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Abstract: Due to their similar properties to pesticides, lipids in agricultural products
can interfere with the analysis of pesticide residues. This study tested the analytical
recoveries of three pesticides with varying polarities, namely, bifenthrin, chlorpyrifos,
and acetamiprid, across three agricultural products with different lipid contents: oriental
melon, brown rice, and peanuts. The analysis was conducted using a method established
by the Ministry of Food and Drug Safety. The results indicated that higher lipid content
in agricultural products and lower polarity of pesticides were associated with lower
recovery rates, leading to significant emulsion during the liquid-liquid partitioning
process. To resolve the recovery issue, the liquid-liquid partition was replaced with
acetonitrile as an extraction solvent and a macroporous diatomaceous earth column.
The recovery rates using these improved analytical methods ranged from 81.8% to
94.8%, with coefficients of variation for triplicates between 0.7% and 5.6%. These results
meet the criteria for pesticide residue analysis, which require recoveries of 70-120%
and CVs of <10%. The methods developed in this study effectively enhance pesticide
extraction from agricultural products while minimizing the effects of lipids and emulsion.

Keywords: Agricultural product, Lipid, Liquid-liquid partition, MDE column, Pesticide
residue analysis method
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A% 0 A4 BANL ST TUHDE AAFORA B Sor] QA7 ET AR5 871 % (maximum residue lim-
its, MRLs)= AA517] s A2 vstal ot 1 23 20249 128 @A, AFFEFXAA M= SAE0l tisto] 444F
O UA712E BT UK ABSITELAN 24 AN (U 4)
487 AsiMe sAEe 54T 5oF ETlokehd e et AET B4
o] ‘ﬂd‘lo}‘:} e Aol o AR (matrix) SARETITH TR Tofshy] dizof olEet i IRsf 4 Al 1HE
A= Zgsto] B4 382 "ol 4 QHH3]. 53] AR A 22 44 2 IAREe 7 #1848 s 1
‘g4o] Blssto] A Foll= AAHA] il ZHEShe ZAI7E S| T 4] wEbA Rseks FEeHAl £45H7] f1siA
L a3t#9l A THo] WaHo|tt 7129] HA| 7149l A =3} I ZubE 181 (Gel Permeation Chromatography)= 15}k
A ARAE 24 A A8 22iste d adold, A4 5% (Solid Phase Extraction, SPE) Tt &S
ol-gsto] ZHEAS AAsH: 8% BA B o= ARGETHS]. SHATE o] HES AR AH7F A3, 5Eo] Hol TR
o, diidez B2 IY Alm % F71EME 4BlsoF sk @0l 3Utiel].
REUIAL AETAAIBIHEANA 1A A2024715)2 B AF F LS} BAL A PR 24y
4 AR BHS JASH Qe o] F AR B - A2y 2 AFEAH I} QuEChERS(Quick, Easy, Cheap, Effective,
Rugged and Safe) F=&Hof 7]dtslal Qlom 7R B 7153t 5ok = 7tAIZutE S T - 2R 7] (gas chromato-
graph-mass spectrometer; GC-MS/MS)& 2725, HA| A2 utE e T -AZFEA 7] (liquid chromatograph-mass spectrometer; LC-
MS/MS)E 2423F0|t}. SEAITE o] EAHL Alg 2] FF(matrix effects)S Bol We AFEA7] S St HA UH
o] dFsf RUEH PO 2 AEEY dEHe 5 § 7= ‘;}*é A AN A AlEA0l a7 kSl
T3 FRet go] A ”—}O] ke A&l disiAe AAA WS =AsteS stal lou AA|A BAoA ARE=
acetonitrile 3} n-hexane & 8o 98] AFH9 woF JET S AAELE BEA7F TS =% ot
A& Ad&2] 7Hdol ’30}74‘/} QuEChERSH] F&0] -§0oJ5H4] ¢k 4 TRt LC 9 GC AE71E E85h= e 44
- AR (AIFQAFERHA A A2024-712) AR & Utk SHARE o] B4R A Az o] ARYAA] acetonitrile Z3}
n-hexane £33} |u|& ARE-5t1 QJon], .o Hujj oA ]/ﬂ dichloromethane¥} 72 W75 =% (International Agency for
Research on Cancer Monographs©l| 4] Group 2B &3 2 H5; IARC YAIO|E ZX)S AREolal ok E3F of-of Buf A] AygsF
9] _[01_7] ﬁ]qﬂo] uuﬂ—g}oq ;‘qa H]_Q_o] u_}o] = g]-ﬁgoﬂ_g oz 7];_Mo] ohjr 3l \:}J—H -T-(-Z:E(Macroporous diatoma-
ceous earth, MDE) AH2 A £4E S| &4 E2S &3 A7) 4ES 7L Qo] ZRsoF £4 Al A-H
o HAHES AL = Uttt Hwang 52 4714 SHFA| 5 endosulfan¥}t 71 ESAHE endosulfan sulfate 42 9o -
il Al oA FRE A9 AESto] 71E i 5E W AAY AIREY] A, HA A, emulsion @49 sjAE gels)
TH7].
2 AFoM= AEFSA R BAW - A3, & AE5HRS W A=Y AetEE 5oF] S40] ARsef &40 A
:L

