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Fig. 1. HPLC chromatograms of a standard mixture and sample extracts of water and soil.

Peak identities: chromatogram A was obtained from standard mixture of O bensulfuron-methyl 60 ng, O pyrazosulfuron-
ethyl 69 ng, O mefenacet 58 ng andd dymron 60 ng; chromatogram B obtained from 200 ml water sample collected at 3
days after application of Act granule (O pyrazosulfuron-ethyl and O mefenacet); chromatogram C from 200 ml water sample
at 3 days after application of Zark D granule (O bensulfuron-methyl, O mefenacet and O dymron); chromatogram D from
fraction 2 effluent of silicagel column chromatography for soil sample fortified at 600 ng/g level of 00 mefenacet and [0 dym-
ron.; chromatogram E from fraction 1 effluent of silicagel chromatography for soil sample fortified at 120 ng/g level of O
bensulfuron-methyl and O pyrazosulfuron-ethyl.

Operating conditions: injection volume, 20 microliters; column: ODS, 4.6 mm 1.D., 250 mm length; detector, UVD, 235nm,
0.016 AUFS ; mobile phase, solvent A water ( pH 3, phosphoric acid)/acetonitrile ( 70 3, v/v ), solvent B water ( pH 3, phos-
phoric acid ) / acetonitrile ( 30 7, v/v); linear gradient elution from 30% B to 60% B at 1.5% B/min, then to 100%B at
20%B/min, held at 100%B for 10 min, allowed to reequilibrate for 20min to the next injection; flow rate 1 ml/min; column

temperature: 400
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Fig. 20 Gas chromatograms of a herbicide standard mixture and sample extracts of water and soil

Peak identities: chromatogram A, standard mixture of peak O and O : thermal decomposition products of 1.39 ng pyrazo-
sulfuron-ethyl, peak [0 : 1.16 ng mefenacet; chromatogram B obtained from a control soil sample; chromatogaram C obtained
from soil fortified with 280 ng/g pyrazosulfuron-ethyl and 230 ng/g mefenacet.

Peak [0 was the thermal decomposition product common to bensulfuron-methyl and pyrazosulfuron-ethyl and estimated to
be 2-amino-4,6-dimethoxypyrimidine by GC-MS. It was used to quantify bensulfuron-methyl in GC. Peak [0 was one of ther-
mal decomposition products of pyrazosulfuron-ethyl, which was used for quantification of pyrazosulfuron-ethyl in GC. It
was not identified.

Operating conditions: column: DB-5 (J&W), 0.32mm i.d., 30 m length, 250 um film thickness; injection volume: 2 ul; Inlet
temperature 2700 ; column temperature, initially held at 700 for 3 min, then programmed 200 / min to 1300 , then 100
/minto 2700 and held at 2700 for 3 min. ; carrier gas, He, initially held at 100 kPa for 1.5 min, programmed -90 kPa/min to
10 kPa, held at 10 kPa for 0.5 min, then 8 kPa/min to 146 kPa and held at 146 kPa for 3min.; detector, alkaline flame ioniza-
tion detector (AFID); detector temperature, 2900 ; H2 1 ml/min, air 230 ml/min, make-up gas He 30ml/min; instrument,

Shimadzu GC- 17A
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Table 10 Physical and chemical characteristics of soil in the test field*

19

. moisture pH pH Total-C Total-N .
soil texture M.W.C**, C/N ratio
content (H20) (KCI) (%) (%)

LiC 19.8 60.8 52 41 1.83 0.15 11.9

*[0 cited from reference 12 (Takagi et.al,1996)

**[] Maximum water holding capacity given as grams H20/100 g dry soil

BDDDDDDngD®DDDDDDD1.5DDDDD
oooooobooovoobooobDOoooos3snogn
O00000ooooooooooo4om000n0oonO
gboboobooobooobooboobobobobobon
0010000000000 kg/l0ad0OCOnO
gbAQODODODO

o30ooooog
gboobobobobooboooooboooooboooo

gbobobooobooooboboobobobobon

gboooooooboobobonb

4000000
gb2cmbO030cmOO00O00OD0O0ODOODOOIL0
cmdO0000O00OOoOoOoobooobobooooDboo
gboobooobobobobbooboobOooboDbi10cem
oo0oboDbOobooboOoobooooobooooobooo2s
cmddg2500cmidooogooooobooon
gbobooboooboooobooboobobobobob
gboboboooboobooboboobobobobob
oon
O000000DOoO00DO T TableOOOOOO

