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Abstract

BACKGROUND: An analytical method was developed
using GC-ECD/MS to precisely determine the residue of
fipronil, a phenylpyrazole insecticide used to control a wide
range of foliar and soil-borne pests.

METHOD AND RESULTS: Fipronil residue was extracted
with acetone from representative samples of five raw
products which comprised hulled rice, soybean, Kimchi
cabbage, green pepper, and apple. The extract was diluted
with saline water, and fipronil was partitioned into
n-hexane/dichloromethane (20/80, v/v) to remove polar
co-extractives in the aqueous phase. Florisil column
chromatography was additionally employed for final
purification of the extract. Fipronil was separated and
quantitated by GC-ECD using a DB-17 capillary column.
Accuracy of the proposed method was validated by the
recovery from crop samples fortified with fipronil at 3
levels per crop in each triplication.
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E-mail: emg7004@kangwon.ac.kr
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CONCLUSION: Mean recoveries ranged from 86.6% to
106.0% in five representative agricultural commodities.
The coefficients of variation were less than 10%. Limit of
quantitation of fipronil was 0.004 mg/kg as verified by the
recovery experiment. A confirmatory technique using
GC/MS with selected-ion monitoring was also provided to
clearly identify the suspected residue. Therefore, this
analytical method was reproducible and sensitive enough
to determine the residue of fipronil in agricultural
commodities.
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FF2 Yallas FHA7|S(Hazard Analysis and
Critical Control Point, HACCP)o|A] 3lst4] ¢afjlas=
HEREa AZu)7/§A Y (food-borne disease)?] 315191 =
Az Aol Hol glon, AF F WRete] dAle 5
°F9 edds faAlZle 7MY Fa% ¥R F stuolt
(Ock, 2009).

Fipronil(5-amino-1-(2,6-dichloro-a ,a ,a -trifluoro-
p-tolyl)-4-[(trifluoromethyl)sulfinyl]pyrazole-3-carbonit
rile; Fig. 1) 19854 gtA 9] Rhone-PoulencAitol| &) 7H
HEglon, 19879 vl=olA 535 W § 199390 A&
Aol 5-8E 5ol FHHsHA Z-§3k= phenylpyrazole
Al AZAo]tTomlin, 2006). Fipronile $542] EA4S
Uehlis =5, d, g3 5o S, A J S
o] BpulR, 22, sfulel], Abee] wguwaE WAl
= Hl AREE= e A5 AloltHHadjmohammadi et
al, 2006). =HjolA= F=2 4ARe] oot W ol wiEH)
o], WYE7hE], el ofE+t 9 olsbyubtel R
of ARBEIKCPA, 2015), =4 seftRsld7]E
(Maximum Residue Limits; MRL)< 0.01-0.1 mg/kg ¥
P1= A= o] AUTHMEDS, 2014).

Fipronil®] a3}t EA O =2 n-octanol/water HHj
A4 (Log Pow)= 4012 HIFAS SA8tEI S
200.5°C 0] EA}eFS- 437.15(CioHsCpFeN,OS) 0 2 ui A o]
% FEjoltTomlin, 2006). thg3t 7180l 2 -8-af=
t(acetone 5459 g, dichloromethane 22.3 g, ethyl acetate
264.9 g, methanol 137.5 g, toluene 3 g/L), =of tj3t §3j|=
= 3] Yol 1.61 mg/Lof| E3cHFAO, 2009).

A7) fipronile] 7HE-4-2 HPLC-UVD(High performance
liquid chromatograph-Ultra violet detector) -2 GC-
MS(Gas chromatograph-mass spectrometry)& ©]83t

thEok BAwo] Rug ul 9QowKVilchez et al, 2001;
Hadjmohammadi et al, 2006; Cella et al, 2012), 418}
AT ATEL SPE(Solid phase extraction)of 2J3t AA| 2}
§ Agow As) ARy 0 AR A et
E3F oot AES SR AE719 A7} o] FofAA|
A2 Zog oy, AR FiES deR giidEete
421 gy 9 3 5ol ARY A gle A4tk

