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Abstract This study was conducted to investigate residual characteristics and dietary exposure assessment
of chlorfenapyr in vegetable crops, including water dropwort, rosemary, korean mint, and Kalopanax pictus
shoots. The diluted solution of suspension concentrate-formulated chlorfenapyr (2,000 times) was applied to
the test crops. Samples of water dropwort and rosemary were collected at 0, 3, 5, 7 and 14 days after final
application, while samples of korean mint and Kalopanax pictus shoots were collected 0, 7, 14 and 21 days
after final application. The mean residual levels of chlorfenapyr ranged from 0.08 to 1.93 mg/kg in water
dropwort, 0.71 to 5.93 mg/kg in rosemary, 0.08 to 22.54 mg/kg in korean mint, and 0.01 to 1.25 mg/kg in
Kalopanax pictus shoots. The biological half-lives of chlorfenapyr in all tested crops were calculated in the
range of 1.2 to 14.7 days. The estimated daily intake ratio of chlorfenapyr relative to the acceptable daily
intake was less than 0.2%, indicating that the sum of the pesticide residues observed in the four tested crops
was a toxicologically safe level. These findings provide fundamental data for establishing the safe use
guidelines of chlorfenapyr for the crops tested in the current study.

Key words: Chlorfenapyr, Korean mint, Kalopanax pictus shoots, Rosemary, Water dropwort
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1947108 2% MAAFE 1787(91.8%)010.0H,
Foole AlEA, A, 55, tia, £uh eo g2 RlE
(NAQS, 2025). 20200 5E 2024 597 359 7%
T F AREF |EAE 2949 AT BUES F2
YATL QAAFACH, T A §5 e A}
& 248 ofe] HPATANE QAR FAAFN
S WA Eo] H& Ao Wk rkSong et al.,
2021; Park et al., 2022, Ryu et al., 2025).

=779 5 A (KHIDL, 2023)0 mEH 2 Fd
/}j—ﬂ%“% ZA}sk 734_ A B3} ZEA] N%o] zyz} 78.
21.5%9] vlEE AudaEe] AF vlee] 459 %59}
/\1‘3/\%}\14 )H_Aak_‘ ZH/\E =S -"]‘N%‘ Loz 7k
185, 17.7 2 9.1%= FAEICE. xH*L‘r Hde geel
34 glo] AHste] 3] dhel /134Fl v
okl =22 7FsAlo] =& AL Aot} g A4
A A 2B A9 S0l Fask BA %o} 5
sope] FR47E ATH)] el $7hEA 2o o
ARE-8h= 73-9-7F Wl s] B SHoH(Ghidiu et al., 1994, Park
et al., 2018).

geby 2 Ao Aarel v, 2 2ok, Wz
2 o jso galom BRI MLy} =9k ok
chlorfenapyr 10% /534S Axs & 7 2479
gdof o] A 82 AF 3l chlorfenapyre] ZFE
F5ta, BT Hi7] Ak 2 Aol FHE E3l
71 AAste] Sl g Sskgic. Teln Bl
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Fig. 1. Chemical structures of chlorfenapyr.

9 Sigma-aldrich (USA) A1F2] & 99.5%F AR&-sIdlom,
oAl o] sheltxE Fig. 13+ 22tk 4S5 Slsl AR-E 718
acetone, acetonitrile, dichlormethane, n-hexanee HPLC
grade®] Burdick&Jackson (USA) A|FS AME3ISAL, A9k
anhydrous sodium sulfate (GR=)= Junsei Chemical (Japan) %
sodium chloride (GR#®)= SAMCHUN Chemical (Korea)
AFS ARESISITE Al E Aol AM8-3F Solid phase extraction
(SPE)2 silica SPE cartridge (1,000 mg, 6 mL, Pheonomenex
(USA))2t NH, SPE cartridge (1,000 mg, 6 mL, Pheonomenex
(USA)E AH&-stitt.

