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Table 2. Limit of Detection, Limit of Quantity, and Linear Range of Nine OP Oxons

Compound Correlation Linear range  Limit of detection  Limit of quantity
coefficient (R?) (ng/ml) {ng/ml) (ng/ml)
Butamifos oxon 0.996 1-50 2.0 10.0
Chlorpyrifos oxon 0.994 10-1000 10.0 50.0
Daizinon oxon 0.997 0.2-20 0.5 2.5
EPN oxon 0.998 5-100 5.0 25.0
Isofenphos oxon 0.995 1-100 1.0 5.0
Isoxathion oxon 0.991 20-2000 50.0 200.0
MEP oxon 0.998 5-500 5.0 25.0
Prothiofos oxon 0.996 1-100 1.0 5.0
Tolclofos-methyl oxon 0.999 0.5-50 0.5 2.5

Table 3. Average Recovery Rates of Nine OP Oxons from Tap Water Using Three Solid-Phase Extraction Cartridges

Compound Spike level Recovery (%) (RSD%)
(ng/ml) HLB PS-2 C18

Butarnifos oxon 10.0 57.3 (8.1) 60.0 (0.3) 67.3 (4.2)
Chlorpyrifos oxon 50.0 69.0 (1.9) 62.0 (0.2) 92.5 (16.7)
Daizinon oxon 2.5 96.1 (8.3) 110.5 (7.3) 107.2  (6.5)
EPN oxon 25.0 58.7 (2.6 38.7 (4.9) C 589 (2.3)
Isofenphos 0Xon 5.0 80.0 (8.0) 779 (1.2) 78.7 (1.0)
Isoxathion oxon 200.0 118.1 (8.0) 82.5 (1.8) 72.1 (2.9
MEP oxon 25.0 83.6 (9.2) 84.2 (5.0 899 (8.0)
Prothiofos oxon 5.0 71.1 (0.6) 68.5 (0.9) 84.6 (10.2)
Tolclofos-methyl oxon 2.5 847 (11.3) 120.8 (6.2) 1182 (11.4)

ery was less than 60% with an RSD of less than 5%.
To improve this, additional investigation was car-
ried out on the pretreatment method with C18-HLB,
C18-C18, and HLB-C18 cartridges. Tandem car-
tridges were equilibrated separately. After extraction
of the water samples, tandem cartridges were dried
separately and elution was carried out as described
above. However, not all compounds were detected
from the second of the tandem cartridge pairs. It is
thus necessary to take the recovery rate into account
when calculating the concentration based on the cali-
bration curves to ensure precision in the analysis of
compounds for which the recovery rate is low.

The performance of each cartridge was com-
pared based on extraction efficiency. The cartridge
packed with C,; bonded to silica (Sep-Pak Plus C18)
was a suitable for the extraction of oxons from wa-
ter samples. Most compounds were extracted with
high reproducibility and good recovery rates of more
than 70%, and the RSDs for the studied compounds
were 12% lower when using Sep-Pak Plus C18.

The limit of quantification (LOQ) was calculated
to be 10-fold the standard deviation and as the low-

est concentration that provided RSDs of less than
10% in the recovery test. LOQ values obtained at
500-fold concentrations were 2.5 ng/ml for diazinon
oxon and tolclofos-methyl oxon, 5.0 ng/ml for
isofenphos oxon and prothiofos oxon, 10 ng/ml for
butamifos oxon, 25 ng/ml for EPN oxon and MEP
oxon, 50 ng/m! for chlorpyrifos oxon, and 200 ng/
ml for isoxathion oxon. Actual sample concentra-
tions converted those LOQ values were 5 ng/l for
diazinon oxon and tolclofos-methyl oxon, 10 ng/l
for isofenphos oxon and prothiofos oxon, 20 ng/l for
butamifos oxon, 50 ng/l for EPN oxon and MEP
oxon, 100 ng/l for chlorpyrifos oxon, and 400 ng/l
for isoxathion oxon. The LOQ values of their parent
compounds were obtained at 5-fold the LOD level
with the Sep-Pak Plus C18 cartridge, corresponding
to 1% or less of the guideline values, except for the
values of isoxathion and isofenphos.