path

= I Lot 1A} Fe), dn| 9 F AR 5 acetamiprid, chlorpyrifos & bifenthrin®] 3482 4519} E3H 7|&9]
o-of RS o187 LA Aok MDE AEOR AT FEUOE BAT DS v|wsjo] RHH AN AL 715
st
M .

5o g Al

Acetamiprid & bifenthrin®] H&FE-2 Wako Pure Chemical Industries Ltd. (Japan)Z5-E 45t ARE-51 2. M, chlorpyr-
ifos?] FFE Dow Chemical Co. (Germany)ZH-E FLoto] AMESIATE o34 7FZE(Macroporous diatomaceous earth,
MDE) ZHEL2 Varian Inc. (USA)OA] A|ZE 10 mL Chem ElutTM cartridgeE AME-5F0H, Al=22] AT T AHEH
acetone, acetonitrile, dichloromethane, n-hexane, ethanol 2 ethyl acetate= Burdick & Jackson Inc. (USA)9] 5k tHE48-S
AREotATt. AlR9] HAA| Florisil SPE cartridge (1 g, 6 mL)= Varian Inc. (USA)Z5E 45l AME613 2, sodium chlor-
ide (EPE) 2 sodium sulfate (GRE)+= Junsei Chemical Co. (Japan) AH|&& ARSIt
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g ol gato] Bl MY 7717 AR Wel, AT, drl, AL, W, B, B
BSAME AR 5 gOf| ethanol/n-hexane(50/50, v/v) <% 81 25 mLE %715}l sonicator]|
£ SH9 © 55 ST 4% oHsto] B S’ﬁ% o] AT NS 40°C 87
BlE 2ot A M 53 BepAasle] BAXNE ol8alo] AMEEe Aastt. 4B A
o 2 SHE ARE R, AN D TALOT TEST Dol AT SUE AR 242}
4712 2T F olF EFoEd HdHo] EEste] Yealo] EEstHA ARSI

RAZ|E ol 8T 9.9 2] UAL ETSHE acetone FEH Wk, 27t)
SAE AR 5 o] 2 5 40 mgkgo] HES A7ME T 87 dolz WA 1417 B BREO] WAST BelS
At drjet GF Almole FFT 30 mLE 716l F83FSHAL 100 mL acetone 71t & HFABMAA o1}sGIT) o
RS 100 mL 27 9 50 mL ZSHAG57T 71A] 1 L BEHolFo]| &7]3 50 mL dichloromethane© 2 23] Bu] 2&3}%
t}. B4 sodium sulfate2 B¢F FEH-E 5=5}10] 4 mL acetone/n-hexane (20/80, v/v)o]] A&+ &, u|g| n-hexane} ace-
tone/n-hexane (20/80, v/v)C.& Z-AJS}A|Z] Florisil SPE cartridge A35-0f] 7}5}3L acetamiprids= 10 mL acetone/n-hexane (50/50,
viv) 28 82, bifenthrinT} chlorpyrifos= 5 mL acetone/n-hexane (20/80, v/v) &3 &2 8&A]7 ol 79 H=5t1L
2.0 mL acetone/n-hexane (20/80, v/v)°ll A-&al5tHct. 429 A& 1.0 uLE EA47]7]o FYUst el I 20tE 13
3 W&o et e IS B4t H| WSkt £47]7]&= DB-5 capillary column [30 m (L) x 0.25 mm (L.D.) x
0.25 pum (film thickness)] %23t gas chromatography-electron capture detector (GC-ECD; Shimadzu GC-2010, Japan)2} DB-
5MS capillary column [30 m (L.) x 0.25 mm (L.D.) x 0.25 pm (film thickness)]2 Z2FSF GC-MS (Shimadzu GC-2010 with
GC-MS QP-2010 Plus, Japan)E AR5} Lt