ZEAH

ouUE)E 20224 SYHE 2HEE HFA] A, 220
2o ReRe 7bz} 2023 59 2 6YRE FHEL Hak
Aol A f‘l“i%% UAkete] Fsilon, FUFES
202349 495 E =AHEL AL ] =R ETAL Axfsk]
YAt

FATHOR o i%ﬂ?h 7 3k g AT 1k
o2 Faiglon, oAl & ARds veA 4
At SRR e 24 o} E} A A
2,008 EM3le] A F57](AE4O0N, oH3AF, T giRI=)
olgste] oo 55 W7HA] FEE| BT FAF A
SHSITHTable 1). AIBAFE Ael7Ez dgq A7)0
BE AFSICH, AN AgE viE PR kel
AU AA ARAAE B A7 20°C olstellA

Table 1. Summary of the application information of chlorfenapyr in test crops

Test cro Formulation AlP Dilution rate Application Pre-harvest
p (%) (times) times application intervals
Water dropwort 30-21
Rosemary Suspension concentrates 10 2,000 2 2114;_174
7-0
Korean mint )
Suspension concentrates 10 2,000 2 7-0

Kalopanax pictus shoots

 Active ingredient
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Table 2. Analytical condition of GC-MS/MS
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Instrument Shimadzu, GC/MS-8040 (Japan)
Column DB-5MS (0.25 mm x 30 m x 0.25 um)
Injector port; 280°C
Temperature

Column oven;

Gas flow rate

150°C(1 min.)—20°C/min.—300°C(5 min.)

Carrier He; 1.16 mL/min.

Injection volume 1uL
MS Zones
Ion source El
Ion source Temp. 250°C
Interface Temp. 280°C
Acq. Mode MRM
Precursor ion(m/z) Product ion(m/z) CE(V)
MRM Condition 227 15.0
247
200 25.0
a4gM &y ¥ s+EAME E5YL acetonitrile 5 mLE #8313 T 0.22 um syringe

ujuz] Algof] ARE-3} chlorfenapyre ¥5-8-9 1,000 mg/L
% 1 mLg 9 mLe acetonitrile®] =] 100 mg/L F=9
AFEFENS WEQlon, B2ul] 2 9 U
Algel] AR8-3F chlorfenapyre ET5(99.5%)S 448% #
5tod, acetonedl = 100 mg/L ¥=9] AGETENS T
S0t} o] AFFFEANN dFFS FAF - acetonet
acetonitirle 2 8443}07 0.1, 0.25, 0.5, 1.0, 2.5 E 5.0 mg/Le]
A FFEAE AT FA 2 AR A28 (1 mLyE
4l w5 F APEFTEY(1 mL) 22 A8l 5ted, matrix
matched working standard solution2 A| 23} T} o] & Al
a4 H$=2 gas chromatography-mass spectrometer (GC/
MSMS, GC/MS-8040, Shimadzu Co., Kyoto, Japan) %
gas chromatography-electron capture detector (GC-ECD,
7890B, Agilent Techlnologies Inc., Santa Clara, CA, USA)
o] 28] FUsIo], chromatogran’d®] peak WS 7|Fo =
EFAFAE At

5]& Alge A3 (Limit of Quantification, LOQ)
23 LOQY 10H]¢] 202 FAlg] A& 50 gofl 0.5 2
¥zt 1 mL A 23 & 4

5.0 mg/L chlorfenapyr ¥ 58-S
& HHOR 3ukE B4 alo]

718k ZHrset S T
e Si=
IRAE 24

ulaj ek mjue] A& 50 goll acetone 100 mLE 715k
180 rpm.2 3027+ & F&¢ & S A3 oAz
% dichloromethane 100 mL¥} 50 mLZ 23] EujF&3 &
anhydrous sodium sulfated]] S F 7SFsE3ISl

filterPTFE)Z o] Z}3le] GC-MS/MSE #-41511THTable 2).

vl 2=rlE] @ vizek A)F 50 gofl acetone 100 mLE
7¥eted 180 rpmO= 3047 XIE FE¢ & FlFad
t}. o3} 3 p-hexane 100 mL¥} 50 mLZ 28] ¥uj5&3h
% anhydrous sodium sulfated] F34A171 ¥ ZetEEstal
n-hexane SmLZ A]-&3l 3} T} n-Hexane 5 mLZ /4314
Z1 Silica SPE cartridge (1,000 mg, 6 cc)?ll A& 5 mL &
1 mLE loading 3+ ¥ n-hexane 10 mL3} n-hexane/acetone
(95/5, v/iv) 5 mLZ A& 3}] W23, n-hexane/acetone(60/
40, v/v) 3mLE §EA17 EHE A4TF7]E ol&ato
5% § 7 A5 7AFEL acetone 1| mLE AJ-8-3] 5t
GC-ECDZE #4133 TH(Table 3).