Behavior of OPs upon Chlorination

Free chlorine 1 mg/l was added to water samples
containing each OP 10 ng/l. Parent compounds rap-
idly decomposed, and their oxons were detected as
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Fig. 1. Chromatograms of Nine OPs and their Products after
Chlorination

(a) OPs: 1, diazinon; 2, tolclofos-methyl; 3, MEP; 4, chlorpyrifos;

5, isofenphos; 6, butamifos; 7, prothiofos; 8, isoxathion; 9, EPN. (b)

Chlorinated products after 30 min: 1°, diazinon oxon; 2’, tolclofos-methyl

oxon; 3’, MEP oxon; 4°, chlorpyrifos oxon; 5°, isofenphos oxon; 6’,

butamifos oxon; 7°, prothiofos oxon; 8’, isoxathion oxon; 9°, EPN oxon.

primary reaction products. Figure 1 shows the chro-
matograms of nine OPs and their oxons after chlori-
nation at the start time and after 30 min. Figure 2
shows the time-dependent reactions of nine OPs and
their oxons. The parent compounds decreased and
the oxon forms increased upon chlorination in com-
parison with concentrations at the start time. The
generation of oxons due to chlorination occurred
rapidly. In addition, the effect of chlorination on
diazinon was independently examined. The reaction
was completed within 5 min at low concentrations
of the parent compound (Figs. 3 and 4). It is known
that the oxon forms of OPs are more toxic than their
parent compounds.>® These results highlight the
necessity of detecting both forms to trace the pres-
ence of OPs and their oxons during the water treat-
ment process.

In conclusions, we established a selective and
sensitive method for the quantitative analysis of oxon
forms of OPs in water samples using GC/MS with
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Fig. 2. Time-Dependent Behavior of OPs and their Oxon Forms
after Chlorination

(a) Parent compounds, —-5—; butamifos; —-, isofenphos; - 53—
EPN; —4— MEP; —¢—, diazinon; —}— prothiofos; —f— tolclofos-
methyl; —¢— chlorpyrifos; —A— isoxathion. (b) Oxons, —~5— butamifos
oxon; =k isofenphos oxon; 53— EPN oxon; —&— MEP oxon; ——
diazinon oxon; - prothiofos oxon; —f— tolclofos-methyl oxon; —¢—
chlorpyrifos oxon; —A~— isoxathion oxon. The concentration at the start
of the reaction was defined as 100%.

SPE. This method is suitable for the simultaneous
detection and determination of OPs and their oxons
and allows the tracing their reactions in water. Cali-
bration curves for the oxons showed good linearity.
The method yielded low LOD values and reproduc-
ible recovery rates for the accurate quantification,
simultaneous extraction, and the determination of
the concentration of 18 compounds in water. The
LOD values of oxons were from 0.5 to 20 ng/ml.
The LOQ values ranged from 5 to 400 ng/1 in actual
water samples. In addition, we found that OPs were
rapidly converted to their oxon forms in the pres-
ence of chlorine.

Many OPs are highly toxic, and thus it is neces-
sary to detect and control not only the parent com-
pounds but also the oxon forms in the environment
and after the water treatment process. Quality con-
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Fig. 3. Chromatogram and MS Spectra of Diazinon after Chlo-
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Chlorine exposure time: (a) 0 min and (b) 5 min.
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Fig. 4. Behavior of Diazinon and its Oxon after Chlorination
—@—, diazinon; —@-—, diazinon xon.