R A 7h

k

JlOI-

i

Chlorpyrifos *]2]€ A|2E &34 THAHE E49 - A3, 9] acetone FEH 0| wWal AX2|5}tE acetonitrile E3} n-hex-
ane -GS o-&3 ALAA IS F7I6te] Je& AFsHR A2 T AFAA FHS 55 dichloromethane 555}
11 acetonitrile 33} n-hexane &1 30 mLo] A|-&3f5to] 250 mLe] EHojFo] 271 T 5USH 8] 30 mLZE 23] Eujjs}o
hexane &2 WZ| 1l acetonitrile &2 435} H5=5t= WHAlo g £ Qch

Z71H 072 AW ] A|ATE AR chlorpyrifoss *]2]5}0] AR B4 - A3, o g} 358 BA435190H o]
AWNE AP £ ALGAAS AARAE A=) 8|25k AHAA = A|RE ethanol/n-hexane (50/50, v/iv) &5t 02
At JES FE010] ¥l Y2 carbohydrate®] AZXEZ[10], YA AGsH ALTF SHHS -3-8-510] FH]51HT}HS8,9]. FA
spo) We) ARE ARAA H2lE s ekl

|.| A{EH I;!t MDE & a-lE-I x-IQ.

Acetone % &1l thAl, A} 4o]R] FOoHA w5 = FEo| B acetonitrile -85} 4] chlorpyrifos2] 3]
22 AW E3F acetonitrile %% VIR 513 MDE DAL A83tel A 7 A5 5422 AFSHeAT MDE
AeQ Med B TS o3t Pk AR AR 5 ¢ 2 5982 10 mykeol TS A/KE T Gt 32| Dol
74X Bx]5ke] HRSA]F] AL SH4 10 mLe} acetonitrile 100 mLE 71oto] A3} o13tt FASHH A|R2E ofif & 480
10 mL7} @& W7HA] 5535t0) MDE Z 30| 7FsH3ith. oF 108 ol AAAA 25 S&3] F7AIX & 29 AHl 50
mL ethyl acetateE 23] 7}5}0] F4* sodium sulfatedo]] @A]7 Wol 5351t} A= 1|E] n-hexaned} acetone/n-hexane
(20/80, v/v)2.& ZAJS}IA|Z] Florisil SPE cartridge® AME3I90™, A|ZE 4 mL n-hexaned] A-&3l5+ & cartridge A4l 715k
acetamiprid+= 10 mL acetone/n-hexane (50/50, v/v) S33-0l| 2, bifenthrin¥} chlorpyrifost= 5 mL acetone/n-hexane (20/80, v/v)

SFEUE EEAA AY 5= 2.0 mL acetone/n-hexane (20/80, v/v)ol A|-&3stA Tt 2ol A2 1.0 uLE GC-ECD
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9 GoMsol Zstol tehe AzolE19e] Bag ol gsio] ok s,
Agisorel Mo B Hatsy

Bifenthrin} chlorpyrifos?] 4 9 & 542 GC-MSZ AA|oIH oM, GC-MSO| ZE7} gl acetamiprid®] £4-2 GC-
ECDE EA35}9th GC-MS9] A8 o] T Y E H(selected ion monitoring; SIM) £41& 3] A5t X7+ 0]2-L bifenthrin®]

g

5] m/z 165, 181, chlorpyrifos©l] T3]l m/z 197, 314t} o2& E X (matrix-matched) A4S acetamiprid, bifenthrin ¥ chlor-
pyrifos #EE 272 AA S AR €40 =0 0.1~10.0 mg/Lo] HEE XHZ 5]45k ZF 1.0 L& GC-MS E+= GC-ECD
o] FYUst] UEFY= peak?] HA-S 7|& 02 AT LE B4 Aot FFeHA (Limit of quantification, LOQ)= 7]7] Aol A
SA7 s HAHESF S ol8oto] ot Alo] 95t AESEATH{11].

