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Abstract: The increase in pesticide use for agricultural production may affect consumer
health due to pesticide residues in crops. Consequently, many countries have established
maximum residue limits (MRLs) for pesticides. This study evaluated the characteristics
of residues and conducted a risk assessment of etofenprox and deltamethrin in Cirsium
japonicum spinosissimum. The residue levels of the two pesticides ranged from 0.99
to 8.07 mg/kg and 0.03 to 0.71 mg/kg, with half-lives of 5.0 days and 3.5 days. The
https://doi.org/10.5338/KJEA.2025.44.09 risk assessment based on the highest exposure scenario (99th percentile) indicated
hazard index (HI) values of 0369 and 0.097, suggesting a low-level risk (HI <1). Considering
actual intake scenarios within the agricultural environment, risk assessments were con-
ducted for treated plots at 3, 7, and 14 days after pesticide application. The results
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o 3t 55 FELEETE A E(Positive List System, PLS)7F AR =1L It} PLS A|E+= AHH5]-87]F(Maximum Residue
Limit, MRL)o] 5% Qe o] AR A2 4% YBHOD 001 mykg® AE A2 20199 T wE
A8l thotol 28Hgon] 204K 5T FA A 4 A B2 B2 24T o WPt S=gn. Ha
sR50] A4 ALRENT U GAATIE 14S 4B o Au@ao] Z715HE (1), 4TSt Lol BrBaoz
AREERE 84S TR AliE o] A2 2uA A 22 REY old uE 55H 599 77T Attt ol %t
Aok ARl Hais FAIE o1EA W, Wl 5 FFIME SFHA B2 S ARGSHAY FAES oA A27t
o]Fod Aol oM. FAFOIA MRLE 28 Y 554 ¥ 52l 001 mg/kg TEEH 23H 0] d&2 34,
FAGY sAER BAEH] S35 7], 8= ¥4 59 FFARS LA He 5 AU BAIA Hsirt A o A2
Yo

webA ok QPSHA ARESto] AR BANES ABlRb|A SF6k] HlsliA= A AHEol tigt BoF 55 Aol AlETt
sggoly.
Q73 (Cirsium japonicum spinosissimum)+= 7FAUERE Bol= I8 4T &) ol thdA 2202, 48 9 -8
o2 AL FAAE Behieols, BehiiezlIn Sol BRajr] of 3 AelAe 7 Ho @ YW, TUY U5
B} Siel 74 71 4189 W22 ABEIL Acas) WA BERO A7 ABAL FAASUSE BAE 5
O 2 3t afidopyropen, cyantraniliprole & pyrifluquinazon & 3&%o] &5 0] Qlo] ITEZA9] orAg YAH ALY T3S

95| LokobAALE 7|E 2 MRL AAL 93k A7t AASH AFglolthe].

Ao AFEH 59F etofenprox@} deltamethrin> 4 pyrethroids Ao &35t AFA|Z, A9 & Na* B2E E9 AH=
FAIst] axon Al RS AEHE £ AHE HEHE HYE Aot 28l ol HFE/dE Z=tH7]. Pyrethroids
A Bo82 1973 5l50] permethrino] EYE FHE] AMGo] FEIARCH, WA AA A3A A o 23%5 A3
59, 7 &4 SollA AREEAL QTH8]. B2 pyrethroidsA] 5F0|0] % etofenprox2 7|& 34 pyrethroids A5A|7} 3842
2 ZrE= ester A% Al ether TS 8610 pseudo-pyrethroidsZ £-F-F THTable 1). kaﬂ_/] o]=AJo] 7]& pyrethroidsH|
S50 o] o) 50 e ol B B4 U HREA B3l /] pyrethroids] SOPHT} S A0 My Slcks 10]

