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Abstract

Residues of benfuresate in rice and oxolinic acid in Chinese cabbage were determined through
the field experiments in order to establish the safe use and the maximum residue limit(MRL) of
these pesticides in Korea. The herbicide benfuresate powder was sprayed into the paddy field with
a level of 0.6kg(active ingredient)/ha and rice (Oryza sativa L.) was grown. At harvest, residues
of benfuresate in brown rice and stem were analyzed using gas chromatograph. The residue of oxolinic
acid in Chinese cabbage (Brassica campestris subsp. napus var pekinesis MAKINO) was analyzed
using HPLC after foliar-spraying this fungicide into the cabbages at a level of 15kg/ha. The recovery
efficiencies of benfuresate and oxolinic acid were 87—89% and 90—95%, respectively. The respective
residues of benfuresate in rice and oxolinic acid in Chinese cabbage were in the range of 0.27—0.46
mg/kg and 0.23— 1.53kg/kg. Residual concentrations of these pesticides in crops increased with the
increased application frequencies, followed the first-order kinetics and linearly decreased with time.
The highest residue of 1.53 mg/kg of oxolinic acid was observed when this fungicide was sprayed
six times until three days prior to harvest, but this level was far lower than 5 mg/kg, which is
the maximum residue limit{MRL) set by FAO/WHO.
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1. 3A &2E Y EY

(1) &A1 &

FAAEL W (Oryza sativa L.) 9 W3 (Brassica
campestris subsp. napus var pekinesis MAKINO) &
At Atk

(2) A EF

S Wl Qg A% TAELGS FHA +5%
A 2+t A Y& (Cheongweon series : fine silty, mi-
xed nonacid, mesic family of aquic fluventic eutrochre-
pts) & o]FE (Ihyeon series @ coarse silty, mixed,
mesic family of dystric fluventic eutrochrepts)-& 4
Aot £33 AEE 7Y R om 4 B 0|55
Ade (& DI} 2

2. ZF ANE
(1) == Al 2 benfuresate ¥k * g}
2t (Onyza sativa L) AWE 93 2t A9

HAH2 63.36m? ©)lx, 7+ AalF7He plasticHe A}
43t O A7) =F §98 FAsAS. dng
Wy ol o3 benfuresate ZF4 A1E2 H o]y F 19,
20, 40Ul 27} 0.6 kg ai/haTF o2 13 E& 23
B XA, I AU LS <E 2>9 Bk A
e 3wrE FYoh

(2) ¥i5= Aw] 2 Oxolinic acid 52Fe] Az

i 320 4] oxolinic acid 9] ZHFH# 23 L 93 AP
2E 2 AgT(1.35m») ol A4ste] 2ol shgon,
250 i3t oxolinic acid ¥ Az $84 45, 30,
21, 15, 7, 3ol 2} 15 kg ai/ha®) 2304 63 )
FHEA Ay Axagon, 1 MWL (E T
o} o8 2 i3 Ay wYe sEA3A B2 A4
el F3tgrh

3. MRS BME 9t THE AR

FEE Y ARE A% o] ¥ dv|9y WIS B,
Aot AF BEA AER AN FEE wiFe
AAE ANBR ZASS oxolinic acid AFHFEL B4

Sk A RE B4 @U7hR) WER170) o] HASYH

FAF 2] benfuresate T+ 2F(CH;60,8 5 256.3
mwt ; 97.1% )& 5o F) 08 KE] oxolinic acid
HE BA(CuHuNOs 5 2612 mwt ; 99.6%) & Fito}
AR E BE £ dol AlE-E ) ¥ AHg3t
E B4 %S GRES AHE-3 T

(2) ZHF B4

Benfuresate] 2% ¥42 Horne® van Hoohst-
raten(1980) 2] ®H¥e) we} gas chromatograph(Va-
rian Co.) & AHE-3M o, B4 202 (R 49 2k
Benfuresate®] retention time2 1.5% ©]%1oW, peak
height& 7|Fo2 H#3E 24 (Y=0.066+0.6517 X,
r#=0.99"**, P<0.001) & ¥ @vle} R A A|8F <] ben-
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Table 1. Physical and chemical characteristics of the experimental field soils.

Exc. cation
Series Texture® pH oM. K Ca Mg P.0;
(1:5) (%) — (cmol(+)/kg) — (ppm)
CHEONGWEON CL 6.2 3.0 0.32 3.8 0.50 137
IHYEON SiL 4.7 2.8 0.50 2.36 0.51 170

@ CL : Clay Loam ; SiL : Silt Loam.

Table 2. Treatment of Benfuresate in the rice
growth experiment.

Number of Treatment Application

Soil application  level*  period** Sampling

Cheongweon 0 00 brown rice & straw

series 1 60 10 brown rice & straw
2 60 1020 brown rice & straw
1 60 40 brown rice & straw

* [ Unit=kg/ha.
% % | Days after transplantation.