LOQ (mg/kg) = [717139] H2dEF ()/FUF WD) x [AZEEY (mL)/AETF ()]

=

A2 HAAR 77 FAE A RE2RE 779 Aee S46ta 1L SR 9] Al gholl wet FA, AR 4
IAFOF A7 IFOFE Y+ (Table 1). Y= A FEHEF=H(Food Standard Agency)9] 7|50l whet Z|9Hglafo] ¢le 3¢
FA 118, 45% °I5tY A9 AA 11F, 45~25%Y B SAY T1E, 25% o1FE AS 1A AF0 8 FESIlH B
N A S A A 44.1%, 52.5%, 45.1%= LAY TIFo] &5t dn|et SAUS 42 3.5%, 2.3%= A A

Fo 53t o] & AQRt oot Al BF AR ZHA I QIA| ol FA 1] &5kt wARES] At
Apo|7F AFEke] E4of n|X|&= GRS doth 7] 5| Z9(Oriental melon), 7| (Brown rice) Z H-F(Peanut)Z 22t FAJH

ARG 9 DAY Ame ARst] AT7E SPstAT

+ ol of O

Q.

>

Table 1. Lipid contents (%) of seven agricultural products

Group Agricultural product Lipid content (%) Group Agricultural product Lipid content (%)
Brown rice 35
Peanut 441 Low Lipid
o Perilla leaf 23
High Lipid Sesame seed 525
No Linid Oriental melon 00
o Lipi <0.
Walnut 45.1 P Apple

X|etzkol| e 2|42 Xto|2t EXIH

o|d AtollA AMGHE soF =/ & ol wEH4,12,13], 58] log Kow #o] 3 m|wtd A% A&l 154 52
2, 31} 5 Ao]d AL FFA B9k 5 olAY AL AFA HoFo g LESIYCE B A4 acetamiprid (log Kow=0.8),
chlorpyrifos (log Kow=4.7) ¥ bifenthrin (log Kow>6)S 2z} A& Q1 124, S U A 5F0 7 AAsIFHtH(Table 2).

Ayekgo] o] vl IFS B ERIsh] sl 4 BohS 40 mgkg s E AR & A MR AN
- A3%; 9] acetone FERC| wet dla Al A3l FARY |0l dHistoiA= Al 7HA] 5ok 3l4=&0] 90% olFo=
59F 7ioll 314§ AJol7k 710] QUAAT WolF BT Yol AME BRI Alzol thajolA Aol HE4% Al 7
59k 3g&o] Wil FoF 7tof| I Aol & AZ FAT o AUUTKTable 3). &, FAHE A= AT =255
121 59fe] 4ol W ool sle-gol YSIT ol BoF 33 Al AlRe] A4 Aol ojgt 1 WY Ao A=Y
B, o] e WA Ao 4Ue 22 Bulel Mool Wasisch

https://doi.org/10.5338/KJEA.2025.44.18
Agric. Environ. Sci. 2025, 44, 170-179

173 https://www.korseaj.org



Article

Table 2. Chemical structures and physicochemical properties of tested pesticides

Acetamiprid Chlorpyrifos Bifenthrin
CH; CN
/
\C=N S CF\s Q
CHp—N Cl_N__OP(OCH,CH P % cH
Structure 2 N ( 2CH3) (o] CH, O
. oo | eiicy O
/ G 3 Ch3
\ cl cl
Cl
M.W. 222.7 350.6 4229
log Kow 0.80 4.7 >6
In water 4250 mg/L (25°C). In water 1.4 mg/L (25°C). hi In water <1 pg/L.
Soluble in acetone, methanol, ethanol, di- In benzene 7900, acetone 6500, chloro- Soluble in acetone, chloroform, dichloro-
Solubility } ! ' form 6300, carbon disulfide 5900, diethyl ' !

chloromethane, chloroform, acetonitrile
and tetrahydrofuran.

methane, diethyl ether, and toluene.

ether 5100, xylene 5000, iso- octanol 790, Slightly soluble in heptane and methanol.

methanol 450 (all in g/kg, 25°C).

