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Abstract The residue levels of flonicamid and its metabolites, 4-(trifluoromethyl)nicotinic acid (TFNA) and
N-4-(trifluoromethyl)nicotinoyl glycine (TFNG) in sweer pepper were investigated to examine the residual
characteristics of analytes for 87 days after pesticide application. The pesticide was applied once at recommended
dosage and double dosage by foliar sprays and the samples of fruits and leaves of sweet pepper were
collected for each treatment. The residues of flonicamid in all of fruits and leaves decreased gradually over
time, while the residue levels of TFNG metabolite exhibited tendency that increased for long periods and
thereafter decreased. Total flonicamid residual concentrations containing metabolites residues in fruit samples
increased consistently until 30 days post-application and higher residue levels than residues at 1 day post-
application were detected from 30 day to 87 day after treatment. The residue pattern observed in fruit could
be explained by the movement of TFNG from leaves to fruits of plant. Such residual characteristic was
similarly found in samples treated both recommended dosage and double dosage.
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AFolqd s A=A WHE FF, olFHol 458
FHE AEA e FoFoEA AEAUelA o] 71A] JH
2 33), tiabE o] st tiakESo] AdE At o
) AP EE tirAREe] IREAS BAE 7ol X
A oM A7 AEHT A5, s A
EA7F wAstE R RelghEdt S 4 iAol AT
3 oakee) AR Wske slole et ArkKamel
2010; Bae 5, 2013). Flonicamid® FoF &S 23lgtE<l
flonicamid®] FE|Z Fof=]o] A|7ke] AHATFE 7o
ZraEe v, FAEAS 717 TENG (N-(4-trifluoromethy-
Inicotinoyl)glycine)2} TFNA (4-trifluoromethylnicotinic acid)
55 T trpkEEo] A Eo] ¥ flonicamid®]

=

s



The residue pattern of flonicamid 229

o] 7|17 AR e FFE YERITHIFSC, 2008;
Son &, 2011; Ko 5, 2014). 2009¢] thY = Aty
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B A Gy AEA S gz 9o
B et $ix]g A @t MR Alsks AlY
A A Tt AP AlE flonicamid 10% 917
FAI(FEY: AEIZ, FHE)R AT F gk 3
2 32491 3,0000] 2 29] 2vf &l 1,5008HE 3]4
SFATHKCPA, 2012). Aldsofe] dxe wiiy F5E5
7] MS597H (Honda Maruyama, Japan)E ©]-83}o] 4]&H]
ZAgkell A skt FEst AAA ART Wels 24}
a17] $late] 2013 49 8ol 13] AJFweks A2e F,
1, 7, 15, 30, 50, 70, 874 ZAHE A - AlEE AF
opA AE 5 g7U7H FRF WskE ARSI ZEA
Fopd bR Wl vlawsh] flste] A, ATt
SAM Sl SAIE 2 AFsii e, 7 AT
W A ZE S| A9 A, B, B2 FRS A AL
WA= £7] FEE A AT T mix homogenizer (Artlon
Gold Mix DA338-G, Korea)E ©]-83}¢] Zgjolojo] 25 3
7hek F Baste] EAA7A] 20°ColA ¥ 2T

Table 1. Chemical structures and physico-chemical properties
of flonicamid, TFNG and TFNA

Common name Chemical structure and properties
CF, |0
NN
| H
N
Flonicamid  NV-cyanomethyl-4-trifluoromethylnicotinamide

¢ Class : pyridincarboxamide

* Molecular weight : 229.2

* Melting point : 157.5°C

» Water solubility : 5.2 g/1 (20°C)

 Form : white, odourless, crystalline powder
* Toxicity (Acute oral LDs): 884 mg/kg

CF;

f
é/k”/\coori
TFNG N

N-(4-trifluoromethylnicotinoyl)glycine
* Molecular weight : 248.2
* Toxicity (Acute oral LDs,): > 2000 mg/kg

i
on
TFNA N7

4-Trifluoromethylnicotinic acid
* Molecular weight: 191.1
* Toxicity (Acute oral LDs,): > 2000 mg/kg

= flonicamid®| ZHEFEF 24
% flonicamid®] FFHd =3lgt=t
TFNA R3] SFo= 2
T gos Ausel Fad. ANNe dew 7
(SANCO, 2009).
Total flonicamid residue = Flonicamid + 0.92 * TFNG +
1.2 * TFNA
Correction factor of TFNG (0.92) = Flonicamid MW
(229.2)/TFNG MW (248.2)
Correction factor of TFNA (1.2)=Flonicamid MW
(229.2)/TFNA MW (191.1)
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Flonicamid ZHR&F SAIZM LY
:

