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Abstract

This research describes the results obtained in the following three research projects: (1] "Runoff processes of pesti-
cides, herbicides and germicides from cultivated and lawn fields (1990-1994)", an ordinary research in National Institute
for Environmental Studies (NIES); [2] “Runoff characteristics of pesticides applied in lawn field (1991-1992)", a joint re-
search project between NIES and Ishikawa Prefectural Institute of Public Health and Environmental Seicnce; and [3] "Re-
search on estimation of amounts of runeff pesticides in rivers (1992-1993)", a joint research project between NIES, Hok-
kaido Institute of Environmental Sciences, Environmental Research Center of Kanagawa Prefecture, Nagano Research [n-
stitute of Health and Pollution and Fukucka Institute of Health and Environmental Sciences.

The report delincates the runoff characteristics of pesticides from golf links, cultivated fields, and paddy fir:lds, hased
on the interrelationships 'between sampling methods, chemical properties of pesticides, and hydrological conditions. The
contents of this report are arranged in order of course of river. First, general relationship between runeff characteristics
of pesticides in river and lake waters and sampling methods is described. The results abserved in rural rivers are illus-
trated as an example. Secondly, the runnoff characteristics of pesticides in golf links located in Ishikawa Prefecture on
during a storm event are presented. In addition, experiment results as to the runoff behaviour of pesticides applied to a
lysimeter with lawn cn the surface. Thirdly, the observed results are presented that describe the amounts of runoff pesti-
cide from a golf links to a river through a vear and during a storm event in Hokkaido Prefecture. The observed results as
to the behaviour of the runoff pesticides from all golf links to water areas in Kanagawa Prefecture are reported. Fourthly,
the runoff characteristics of germicides, including their degradation products, applied in vegetables fields of Central
Japan highlands are reported together with their adsorption propertics to soil particles. In terms of paddy fields, the
observed runoff amounts of pesticides from paddy field arcas to rivers in Nagano Prefecture are reported. And then, the
runoff characteristics of pesticides from paddy ficld areas to rivers and reservoir in Fukuoka Prefecture are presented
along with water solubilities of pesticides. Lastly, this report describes a method for estimating the amounts of pesticides
applied in wide field area and the relationship between the pesticide runoff characteristics from paddy fields to rivers
and the water solubilities of pesticides.

The observed results reported in all the projects include the measurément of flow in rivers and waterways: thus,
changes of runoff loadings 6f pesticides can be analyzed. Therefore, the data presented in this report can be utilized for
analyzing the runoff characteristics of pesticides, estimating total runcif amounts of pesticides, and predicting the concen-

trations of pesticides in water environment.
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Year 1991 1992 1993

Date 15~16 17~18 14 May
Rainfall 2%mm 18mm 26mm
Flow 4.7% 2.9% 4.2%
Butachlor 19.8% 6.4% 17.1%
Pretilachlor 17.4% 15.7% 15.4%
Mefenacet 14.3% 9.9% 8.8%
Esprocarb 14.5% 14.4% 12.6%
BPMC 8.2% 0.5% 0.0%
MPP 8.9% 1.2% 0.0%
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Table 2 Ratio of runoff loadings of pesticides dur-
ing the two weeks at peak loading stage to

the observed two months

Year 1591 1992 1993
12~25 12~25 11~24
Flow 73mm 63mm 86mm
26.6% 20.3% 27.0%
g —~22 10~23 16—23
Butachlor 82mm 76mm 103mm
80.7% 72.4% 83.2%
12~25 12~25 11~24
Mefenacet 73mm 63mm 86mm
69.0% 67.1% 54.5%
10~23 14~27 12~25
Esprocarb 72mm 65mm 48mm
70.1% 687.5% 64.4%
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Table 3 Difference in total runoff loadings of pesti-

cides by three observation methods

Observation Weekly +ad Weekly + Ad Weekly
method di. +Storm diitional Observa.
] Fiow 1.00 1.01 {.86
Butachlor 1.00 £.03 0.87
Pretilachlor 1.00 1.03 1.14
Mefenacet 1.00 1.02 (.88
Esprocarh "1.00 1.03 0.82
Pyrazoxyfen 1.00 1.82 2.62
BPMC 1.00 0.96 1.25
MPP 1.00 0.95 1.79
MEP 1.00 1.02 0.93
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Table 4 Comparison of statistical values of runoff pesticide concentrations

Flow{m/s} Butachlor Pretilachlor Mefenacet
Year 1991 1992 1993 1991 1992 1993 1991 1992 1993 1991 1992 1953
N 17 2 KE] 17 22 33 17 72 EX) 17 22 33
51.3 ’

n - — — 11 17 19 ) 7 5 15 18 26
Max 0.92 3.67 1.59 9.02 3.72 3.93 3.36 1,03 0.66 14.6 10.6 7.15
mean - - - 2.81 1.26 1.33 1.13 ¢.53 0.46 5.62 3.58 2.31
Mean 0.45 0.81 0.34 1.82 0.97 0.76 .53 817 0,07 4.96 2.93 1.82

St.4

n - - - 11 16 18 7 8 4 16 13 27
Max 2.33 7.46 5.07 5.63 3.4 2.50 3.63 1.10 0.67 16.5 .78 4.56
mean - - - 2.18 1.06 1.05 1.38 0,51 Q.45 5.38 3.50 2.0
Mean 1.06 1.90 0.94 1.4] 0.77 0.57 0.57 0.19 0.05 5.06 2.86 1.67

5t.5

5} — - - 12 16 19 7 i2 9 16 19 27
Max 7.35 21.0 35.0 5.02 2.04 1.92 2.98 1.39 0.76 16.9 11.1 5.56
mean - - — 1.78 .92 0.88 1.57 (.59 0,35 §.63 4.06 2.14
Mean 3.42 6.24 3.81 1.25 0.68 0.51 0.65 0.32 0.10 6.24 3.51 1.75

Esprocarb BPMC 1BP MPP MEP
Year 1991 1992 1993 1991 1992 1993 1992 1993 1992 1993 1991 1992
N 17 22 3 17 ) 22 33 22 33 22 33 17 22
St.3

n 15 14 22 9 13 14 19 19 15 16 3 6
Max 6.03 4.05 4.94 10.1 4.19 3.04 8.90 18.1 0.16 .55 4.07 .12
mean 2.22 1.37 1.53 2.62 1.25 1.03 1.32 2.9 G.05 G.07 a4.63 .04
Mean 1.96 1.18 1.02 2.0 0.74 0.06 1.14 .68 0.03 0.04 0.8 7.01

St.4

0 14 19 23 15 14 231 20 23 15 21 9 7
Max 3.22 2,62 2.30 7.5% 3.38 4.21 8.23 14.4 0,15 0.26 0,14 0.12
mean 1.56 0.81 0.81 2.07 1.23 1.07 (.95 1.95 0.06 0.08 0.05 0.04
Mean 1.28 Q.70 0,57 F.94 0.78 0.68 0.87 1.35 0.04 Q.05 0.02 0.0

St.5

n 14 19 22 16 14 20 20 23 17 22 9 6
Max 3.91 2,31 1.38 6.13 2.24 3.08 5.89 8.14 0.12 0.19 0.06 0.06
mean 1.62 0.75 0.69 1.62 1.02 .92 .98 1.72 0.05 0.05 0.03 0.03
Mean 1.4 0.64 0.46 1.53 0.65 .56 6.89 1.20 0.04 0,04 3.01 0.01

(Unit = Flow (m%s). Conc. (pg/1)
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Table

5 Comparison of statistical values of runoff pesticide loadings

Flow(mal‘s) Butachlor Pretilachlor Mefenacet
Year 1961 1992 1993 1991 1992 1993 1991 §992 1993 1991 1992 1993
N 17 22 T 33 17 22 33 17 22 33 17 22 a3
St.3

n - - - 11 17 19 8 7 5 15 18 26
Max 0.92 3.67 1.59 3.71 3.0 1.38 0.84 0.66 0.42 7.92 7.63 2.14
mean — - - 1.10 1.01 0.44 0.40 0.35 0.16 2.48 2.23 0.63
Mean 0.45 0.81 0.34 0.71 0.78 0.25 0.19 Q.11 0.02 2.19 1.83 0.50

St.4

n - - — 11 16 18 7 8 4 16 18 27
Max 2.33 7.46 5.07 8.87 6.97 5.71 2.53 1.55 0.41 28.9 16.7 4.52
mean - - - 2.1¢ 1,68 1.09 1.23 0.74 0.28 5.69 5.43 1.43
Mear 1.06 1.90 0.94 1.42 1.22 0.59 0.51 0.27 0.03 5.35 4.44 1.17

St.5

n - - - 12 16 i9 7 12 9 16 19 27
Max 7.35 21.0 35,0 28.3 14.6 28.9 15.1 6.85 1.69 85.7 66.1 21,7
mean - - - 6.13 4.66 3.88 5.14 2.50 0.77 226 19.1 5.75
Mean 3.42 6.24 3.81 4.33 3.39 2.24 2.12 1.37 0.21 21.3 16.5 4.70