2 AFoAE A F91 JAFol A=A etofenprox L deltamethrinE ZFFA ] & J’E W 5ok B E4 ¢
N BAE ANT] AR B B MRL AHE I ARARE BEHTA A

Y Al 59 EE-2 etofenprox 10% F-EA|(HEFR}L, FarmHannong, Seoul, Republic of Korea), deltamethrin 1%
2, Seoul, Republic of Korea, Kyungnong)E 41735}l AE5It) 59F0] EEE2 etofenprox (98.7%, <)@t
deltamethrin (98.6%, <=2 )2 Sigma Aldrich (St. Louis, MO, USA)OJlA £Q15to] AN TFEH 24 U 34& Agof| AMES

Table 1. Physico-chemical properties of etofenprox and deltamethrin

Etofenprox Deltamethrin

H3C

HC o’\©/o© & Oi
Br 2 (o)
Structure = (0]
Br
CHs

O._CHs CHs
Molecular weight (g/mol) 376.5 505.2
Vapor pressure (25°C, mPa) 8.13x10™ 1.24%x10”
Log Kow 6.9 (20°C) 4.6 (25°C)
Solubility in water 0.0225 mg/L (20°C) <0.002 mg/L (25°C)
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Aok AAEE9 224 EAERH 7, 4%, 5719 Log Kow, &385%) Table 19 AAISHA
RS Agof AREE 77181 HPLC grade®] acetonitrile (J.T.Baker, Radnor, PA, USA)E ARSI, A|F0 2 AREH

formic acid= LC graded O ZA] Honeywell (Charlotte, North Carolina, USA)o|A] F£15}0] ARE5IHTE & 2 AA o ARE-E
£ QuEChERS Extraction Kit, QuEChERS Dispersive Kit & DIAMOND Florentine syringe filter (0.22 pm, 13 mm)& CTK

corporation (Daejeon, Korea) A& Ao}

A ZHE A= AASLE FHERE Zaktol AT A A ] oA 2024 4Y 99 THF & 6 1297HA] oF
297 AlE skl 2 W FAE 9 AIEE AFFEMEES 10 m2)E sijA|stal §HEEE wAke de ®AIsH] f15)
1 m*9] &SA S F3Ut}. Etofenprox 10% -FEFAIQ} deltamethrin 1% 34| A|FF= 570 A 2H(FA ], 8 09, 3¢, 79,
149 A 23] Ax-HZ HAFT). 5 etofenprox 10% FEA| L deltamethrin 1% 4] 10008 3]4]9H(20 mL/20 L)S XAt
T A 79 7142 Tl 23] AE(10 aF 120 L)SIATE Alme 5 04(FSEE 2412 F), 39, 79, 149 A 23] st
A2 Tto] tisto] HHEAT 1 kg o4 AFISIATE AZHE ARt HolA] s 8 A 9 oFA| HHE HAIT polyethylene
(P.E) film bago] Yo T HAFH=Z Htslich

A2 =H|

S AL o A9 FAE S5t (etofenprox: 3143 + 535 g, deltamethrin: 31.90 + 4.60 g), 1 kg9] A|ZE Ee}o]
ofo] A2 27}510] homogenizer® FA3FFATH 0% 10 g& YFsho] Aol ALLSIHT Yo AlBE B4 7|7F 59 20°C
oot E 2 YEsRIASIUTE ARG HIE Y5l etofenprox@t deltamethrin®] HF8-9E- 0.1 mg/kg 57t HEE FA4
g AR 10 gofl Mt F, BAA R} FLsHA] FERAFAT.

M A H| Y T MY

ke

B4 Al 71719] A=A (Instrumental Limit of Quantitation, ILOQ)+= E4EZ 9] chromatogram W peak?] signal to noise
ratio (S/N)0] 10 o]AQl =& AWt BAHO AHZFSHA (Method Limit of Quantitation, MLOQ)= ofgje} 72 Al=4]
(1)¥} Zro] TLOQOY FUF(L)S F3t 7 FAAZEZF(Minimum Detectable Amount, MDA)O| A& FA|(g), 717] FUZF(L),
24 g9 HERT(m) N SNHEE A4 Eolo] ABIHIAT

MDA (ng) X Final volumn (mL) X Dillution factor
Injection volumn (uL) X Sample weight ( )

