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Abstract This study was carried out to investigate the residual characteristic of fungicide tebuconazole in
Chinese chives under greenhouse condition. The fungicide tebuconazole (25% wettable powder) diluted by
2,000 times was applied three times with one-week interval and then samples were collected at the date of
harvest. The fungicide tebuconazole was extracted with QUEChERS method and residue was analyzed by LC-
MS/MS. Method limit of quantitation(MLOQ) in tebuconazole was 0.01 mg/kg (limit detected 0.03 ng) and
mean recovery were 95.7-102.1% (low level-high level). The matrix matched calibration curves for tebuconazole
in Chinese chives yielded good linearity (1*>0.9996). The fungicide tebuconazole contents ranged were 3.06-
3.62 mg/kg (before harvest 21-14 days), 7.05-7.39 mg/kg (before harvest 21-14-7 days), and 9.51-9.89 mg/kg
(before harvest 14-7-0 days). The amounts of tebuconazole residues in Chinese chives was higher as spraying
closer to harvest day. The theoretical maximum daily intake (TMDI) of diet was 29.0% (% acceptable dietary
intake, tebuconazole acceptable dietary intake was 0.03 mg/kg b.w./day). Based on the results of this study, It
would contribute on the safe use for the pesticides and management for the safe agricultural products.
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Table 1. Physico-chemical properties of tebuconazole

At o 2447]7)

2 Aol AE AFokle HRIUE Sohl 25%
C3E: AZE, GOl AE)E AF S Bl
Tdste] ALEEINL, BEFEZLS  tebuconazole (99.4%,
Accustandard, USA)S AME-SI oM, A ARS-SH
oFx| 9] o]s}eld AJA-2 Table 13} ZTHMFDS, 2019). ¥
ARz ZHRehe E9E A7) 918) ARE-E acetonitrile
4 methanol& Merck (Darmstadt, Germany) |32 HPLC
grade® Tkl ARSI, o] 5dE
formate®} formic acid (>95% purity)= Sigma-Aldrich (St.
Louis, USA) A& ARg-ste] AT A5 AAT F
% A o)A AM8-E QuEChERS Extract Kit (4 g MgSO,,
1 g NaCl, 1g Trisodiumcitrate dihydrate, 0.5 g Disodium
hydrogencitrate sesquihydrate)= Agilent (Santa Clara, USA)
o] AFE ARSI, S/ Milli-Q ultrapure water
purification system (Millipore Co., Massachusstts, USA)]
ol 182MQem Tl FAE SHTE ARSI
—,——.—Oﬂ 773 tebuconazole A2 wA3H7] sty 3
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23t ammonium

°lﬁ &L, 7171948 UPLC (ACQUITY, Waters, USA)
o} Az ﬁ7l (Xevo-TQ S micro, USA)S AM3l1oH,

Column& CORTECS Cy (100 x 2.1 mm, 1.6 um, Japan)
A&t

=
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Pesticide Tebuconazole
Cl H
Cl_~= /C 2
b ~ch, c{ C{CHg)s
Structure
N
M
Lﬁ

TUPAC name (RS)-1-p-chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-triazol-1-ylmethyl)pentan-3-ol
Vapor pressure 1.7x10° mPa (20°C)
LogP,, 3.7 (20°C)

Solubility

In water 36 mg/L. In dicloromethane > 200, isopropanol, toluene 50-100 (all in g/L, 20°C).
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Fig. 1. Experimental plots in this study.

Table 2. The progress of spray frequency days before harvest of tebuconazole in Chinese chives

Pesticide Formulation Application times Pre-harvest application intervals Dilution rate
0 Control
2 21-14
Tebuconazole WP? 2,000
3 21-14-7
3 14-7-0

YWP: Wettable Powder
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Table 3. LC-MS/MS conditions for the analysis of tebuconazole in Chinese chives

LC Condition

System Waters ACQUITY UPLC System, Xevo-TQ S micro

Column CORTECS UPLC C18 (2.1x100 mm, 1.6 pum)

Flow rate 0.4 mL/min

Injection volumn 3puL

Run time 11 min

. A: 5 mM ammonium formate, 0.1% formic acid in Water
Mobile phase . L
B: 5 mM ammonium formate, 0.1% formic acid in Methanol
Time (min) A (%) B (%)