1T
SAEEEA A A

B Ao thatweke flonicamid (99.7% purity) 2 thAF
E22l TFNG (N-(4-trifluoromethylnicotinoyl)glycine, 97.3%
purity)} TFNA (4-trifluoromethylnicotinic acid, 100% purity)
= 3AE0|oH, flonicamid ¥ tAlEZde BTEELS
Ishihara Sangyo Kai-sha, Ltd. (Japan)Z%-E] &-ito} ALE-
S tH(Table 1). ZH2te] ®FEF-L acetonitriles ©]-8-31
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1,000 mg/L2] stock solutionS AZ3IHAL, QAEZE 54
11 0.005, 0.01, 0.025, 0.05, 0.1, 0.25, 0.5 pgmLe] F=
7F HA ZAZ F G EERA 0 R ARSI

Ao AM8E 8wl acetonitrile  MerckAH(Merck
KGaA, Germany)2] HPLC grade® T-J3to] ARE-311S
Formic acid (>98% purity)2} ammonium acetate (99%
purity}= Sigma Aldrich(St. Louis, USA)IX Ztz} T3}
o A3 33 S/ A2 == MilliporeAhe] Milli-
Q system (Bedford, USA)S AFE-3}913. QUEChERS 4]
& 93t A9k Agilent TechnologiesAl2] QuEChERS
Extraction Kits?} QuEChERS Dispersive KitsE %31
A&

ANEgH " 717124

Flonicamid @ TFNG, TFNAS| #2418 13t X2 vy
o2 7§A% QuEChERS W& ol&sted A1EE 383l
th 10 go] #&3kE AlFe] acetonitrile 10 mLE 7Ftal %1
g7](¢luo] 98] NB-10IMTH, Korea)S AR&sle] 250
rpmell A 1417 X ®8to] FE37F & QUEChERS Extraction
Kits (4 g MgSO,, 1 g NaCl, 1 g sodium citrate, 0.5 g disodium
citrate sesquihydrate)s 7kstod 250 rpmol|A] 5E7F 28
3 5 A158](3,000 rpm, 5 min)ate] A 1 mLE F 8}
Atk FE3 3HA 1 mLE QUEChERS Dispersive Kits
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(150 mg MgSO,, 25 mg Cyg)oll 7 3027} vortex mixe
o] &3] zleket £ 412 (12,000 rpm, 5 min)3F3ATH
Ag AE AAEY 05mLE FHst STFHRTE 3Ag
0.2 um®] PTFE syringe filter® ZE AL AX Ald &
O = 33t

AEAS 23 ZERUFEES] 771848 9a)A]
LC-MS/MS (AB SCIEX 3200 QTRAP mass spectrometer,
Applied Biosystems, USAYE AM-8}%1 37 Kinetex C18 column
(100 mm x 2.1 mm, 2.6 um particle size, Phenomenex)
ol-gate] EABINTH FRUTE 2 2 tiAHEEe] B
A4S 98l LC-MS/MS] ionization mode= positive
electrospray ionization mode (ESDE ©]-&3 3 multiple
reaction-monitoring mode (MRM)Z ©]-&-3lo] £43}c},
dlo]e X2+ AB SCIEXAFS] Analyst software version
1.5.18 ARarl e, 7]17]:A4 2712 Table 29} 2ot A&
A G S FAY FEE SHEFE Y (matrix
matched standard)S H7}ste] ¥F AFAS 24 5 4
Arakaitt.

ot Hz n?fm
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3|8 AH

Sl& Al AT I 9] AR 10 gof] 72}
5, 10, 50 mg/L2] flonicamid ¥ tAlEZ EgEF&IAS
100 uLA A713H 0.05, 0.1, 0.5 mgkeo] HEE H2)513]

Table 2. LC-MS/MS conditions for the analysis of flonicamid and its metabolites, TFNG and TFNA

HPLC
Instrument Agilent 1200 (Agilent technology)
Column Kinetex 2.6u C18 (100 x 2.1 mm i.d., 2.6 um)
Mobile phase A:0.1% Form_ic ac?d _in water
B : 0.1% Formic acid in MeCN
Lap Time (min.) A (%) B (%) Flow rate (ul/min.)
0.0 95 5 200
1.0 95 5 200
. 1.5 45 55 200
Gradient table
5.0 40 60 200
10.0 5 95 200
10.1 95 5 200
15.0 95 5 200
Injection volume 10 pL
Column temp. 25°C
LC-MS/MS
Mass Spectrometer API 3200 (AB MDS Sciex Instruments)
MRM Pair Ql Q3 RT
Flonicamid 230.12 203.1, 148.2 3.60
TFNG 249.00 203.1, 148.1 3.46
TFNA 192.09 148.1,98.1 3.51

