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Abstract Our study aimed to investigate the residue profile of profenofos in the peelings and the pulps of
greenhouse-cultivated mangoes (Mangifera indica L.) to obtain baseline data for pesticide registration and
food safety evaluation. The mangoes were treated with a 1,000-fold diluted formulation of deltamethrin
(0.6%) and profenofos (15%), which was applied 7 days prior to and on the days of harvest. The mangoes
were harvested at 0, 7, and 14 days following the final treatment. We analyzed the peelings and the pulps of
the fruits. Using gas chromatography with a flame photometric detector (GC-FPD), profenofos residues were
isolated and measured with a method limit of quantitation (MLOQ) of 0.01 mg/kg. The recoveries for both
the peelings and the pulps were within the acceptable range (70-120%). The average levels of profenofos
residues in the peel were 0.84 mg/kg (day 0), 0.24 mg/kg (day 7), and 0.01 mg/kg (day 14), while those in
the pulp remained below the MLOQ for all the sampling days. The %ADI of the profenofos residue levels in
the peel was 0.030% on day 0 and decreased markedly to 0.00035% by day 14. The levels of profenofos
residue in the pulp were consistently less than 0.00035% of %ADI on all the sampling days. Our results
suggest that profenofos is retained primarily in the peel and presents minimal dietary risk when edible pulp is

consumed.

Key words: Greenhouse cultivation, Mango fruit, Pesticide residues, Profenofos
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E}(Klm 1989; Woo et al., 2013).
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o] Jell= AZA| piperonyl butoxide= Hljo} Wl 2 g
sonic hedgehog 213 MY AR E A5l wfjo} Wk} 9}
A= g Pl FILFS = 5 .21 (Kenneth et al., 2021),
imidacloprid= A& ¢]9] 414 7]‘_3_ Zi?fﬁ?fﬂ =S sl
S AT T A 7sels IS vAe ZeE
R EAHDavid et al., 2008).

olglgt TAIE FHaskelr| Sl seveE 299 oY
S7tlM e A A FEE 93 ARA AAE
nFASHAL Qi oM = -4 Q8-S A8k M|t
obAS BAE] 93 s%ﬁl 22724 % (Positive List
System, PLS)E =3}, Z]’v‘ﬂ 7|5 (Maximum Residue
Limit, MRL)?} QFAA}-8-7]55(Pre-Harvest Interval, PHI)S
AA31aL 3ITHAn et al., 2019).

Profenofost 7|4 HA A5A 2, AAHAEEZA] ace-
tylcholines 7FE3ll3l= &4 acetylcholinesteraseS A
oM alF] AAAE wHEAA 4 2E e
(Chakra and Venkateswara, 2008). 53], Sshdl, gafvpid
S WIS Sl Ao, [f7194aA AFAl Hla)
ZEge] &AL A SAo] W Ao R sl A AAA
o= Jdg| A-EAL Sl

W3l(Mangifera indica L.y= AA & 300 2&E 5
stE, gl &ohe thdAd ddiselth(Yoo and
Lee, 2020). &&otro} B HopAolrt AL 2 FH A
AoH, A= A%, T, B SAoA tiFERE A=
ATHKumar et al., 2021). H2oll= 715 wdsie} Ap) 7]&9]
W s g A 7hs Aol SHiE e, vt
AME Ht 712 Aol wet AFE, AF, AEE §
- A9 FHOE FE7F EA AHo] HE Iwin® 5
(@™ f=gr)e] F2 Al UTKAn et al, 2015). =
AHAS 20173 423 ha(97 E7HelA] 20249 138.07 ha(431
S7hE 74 Ate] of 37t F7kske & AEAQ At 5
A& Ho|il QITHMAFRA, 2024).