U ogg

gboboooooooooboobobob
gboobobobobooboooooboooooboooo
gbooooboobobooobooobooboeeon
OHPLCOOOOOOODOOODOODOOODOODOOO
gboboooooooooobobon
goboobooobobooboboecooobooon
gbobobooobooboobooboobobobobon
gooooboooboobooboobooonbnorPLe
gbobobooboooboobooboobobobobon
gboooboooboobooboobooboooon
gboboboooboooooobooboooboobob
gbobobooboooboobooboobobobobon

gooooobooooboooooobooooooo
goHPLCOODOODOOOOOUOUOUOUOOODODDO
gobooHPLCOOODOODODDOOODOODOODO
00DoDOoOoooooogsegsodvivODOODoooono
gooooono
“oooooobbooooobboooooboboboo
goocCidioooooHPLCOODODOOOOOGOO
gdboboobooboboobboooboobobooo
goooobbbbobooboooooooogdng
0000000 O0OmODDODOOO0O0OO000 200mliO
goobogoosngmODOO0ODO29g000OO0ODOO
000D00O00Ong/g0 0000
GCOAFIDOODDOOU0ODOOODDOOODDOO
gdoboobooboboobbooboobobooo
ggoobooobooboboobboooboobobooo
0.04 ng[} 0.02 ngJ 0.1 ngJ 0.08 ngJ 0.1 ngJ J [0 0.06 ngJ
gooo2omO0DOO0O0OOO0OODOOOOCOOmI
gopooooubOcCODODODODOODOODOD
0000D000.2 ng/mld 0.1 ng/mlO 0.5 ng/mlO 0.4 ng/miC
05ng/mO0O03ngmOOOCOOOOOOOOOOO
0000 ng/gho0.8 ng/gd O ng/gd O ng/g0 O ng/g0 O
ng/g0000ng/g0OD0O0O0O
gobodboboobboobboboobuooboboo
ggoobooobooboboobboooboobobooo
00000000o0ooo0oz2000500miOO000O
25050900000
J0ooDo0opDoDoOopooecOdDnDOdOng/mliO 890
000000000 DOO0GCH0.800ng/mlO 890
000000000 OHPLCODODO 34 ng/mlO 920
9300000 HPLCO 150 90 ng/g 930 940 0000
JooDooopooooecOdng/mliO7e0n0 OO
HPLCO 46 ng/mlO0 730 0 00 0O 150 70 ng/gd 850
910 0000000000000 DOGCOd ng/mlO
950 0 0 0 HPLCO 30 ng/ml0 830 0O 0 OO HPLCO 170
69 ng/gd 830 000 0ODODODODODOOOOOOGCOO
ng/ml0910 00000000000 GCOO ng/mlO
950 0 0 0 HPLCO 21 ng/miO0 980 0 0 0O HPLCO O