trol of natural water has become an urgent issue.
Regulations governing drinking water quality are
meant to limit human risk and environmental pollu-
tion. However, regulations for OP oxons are not de-
fined and no standard method for their detection has
been given in Japan. Our approach can be applied

as a screening method for field monitoring of OP
parent compounds and oxons. The risk of these com-
pounds to human health and ecosystems can be ac-
curately evaluated using the present method. We
believe that our results will be important in enforc-
ing the Water Quality Standard of Japan.
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‘Estimation of Pesticide Runoff for Evaluating Environmental Load of River Basin
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Abstract : In order to evaluate environment of river basih, it is very important to caleulate load of
pesticide runoff as well as load from point sources. In this paper, we modelled a mechanism of pesticide
runoff by using fugacity model, and constructed a method of estimating pesticide spillage by each basin
based on actual pesticide usage which had large regional deflection. We calculated the spillage of 249
pesticides into the river of Kanagawa prefecturé by using this method. As a result, this method indicated
that contribution of pesticide which does not belong to PRTR and contribution of environmental load of
each pollution source could be calculated by each basin.

Key Words : pesticide runoff, fugacity model, spillage estimation, basin
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ABSTRACT Verification of a diffuse pollution model involves comparing results actually observed
with those predicted by precise model inputs. Acquisition of precise model inputs is, however,
problematic. In particular, when the target catchment is large and substantial estimation uncertainty
exists, not only model verification but also prediction is difficult. Therefore, in this study,
rice-farming data were collected for all paddy fields from all farmers in a catchment and pesticide
adsorption and degradation rates in paddy field soil samples were measured to obtain precise model
inputs. The model inputs successfully verified the model’s capability to predict pesticide
concentrations in river water. Sensitivity analyses of the model inputs elucidated the processes
significantly affecting pesticide runoff from rice farms. Pesticide adsorption and degradation rates
of the soil did not significantly affect pesticide concentrations, although pesticide discharge to river
water accounted for less than 50% of the total quantity of pesticide applied to fields, possibly owing
to pesticide adsorption and degradation. The timing of increases in pesticide concentrations in river
water was affected mostly by the farming schedule, including the time of pesticide application and
irrigation, and secondarily by rainfall events.

Key words adsorption, degradation, isoprothiolane, pollutograph, uncertainty

INTRODUCTION

Pesticide release from agricultural fields and contamination of surface waters are major threats to
human health as well as local ecology in many regions, because surface waters are a primary source of
drinking water (e.g., Gilliom et al., 1999). Although pesticide usage in Japan has recently begun to
gradually decrease (Ministry of Agriculture, Forestry and Fisheries of Japan), coinciding with changes
in farming practices, the more stringent, recently promulgated drinking water quality guidelines have
caused concern at local, regional, and national scales. In general, the amount of pesticide transported to
surface waters depends on several factors, including pesticide and soil properties, agricultural practices,
watershed characteristics, and weather conditions. Pesticides that are sufficiently resistant to
degradation in water and soil and are adequately soluble may be transported readily and may reach
water bodies in significant amounts. Various mathematical models have been developed to describe
quantitatively pesticide runoff as a function of the factors mentioned above and to predict pesticide
concentrations in surface waters (Borah and Bera, 2003, 2004). However, pesticide runoff and the
processes by which pesticides are distributed environmentally are complex, and their modelling
inevitably involves uncertainty associated with model shortcomings (structural errors or model
inadequacy) as well as model inputs and parameters (Dubus et al., 2003). The ability or inability of a
model to represent reality and the accurate determination of significant processes affecting pesticide
fate can be tested if adequate and precise model inputs and parameters are used. However, precise
model inputs and parameters are hard to obtain, and substantial estimation uncertainty also exists, in
particular for large, basin-scale catchments, making not only model prediction but also model
testing difficult (Matsui et al., 2005, 2006). Pesticides applied to rice paddies are the main types of
pollutant pesticides in Japan and some other countries, because pesticides used in rice farming add
pollutants to surface waters at higher rates than do those used in upland fields (Matsui et al., 2002).
Rice-farming pesticides may be transported from rice paddy fields to surface waters primarily by
spill-over during or after rainfall or by rice-paddy drainage.