meka 2 A= phenylpyrazole#] A5A2] fipronil
= tdes ey 9 Aol e, Tkt ik
A 7heet At BAAAE gEste] W ARsef AA

ok

B Ao AR fipronil2 <% 98.8%9%] 48 2
£2 Dr. Ehrenstorfer GmbH(EY) 2 HE LQslo] A
stk EEEZ 9] stock solution2 acetoneo] =o] 1,000
mg/Le] T2 A5t 20T WEalolA Hykstal 2
Q8 Al vt} rhexane 0 2 3]A4)slo] A5}t . T. Baker
(n] ) AREE] Y3t florisil(60-100 mesh)< 130°C oA
312 o4 Fhelsto] ske  AMgEITh HPLCE 24
4 Z54E . T. Baker(v ) AlolA Tdstel AMgsige
™, acetone, rrhexane, dichloromethane, ethyl acetate
q acetonitrilee HFEHE-S, 7]l f7]-8u] 2 Ao A
FEF To ARRHES ALGBIT UUBE7]E Byela
NE-I000SW(AR)E o] atgion siHgAme] sk
& FHAYVOIA(IKA, Ultra-Turrax T-25, b|=)E AR
aksck

StE A=
AE9) 5oF AF187|HMFDS, 2014) % fipronil 9|
Aol 58 Holdle wES BEAdder §igln,
Codex®] ZEA4H o tiE sikEwH(Codex, 2003)=
aEfete] RUF= AR} Yafe iS22 SFe= d
b, TRl 32 diE sAEE AYsttHLee ef al,
2010). 471 SAER AFE AL wiE, 15, dol 9T
o 5k AlRE A9 diFutEoA FYste] HEFA
Fo] A A29E(MFDS, 2012)0] ulel Axje] & ALgs)
27 A et dAE AAste] Bsok AR
2hlsk 3T

o

o 32 ox
o L 1o
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A

GC—-ECD/MS 7|7|2M =

Fipronil> EAtx o 27§9] chlorine ¥ 6749
fluorine& $H3-3kaL ¢lo] GC(Gas chromatography) A&
7]12%& ECD(Electron capture detector)7} 2|2 A&7
2 godt. ECDE A2l GCE= Agilent(7]=) 68902
AMgtg e, 7o) 0.53 mmel capillary columng ©]§
3lo] 190°C ] SexdN AT Arzee] 4o
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Table 1. GC-ECD operating parameters for the analysis of fipronil

DB-17 capillary column (0.53 mm id. x 30 m, 0.50 ¢ m film thickness)

Instrument Agilent 6890 GC
Detector ®Ni - electron capture detector (ECD)
Column
Temp. Column oven : 190°C
Detector : 300°C

Injector : 280°C

Carrier : N 10 mL/min
Make up : N> 60 mL/min
Detector purge :

Gas flow rate

Sample size 1 x4 L Direct injection

N, 5.5 mL/min

Table 2. GC-MS operating parameters for the confirmation of fipronil

30 m, 0.25 pm film thickness)

Rate 1 : from 170°C to 300°C(22 min) at 10°C/min

Instrument Agilent 7890/7000 GC/MSD Triple Quad

Column HP-5MS capillary column (0.25 mm i.d.
Column oven : programming

Temp. Injector : 300°C
Interface : 280°C

Gas flow rate Carrier : He 1.5 mL/min

Sample size 1uL

Injection mode Splitless

Ionization

Mass range (m/z) 50 - 500

Electron ionization (EI), 70 eV

packed inlet o|§, A& A% 29 rog A3 9]
= IS Hgsitt R AEelE Hgt GC/MS
o= Agilent(U]%) 7890/7000 GC/MSDE A5},
Z}zko] AA|3E 24 2712 Table 13} Table 20f Y Sick

