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During the course of analyses of fungicide residue, it was found that captafol (N-[1,1, 2,
2-tetrachloroethylthio]-4-cyclohexene-1, 2-dicarboximide) was decomposed in homogenized prepara-
tions of vegetables and fruits. Captafol was rapidly decomposed in homogenized Japanese radish
roots, spinach, and cucumber fruits. When added at 1 ppm level, almost all the compound dis-
appeared within 10 min. Fast decomposition occurred also in cabbage, muskmelon, satsuma orange
peel, greenpepper fruit, potato tuber, and onion. Relatively slow decomposition was found in
strawberry, tomato, apple, and orange; half lives being 60 min or more.
and fruits tested, there was a good linear relationship between pH value of the homogenized
preparations and their decomposition activities. As pH value of preparations becomes higher,
the decomposition activity increases. The similar pH-decomposition rate relationship was observed
within a series of the cucumber fruit juice adjusted the pH from 3.0 to 7.5. The decomposi-
tion activity in the cucumber juice was dialysable and heat-stable, and the decomposition rate
increased with an increase in temperature. These results suggest that the decomposition reaction
is non-enzymatic, and that plant constituents with low molecular weight participate in this reac-
tion. An additional evidence was that the decomposition occurred in aqueous solution of thiol
reagents such as glutathione (reduced) and cysteine, like in the cucumber juice. For preventing
the decomposition of captafol, the addition of acetonitrile, hydrochloric acid or masking reagents
of thiol group such as trichloroacetic acid, to vegetables and fruits prior to homogenization was
effective. Three related fungicides, captan, folpet, and dichlone also were rapidly decomposed
in homogenized cucumber fruit.
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4. HRI/OAR V5 7%4

# F A vy 2y SE-524QF 1(1.5%41.5%)
HAZ A Q 80~100 2 v ¥ -, 3mmx
1.5m

O TEAM 230°C, # 5 A 190°C, e
250°C

Fyr UV HRRE:
TV br A —&—:
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PRFFRERT -

ZZ€3 120 ml/min
12 MQx0.08V
10 mm/min
captafol 2.5 min, captan 1.0 min, folpet

1.6 min, dichlone 0.6 min

5. BENBEEOATE

BEEM OB LR 10 g 10238 10 gg %2 i%n (1 ppm
HTS) L, 20 ¥ 701X 30°C YA T — kR S
XRDOL, T =Y 200ml FRMLCEEE
k%, BRoBEEREY Fig. 1 oFETtERELE. £L
TIRME % 100 X UTEREE B 5 \0E 5iEr ke,

Sample 10g

200ml
ca 10g

Acetonitrile
Celite

Blending, 3 min

Filtration

Precipitate Filtrate

(discard) n-Hexane 80ml

Dichloromethane 20ml
Water 500ml
Satd NaCl soln. 30ml

Partitioning, 1.5min
|

Aqueous layer Organic layer

(discard) Water 300ml

Satd NaCl soln.20ml

Partitioning, 1 min

Aqueous layer Organic_layer

(discard) Anhyd Na,SO,

Filtration
Concentration

n-Hexane 10mi

Gas Chromatography

Fig. 1 Method for the determination of four
fungicides.
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Fig. 2 Gas chromatograms of captafol extracted
from cucumber,
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Fig. 3 Decomposition rates of captafol in homo-
genized fruits and vegetables at 20°C.

1. Strawberry, 2. Tomato, 3. Apple, 4. Satsuma
orange (Flesh), 5. Onion, 6. Potato, 7. Greenpep-
per, 8. Satsuma orange (Peel), 9. Muskmelon, 10.
Cabbage, 11. Cucumber, 12. Spinach, 13. Japanese
radish

of captafol and pH of homogenized {fruits
and vegetables.

Numerical orders correspond to those of Fig. 3.

