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Residues of Benomyl and Bitertanol in Apples Treated

as Postharvest Fungicides under Different Storage Conditions

Eun-Joo Lee and Jang-Eok Kim”*

Abstract

This study was conducted to clarify the degradation pattern, safety evaluation and penetration
ratio of benomyl and bitertanol to apple used as postharvest fungicides during CA(controlied
atmosphere) and cold storage.

In CA storage, the degradation of benomyl and bitertanol in stored apple was slow at the early
stage, while that in cold storage was, on the contrary, faster at the early stage. The initial
concentrations of benomyl and bitertanol in apples applied at the standard application
concentrations were 2.24 and 1.54mg/kg, respectively, and their residual amounts were below the
maximum residue limits, 1mg/kg at 135 and 96 days in CA storage, 115 and 70 days in cold
storage, respectively. The half-lives of benomyl and bitertanol in stored apples were 124 and 130
days in CA storage, 101 and 111 days in the cold storage, respectively, indicating that the
degradation was faster in cold storage than in CA storage. The residual amount of benomyl and

bitertanol in stored apples was retained more in peels than in pulps of apples.

*QggA 27 4% 1370 A8t 398 saetan
Depatment of Agricultural Chemistry, College of Agriculture, Kyungpook National University, Taegu 702-
701, Korea

434



F&8F 22422 Benomyl® Bitertancie] M2 ® Alate] AF=xho) g AFF 435

M B
T 92 UMz SR 255 $iE
of wel Moz AHge] dAsgezA At

1 FAol 5% FAEY UT HIx} F7
st Aok wetA ole] R3E7] Y3l FAEY
Al 7]go] g BEECIL, £8 Fo HE3Y
#eel7ix 2 #iel F7HER Sl 59, At
3 v 571 £5F 30%E AX3}= F £5H
ol AiFH AuFT AFHog FrlEy e
FAleltt. ey At Aldl 544 53 Al
tgoeg F3EHr] #@E dF LEIY AHE
87k ANAEY £F7E F550, AR B
Faz A AAHA &4S FAST] s A
FE A Hed old e FAEA wiEtg AR
Foll &4do] B2 oz geAn g

ABHE Asted SlolA vehde EAde F
2 FEFTE 3 AZxFA AR AT HH
olth. #&3 HAAL AFE o TAHE Az
£ WA HF Apgenes ALA%, polye-
thylene filmel 213 A4, CA(controlled atmos-
phere storage)x 3 B WA RALF Y HF Fol
274 Aok olvd o7 Feho] APE F A
FEn e 7] 2AEHE 2EEY 0,9 F=&
WED CO:8 N 328 239 8 F 2%
9 HA AAW TFE AAAID climacteric
o o2& AE AAAA 4&& AdAFE CA
Aol thE wWPHel wlE] AFol ¢ Aom ¢
HA L QUcks) olel Wgse 8 F 4 2 A
F Fo 2He AL R AT &H4E Fol
7] #1389 postharvest 2FAl7} M]3 glck o]0
FAES UFe F£E81 de A s, &
2 Aol 2 FH SdME 5482 5 F9
g F0]7] 938 postharvest SFHE A, A
ZA 2 EFA o2 A o, A F
2 A8 53 ¢+ postharvest2kAlE benzimidazole
A ¥ 3%+ methyl-thiophanate, thiabenda-

zole, benomyl, carbendazim¥} imazalil, captan, da-

-

=t

minozide, tolyfluanide, dichlorvos, chlorpropham,

iprodione, vinclozolin ¥ procymidone ol ¢&A
At olEF FAE FolAM 53] Al wig A
2% F HAse dFY Penicillium expansum,
Gloesporium sp., Alternaria sp., Venyturia nashicola
2 Botrytis cinerea 52 FAE $siA = benzimi-
dazoles] &A1 methyl-thiophanate, thiabenda-
zole, benomyl, carbendazim %°] Bo] Al&=HT
QTHB, 2} o2 g AEo] ol Y&
E73}3 benzimidazoleAl @A AFAHL 717
A B FFA Alternaria sp., Venyturia nashicola
Fol Y A2¢ AFAD FAY imazalil ¥ er-
gosterol AFAA A triflumizol, bitertanol 5%
gA AR ke