Table 3. Treatment of oxolinic acid in the chi-
nese cabbage growth experiment.

Treament  Number of  Elgsed days (ol acd
D Apleaion  untl] harvest* appled(gm®) * *
Thyeon 1 0
series 2 7 853 012
3 3432 027
4 3 53D5 027
5 3 45307 027
6 3 533 027
7 4 530215 043
8 4 50157 043
9 4 5073 043
19 5 4530217 058
1 5 4531573 058
V) 6 4532173 073

% [ Days elapsed after applying oxolinic acid into Chinese
cabbage until harvest,
* ¥ | Level of each application was equivalent to mg oxolinic
acid/kg soil.

furesate& A3k

Oxolinic acid®] Z7/% ¥4 ERLEBHED (1991
o} W0 we}l high performance liquid chromatog-
raph(Waters Co.) & AH4-3lglom, B4 23e (# 5
9} skt Oxolinic acid®] retention time2 3.2% o]
Ko, peak aread 71F o2 HAAMES FA4(Y=0.128
+0.742X, *=0.998***, P<0O.00D & ¥ #]F A|5F9
Oxolinic Acidg A #stch

Table 4. Operating conditions of the gas chro-
matograph for the analysis of benfu-
resate residue in rice samples.

Detector Flame Photometric Detector(FPD : S mode)
Column 2mX2mm(id,), Spiral glass column
Packing material 3% OV—210 on Chromosorb W, HP
(80—100 mesh)
Temperatures Column oven 210C
Detector block 250C
Injector port 2X0C
Gas flow rate Carrier N, 40mL/min.
Fuel H, 140mL/min.
Arr #1 8mL/min.
Arr #2 170mL/min

Table 5. Operating conditions of High Perfor-
mance Liquid Chromatograph for
the analysis of Oxolinic acid residue
in Chinese cabbage.

Column PhaseSep C1 HPLC Column(25Cem X d6mm)

Mobile phase 0mM ctric add-1mM trin-octylamine : MeOH(G4 - 46, vv)
Fow rae Tm/min.

Column temp. 40C
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@u) 9} ¥ F o} benfuresateE, 18] 3L ¥ 3=l oxolinic
acidE 05, 1.0 mg/kgo 2 44zt A2l v A& d o8
okl e] HFE AAE (F 6)0A BoFa itk o&
FAIFA Y BFEe 87-95% HYE HnF U
01912 oxolinic acid®] #5=8&°] benfuresate Xt} T}
A& FL& Aotk
Table 6. Recovey(%) of benfuresate from

brown rice and straw, and oxolinic
acid from Chinese cabbage, respecti-

vely.
Samples Treament(mghg)  Reoovery(%)*

Benfuresaste  Brown rice 05 873
10 891

Straw 05 868

10 83

Oxolinic acid ~ Chinese cabbage 05 %3
10 946

¥ . Numbers are mean values of 3 replications.

2. #Ho|9} HiZE2| BenfuresateXFat

o9} W A2 A benfuresate ] 78 4 e
(R 73 Zot dvlolds Mg Al7Iv 2] Sl
Fagel AE HA ggter), HAAME 027~046
mg/kge] FELE 13] A 2] 7o) viste 23] 22Tl A
ti FHREe] S/ ol FAEeky M3t
F718t gk ARAVI7E FEde e E o
Bo] ZFEHE A4S HAFA A et g &5
benfuresate ZHFFo] F7H8e AL o] Fo] £y
#]%% metaldehyded] ZF% Hrte} @ 590 Hugh
T4 AFo] AT TAFF vXe P
22 B el L glon, o]& Fofo] AEAUR
F4 oy & VAaE 443 dd€e] e Aoz
FAE 5 Aoy,

Table 7. Residues of benfuresate in the brown
rice and straw, after applying the be-
nfuresate at the level of 0.6kg a.i./ha
at each application.

Application time after

Sample ianting rice Benfuresate residue*
days mgkg
Brown rice 19 ND
1020 ND
40 ND
Straw 10 027
1020 046
40 032

% | Means of triplicates.

3. HiZ=Z Oxolinic acide| ZHRat

w5l #F3h= oxolinic acide] *HF B4 A
= (E 83 229 oxolinic acide] FFHe 84
A 7173} A e o) whet S71 stA.on = X Aeg
FEA Medsrt FEFE U e Age Y
B a .