v ek S AR 50 goll acetone 100 mLE 71sled
180 pm® & 3077+ X FET § FRloFeint o7 =
n-hexane 100 mL3} 50 mLZ 28] Fuj5Z3E & anhydrous
sodium sulfate?]] A7) H 79455313 n-hexane 5 mL
2 A&38lA Tt n-Hexane 5 mLZ E4J3}A1Z1 Silica SPE
cartridge (1,000 mg, 6 cc)ol A5 5 mL & 1 mLE loading S+
% n-hexane 10 mL¥} n-hexane/acetone (95/5, v/v) 5 mLZ
AR ste] WE]3, n-hexane/acetone (60/40, v/v) 3mLZ &
EA7 §E2HE AAaFFT)E ol&ste] w3 X
2 n-hexane 1 mLE 83|31 n-hexane 5 mLE 433}
A1Z1 NH, SPE cartridge (1,000 mg, 6 cc)ll loadingd+
n-hexane 10 mLZ A& slo] W2]3L, n-hexane/acetone(80/
20, vv) 4 mLE 83A1A AAhEE7|E 553 & AvES
acetone 1 mLZ #8335} GC-ECDZ £43}1 tHTable 3).



246

2ol - AR - REF - AU @

Table 3. Analytical condition of GC-ECD

Instrument Agilent 7890B(USA)
Detector Electron Capture Detector (u-ECD)
Column HP-5 (0.32 mm X 30 m % 0.25 um)
Injector port; 280°C
Temperature Column oven; 160°C (1 min.)—10°C/min.— 280°C (1 min.) —20°C/min.—300°C
Detector; 280°C
Flow rate 1.0 mL/min.
Split ratio 20:1
Injection volume 1uL
WEEE AT L 2 Y3 Aol FASA ot HAN @ Fe} Mse FE
AFgE A HEHEA(Ct = Coxe™)ell thsted 2 (0.00044 kg/dayye -85t AASIAT.
A4S AT WA HEEEAON CE B4 42
d ¥ ARE, G 2] ARY, ke 23, = A9 Zop gl nE
Zhe UehiH A k ke o8t et vty
th2lel] wet ARSIk t,=In2/k (Lee et al., 2022; Park 24 &g ¥ 3FSAE
et al., 2024). nug], 22okg], w23 2 S 3 chlorfenapyre]
EEHFA AL T AAAFRYE 0.995
Ao| M =&t o]4o] 2 tHTable 4). A #3HA|(Limit of Quantification, LOQ)

AE 2He - chlorfenapyre] AU # 3142 (Acceptable
Daily Intake, ADI) thH] dYH 357 F(Estimated Daily

[‘l‘

B 0.01 mgkg ©1goH, 3l5g ks sl5g Wl

Intake, EDI)3] %ADIE EWZ H7}s1Sch. EDI" 7+ A& Table 4. Linear equation of calibration curve for the quantification
TFo)A A& % chlorfenapyr®] b33} A EHH S of chlorfenapyr in the test crops
+3 T 3l Ha AT 60 kg AEEl 7 A= Test crop Linear equation R?
Al WP% dReet =ER7EE ARSI A=Y dY waterdropwort  y=121,556.0074x —84.7782  0.9989
A FE AUFFEA(KHIDL, 2023y ©1838I02M, £ Rosemary y = 52,064.9703x + 1,048.8796  0.9993
Znjg], HH 2 %94_”14 Fo| EAIsIA] gl S{E Rl & Korean mint y = 58,147.6992x — 80.1729 0.9997
9= 3 ool eke] A ;
T g S Aol ik LA F Tl fsked Kalopanax pictus v =50,563.1838x — 8563447 0.9994
a zﬂk(o.ooom kg/day)% Agaldon, SuReE ooy shoots
Table 5. LOQs and recovery rates of the analytical method of chlorfenapyr in the test crops
LOQY Fortification level Mean recovery 0
festerop (mgke) (mgke) +$.D (%) v
Water d i 0.01 0.01 100.8+4.6 4.6
At cropwo ' 0.1 88.6+4.6 5.1
R 0.01 0.01 102.1£3.0 2.9
osematy ' 0.1 102.140.8 0.8
‘ . ool 0.01 113.342.8 25
t .
orean min 0.1 105.4+5.0 48
Kl et shoot 0.01 0.01 114.6£1.7 14
alopanax pictus shoots } o1 1011242 in