Mr 1

HEZEZZEM 4 BMEaESH|(Limit of quantitation, LOQ)
Fipronil 9] stock solution A}3]4sto] 0.005-2 mg/L9]
w7t HEs ZE§HE 474 xAskL, 24 1 p LA
GCECD) #4lato] 241 m)=0) MAS |20z %27
SpAS skt wal, 2497]7]9) Q@4 reproducibility)
< A3sk]l 8 05 mg/L 459 fipronil F5890S
GCECDo| 153] ¢&om FQfsto] AzmmfEigo]A 9]
retention time (Rt.)¥} T3H2]9] Ho|E H|ws| H7Fel3ch
4 AFAALOQ limit of quantitation)= F52F9| &
g A EEEE M EFe] EAsHA] g EjIgh F, £
A71719] ARl 2 AaT, 24 $9 s5ueS Al
Asto] okele] AR oo AEBT(ARN ef al, 2014),
Y $E2E fipronil& Agjste] 3a&S HESHITH

A (mg/kg) = [717] 3 (ng) / U (L)]
* [AEEY (mb) / AR ()]

M=ol =& A 24i

25 g9 FAME AR acetoneS 100 mL 7ol U &

W5 A9 FE 308 A BE 20 mLe| $F4E Tl
a3 ) ERAYoIAS olgalel 280] <t 14 nh
(12,000 rpm), Z=Zsgich 2222 oj7|(Toyo No. 6,
Japan)E 7213t Biichner funnel 4ol ofwts}ar, Alzet &
LAl A 2 acetone 40 mLE A|Asto] 9FAj o of wpoljut
Tk Fa 2290S 11§30 Roulrle] §7 P =
SHA1H4 50 mL @ 2724 450 mLE A7)t & nrhexane/
dichloromethane(20/80, v/v) 100 mL& BHj] &340
o, 0|2 AA3le] o}#}=9] nhexane/dichloromethane
(20/80, v/v)RtE Fall F4= SAHEF] STAIA D3t
5 40CAN U ] Amsieick @nl 8 FL A
3t A|729] A1E-L dichloromethane 10 mLoj #j-&3i3}o]
florisil &2+ A=rtE 1 ajo] 24 FAIH dnl 9 F
A&l ANE-L u|g] acetonitrile® E3FA)AE n-hexane
40 mLoj| A-g-3fisto] 250 mL &Fo] FHZw 7o &A T
1L 1]2] n-hexaneo2 EISIAAE acetonitrile 40 mLE 3
3] Bul 2E3F3ck 949 acetonitrile &8 40°C oA
9t H=35lo] Axslg o, dichloromethane 10 mLoj A

Florisil 2t 320t 24|

130°CollA 8l ol 7hdsto] B/dstAX florisil 10 g2 4
o] 40 cm, W7 1.5 em9] Fejdde] 714 S &, 1 o
3 go] B SRIERS 718tk Z-oll dichloromethane
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Fig. 2. GC-ECD chromatograms of fipronil using typical capillary columns (1 pL of 0.1 mg/L in r+hexane).
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L Folko] Alcho] 4%9] dichloromethane Who] &
= ZA1#A Hd 3 dichloromethane 10 mLo| &=
AR LA 7kste] ¢ 3 mL/min®] %02 ZHch
Aol FHo] x=%E]7] A4 thA] dichloromethane 100
mLE F7iste] 85414 #E1 A} dichloromethane/
ethyl acetate &3-8(97/3, v/v) 150 mLE £&EAA
fipronil &S 3|4=5}4t}. Fipronilo] £&% 82 40T
oA et %=, Axsly WFES nhexane 10 mLof| A
affstol GC-ECD=E #4313tk

ox

of O, o

thE SAE0| CHSt fipronil2| 3l+8 Al

2 Aol &t fipronil FHREAH| dist A4
4 58 1435 Yol AAl FARE ARE o83 slE AlE
< ek & uh S 2agh 2+ 25 g9 7ZF ti i FAb
B F5oF A Rof it HekstA|, ket o] 108 2 506[<]
35l fipronil EFEENE 747} 3HE02 A & 4lY]
o] BMIGE fdfste] Fgat B4 eas SAs

ot ¥ nE

GC—ECD E2M=719| =t

GC-ECDE o]&3l fipronil £49] 2|4 column< 414
&7] 98l column®] SAE=  FEePtE ERlskiich
Phenylsiloxane/methylsiloxane?] B]&#HZ A4S &
sto] Eels-S AES 23}, methylsiloxane $-fFo] ZHzt
100% % 95%<] DB-1 9 DB-5 capillary columnXt}
methylsiloxane &-Fo] 50%% H|w2 =49 DB-17
capillary column®j|4] Fig. 2¢] Yepdl He} ZFHo] fipronil
o A= 9 #ewo] 7P feiginy. DB-17 ZEoA
fipronil?] M= A7 190°C 524 2F 6.550]3)
ok 2 o) e o] waube] HEH 9 A4 o