0.0 85 15
1.1 40 60

Gradient 5.3 10 90
6.4 2 98
8.4 85 15

11.0 85 15
MS Condition

Ionization Electrospray Inoization (ESI, Positive)

Source Temperature 150°C

Desolvation Temperature 500-650°C

Desolvation Gas Flow 800-1,000 L/hour

Cone Gas Flow 50-150 L/hour

Table 4. Multi Reaction Monitoring(MRM) conditions of tebuconazole
R.TY

Pesticide (min) Extract mass Q1 Mass Q3 Mass DP CE
308 70 56 41

Tebuconazole 3.8 307.1
308 125 56 41

9R.T.: Retention Time

-El'“fﬂﬂ:ﬁ A Zol tebuconazole EFENS A5% 10 pg/L, SEER!

= 100 pg/l o] =g s Hrksha, ddst AR tebuconazoled] theh $lE1AdS dAAH &
7ﬂ gﬂ?‘} T 2A7E Al HAssiTh Al fi9k wY % (Acceptable Daily Intake, ADI) thH] UUHFHFAHF
& BAg e 38 wEsled YIS SAE, Y4 (Estimated Daily Intake, EDIS] %ADIZ H71stih. 9
& X473} C.V. (Coefficient of Variation, %)S ©|-&3} XZZ=H S tebuconazoled] Hu] FrEeke] =l A7k
o] oI5t ¥4 A 7eHA| (Method Limit of Quantifi- ZAFY] B3 AT 314 ¢S w3 T U HFAT

cation, MLOQ)= #8945 0|88t 7|71 A signal 55 kgo 2 o] =S, %ADIE ofgf ] AE o]83
to noise ratio(S/NY7} 10 o]4e] FEZ A&EEATHA EF A THKHIDI, 2016).
A ZAFEoF B AFSHM (A 53, MFDS, 2017).

EDI (mg/kg-b.w./d
o %ADI = (mghkgbw/dy) 4,
B A2 A=) ADI (mg/kg-b.w./day)
Al .
. i i 3| A u)
| 27zg m) A F 5 a9 nE
(ng) 7] 7139 % e (mg/kg) =
(uL) °

Wil oJgk AgFHAl= 0.01
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Table 5. A linear equation of calibration curve for the quantification of the pesticide residue in Chinese chives

Pesticide Linear equantion R?
Tebuconazole y=43671341x + 10206.8 0.9996
Compound name: Tebuconazole re B
Correlation coefficient: r = 0.899777, r"2 = 0.999552 - ¥
3500000 Calibration curve: 43671341x + 10206.8 =
3000000 : " s o et
2 2500000 _ e il
g 2000000 _‘ o
1500000
1000000 g =
500000 e i
N =l ae Con
0 10 1 0 2 30 35 40 4 0 60 6 0 80 85 90 95 100
Fig. 2. Calibration of tebuconazole.
Table 6. Limit of quantification and recoveries of tebuconazole in Chinese chives
. Spiked level Recovery (%) [OAVA MLOQ®
Pesticide o
(ng/kg) Rep. 1 Rep. 2 Rep. 3 Mean+SD? (%) (mg/kg)
10.0 91.3 98.2 97.7 95.7+3.8 4.0 0.01
Tebuconazole
100.0 105.4 100.2 100.8 102.1+£2.8 2.8 0.01
9SD: Standard deviation, ”C.V.: Coefficient of variation, “MLOQ: Method Limit of quantification
Table 7. Storage stability of tebuconazole in Chinese chives
- Pesticide residue  Storage period Storage stability (%) (OAVA
Pesticide o
(ng/kg) (day) Rep. | Rep. 2 Rep. 3 Mean+SD (%)
Tebuconazole 10.0 60 89.3 91.2 88.7 89.7x1.3 1.5

9SD: Standard deviation, ®C.V.: Coefficient of variation

mg/keolon, BFEA AFAL 671 F&(1, 5, 10, 25, 3488 HYon WolAsE

= 1.5%=2 FRAI=ATK Table 7)

50 2 100 pg/L)lA A (S AEsie] 24448 & LC-MS/MSZ #4138} T 2] A|FE9} tebuconazoled] ¥