Esprocarb BPMC IBP MPP MEP
Year 1991 1942 1993 1991 1952 1983 1992 1993 1992 1993 1891 1992
N 17 22 3 17 22 33 22 33 22 33 17 22
St.3

n 15 14 22 9 13 19 19 19 15 16 3 6
Max 3.00 2.59 1.87 10.1 8.04 3.74 32.7 8.10 0.49 0.41 0.09 0.23
mean 0.94 0.85 0.45 1.36 1.46 0.42 z.51 0.91 0.07 0.03 0.03 0.07
Mean 0.83 0.54 0.30 2.01 0.86 0.24 27 0.53 0.05 0.02 0.01 0.02

St.4 )

n 14 1% 23 16 14 21 20 23 15 21 9 7
Max 5.13 7.4 1.51 7.9 2.9 1.2 40.8 17.2 0.79 0.64 0.30 0.22
mean 1.56 £.49 0.67 2.26 2.49 1.22 3.52 1.98 0.15 0.09 0.07 (.09
Mean 1.28 0.29 0.46 2.13 1.58 0.78 3.20 1.38 0.10 0.06 Q.03 Q.03

.5

n 14 19 22 16 14 20 20 23 17 22 g 6
Max 22.0 14.5 17.3 21.6 36.0 24.7 71.1 45.8 1.12 1.96 0.47 0.76
mean 5.57 4.14 2.57 6.14 6.45 2.83 -.8.35 5.52 0.29 0.18 0.13 0.26
Mean 4.59 3.57 1.72 5.78 4.11 1.72 7.58 3.85 0.22 0.12 0.07 0.07

(Unit : Flow {m%/s), Loading (mg/sec))
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Table & Catchment and paddy field areas and ratios of pesticide runoff rates as 1 at S5t.3

Catchment Paddy Field Flow Buta- Pretila- Mefena- Espro- BPMC IBF MPP
arealkm?) arealxm®) chlor chlor cet. carb
St.1 9.4 0.29 0.68 0.88 1.48 0.59 3.82 1.13 0.92 0.69
St.2 16.5 1.16 1.01 1.11 2.20 1.03 1.51 1.22 1.14 1.13
5.3 18.2 1.66 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
St.4 39.8 1.19 1.1¢ 0.81 0.86 0.95 1.40 0.86 0.77 0.94
St.5 127.5 15.6 1.1g 0.70 1.38 0.84 1.18 0.88 0.60 1.11
5t.6 147.4 19.0 0.89 0.56 1.15 0.72 0.86 0.63 0.32 0.55
He TMFHN LA, B40BEMNITEREHS Loading Loading
) ) MPP MFN ( mg/s) (g/s) SS
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Fig. 7 Changes of loadings of insoluble pesticides

and concentrations of pesticides in suspended

solids‘”
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Runoff of Pesticides from the Golf Links
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# 1 EWERAIRLHEEE
Table 1 Several conditions concerned with sampling

in the rain

EE-dESSy L FAE  fERmE MRRFE EHE s

(mm) {mm) (kg)

1 ~7/4 13.55 4.1] SAP 10.5  4/24
A70l+> 05  &/29

2 9/3~9/4 26.56 2.11 F4TYE sy 05 U0
A7+ 0.3 8/18
3 8/24~9/27 10,91 5.20 SAP 1.4 9/23

CAT 0.8 9723
RyFeRge 2.6 9/23
4 10/13~10/15  33.36 12.79 Wk
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Table 2a Results of measurment for 1st period of sampling in the rain

TNT A=A EOTLK AEM A S OFEH A
AR g% 3518 ikl &ty B AR Fili AR BB
{mm/h} {i/min) { psft) {4/ min) ( palt}
SAP AT E SAP 170d+

71 16 30 - 31.2 0.93 0.01 83.7 11.5 0.03
22200 0.0 26.1 0.26 0.00 7.2 10.1 nd

772 2.00 0.0 23.4 0.36 0.00 74.1 14.9 nd
6100 0.0 23.7 0.20 0.00 59.6 12.1 nd
10 1 00 0.0 15.9 0.31 0.00 68.1 12.4 nd
14 100 0.0 15.4 0.26 0.00 68.1 8.7 nd
18 1 00 0.0 16.0 0.22 0.00 62.3 10.1 nd
18 30 - 18.7 0.22 0.00 4.1 15.6 nd
2200 0.0 16.4 0.31 0.00 68.1 14.9 ¢.02

7/3 1:30 - 19.4 0.46 .01 68.1 .9 .02
2:00 0.5 18.1 0.29 0.15 68.1 14.9 0.03
2130 - z29.4 0.85 0.23 74.1 11.0 nd
3100 1.0 29.0 0.43 0.14 74.1 14.1 nd
4:00 0.0 34.4 1.60 0.1% 71.0 16.1 nd
5100 1.0 42.0 4.04 1.01 68.1 23.1 0.06
6100 0.0 35.5 1.85 0.2% 68.1 14.1 nd
7200 0.5 41.3 2.74 0.40 71,0 13.2 nd
2100 0.0 3.8 2.70 0.04 65.2 11.0 nd
9:00 2.0 113.6 7.63 0.45 71.0 12.1 nd
10 700 0.5 62.2 16.86 0.55 62.3 9.0 nd
11:00 0.0 49.0 13.43 0.47 68.1 10.0 nd
12100 0.5 69.7 8.14 0.53 ©59.6 14.1 nd
13 100 0.0 50.9 7.70 0.41 62.3 12.7 ned
14 100 0.0 37.3 4.96 0.28 62.3 13.2 0.03
151 00 ¢.0 30.2 5.25 0.19 62.3 9.8 nd
16 100 0.0 30.1 5.51 0.13 62.3 9.5 nd
17 .00 0.0 26.0 G.00 0.09 68.1 10.0 nd
18 100 2.0 150.0 17.88 1.0 59.6 16.2 nd
1830 - 632.0 21.7% 17.50 59.6 12.5 nd
19100 3.5 388.0 22.70 18.00 59.6 13.9 nd
19130 - 192.1 24.72 12.27 68.1 13,7 nd
20 00 0.0 136.6 14.77 7.54 65.2 14.8 0.08
21 :00 0.0 93.1 19.22 7.42 71.0 12.5 nd
22 . 30 - 55.0 10.08 1.9 65.2 12.3 0.18

7/4 0:00 0.0 39.0 8.34 1.56 62.3 12.3 0,15
2:00 0.0 31.4 5.61 1.33 62.3 13.3 0.20
4:00 0.0 29.6 3.91 1.02 62.3 13.9 0.18
700 0.0 25.0 4,65 0.65 62.3 13.0 0.14
17 2 30 - 31.9 2.37 0.25 G5.2 9.6 0.15

hote SAPED AR DR (4 H24H) 1277, 72
77 1A RIS S LTV D TRAER G
A TN T I — AREMPEKIZI0 ./l HB 2 BHHEE
THH S, ML AT 73— A0 5L 00K E
Y— 2 BRI el 7 pg/t DB TH -7, LL,
R BRI & DENK DB & A LA pg/ti TR T
EEIIRBIBTH o 7o, 4 704 I3 TE B Hh

BN, Reif18 pg/t R S N7, HEH D 6 DHEK
oW TR £120.2 g/t LT O TR S iz
P, BEAEIPRERTHRILTTh o7,
2.3.2 #H2DRFENRE

o2 DIERBATROA 3 ~5 BiZfiofe 3 HI3ME
M4 B9 T TOREMENEII26.56mm T, ETHEN
12806 3 HORERGET TO2.6mn THh -1,
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Table 2Zb Results of measurment for 2nd period of sampling in the rain

T T— A5 DA R 5 ORI
HHE i3] [ch AR RERE ey, 673 RyGARE
{mm/h) {t/min) { gl (t/min) ( pg/t)
{7ait YATY ) v A7ayvs s Y4750
9/3 13:00 0.0 6.4 0.01 nd 0.3 0.02 -
14 1 00 0.0 3.8 0.02 nd 0.3 nd -
16100 1.0 5.1 0.11 nd 0.3 0.10 -
16:30 . 20.9 0.37 .02 0.3 nd -
17100 4.5 80.0 0.25 nd 0.3 nd -
17 1 30 - 122.9 5.82 nd 0.5 nd -
18100 3.0 35.2 §.04 nd 0.3 nd -
18:30 - 21.3 5.02 nd 0.2 nd -
19: 00 0.0 15.7 3.77 rd 0.3 nd -
20 1 00 1.0 15.7 2.77 nd 0.4 nd -
21100 0.0 13.6 1.56 nd 0.3 nd -
22100 2.0 16.¢ 1.97 nd 0.3 nd -
23100 1.5 31.2 1.02 nd 0.3 nd -
-23:30 - 74.4 3.55 0.01 0.3 nd -
9/4 0200 3.0 70.8 6.79 nd 0.4 nd -
1:00 0.0 25.4 3.31 nd 0.4 nd -
2200 0.5 17.8 2.21 nd 0.3 nd -
3:00 1.0 22.2 1.47 od 0.3 nd -
5:00 0.0 14.4 0.79 nd 0.3 0.02 -
7:00 0.0 11.4 0.41 rd 0.3 0.02 -
9100 0.0 10.0 0.23 " ud 0.6 0.02 nd
10:00 3.0 81.4 0.55 nd 0.4 nd nd
10130 - 581.3 2.77 0.06 0.6 nd nd
11 : 00 4.0 241.7 2.81 0.13 0.5 nd nd
121 00 0.0 59.7 1.68 0.08 0.4 0.02 nd
13500 0.0 32.8 0.99 0.03 0.4 0.03 nd
13:30 R 35.2 0.56 0.02 0.5 0.02 nd
14 100 1.0 35.2 3.70 0.01 0.2 0.02 nd
15100 0.0 26.5 0.33 nd 0.1 0.04 nd
17 : 00 0.0 16.9 0.12 nd 0.4 0.03 nd
19:00 0.0 13.6 0.11 nd 0.2 0.04 nd
9/5 8:00 0.0 8.8 0.02 nd 0.4 0.04 nd