Wale vheFet #E=31HE (mangiferin, catechins, quercetin,
kaempferol &)= $Hislal o] Akst BA4o] S-ratH
(Masibo and Qian, 2008), -3 ofujg} Sl 4] 5 Thekst
oM E ksl A, v 5o AeEAdo] Balwa
AUTHKang and Lee, 2022; Maisuthisakul and Gordon,
2009; Yoo and Lee, 2020).

g, Wale SudME o]l B2 tiEAQl I
HAE, fre 4 E‘* erﬂoﬂ/ﬂ %‘O ke Agst & dEsfvt
ofg] & &2l =&

2024»4 5-%141 % U”Oﬂ/ﬂ 72 ’%‘ o] AEE AH
27102 HIEJATHMEDS, 2024). o] & Zzjdat

1= metominostrobin, phenthoate, profenofos & 3%<]
o] 7] (0.01 mg/kg ©I3hHE 2t AE=HAAL,

HEGAF Warol M= permethrin®] 715](0.01 mg/kg ©|5hE
zste] HAEgo] we ST AFol W 9 2 35
ZA]7} o] Fol7l bt 3k

T2 dnkH o2 saef o “}01 Hake 3ol 9lon,
FEAME AEHRA A 2 22 Yehls 447t

%th(Han et al., 2015; Lee et al., 2004). ool we} 7
AF Al e mE ARt =F S5l Alel7 B 4
o], o R 540 gk #alo] EoA| AL Stk 53,
Keardl ’1‘35‘45‘}74‘/} HAE 283 7FAFEe] 2R ool
upet 2HAES AP ARE e Fol tiE v
A WHSSIL ATH(Jung et al., 2024). ZHIAE B
8L, Sk, 9o, Bepol 5 Ak o2 e AAska éﬁ
she AdFe e R A AT ol B
Aol oo E A Yo S Hujet Heow :rLLr
ato] profenofos®] H91¥ 25 EAS EAsla, ek
gL 2Rk f5S 9F A%t VxRS vl

33Tt
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o fr off
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Al ARE3E A= deltamethrintprofenofos 15.6%
TN skl ARSI Profenofos
EFF095. O%)— Sigma-Aldrich Chemical Co. (St. Lois, MO,
USA)ZHE s eH, sid 549 o|s}dhy 54&
Table 19 A|A|BIATE 4o A3k acetone, acetonitrile
Fisher ScientificAl2] HPLCH #|&-2 ARS8} 3L, QUEChERS
extraction kit (NaCl 1 g, MgSO, 4 g, trisodium citrate dihydrate
1 g, sodium hydrogencitrate sesquihydrate 0.5 g)°} dispersive
SPE (PSA 25 mg, MgSO, 150 mg)= ZHZt Chromatific
(Heidenrod, Germany)?} Thermo Fisher Scientific (Sunnyvale,

Table 1. Physicochemical properties of profenofos

Pesticide Profenofos

Br
o)
@L P
0”0”7 “cH
Structure & 3s 3

HaC

IUPAC name 4-bromo-2-chloro-1-[ethoxy(propylsulfanyl)phos-

phorylJoxybenzene
M.W. 373.63 g'mol™

o Readily miscible with most organic solvents. In

Solubility e 28 mg/LL (25°C)

Relatively stable under neutral and slightly
Stability acidic conditions.

Unstable under alkaline conditions
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CA, USA) AlEF& AH-3HTh.

NEELS
AR AFERANE AALA SE5o) 91X
APA S sk 2ol Fasielnh, £ Ae 20219

&
FENZA T AT deo =, &g ARl
32 AIRAAA Aol et W 155 IR0 R A sl
Z WO 2 wix|etlom, vhE 1 WA oF 5 m’ ATt
TR Ak e FAYT AR $Y WAHoE 19y
A th(Fig. 1). oA 2] A] H|4kel &gk 9 dE WA
at7] 918l 7t 78 Ateloll 7HHE AR AIE 1%
¢ HEE A W 25 3 FE= TM-306U (Tenmars
Electronics Co., Ltd.) A& AFEA W F A Fol| x|}
A7 A0 Z7g3I5om, ol Hetate] Y &k B
FEE ST ARV § B es 274°C, W EE