A3 A} 0999622 AJe] FEsIATHTable 5, Fig. 2). E4 0.02 mgkge] AZrFETHL

Baubd ol AskA Wl AuAS A=3)7] 9ste] 85k A

[‘

< Fig. 33 2t}

BT 0pgl 2 IEE 100 pgle] Wit F5ee 957 Tebuconazole®] A1 Hol €3 MLOQ
102.1%°1213L, 10% ©IWe] C.V(Coefficient of Variance, %) 003ng I mL 10 —0.01 mgkg
2 3519 TH(Table 6). ©)= AZ3A ARFF 24 4 3ul 10g

A AISHE] 34& M9 70-120%, W 358 7|
7+ Wo]Al4(Coefficient of Variance, C.V.) =& o)X FHA} JNS=AD BFo ME M
(Relative Standard Deviation, RSD)y= 20% ©]&}] 7}o] =2} B At FdEe 717 AW e 7122 19.5+
018 Z=3dlo] B Ao Zgtel BAAS ol (2 47°C, Ha FEE 79.1£15.4%019 3L, F-52] A SA &
F34 ZseF B4 ATl A (3|53, MFDS, 2017). < T8 2194 UAE e FAe 6.7t14 g, 1444
ok dA% Bl 93l tebuconazole®] WE-E A|7F 134223 g, 794 212442 g 28] 58 A B3 &9

(Retention Time, RT) 3.82%-0|%1 21, tebuconazole #17g<t MNAE B FAE 262447 g (n=7)22 YER} F4H9l

Y2 AP A3te] 001 mgkeo] HES B2 F AIIHS g
TR F 607e] AHIIH AR ST A3t 89.7%)
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Fig. 3. Chromatogram of tebuconazole (A: control, B: standard 0.02 mg/kg).
Table 8. Residual concentration and dissipation rates of tebuconazole in Chinese chives
. .. Spray days before Residue concentration (mg/kg)
Pesticide No. of application pray day >
harvest (day) Rep. 1 Rep. 2 Rep. 3 Mean+SD
0 - <0.01 <0.01 <0.01 <0.01
2 21-14 3.06 3.62 3.18 3.29+0.29
Tebuconazole
3 21-14-7 7.21 7.39 7.05 7.22+0.17
3 14-7-0 9.74 9.51 9.89 9.71+0.19

9SD: Standard deviation



Table 9. Application and residues of tebuconazole in agricultural products

Preparation Application Application rate per treatment Residues results (mg/kg)
PHI®
Cro For Ia) Interval
P ype® C:ISIC' Method Times  between ( 1%1 ;ﬁﬁ;];() ?rﬁtr(la-rrr]:amx;l ¢ Ii ;—Sﬁ/lt;i) Trial results HR®  STMR? (days)
- application
Chinese chives G WP 250 g/L Overall spray 3 7 days 12.5 2,000 250 9.71,7.22,3.29 9.71 NA
Cucumber G EC 250 g/ Overall spray 3 NA 25-50 500-1,000 250 0.29,0.189, 0.111, 0.041 0.29 NA 3
Courgette G EC 250 g/ Overall spray 3 NA 25-50 500-1,000 250 8332’ 0.083,0.074,0.037, 0.26 0.074 3
Table olives F SC 36 g/L Overall spray 2 120 days 5.4-9 500-1,000 72 8?]1’ 833’ 8(1)2’ 0.14,0.13, 031 0.14 15
Fresh herbs F EW 250 ¢g/L Spray 1 NA 50-100 200-400 200 (1)2(1)’ 8?2’ 0.75,0.58, 0.4, 1.0 0.44 14
Herbal infusions F EW 250 ¢g/L Spray 1 NA 50-100 200-400 200 ggg’ giz’ ?)57%’ 3.96,2.94, 6.0 2.64 14
Rice F EW 250 g/L Foliar spray 2 14 days 62.5 400 250 83} 8?;’ (())’ﬁ’ 0.29,0.26, 0.97 0.23 35

JOutdoor or field use (F), greenhouse application (G)
YWettable powder (WP), emulsifiable concentrate (EC), suspension concentrate (SC), emulsion in water (EW)
“Highest residue, “Supervised trials median residue, PHI: minimum pre-harvest interval