Postharvest 9fzl7} olte] A S At @
FACd fdtste e ok Axe] A
THRGo] QA viEolRR HFHoZ o7 2
oA AZE FAEL AP TLRFFY
¢Ag el e Bk ofF IUdAMe B
2o A 4 9E postharvest A7} FAH
22 F5o] =Hol UA Fouk APHFe FAE]
a8 FH= AF 2 F£E$ 82 JeB= oY
LAY 5 e Bl 2 &d& Fol7] HAsA
Szl A o]n] A& 3 Q1= postharvest FFE ol
3 477t 298 Aoz dwdHty E 5
olm] postharvest 9F2ﬂ7} Agd Aarr AL o
CAAZZTAA Al FAE Fo ASHOE &
AANZ ¢ dvke Ae Ru¥3 vt

2 dPlXe A 2 v A F MY B
H-&-& A EEY Alzle] F£X] FF) postharvest
kM 2 A benomyl® bitertanolS ¥ EAAN ¥ Fal
olg] 5Hl F=E AE|d F AFzAd] w}E oAl
2 Fd £ FHFEF W3, oA HAdEs F
At g2e] JREE ZAtaR &gch

=

Mz % oak
1. ZAI2kH

BenzimidazoleZ &3 A< benomyl # triazoleAl



436 SHAFYA ALLE A4E (1996)

AgA Q0 bitertanols] A E<Q Benlates 34| ¢} Ba-
yeorf=BHA & AR5l oy ol & A9 ol5EzQl
542 Ar¥e o}

2. ME=

CA 2 A2AZE & A RE FAARE 9
43l AR®e e zHow AFsACh AR
9 2x¥ 2C ojgley 7tazAHL CAARY B¢
0, 3%, CO; 1%1% 2" ALAFd 3% 0, 21%,
CO: 0.03%°1 21t Atztol o §F kAl A =]lE Table 1
7 o] AAFm HAAZ o} AlFRE AA
NA AxAR F plastic AR} Fol CARZF}
ALAGLE EEsted AFsiAch

Table 1. The program and classification of
postharvest fungicide treated to app-
les before storage.

- . Immersion Immersion
Fungicide ~ Formulation . . Class
conc(mg/l) time(min)

Benomyl  Benlate(WP) 325 1 A

Benomyl  Benlate(WP) 1,625 1 B

Bitertanol ~ Baycor(WP) 225 1 C

Bitertanol  Baycor(WP) 1,125 1 D
3. 2y

Atate A benomyle] FFF FH& AET IAF
50g, @3 25go| ethylacetate-acetone(3 - 1, v/v)&
M AR A" F2EZqch FFELS Celite
5458 ol&sld 7Y oA Fch Ethylacetate =2
71 2 JAE AHES GAe oAzt st
ethylacetate2 &% ¥ ¥ ¥ ethylacetateF &
wola 40T &394 Y FF3se 01N HC
2 33 AAF F HCIEE ethylacetate2 THA] 3
Z3kqch o] #29¢ pH 62~642 8% ¥ di-
chloromethane 50ml2 7}&te] 338 F&38t9 dich-
loromethane®& thA] 40C F&34A & A3
NA HAZEHOoZ acetonitrileZ AL 3te] A

€ HPLC(Young In HPLC 9500)2 ¥A35ich ¥
Mol A48 columne K Bondapak™ Cis (i.d. 3.9
Xlength 300mm)°j1.2.™ mobile phaseZ acetoni-
trile / water (45/55, v/v) ©113 UV(280 nm)
2718 AHg-EiTh

Atztell A bitertanol®] FHF £ AHEE A&
50g, #9 25g°l acetoned 7}@ F 1A 7
239k FEES Z2US AT acetone2 2 F
2 878 ARG F AYAFd A Fek 40
T £830A BHae EddF2 $ F 2
AgF, $7FF L ethylacetateE H713lo F&3}
Hek 2 F A8l 229 ethylacetateZ S 40T
#8234 5% 7IAZ] F acetone | chloroform
2:8, v/iv) 8402 L3} silicagel column
S} A acetone . chloroform(2 : 8, v/v)&} &&= A A
ek oA 8&dE F5 23 AZ F acetone
o2 ALsste A EE GLC(HP-5890)) Y5}
o B3Rk Ao AHRE column chromo-
sorb W, HP(80~100mesh)°ll 3% OV-1& ZFHAI2]
W7 4mm, Z0) 24m¢l glass columno|god, &
%¥ column 230T, injector 250C 2 detector 270
T2 #2%7]= NPDE AM&-3lgth.
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Atatel 2] ¥ benomyl 2 bitertanol®] TFFE
¥A4357] S8t A0 Yol AF Fee
benomyl ¥ bitertanol®] 0.1 ¥ 1.0ppm 2|0l
A} benomylZ 92.4%~944%, bitertanol 97.4%~
97.6%4 3FE&E ZAY BHied, AZ¥AE F
A FAsA 0.01ppm ©]3ich. Benomyl®l HPLC
A2 2 bitertanol®] GLC ¥FAZZ A reten-
tion time2 Z}7} 6.9%3 33FoIvh AFLH
ALEE AMFE-E AlFAI R oln] zFEe] &
Aoz qAEE FAGAES] FHF £4E A%
o A7l 2078 ARE Y2 HdHE beno-
myl#* bitertanolo] XA EHAIRAA F o
AY AFEFL F g4 2F HEEA 0.01ppm
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Fig. 1. Degradation of benomyl in apple pulp
treated at two different concentrations
over the storage periods.
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F1g 2. Degradation of benomyl in apple
peels treated at two different concent-
rations over the storage periods.
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Fig. 3. Degradation of benomyl in whole ap-