9LOQ : Limit of Quantification

" Mean value of triplicate samples with standard deviation

° Coefficient of variation
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Table 6. Residual amounts of chlorfenapyr in the test crops
Concentration (mg/kg)
Test crop Days i\'ﬂer. final Mean+SD?
application Replicate 1 Replicate 2 Replicate 3
30-21 0.12 0.07 0.06 0.08+0.03
21-14 0.28 0.22 0.27 0.26+0.03
Water dropwort
14-7 0.86 0.81 1.02 0.90+0.11
7-0 1.94 1.58 2.26 1.93+0.34
30-21 0.73 0.70 0.71 0.71£0.02
R 21-14 1.40 1.42 1.46 1.43+0.03
osemaly 14-7 245 2.50 242 2.46+0.04
7-0 5.43 6.21 6.15 5.93+0.43
14 0.08 0.08 0.07 0.08+0.01
2.99 2.85 3.25 3.03+0.20
Korean mint 5 5.19 5.24 5.26 5.23+0.04
9.90 9.11 9.58 9.53+0.40
20.86 2291 23.86 22.54+1.53
14 0.01 0.01 0.01 0.01£0.00
Kal ) hoot 0.04 0.04 0.04 0.04+0.00
1

aropanax pictiss S1005 3 0.22 0.23 0.22 0.22+0.01
0 1.26 1.24 1.26 1.25+0.01

9Standard deviation

70~120%} o] A5 (coefficient of variation, C.V.) 20% ©]
Uz s 2 A9 5E7]F(RDA, 2025b)2 SANTE/
11312/2021 7}e]=&}%] (European Commission, 2024) 715
< =3 tH(Table 5).

Chlorfenapyr?| TSN

vy2] 5 chlorfenapyre] ZH732 0.06~2.26 mg/kgo] A
o} 8 21974 23] A2l o R 0.08 mgkgl 2
T84 23] A2l Hdt TFTF 1.93 mgkghth 96%

Aask ok vyl & chlorfenapyre] MRL
1.0 mgkg® & 28 797 23] A2]FoAFE MRL o3tz

gelaity. 2=ul)e] ZHFHS 0.70~6.21 mg/kgolAL,
T 2194 23] Aelte] Wt ARF 071 mgkgSE
T8 28] AT 593 mgkghth 88% A ot
2zuiE]e] MRLE Ao} A ¢kom, §47341F MRL
3.0 mg/kg? Bl A3 2=nlele $
A2 A 5E] MRL |32 SRIsIth. wizake] 2hqake
0.07~23.86 mg/kgoIAL, FAA 2] F 1422} H+t HFF
0.08 mg/kg® = °k7\‘ﬂ?<17ﬂ°‘ Ha 7R 22.54 mgkghth
99% o 7Hasoit. wizae] MRLE A= o] 1A 2o},
H7Z4AF MRL 3.0 mg/kgst Bl sl A3} FAxE] &
792t MRL olat2 ERIsIrh. Su7<e] e
0.01~1.26 mg/kgol o™, kA A2 F 2194 Hd 75

0.01 mgkegl2 HAXEY Ht HFE 1.25 mgkgHth
99% ol Zaatirh. v MRLE AAE SIA]
ool A7AANF MRL 3.0 mg/kga vl wa]® A3 =34
23|42 +5FE MRL ©|3l= 215 th(Table 6).