20 Oo0OoOO0oOODOOooODOODOD 230020040

ng/g0 10600 O O O O HPLCO 87 ng/gd 9700

gbooooooobooboboboooooobooonog
00000000 rgOOOODOOCOOOUOODOOO

ooboooooobooobooboobooboooo

0000000001500 000000000000
0000000000000000000000300
0ooooo

D000 kgDO ®oooooobokgoo ®ooo
00000000000000000000FgOOO
OFigD 00000

000OkgOoO ®OoOOoFgOmOoOoooooo
0010a000000000000000900000
000001009000 00000000cemO00000
0000000000060 ng/mld 00 2000 ng/mlD O
0000000000000000000 21 ng/mO0
0236 ng/mO000000000000000000
000000000000000000000 28 ng/gn
O015ng/g0000000000000000000
0916 ng/g0 00433 ng/g0 000000000000
00000000000 1180ng/g0 00000000
D0D0000M6ng/g0 0000000000000
00000000000140000000000 ng/gd
0000000000000000000000 kgO
0®oooooooooO0O0ssmmMOOOOODOOO
0000000000000000000000000
0000000000 FgDOOOOOkgoo ®oo
00000000000000000000
000DOkgDO ®O0O0OFigDOODD10a000
000000000000045¢0000000000
051g00000000001059000000000
000emO0O000000000000000000 90
ng/mld 102 ng/mlO 0 0O 2100 ng/mlO 00 00OOOOO0O
00000000000000000000 361 ng/mlO
73ng/mO009%B4ngmI0 0000000000000
000000000000 1440 ng/gd O O 46 ng/gd O
000000000084 ng/g0 0000000000
00000001980 ng/g0 O O 100 ng/g0 O O O O Fig.
0000000000000000000021000
0000010mmOO0O0O0O00O0000000000
000000000000000000000DO kg
oo ®oooooooooOoOoOoOoOOoOOOOOO
0Ooo0o0O00oooo
00000000000000000025em000

gooo400000002500embon400000O
gboboboboooooooooooooooboo
ood

10000
1000
5
£ 100
£
=
g
£ 10
2
5
1
0.1 i 1 ]
0 5 10 15

days after applicaion

Fig. 3. Concentrations of dimethametryn, esprocarb, preti-
lachlor and pyrozosulfuron-ethyl in paddy water after
application of Spark-Star-3-kg-granule formulation.
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Fig. 4. Concentrations of mefenacet and pyrazosulfuron-ethy!l
in paddy water after application of Act-3-kg-granule
formulation.
m [0 mefenacet, o O pyrazosulfuron-ethyl
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Fig. 5. Concentrations of mefenacet and pyrazosulfuron-ethyl
in water and soil of a rice field after application of Act-
1-kg-granule formulation.

o [ surface water (5 cm deep)
m [J soil 1 (0-2.5 cm, deep)
A soil 2 (2.5-5 cm deep)

Fig. 6. Concentrations of bensulfuron-methyl, dymron and
mefenacet in paddy water and soil after application of
Zark-3-kg-granule formulation.

o [ surface water (5 cm deep)
m [] soil 1(0-2.5 cm, deep)
A0 soil 2 (2.5-5 cm deep)
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Fig. 7. Relationship of daily average climate conditions from
May through August in 1996.
The figure was drawn according to reference (11).
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Table 20 Regression analysis of herbicides in surface water and soil in a rice field by using the first order reaction.

formulation / active matrix regression equation™! R caliculation DTs*? DTgo **
ingredient range*? (days) (days)
Act-1-kg-granule
water phase2 |Y O 315.12exp(CJ 0.2065X) 0.9646 | 2~14days 3.4 9.7
mefenacet phase3 |Y O 126.16exp(0) 0.1217X) 0.9845 | 14~43days 5.7 19
soil-1 Y O 1197.2exp(0d 0.0558X) 0.9517 1~43days 12 41
s0il-2 *5
water  PPase2 | YD 40.832exp(C) 0.366X) 0.9432 | 2~7days 19 6.3
pyrazosulfuron-ethyl phase3 | YD 5.8129xp(00 0.0918) 0.9957 | 7~27days 7.6 25
soil-1 Y O 19.494exp(0d 0.061X) 0.8292 1~27days 11 38
soil-2 *5
Zark D-3-kg-granule
water phase2 |Y DO 119.11exp(00 02441X) 0.9405 | 3-14days 2.8 9.4
bensulfuron-methyl phase3 |Y O 21.938exp(C] 0.0938X) 0.9626 | 14-51days 7.4 11
soil-1 Y O 155.53exp(d 0.152X) 0.8776 | 1-21ddays 4.6 15
s0il-2 *5
water phase2 |Y [ 1025.4exp(CJ 0.3308X) 0.9984 | 3-14days 2.1 7
dymron phase3 |Y O 8.8071e(d 0.0721X) 0.5704 | 14-51days 9.6 32
soil-1 Y O 974.68exp(0) 0.0232X) 0.8289 | 3-86days 30 99
s0il-2 *5
water phase2 |Y O 2251.4exp(CJ 0.3838X) 0.9702 | 3-14days 1.8 6
mefenacet phase3 |Y O 44.624exp(CJ 0.0905X) 0.9852 14-51days 7.7 25
soil-1 Y O 1894exp(0 0.0335X) 0.9515 | 1-86days 21 69
s0il-2 *5