Ion mode ESI positive
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Table 3. Recoveries and relative standard deviations (RSDs) of flonicamid and its metabolites from fortified sweet pepper samples

A. Sweet pepper fruits

Analyte Fortified concentrations (mg/kg) (%)
0.05 0.1 0.5
Recovery £ SD RSD Recovery + SD RSD Recovery + SD RSD
Flonicamid 100.0+ 1.9 1.9 98.3+£2.6 2.9 98.1+£23 23
TFNG 112.7+£1.2 1.0 1049+5.1 49 95.8+2.7 2.8
TFNA 108.0+ 1.0 0.9 100.8 £ 1.4 1.4 91.5+1.0 1.1
B. Sweet pepper leaves
Analyte Fortified concentrations (mg/kg) (%)
0.05 0.1 0.5
Recovery + SD RSD Recovery + SD RSD Recovery £ SD RSD
Flonicamid 959145 4.7 96.7+ 1.1 1.1 984+ 1.6 1.6
TFNG 107.0£2.0 1.9 97.7+£8.6 8.8 88.0+ 1.6 1.8
TFNA 103.3+3.2 3.1 100.2+4.1 4.1 83.7+1.6 1.9
o} o] %9 HA L flol| 7eg WHORE AAFS 717 Mot E A B flonicamid X HAFEE Q| ZAIH &
4& st Ry Hsioy
2ty ao] 4 Z flonicamidel L tAFEAS]
Za 9 pE S wotslad) A8\ ulse} o] wieks 13] AE

o]
A1 71 QUEChERS (quick, easy, cheap, effective, rugged
and safe) FAH-S SPE 7FE A} 2+ thAl PSA (primary
secondary amine), C;g (octadecysilane), GCB (graphite carbon
black)52 F2AE H7IsiA BAlsks WHOE, 7|59
FEREA | WIS 2idslal Al&siAl AXEE &
Slol A7k, k=8, g 5] ARS A F Stk A
e 7HAL Slo] A AAF R ghds] AFEH vt
(Anastassiades -, 2003; Lehotay, 2007; Lehotay &, 2010).
olo] & 7oA+ QUEChERS EAHE 7|2 o2 285t
=3 HEo] dREEER A&sal st FAl6 4

o Fsd BHWL B, o1F olgslel A wofe]

l

T 5-10 ng/go ATk EAW ] BlFE2 FAlE] AR

o] HE=E ) dle] EAEY o 1 Axl= Table 33 7+
oh ZAG S o] 749 Zhzke] 3]¢E-2 flonicamid
98.1~100.0%, TFNG 95.8~112.7%, TFNA 91.5~108.0%%]
owm ATty o] Z$- flonicamid 95.9~98.4%, TFNG
88.0~107.0%, TFNA 83.7~103.3%% #Aue] §84o|
PE= AT

RS B8l AHAIZe] e 2Rl st
ZAVSIAT, oA A & 87 Fote] AAA
g WslE dRlst A3, 23l3HE? flonicamid®] -
19310 7]15% 2274 0.027 mg kg™, 280 A2
Al 0.140 mg kg2 HIAE YERH o] F A &H o0 F T
2EAT, 1583} o] Foll = FFo] F43] 7HAsle] 50Y
2} o] Fol|l = BelgtEe FHE AR G AUt vEl
W}, Wb tiAME Q] TENGSF TENAS] 79 AJ7ko] 7
HE4E o] ek e UERIIT. 53] TENG
o] FFEe AxdaRE 159 A T F43] St
5043l 71EF A2l A 0.055 mg kg, 2800 A2
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oI 0306 mg kg 'O H3 JFFS el F, AT F
87U AINAA NEH o2 193 Fore] AFFRT} ¥

TERE HFATH (Fig. 1).