B A M wl ZHEo T3 28| chlorfenapyr 10%
WA E AEston, AEA7], AEA=E 28
o] B4 mE APz A1 A, =22l RE A st
o] AES F3 A, w3k 27) 7HFo] 23.86 mg/kg
o7 y) A5 F 7P E=ROH, iR 7] JR]
Hluele] 7] 2Rl oF 1064, 22ukE]e] of 384 %

U] oF 189 o Ee ARES ERlsisith A&

=
% wole] Nt 9e nlAe 2oL o] Esie
54, AeAle] AS54 B AR 502 dEA o
™ (Park et al., 2012), 1% & EHZA o] B A|FA %+
FEo] A e AL FEo EAo= Q3 Ao=E B

S} TH(Park et al., 2018). A|&2] FAIE= B35, ﬁé& z
ol AH o B BHA FoF F2ho] §o]

o] AL £719} I A EE AFHsh= FHEOIA FoF
zheFo] o EUAL RS TH(Kang et al., 2024). 58 2}
Aol e EAlshs R fHol Arw Foko] 3}
F7HAA FE7F Sl AERT
Sai) B2 w9 JRES FEY At RIS

(Kim et al., 2012). ©] oA F2g 2jo)e] FH 22l

T A=

i

& e FARe
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y = 4.8461 0.0473x
R?=0.9670

Residual amount(mg/kg)

0.5 A

0.0
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—
(2]
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L e 1
t t

20

y =22.5621e %259
R?=0.9996
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T T T
6 8 10
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- ZH -2

[}

s

y = 5.8654e%"1%%
R?=0.9927
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0.8 + y= 1.2529¢ 05588

2 _
. R? = 0.9996

0.4

Residual amount(mg/kg)

0.2 q

0.0

6 8 10

Days after treatment

Fig. 2. Degradation patterns of chlorfenapyr in water dropwort(a), rosemary(b), korean mint(c) and Kalopanax pictus shoots(d).

Qo) gl 5 wAe] WA Yol 7, 5, Al Fejsiy
540 WE Aoz BRAHT B AP FHE Ae
Pt 2ge v, 2xek, AT © SUTE 44

58.79 £ 5.31 em(n=20), 23.6 + 3.6 cm(n=20), 22.5 + 2.4 cm
(n=20) % 20.8 £ 0.5 cm(n=20)°]92H, 7} &2 EE
ANE= BASAE7} Hsg 719 A EE AF AT vy
& ALt i 2= H]S2el o, wix
3o 7] FHRgol A U A2 A= FH Iy e
Aoz Ulb}ﬂ% gzvige o] A77F A3 2717}

] ZX]—_CL 1:1‘:

71 Ao, e o] HAe] Holdles F=dl v
HH ‘%‘1— 18] =717} wvejet Z=ule]e] vl Am FRe]
AR, 271w} Qo] Zolgle FEE 7R o] w2
Fatel| f2)e o ok dE,
YESY Uz o Za
7t 2z chlorfenapyr FAIA2] & LAPE H+t HRES
HstR R 1S A=t

selsje] 7N He) AR
s

ﬂ-}-x‘ﬂ:—-o

x| =2

F3jo] BTRAL Ao, 3

o2

AAE 2= A vy y=4.8461e " (R*=0.9670), 2=
Pl y=58654e MNRI=0.9927), WiEF y=225621e "

(R2=0.9996) 2] 3 SUFZ y=] 25296 5 (R2= 0,9996)0)]
Rom, 77}e] 215 olgsl A=d WP le 717t 147Y
639, 242 2 1292 FIEIchFig. 2).

ol AFolA Fuh, 3 H % chlorfenapyre]
AESA v7)e 77t 13.359, 6.59% 2 7.3U019 0
(Park et al., 2012, Jeon et al., 2015), o}=ol|A & A ESHH

.‘5_7] [) =3

3

W71 A, 242 247} 5.6 2 6.8U 0] th(Jeong et al.,
2022). S, of2TAL 9 7kt o] w7kl A

b e AHEe] 79 sk wle] FE vA=
7P 2 8902 ZEo vt o R B o (Park et
al,, 2022b, Kim et al., 2015, Kim et al., 2025), ¥} %]
735 AL Aol wEh oA =Fo] FHe glo
°‘7516P 717K Adabaa sja o] ZhEgke] o