UOIIPUOY 8SNOYUdaIL) Jspun (Y wnsoseqn] whjjy’) SSAIYd 8Sauly) Ul 9j0Zeuodnds | opIIBuNg O onsusloeIRY)  [ENpISaY
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2o Ay Foll AEH Feke] RIS A E
gisteta B4, Az, 717387, oBAIAE] W, ofAl A
Folgo] AUds B AEA| Y] T FTM] wE IS
vh=tly B E 3 Jok(Choi et al., 2018; Park et al.,
2012). & Aol FFo g tebuconazole®] HFEFS
ZA37) el AL 7|Foz 423 21U 14U o
7Y A0 R 233 AT § 7Y AR ARFE &
Mgk A3} g 21-1494 23] AEA] 3.2940.29 mg/ke, T
3 21-14-794 33 AEA] 7.22+0.17 mgkg, F& 14-7-0
A 33 AEA] 9.7140.19 mgkglE Bl on, Az
1571 B HAF oA Aol 8 A Y TS
o] = AgS HATHTable 8). £ Aol ARS-H
NgrsiAle FAd 3 Aol Brate] AEAl o FAtol

e

¢

Table 10. MRL Sheet of tebuconazole

F& Zloj™ (Hwang et al., 2017), 52| &
Z5L #AsiA Wogle] oFAle] FHEe] 4
me} 27] R T nHS o=
(An et al.,, 2019). F=]] tjgt tebuconazole®] %
2 EFSA Journal (2018, 2015)0l) 27152 Q= 4,
v, SlH 5o A AR RS AaFolE
Ao, o= oo S Ta7E WE Ao Aty
o] ZtK(Table 9). FF5 &3t A4 AF= A5 544 Al
7] 7ko] Bl L) 4de] mE Boldo= lsty
T Aol 9 FAUE AolH, AR 9 7)1dx
Aol wE} Al F A9 3 2 FES| 5o

of 22 Rt Al BHoR ks FUS AR
T THKim et al., 2009).

l‘-& =2 ox rlo

T or B oo

= 2t otk
e, 2 o
=2

At
o

s

b oto du il 2 oox &2

MRL Daily intake EDI? ADI? .
Crop (mgke) (@lday) (mg/day) (mg/dayb.w) 7oADI"

Rice 0.05 143.09 7.15%107 0.43
Apple 1.0 59.64 5.96x107 3.61
Onion 0.05 26.18 1.31x107 0.08
Radish (root) 0.2 19.73 3.95%107 0.24
Tomato 1.0 18.58 1.86x107 1.13
Mandarin 2.0 17.99 3.60x107 2.18
Cuccumber 0.2 17.99 3.60x107 0.22
Watermelon 1.0 16.53 1.65x107 1.00
Persimmon 2.0 15.76 3.15x10% 1.91
Grape 5.0 14.71 7.36x107 4.46
Korean melon 0.1 14.22 1.42x10° 0.09
Sweet potato 0.05 13.21 6.61x10™ 0.04
Welsh onion 3.0 11.46 3.44%107 2.08
Peach 1.0 10.84 1.08%107 1.65 0.66
Banana 0.05 10.80 5.40x10" 0.03
Cabbage 5.0 9.26 4.63x107 2.81
Coffee bean 0.1 8.27 8.27x10"* 0.05
Korean cabbage 2.0 8.09 1.62x107 0.98
Carrot 0.4 7.56 3.02x107 0.18
Lettuce 0.05 7.37 3.68x10™ 0.02
Spinach 3.0 5.43 1.63x10% 0.99
Radish (leaves) 5.0 4.68 2.34x107? 1.42
Gralic 0.1 4.57 4.57x10" 0.03
Wheat 0.05 4.57 2.28x10" 0.01
Strawberry 0.5 4.49 2.24x107 0.14
Pepper 3.0 4.47 1.34x107 0.81
Others (72) - 30.08 1.80%107 0.11

Total 4.79x10™! 29.01

“Estimate daily intake

P Acceptable daily intake (0.03 mg/kg) x 55 kg (average body weight of Korean)

