxyl®] ZH78]87]F0] A4 E]
ol &7to] &3t Aol MRL 919 A4S H]

L o, GAFS MRL 5.0 mg/kgs 238k g9k
FoRPIARA|IAR | w2 dinotefuran
2% SIAIE S22} 2 AL 2 ARA, F7EA Tl 5
F A 3 kg/10 aE ARESlES S50l Qv ol & st
of ¥ Aoz £7ts J55h7] A 3 Kg/10 agl ]9 24
16 Kg/10 a7} ¥ =5 &3} AelalSl, 78 § ARas
Rlsielty. 1 A3 3 kg/10 a A2]7oll4] dinotefuran
49 + 0.09 mg/kg, MNG 0.08 + 0.02 mg/kg, UF 0.04
0.01 mg/kg AEFE DN 1709 Ad oA LOQ
JRtolglom] o 2709] AddTellA] 0.01 + 0.00 mg/kge]
Atk 6 kg/10 a AHg]TolA= dinotefuran 0.92 + 0.04

e e )

o



112

Song et al.

mg/kg, MNG 009 + 001 mg/kg UF 008 + 002
mg/kg, DN 0.02 + 0.01 mg/kg A=tk Dinotefuran
o] tiAHAIQl MNGE] 7% tetrahydro-3-furylmethyl”|7}
AAEHA A ETE UFSF DN 75 1-methyl-2-nitroso-
3-(tetrahydro-3-furylmethyl) guanidines 71% DNo| A4
%3 guanidine®] urea® THAFEWA UF7} Y4 € th(Fig.
1) [19, 22]. 9] dAPE RN SRHAMEER] DN LOQ
vlgtolAY v tiAHAlel Bl A2 kol HEHJIH. o=
Eokel 31 A 519 &}t A UelA HFopabEel
UF7H] diAp} 218 210 %2 $a3leitt. Dinotefuran®
T MIRERES 3 kg/10 a AFT 0.67 + 0.12 mg/kg, 6
kg/10 a A2 1.21 + 0.05 mg/kg®]3 2 ™(Table 3) &
A AEeleREeA oM HA gk 47kl tig dinotefuran]
MRLS! 9.0 mg/kgs Z¥3HA @it apAul ol
metalaxyl-M¥} BlwslolE o 10 ad 0.06 kgl &Y
ko] AHMARE 712 735 oF 6,934, wiFe] A
6.58W & TG 2jolE BITh e E o] = )
Ae] 735 Aol ol Eot HeE Folo] AE R
ato] A 2 Evks wet 2ol HA o138 5 7] wiel
dinotefuran®| metalaxyl- Mol Blal4] & R3S BS1
tH23]. EPA (United States Environmental Protection
Agency)°ll W= metalaxyl-M2] 714 EelA 9] vkt

> o et
I ofv 12 of

oo

H H H H
DA (X

E CHy | — HNEN‘CH;,
Dinotefuran "NO, MNG ‘NO,

|
H H H H
SR Ay, — A A, — D

'
NrNcH,
"NO DN H UF 0

Fig. 1. Partial metabolic fates for dinotefuran in spinach.

715 oF 409019 dinotefuran®] WH7|i= ¢F 81.590|3th
Y2 YFE] o] =A] A=A dinotefuran®] 3% EF A}
9} A= o] metalaxyl-Mell H]3l] 2] 0% o} Bk X
Fool W R alol7t & AoF wETi23, 24].

227t = metalaxyl-M2} dinotefuran®i CHEF S|ciAd T}

koA A AdFAel tigk HIx metalaxyl-M2] 73-%-
0.0075%, dinotefuran®] 73-9- 0.2250% % 15k} 24| 4
A 5 AT kgd AFEC] 7HE =8 50~644] o432 Slsl
/3 %7} Al, metalaxyl-M 0.0163%, dinotefuran 0.4875% %
W HI #k& gRIsISlth &7t AF o] Sddozw e
kel chal] <1 B7F A, w3e] AR PE S5k AHFE 997
9 Aol tisll metalaxyl-M 0.0138 ~ 0.0688%, dinotefuran
0.4125 ~ 2.0625%, ©1/d9] AFE %7 A3F 9929 At
o] tialiAE metalaxyl-M 0.0188 ~ 0.1350%, dinotefuran
0.5625 ~ 4.0500%% 2 HI 3+ elIs3ic} (Table 4).