2 B3 tH(Kang et al., 2024). 2 A|Fol|x
dA g 2719 AEE AHF e, vty
I TS SRR & FEU7A *3
6}04 T2 Al whet oA =Fo] A
A7VHA ABAEIA7] wie] )X o] FhE-Ek %}@ﬂ
HE AT} 22 SRS A
T &< A AT AR

ol
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Table 7. Risk assessment of chlorfenapyr in the test crops

Chlorfenapyr9| THREM ol Alo|d

CEE} 249

=k

Test crop Dz}l;; ?ii;[ztri (f)il?al Hig?relrlsgt/ iegs)idue Dail}(fkfgo/((;cai1 intake ADI EDI” 2% ADIY
y) (mg/kg-b.w./day)

30-21 0.12 1.82x10°¢ 0.0070

21-14 0.28 4.25x10°° 0.0163

Water dropwort 1427 102 0.00091 0.026 1.55%10°5 0.0595
7-0 2.26 3.43x107 0.1318

30-21 0.73 1.22x1077 0.0005

21-14 1.46 2.43%x1077 0.0009

Rosemary 14-7 2.50 0.00001 0.026 4.17x107 0.0016
7-0 6.21 1.04x10°¢ 0.0040

14 0.08 1.33x10°® 0.0001

3.25 5.42x1077 0.0021

Korean mint 5 5.26 0.00001 0.026 8.77x1077 0.0034
9.90 1.65x10°¢ 0.0063

23.86 3.98x107°6 0.0153

14 0.01 7.33x10°® 0.0003

) 0.04 2.93x1077 0.0011

Kalopanax pictus shoots 3 023 0.00044 0.026 1.69%10- 0.0065
1.26 9.24x1076 0.0355

“Acceptable daily intake
YEstimated daily intake
“Risk index; (EDI/ADI) x 100

oo, A 2EEY 71dE7e] Gl AR ol
YIS VR s AdtE

I

7} 20 2lo] A S Eate] 7 A2l Ao e
7122 %ADIE 2FEst 23, vuE] 0.0070~0.1318%, ==
mk2] 0.0005~0.0040%, ¥iZ3F 0.0001~0.0153% % SHf<e
0.0003~0.0355%°]ATHTable 7). SISHATE 02% m|vHo 2
Il o™, fJald At 71F AL 10]5k= FRIE]e] 2o
AFA e o3 98l 7S wlg- W ZeE Hridnh
iy e A= 9= MRLY SPIAR 7L A4 eHA
Aol ctal AdE™, SUHFES MRLS A H o
UA| AT SHAALE 7S HREF o7 bS] A Ho
Akl A=Ky, 27 AEol| gk AT 2

MRL A7& 0}7] o]FoiX|X] Ygtor B A A= &5
71Z2S ARl 712AER 849 4 98 Aow g

.
e 2

2 ATE 2022, 20239 FEIEH THHATEAY
(AW E : PJ01683409, RS-2023-00215004)2] &37-72H]

Aol ofs) =l om o] =AY
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2 9 EAvE ALF vy, 22eke), wixd 2 JUFEE g R chlorfenapyre] HF5A43 4370l
& Aol Fel e =EW7ke S8t A19ERR1 chlorfenapyr(10% SC)E 2,008 341 3ko] A 2]at5i om,
ruEsh 22vke] AlEE HF A F 0,3, 5, 7, 14900, W2t S AEE 0, 7, 14, 219990 22 A3 st
%Atk Chlorfenapyre] Ha ZHFE wiuglolA 0.08~1.93 mgkg, ZZrRoIA 0.71~5.93 mg/kg, lZ3olA]
0.08~22.54 mg/kg, S T4 0.01~1.25 mg/kgel AT AlF Z=oA chlorfenapyre] ¥H71& 1.2~14.74 =2
AREEAT dUAFE ST dib] dLHFHFETFL 02% PITeR 4l e BT ke o R ik Slch
2 97 A g 2E 5 chlorfenapyre] SFAAME7IE EA S A1 712ARE 289 F & A8 AdEn

MOI0q: Chlorfenapyr, PlU], 220}, w3, U5
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