9EDI / ADI x 100
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Table 11. Risk assessment of tebuconazole in Chinese chives

i i ilv i ADI? EDI?
Pesticide Highest residue Food daily intate %ADI®
(mg/kg) (g/day) (mg/kg-b.w./day)
Tebuconazole 9.89 1.65 3.11x107 1.88

9 Acceptable daily intake, YEstimated daily intake, “EDI/ADI*100

Tebuconazole2| StHALE7|&E

2019 99 A F39] tebuconazole 273818715 (Maxi-
mum Residue Limit, MRLYS 9727 5.0 mg/kg(B3l&4t
Bo] ofd Ig7|E)eR AAE S ElEtt
(MFDS, 2019). 573} 21-1444 28] A¥3 Ao M e
Al AEFFA A e HRAE7IE@EAF 5.0
mg/kg) OE FFat o, 28 21-14-79 4 14-7-04
A 33 Axs AdFdM e FFEETIES 238HAT
TEXNEH FFeEdFl= F50 tgt tebuconazole®]
PAAREZIEC] 2021714 FAH o= AulEgoy T
Z71°) tebuconazoleS T3 (25%) S 2 Sh= FSHA| (AR
. AAzE)o] A4 PdARETIE] 8 2194714 18]
o2 A SEE TEEO] AATHEAFHEAH 2 2019,
RDA). £ A A3} F3o) 7HF3l= tebuconazole Z|
HWAFFES FE Zx)] H4Fede §871ed 5.0
mg/kgR T =7 R8I0, AR sk e
2E gl FEETHAA AArshs HAARE7IEl wet A
A F71NA AF GAE A B wakEe] oA
g FA7L §le ASR B AFE Foto] Rl

Tebuconazole2| 2| & X7}

SA1AHE] tE tebuconazole®] $1987HE flate] Y
AHEEF dIHFHFEEFE vaLste] %ADIE AH=3t
A=, tebuconazole®] W ZH7H(9.89 mg/kg) S EH-E
AFESH ADI tiH] 2]o]Ad 3 &(%ADD] k2 1.88%31
o B3 B35 E3E A4 $4=0 %ADRE 29.0%%
UERY 0|24 AU 3] TMDI (Theoretical Maxi-
mum Daily Intake)’} 80%E Z5HA] ko, H7pA30
FZof| tigt tebuconazole®] =& AT S 4
0] o7 %9 th(Table 10, 11). 9 G738 H5
o] AAshs 94T 2 GAFE gt AHReEs
ZbREofo] AGEE A A H 22 (Kwon et al., 2013), 34|
250 et tebuconazole?] AF ol WE AA YA =E
O& We Zlo2 detEn

N

ZAte| 2

2 a7t 989 198 5 =S £9L FA AR
57169 FURAATH WA B vhee
A,
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AATHHH S (Allium tuberosum R.)O| CHSH & X Tebuconazole2
RSN o7

£ AN B52E U2 E tebuconazole T3 (25%)8 AESte] AUl W AREA Z
IHY1E Bl AT IEEA S 7NZAEE D&t T E AT FAFLS FA] SFAIE 2,000
Joto] 78 LS 7102 3 Y, 78 797, 78 1494 E 21930l Ho] 2-33] ARSI
Z71% A| 22 QUEChERSA @ o2 AxE|3t 3 LC-MS/MSE o]-gato] EA51ar, F-4 ol 23k 4 3HA
£ 0.01 mg/kg, A ARG 09996, AFE(10 pgke) D E5E(100 pg/ke)el thek B 3]48S 95.7-
102.1% (C.V. 2.8-4.0%)°]Jth. A7 443} 3 21-14U4 23] AFA] 329 mgkg (F Z7% 3.62 mg/kg),
53 21-14-794 33] AE A 7.22 mgkg EH AHFF 7.39 mg/kg), 7 14-7-094 33] 2EA] 9.71 mgkg Eh
253 9.89 mg/ke) o2 AFaITE A H7F A3} tebuconazole?] 2 HF%(9.89 mg/kg) S 2 HE] =31 ADI
H] 2o H&(%ADD)] 72 1.88% 22 Ve, o] 2% JUHh4FH ] TMDIE 29.0%= A =0} F50f tj
Sl tebuconazole?] =F2 43| SPHSH 21 Ao SRIF QT
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