= 722%R0H, 721491 Hl= Fig. 201 Ve S
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[
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Fig. 1. Photograph of the Mango field used for this trial (a) and
layout of treatment plot for the field experiment (b).
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Fig. 2. Daily temperature and humidity in the mango facility
during the experimental period.
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MK X AIZIF

AlE e 1L,0008N= sMate] A7) S B
(ASABA BP-10Li, Japan)E ©o|&3] i o] 55
AER FE] AT e FF(Gm’) oF 1319
S-S Axslglon, o= 10 a 7IE0R SRSl F 2601
of s gttt AgE A= FEAE F profenofos $Hgo]
15%2] AAZ, AFHoZ | m’F 0.039 g2 FaAE(ai)l
A=At oAl Age WL 2 479 2021 5€
21498 717202, 3 7 A3} 3 Fdol 2+ 1351¥
Z 23] AAsksi.

N AQFE 3 4L 71Fos 7Y 707 & 33)(0Y,
7Y, 142yl Ax FRE 71E FUAATEARIIME
AA B S ggeR ARFE BAsony, 2
Aol e Hoh ZYe g 54 A7HE S8 oo

Zb AT ZF Al7leie HhE
S YA, FAEL 45HE] e}
}&E& EYsth(Fig. 3). 49 FAE 2.5 mm ©JsE
Fajslglon, Ha FAE 2.26+0.55 mme|ict. 23
H7¢ F5 AlEe Zgtoloto] 28t A HA7](SMX-
5800LM, Shinil, Koreays A3l #2s}st 7, -20°Coll Y5
BHslo] B0l A3t

=M 43

7171 73 %5k (Instrumental Limit of Quantitation, ILOQ)=
AZvlEaAM ZgH FIHA Y signal to noise ratio
(SNY7F 10 oPde] &= w2 AAsI o] %, sld 5=l
FAFS Fold FHAHEFH(Minimum  Detectable  Amount,
MDA)S AFEstlnh. FA1% A #$HAl(Method Limit of
Quantitation, MLOQY= MDA %, A& FU%, AHF, %
AEg 51, sIMujrE sl o] AN eR &

[e)

33l

i

=L - L

Fig. 3. Mango fruit separated into peel and pulp. Scale bar: 1
cm. Average thickness of the peel: 2.26+0.55 mm.
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MLOQ (mg/kg) =

MDA (ng)x HE 73] (mL)x 3] 4] vl
AEFAF (L) x A EFF (9)

9] 2 50| FFF S A FFHFAL 9
REZHES 7|Hte g 2AJSIAT) Profenofos 3E53(95.0%)
10.5 mgs AFg ¥, 10 mL &% Seh0] Y3l acetone® =
A8351] 1,000 mg/lle] F=9] stock solutionS A 28I,
o]Z stock solutionS acetone® 2 THA|Z 0 2 X5l (.02,
0.05, 0.10, 0.20, 0.25 % 0.30 mg/Le] FE2 ZAS ).
7} B8 20 pLE GC-FPDol| U3l 4e chromato-
gram®| ¥ HAS v}RO 2 Q)R FF ARG A8

A AYEE ASs] A% 58 AP tHEef
AT U AT 9 A 2sel FeEion, 001,
0.1 3 0.5 mg/kg®] Al F&= F<EollA 7} 3ukg0 2 ATt

o O

M
Profenofos ZH7%F 45 flall 4L #u]¢} & AEE
747t dAske 5, 7 F9lolA 10 g¥ F3ke] 50 mL FEol
23l acetonitrile 10 mLE 7Kt 5, 300 rppmellA] 1827
ettt HEo] QUEChERS kit?} ceramic homogenizer
(Chromatific; Heidenrod, Germany) 2711 & 371e %, 300 rpm
A 17 FEETh o] % S-S 3,000 rpmolA] 5%