3 ok WAL Woll 24 2t¢jo] aiE oo sk 4

o

2o

Table 3. Reproducibility of peak area and retention time
of fipronil using GC-ECD

Retention time

Parameter Peak Area (Hz)

(min)
Minimum 6.518 23788.8
Maximum 6.531 24528.6
Mean 6.525 24076.6
SD 0.00 163.05
CV (%) 0.06 0.68

*Abbreviations : SD, standard deviation; CV, coefficient
of variance.

274 240 AE sl B olow, BaAne) got
A 9 AQEAAS st Aol 0.53 mmel capillary
al

o

A== AHFYH(direct injection) ¥ F227& AAs)

BH77)e) R aRohETly B2z e
o o] SAATE ASkete] Aust 9 AR 4 e
A9 FrEK, ARutEIols AEE vH29 signal/
noise (S/N) H|7} 24 10 o]Ql A&9 s=5 Uit
(Fong et al, 1999; Miller, 2005). 47|04 &3t GC-
ECD %7 (Table 1)©Z fipronil ¥&gHS EAst &
S/N HIE A&t Za, 717149 AFEAI(S/N=10)=
0.01 ng ©]%it}

2HH 0.5 mg/Le] #3E89S GC-ECDe| 16W A%
o, BAsto] 7)7184 Al M 9 AEY HUHE Sd
FE A7 retention time) ¥ ¥]3 WA (peak area)e] HO|
AGCV, %)E SRIgH 41}, & ARuEIHT] HE HE
2o} 0.68%°] 2= UEWo] 77]&A Al AR Sl ok
AR #A0] 7hseE Eelskgiti(Table 3).

S SR ZASH fipronil®] EF894(0.005-2 mg/

vl
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Fig. 3. Calibration curve of fipronil in GC-ECD.
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Table 4. Efficiency of liquid-liquid partition of crude extract by different solvents for fipronil

Recovery (%)1)

Compound
P Partition | ?

Partition ||

Partition ||| Partition [V

Fipronil 903 + 1.0

97.7 + 0.4

99.0 + 0.7 98.6 + 1.2

Y Mean values of triplicate samples.
? Partition mixture :

| , 100 mL r+hexane, |,
(20/80, v/v), IV, 50 mL dichloromethane (x2 times).

Table 5. Efficiency of mhexane/acetonitrile partition for
fipronil

Recovery (%)1)
| ?

Compound —
Partition ||

919 + 04

Partition
859 + 0.8

Fipronil

1) Mean values of triplicate samples.
2) Partition mixture : 20 mL rrhexane saturated with
acetonitrile.
| , 40 mL acetonitrile saturated with n-hexane (x2 times),
[, 40 mL acetonitrile saturated with n-hexane (x3 times).

)2 22 1 ¢ LY GC-ECDe|| 4, £4Jst0] ¥& A9
o F|AAHAL y=33532x+142.71(R’=0.999*) 2 $-5=5t

2448 YeRfQithFig. 3). & fipronil& 7| 7]x4am74]4
1/2 42291 0.005 ngo A€ 1 40082 2 ng7}=|2] &

At FAAGTE R=0999* oo & Hepo] zw_
Ao] OA;}Oﬂoui I olsE W 9]o] erolA] LAME AR

g RS vEAoR Asks Aol R sk
N2 55 U 2jargel 2y

FAME AR F fipronil AES &
acetone.2 AA3}%th Acetone u];L ]
53] AMLELE FZ2F0l L4 EoF AEE9)

150 mL acetone + 50 mL saturated NaCl + 450 mL distilled water.
100 mL n-hexane/dichloromethane (80/20, v/v), I,

