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Abstract The biological half-life of pesticides applied on crops
is the key indicator for ensuring the safety of agricultural products.
The biological half-life is affected by the several factors like
growing conditions of the crop, climate, application method, and
physicochemical properties of pesticides. In this study, the
biological half-life was calculated and the degradation rates of six
triazole fungicides sprayed on perilla leaves were evaluated.
Moreover, the statistical analysis confirmed the correlation between
the biological half-life and physicochemical properties of six
triazole pesticides. The recoveries of the six pesticides were between
84.8-104.9%, which satisfied the residual pesticide analysis
criteria. The biological half-life of six pesticides sprayed on perilla
leaves, calculated using the first-order kinetics model, ranged
between 6.4-15.1 days. When the biological half-life and the
physicochemical properties were correlated using the principal
component analysis: pKa and Log P, the biological half-life was
found to be affected by PC1. The correlation coefficient between
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biological half-life and physicochemical properties (pKa), calculated
by Spearman rank-order correlation, was R> =—0.928 (p <0.01).
Biological half-life has been shown to correlate with pKa. In
conclusion, it can be used as a database for the relationship
between biological half-life and physicochemical properties and
will contribute to ensure safe supply of agricultural products.
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Table 1 Physicochemical properties of 6 triazole fungicides
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X152l GA= 90mL hexane/ethyl acetate (70/30, v/v)O.Z 1
2} £E2AA 2 £E2HS SHHA F, 80mL hexane/ethyl

Pesticide Molecular weight Log P Solubility in water Vapour pressure Dissociation constant
(g/mol) (pH 7,20 °C) (20 °C, mg/L) (20 °C, mPa) (25°C)
Fluquinconazole 376.17 3.24 1.15 6.40.E-06 0.9
Hexaconazole 314.21 39 18 1.80.E-02 23
Metconazole 319.83 3.85 30.4 2.10.E-05 11.38
Myclobutanil 288.78 2.94 132 1.98.E-01 23
Tebuconazole 307.82 3.7 36 1.30.E-03 5
Tetraconazole 372.15 3.56 156.6 1.80.E-01 0.65
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Table 2 HPLC-UVD and GC-ECD conditions for the residue analysis of 6 triazole fungicides in perilla leaf

LC Condition Fluquinconazole Metconazole Tebuconazole
Model Shimadzu Prominence
Column SHISEIDO C18 [150 mm (L)x3.0 mm (i.d)., 3.0 pm]

Column Temp. 40°C
Mobile phase Acetonitrile/water (47/53) Acetonitrile/water (50/50) Acetonitrile/water (60/40)
Wavelength 243 nm 221 nm 254 nm
Injection volume 10 pL 20 L 20 puL
Retention time 17.7 min 21.3 min 17.5 min
GC Condition Tetraconazole Hexaconazole Myclobutanil
Instrument Shimadzu GC 2010
Detector ECD
Column DB-5 [0.25 mm i.dx30 m, 0.25 pum film thickness (J&W Scientific, USA)]
Column 60°C .(2 min)—>15 fC/min—>200 °C. 100 ‘TC (2 min)— 1.0 °C/min—200 °Q 100 °C @ min)—)}O °C/min—200 .°C
(10 min)—15 °C/min—280 °C (5 min) (5 min)—10 °C/min—280 °C (10 min) (10 min) 10 °C/min—280 °C (5 min)
Temperature Detector 280 °C
Injector 260 °C
Gas flow rate N, 1 mL/min
Injection Volumn 1.0 uL
Retention time 19.5 min 21.3 min 22.1 min
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Table 3 Recoveries for analytical methods of of 6 triazole fungicides in preilla leaf