23 HY A6 4 BEEE TH O X ROCRB RS
125.0mm Tdh - foo FEFRICHE S M AR 281 .6m°, TR
R 8 % L 10 B ORI ATIRE I FH
Thot. WEDDOIFKIFREFBERT L - 720T
RBUHTLABEOKET L% L, WERTOANE
WEE L7

WERCEA SN BEL, A TuSF LA TY
I Thofe A7V VI35 1 EHFEE L FEEOMHN
T, TNT7 22900 BAE M ICBENE
0, FELASOHKICoWTIE, BEASPRIBTR
DTFCHBL, BRI RS THREIN:, ¥4
TV GHENMS, Btk s L B3RS hd

T 73— A5 MK RN IZ 2 CEEg (0.01
~0.13pg/t) THRESNRIIITERD o7, BAiE L #
HELEBLTWADT, TOBOSR, ARSI
EHEERORHLY, 41 7adFrind ka7 d
LEDbR D,
2.3.3 #3OBRHERE

5 3 A4 9 B24~270 1T o 720 24 B 19K
~27TH 8B CORMEMEIX0.91mm T, 240213 H
EHMAR L T8 12mm OEITRER S o 72, REHMH
HNOFEE A~ DA RIGERREDG D » 72 7- 0K
Lo, BHEAKEZ0m CRAOK L EIZ49% T
b o7z FERD HOBIHKR 15T, ZOMO
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Table 2c Results of measurment for 3rd period of sampling in the rain
TRT - ARG DHINK ALl S ORIk
HH i3] [T s 1Y & J=E =30y it KR BRRiREE
(mm/h)  {¢/min) { gl (¢/min) ( g/
SAP CAT ReFLAFy Y SAP CAT RyFLAFY
9/24 19100 2.0 104.7 2.75 19.65 6.17 42.3 5.55 1.94 1.19
20100 2.0 129.5 8.94 29,34 7.80 42 .4 - - -
21:00 1.5 136.9 §.26 92.39 13.28 44 .6 5.33 2.06 1.31
2200 0.5 125.9 5.99 80.81 8.05 47.2 - - -
23100 0.5 100.8 4.54 76.61 5.58 50.7 .26 2.32 1.14
9/25 000 0.0 85.6 3.16 24,27 3.48 52.0 - - -
1:00 0.0 7.7 2.07 24,91 2.37 50.7 6.60 1.82 1.18
2:00 0.0 70.0 1.60 19,30 1.93 50.7 - - -
3:00 0.5 78.5 1.74 27.72 2.25 52.7 5.69 4.77 1.10
4100 0.5 79.6 1.70 20.86 2.30 54.0 - - -
5:00 0.5 75.7 1.47 11.97 1.87 54.0 4,85 4.13 1.1
6:00 0.0 77.7 1.72 31.43 2.07 52.0 - - -
7.00 0.5 7.7 1.26 29.72 1.71 54.0 5.02 4.07 1.09
9:00 0.0 66.2 0.99 19.75 1.10 47.0 5.10 4.19 118
1100 0.0 60.3 0.77 14.45 2.25 49.5 - - -
13100 0.0 65.0 1.20 32.63 1.72 46.4 5.04 4.28 1.15
15000 0.0 59.7 0.52 14,66 0.91 46.4 - - -
17 200 0.¢ 53.0 0.52 8.44 0.68 46 .4 4.36 3.99 1.09
15 .00 0.0 43.7 0,32 5.92 0.53 46.1 - - -
21100 0.0 41.3 0.32 4.85 0.43 45.1 3.92 4.04 1.08
23100 0.¢ 42.7 0.29 4.51 0.41 44.2 - - -
8/26 1:00 0.0 43.7 0.17 3.85 0.39 43.3 1,42 3.68 0.99
3:00 0.0 39.2 0.14 3.82 0.32 42.3 - - -
5:00 0.0 40.6 0.1% 3.68 0.30 42,4 4,52 3.47 0.99
7:.00 0.0 39,2 0.44 1.22 0.83 42.4 - - -
9:00 0.0 47.0 0.17 4.54 0.33 41.4 3.89 3.19 0.92
100 0.0 g5 02 3.37 0.35 43.3 - - -
13 .00 0.0 45.2 0.10 2.96 0.28 424 4,84 3.65 .11
15100 0.0 42.0 0.09 1.8 0.52 39.7 - - -
17 200 0.0 41.0 0.08 3.13 0.40 39.0 4.43 64 1.05
18100 0.0 40.3 0.08 3.04 0.40 39.7 4.22 65 1.06
9/27 8:00 0.0 37.2 - (.05 1.92 0.21 3.8 4,14 28 1.01
L 2d 55 4 BIFERI R IR
Table 2d Results of measurment for 4th period of sampling in the rain
T 7 T — A5 DK MERL D & DITA
AH % [ i, Y =243 3 Pk i RERRE
(mm/n}  /min} - { pefl) (1/min) { pglt)
SAP CAT NNy SAP CAT RyTFLA30y
10/12 17 730 - 66.7 0.21 2.15 0.32 52.1 4,24 10.3 0.28
10/13 6100 1.0 59.0 0.22 2.26 0.15 48.0 4.14 11.3 0.27
12100 1.0 98.4 0.46 3.17 0.27 49.0 4.61 12.6 0.37
13100 0.5 £5.9 0.70 3.35 0.32 61.0 5,09 10.4 0.3
10/14 1:00 4.0 420.4 4.63 9.08 3.05 81.6 3.89 10.1 0.75
600 0.0 188.2 2.24 §.46 1.50 112.3 5.09 14.0 0.39
12:00 0.5 251.2 3.72 n.77 1.84 147.8 4.86 11,7 0.57
18 200 0.0 153.5 1.54 6.68 0.82 147.8 4,88 12.9 0.41
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Fig. 2 Schema of simple lysimeter
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Table 3 List of pesticides sprayed on the simple lysimeter

P e ] N
noE & B A | aRAR
Fohol k1 Z Tk (DEP) F4TTloy s A L 50 1
TS 7AbARA ThT7z—} i 5 1
ZaOLT 2 E L RA (CVP) KoZ7z—} Vi 24 1
S IR oF v T7t s 7L 40 1
FATY 4w FATY Y i 40 1
Jzz buFidr (MEP) 23T 7l 50 ]
2O kR F— i L. 25 1
4 RFFoA # sk A 3L 50 1
FHE A £ FaF4 G TVg 7L, 40 1
1704+ o7 g - #* 50 1
TNERF N RSV I #* 25 1
FrTy I o * 80 1
rsug =i (TPN} Y- 7 40 1
Mz askz A+l »7 b= 7 75 1
f ti FFUI 74 LA * 50 1
TOEHIF =7 K 50 1
T IRA 77— 5L 50 1
vy {CAT) ey * 50 1
T4 AT =4 7l 30 1
iE) AR A, FLIEA, R RF. 7 IveT AR
WK EFRL L THRT Lz, 74 24— 5 -3 FD%HE L7z Tadbh, HBKMEmm A L TEX 5

Koy s FE, BYCREORE T CHBRAILZ
SHLLT IR U, Theh, #1 FHROYEH4F
6§ HAA DS 7TH 1 HOMIE, BHEBRHIZLS 51>
A= —ALoREHHEEEEL .

3.2 EBER
3.21 BXELFHKkE
%ﬁumwtmﬁmmﬁu&%fmm(mﬁﬁﬁf
120mm ZHH24) (GEL, IR L AR KA 22421 C
Bt 12120, 15HH 8 HFS653Hi7 & 13mm 0 5 %
MM H D, Z OREECRIT & 2ok anid 2211
Thote COBDMBEMT L L4 —F —{IBITAMK
A& FHARROMICER 3 i, ATERHEGR G
A v A= F = PORTEUIHE L TR ndy, FEEEFER
2 HHi2132.5mm AR ASH - T, FOFMKIEE 4
, CEEBREMEEIE E o TS B s, HIERRREIS
RRMOARGHE , BEOE Y EEROTHORNS
BINFETEH -7z BEHTH IR 2 F IR0 O, RS S5 O
BRI T B e, AR oW 1 BRI AR 0K A B
Fii & RERGIRIEEEZ S0 20T, FERBAATH O
WHERSEIRE LT, 4 24— & —HORSmEL X

i, BERBEMED 53550 % (FEEIKEED 5301 kAT
IEE LS, 1ERRS30SMEIS T A L A -5 —hoE

T ERERBED 540~501 QKM RIFRFF TROILE
N L ADERAREEIE L, DS IRIEAR kL

'ﬁif%%Ltomﬁkulﬁﬁw%&waawMB%

BF T EMETHE L. ZOIERORKE—EHE
ﬁ?TﬁK%%%ﬁw,%4&}—9~uiﬁwaAm
Bz LTt bhis,
3.3.2 mHBEnE
CREETH SRR ORISR O TR 2 X 4
(2, 203 50.0Lmg/! B E DB T AR S L7
9B DNTOREECTR 4 T, A REDR
HEEaE»S &SN, oMo IERED
Wi of, BROMEICL ) ZOEEIIEEH D
, ROLBEHOF AR TI0en DIEEDALHEWEOET
B2 THA T B O O AR BEK R A M0mm (32
e ot i, KEGOBREIET TEMEIALL
NTHEY, hikoHHFEARE60mn 2B 25 &4 <
D BEOF AR T BRI A LAY —lh
HIEVF T
N UETEERR T oM RBERIE 7 R T LA T
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Fig. 3 Runoff curve of the simple lysimeter
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Table 4 Concentration of pesticides and amount of flux out of the simple lysimeter