MLOQ (mg/kg) = (1)
590 HFEAS A3t AL etofenprox HFE(98.7%, <) 10.01 mg AZFSE & 10 mL volumetric flask®]] 10 mL2]
acetonitrileZ 8€-3)|51] &L} 996.9 ug/mL7} E|E= primary stock solutionS ZA| 5} T}. Deltamethrin E5%(98.6%, <)
ESE 1001 mg AHF T 5L FHOZ 8o)5to] 995.8 pug/mL 5L 2] primary stock solution2 FA|SFF . ©] primary stock
solution= 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5 pg/mL FEZ 343t & FA 7] A|RE acetonitrileZ F&3 AT} 50:50 (viv)=
Sglelo] #F H%7 0.0025, 0.005, 0.01, 0.025, 0.05, 0.1, 0.25 pg/mLSl matrix matched working solutionS ZA|5IH T} GC-
MS/MS©]| etofenprox+= working solution 1 pL%, deltamethrin 2 uLE F¢oto] E4-& 5} th. Chromatogram W peak
areas 7|NIO R HE FHFAEL Ao, EE HAFAY AAAHL AL g3t AAASR(E) e B9l Felstsich

A3 B Etofenprox U Deltamethrin?| 2|42 AIHY

FAE 94FA A= 10 gofl 1.0, 10.0 mg/L ‘5E2] working solutione 0.1 mL¥] F¢sto] FEE9] S5 0.01, 0.1
mg/kg7t E 5 3WHEC 2 Aot I¢g AYS Y5ttt ARUHAZS &5 Y3l etofenprox®} deltamethrin©] 0.1
mg/kg 70| HEE FAE A A7o At T 72 20, 399 B9t YEEIH-20°0)51At d5E AP A Ho
2 2330 AR AT FX AW 5o AL s,
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A3 & Etofenprox U Deltamethring| ZtFE2M
4737 = etofenprox L deltamethrin®] &2 QuEChERS EN 15662 ®'H-S o] 851t} #43te AR 10 g (001 g}
A7Folo] 50 mL centrifuge tube®] ¥1l, 10 mL acetonitrileZ H7} & 187t shakerZ2 7oA A F&51%th g =3t
/\]Eoﬂ MgSO, 4 g, NaCl 1 g, sodium citrate 1 g} disodium citrate sesquihydrate 0.5 g& 37}olo] 1827F K& &, 4,000 rpmOf|A]
DA EF5tYTE A S 1 mL F510] PSA 25 mg, MgSO4 150 mgP] ©3] 2 mL micro tube®] ¥ WHISH & 10,000
rpmoﬂ/\‘] 557 ¢4 EE5ltt o] & AFX NS DIAMOND Florentine syringe filter (0.22 pm, 13 mm)°f| oj@}sto] AL 0.5
mLE acetonitrile 0.5 mL¥} E3}5}0] etofenprox:= 1 pL, deltamethrin®= 2 pLE GC-MS/MSO]| =45} El(Electrospray ioniza-
tion) mode= E4J5}%t}. Deltamethrin®] 7J-9- retention time©] 13.5% 4 13.750]4 HAEH F 719 peak HA-S H4ISH ol
£ Ao A8-313 T} Etofenprox®} deltamethrin®] AJF2Q1 B4 Z AL Table 20 AA|F0] Ut} 529 XF 5T matrix
matched HFAS ©]-3to] A4

HEZED| Ab

— 0 —

it

P F N AEH etofenprox®} deltamethrin®] 44 E4 9 WH7]+= first-order kinetics equation HFFO.Z §F A3k

ol-g3to] ofzf 2] 4 2, 322 ALlote] AFEstAtH1L,12].