In this study, we undertook a daunting task: collection of precise information on the farming work
schedules of all farmers in a river basin and obtaining pesticide adsorption/decomposition rates for
rice-paddy soils in the catchment. Our objective was to test the ability of a diffuse pollution
hydrological model to reproduce experimental observations of rice-farming pesticide concentrations in
river water by using adequate and precise model inputs. We also analysed the sensitivity of the model
to elucidate rice-farming pesticide runoff phenomena. '

Figure 1 The target catichment. The red dot indicates the
water sampling point, where pesticide concentrations
were measured (composed using Google satellite
map)

ater

Figure 2 Compartments in a 1-km? grid cell and flow directions




MATERIALS AND METHODS
Site description and modelling

The Kakkonda River basin (191 km?), consisting mainly of forest and rice-paddy fields cultivated
by 372 farmers (Figure 1), was selected to test the model and to predict pesticide concentrations. In
the model, the river basin was divided into a grid of 1 km by 1 km grid cells. Each grid cell was
subdivided into 12 or more compartments: several rice-paddy ponding compartments (W
compartments), rice-paddy soil compartments (X and Y compartments), a river-water compartment
(R compartment), a riverbed compartment (S compartment), and so on, as shown in Figure 2. The
paddy fields in the river basin were divided into a total of 686 W compartments. The size of each
compartment varied, depending upon the land cover of the grid cell containing the compartments,
allowing the heterogeneity of the watershed characteristics to be taken into account. Areas of the W
compartments were obtained from the Iwate Agricultural Research Center, and those of the other
compartments were determined from a Geographic Information System land-cover data file
(Geographical Survey Institute, Tokyo, Japan). Water flow directions among grid cells were
determined from GIS data and a 1:50 000 topographic map (Geographical Survey Institute, Tokyo,
Japan). In modelling, the solute concentration and water level were assumed to be uniform within a
compartment, and each was represented by a single variable. Therefore, a set of differential
mass-balance equations describing the dynamics of a solute (pesticide) and water in each
compartment was defined, based on the law of conservation (i.e., mass balance) for the solute and
the water. The details of the model have been published elsewhere (Matsui et al., 2002, 2005, 2006).

Target pesticide and farming data

The target pesticide was a fungicide, isoprothiolane, one of the most applied pesticides in the
rice-paddy fields of the target catchment. The data on pesticide concentrations, observed at a site
close to Kakkonda Bridge, were provided as a courtesy by A. Nakano and used for the comparison
with the model predictions. Data from the Cultivation Management Register, which contains the
complete farming schedule, including irrigation and pesticide application dates and the quantity of
pesticide applied for each paddy field, for the years 2003 and 2004 for all 372 farmers cultivating
the 686 paddy fields, were compiled, and a database was constructed for use as model input.

Soil map and sampling

Rice paddy field soils in the target watershed belong mainly to six soil groups or subgroups: three
types of wet Andosol and Brown Lowland, Gray Lowland, and Peat soils (Iwate Agricultural
Research Center, 1997). In the model, therefore, paddy soils were categorised into six types: three
subgroups of wet Andosols (wet Andosol 1, wet Andosol 2, and wet Andosol 3), Brown Lowland
soils, Gray Lowland soils, and Peat soils, and the soil types present in each paddy field were
determined. Twenty-seven soil samples representing all soil types were collected on 1 July 2005
from nine paddy fields (three soil samples were collected from each paddy field) and stored at 4 °C
in a refrigerator. Batch pesticide adsorption and degradation tests were conducted on the individual
soil samples in a laboratory maintained at 20 °C to estimate the soil adsorptlon coefficient (K4) and
the degradation rate constant for the pesticide.