(B - mg/1)
7 @ F W
X ATHmER (1991/07/15) FIPREERT {1992/06/24-07/01)
No.l No.2 No.3 WNod Nob§ No.§ No.7 No.8 No.9  No.l0  HNo.ll Ne.i4 No.13 No.1b
DEP nd nd nd  0.0006 0.0071 0.0423 0.114  0.191 0.288 0,272  )0.285 - - -
T/ 70 hRR nd nd nd nd nd nd 0,0003 0.0025 0.0183  0.0407 >0.0739 - - -
Cvp 0.0011 0.0007 0.0005 0.0004 0.0005 0.0004 0.0004 0.0005 0.0005 0.0005 0.0008 0.0325 0.0077 0.0535
YN¥7 s FA4 nd ad nd nd nd ad 0.0003  0.0007 0.0015 0.0030 0.0045 nd nd nd
ATV nd nd nd nd nd nd nd nd nd nd nd nd nd nd
MEP nd nd nd nd ad nd ad nd md nd nd nd nd g
yandyE nd nd nd nd nd nd nd nd nd nd nd nd nd nd
AVirdFty nd  0.0005 nd nd nd nd ngd nd nd nd nd nd d nd
4y raFta - 0.0080 0.0046 0.0042 0.0036 0.0038 0.0037 0.0046 0.0073 0.0145 0.0280 0.0453 0.108 0156 0.15%
fFudt s nd  0.0002 nd nd ad 0.0005 0.0029 0.0135 0.038! 0.0816 0,124 0.0116 0.0121 0.0095
A = R nd nd nd ad  0.0002 0.0018 0.0112 »0.0277 »0.038% 0.0536 »0.0579 0.0829 0.110  0,0993
*rTH nd nd nd ad od ad nd nd 0.0002  0,0003 0.0003 0.0008 0.0009 0.0010
TPN ad nd nd d nd nd nd ngd nd nd nd nd ad nd
[N atk e il nd nd nd nd nd nd nd nd ad nd nd 0.0003 0.0004 0.0004
FFOiIF nd nd nd nd nd nd nd nd  0.0003 0.0008 0.0017 nd ad nd
ToYH¥IF nd nd nd  0.0010 0.0181 >0.119 >0.158 30,228 )0.265 >0.353  30.409 0.0081 0.0093 0.0065
Ty kA nd  0.0002 nd nd nd nd nd nd nd nd nd 0.0030 0.0095 0.0108
CAT nd  0.0008 nd nd nd nd nd nd nd nd ad 0.0678 0.104 0.103
RyFIAE nd  0.0002 nd nd nd nd nd nd nd nd ad nd nd nd
WAk E (1) 20,05 19.9 20 19.99 19,92  20.05 20.1 20.95 20 21 19.65 2062 14.31  69.96

TE) nd H0.0002mg/1 kil T%Y (>) WREVYBLTODLILEFET,
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Fig. 4 Transition of concentration of pesticides runoff the simple lysimeter
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BB TO.001me/t L E TR HBEE{EEEL 25
SEATESEEY A TAFAT L TN TN,
CAT (i), 2Nz ErFA, A 70iF
v, FRHEFIF, T IRADTBETCAT, V¥
IR AR ECERTHREAMER SN CRETH -
Fro Fx 75y, PO ORAXF VL BEAEN S
72o DEP, T/ # 0 k:k 23 LOFEE Tl T
Edh /20T, ZROGEHETHTH -2,

4 EX
41 BEBCANKE

4 [0 00 BE IR TR 22 T 1 & M7 % B4 M I o O 8 PR T
&, WIBAERUHKREFEERIIT LA, H208
SRR, WM (2 BR) OWKESE30
~49% Th ~ 7120 B H D51 ~70% OB A K EN £
EW LTS, KBS, MEERR S Ll (i
AN EAONL, H2ARED 8 %IHAFHD

WHETEATE o BE 2 [AIRM AT S 20 A R BRI I I A

A, LSO TW oML & 48 1
2% (Wil UL%‘?’EZlﬁ]ﬁﬂﬁﬁ%_ﬁﬁﬂ)mu!ﬂl H—.ECD‘J-‘F&

T, WEillERAO=AEOEICK X LA RS
h-Z ks, ZoROFEBBEAOENMI B R
IEREREREDRSE, LA ST, MELAFNEL Y

OEMLEFERCOVTIR, B 2EFEERRTRE, B,

3 RUF A MR TR 5o
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Table 5 Runoff ratic in each period of. sampling in the rain

FoEES foki T kR FACH g
{m®) (m*) (%)
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Table 6 Coefficient of runcif of pesticides estimated

from the results of field work
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# 7R RO

Table 7 Properties of the pesticides runoff the lysimeter
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Runoff Loadings of Pesticides Applied to Golf Links
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Table 1 Amounts of pesticides applied to golf links in Hokkaido

mHA AWAN REA &t

19906 £ fF A it (ke) 4,510 79,439 3,883 87,883
(%) 5.1 90.5 1.4 100

185 - LY (ka) 30 524 26 580

19914 & f# R &F (kg) 5.747 66,954 4,720 77,421
(%) 7.4 86.5 6.1 100

185 - VT8 {kg) 36 417 29 489

199248 4= ffF A4 (kg) 4,007 63,202 4,823 72,122
(%) 5.7 8.6 6.7 100

18— VY (kg) 27 350 23 400

(7855 19904F 5 141 19914 ;148 1992 1167 6k—nJLEHE)

LAt SRR e o 4 —
T060 AbALIRT ALK ik 19476127 8
Hokkaido [né.titute of Environmental Sciences. Kita 19 Nishi
12, Kita-ku, Sapporo, Hokkaide 060, Japan.
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FERBECODVTORFE&A LNV, 2ITR, BT
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Table 2 Area of subbasins in golf links
b ¥ 1.9 F oA 7= TrLTFY oA +ti57 LTtk
m? % m? % m? % m’ % m? %
1 1,641  21.5 2,917  23.3 27,150  19.1 21,560  19.8 158,000 16.9
I 4,010 52.6 5,620  44.9 80,910 42.8 46,660 42.9 465,000  49.5
(3.104) (40.7) (4.340) (34.7) (47,9707 (33.7) (37.690) (34.7) (377,000) (40.2)
m 1,566  20.5 3.257  26.1 37.670 2.5 31,150 28.7 183,000 195
I\ 408 5.4 717 5.7 16,480  11.6 9,312 8.6 132,000  14.1
B 7,625 100 12,511 190 142,210 100 108,682 100 938,000 190
BAET O () ML SL.2 o8 kR
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Table 3 Capacity of irrigation reserveir with drainage level

ErdE (m®)

15 H.W.L 25.0—24 0m
No.l Bzl 8556

28 24.0~23.0m
No.2 JLAKII 7436

3 23.0--22.0m
No.3 HADO 6312

415 22.0~21.0m
No.4 EizA[d 4339
o F oK 2 26643
5 k% 21.0m~ A 2387
2 I x B 29030

3 REOHAWR

Lo 7T BT B19924E 0 BEE MR, BRETA) 2
f (MCPP SL#] : 50.5kg, /33 ~L DA @ 20kg; 6 A
TA,L10H BT ), BEE (b7 FF5 208
l4kg; 8 A 3 HICHM), REF 28 (77 74— KM
A D 84.8kg, ¥ 7 v W— KIMH T 165.5kg) DFE
334 8kg THREPHEREL VLA o7, BHEMOMK
AR EAEVORY., BHRACESREEHNONTY% &
g, 883 RILT S OF KMk Be ) — v
AR s, S o RRR O ETAT1L B 16
~H® 4 HFEIC, RO 75 0K, 8kg 43
NABBHG S, BEAOM A%HTHHT A
WHN, FEKETE RERAIE, T B0
g b £, FRKROPATRLL o HWAHE T

T 7 HEATREOT (TR A O R

#* 4 HREBIRFEAE
Table 4 Amounts of applied fungicides to golf links

B/H (e 1 1l m N
VEPAE T ]|
116 7 - 13.3 3.1 6.0(4,6) 24 08
13/17 70 =il 18.0 4.2 8.1(6.2) 4.7 1.0
11/18 7« 10.0 2.1 5.3(4.1) 21 05
Y EN AT 55.7 231 32.6(21.5)
119 727921 68.5 18.3{18.3) 4.9 15.2
it 165.6 325 T0.3(M.7) 45.1 178
TG — K HIH
B0 ¥ —¥ 14.0 33 6.3(4.8) 36 08
/25 7i-v 42.0 9.8 18.9014,6) 105 2.4
71 25.8 6.2 15.1(11.7) 5.9 1.6
it 8.3 193 40.3131.1) 204 4.8
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Fig. 11 Changes of river water level and sampling times during rainfall events
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Table 1 Concentrations of pesticides in water samples at golf courses in 1990

