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Abstract: In this study, the residual characteristics and half-lives of thiophanate-methyl
and pyribencarb were compared after treatment on olives, followed by a risk assessment.
Total residual levels of the two pesticides ranged between 2.43-5.57 mg/kg and 1.65-6.52
mg/kg, respectively, with half-lives of 25.7 days and 13.1 days. Compared to previous
studies, the longer half-lives of thiophanate-methyl and pyribencarb in olives can be
attributed to the differences in cuticle wax content. The composition and content of
cuticle wax differ depending on the crop cultivar, influencing the adsorption and dis-
sipation of pesticides. Because of wax on the crop surface, the half-life of pesticides
can be extended, suggesting a correlation between the surface characteristics of olives
and the half-lives of pesticides. The risk assessment, based on the worst-case scenario
(99™ percentile consumer group for olive consumption), resulted in Hazard Index (Hl)
values of 0.032 and 0.077, indicating low risk (HI < 1).

Keywords: Olive, Pyribencarb, Residual characteristics, Risk assessment, Thiophanate-
methyl
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AE Foke AE9] 8 dAZMA ARE 4 7] o] FHA AT EA7ITHFA0)Y FA]
A EOOFEA oA Tkt A O] BoF 75187 |E(Maximum Residue Limits, MRLs)& A75HL, 7]E0] A=A 9F2
=2 4% 001 mg/kg 7S LE 2-85h= Positive List System (PLS) A=E AW Algsto] w4k 2 4
[13]. S Z&o] 27 51870l & 7% PLS Al=o] =t 0.01 mgkgC & AE A-&EW 15t PLS 7|&&
A EUE FoFEol 2AZRI o] Eoldel wit Rsel HAY] RARtE 7Pt alE ol Ul w4HEY
7 IEE g4 IF= vE Ao wHEHH(14].
O] A thiophanate-methyl2 carbendazim© 2 WHZE| 0] F3go| M|EQ EJof JF& F o|Z 9I5| EAZHE #o]
Flojue = Wolgto] Wy x|o] A 7S YERHATE thiophanate-methyl> Hl=o|u|tkE & 7|Hto 2 51| ARG A& Y E=
HHOJA carbendazim¥} 22 Hl=olu|thE REA|QL FARE SRRFEE thALE7] 2o Jl=oln|thE AE d+tAlz EREd
[15]. Thiophanate-methyl-> 7|04 2rAI5}= Colletotrichum spp.©l] 23t SR WHA|st= ¢ F2 ARE-E | 2TH16]. Pyrib-
encarbs FYAT HEIYY 0] o] U A2 WAAPo|E ALe] @A  WEEH 2L HolE EHEO
2 AT 5 UOw, BFALY] WA B M9 Ao ELEbE HAOR slo] ATAIE /AT LA ATHIZL
=4 S8 $89 A F7He] STkl wet e B o] o el PAgS flgt 71 vl S/ siFt A 2B
3t = thiophanate-methyl¥} pyribencarb®] MRL2 A= 0] QA 2 Agloltt. &BHE tAfo =2 3t 5oF 2F 5|8
719 AAH olE JEE AF7F 8 -H T ofof wEt £ Ate =] Al 2B Al thiophanate-methyl¥} pyr-
ibencarbE AT & STH A Y] 5F AF{F EAHS 2ASH SEE § SRS 7IE A2 fR VIRARE
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ZAAFEES Y3f thiophanate-methyl 70% $3H4|(BA10, G)7%), pyribencarb 20% AL (A FFA}, @AEIISHE A
Aolo] Azttt A 58N A 9 S8 Ao+ thiophanate-methyl (98.3%; Sigma-Aldrich, MO, USA), carbenda-
zim (99.1%; Supelco, Darmstadt, Germany), pyribencarb (99.6%; Supelco, Darmstadt, Germany), KIE-9749 (99.2%; Kumiai Che-
mical Industry, Shizuoka, Japan)E A&} HAAE|A| 371801 acetonitrile (HPLC grade, J.T.Baker, USA)S A8-519% 1,
A|QFL formic acid (LC grade, Honeywell, USA) ¥ QuEChERS Extraction Kit (EN15662, CTK corporation, Korea)E AR3-5}% 2
™ TEE DIAMOND Florentine syringe filter (0.22 pm, 13 mm, CTK corporation, Korea)E AR&-5}%it}.