100 mL rn-hexane/dichloromethane

HAAJo] 1A= v} rKLee et al, 2010).
9‘4"% e i Qo F7HE e oA
% AAsE7] 913t 1244 2ZAM e 2= -
L3lHHAhn ef al, 2014). & 849 &
) 9 B AARE Ao o
A3 W=y $71800% Rl 9 FESHE WS A1
A, 1% US FDAMoltt AOACH ol F71-]24
o il o Agsit Bl 22 w3
WAZE BRS A 4 9l Aol UTHAOAC,
2000; Lee et al, 2008).

oll-of HufjHol Buj8uj 2= nhexane, 259 nhexane/
dichloromethane &3¢t} 9 dichloromethane 5 4%(Lee
et a] 2011)9] BujAIE FAlsko] tiAt Aol ot e

22 AESHICHTable 4). o1-0) Euje] elat i e

) HHH;q S8 EQIst A7}, 100 mLe| rrhexanel 2 £3E
Al fipronil®] 3¢S 90.3%, 100 mL%] n-hexane/
dichloromethane (80/20, v/v) £& A] 97.7%, 100 mL2]
n-hexane/dichloromethane (20/80, v/v) &% A] 99.0%,
dichloromethane 50 mL=z 23] WHEslo] B354 o
98.6%= Uehfo] 7} &3 3482 UElH nrhexane/
dichloromethane (20/80, v/v) 100 mL (Zxj-g0 |I|) %
A& fipronil 2uj&mi= AAslct

nHexane/dichloromethane (20/80, v/v) 2i-ol ELujj}-7]

r
ol
o
oX
>1"j
:=

o
i
J_

=

)
rir
OE
%

=i
T

AN

I

oo
HHN' m[o
_I::

==

2|

S

rlr ol-r ol o N2
ot
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Table 6. Elution profile of fipronil on florisil column chromatography

Recovery (%)"

Elution solvent (v/v)

0 - 50 mL 51 - 100 mL 101 - 150 mL Total
CH,Cl, 0.0 0.0 0.0 0.0
99 : 1? 27.6 456 124 85.6
97 ; 3? 79.3 115 0.0 90.8
95 ; 57 86.9 43 0.0 91.2
93 : 72 89.1 2.6 0.0 91.7

Y10 g of activated florisil (60 - 100 mesh) was packed without solvent.
? Pre-washed with 100 mL of dichloromethane, and then eluted dichloromethane/ ethyl acetate (v/v).

Table 7. Recoveries of fipronil with different crop samples

Crop Fortification (mg/kg) Recovery (%)l> CV (%) LOQ (mg/kg)
0.004 106.0 + 3.8 3.6
Apple 0.04 884 + 29 33 0.004
0.2 87.8 = 0.9 1.0
0.004 1053 = 6.0 57
Kimchi cabbage 0.04 87.0 + 0.5 0.6 0.004
0.2 925 + 19 2.0
0.004 96.8 = 2.5 2.6
Green pepper 0.04 95.6 = 1.0 1.1 0.004
0.2 86.6 = 2.8 32
0.004 9.1 =37 3.7
Hulled rice 0.04 1004 = 0.3 0.3 0.004
0.2 941 + 2.0 2.2
0.004 99.6 + 49 49
Soybean 0.04 872 + 1.8 2.0 0.004
0.2 934 + 0.7 0.8
Y Mean values of triplicate samples with standard deviations.
= &3 A= U ZdEH = DP‘“*—"J =4edyt 7e 3 AAS) m3f E=JE vjojstl o B R nhexane/acetonitrile
sfEdo] AA=NC = A=Y, FAAES nhexane/ of-off Fullapg-e Aokt
dichloromethane (20/80, v/v) £°& AR} H&E
HHEER AARA] et FALES 7171 3 Al Florisil E2t I 20tETD| M= X35}
AGAA A &2 228 2Ey dE7lol del 34 & shbEe] 9 fipronil ] thHREA Al A7]e] df-of &
e fHstEE JEA] AAF o He MdEdo|th EH*J’ Hj#}4 3}t n-hexane/acetonitrile EHjEg o2 913 1‘41 ]