Pesticides Detection Ratio Concentration { peg/t)
{Detections/Samples ) Pond Water Wastewater Groundwater
[nsecticides
Isoxathion 4/40 <0.004~-0.01 <0.004~0.03 < 0.004
Isofenphos 5/40 <0.002~0.01 <0.002~0.04 ‘ <0.002
Chlorpyrifos 4/40 <0.002-~-0,004 <0.002~-0.90 <0002
Diazinon 21/40 <0.002~3.4 <0.002~0.51 <Q.002~0.004
Fenitrothion 2740 <0.01~0.02 <0.01~0.1 <0,01
Ethyithiometon 0/40 < 0,002 < 0.002 <0.002
Fungicides .
Isoprothiclane 20/40 <0,04~33 <0.04~0.8 < (.04
Captan 3/40 <0.03~0.4 <0.03~0.5 <0.03
Chiorethalonil 6/40 <0,008~0,08 <0,008-~0.12 <0.008
Telelophosmethyl 8/10 <0.002~2.7 <0.002~~1.0 <0.002
Flutolanil " 19/40 <0,08--27 <0.08~4.7 <0.08
Echlomezole 0/40 <0.04 <001 <0.04
Chloroneb 1/40 <0.1 <0.1~-2.0 £0.1
Herbicides
Simazine 20/40 <D.1~20 <0.1~16 <0.1
Napropamide 174G <0.04 <0.04~0.2 <0.04
Butamifos 5/40 <0.003~3.0 <0.003~3.8 <0.003
Propyzamide , 13/40 <0.07~24 <0.07~30 ° <£0.07
Pendimethalin 3/40 <0.02~0.65 <0.02 <0.02 -
Benfluralin 2/40 <0.03~0.2 <0.03~0.1 <0.03
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Table 2 Concentrations of peslicides in water samples at golf courses in 1991

Pesticides Detection Ratio Concentration ( /1)
( Detections/Samples) Pond Water Wastewater Groundwater

Insecticides

[soxathion 3/55 <0.03~0.36 <0,03~0,12 <0.03

Chlorpyrifos 2/55 <0.01~0.12 <0.01-0.02 <0.01

Diazinon 4/55 <0.03~1.1 <{.03 <{,03

Fenitrothion 0/55 <0.1 <g.1 <0.1
Fungicides

Isoprothiclane 8/55 <0.03~1.6 <0.03~0.42 <0.03

Captan 0/55 <0.03 <0.03 <0.03

Chlorothalonil 1755 <0.01~0.045 <0.01 <0.01

Tolelophosmethy! 4/55 <0,06~—8.2 <0.06 <0.06

Flutolanil 5/55 <0.1-5.0 <0,1~0,40 <0.1
Herbicides

Simazine 22/55 <0.02~18 <0.02~0.18 <0.02

Butamifos 0/55 <0.03 <0.03 <0.03

Benfluralin 2/55 <0.01~0.24 <0.01 <0.01
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Table 3 Physicochemical and biological constants of pesticides
Name Solubility Vapour Pressure Volatilization K Half log Pow®’
{mg/1) (Torr/T) Rate {d™") (kbX107%7")  Life (d) (-
Isoprathiolane 50 1.4%107%/20 0.03 0.19 152.0 2.81
Flutolanil 9.6 1.3X1077/20 0.00 - - 3.37
Simazine 5.0 6.1x107%/20 .03 - - 3.60
Chlorcthalonil 0.8 <0.01 /40 — - — 4,34
Diazinon 40 6.4%1077/20 0.47 1.55 18.6 2,88
Benfluralin Insoluble 3.9%107Y30 2.04 - - 2.68
Fenitrothion Insoluble 6.0x107%/20 0.12 1.32 21.9 3.2
a) Aerobic biodegradation rate constant.
b} Octanol—water partition coefficient.”’
* 4 204 Y FY o e oOkB LUl
Table 4 Values of k and n
Pesticide k (107 '™ kg)
A B C A B C

Chlorethalonil 0.7 0.5 1 1.4 1.5 1.4

Isoprothiclane 0.04 0.05 0.07 1.2 1.4 1.2

Tolclophosmethy! 0.3 0.3 0.15 1.0 1.1 0,91

A: ando soil, B: gray lowland soil, C: montmorillonite
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Table 1 Variations of concentrations and specific loadings of PCNB and -PCA in the river Water

R-d R-¢ R-b R-a
Area of River Basin (km%) 1.63 3.92 7.34 9.96
JUN. 30.1991
Flow Quantity (#/s) 50 170 43 568
Concentration of PCNB ( p.g/!) 0.39 0.31 0.17 0.20
Load of PCNB ( ug/s/km®} 12 13 7.9 1
Concentration of PCA { pg/t) 0.20 0.20 0.13 0.16
Load of PCA { ug/s/km?) 6.1 8.7 6.1 9,1
AUG. 27. 1991
Flow Quantity (!/s) 17 38 95 158
Concentration of PCNB { pg/1) 0.41 0.15 0.088 0.038
Load of PCNB { p.g/s/km®) 1.3 1.5 1.1 0,60
Concentration of PCA ( gg/!) 0.25 0.18 0.13 0.11
Load of PCA ( peg/s/km’) 2.6 1.7 1.7 1.7
SEP. 27. 1991
Flow Quantity (i/s} 55 135 250 332
Concentration of PCNB { ug/1) 0.065 0.055 0.046 0.041
Load of PCNB { yez/s/km?) 2.2 1.9 1.6 1.4
Concentration of PCA { ng/!) 0.097 0.098 0.10 0.10
Load of PCA { ng/s/km) 3.3 3.4 3.4 3.3
NOV. 07. 1991
Flow Quantity (1/s) 42 104 182 295
Concentraticn of PCNB { zg/1) 0.031 0.15 - 0.025 0.021
Load of PCNB ( pg/s/km”) 0.80 3.98 0.62 0.62
Concentration of PCA ( gg/i) 0.081 0,081 0.072 0.080
Load of PCA { ug/s/km®) 2.1 2.1 1.8 2.4
DEC. 03, 1991
Flow Quantity (1/s) 32 81 125 248
Concentration of PCNB ( pg/i) 0.0144 0.027 ¢.023 0.019
Load of PCNB (,,;g/s/kmz) 0.86 0.56 0.39 0.47
Concentration of PCA { zeg/1) 0.075 0.067 0.058 0.051
Load of PCA { ng/s/km?) 1.5 1.4 0.99 1.3
FEB. 23. 1992
Flow Quantity (1/s) 12.7 51.1 70 122
Concentration of PCNB { yg/1) 0.035 0.014 0.0089 0.0070
Load of PCNB (ﬂg/s/kmz) ‘ 0.27 0.18 0.08 0.09
Concentration of PCA { ug/!) 0.10 0.056 0.037 0.036
Load of PCA { ug/s/km®) 0.78 0.73 0.35 0.44
APR. 15,1992
Flow Quantity (#/s) 104.5 235.8 282.3 588
Concentration of PCNB ( ng/!) 0.021 0.013 0.011 0.012
Load of PCNB { pg/s/km®) ’ 1.4 0.78 0.42 0.71
Concentration of PCA ( ug/i} 0.063 0.078 0.058 0.079
Load of PCA { ug/s/km®) 4.0 4.7 2.2 4.7
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Table 1 Runoif rates of pesticides from observation area

ALHE O THEM (%)

A gihama REAp T & Fikit 3 Fi i F454-5570 gty
(kg) {ke) (%) EFIAH
BPMC 3.4 17.3 19.7 1.4-25 17,1 28.4
CYAP 1.5 79.1 1.9 - - 11.8
Diazinon 17.1 188.5 9.1 - - 11.3
MEP 7.9 485.2 1.6 0.,02-32.4 31 8.1
Isoprothiolan 4.8 23.1 20.8 - 22.0 12.2
IBP 3.5 8.2 42.7 - - 32.5
Flutranil 0.02 1.6 1.3 - 3.4
Molinate 28.2 95.6 29.5 6.0-26 23-27 32.5
Thiobencarb 16,1 199.4 8.1 0.5-2.1 7.1-28 10.3
CAT 2.3 21.2 10.8 - - 5.7
Oxadiazon . 4.7 38.8 12,1 1.3 - 3.0
Butachlor 23.5 35.4 66.4 2.3-8.0 6.3-23 g.0
MCPB 0.8 14.2 5.6 11.7

BRI & logly)=0.53140.32Tl0g(x), v . FMHH(%), x | KiFEERE (ppm)
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Runoff Characteristics of Pesticides from Paddy
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Table 1 Area of landuse-type in the watershed of

Rikimaro Reservoir

ik AR KWW LdEE o
(ha) (ha) {ha) {ha)
A 548 2.0 950" 13¢4*
B 593 14.9
C 444 17.3 387 40
D 701 6.9 654 40
E 1090 3.6 927 128
Total 3376 75.4 2958 342
*A+B
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Fig. 1 Sampling site in watershed of Rikimaru Reservoir
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Table 2 Rainfall characteristics in the watershed of Rikimaru Reserveir {(St.4)