LOHRE (LR olliaNE kDb, £OM
BIGE () 13 —0.881 Tdh ~7- (Fig. 4).
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FY— X3ROy Ebhic 0 ZERBPIRIND
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OHRERAET S L EDHIT, FIEREVTET 2EEL
BhosEiifHaslL, Fig. 5 itRLEx. ThicXxs &,
BWEILEEh O S REERED, LT OEROMEFRDOEEXD
L, F v U TIEBHERELT TIHRMED 92%
DGR, 105 CBELAERNHELTLE 572, 3
v (BE), XU vY¥—=vThBEOXLEHN,
FEABROEE B Z B,

3. HR(EBEOSBEEORERT(E
F.vUBRHEILL, LIESLKIRET S & MWAENL
PWIER T3 5N R b icd, SRREDORIFE(L
IR, FV VR IFV—THELLDDL, O,
30, 60 3 XX 120 43f4ic captafol % ifinL, FORD
30°C ¢ 5 SMIKIG X ¥ #5ER, I EfEHENR
BN T 5 2 &b -7z (Fig. 6).
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Decomposition rates of captafol in fruits
and vegetables during homogenization (for
1 min) and thereafter at 30°C.
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Fig. 6 Reduction of decomposition activity in cu-
cumber after homogenization.

Reactions were carried out for 5 minutes at 30°C.

VOB OREEZ VT TOEREZ TR - 7.
1 & il
FavVEIFY—THELL, #Hlr— b TESIHE
Wk, WA R O EE (8000 rpm, 5min, 0°C) L7-.
o Rk EEREET pH 3.0 c#EL, £o 40ml %
2~5°C T 24 BRRELEIT L 72, B oM 0.005 M 35 R -
Bk v — X iE@E#E (pPH 3.0) 41 TH o7, FE NS
X O E (100 f5IRMEWL) i< captafol 2L, L%

Table 1 Effect of dialysis on decomposition of
captafol and captan in cucumber.

Condition of %
reaction decomposition

Sample
Time
(min)

Temp.

(°C) captafol captan

Inner soln. 30 30 37 62
Outer soln. 30 30 99 100

Not dialyzed 30 5 100 100

soln.

rsE g P Lok Table 1 imRL72 X 5 GO %
SBINRT B »7c. ERINRO G HREZ BRI O D
TR EHET 5 2000 ORTEZLNERDEIIARL
ERTEATH S Z LI, LBENT ORI
X % captan QR E 7L 25, captafol D&
L BRI RBE O,

2) B
EMEBRICAVZOLFLC pH3.0 #HE LA £ o
v U g%, 100°C T 10 SrRhnZinsets, hEhx g
L, W@¥%E pH 6.0 (CFH% L T captafol % iimL,
30°C TRIGCE ¥z, MEMAIIT X Y SFREFEDEKTIX A
Bivics, ZOMEBORTIZERELTITEFE L d -
7= (Table 2).

Table 2 Effect of heating on decomposition of
captafol in cucumber.

Reaction time %

Sample (min) decomposition
Heated soln.* 10 45
30 60
Not heated soln. 10 57
30 88

* Treated for 10 minutes at 100°C.

3) KGR E

F27 YER S TOHBEERE 0, 15, 30, 45 X O°
60°C CHIEL /R, BESEBI R IE-TKEL
b, BERIGTALON I EFEBERBETE Lo
(Fig. 7).

4) K & pH
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PO00REELTE~ P 2FY, ko pH 2% %
captafol DGR ALBIE L. £ DR, Fig. 8 wRL
7o X O H R pH BIRL bt - THEL kD,
BB > TREL KD EBHELI TR 572,
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Fig. 7 Effect of temperature on decomposition of
captafol in homogenized cucumber.

Reactions were carried out for 3 minutes.
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Fig. 8 Effect of pH on decomposition of captafol
in homogenized cucumber and tomato.

O Cucumber (for 3 min at 10°C), ® Tomato (for
30 min at 30°C), ® Original pH of cucumber and
tomato.

5) FF— L&D I RERE

R OEROERE»SHEL T, HBOERZRT
DL LTFA— L& E BN, £ T THEMHK
ROESTFF 4 — M LEMORE T2 ED D LEZ LN
LETEMIN 2 F 4 v (GSH) L o 27 14 VIERRIE
(CySH) %, XL 4 — A {b&he LTF Ak
v — ZRBEY, SRERZFASL. BOBOO{LAEMDIR
BEi3 captafol ®ELPEED 10£5E L, 30°C T 10 43f
RS Xxef. “OfE, GSH & CySH Pl L i iz
ERZSOHMERB LTV, FAREY — X TiRig

Table 3 Decomposition of captafol in aqueous
solution of thiol compounds.

Compound %  decomposition
Glutathione (reduced) 64
Cysteine 66
NazSzOs 7
None 3

The mol concentration of thiol compounds was ten
times as captafol. Reactions were carried out for
10 minutes at 30°C.
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Fig. 9 Effect of pH on decomposition of captafol
in glutathione (reduced) solution.