Estimation of K

Batch tests for estimation of Ky were conducted according to the Organisation for Economic
Co-operation and Development (OECD) guidelines (OECD, 2000), with some modifications as
follows. Four grams (dry weight) of wet soil was added to a glass tube containing 20 mL of 0.01 M
CaCl; and 2.0 mg/L isoprothiolane. The tube was shaken at 100 rpm for 12 h at 20 °C in the dark; it
was confirmed that shaking for 12 h resulted in an equilibrium distribution of isoprothiolane




between the soil and water. After shaking, the water phase was separated from the soil by
centrifugation at 3500 rpm for 10 min, followed by filtration through a glass filter (GF/F, ¢ = 0.7
um, Whatman Japan K. K., Tokyo, Japan). The water phase was then extracted with 10 mL of
n-hexane. The extract was dried over anhydrous sodium sulphate and subjected to gas
chromatography-mass spectrometry (GC-MS) analysis for quantification of isoprothiolane.

Estimation of the degradation rate constant

Ten grams (dry weight) of wet soil was added to a glass tube. Ultrapure water was then added to the

tube to a water depth of 1-2 cm, which was maintained during the batch test by adding additional

ultrapure water as needed. The soil-water mixture was pre-incubated for 3 days at 20 °C in the dark

for conditioning. After 3 days, isoprothiolane was added to the tube at a final concentration of 7.2

mg/kg-dry soil, which is the average application dose recommended for actual paddy fields (Japan

Plant Protection Association, 1994). The soil was then incubated again at 20 °C in the dark.

Samples were withdrawn on days 0, 5, 10, and 20 for quantification of residual isoprothiolane as

follows. The samples were centrifuged at 3500 rpm for 10 min to separate the water and soil. The -
procedure used for the extraction of the isoprothiolane from the water phase was the same as that

described in the previous section, and the extract was subjected to the GC-MS analysis. To extract

the isoprothiolane from the soil, 10 mL of acetone was added to the soil and the mixture was

vortexed for 20 min. After vortexing, the mixture was centrifuged at 3500 rpm for 10 min, and the
supernatant was subjected to the GC-MS analysis.

Analytical methods

Isoprothiolane was quantified by GC—MS (Agilent 6890N gas chromatograph, Agilent 5973 mass
spectrometry detector) equipped with a capillary column (Agilent HP-5MS, 5% diphenyl 95%
dimethylsiloxane; i.d., 0.25 mm; length, 30 m). The temperature of the ion source, injector, and
transfer line was 250 °C. GC-MS was performed in selected ion monitoring mode; the fragment
ions of isoprothiolane were detected at m/z 118. The relative contents of organic compounds in the
soil were measured by NC analyzer (Sumigraph NC-800, Sumika Chemical Analysis Service, Ltd.,
Tokyo, Japan) so that the adsorption coefficient of soil organic compounds (Koc) could be
calculated from K.

Other model inputs and parameters

The time-series hydrological input for the model was precipitation less evapotranspiration; these
data were calculated from published meteorological data (Japan Meteorological Agency, Tokyo) by
a method described elsewhere (Matsui et al., 2005). The model takes into account 23 hydrologic
parameters. The values of 13 parameters are provided a priori or a posteriori from observation data
(Matsui et al., 2005), and those of the remaining 10 parameters are adjustable. Their values are
searched for during model simulation so as to give the best fit to observed water flow rates
(Ministry of Land, Infrastructure and Transport of Japan) in accordance with the minimum error
criterion of the Nash-Sutcliffe coefficient (Nash and Sutcliffe, 1970). ’ '

RESULTS AND DISCUSSION

Isoprothiolane adsorption and degradation in soil

The isoprothiolane concentration changes in the soils due to degradation were well described by
first-order reaction kinetics (data not shown), and the degradation rate was parameterised by the
first-order reaction constant (k). The degradation rate constant (k) varied greatly depending on the
soil type (Figure 3). Even within the same soil group (wet Andosols), rate constants differed by a
factor of 12. For soil samples within the same soil subgroup (for example, wet Andosols 2)
collected from different paddy fields, the difference in rate constants became smaller. The