ZEAE
AR 2L LA E AT AHZA] AF2HD S AT A2 Aokl FA2 9 FAAE AFE A
oFal A7t A HE A5 Yol FSAHE FA. Maurino &E(thiophanate-methyl), Ascaoano £ (pyribencarb)
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159 5% 228 ARgagch A-FE AR HHo] HRF] vlAE G ZAIIA 1719 AT 179 AT
TASIE o, S8H YR 1FE HHE o2 39 17H«l Aol S B Y7t F 35 HiAH=E SF3ITh thiophanate-methyl,
pynbencarb% 10004, 20008 B]Asta] ZA|ot & X 79 7ZFEO0F 15 4L (10a 444L) 38 AXESIIT) dAAdE =
EZ3A4] FA EF7] BS620PC (P27- =g, 365 x 240 x 560mm; S35 QA4 S|AL, Miryang, Korea)S |83t A& AFH=
20239 10 34o] 04AF FF HAX F 0, 7, 14, 219%0f| B Ao disto] BEEFT 0.5 kg o] AHFSHAH

A2 Z=H|

A e AEe ST H 3089 FAE SAstL NE AAT F Eefoloto]AF F715t0] homogenizerE ©]-8-510]
U5} B9 )% 10 g2 AFBlo] BAo] ABIAT T AlRE 20°C olate] LER YERBAUL. AYFIY B
215} thiophanate-methyld} pyribencarb ¥ 2} thARZ(carbendazim 2 KIE-9749)2] working solution2 0.1 mg/kg 5=7} HL &
AT AR 10 gofl Agt & EHA RS FUSHA YBEActA

71712 =

£2|H 3 thiophanate-methyl¥} carbendazim®] 5 FE-Aofl&= Shimadzu Nexera X2 UHPLC System (Shimadzu, Kyoto,
Japan)¥} 1A% Shimadzu LCMS-8050 (Shimadzu, Kyoto, Japan)S ©|-&5}H 1, £&-8 A™HL Acquity UPLC® BEH Shield
RP18 1.77 um, 2.1 x 100 mm Column (Waters, MA, USA)E AF&5}3t}. Pyribencarb?} KIE-97492] 5 E-4ofl= AB Sciex
Exion LC (Sciex, Toronto, Canada)2} 1% Tandem Mass spectrometer API 3200 (Sciex, Tronto, Canada)E ©|-&o}% 1, £2|-&
AL Luna Omega 1.6 um Cyg 100A, LC Column 150 x 2.1 mm (Phenomenex, CA, USA)S AMESIALE AMAISH B4 24
Table 13} Zth

717] =S| (Instrumental Limit of Quantitation, ILOQ)+= chromatogram A} £4] B2 peak?] signal to noise ratio (S/N)7}

10 oJA9l FE & AAstrt. 7|7 AFstA o] FUHFS Foto] HA AEF(Minimum detectable amount)S AHESH & A&
FA(g), 7171 FUFWL), 24 &4 2F Fu(mL) 3 S 4uligE 285t 248 77 (Method Limit of Quantitation,

MLOQ)E AFE3H3IH
MLOQ (mg/kg) = {MDA (ng) x Z|& F1(mL) x S|4} / {7]7] FUFWL) x A= FA(g)}