ple treated at two different concentra-

tions over the storage periods.
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Fig. 4. Degradation of bitertanol in apple
pulp treated at two different concent-

rations over the storage periods.
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Fig. 5. Degradation of bitertanol in apple
peel treated at two different concent-
rations over the storage periods.
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Fig. 6. Degradation of bitertanol in whole
apple treated at two different concent-
rations over the storage periods.
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Table 2. Exponential regression equation for degradation of benomyl and bitertanol in CA and

cold storage.

Class*** Zone Initial conc. CA storage cold storage
(ppm) k r ti2(days) k r ti2(days)
A pulp 0.37 —0.0056 —0.968"* 137 —0.0101 —0.992** 91
peel 2.50 —0.0062 —0.875"" 141 —0.0057 —0.960** 118
whole 224 —0.0079 —0.900** 124 —0.0069 —0.983** 101
B pulp 0.49 —0.0047 —0970** 142 —0.0122 —0.936** 93
peel 6.95 —-0.0072 —0.940** 144 —0.0087 —0.942** 88
whole 5.65 —0.0096 —0.961*" 143 —0.0072 —0.881** 88
C pulp 0.35 —0.0071 —0.980** 119 —0.0054 —0.930** 110
peel 1.80 —-0.0121 —0.908"* 149 —0.0100 —0.892** 107
whole 1.54 —0.0065 —0.990** 130 —0.0063 —0.932** 111
D pulp 045 —0.0059 —0.900** 139 —0.0092 —0.987** 120
peel 421 —0.0057 —0.898** 156 —0.0063 —0.941** 104
whole 4.17 —0.0060 —0.900** 145 —0.0068 —0.832* 100

Formula : y=a.e®, y ! residue level(ppm), a . initial level(ppm), k : slope, x : storage period{(days), r : coeffi-

cient, ti - half-life(days)
* I P<0.05
** I P<001
*** [ See table 1

Abate) 7] AFEL H& 037mgkg, #y 250
mg/kg, AAFHAA 224mg/kg o1 o™, BFE L7
F22 Img/kgoll ol=& A7ie AAA A 135
gz vEeR} o] Al7] olFole EEAFFoE o
Az HEE g HESA 4HE F e AL
2 ey aga axk2 A8 oA 27
AFFL A 049mg/kg, B3 6.95mg/kg, DA}
3} 565mg/kg 2 ARAFE vHEAN 27 RAFS
o] ZEARFE AN TR FA Jetkich
Bitertanole] X EAFZFo 2 Had AlFe zx7]
7% A% 035mg/kg, &9 1.80mg/kg, AHEHA
A 154mg/kg ol en FFHE7IEAY 1mg/kg
o ez AZE AFHAAME 964z et

A% ¥ 069A ol EREE 23 ¥+ Ak Ros
ehgek.
CARAER Astln A5P4AE o188 oAl

9] o83 EaAwzrle benomyld 124~144%Y,
bitertanol® 119~156¥°le™, AL A=

benomyl¥ 88~1014, bitertanole 104~120¥4=
et ol AL A2AGAA fAl] Eafiukztr]
7t CARRZET 30ad A= &37F wha2n, z7]%
=7t EEFE RV F BA JEedE 2o
olE|d AL PeME AFdARol CAAZS
B4 A2AZAN A4 Bt ®E Yol o3
oFAle] Be&E ARTER 247 g2 et
7] qELE AlgHM
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