. adsorption coefficient of the soils sampled from various paddy fields, expressed as the ratio of the
amount of pesticide adsorbed per unit weight of organic carbon (Koc), also varied depending on the
soil type. However, in soils of the same soil subgroup, Koc was roughly similar. The organic carbon
contents of soils from the same soil subgroup were similar. Since soils of the paddy fields in the
target catchment were mostly wet Andosols, we assumed that in the model, the isoprothiolane
degradation rate could be described by a first-order reaction with the degradation rate constant
determined in accordance with the soil type. Koc and OC values in the model were also determined
in accordance with soil type. In addition, we confirmed that the literature-reported values of the
degradation rate (half-life) and the soil adsorption coefficient (Uchida, 1978; Kuwatsuka and
Yamamoto, 1998; Kishimoto et al., 1999)were in the same range as our values.
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Wet Andosols 2 [Eie
Wet Andosols 2 |
‘Wet Andosols 2 [fezias
Wet Andosols 3
Wet Andosols 3 i

Bi‘own Lowland soils
Gray Lowland soils &
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Degradation rate constant, d-1 0C, % : Koc, Likg-OC

Figure 3 Soil characteristics for isoprothiolane degradation and adsorption in soils sampled from
nine paddy fields. Error bars were calculated from data of three soil samples from each paddy field.

Predicting isoprothiolane concentration in river water

Agricultural records were collected for all 372 farmers engaged in paddy-rice cultivation in the river
basin, including dates of rice transplanting, dates and amounts of herbicide, fungicide, and
insecticide applications, irrigation practices and water level of rice-paddy pondings, and harvest
time. From these, a model input data set for all of the farmers were created. Model inputs for
isoprothiolane adsorption and degradation in the soil were developed from the abovementioned
observational data. Uncertainty in model inputs was minimised by using these data, making it
possible to test the prediction capability of the model. We compared predicted and observed time
variations in the isoprothiolane concentrations in river water (Figure 4). In 2003, the concentration
was predicted to peak on July 20, but regrettably there were no observed data on that day. Therefore,
the ability of the model to predict peak concentration could not be confirmed. In 2004, fairly good
agreement was obtained for both concentration peak height and timing between predicted and

- observed values, because adequate water samples had been collected at suitable times. Overall, the
predicted concentrations were close to observed values. These results suggested that the model was
capable of predicting pesticide concentration in river water when precise model inputs and parameter
values were provided. In other words, the model realistically predicted pesticide fate without
neglecting significant processes such as pesticide transport and decomposition.
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. Figure 4 Comparison of observed time-series
isoprothiolane concentrations with those predlcted
by the model.

Sensitivity analysis
A sensitivity analysis of the model was conducted to elucidate pesticide runoff phenomena.
Effects of pesticide applzcatzon and precipitation date accuracy

The pestmde concentration in the runoff increased several days after pestlclde application to the
rice paddy (Figure 4). Therefore, the effect of the accuracy of input dates of pesticide application
and irrigation was studied by model simulation. The pesticide concentrations predicted with
imprecise input data, when the pesticide application dates input were either 1 week ahead or 1 week
behind the actual schedule, did not yield accurate predictions (Figure 5). However, the
concentration variation pattern shifted 11 days ahead when the input date was shifted ahead by 1
week, whereas it shifted behind by 1 week when the input date was shifted 1 week behind. Thus,
although the date of pesticide application was the dominant factor determining the period of
pesticide runoff, the shift in the runoff dates did not.correspond simply to the shift in pesticide
application timing. '

Pesticide runoff can be caused by spill-over of rice-paddy water during or after a rainfall or by
artificial drainage of rice-paddy water. To investigate the effect of the timing of rainfall, model
simulations were conducted with time-series model inputs in which weather (precipitation) events were
shifted by 1 week either behind or ahead. A 1-week delay or-acceleration of the weather pattern
changed both the peak height and time-course variation in pesticide concentration (Figure 6).
However, the pattern did not shift ahead or behind by 1 week, suggesting that pesticide runoff was




not caused primarily by spill-over of rice-paddy water during or after rainfall but was probably related
to artificial drainage of rice-paddy water.
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Figure 5 Effect of the accuracy of agricultural
practice data on model prediction. Black line,
prediction with accurate input data; blue line,
prediction with agricultural schedule inputs
moved forward by 1 week; red line, prediction
with inputs moved back by 1 week.