HZFA working solution A5 93] thiophanate-methyl 522 0.0051 g, pyribencarb E&E3} KIE-9749 &S 7+
0.0050 g& =3t & volumetric flaskO]| acetonitrile 10 mLZ -&38fot0] ZF M) 57} 500 pug/mL7} E|EF primary stock
solution2 A5} t}. Carbendazim HEE-2 0.0040 g A & volumetric flasko] methanol (LC-MS grade; Samchun pure
chemical, Seoul, Korea) 10 mLZ 8-3[5}0] 5 &H] 557} 400 pg/mL7t |5 primary stock solutiong Ao} TE ZA|SH
primary stock solution2 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5 pg/mL 5= % 343t T A2 A]R9] acetonitrile F+E&S 1:1
(viv)2 238519 0.0025, 0.05, 0.01, 0.025, 0.05, 0.1, 0.25 pg/mL 5E=2] matrix matched working solutionS ZA| 5} T}. o]
LC-MS/MS]| thiophanate-methyl¥} carbendazim 2 puL, pyribencarb®} KIE-9749= 1 uLg FYU5t0o] E45}% 9.1, chromatog-
ram A39] peak area B BE AFNE AU, B AU YUHL SAL] T AR Lo HATA.
22|2 = thiophanate-methyl, pyribencarb 3! LHAE Q| ZHR 59 F&EH

Sleg AES F 207 A £8H Al=m 10 gofl 22} 0.1, 1 pg/mLe] working solutionS 0.1 mL¥ FUsto] HF 5%
0.01 ¥ 0.1 mg/kge] HE=Z A oto] 5HHE AFHE P AT AU AHL FF 55 0.1 mgkg 5O F thiophanate-
methyl?} carbendazim2 2|3t A|2E 279 &t YEH(-20°0)% & Ipg A 5L Yo E FE510] Al it
Z219149] AT 5ok HYdS gRlstgitt. oleF 22 Wi o R, 289 57t WEE UL pyribencarb@} KIE-9749 A 2] A &.9]
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Table 1. Analytical condition of HPLC-MS/MS for quantitative analysis

(A) Thiophanate-methyl and Carbendazim

(B) Pyribencarb and KIE-9749

Pesticide Thiophanate-methyl Carbendazim Pesticide Pyribencarb KIE-9749
Instrument Shimadzu Nexera X2 UHPLC System Instrument AB SciexExion LC
Detector Shimadzu LC-MS - 8050 Detector Tandem Mass spectrometer APl 3200
: o : -
Column Acquity UPLC® BEH Shield RP18 1.7 um Column Luna Omega 1.6 um C;5 100A,

(2.1 x 100 mm Column)

LC Column 150 x 2.1 mm

lonization mode & type Electrospray ionization (ESI), Positive

Inonization mode & type Electrospray ionization (ESI), Positive

A: 0.1% formic acid in water
B: 0.1% formic acid in acetonitrile

A: 0.1% formic acid in water
B: 0.1% formic acid in acetonitrile

Time (min) A (%) B (%)
0 90 10 Time (min) A (%) B (%)
1 90 10 0 70 30
Mobile phase 1.5 55 45 Mobile phase 2 70 30
5 50 50 4 45 55
6 10 90 14 35 65
10 2 98 17 70 30
10.5 90 10 20 70 30
12 90 10
Retention time 4.5 min 3.3 min Retention time 16.9 min 16.3 min
Injection volume 2uL Injection volume 1uL
Quantifier (CE?) 342.95>151.30(23.0) 192.00>160.00 (25.0) Quantifier (CE) 362.10>239.0 (25.0) 362.10>122.00 (50.0)
Qualifier (CE?) 342.95>268.25(12.0) 192.00>132.00 (40.0) Qualifier (CE?) 362.10>207.0 (35.0) 362.10>207.10 (50.0)

 CE: Collision Energy.

AL Belsiglet.

 CE: Collision Energy.