Pesticide Fortification Recovery (%) MDAY LODY
level (mg/kg) 1 2 3 Mean® + SDY (ng) (mg/kg)
. 0.2 90.8 90.8 90.4 90.7+0.3
Fluquinconazole 4.0 0.02
1.0 86.7 86.0 86.8 86.5+0.4
0.4 83.7 94.0 92.8 90.2+5.6
Hexaconazole 0.2 0.04
2.0 85.0 84.8 85.6 85.1+0.4
0.4 97.5 97.6 97.1 97.4+0.3
Metconazole 0.2 0.04
2.0 96.8 98.0 98.2 97.6+£0.7
. 0.4 92.8 86.7 91.3 90.3+3.2
Myclobutanil 0.2 0.04
2.0 85.5 87.0 86.6 86.3+£0.8
0.4 104.9 96.7 101.6 101.0+4.1
Tebuconazole 4.0 0.04
2.0 85.6 86.8 88.5 87.0+1.5
0.4 94.1 92.9 88.9 95.7+£3.7
Tetraconazole 0.2 0.04
2.0 98.4 94.7 92.6 95.2+2.9
“Mean of triplication; ® SD, Standard deviation; ® MDA, Minimum detectable amount; ¥ LOD, Limit of detection
Table 4 Residual amounts of 6 triazole fungicides in perilla leat after final application
Amount of Residual amount” (mg/kg) + SD
.. . . Number of .
Pesticide active ingredient . Days after final application
. application
(kg a.i./10a) 0 1 3 3 7
Fluquinconazole 0.020 3 23.55+0.01 21.70+0.01 21.44+0.01 18.70+0.01 15.30+0.00
Hexaconazole 0.002 3 1.11£0.06 0.80+0.05 0.62+0.00 0.60%0.02 0.5340.02
Metconazole 0.013 3 5.69+0.00 3.78+0.03 3.36+0.02 2.92+0.00 2.52+0.05
Myclobutanil 0.008 3 5.70+0.01 4.96+0.02 3.95+0.06 3.93+0.00 2.96+0.07
Tebuconazole 0.025 3 7.13+£0.02 5.43+0.01 4.82+0.04 3.734£0.01 3.17+0.06
Tetraconazole 0.025 3 11.86+0.05 10.44+0.01 9.434+0.03 9.16+0.01 8.28+0.04
“Mean of triplication; ”SD, Standard deviation
metconazole 96.8-98.2%, myclobutanil 85.5-92.8%, tebuconazole — 7|Zo]| wlz} ¥ 31917] wj&ol], 7t o ¥ AFFo] tfE A
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Table 5 Biological half-life of 6 triazole pesticides in perilla leaf under
greenhouse condition

Correlation Half-life
Pesticide Regression curves®  coefficient
2 (days)
(R9)

Fluquinconazole ~ Y=23.8696¢-03%¢x 0.9174 12.2
Hexaconazole Y=0.9531¢0093% 0.8357 7.4
Metconazole Y=4.8369¢ %1003 0.8587 6.9
Myclobutanil ~ Y=5.5020¢05 0.9368 82
Tebuconazole Y=6.6063¢ 1088 0.9626 6.4
Tetraconazole Y=11.3024¢0045% 0.9224 15.1

“Regression curve, based on the first-order kinetics
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Fig. 1 Principal component analysis (PCA) of the physicochemical
properties of 6 triazole fungicides and RLs in perilla leaf. In (A)), PCA
loadings plot of PC1 vs. PC2 from RLs, in perilla leaf. In (B)), PCA
scores plot obtained from RLs, in perilla leaf
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Fig. 2 Correlation analysis and scatter plot: RLs, vs. active ingredient (A), molecular weight (B), Log P (C), solubility in water (D), vapor pressure (E),

and dissociation constant (F)

Table 6 Spearman rank-order correlation coefficient between RLs, and
physicochemical properties of the 6 triazole fungicides in perilla leaf

Physicochemical

property N R p-value
c® 6 0.543 0.266
AIY 6 0.116 0.827
MwWY 6 0.543 0.266
LogP 6 -0.543 0.266
Sw? 6 0.200 0.704
PP 6 0.257 0.623
pKa® 6 -0.928 <0.01

“The number of samples; bIC, Initial concentration; YAl Active ingredi-

ent; YMW, Molecular weight;

9Sw, Solubility in water; op,, Vapor pressure; £pKa, Dissociation con-

stant

o= p3) R A&} =Y Zow woEL,

Table 1914 pKa7l $& 02 YE3IH tetraconazole <
fluquinconazole < hexaconazole < myclobutanil < tebuconazole <
metconazole®. 2 ER}H, RL;2 tebuconazole < metconazole
< hexaconazole < myclobutanil < fluquinconazole < tetraconazole
SO WRI7E oI, Wb, pKavk Re4E HFAe]
Sobd ARA| ol QB FRFOA W] ol 2
7} =&=H, Table 6 ¥ Fig. 29} 7Fo] RLsp# pKa:s 29
& WAL e Ao ddtEnh

Ao A¥EH triazoleA] Al

= =R A~
Azl Fell B HEE

6% thstel AEAA W
2 sl on], SR
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