AW 3 F F flonicamid®] FHFHE AX &
ol wt A& FrtE o] T A A, A 87
(0.054 mg kg™) o] ¥l = 27| ZH (0.041 mg kg ™)l
3 23 Fo g Fshe 25 JeRAUT. 2017 2
o] Aol AEZ T 7043} 0293 mg kg'oZ 19}
0.168 mg kgl Blal #=A YERsTE ¥ flonicamide= 23}
T A=A RS $htste] kel o=, giat
2 TFNGS| 2Hgio] ZAA S71dde Uehdlo] 43
o2 F flonicamid®] HF#o] & FEE FAEUTH
3 Ho3ZItKFig. 1, Table 4). % flonicamid % flonicamid,
TFNG % TFNAS] M| &2 AF A, X F 1Y 7|55
AT 100:0:0, ¥iF A2 84:9:70]A%F flonicamid®] Z+
FHIES AJZbo] Zgtel wet gk v, giabed 5
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Table 4. Residual concentrations of total flonicamid in fruits and leaves of sweet peppers after application

Days after Total flonicamid residues® (Mean + SD) (mg kg™)
Treatment I -
application Fruits Leaves - Upper part Leaves - Lower part
1 0.041 £0.002 2.243 £0.109 1.124 £ 0.041
7 0.046 £0.002 1.724 £0.053 1.274 £0.031
15 0.047 £0.001 1.013 £0.048 0.849 £ 0.022
Recommended dosage
30 0.072 £0.005 0.233 £0.003 0.709 £ 0.025
50 0.067 £0.003 0.108 £0.002 0.506 £0.011
87 0.054 £0.002 0.073 £0.003 0.076 + 0.001
0.168 £ 0.004 6.369 £0.104 3.453 £0.186
7 0.175 £0.004 5.758 £0.169 2.288 £0.009
15 0.202 £0.002 4295+0.187 2.628 £0.121
Double dosage 30 0.313 £0.008 2.256 £0.043 2.221 £0.058
50 0.324£0.014 0.970 £0.016 1.184 £0.055
70 0.293 £0.010 0.256 £ 0.001 1.322 £ 0.040
87 0.153 £0.003 0.278 £0.010 NA®

#Total flonicamid residue = Residue of Flonicamid + 0.92 * Residue of TEFNG + 1.2 * Residue of TFNA
: TFNG correction factor (0.92) = Flonicamid Molecular weight (229.2) / TFNG MW (248.2)
: TFNA correction factor (1.2) = Flonicamid Molecular weight (229.2) / TFNA MW (191.1)

®NA : Not analyzed
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Fig. 1. Residue patterns of flonicamid and its metabolites in
sweet pepper fruits after pesticide application.
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A. Recommended dosage
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Fig. 2. Residue patterns of flonicamid and its metabolites in the
upper part of sweet pepper leaves after pesticide application.

Aztel| 0.336 mg kg!, Ml 15Uk 1.513 mg kg 'O
FH3 AFEFS Ve &, 24X F 879 AR 243
OF %7] wope] FAFRT 2 FEE IS th(Fig.
2). 3F99] Aoz, Z3gHE flonicamid?] ZHF
Axpoll 71EH A TollA 1.083 mg kg, 201 22T
A 3319 mg kg2 HIAE YER o] F 43| 1A
3L, TENGS| JF#e 71 i Aol 194
o 0.034 mg kg'3} 0.115 mg kg'& YERH o] F 2430
2 Z7)ske] 3093k 0.357 mg kg '# 1.386 mg kg o
3 AFES JERITHFig. 3). 23S flonicamid®]
Z7] FAEe skl vla] Aol o =4 vERskeu
ARFE 5 TENGS] 3 4R 493 89 BFolA
7157 0.34-0.36 mg kg!, ¥l 1.51-1.39 mg kg 'O 2 H]S=
& A5 Ve IT

WG 2 A F & flonicamid®] AFHS oA 2]
&Aoo g Aaske FAZ flonicamide] M Hsle}
AR FdE eI aFde] A Sl A F 15Y
o] A o] T = thaHed TFNG] 273l 7 #4
wo] F flonicamid®] ZHFo] MA38] ok AdFS B
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Fig. 3. Residue patterns of flonicamid and its metabolites in the
lower part of sweet pepper leaves after pesticide application.
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ZHA B2 AE FFE Gl TENGS| ©lg7Fs4e]
Aokl AFeAnt £ ApeM = g E 4 F F
flonicamid®] e &M o7 Zrlsly AE & 87d
A= A Fof 27]9] FHFE v FEE AEHE
AFE YU o] Adbe A § 709704 FHAea
F 9 o TING/} £ T2 73 A5 o5
go] F7telo] o Foll FRste tr=do] AR o],
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The residue pattern of flonicamid
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