S8 AIE, AP AIY 9 AAPEE 23T ME9] thiophanate-methyld} pyribencarb ¥ ZFzHo]| thgh tiARES] &2
QuEChERS EN 15662 ®'HE o|-&5}3th. #ASIAZ] A& 10 g (+0.01 g)2 AZF5F] 50 mL centrifuge tube®] 231, 10 mL
acetonitrile2 A7} & 187}t shaker2 73olA 28 =519t A8 2=3F A 79 QUEChERS extraction kitS A7}sto] 187F
A8 &, 4000 rpmof| A 1087 GAERE A ASH-S 1 mL F5le] DIAMOND Florentine syringe filtero] S¥FA|71 & A&
0.5 mLE acetonitrile 0.5 mL¥} 42 -8-9%-& thiophanate-methyl¥} carbendazim-2 2 pl, pyribencarb®@} KIE-9749%= 1 uLE LC-
MS/MSo] Flsto] EA5HAH 52F2] XFa = matrix matched A o]-&5to] A4St tHAHES 2Z35H= thiopha-
nate-methyl-2 23195 9] ZhRfo]| SAHAFE F5t] tARER] carbendazim®] SR O = AFESHI O™ pyribencarb?)
SHE ARG tAREQ] KIE-97499] ZRo] SAHAITE 58 2 gl A=EsHitha, 2).

(1) thiophanate-methyl®] 2HAF ZHE3F

= carbendazim®] X% + thiophanate-methyl®] ZHF%F x thiophanate-methyl®] SHAFA 4=

9 carbendazim®] EA}5F / thiophanate-methyl®] E-A}eF

(2) pyribencarb®] ZFAF RHH3F

= pyribencarb®] ZFFEF + KIE-97499] 27 x KIE-97499] SHAMA S

Y pyribencarb®] BEA}eF / KIE-97499] H-A}F

550k A EAL first-order kinetics equation ©]-8310] (Eq. 2)9] A58k,E T 4= 01 (Eq. 2)94 E&3H
o) 7

7] A2 vt 281G, 4).
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(3) LOF Aty T ZE % Fo] 2T (Cy) = ae™ (a=27] T (mg/kg), b= 588 HE A5, t= A7
(4) & WH7(t) = In2/b (b foH S A5)

Sl "ot

thiophanate-methyl & pyribencarb9] ARE 2RO Qs ARl AL HES HUtoH] Hdl HeiA HHE AAlSHaH
U 21 AR A A0l URRANYATEAN RIS Y TUIPEAS LA AN B
A9 A5 ke AFHF dlo|HE o]dst o Y HF 5]-83F(Acceptable Daily Intake, ADI)2 2]EF2|FEQLH A o] 5
AHEE Fstet. Y A3 F7F(Estimated Daily Intake, EDI) Y 314 7} X HE(Hazard Index, HI)= ot o] 4
o]-gsto] 4HESIATHGS, 6).

l

(5) EDI (mg/kg bw-day) = A5 kgd €L & B HH3F(g/kg bw-day) x 5] Z-FF(mg/kg) / 100
(6) HI (%) = EDI (mg/kg bw-day) x 100 / ADI (mg/kg bw-day)

%3 thiophanate-methyl¥} pyribencarb ¥ Z}7+0] thAE-S EA3t matrix matched ATFA1Q] AA A4 (r*)= Table 29}
Zo] 0.005 mg/kgoll Al 0.5 mg/kg B NA 0.99 o]AO =2 A M-S &5t thiophanate-methyl¥} carbendazim®] &3 H
5 51582 Tavle 29 2tk AR AR B WA B A3}, BE B9 3580) s85-1172% WA= AY F Y
Ao g ZRIEUt Z&9] Ho|AlS= B5F 20% oo, s2X15H W74 Al 7 9 e 244 HS 71E

FN

thiophanate-methyl ¥ pyribencarb2l 2 X2|A| TR S

Thiophanate-methyl 9] ZHF-3F-2 3.55~8.29 mg/kg, THAHES] carbendazim®] HF3F2 0.44~0.93mg/kg O 2 LEFFE O™ pyrib-
encarb®] FHHFL2 0.96~3.91mg/kg, HAFEQ! KIE-97499] ZHRFS 0.64~2.47 mg/kg & WEFGTH(Table 3). Thiophanate-methyl
T} pyribencarb®] SE|E F XF EAHE RIsH] Yo F EEE A IFFO2 A4S thiophanate-methyl®] 7%