Concentration at time (C(t)) =qe ¥ o

= Initial concentration (mg/kg), b = Dissipation constant, t = Time

In 2

Half=life of pesticide(t,,) = —= 5

b = Dissipation constant

Sloid Wot

= HEO] AR5 etofenprox W deltamethrin®] A 201 A7} 9L H7I5H] A8 A B7FE AASHEE 18y
F73 el et =i AT A A=t st At =ohte] L3k =
HlolEE E&SIATREEANINTY, 2021). FBF = 54 82 AT o2 vl vhd, &282 HB14 48 I
T2 9] Z8HH, oo gt AT Amrt Sw5] FEE0] Uk E3F £k O] AZto] Flstal ZHgAE|7F HE Sk

Table 2. Analytical condition of GC-MS/MS for quantitative analysis of etofenprox and deltamethrin

Pesticides Etofenprox Deltamethrin
Instrument Shimadzu LC-MS TQ8050 NX with Nexis GC-2030
Column DB-5ms (Agilent, USA) (30 m L. X 0.25 mm L.D., 0.25 pm film thickness)
lonization mode Electrospray ionization (El)
Rate (min) Column Oven Hold ‘time Rate (min) Column Oven Hold.time
Temperature (°C) (min) Temperature (°C) (min)
Mobile phase 0.01 130.0 15 0.01 130.0 15
30.00 230.0 0.0 60.00 230.0 0.0
5.00 300.0 3.0 10.00 300.0 3.0
Retention time 15.7 min 13.5min 13.7 min
Injection volume 1uL 2L
Quantifier (CE?) 163.2/135.1 (-10.0) 252.9/93.1 (-8.0)
Qualifier (CE?) 135.1/107.1 (-10.0) 252.9/171.9 (-20.0)

4 CE: Collision energy
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724 S A0, ol T 49| R0 409 A0 A ol e, ol
= g Al 5ol tigt MRL 7]<z0] o]n] ggE|o] glof & ‘5?011741‘ = WA A= E85to] Asid 87
SIS T A ZQOFEQIA A 9] AFEAA R SEH T dUAFH 5|8 Et(Acceptable Daily Intake, ADI)2 etofenprox©f| 4]
0.03 mg/kg bw/day, deltamethrin2 mg/kg-bw/dayZ AJE 0] ATHA|EZFEQAHA, 2008). A4 H7ME Yl ADI Hiy]
2 ¥ (Estimated Daily Intake, EDI)Ql HI (Hazard Index)E o9 4] (4, 5)& ©o]&3dlo] AL&351Tt

e,
1o
12
]
Ry
0_1.4

EDI (mg/kg-bw/day) = Daily intake (g/kg-bw - day) X Pesticide residue level (mg/kg) + 1000 (4)
EDI (mg/kg-bw/day)
o) =
HI(%) ADI (mg/kg - bw/day) <100 (3)
Zoy o
M AS

&

5= 9 etofenprox®?} deltamethring %43t matrix matched ATFAIS] 2 A4 (r2)&= 0.0025904] 0.25 pug/mL HLJof| A 0.99
o]0 F A XL F3 5l tH(Table 3). Etofenprox?] JAF 5 34E&2 0.01 L 0.1 mg/kg F=o|A 91.7~105.8%S UEFH S
™, deltamethrin®] 3]4&-2 0.01 2 0.1 mg/kg =04 95.2~1104% 5 EFAT. AR A /\]d A}, 2E 549 34E0]
89.6~102.8% HIE AF Z oHHT Ao g FlLQir}. 3|4-89] Ho|ASE BT 20% o|UE, FEAZH 1A A2024-5%
TFE ARY 71 2 Y] BAW AT 7IeS UESSHATHEESA, 2024)(Table 3).

AAF & etofenprox U deltamethrin2| Zt7 EM
P77 S etofenprox®} deltamethrin®] Ul MRLE 7= 0] YA gFom, ez E/do] vlsstal A7 &3 =3kel
Zro| Al etofenprox L deltamethrin®] MRLEZ 22} 15.0 mg/kg, 0.3 mg/kgO 2 TA|E| 0] QUTH(A]ELJFEQH A, 2024).
Etofenprox?] AHTFE & oFAAE U U 14U & A oA Hat 7.65 D 1.00 mg/kgC 2, ZF FAME 14U &
279 R 27| R qu|d] 87%7F TASFATE Deltamethrin®] 7% 0.63 & 0.04 mg/kgC 2 ZFF AL 14U
T T ARTFE 7] 7T thiH] 94% FA5HATH(Table 5).