&7ko] AFH o] HIZF 100% 1t 55 dsisict &
T 9l0m[25, 26], metalaxyl-M 1% $A1¢} dinotefuran
2% YAE Agt 23] HHE T v = A
S og Wol AAsk= el disiAE vl Agkal
o R ety

Note

The authors declare no conflict of interest.
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Table 4. Hazard index (%) of pesticides via the dietary intake of crown daisy

A
Pesticide Gender 8¢
Total 6~11 12~18 19~29 30~49 50~64 >65
Both Average 0.0075 0.0100 0.0075 0.0050 0.0050 0.0050 0.0125
0
Extreme® 0.0850 0.0863 0.0275 0.0363 0.0450 0.1288 0.0875
Average 0.0063 0.0050 2 0.0063 0.0038 0.0088 0.0113
Metalaxyl-M Male 5 )

Extreme 0.0413 0.0138 A 0.0375 0.0300 0.0688 0.0413
. ! Average 0.0100 0.0113 0.0050 0.0038 0.0063 0.0163 0.0125

emale
Extreme® 0.1325 0.0875 0.0300 0.0188 0.0713 0.1350 0.1063
Both Average 0.2250 0.2250 0.1500 0.1500 0.1500 0.3750 0.3375

0
Extreme® 2.5500 2.5875 0.8250 1.0875 1.3500 3.8625 2.6250
) Average 0.1875 0.1500 2 0.1875 0.1125 0.2625 0.3375
Dinotefuran Male 5 )

Extreme 1.2375 0.4125 A 1.1250 0.9000 2.0625 1.2375
. ! Average 0.3000 0.3375 0.1500 0.1125 0.1875 0.4875 0.3750

emale
Extreme® 3.9750 2.6250 0.9000 0.5625 2.1375 4.0500 3.1875

3 No data

® Group of extremely consumed people



Residual Characteristics and Risk Assessments of Metalaxyl-M and Dinotefuran in Crown Daisy 113

References

. Bhandari G, Zomer P, Atreya K, Mol HG, Yang X,
Geissen V (2019) Pesticide residues in Nepalese
vegetables and potential health risks. Environmental
Research, 172, 511-521. https://doi.org/10.1016/
jenvres.2019.03.002.

. Park DW, Yang YS, Lee YU, Han SJ, Kim HJ, Kim
SH, Kim JP, Jho SJ, Lee D et al. (2021) Pesticide
residues and risk assessment from monitoring
programs in the largest production area of leafy
vegetables in South Korea: a 15-year study. Foods,
10(2), 425. https:/ /doi.org/10.3390/foods10020425.
. Park JH, Park JS, Abd El-Aty A, Rahman MM, Na
TW, Shim JH (2013) Analysis of imidacloprid and
pyrimethanil in shallot (Allium ascalonicum) grown
under greenhouse conditions using tandem mass
spectrometry: establishment of pre-harvest residue
limits. Biomedical Chromatography, 27(4), 451-457.
https:/ /doi.org/10.1002 /bmc.2812.

. Basnet N, Chidi CL (2019) Impact of pesticide and
fertilizer on human health: a case study in Godawari
Area, Lalitpur, Nepal. The Geographic Base, 6, 65-76.
https:/ / doi.org/10.3126 / tgb.v6i0.26168.

. Reeves WR, McGuire MK, Stokes M, Vicini JL (2019)
Assessing the safety of pesticides in food: How
current regulations protect human health. Advances
in Nutrition, 10(1), 80-88. https:/ /doi.org/10.1093/
advances/nmy061.

. Woo N, Ko SH, Park YJ (2013) Monitoring of
pesticide residues in vegetables collected in
Chungbuk, Korea. The Korean Journal of Food and
Nutrition, 26(4), 865-878. https://doi.org/10.9799/
ksfan.2013.26.

. Kang HR, Park YB, Do YS, Jeong JA, Lee SB, Cho
SH, Lee HK, Son JH, Lee MK et al. (2018) A safety
survey on pesticide residues in tropical fruits
depending on implementation of positive list
system. Journal of Food Hygiene and Safety, 33(4),
310-315. https:/ /doi.org/10.13103/JFHS.2018.33.4.310.
. Kang MS, Park PH, Kim KY, Lim BG, Ryu KS, Lee
Y], Lim JH, Kang CW, Kim YH et al. (2019)
Dissipation of bifenthrin and chlorothalonil in crown
daisy during cultivation and their biological half-
lives. Journal of Food Hygiene and Safety, 34(2),
191-198. https:/ /doi.org/10.13103 /JFHS.2019.34.2.191.
. Jeon SO, Hwang JI, Kim TH, Kwon CH, Son YU,
Kim DS, Kim JE (2015) Residual patterns of
insecticides bifenthrin and chlorfenapyr in perilla

10.

11.

12.

13.

14.

15.

16.

17.

leaf as a minor crop. Korean Journal of Environmental
Agriculture, 34(3), 223-229. https:/ /doi.org/10.5338/
KJEA.2015.34.3.29.

Chung HW, Ha YG, Im MH, Shin JE, Do JA, Oh
JH, Cho JH, Kwon KS, Park SH (2011) Establishment
of 22 pesticide MRLs in agricultural products based
on risk assessment. Korean Journal of Environmental
Agriculture, 30(2), 166-172. https:/ /doi.org/10.5338/
KJEA.2011.30.2.166.

Lee JK, Woo HD (2010)
management of pesticide maximum residue limits
in foods. Food Science and Industry, 43(2), 2-23.
https:/ /doi.org/10.23093 /FSI1.2010.43.2.2.
Shimshoni JA, Sperling R, Massarwa M, Chen Y,
Bommuraj V, Borisover M, Barel S (2019) Pesticide
distribution and depletion kinetic determination in

Current status for

honey and beeswax: Model for pesticide occurrence
and distribution in beehive products. PLoS One,
14(2), €0212631. https:/ /doi.org/10.1371 /journal.pone.
0212631.