Reactions were carried out for 5 minutes at 30°C.
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Fig. 10 Relationship between glutathione (reduced)
concentration and decomposition of capta-

fol.

Reactions were carried out for 5 minutes at 30°C.
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106 AAREFELE 3%

2% WFIS34E5H

EAEGHE L Ish -7 (Table 3). ¥ 7= GSH %~ D
pH DFEFHWITIARE L, captafol D4y % ME U 7ok
X, Fig. 9 @R Lz X 512 pH 2355 < 72 51 HE = THfit
EHWMAL, Fig. 8 0F . v U B XU = P IEH O
E—FK L7, E5iT captafol iz3t3+ 2 GSH o BEAZ %
TRz E LR, GSH REZREDHITit-T
captafol DIFAEHE MK L, captafol @ D 100
e 35L&, 30°C 5 pHITIR LA EBSESh (Fig.
10).

5. ETOMDOTRERE

captafol OXE#H{L-&54T3H 5 captan, dichlone ¥ X 8
folpet % % = 7 U B {LAFR PRI 1ppm MY ERMNL,
INSDOEEWME AN, Z2DFKEAI & B captafol &
FRRCIERICALETH Y, EEEZET L Livbdo
7= (Table 4).

Table 4 Decomposition of fungicides in homo-
genized cucumber.

Fungicide % decomposition
Captan 100
Folpet 82
Dichlone 100

Reactions were carried out for 10 minutes at 30°C.

6. SEEBAIEXTR

INETOFRRM?D, captafol OFRRE[GILT %728
Wi, RV OGRS & RS E R T S AN S A
DOTHREHBCDLEPECCER. £2T, 27
OB B OREZ IRML, L ORhRE2 NI
R, VU e EiEE, £/ 2 — PR, EBBIOT
b= b VLRI SRR G E HIET 2 DI ERhTH S
Z L& E o7z (Table 5),

Table 5 Effect of various reagents on decom-
position of captafol in homogenized

cucumber.
) % decomposition
Additive Concentration at 30°C
(M) -
10 min 21 hr
CCI;COOH 2x107! 4 21
2x1072 33
CH.ICOOH 2x10! 10
2x 1072 28
HCI adjusted to pH 3 5
100 ml/
CH,CN cucumber 100 g 7 94
None — 90

z ®

BB STV 5B RAED B SR sl
BRIz 3817 5 captafol D& et % J97- 550, &
12V, xvvvvy, ¥a271, F+XVEIUPAR
VTELIEARKETHD o72. THEDEFEND captafol
DB T 21T 5 a1, RBOWEMRIERHE
COWTTHREFEERLETHS. THET, ZhbD
MR EVEES bR T Wb - L2 Exdbb

THE, BRMWARESEETHEME 50, Thbb
PO 7 — 2 IR DA o e E S b, WEHRET

DEH»LEMETZET 5 L5 Bbhi.

EePEYHR T D captafol O 73 AHEE & £ O HE LA
PH & OHICE MRS 0, pH O d OIF E 4fifik
ErEWEA AR, 20z XD, EEHDOHY
{bakto pH 2 BIET % 2 &1 X - T, captafol O&E
WriZITHETE L L E 2 7.

—7, WHELEERPRFHIT captafol 2335 L < 751
T5 2 EPMRINAT LI, BEADIIETIER»HE
S TV S RMMEGARESEE TR W L 2 R/L
7o bbb, WHLEORPCRERIRML, KL
CHIHEREC D, EIEZRD S LW EkoBET
i, BEUREPCREPCRTI B HMBEITE 572K F
=y 7 TERVI LTS, £ TH5HBIE, BWELRE
BNCRERZIRML CTRIRELZRD, TOH5TEOLEIERE
S NETHbHS.

SRREW IR OWE D0, ¥ v VAL O®
W DB 2 AT - kbR, BTN B E O KBRS
DT Ui, FOWEE, ¥R 7 7V F o — T O
WaFERE (1 ~27) X0/PNI BRSO
HThobT by, HROERGE, BHENZDD
EVS X DRLLALFMNRDDOTH L EBRESH
7z. %7z, 100°C, 10 SFIEOmBLIEIZ X - T d 53 fEAE
WE IR RTE LI WiZe b 2, RIGK BT 5 EEIRE
2EE pH dHERETE T, BERICHERIGTSH 5 Al fE
HE XD/ Lk, ZofEkE, & pH T rEmh
X<, PH BB dicifoT k&L Lo72. pPH L&
JSHEDBARRIE, BREWSNIT 2272 captafol D2 #EEEED I
BERC RIS pH L5REEORBGE -5 L.