AREEIL, A5 7 mLE F3l 40°C TEAdlA Y
=3 & acetonitrile 1.4 mLE A-&sl5l$3th o] & 1 mLE
d-SPE kitol] a2 Wk ¥, 10,000 rpmol| A 287 G4
Zatatt. HFH o2 F5NE 0.2 pum syringe filtler2 o }gt
%, 20 uLg GC-FPDell =93] L2 chromatogram®] 3|
HHS RFAFA B8l profenofose] FHF#HS A=
315{t}. GC-FPDE ShimadzwAte] GC-2010 Plus 71715 18
a9dom, AHL agjlent HP-5 (032 mmx30 m, 0.25pum,
Agilent, California, USAYS ARE-sITE 4 2712 splitless
ROl AR 2 uLE FYsIAL, carrier gase 2.0 mL/min

L
o

Table 2. GC-FPD conditions for the analysis of profenofos

Instrument Shimadzu GC-2010 Plus
Detector Flame Photometric Detector (FPD)
Column g%lilrtn )HP-S (0.32 mm x 30 m,

100°C for 2 min
Oven 10°C/min to 180°C (2 min)
Temperature 20°C/min to 260°C (4 min)
30°C/min to 290°C (4 min)
Gas flow Carrier Gas He 2.0 mL/min
Injection volume 2uL
Injection port Splitless mode

Injection port temperature  250°C

Detector temperature 300°C

sEog IFagon, A 7]17] AL Table 290

OtMN HIt

Waroll ZHFE profenofos®] A AAAFHTEH
(Acceptable Daily Intake, ADI) tH] 44357 2 (Estimated
Daily Intake, EDI)?] %ADIZ 4F&313it}. ADIE 5373%
Aol ZAIFE Zkel 0.03 mg/kg b.w./dayS H-&30H,
gare] dAPHAFE 066 gdays 71F2E SIHTHKHIDI,
2023; RDA, 2025). EDI= 7% (mg/kg)dl LA
(g/dayys w3t &, fElvet Al Hat AF 62.5 kgo =
Lpro] Akt

%ADI = EDI / ADI * 100 (%)

I EFENS 7HEOE profenofose] MDAE
A3, 001 ngS 2 SRIHUL, o] e ugo=z
MLOQ= 0.01 mgkgoldth EFATS HEF
w2} 2AEon, aRneadd V3 wES vFoR
TE2E FA4L y=702,627.008x-24,026.5320| 1t} A4
AFRY)E 0.998Z F3 819 th(Fig. 4). 399} &S td
o7 3 348 g HF5E71 001, 0.1, 0.5 mgke©]
He2 AAsigon, fulolE k2t 95.0%, 72.4%, 72.4%,
FEAME 22t 94.3%, 84.5%, 74.9%2] HA3|TES
Uepdth, oln] AEH AR} (Relative Standard
Deviation, RSD)E F A& E5F 12~134% HYE, A4
SHoME A AAE HYTHTable 3). dF Axh=
T AR 7IE B (e EEA A A12024-5%)

N2
rE >
2 oo

A AAEHs A AF 71 70~120%, RSD 20%
olgt 7L =38 OH(MFDS, 2017) old wa} &
ARSI AIE W profenofos 777 S8 A3Hek 210®
ek ATk

450000

400000 | y = 702,621,008 x -24,026.532 .

350000 | P

300000 |
g 250000 |} 0

200000 |

150000 } )

100000 | P

50000 | P

o Lo~

0 0.1 0.2 0.3 04 0.5 0.6 0.7
Amount of profenofos (ng)

Fig. 4. Calibration curve for profenofos used in method validation.
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Table 3. Recovery and LOQ of profenofos in mango peel and
pulp

Fortification Average

b) <)
Sample level recovery (%) R(§/D) (rI;l(;/(kg )
(mgkg)  =sDY ’ s
0.01 95.0+12.7 134
Peel 0.1 724+1.9 2.6
0.5 724+0.8 1.2
0.01