Lee KB, Kim N.W, Song NS, Lee JH, Jung SM, Shin
MH, Choi SS, Kim JH, Sung SY (2019) A safety
survey of pesticide residues in fruit products
circulated in chungcheongnam-do province, Korea.
Journal of Food Hygiene and Safety, 34, 421-430.
https:/ /doi.org/10.13103/JFHS.2019.34.5.421.
Svartz G, Acquaroni M, Pérez Coll C (2018)
Differential sensitivity of developmental stages of
the South American toad to a fungicide based on
fludioxonil and metalaxyl-M. Environmental Science
and DPollution Research, 25(24), 23857-23863.
https:/ /doi.org/10.1007 /s11356-018-2445-9.
Pavelkovd J, Lebeda A, Sedlékovd B (2014) Efficacy
of fosetyl-Al, propamocarb, dimethomorph, cymoxanil,
metalaxyl and metalaxyl-M in Czech Pseudoperonospora
cubensis populations during the years 2005 through
2010. Crop Protection, 60, 9-19. https://doi.org/
10.1016/j.cropro.2014.02.006.

Kim A, Kim BS, Chon KM, Lee H, Park YK, You
AS, Park HH, Yun H J (2020) Assessment of contact
and oral toxicity of four neonicotinoid insecticides
to bumblebees (Bombus terrestris). Korean Journal
of Environmental Agriculture, 39(2), 106-113. https:/ /
doi.org/10.5338 /KJEA.2020.39.2.14.

Boo KH (2018) Residual characteristics of insecticide
dinotefuran in asparagus under greenhouse condition.
Journal of the Korea Academia-Industrial Cooperation
Society, 19(6), 375-381. https:/ /doi.org/10.5762/KAIS.
2018.19.6.375.



114

Song et al.

18. Watanabe E, Baba K, Miyake S (2011) Analytical
evaluation of enzyme-linked immunosorbent assay
for neonicotinoid dinotefuran for potential
application to quick and simple screening method
in rice samples. Talanta, 84(4), 1107-1111. https:/ /doi.org/
10.1016/j.talanta.2011.03.019.

19. Ford KA, Casida JE (2008) Comparative metabolism
and pharmacokinetics of seven neonicotinoid
insecticides in spinach. Journal of Agricultural and
Food Chemistry, 56(21), 10168-10175. https:/ /doi.org/
10.1021/j£8020909.

20. Chen X, Liu X, Dong B, Hu J (2018) Simultaneous
determination of pyridaben, dinotefuran, DN and
UF in eggplant ecosystem under open-field conditions:
Dissipation behaviour and residue distribution.
Chemosphere, 195, 245-251. https:/ /doi.org/10.1016/
j.chemosphere.2017.12.011.

21. Oh CH (2009) Monitoring of residual pesticides in
herbal drug materials of Korea and China. Bulletin
of Environmental Contamination and Toxicology,
82(5), 639-643. https: / / doi.org/10.1007 /s00128-009-9649-0.

22. Pandey G. Dorrian SJ, Russell R], Oakeshott JG
(2009) Biotransformation of the neonicotinoid
insecticides imidacloprid and thiamethoxam by
Pseudomonas sp. 1G. Biochemical and Biophysical

23.

24.

25.

26.

Research Commumications, 380(3), 710-714. https:/ /doi.org/

10.1016/j.bbrc.2009.01.156.

Yao W, Zhang Z, Song S, Hao X, Xu Y, Han L (2019)

Multi-residue analysis of 34 pesticides in black

pepper by QUEChERS with d-SPE vs. d-SLE dleanup.

Food Analytical Methods, 12(1), 176-189. https:/ /doi.

org/10.1007/s12161-018-1350-7.

Bonmatin JM, Giorio C, Girolami V, Goulson D,

Kreutzweiser DP, Krupke C, Liess M, Long E,

Marzaro M et al. (2015) Environmental fate and

exposure; neonicotinoids and fipronil. Environmental

Science and Pollution Research, 22(1), 35-67.

https:/ /doi.org/10.1007 /s11356-014-3332-7.

Lee Y], Park MK, Kim KY, Park EM, Kang HG, Lim
JH, Cho WH, Kim YH, Lee SY et al. (2017). Monitoring
and safety assessment of pesticide residues and sulfur
dioxide on functional rice products. Journal of Food
Hygiene and Safety, 32(6), 493-499. https:/ /doi.org/
10.13103 /JFHS.2017.32.6.493.

Jeon JS, Kwon MJ, O SH, Nam HJ, Kim HY, Go JM,
Kim YH (2006) A survey on the pesticide residues
on agricultural products on the markets in Incheon
area from 2003 to 2005. Korean Journal of
Environmental Agriculture, 25(2), 180-189. https:/ /doi.org/
10.5338 /KJEA.2006.25.2.180.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