water phase-2: rapid dissipation phenomenon that happens to the first stage of dissipation of herbicide concentration in paddy water. ; water phase-
3: slow dissipation phenomenon that happens to the second stage of dissipation. ; soil-1: upper layer of paddy soil, 0-2.5 cm deep; soil-2: lower layer
of paddy soil, 2.5-5.0 cm deep; *1: Dependent variable Y O concentration of herbicide in paddy water, (ng/ml) or paddy soil ( ng/g); X0 days after
application.; *2 Period used to obtain regression equations were described in days after application. Herbicide concentration reached maximum at 1-
3 days after application and declined.; *3: The time estimated for a 50% dissipation in the maximum concentration of each pesticide residue in
water and soil ;** The time estimated for a 90% dissipation in the maximum concentration of each pesticide residue in water and soil; *>: The bad
correlations in regression analyses were obtained by using the first order reaciotn.
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Dissipation of Some Herbicides in a Flooded Rice Field and Increase of

Water-Holding Times after Application of Herbicides
Yasuo Ishii, Keiya Inao and Yuso Kobara

Summary

Many kinds of herbicides are applied to rice fields in Japan, each year during May through June. These herbi-
cides are of concern because of their adverse effects on water quality and their potential adverse effects on aquatic life.
Therefore, to protect fresh water environments for aquatic life and to maintain the quality of drinking water and the
effect of the herbicides, the water holding times for rice fields was recommended to be 3 to 4 days according to the
standards for safe use of herbicides applied in rice fields. Actually, many kinds of herbicide residues were often detect-
ed in river water from early May through late June. However, the lack of data regarding the persistence of herbicides
used in Japanese rice production is of concern. Studies were conducted to develop multi-residue analysis methods of
herbicides in surface water and soil in a rice field by using HPLC and GC. Also, the dissipation characteristics in field
studies of two common used herbicide formulations were examined.

Two kinds of granule formulations were applied in the separate rice fields after planting rice. One formulation
contained two active ingredients of 0.3% pyrazosulfuron-ethyl and 10% mefenacet. The application rate was 1 kg/10a.
The other formulation contained three active ingredients of 0.17% bensulfuron-methyl, 1.5% dymron and 3.5% mefe-
nacet. The application rate was 3 kg/10a. Regression analyses were used to described dissipation and determine half
lives. The concentration of dymron, mefenace, bensulfuron-methyl, and pyrazosulfuron-ethyl in surface water of the
rice fields reached 360 ng/ml, 950ng/ml, 74 ng/ml, and 20 ng/ml, respectively, within 1 to 3 days after application. The
maximum concentrations of the four herbicides in the soils were 1440, 1980, 84 and 28 ng/g, respectively, in 1 to 3 days
after application. The time estimated for 50% and 90% reduction in maximum concentration [J DTsy and DTyl in
flooded water calculated according to first-order dissipation model for examined active ingredients were as follows:
bensulfuron-methyl, 2.8 days and 9.4 days; dymron, 2.1 and 7.0 days; mefenacet, 3.4 days and 9.7 days [0 Act
granule], 1.8 days and 6.0 days [0 Zark D granulel] ; pyrazosulfuron-ethyl, 1.9 days and 6.3 days. Corresponding
DTso and DTy in paddy soil were 4.6 days and 15 days for bensulfuron-methyl, 30 days and 99 days for dymron, 12
days and 41 days for mefenacet in Act granule, 21 days and 61 days for mefenacet in Zark granule, and 11 days and 41
days for pyrazosulfuron-ethyl.

The concentrations of herbicides in surface water of a rice field were still in a high level 3-4 days after applica-
tion. To reduce the environmental burden of the herbicides it is necessary to increase the water holding times from pre-

viously recommended times of 3-4 days to one week and more before discharging drainage water from the rice field.