Table 2. Method validation of the pesticides in olive (linearity of calibration curves, recovery, storage stability)

Pesticide Calibration equation (y* = ax” + b) r Fortizir;agjig)level 1 Zecovery (%3) Y= %/S)

0.01 79.7 79.9 74.8 78.1 3.7

Thiophanate-methyl  y=7,481,839.5829x+7,301.9242  0.9979 0.1 87.6 87.7 82.0 85.7 38
0.19 91.0 916 88.5 904 18

0.01 104.2 106.5 105.0 105.2 1.1

Carbendazim y=1,038,353.2400x+4,154.9118  0.9939 0.1 95.6 95.1 939 94.9 10
0.19 20.6 93.1 89.1 20.9 22

0.01 107.4 103.1 104.0 104.9 22

Pyribencarb y=2,191,672.7905x+1,402.7346  0.9965 0.1 110.0 113.8 113.9 112.6 20

0.1¢ 115.3 117.2 117.2 116.6 1.0

0.01 111.0 110.0 109.5 110.2 0.7

KIE-9749 y=1,018,027.6590x+910.6396  0.9975 0.1 105.4 99.2 98.5 101.0 38

0.19 100.2 95.6 101.9 99.2 33

? peak area in MS/MS spectrum, ® Residue of pesticides in Olive (ng), @ Storage stability test, @ Coefficient of variation.
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Table 3. Residue of thiophanate-methyl and pyribencarb

(A) Thiophanate-methyl and carbendazim

Pesticide Thiophanate-methyl (mg/kg) Carbendazim (mg/kg)

Replicate 1 2 3 Mean 1 2 3 Mean
Control <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

40-30-21 3.55 4.38 4.48 4.14 0.44 0.56 0.53 0.51

30-21-14 4.16 5.46 5.90 5.17 0.76 0.76 0.81 0.78
21-14-7 6.51 6.17 6.82 6.50 0.82 0.85 0.84 0.84
14-7-0 7.75 7.19 8.29 774 0.83 0.81 0.93 0.86

(B) Pyribencarb and KIE-9749

Pesticide Pyribencarb (mg/kg) KIE-9749 (mg/kg)

Replicate 1 2 3 Mean 1 2 3 Mean
Control <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

40-30-21 0.96 1.05 0.97 0.99 0.64 0.70 0.66 0.67

30-21-14 145 1.39 1.12 1.32 0.99 0.96 0.76 0.90
21-14-7 1.57 1.74 143 1.58 0.46 0.49 0.44 0.46
14-7-0 3.91 3.60 3.25 3.59 242 247 2.14 234

S 7HAE HAFAIQ] carbendazim @ 2 HAFSFITE. thiophanate-methyl®] MRS X|F oFAAE 00 & =851 A+
oA 4t 5.19 mg/kg, 219 & $E3H Xﬁﬂ?—oﬂ/ﬂ Hat 2.94 mg/kgO| AT}, pyribencarb®] At ZRTFL XF FAAE 0
T 83 A oA ZHT 5.93 mg/kg, 2 T 83t AP FoA Hat 1.66 mg/kgO 2 LEFGTH(Table 4).

£33 3 thiophanate-methyl¥} pyrlbencarb-J AR g BE 371X 9] R 35}3t J—‘r AE 9] ZHRS vig o7 AMESH
T 59k AAFAL Fig 13 At &2|H 3 thiophanate-methyl®] BH7]= 9F 23.1Y, pyribencarb?] HH7]E <F 120U =
UEbdTh 59 AFEY &4 &2 9F2 VA= 8902 A= AHFS(FEZ 54, 4FE pH AEA 5), 71724, 59
o] A 5ol AHH19].