Figure 6 Effect of precipitation dates on model
prediction. Green bars, actual precipitation;
black line, prediction with actual precipitation
data; blue line, prediction with precipitation
input moved forward 1 week; red line, -
prediction with precipitation input moved back
1 week.

Effects of pesticide adsorption and decomposition

Pesticide adsorption coefficient and degradation rate constant did not greatly affect pesticide
concentration in the river water (Figures 7 and 8). In general, the smaller the Koc value was, the
larger the pesticide concentration was, but an increase in Koc had a smaller effect than a decrease.
An increase in the degradation rate constant by a factor of 10 decreased the pesticide concentration
in river water by about 30%, but a decrease in the degradation rate constant changed the pesticide
concentration by a lesser amount. These results suggest that the pesticide isoprothiolane is

- somewhat hydrophobic and persistent, so further enhancement of these tendencies would not affect
the runoff of the pesticide. Overall, the effects of pesticide adsorption and degradation was not
linear, and a parameter value change in the direction of constraining pesticide runoff likely is
characterised by diminishing returns. These parameters did not significantly influence peak height
of time-varying concentrations in the pesticide pollutograph (data not shown), but instead affected
the low concentrations of the decreasing limb of the concentration peaks. Pesticide runoff at these
low concentrations probably occurs through soil and groundwater percolation, leading to greater
dependence on the values of the pesticide decomposition and adsorption parameters.



Concentration pg/L

02
0.0
0.1 1 10
Scaling factor for pesticide adsorption
coefficient
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Figure 8 Effect of the pesticide degradation rate
constant on average and peak concentrations in
July and August.

concentrations in July and August.

Effect of quantity of pesticide applied an\d runoff rate

The quantity of pesticide applied directly affects the pesticide concentration in the river water. As
expected, an explicit linear relationship was obtained between concentration and applied quantity.
The total pesticide discharge to the river was also linearly proportional to the total quantity of
pesticide applied to the paddy field (data not shown). However, all of the pesticide applied to the '
‘paddy fields was not discharged to the river water. The pesticide discharge rate, defined as the
annual pesticide discharge in the river flow divided by the annual quantity of pesticide applied to

the paddy fields in the catchment, was 28% in 2003 and 42% in 2004, indicating that more than half
of the pesticide applied to the paddy fields did not reach the river. Nonetheless, the rates of
adsorption and degradation of pesticide in the ‘soil did not significantly affect the concentration in
the river water. Further study is needed to elucidate the significant pesticide runoff processes.

CONCLUSIONS 10

® Year 2004
Pesticide concentration in river water was successfully O Year 2003
predicted by a diffuse pollution model provided with
precise model inputs, including agricultural practices of
individual farmers and experimentally derived data on
pesticide adsorption and degradation rates in paddy field
soils. Although rates of both pesticide adsorption and
degradation differed, depending on soil type, similar 01 ’
values were obtained for soils belonging to the same soil ’ 0 ’ 10
subgroup. The timing of concentration increases in river '
water was determined mostly by agricultural practices
(pesticide application and irrigation) and not greatly by
weather (precipitation) patterns. These results suggest
that artificial drainage of paddy water may be a
significant process affecting pesticide runoff. However,
the pesticide discharge rate was less than 50%, possibly
because of loss from pesticide degradation. Nonetheless, the pesticide concentration in river water
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Figure 9 Effect of quantity of
pesticide applied on average river
water concentrations in July and
August.