Table 3. Analytical recoveries of acetamiprid, chlorpyrifos, and bifenthrin in three agricultural products with different lipid contents
using the acetone-extraction method established by MFDS

Fortification level Recovery rate(%)” + SD” MDA? LoQ?
Agricultural product
(mg/kg) Acetamiprid Chlorpyrifos Bifenthrin (1) (mg/kg)
Oriental melon 40 96.2+3.9 96.0+3.2 93.5+6.3
Brown rice 40 90.1+2.1 884+1.0 829+22 0.1 0.04
Peanut 4.0 71155 684+1.6 583+3.6

IMean of triplication; P'SD, Standard Deviation; ©

A7t A 3 5 H-H Fuf Al emulsion Aol FEsH=

glel
Atk wrebd A Azke) 7

Xgt M

g 4= 7ty =l

HI

o}
Acetonitrileg A4} AE3} 2 S3}E]= A2

MDA, Minimum detectable amount;

SE27F BolstAATt dnlet BFo] 9ol emulsion F/4Jo] TAFsto] I
20} THASHE Qo] H-f HHlE AT 4 =

9L.0Q, Limit of quantification.

EAI™o] AATHFig. 1). 72l H9-ol= emulsion 4
o o]fSS F1 AAE A F7HA

£ Aol Bast.

7} n-hexaned} §H Euljslo] F

A HF AE-L2 n-hexaneZO & AIdaF

Fig. 1. Photographic evidence of emulsion formation observed during liquid-liquid partitioning of a peanut sample.
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AAE L 5 =2 acetonitrileT O 82 FEH = St 54k § AR5 B4 Al & Aolo] FF= 1A
A 2] Y= °}°}E7] Loto] PR B4 - #3890l acetonitrile 23} n-hexaneZ ©]-8-3t A|RF
o] chlorpyrifos®] 3482 A| 8o} tHTable 49] “Later-removal” A3} &2). AAA & chlorpyrifose] H+t
A 88.5%, FH|ONA 90.1%, B4 80.1%= Ueh AA|A oz Aelgol ot gFol oleoH, B39 4

A IS A85HRS dl F&0] oF 10% o S7HHAth W= ]9 3lea-2 AWAA FE2 2852w o 2
YERETE 1 o= AMAIA S n-hexaneF 28 479 5oF o] olFsto] £AES] el Ao AlmHDh o]#T
ANE H|Fo] E uf, A|E F AW AEo] A7 B4 Al B IS Xt A ERIE 4 Stk

Table 4. Analytical recoveries of chlorpyrifos in three agricultural products with lipid removal treatment

ficati Mean of recoveries + SD? (%)
Pesticide Agricultural product e e
(mg/kg) Pre-removal Later-removal
Oriental melon 4.0 96.0£3.2 88.5+5.3
Chlorpyrifos Brown rice 4.0 89.6 54 90.1+1.6
Peanut 40 90.8+5.3 80.1+£23

35D, Standard Deviation.

The ‘pre-removal’ sample is the residues filtered after sonication extraction with ethanol/ n-hexane (50/50, v/v), and the ‘later-removal’ sample is
the sample from which lipids were removed during the sample preparation using the hexane-extraction method recommended by MFDS.

271402 Wloh G RS S ve] AT chlorpyrifosS Helsto] S8 A8S AA 23, Ali-‘ﬂ Aol
59 3ee Aao] T vRtE A 13 Has] SRl 4= AUATH(Table 49] “Pre-removal” AT} &x). 279 /\]-?ﬂ
AAZ QA s4kE A& 5 chlorpyrifos®] 3]4=80] °F 89.6% ol Fo=2 F7I5tR2H ol= A A& Xaq??_ ]71 7} 3l
T BAE HFS] U 22 fotol B & Urts AL welzt

_[N—\T—'

= o
Tt 24 Al Bol AN HE 5 8= acetone, acetonitrile I methanol 0] 21.2.H([14], 52F2] E|5}5H4] A 4o]
=3
=