1 2 3 q 5 § 7 8 9 10 11 12 Total
Month

Rainfall {mm) G4 143 291 119 129 207 97 328 110 57 129 93 1562

Rainfall days 13 8 22 12 12 10 10 14 9 8 12 12 140
{1992}

Rainfall {mm) 112 73 099 139 © 127 431 360 443 265 87 170 75 2381

Rainfall days 13 8 16 6 12 16 17 17 11 5 12 11 144
(1993}

Annual rainfall {mm}

Annual rainfall days

Average annual rainfall 2031
3323 {1980)
1456 (1978)

Maximam annua) rainfall
Minimum annual rainfall
Miximam monthly rainfall

Minimum daily rainfall

839 (Juiy 1980)
215 (26 August 1978)

Mean 140
Maximan 193 {1985)
Minimum 113 (1978)
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Table 3 River llow characteristics of Yakivama River (St.1)

1 2 3 4 5 8 7 8 9 10 11 12 Annual

Mouth fean
Max 3.0  27.0 11.6 2.87 9.20 13.0 4,80 36.5 4.73 1.35 6,70 1,47
1892 Min 0.27 0.38 0.47 0,42 0,40 0.17 0.29 0.27 0.28 0.19 0.21  0.33

Mean 0.55 0.90 2.22 0.88 0.71 0,93 0.73 1.74 0.47 0.30 0.47  0.46 0.87
Max 4.59 1.54 3.35  13.0 4.23 52.7 22.8 43.8 22.9 675 0.3 2.04
1993 Min 0.35 0.34 0.30 0.22 0.81 0.25 0.77 1.01 0.51 0.37 0.339 0,37

Mean 0.75 0.47 0.56 0.63 0.31 2.41, 2.77 3.34 1.86 0.78 0.82  0.55 1.27
1986 Max 576  27.0 17.3 26.5 17.8 137 245 123 122 12.2 10.1 5.00
~  Mip 0.15 0.07 0.11 0.11 0.08 0.06 0.15 0.07 0.06 - 0.21 0.09 0,13

1992 Mean 0.56 0.69 0.95 1.02 0.91 1.95 2.45 1.12 1.28 0.64 0.48 0,46 1.04
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Table 4 Water solubility of investigated pesticides

Pesticide Water solubility {mg/!)
Thichencarh 30

Simazine 5
Flntolanil Slightly soluble
[soprothiolane 50
Pyroquilone 4000

Fthalide Slightly soluble

Edifenphos 5
Chlorpyrifos-metyl insoluble

Fenthion 55
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Table 5 Concentrations of pesticides in river water
Thich. CAT Flut. {sop. Pyr. Ftha. EDDP Chlor. MPP
{ng/1)
Mean 1.44 4.77 204 269 103 0.56 1.95 0.13 .98
St.1 Min 0.00 0.01 5.81 18.4 6.13 0.00 0.00 0.00 0.00
(n=14) Max 10.2 10.1 1236 1272 687 3.08 10.8 1.09 7.25
Mean ¢.83 1.83 79.0 12.0 30.8 0.72 3.01 0.05 0.13
St.2 Min 0,00 0.00 1.00 3.25 2.46 0.00 0.00 0.00 0.00
{n=12) Max 7.27 16.1 566 38.46 84.6 4.28 19.0 0.48 0.73
Mean 0.47 0.38 78.2 131 13.1 0.70 2.4 0.08 0.34
St.3 Min 0.00 0.00 1.06 2.03 1.38 (.00 0.00 0.00 0.00
(n=12) Max 2.40 2.13 445 898 51.4 3.06 13.0 0.56 2.70
Mean 2.55 3.95 1095 68.7 354 1.89 5.3 . 0.16 0.45
St.4 Min 0.00 0.05 24.5 19.4 10.3 0.00 0.0¢ 0.00 0.00
(n=13) Max 15.8 10.3 5320 184 1965 14.6 22.1 1.11 3.54

Thiob.: Thiobencarb, CAT: Simazine, Flut.: Flutolanil, Isop.: Isoprothiolane, Pry.. Pyroquilone, Ftha.: Fthalide, EDDP: Edifenphos,
Chlor.: Chlorpyrifos-methl
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Table 1 Classified area by land use types in chservation basin
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Table 2 Detection limits and recovery of pesticides

[\ (%) WA (;tgfl)
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Table 3 Applied ratios of paddy field area

HLAY MO Trb Ry onT rdh dME F-1 Her Y-¥y) ¥ The b TN Eof S
(%) -2 ) D ¥3X  SM
1590 9.8 1.4 4.0 6.3 4.0 9.3 0.2 4.5 7 2.5 302  113.4
S| 8.7 1.2 35 5.5 35 1 8.2 0.2 8.3 7.0 2.2 2.6 100
1991 9.8 7.1 20.4 z.1 4.7 3.9 7.1 0.8 9.9 .7 1.7 248 111.4
e 8.8 6.4 18.3 1.9 2 3.5 6 0.8 8.9 6.0 1.5 223 100
1990 3.2 0.6 ¢ 1.0 5.0 3 iz 0.5 7.1 9.8 4.7 19.2 82.6
ES: 3.9 0.8 0 3 6.0 11.3 135 1.4 0.6 85 11.8 5.6 23.3 100
1991 2.7 21,7 11.8 0 4.3 109  12.3 0 1.5 7.3 g4 3.2 15.4 99,1
F 27 21,9 119 0 4.4 1.0 124 0 1.5 7.4 8.5 3.2 155 100
1991 0.5  45.3 0 0 18.7 0 0 .6 1.3 15.0 0.9 6.4 5.8 95.5
AHhX 0.5 47.4 0 0 19.8 0 0 L7 1.4 157 0.3 8.7 50 10D
1592 0.6  56.7 0 0 13.6 0 o 01 1.0 .2 0 4.2 6.6 102.7
A[E 0.5 55.3 0 0 13.2 0 0 0.1 10.7 8.9 0.8 4.1 6.4 100
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AMhIX 0.1 58.7 0 0 119 o o 0.1 8.2 7.0 0.2 3.6 9.4 100
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1991 0.1 211 ] 0 3.1 0.1 10,2 0 1.4 9 0 0.3 1.6 42.7
CHIR 0.2 49.3 0 0 7.1 0.3 9 0 3.2 115 0 0.6 3.7 100
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7z, ARSI BN S 0B BRENIO &5 IR A Fle: 2 Shares of herbicides

HEFILHT LB Lo S0z, K%

KEAHANT R E T N2 BEOA LML, £OfH F A UBEIITOVTHEDOE S DER LA, T
RO BT E OIETRLI, D LUEIEMBRMOXOREML, +LEV A,



LB oSy 8RSy FEAL UL SEEIT,
BORUA SR e R S - T h, EHEOR
B, BREACHESNTHEIZL AT Y20 % T
Who 191EOFRAEFEORE L SGVRRAS, AR
SYUy bRHL, B, D, FHIREY A LA VEHA, C
BENTA 7Y 2R3, EHEIL AT SRH,
GHENTA TV 7 HAS HEIIE - TR B,
1991 ~ 1993 OB Z AKX THE b LK R & o34
Yy FRIFIANEA L, B LRy AL Tuw
BoE, ¥A VAL YRAFEBE L L HENE R
TWh,

FHEANZOVWTREFES IR LA, DL BFRTROL O
HE L EPTHE Y V2 PHBAISODL, ¥ 22 PRA,

BE BRI BT ZRES S OREREROERFN

57V PRAIDL, 75 3 R5LA, 77 £ X 8HI DL 2%,
ZOBERHERA b LRMOHTARIYA b, 7
THA R FL ABEIDL IS B & BRI, £
S o MR R E o TBY, & bIckE
OMIZHIEND, 4Ty PRFIOEESEEOIS
(o T hONEMCH D, SOENIC, BbRHA
DS Yy PRBEIOERRELE VG,

COXH, EHEShBREOHEMIIHMRIZL > TK
X (RL D0, REOBEHBOBRICE, FMOKE
S L EREAZR L DS OTIRE TR RAE S £
e L EA D B, BEERITRS LTV HEBEMO
R A & KIERLEEE B TS L0 Tl bk
DERLERRRERCE LWL oG, T/ B

®

4 BRARlOERLE

Table 4 Shares of insecteides

By (%)