Soliman et al.[20]9] X9} T3 5 thiophanate-methyl 2S}3HE2] HH7]= ZF 24947} 2.64Q40] Q) & AFoA 22
% thiophanate-methyl®] BH7|= AP AT] ARt oF 108 AUt sig AFoA ZE et Tl 5 thiophanate-methyl 2]
%27) Z5Z 7} 6.21 mg/kg, 5.70 mg/kgl O H, OW]”E T 2192 IR EAERE UEET £ A1oA 9B F
Goghanme ety SSRGS SRFA B 271 SRICTALE 02 44 A7) 9 A2 74 nglges 49
AT AT e BT, ORI 3 219070] B FHRAE 414 mylgO 2 AT BAE Aol 2 Aolg el
< AUk Kim et al.[14]9] AY F B %_10 718 28~37°CHP AL, & A7 W Hit 49U 7] 16.8~27.5°CE 2F 10°CY]
Aol7t AT W WSl B Aol MPAToke] wigly] Aol 28 7k Apo] W A 7|7 U] L% A7t JFL A

o

Table 4. Total residual characteristics of thiophanate-methyl and pyribencarb

Pesticide Thiophanate-methyl® (mg/kg) Pyribencarb® (mg/kg)

Replicate 1 2 3 Mean 1 2 3 Mean
Control <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

40-30-21 243 3.01 3.39 294 1.60 1.75 1.63 1.66

30-21-14 3.09 3.81 4.11 3.67 244 2.35 1.88 2.22
21-14-7 447 4.31 4.65 448 2.03 2.23 1.87 2.04
14-7-0 5.17 4.84 5.57 5.19 6.33 6.07 5.39 5.93

3 Total amount of thiophanate-methyl = amount of carbendazim + (thiophanate-methyl x 0.56%), ® Total amount of pyribencarb = amount of pyrib-
encarb + (KIE-9749 x 1.0%), 9 Molecular weight of carbendazim (191.2) / Molecular weight of thiophanate-methyl (342.4), ¥ Molecular weight of pyrib-
encarb (361.8) / Molecular weight of KIE-9749 (361.8).
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9.00
¥y =7.8607¢ 00
8.00 R2=0.9957
7.00 Half-life : 23.10 days
g 6.00
o0
g 5.00
£ 4.00
3 3.00
w 3.
fd
2.00 y = 0.93¢ 0023
1.00 . R*=0.7307
* = A A Haltlife : 30.14
0.00
0 5 10 15 20 25
days
m thiophanate-methyl 4 carbendazim
(a) Thiophanate-methyl and carbendazim
4.00
3.50
3.00
gﬂ 2.50 l y = 3.0226¢0.05x
ob R?=0.9010
g 2.00 Half life : 11.95 days
2 150
$ 1.00 A
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Fig. 1. Half-lives of the pesticides in olive (linearity of dissipation curves, half-life).
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Table 5. Hazard index of pesticides based on maximum residue level of olive

Hazard index

Pesticide Gender

99%? Median” Average
Both 0.032 0.004 0.006
Thiophanate-methyl Male 0.025 0.004 0.006
Female 0.033 0.003 0.008
Both 0.077 0.010 0.015
Pyribencarb Male 0.060 0.010 0.015
Female 0.079 0.008 0.018

399" percentile of the total population, ® median of total population.

Table 6. Hazard index based on the 99th percentile of the total population, considering maximum residue levels across treatment
groups

Pesticide Gender Treatment
40-30-21 30-21-14 21-14-7 14-7-0
Both 0.019 0.024 0.027 0.032
Thiophanate methyl Male 0.015 0.019 0.021 0.025
Female 0.020 0.024 0.027 0.033
Both 0.021 0.030 0.027 0.077
Pyribencarb Male 0.017 0.023 0.021 0.060
Female 0.022 0.030 0.027 0.079
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