DlEDz & XY, BEE7 = = LIKERDFEESHD L, cap-
tan OGS POFREME TH % F 4 — L& YHs capta-
fol DG ELTW5 L #EL, WEMkhOKRSTF
FA— L&D KBS % H»%5 GSH & CySH % H
W LAcE &5, Zh s captafol % 4323 2 FEN
EHT2ZLEWRLL. b, thboFi+— L
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MO IS, BEDHhOFERE® pH w1 5K
LD —FK LIk, ThHDERGTOFA—LE
MM REEEOERE BT OTH D LFE X £
¥dho GSH Ei/pMIPr»xa — FERIIERELTY
50, FOHVEE, SHEEE U cBEMRNT A7 cap-
tafol DLAEEEE & OB K> - 7. T X, fEfK
o GSH £ R, FlffERS XOCmELR ST LD
LT 90 2 22, NIOSHECE TORMER?H
LW0r L3 —F s b b, EESE GSH o4y
H1s pH I kX KFELTW3 Z L3R WERT
0, [[— pH o FCEEMMH O BEEEL T
BVHESELhS DO EE LTS, ik, /PMIDOT
PRI X4, 13 & A E O FIZiE captafol (1 ppm)
D 100 5L EDIRET GSH BFEL TV 5 2 LTk
5.

captafol DIEF{LE&TH % captan, dichlone 3z X *
folpet  FEERDOHMRIIGERL, ThbOBRESHTEH
BET 5 RABORFEOE S 5 RIEENLETHS 5.
B OEEEE LT, WHEILLBEVWTZDEEOR
TEHERBEET 5B, Y 1 v 7 T captan
OBEBISHAMBDBELALBO Lk o ViR
MDA H B DS, T ORAFET b ORI T E L e L
115 LENRD Y, SRR E T RS, £2T,
¥ - UELRBCBEOREZRML TiRsf L2 &
5, SEEHIEEE LTI, P Y7 r L ERERE T E
7 a— FEE ORI X 57 4 — A E o, EREOR
Iz X %5 pH 0T, I5IZE7& =1 U ARINC X
5 RIGOMIER BRI FiETchd b kMot —
¥, FERBWE LA 2D captan B GITICY e - T,
WHEILERERNICE 2 2 — FEMEES O F 4 — L K ERIZ
N 52 EBGRBRGIECEHTH -7 EHE TV 5.

B 3|

captafol 23 E2EEM DY /547 O ¥ ELAE b TR %
ETHDHTERWRL, LCEEL2ETHRENZIE
T 5E 2418, TDOHRENIEXHROMESLD 728 57 IR
Hootat b 177 - 72,

BB D captafol OfgEE % K L 725K,
42V, d7Vvvyy, Fa7 18I0y XY TO
SREEENRKT, Ihv (BE), T A

v—=<v,

ERIVEZRFRINLICKE, sH7v (RA), b
Yy IR IOA F T TR EETH 7. T
h oo AL pH & captafol D5 fFHE & Dl
CE WA R ED DT, REDOHELRED
pH 2T 22 itk »T, DK D captafol D
REMEBBUDhHET a8 iE L BEbhiz. &
b, Bl X O RGIRES ORGT &2 LckER, 2o
FERICIFEENTDIOEV I X DITL L AEWRSIC X
BILERETH S LHEI., £ T, ¥4~ LE
WHZOEREZ LT EHEL, BRI LEF IV EY
AT A VIEBEBRRRRO SRREEH T 5 2 & R MERL
7o, & 7-, ¥EE(L&¥TdH 5 captan, dichlone ¥ I X
folpet % * = v VIHHELMBH CRALETH o7, T
NS OHEIEIET B35 E LTk, AAR THEL
T 5%, BWELENCERE 72i3 7+ 4 — A IEREEA 2 7R3
LhENESEE 2 bR,

< b,

AR EITRSCH D, THER VLV SAKRE
BERNHEFOIRAERRCEROEEZRLET.
AR OBIET 19774 3 H BAREREES F 2 EAE
WG L.
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