£ 484 A& oxolinic acide] ZF %S 0.23~1.53
mg/kgs] W9 QLH, o] & FAO/WHOSNA A4
o] Hd) 27 #-8&¥(maximum residue limit :
MRL, 5mg/kg) 2 v|msl 2o 63)A4e] Ex 83}
397l @ A% (153 me/kg) A 25 818
Foll XA gttt

Oxolinic acid¢] A1-88 % X ] A7k} oxolinic acid 2]
ZF e #AE gt r] 913t the (4] 1, 2) 9 o)
first-order kinetics32]-& Z&A|ZtH?,

A2)g =AEH 71&7]71 ke Fo] H3 AR AS
()7} fre4do) A-E M oxolinic acid®] #HFAL fi-
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Table 8. Residues of the oxolinic acid in Chi-
nese cabbage.

Oxolinic acid
Treatment Treatment Number of Application  Loqidie
ID. level  application time* (Mean**)
g/m® days mg/kg
1 0.00 0 0 <0.05
2 0.12 2 30 {0.05
3 0.27 3 21 0.23
4 0.27 3 15 0.46
5 0.27 3 7 0.52
6 0.27 3 3 0.63
7 043 4 15 0.52
8 0.43 4 7 0.59
9 0.43 4 3 0.64
10 0.58 5 7 0.63
11 0.58 5 3 1.46
12 0.73 6 3 1.53
¥ . The elapsed days after applying oxolinic acid until har-
vest.

% % . Means averaged over the triplicates.
rst-order kineticsE W&ot HAFch

(a9 1—a)+¥ oxolinic acidE 8|8t A
7t} oxolinic acide] ZFF Ateldle oA de A

(@)

In(Molar % Oxolinic Acid Residue)

In(Y)=4.26 - 0.071X, r=-0.91** (p<0 05}

2 b : .
0 3 6 Q 12 15 18 21

Final Application Time (d)

In[Al:In[A]o—k o fresserriitiisniiiiiiii e (2)

[A], : Molarity of oxolinic acid at the elapsed time
of t(days) after application
{Al,: Initial molarity of oxolinic acid

k. Rate constant

AT QLS HAYFal 911, oxolinic acide] vi3
Zo] AFFHHL first-order kinetics model2 42
& Joth =& S X9 model2 FEH L L A &A=
FoA e ABRBAE EAFAT (29 1-b). ol &
E&)A) ujZo oxolinic acidE Al &RSH A7t W&
AR He vg2 AT 135l RS
& 4= U2tk Repleys'Vo] ok Ado] 9¥S F&
Q90le AE(YY wH) B4 H;g\:m] AAE), Fob
(A, 3, $8)x), 283 A 2A0, ulg, S5,
o, o) v)elgtcke B g 7obehd, E4 70
wE T FAkAle] Aol st AEFHQ A7)
Hag 7oz Asdrh

(2% 2>%& w39 ZF3F= oxolinic acid 2] = A&
3 Atold £ SlE ARBAV UL S BT

A3, oxolinic acide H & 847} $718 8 7570
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Fig 1. Rate curve of the oxolinic acid residue in chinese cabbage (a) and the sensitivity analysis

of the first-order kinetic model(b).
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N

Y = -0.32 + 0.39X, r=0.97** p<0.01

Oxolinic Acid Residue (mg/kg)

2 3 4 5 6
Number of Application

Fig 2. Relationship between oxolinic acid re-
sidue in cabbage and application fre-
quency
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wi3=Z2] oxolinic acid ZF5EE 0.23~1.53mg/kg

He don, ¥ oA 25 A3 ma, a8

B Al 8-A 77t FEe NS E O] Be] AREE

2EE BTk 53] wj$9] A9 oxolinic acid?]
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B2 48 e #2459 benfuresate 2+ 33} ulj F39)
oxolinic acid ZFZFS AFsl o F Fofe| ¢HHALE
19 d A 2 S8 4HE 9% M12AEE
A7)t sl 38tk = E9Yol benfuresate YRS
06 kg ai/hadl #F22 AT F FTEAE A,
T3 3 @)k WA A5 F benfuresate AFHFHS
AFarRon, W3 5 oxolinic acide] #¥F%F 3
98l 2t K2t F 15 kg ai/had] FFEOE FEA 45
30, 21, 15, 7, 39l il AHF A AE3Ych 2
Aol do Ang s o3 gt

1, 549} )3 Z 2] benfuresate} oxolinic acid £

3)5ge 242t 87~89%, 90~951% oAtk

2. 54 % benfuresate?] ZFFL 0.27~046mg

fkgelAth, viF% 2] oxolinic acid & FFFHL 0.
23~153 mg/kge) B Ak
3. F 7HA FAIGA Y RFHE ATt T
5, & AHAdF7t £8d 7k & Sk
AL HAFYrh

4, 93 Zof| 7F3H= oxolinic acide first-order ki-
neticsol] WgroH, JFZFE AT o] A gt ot
7adhe Agko|oh

5. ¥ o) JF8h= oxolinic acid9) Z+7F #2635
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/kgell WA A gt
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