J&

2

Table 3. Validation of analytical method for the pesticide residue in Cirsium japonicum var. spinosissimum

Pesticide Calibration equation r o e it By VP (%)
(mg/kg) Rep. 1 Rep. 2 Rep.3

0.01 99.2 103.6 105.8 3.2

Etofenprox y =3,997,005.7700x + 32,814.4924 0.9988 0.1 95.5 91.7 95.3 23

0.1% 89.6 91.8 923 16

0.01 1104 95.2 107.4 7.7

Deltamethrin y =100,262.2875x - 89.1606 0.9992 0.1 102.4 100.5 99.7 1.4

0.1 92,5 94.1 102.8 5.7

3 Storage stability test, ® Coefficient of variation
Table 4. Half-life of the pesticides in Cirsium japonicum var. spinosissimum and dissipation equation
Pesticide Dissipation equation (y” = ae™, x = half-life) r Half-life (day)

Etofenprox y = 6.0385e 137 0.9229 5.0
Deltamethrin y = 052331985 0.9729 3.5

3 Residual concentration of pesticide at time

https://doi.org/10.5338/KJEA.2025.44.09
Agric. Environ. Sci. 2025, 44, 78-86

82 https://www.korseaj.org



Article

Table 5. Residual concentration of etofenprox and deltamethrin in Cirsium japonicum var. spinosissimum

Residual amount (mg/kg)

Pesticide DAT?

Rep. 1 Rep. 2 Rep. 3 Mean SD” (%)
14 0.99 0.99 1.03 1.00 0.02
7 1.98 1.97 1.88 1.94 0.05
Etofenprox

3.31 3.33 3.34 333 0.02
0 745 8.07 743 7.65 0.37
14 0.04 0.03 0.04 0.04 0.01
7 0.11 0.10 0.11 0.11 0.00

Deltamethrin

3 0.26 0.27 0.24 0.26 0.02
0 0.57 0.62 0.71 0.63 0.07

¥ Day after treatment, ® Standard deviation

= %‘1}:94 Z 7|75 ZJo]+= etofenprox’} deltamethrin®] 9F 128 &2 $£F0 7 ZHF5IAT o]= ZF 5oFo] Atxd =
=7} etofenprox (EHF 10%, 10008 3]4)7} deltamethrin (5 1%, 10008} 3]A)E o} 108] &2 A3} A-3ot=
o= PEFJ‘:} ESF etofenprox= FEHA, deltamethrin FA|2 Aol ttaH, FEA= FA9 54 5 771 8419 &4
9 QI oz gt Kyt 9 F A5 E017] sl ARG A2 ¢ &4 ol =9 —’1‘-1113‘_4'[13 14]. w20
2 1EA AREs] 2Rt FRES FF 9 FA 240 gt AX A] IAREA AolE Y 4 Uk o] Holke
FHA FEE} 7S 7HA Fofoll & EHE EHA 0] YL, WA AulE o] 7} % 22 BHA JFE B Ao] 5o ARTF
FF= vz Ao HWHFEH15].

fol
ox,
w M
L

o_>,~l:
o Me
[o

=2 #o o _ll-l‘l >i o
O.L;
mO

A7 % etofenprox?} deltamethrin®] Z+E%0F0] Al EAL first-order kinetics equationg 023 ZHzo] 7+4 3]7)4]
y = 6.0385¢ 7 (R?=0.9229), y = 0.5233¢ """ (R?=0.9729)Z LERH I TH(Table 4, Fig. 1). T A4S B3 Y47 F etofenprox
% deltamethrin®] &4 BH17]|= 509 9 35U % AEHAU of= 24 &9 E23tehs E42 vBlsS W etofen-
prox%:— ether A3S ZH= pseudo-pyrethroids® FEE|&= HIH deltamethrin ester 232 2t AE pyrethroid2 &% ™