1991 1992 1993 1991 1991 1991 1991 1991 1991
A A#E AMK B CHE D#E E#E F#K  Gal

FAT 2~ A 0 0 03 18.0 0 0 0 "o 6.7
A IFA4 A 3.2 5.1 6.6 0.6 0.4 0.4 1.2 0.6 1.7
AT Y7 HH 3 0.2 0.1 0.3 0.2 39.2 0 0 0 0
FAT D) HERS 4.1 2.7 5.3 12,0 1.6 3.9 4.0 7.5 26.4
F4LANHH 18.2 22.6 26.5 46.5 20.5 37.8 9.8 32.4 19.1
F 4 TF oy & ZAGH 0.5 0.5 0.7 0.8 0.2 13.3 1.7 30.1 0
b L o fA 12.2 3.5 0.8 ] 2.3 0.4 ] 0.3 0
b LAty B 0 36.7 28.4 0 0 0 ) 0 0
AL N 7% 43.6 12.1 2.6 3.5 10.9 31.9 0 6.5 15.3
L L& SHrH| 0 0 0 1.3 0 0 44.5 0 0
FOih 18.0 28,7 28.5 17.3 25.0 12.3. 38.6 22.6 30.7

it 100 100 100 100 100 100 100 100 100

F 5 HEROERILE
Table 5 Shares of fungicides

Bar (%) 1991 1992 1993 1991 1991 1991 1991 1991 1991
ABMK  ABK  ABRE Bl CHE  DHRE  EBE  FHE GHE
¥ PHFIDL 3.8 2.8 3.2 0 0 0 0 1.1 3.3
* 5 U PRA 66.7 72.0 47.5 41.1 69.6 84.0 93.0 66.7 52.6
¥ 73~ PDL#&#HI 4.8 3.7 4.5 2.7 0 0 0 0 3.3
2Ly o o AKATH 0.1 0.1 0.4 0.5 6.7 0.3 3.5 0 0.5
751) &3 B DL 0 0.3 0.3 8.6 5.5 2.5 2.9 1.7 9.9
AT g % 7.6 4.8 3.8 3.7 8.3 1.4 0 7.8 9.9
e ENE R 0.8 1.0 3.5 0.1 0 0 0 O 0
73T ARFSOL 7.5 7.2 26.7 0 0 0 0 0 0
EH o MK 3.2 2.5 1.5 11.1 0 2.6 0 5.0 6.6
F744 F ¥y DL 0 0 0 7.6 0 0 0 0 6.6
o4t 5.5 5.5 8.6 24,7 0 9.3 0.5 7.7 7.5

El 100 100 100 100 100 100 100 100 100
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FEHFLOREFHBSh, BRICHEHSNSBEIFE
ELVELY A I L EE T AUEND D ANEBO
HEHERES LT, BEoBbrBohsgdd, &
W CoRMRBEFERLERE L5, JOMTELTHE
BE&Trzrorhthi, KEBHEICKRIIHAG S
NaBERMOFERKHEREETREL 45 2 & CRIT
PARETH D, LdL, EIIRLALIC, BRLE
LAREOEFTOREIMEGHEK LS, EEREAR
DHRBC A I v, S50, EEMLEEE L
TEGOEGHIES, DS LEEEY TOHfROIEE
BBL L TETY A SERE CHERE L TR,
Bpolmbic i hibfaRtEsiralcl e, REBORE
B = THBh oo E LR ERR A EET 2
ZEDTEI,

3.2 MRS EOHERE

 BBESLTHEL TV, BRIEEORIIEE
RABHWRE TR SR, SIEARO S L AR S
FLTONEDNEBTHD, D/, BEREELTO
HRED SEDRABOERRICRET 20805 5,

BETE OFEPRTOLFLERKESICBFEINTS
D, BEEED . AEEEYSECILLLATVE, &
M S F T OB OB R & RIS E I OSER A
Bhhlzw, WBEOSEOIRSOERREEE L
19914E & 19924 (22T, MO B EEEEGOK
HEHE B 27~ 5 &4 LIk,

A WROMHE=Z (2 WIS i LR OK BT /i D
AR X R 0T E)

ORERVTEE L. Lrl, 199383, BROHH
CATAPERELY, FEHTLOMRDOT -5
Bonhdaiz, J0RD, SFHBOBHRIEET L
2, 1991 L 192FE DR OEH = L A BEOEH
BOROEHHEE, 193E0ABEOEWROHEE L
THEL,

St.3M5 SIS DS T TOREA - Bl - Fri
RoEREL, KinSHkoxATER S A IUENL
BRI OWTERO IR LA, BT, ReIRLIH
WRATE NN LERE L, AR TEE
2 B E 2 1993ED A HUKIZDWVTR LTS,

E-4 6 REOEHSE
Table 6 Amounts of applied pesticides

B St.3 St.4 .5

(kg) 1991 1992 1993 1991 1992 1993 1991 1992 1993
(e
S8 RV AVEE 95.0 67.8 65.1 216.9 1552 148,90 647.2 476.0 450.9
IaFahnT 69.7 60.6 42,7 109.5 85.7 63,2 468.7 299.1 242.6
AZ7zFEr} 65.3 78.6 84.1 182.9 216.9  233.7 784.0 923.4 998.5
TEru—- 39.1 28.2 27.2 90.2 64.7 62.5 273.8 199.0 191.0
CNp 30.4 22.1 20,8 18.3 36.3 33.2 236.7 161.6 155.0G
(S AV e P 18.8 12.2 11.3 52.3 34.3 31.8 239.5 152.1 143.3
Frur=UF 13.5 8.5 0.4 33.9 21.3 0.9 138.9 92.3 4.0
iAoy 10.8 8.0 8.3 23.3 7.8 18.3 167.5 107.1 119.9
TUESF R 9.8 18.9 12.3 26.6 59.4 35.9 99.3 219.3 133.5
FLFFra—n 5.0 3.0 2.9 13.4 8.6 8.0 60.2 38.1 35.8
Ry S Tat oS 2.5 16.9 15.3 8.7 56.6 51.8 24.0 199.9 160.8
F
MPP 50.5 17.7 46.3 148.9 70.8 154.9 387.4 237.4 455.0
MEP 42,2 49,3 61.3 168.6  166.3  226.3 378.9 408.9 529.9
BPMC 27,8 26,6 18,2 89.1 70.6 53.0 230.6 179.5 136.0
TFNFEA L 8.7 10.2 12.6 34.3 32.3 44.4 152.2 154.6 204.3
YATV /v 6.6 8.5 16.2 35.2 27.4 64.2 77.3 60.4 141.4
Tr7¥ 7Oy o R 1.8 7.0 4.4 3.7 14.0 9.0 28.8 45.2 41.7
A
IBP 204.8 2006  258.4 532.8  571.8  703.5 2163.5  2242.2  2806.5
AvFaFts 15.9 7.0 23.4 45.3 15.1 60.0 138.6 66.7 212.4
EDDP 8.8 7.6 25.9 21.3 22.4 68.2 78,1 105.7 281.0
TRbEFIN 5.6 5.7 14.1 9.9 9.0 23.4 37.8 25.5 77.8

— 02 —
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Table 7 Commodities of pesticides

g (e, %)

SR

S5 AVAVE S %y R (100)

TAFOANT 7777 A {100)

A7ty b 7o MRA (99.7), o¥FLRiE (0.2), W— 28R (0.1)
LA A ) SRR (98.5), Tk e FELAI (1.5)

CNP am MEH (95.5), MOKH 9 (4.5)

S8 AV S B 7 d — kil (100)

+Fay= K A RH (100)
¥Aiany ard MM E#H (100)
TOETFE

FLFFro—
Ny Tty

ey b7aT A (98.3), LR (1.7)
7 k- VErE] (99.9), ZHk—FDERH (0.1)
=¥y b7u7 7 (100)

Bow

MPP BTy FEEILEY% (44.5), &3 D FELAD (40.8), /54 2w FELH (6.2)
MEP A3Fok LA (62.3), R 3 FoF v AKHEMO (26.2), sS—wFok AkAH (6.3)
BPMC b LA 2ty HRE] (90.6), 98y MR (8.4), A FHA YL BELAI (0.7)
TFNFERA L FALALLRH (93.0), TAF L TORH (3.7), SV AREE (3.2)
ATV F ¥4 VRRF (37.2), ¥4 7HRAIS % (27.8), ¥4 77 2 AKMHNZM (23.2)
LT Ta 2R Py R (94.6), b LoRZER (4.2), MLECIE (1.1)
IR

1BP FHIYPHAM (97.2), F7Y L PHEBNOL (1.6), 43 PHRIIODL (1.2)
fvroFt s FITRH] (51.4), YR Ay FRA (25.2), YbT AT kA (14.7)
EDDP o8 oy FERAILG% (51.3), b /a8 Vo FELAL (41.7), B EE (7.0)
IRESZN FIVTED y RA (42.9), Ty b (34.7), F ok TRAR (23.0)

REAOEREE, 19914 0St.3 & 5t.4Tid, 7+
Y RAIEINTHAEI VL - YRR E S
Foo 19924E L7 7 FRANCETIRABA 72y kAT
LORMETLREANELY, ¥IUSL—), A FOHL
7, FEru—, CNPEOERREIEL L TwE,
T4, Y—F¥u r7uTINMCEEIRETOETFF,
NS T 2y TOEHEANZENSHEML TV D,

BElTid, MPP, MEP, BPMC, ZF 4544 b,
FATY ) v OFEREPE 2o TV b, 199241254
Vo PRBOERZOBAIL 5 TMPP OfERTE L M
B LAt 19934EEMPP A E TR ABREER O /
ALYy PRRIARNLAZ B2 L 5 THUEMPP O
HESEIMLTWA, 234V MlicE T bhk
##| ) EDDP 4 19934F i3 i Fi 3 A8 L /2o MEP O1fE
HErRmROPCidik s o TvhA, MEPIZK
M2 Tid e MR L ETHERASATHWLL®
b&o 72, BPMC /S » MR & L TR
B LAY, MUY, HE LTodiERE L
oz, EHEICH T DB LD 7