0.01 943+9.6 10.2
Pulp 0.1 84.5+2.0 23
0.5 74.9+2.3 3.0

9Standard Deviation, PRelative Standard Deviation, “Limit of

Quantitation

MECHH Z Z00Me XFE HE|

Wl 72l profenofosS —’F g 71 79 A3 5L (0d)el
221314, F 2-‘@1 AEiom, o] F 0Y, 74, 1443}
5 et 2R WslE BAEIT AldxE 5

A (022 Bt A FE7} 084 mgkego® Ve, 79
A3 Al 024 mgke= F78I90H, 1484l 0.01 mgkg
© 2 VERITHTable 4). ¥HH, Z&ol A= A 717H0, 7, 14
Ax}y59t profenofos’t A #H3HA v 072 AAZ o], A
AR 2HE mllﬂz] ¥QITHTable 4). 3HA, 2 ARo] oA
2021 S AGEAIRI Y] o ® Wy A BS +4
s}ato] —:%*4@ édr 0, 7 149 }ol z+zF 0.18, 0.05,

>
i

0.01 mgkge] R0l 728 B AcHKim et al, 2022),
ool wh, & A H—t— Soig} 252 TRso] o
245 EAS B AU 45192, 2 A3, profenofost

Hujol] JFHoE MFEH, HFORY Fre A9 olF
oAAA FE EIT ATk A M= ool
gk profenofos®] MRLe] MR AR =] A eFot, Ak,
AF, 54, ENLE 5 A FEFole] MRLS 2.0 mg/kg
o2 AE] Aot WA £ Aol A2 profenofos FHF
FE A HEFE MRLE 71502 £ uf, 73] ZhEake

profenofos Zt=

gn £ 139

&87|F Bt vk o), A5olMe A %L 1 1
URERE vl Q1A 913l -2l wle- W Al
BaeA o] FoF 2R EEE oAl %
ofe} AEA] 70| w}a}% ] =3 Bhattachegee (2013H
Aol =M, imidaclopridE 713} A ©HAlo 22| st
AR 308 & Z]ob ZgollA] 212 1.21 mgkg, osamg/kgA
Z57E AEeH, £ (85U Fyle EHE 57
sl i) S widlo) 2]k carbosulfans AME
2% o)A 530 mg/kge! Zll Hls] 2ol A 0.08 mg/kg
o= ZF7F XS] wekon, 82 26%, HI = 459 §

rA:
_u

o] gﬂ HH U]—

1m D
Xy
;2

EHE o] =258t Bhattacherjee, 2013). ©] F+ A=
BT AFolgPA AEo|X K Tomlin, 2006), A2] A]7]2]

ztolof| mEl AA| 35 W I Folle & AolE BATh
Imidacloprid= 4 P4 o]l x2lE]o] fraidEo] A
a3 T URE JRold HAS 7hsAdol =& vk,
carbosulfani" A g BA o A Ee] F=E v"}‘/\a] ¥Ho|

FAE YL, WFES T o] JriE o Xﬂ Aol
Zi_i Rolg} B Ao)A€] profenofose A+ 75]? W

oA 0.84 mg/kg®] AHF7F HAEEJL, o] F WEA
sl 14930 E 0.01 mgkgZHA] Sob on, shgor=
TE AlA A vltke 2 AZE AT ©]= profenofos
7} FAo] A G5 o) A o] 3o Agw|o], Wby
GAF FOE Qlal F5 HEQ JF7 AlgH ol S B
oz}, H]o]gd A (non-systemic) AHEC 2 A EA] W Eiko]
o]g] ¢ EAJ0l 7|98 A2 AHETH(Tomlin, 2006).

o b B RS = |

AL FFellA profenofos®] A& ¥H71E AHEa}]
s, A1ZE el wE Ha FRFS VTR FRAA
3)A4E E&ach. 2 A3, 34 y=1.1078¢ %

(R*=0.9739)2 UERLOH, o] T3l Ak w7l 233
o|AThFig. 5). WL oA Fe W= profenofos”}
AE ZH AHEE $ qut” A, o 2 71E 3
8210 off wEA Fall=e Eesied 548 g A3E

Table 4. Residual concentration of profenofos in mango peel and pulp

Residual amount (mg/kg)
Sample DAT?
1 2 3 Mean + SD”