U Alge] EA wat 11 AR ZEote] & Ha7t Ut} olu]A o)A acetone, acetonitrile & methanol -&1fo] 4855
ok 82 H| &2 &glofE AT} acetonel] F-F 41859} &olE|o] ZET 7} dojubR] AT acetonitrileX} methanol®] 3% 48
%9} 8o} A2 BB T & Rk Qolitek, olelet 54 o[ SahA IR HHY - A3, 0l $3 Uk acetoni-
trile= WAL H-of Fuj v Zﬂ% o] chlorpyrifos®] 3]4&3 &4 0?“‘:} 71 A3 5oF9] 3]4&0] 80.8~96.6% % LIEIL}
acetone©O 2 FE%F AyH ) ¢ 5519 O (Table 5), ©]= acetonitrileS F& |2 AFEol= Ao] XU A|2E EAI=

) B M solc), el dolo} G ALZ0] 9L ) FHolA HASHE emiion . 0S| HAT 4 G0
ol s|@sty] AL -0 BujE AT theto] Wastaich

Table 5. Comparison of recovery rates of chlorpyrifos in three agricultural products with different lipid contents using acetonitrile as
a extraction solvent instead of acetone

Pesticide Agricultural product Torfirteiton (e [EDEYERE
(mg/kg) 1 2 3 Mean + SD”
Oriental melon 4.0 99.9 92.7 97.2 96.6 +3.6
Chlorpyrifos Brown rice 4.0 89.2 95.1 91.3 91.8+3.0
Peanut 4.0 83.6 74.0 84.9 80.8+6.0
35D, Standard Deviation.
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L 7kge] =25 &5
HEHN)Y EF2=
ATH15). ©]2fet MDE

T 5o RS BUT 244 BULS B, $EY
=

29l Chem ElutTM cartridget= 77X E2} hydro-material 2 ©]F01& 31 <F 1
7}1131 Atk 38 FRE= 2FEE)S |oi7t siAel E& = o] vhEoixl
B9 el FAEL BRA ) WA olshaAAL FHAE g A8

4 BAL FHA7L

=
It} o]#st A1) YBtOZ Tseng 52 5714 FAT} A Z 136714 ko] ThAE
29S A8z &9 Zull A] emulsion FL Skl A2 Al ARE

=
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o e
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e
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)
2
N
X,
filo
)
=
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4>

off >
Az
o
e
-
=2,
2

2
o
nst
4>
%0,
52
=
2

% BlE acetonitrileZ AR&-StIL - Ful ti4il MDE ZHS A-&5te] 3]5& AIPS ZIH(Table 6), 32|, dr] I
oZ A= 250 i8] 3]4E&0] acetamiprid 88.9~98.0%, chlorpyrifos 87.4~98.5%, bifenthrin 86.9~95.7%% WE}L} 4]E ]k
QFAA A AR ZHRset BAY 844 AS 715 70~120% ©|W o] HE/dS TSIt ¥l Al G (coefficient of varia-
tion; CV) GA] 1.6~5.2% FFO0 &2 e} 10% U|¥te] 7|&£E THEs Q45 UL HoFQoh B4 3 2ulE Y Ao
HY wa3E EAEHA] oM (Fig. 2), iAEA A AL /AL 0.99 oo 2 Yert FTsict Al 7HA]
599 HHFHA= 0.04 mg/kge 2 YEN} 5 B-EAEZHZ A L (positive list system; PLS)OA] @ 7-6H= LOQS] 0.01 mg/kgS
Z3}5FQAIEH17], 0] AFol|A] AR&FF GC-ECD € GC-MS 71715 Y (tandem) FFEA7| 82 thAIS 4L PLS Q7 HesHA|
ZE0] ST o2 HWHEI

o

i
o

Table 6. Means of recovery rates and detection limits of acetamiprid, chlorpyrifos, and bifenthrin in three agricultural products with
different lipid contents using acetonitrile and MDE column

) Fortification level Recovery rate(%)” + SD” MDA? LoQ?
Agricultural product
(mg/kg) Acetamiprid Chlorpyrifos Bifenthrin (u9) (mg/kg)
Oriental melon 4.0 95.1+34 954+4.0 91.5+2.1
Brown rice 4.0 933+1.7 93.0+438 929+34 0.1 0.04
Peanut 4.0 919+44 899+24 884+14

¥Mean of triplication; bSD, Standard Deviation; “MDA, Minimum detectable amount; YLOQ, Limit of quantification.
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Fig. 2. Chromatograms for recovery tests of acetamiprid (a), chlorpyrifos (b), and bifenthrin (c) in three agricultural products with dif-
ferent lipid contents using acetonitrile and MDE column.
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