SAE 5 dn 9 32 SRRl oF 1-3% 2 20% ¢

IZE] Y= AlRC|EE o] {AGE AAE HOW
rrhexane/acetonitrile -0 EullE& 27l5FAtUS FDA,
1999; AOAC, 2000). Table 52} Z+o] u]g] mhexane o2 3}
AlZ] acetonitriled o]-8-5to] 33| Fufs}4-& A] fipronil?]
A% 847 Msslgons A4 0 Uy HHERS
AASH7] 48t n-hexane/acetonitrile 94-o0 EujsH.o Huj
270 112 Ao B §Alue] Feo] 01-04%2 ¥
A Aol sfehe Al a5 W afEolAE AAEE
24 BB gA4Re| o] 25| AT, ARukE T3]

o B 9 HEA IMEd] AAEg e} e,
7429 ke Alae] we friEe agR Ve sees
o] EAstER F7H Aol Lasirti ddEo] F2F
AgvhEago] o5t FAME PRtk Frok £4
A AR A 7P o] o] g5 v o gL TaganlE
a9 E & 4 Jov(Lee ef al, 2010; Ahn ef al, 2014),
F2HA| Fo|A+= florisil, silica gel ¥ alumina 5°| 7}%
o] AREELh o] 3 florisilS AHF W MA0] A7 o] FHo
it EAo 2 Qs v=e] FDA(1999)H AOAC(2000) 5o
A 7P HEA o7 Algels wpold
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B ATelA: florisils B2 Melsiln gufel

245 93l dichloromethane/ethyl acetate®] -S04
olgstel BREAL 23t Stk Table 6). T4 &
Hoa zAst SuAIAE o]83stY fipronil®] F4&S

E3F 43} dichloromethane 100 mL& pre-washing?t
% dichloromethane/ethyl acetate &34(97/3, v/v)
150 mL2 {&3t 73% fipronil®] 3l&-2 90.8% %L
ethyl acetate?] H|&S o] 8&819 FrE wo= 3
$89] NAHAEE ujn ]’5} ot webA florisil S 2utE
j_gH_,_]l:H o) o]_Q_‘6]— HAER xﬂﬂa _r]s]— _’_7]—?(40 X—lxﬂtﬂ [}
4719 e s 285tk

oi nE 24 o_>f.

sS4k
Fi

AI & fipronile|l 24 FstA H 22
A7olA et AR 3%, Al 9 717
of FAtE A=l 4835t Aifoltk. 2F
FEYoIA disef du %O—Jf& HrE
o] ZMdEdol EAHA e EUsHRe
e @ BT 9 HHH o Ayt
BAo) RekAS st

Aol A A fipronil 9] AFeIAl= 0.004 mg/kgol
™, =A|7]%2] Codex(Codex Alimentarius Commission,

Mo
4o rm

S
fo
Fle

A

off Mz

1o~ 19 ox
(e}
of
i
>

N>

3
o

2
o

4 Soybean

Kimchi cabbage Control
-l Fortification
|
- "-.LM\ i
- ‘HHuueu rice control
il
" Fortification
2| -
-1 14 ‘\

L ~ N AA

Apnle Control
|
!
Fortification
b
f
I .
Green pepper Control
.
: ‘ Fortification
1 '\
| .

B A1 34 4(Lee, 2012)0]
21 0.05 mg/kg o|s} E=
o%ﬂﬂ%A 1/2 ojate] At 7|2 wEstairt.

7} FARE] FA ] ARl geFetA|, g=FetAS] 108 2
509 TXE7} E|=F fipronil -80S H7bslal, A7)0
Al ST 2] met i SabES SMEOR 245t
ol fipronil®] 3|4=&S AR At HEetA fEollA=
96.8-106.0%, Ae3HA 108 42Zof| A= 87.0-100.4%, A
SHA| 508 <220l A= 86.6-94.1%2] FE 3t 5428 LrER]
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Fig. 4. GC-ECD chromatograms of typical agricultural commodity extracts for the analysis of fipronil, fortified at ten-fold

of LOQ level.
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