0 0.65 1.00 0.88 0.84+0.18
Peel 7 0.22 0.19 0.29 0.24+0.05
14 0.01 0.02 0.01 0.01 +0.00

<0.01 <0.01 <0.01 <0.01

Pulp 7 <0.01 <0.01 <0.01 <0.01

14 <0.01 <0.01 <0.01 <0.01

Y Days after treatment, ® Standard Deviation
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1 |
>
E L
ERad
E y = 1.1078e-0-2%x
2 06 | R: = 0.9739
3
0-2 | e .

10 15

Days after treatment (days)

Fig. 5. Dissipation curve of profenofos in mango peel.

4] FICHUSEPA, 2016). A, ErFES] profenofosE:
Aegh AFolM® 142 F Rl Al A% Ml 96.5%
sk, w717y 22592 B vb 9tk(Romeh et
al., 2009). o FAA A T AtoM=
E% W profenofos7t 7 Q21 o) wr2A T3 ==
7 215 %1 S (Masbou et al., 2025), ¢8| F =%
8o M= profenofos’t = A7+ Ul 23] £ =)= 453
E4Jo] B3 JH(Min and Cha, 2000). ©]2|3 éﬂf~

profenofos7t Th¥eH $7 27dollA wWEA s 54
BRItk Aol £ A At dAgit.

usd ol o
—‘—t\;_].—, 1:}\__4‘ =

ol

R
3
=

3

rulo r

P M "ot

&5 I W profenofose] ADI= 0.03 mgrkg
b.w./dayel™, o]& =] A9 B #F(62.5 kg) o2 At
3 1Y A3 3% 1.875 mg/dayZ AHEHETE B A
Me AL #u] 9 Ao et R A9 WA 19
Ha A3 30.66 g/day)yS =3t] EDIZ =

re

0x

AESIL, olF
71202 %ADIE ATt 59 79, BE AEA
profenofos7t A &S 7] 7H<0.01 mgkg)o2 HEEU7]
wjoll, EDI AH2 Al A3 749l 0.01 mgkgs HFHO

2 A3t 2 A, FlellM = 0l %ADIE 0.030%
o}, 793RlE 0.0084%, 1443101E 0.00035%% WEEA|
ZHAstSTh v | FSol = BE 8 AJHoA %ADIZT
0.00035% 1] 7] TH(Table 5). FAO/WHO 7|50l whaw,
%ADIZ} 10% VW 739 1A flal] $8e w2 o=
37Feth(Lee and Lee 1997). YRHE o2 Foke Al 7o

Folol] F2 A7, §71814) Fokel A AH, - AA,
A 58 Ea) A AAD F dgo] HaErk(Lee et

al., 2010; Romeh et al., 2009). wWetr], Wi} 742 Ao

T8 T 4R 717 B AU AFH A SRS AH 3
AA AAE B3l v AFHE aHHoE Y 5 Ut
AEHoR B Afoa] A8 W] profenofos FHFE-
ADI tH] - w2 ollon, 53] A8 F9 &
M= 1A S8l 770l F3] W AR AetE)

Table 5. Risk assessment of the pesticides in Mango

EDI?

) b) 0
Sample  DAT" ADI (mg/day-bw/day) %ADI
0 8.9E-06 3.0E-02
Peel 7 2.5E-06 8.4E-03
14 1.1E-07 3.5E-04
0.03
0 1.1E-07 <3.5E-04
Pulp 7 1.1E-07 <3.5E-04
14 1.1E-07 <3.5E-04

“Days after treatment, ®Acceptable Daily Intake, “Estimated Daily
Intake

2 A7 g Ae] 9 profenofos I 54
AFHOR ANGOEA, FF T 51871E A nAt
PHE AT AH B HF A vHol A9 27E AT
& s s 7tEn.

o
ZAe =

o] =i 2021 FEXE

M%) (RS-2021-RD009705) %
ofofl ZALEHYH.

g
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