Z9] ztoof 95 Eaflatgo A x}o|7} &R Sttt Pyrethroidsts 38402 cyclopropane 118]29] X]|2k7] o]dA35}, AF A
%’%71—4 42}, dihalovinyl =42 & =278} §H-Z S5f HIEA & HE]E]- Deltamethrin©] <3t A|IIY pyrethroids= &7}
EEASIE QIet F3}et vhg2 Ff WiEA o, esterases 2= A EC A Bt RS WHgS E5) ESE:
YA non-ester pyrethroidsQl etofenprox+= deltamethrin¥} ©3] B7}2EA415} 9 7}=Ra7} o] k=t thil BHAksaea
7b A7) B2 §ESSte] MY E] = ether cleavage® 23} W3S Jo7It). §i9f 2 ZhF F49] Aol deltamethrinO]
etofenprox2th § ¥tZ7|] A7) EA = 279 8oz A]—EE]\:} 8,16]

e A= 47 WS H|woklS o etofenprox= PG F (5.0
) E = #9)tH15,17]. Deltamethrin®] 73S ¥EA7E JAF(3.59)0) 4 o]
2 2ot 22 5418 5ol oie AW B8 B B3R 5O DRW 54T S 55, 99 AZT 59| Aheg 2ol

=0k0] AZo] IS £ ZoZ AmHETH19-21].

P}

25 "ot

Etofenprox®2} deltamethrin®] ADI+= Z+Z} 0.03 mg/kg-b.w./day, 0.01 mg/kg-b.w./dayZ &0} Q] O T (2]EFEQIA A,
2024), A¥ 59 HhHRFS 8.07 H 0.71 mg/kgo]AtH(Table 5). AA| s W A3 AU (=gt 0, 3, 7, 14¢ A
B°F A=)E LEste] sl B7EE AAISHITE Ul AR &2t AFHA] 99mAdlEd S td e HIE Aet 23k 71
oldo] =2 Ax T Fd 58 X2 T A] etofenprox 36.9%, deltamethrin:= 9.7%Z(Table 6), HI7} 12t} Yo} 9jg]4o]
Srh GAE (S E RS, 2024). 5 3, 7Y 9 14U A H A2 FolA] etofenprox?] -9 15.3%, 9.0% Z 4.7%0]
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>

Concentration (mg/kg)
[a%) w S w1 o -] (o] (K]

. y = 6.0385 e 0.1374x
Rz = 0.9229
Half-life: 5.0 days

0 5 10 15
Days after treatment (days)

o~}

0.7
° y = 0.5233 01988
0.6
R? = 0.9729
0.5 Half-life: 3.5 days

0.4
03

0.2

Concentration (mg/kg)

0.1

0 5 10 15
Days after treatment (days)

Fig. 1. Dissipation kinetics of etofenprox (A), deltamethrin (B) sprayed onto Cirsium japonicum var. spinosissimum.

Table 6. Hazard index (%) of exposure scenarios of pesticides for different treatment groups

HI of p99? (%)

Pesticide

14 DAT? 7 DAT 3 DAT 0DAT
Etofenprox 4.7 9.0 153 36.9
Deltamethrin 0.5 1.5 3.7 9.7

3 Hazard index of 99th percentile of the distribution of intake amounts, ® Day after treatment

1o, deltamethrin®] F$ 3.7%, 1.5% % 0.5%%= AT T G Ayl o] vls] sfdo] 3ttt etofenprox?] -9

gl 790 20 A, delametring] 2 45F 39 AekPlA W 10% ol o) A7 b o8 A0 skt Hoje

2 AlRolA ERIE 5oF ZRF MRL 7]E 55 o7 SHH2E 12T 1, etofenproxi= & 78 A A Z]E, deltamethrin

o 2839 A ATl G4 AH A 5w el ol HE Ao waH B AT Azt 349 A
Al QEHRE BoF AFES 917 HAARETIE 9 MRL E39] VxARE €8E 4 St

Data Availability: All data are available in the main text or in the Supplementary Information.
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