WAL, ¥y PRAICr 7V PHRIZEEN

% IBP D HED, BREACEOAATEOTLIRLE
HoTHY, RWTAvTaF+5 >, EDDPOERR
WV, F70, 1993613V b BIEDRAESE h o1,
BIO 2 S RTEBAOBEH RN L Ty 2,
IDEIIL, 3EMAEBELTS, Bas LToORM
WIZENYH L0, G TALERRICOES
Fbrdhr, o0, FRARLIEETLZ01CE, &
FOERFHERAEIVEE LD,

4 KWEBRBROBREOINFLSY - AHEEHROFNE
4.1 BREOFAIFHSHE

REIKHTOMRRIL TIN5 79,
FERHO L) IRV LR CH LAY, FHEGH
THHKENIMIEE LT 243 56700, WED 5
DR BFFEICH~72b DR D,

REEOSH L, LB T T o e L
L, BEBEOREG, B L) SE HiRE 0w
WS IR S, SEE SRR D B R
AL WI EhD, I THETFREOBESEIIOW
THE #iT o7 B3 i, 1991~1993% F T3 E/D



FERAT - i L

BREARD A7 2+ b,
TOEIN O DB E, St3EBUIRLA, £72,
B4 GERE S 3 i B a0 sibE i L, RA
BIEAL, 19D X T2ty FTU.6uglt, 742
U—WT9.0pug/l, TATTHNTTE.0ug/l &% 70
RANEHEE OB 2 i+ 4 &, 1991413199248 % 19934F
LNAPBERCHMBLTWA, Ziid, 1991408
WA 4 F27~290 042 5 8 3 ~ 6 AOHI TS
SO LT, 19924134 A29F - 5 H2~5H,
1993%Eid 4 A290 LS B 1 ~5R&ERINCT LT o7
O HEED 2EMZEDOHPIKBBMEELLHEPL,
KERFE R O B SR BEIE & 20 s L O o4
RThb, ISHEOREOREY - s 2ltittrs, 7
WL OREY 2 AEWIIHEL, 20, AT
Fw b TATOHNTOREY - HM LA, 7
U= AHBEITNE 7 A ) LRHOERE A
B1~0BTHH0IIM LT, 272+t baifrin
E7y MNEM, TRTOARLTEEINL 7D T R
HOMERREH RS 5 ~150 S B /2oillnl ) i
R LR ol TNODRERIE, 5 AMDASLEEL
EHU, s ARICZBEBHShE (ol T4, W
HWCERMIC-ELTBAR S h a7, MRS I8
BhHANPEEWIES P R BEORARLERL Ty
%o _
IEMOREIGEE R BT 5 L 1993FES O 2 FIZE
NTRC > Twh, B4R LAZ LS, 1993EDHR
ALK P OREEAREASE DG 255 A TFHIC
19914 219928 | Z N T30U BIE L A Y L (s

TEIU—=N, TAFOHN

1991

1992

Cone. ( pegef1)
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Fig. 3 Changes in concentrations of herbicides at 5t 3
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Fig. 4 Changes in flow rate at 5t.3

2o ZO7zdh, KEDP LD L R D, REAO
E~7ﬁﬁﬁw%$fﬁ(&ot%@a¢iBhac
BHAE, BLEVHRETH - 72 MPP & BPMC HZDW T
B85 L7z, 199143, BPMC & MPPDREHITH
LoD PEEIE LTEOIE LA EPMG SR, #
D728, MPP & BPMC O E)ITIF~F L Cwb, 72,
AT FRERIOFCREERAAY, A AL F il LT
TR 7 ~ 4B, ILGRMEENOT ~14B%E
o Twhizg, o2 EICH~NTR S AR ke
K- 2 L%, BPMC 10 pg/t, MPPIX1.5ug/l &
Lroin, 19924202, 79935y MERIOERE AL,
MPP O H i 4 1991 E DB% IZEL Lz, oo
19924 MPP MR IR { % o TV b, 199341272 2
&, MPPiXk /34 ¥y FERIE LTDFRHENE
H, 05ug/IDE - FELHBT B L IR 57,
BPMC A5 £ A MS /342w PRAINS FLEF Y
PNy HRANIAE Do 2 LD E 5T, 19928 41993443
B0, HEHIR R
Clepolie SOES, MUBETLFANETINLEHE
adl & o T{ERIBEHE - SEAIN AR S 720, B 70l
AR &R T,
HEANLERARDZ G IBP OHEI R TH o 72,
IBPid, 6 AR »olREN AT L0, 9410 %
T EH L 7219934 12w T, St.3, St.4, St.6D
FOEIL*E6 257, IBP i, KEIZHMEAshb
foHiBEOLEEEINE L, 6APNNISTATWETH
RIETH 72, T2, EWiOSL3ITEEEE{, T
DSt.4, UETHESTWAD, THATHDLEIIZ
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Fig. 7 Changes in concentrations of pesticides
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Fig. 9 Changes in loadings of herbicides during the
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Fig. 10 Changes in loadings of herbicides during the
storm event {1993/5/14-15)
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Fig. 11 Changes in loadings of herbicides during the
storm event (1993/5/10)
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Fig. 12 Changes in loadings of herbicides during the
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83mm, 19924 D107mm & W~ THEmICALR (o722
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BREEAIE, 19914710024 T 12 2 ORAR 1 Srif Bt i
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Table 8 Amounts of pesticide loadings in rivers

Flow Mefenacet Butachlor Esprocarb BFMC MPP
{10°m®) (g/10a) (g/10a) {g/10a) (g/10a) {g/10a)
1991
St .84 2.8 1.2 ~1.3 1.6 0.36
St.2 2.27 3.4 1.3 1.7 2.7 0.31
St.3 2.38 5.7 2.0 2.2 2.3 0.27
St.4 5.38 4.8 1.3 1.2 2.0 0.28
St.5 16.8 5.1 1.0 1.1 1.4 0.15
1992
St.1 1.20 2.6 1.5 5.6 2.1 0.055
5t.2 3.12 4.0 1.8 2.1 2.1 0.082
St.3 3.40 1.4 1.7 1.4 1.9 0.094
St.4 8.17 1.6 1.3 1.1 1.7 0.101
St.5 26.2 4.6 0.89 0.85 1.2 0.072
St.6 24.5 4.2 0.76 0.62 1.0 0.062
1993
St.1 1.66 0.98 0.26 0.33 2.2 0.032
St.2 1.72 1.8 0.43 0.52 1.6 0.121
St.3 1.71 1.2 0.47 (.66 0.93 0.078
-8t.4 4.84 1.2 0.47 0.43 1.1 0.078
St.5 17.8 1.2 0.44 0.37 0.60 0.046
St.6 18.6 0.91 0.28 0.27 0.43 0.037
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# 9 S ATAOHbANTR
Table 9 Amounts of Pesticide loadings (5/16-5/30}

1991 1992 1993
st.3 Std S5 8.3 St.4 S5 St.3 Std S5
Flow (10°m®) 0.68  1.19 3.9 0.82 1,94 6.09 0.27 0.64 2.43
Mefenacet (kg) 5.35  8.54 41,4 4.87 12,1 46,0 0.97 210 7.8
Butachlor {kg) 1.34  1.56  5.63 1.14 268 7.11 0.20 046 1.70
Esprocarb (kg) 1.97 1.95  7.99 1.43 2,31 7.9 0.57  0.64 1,99
#* 10 FEFARG O BaEFH A (S1.3)
Table 10 Amount of pesticide loadings during the storm events
1991 1892 1993 1993 1993 1991
5/15-16 5/18-19 5/10 5/14-15 5/22 5/1-6/30
Flow (10°m™) 111 99 40 74 47 2380
Mefenacet (g) 1310 748 16 183 142 9480
Butachlor (g) 610 186 35 157 22 3250
Esprocarb (g) 509 340 18 157 7% 3720
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Table 11 Runoff rate of pesticides
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Hifir Mefenacet Butachlor Esprocarb BPMC MPP

(%) 1991 1992 1993 1991 1992 1993 1991 1992 1993 1991 1992 1993 1991 1892 1993
St.1 8.0 5.5 1.9 4.8 8.9 1.6 3.0 144 1.2 23.2 134 20.4 1.27 0.56 0.12
St.2 12.2 9.5 3.7 7.7 1.1 2.7 52 5.7 1.8 23.9 144 15.0 1.49 0.99 0.47
St.3 14.5 9.3 2.3 8.3 101 2.8 5.3 3.8 2.8 13.5 11.8 8.5 0.87 0.88 0.28
St.4 1.9 8.9 2.1 6.0 8.2 3.2 1.5 5.3 2.% 9.5 10.2 8.6 0.79 0.60 0.21
St.5 10.0 7.8 1.8 6.0 7.0 3.6 3.7 4.5 24 9.5 10.4 6.9 0.60 0.47 0.16
St.6 5.7 1.3 6 2.1 3.2 1.7 7.5 4.5 0.38 0.12
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Studies on chironomid midges in lakes of the Nikko Naeticnal Park.{1%84}

Part I . Ecological studies on chironomids in lakes of the Nikko National Park.

Part I, Taxonomical and morphological studies on the chirenomid species collected from lakes in the
Nikko National Park.
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