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The behavior of sprayed tricyclazole in rice paddy lysimeters was studied. Tricyclazole residues were
measured from rice leaves and paddy water after tricyclazole spraying in paddy lysimeters. The rate of
photolysis and hydrolysis of tricyclazole on the surface of rice leaves was also determined in a laboratory
experiment. Tricyclazole was extracted from leaf and water samples and determined by liquid chroma-
tography with UV or mass spectrometry. The hydrolysis half-lives of tricyclazole on rice leaves were 11.9
and 5.1d for the formulated product and standard, respectively. The photolysis half-lives were longer,
16.4d for the formulated product and 20.9d for the standard. In the paddy lysimeter, tricyclazole dissipa-

I;ﬁ;‘:ﬁ;ﬁ'g tion on leaves involved either biphasic first-order kinetics or single-phase first-order kinetics, depending
Hydrolysis on the rainfall pattern. Half-lives of tricyclazole on lysimeter rice leaves were from 3.0 to 5.7 d. The dis-
Lysimeter sipation of tricyclazole in paddy water followed single-phase first-order kinetics with half-lives ranging
Half-life from 2.1 to 5.0d.

Wash-off © 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The potential of rice pesticides to contaminate open waters is
of great concern to environmentalists. In Japan, many studies have
pointed out that pesticide runoff from paddy fields is responsi-
ble for the contamination of rivers (Tanabe et al., 2001; Ebise and
Inoue, 2002; Sudo et al., 2002; Nakano et al., 2004). While most of
the detected pesticides belong to the herbicide group, the presence
of other pesticide groups such as fungicide or insecticide indicates
that their potential risk cannot be neglected (Tanabe et al., 2001;
Ebise and Inoue, 2002; Sudo et al., 2002).

Tricyclazole (5-methyl-1,2,4-triazolo[3,4-b]benzothiazole) is a
common systemic fungicide used to control rice blast, especially
in Asian countries. Because foliage application of tricyclazole is
the most effective cure against rice blast (Shiba and Nagata, 1981),
most of the tricyclazole is applied by spraying on the rice foliage.
Tricyclazole is a medium-soluble pesticide (water solubility:
1600mgL~1) so it may easily be washed from rice leaves by rain-
water. While tricyclazole toxicity for mammals is low, its toxicity
for aquatic organisms is considerable. The LCs, (96h) are 7.3 and
13.5mgL ™! for rainbow trout and goldfish fingerlings, respectively.
For Daphnia, the LCsq (48 h) is >20mgL~! (Tomlin, 2003). The WHO
classified tricyclazole as a moderately hazardous pesticide (WHO,
2005). The potential environmental risk of tricyclazole is consid-
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ered significant because it is relatively stable in water-soil systems
(Padovani et al., 2006).

Tricyclazole’s fate in a basin scale was investigated, where high
concentrations of tricyclazole were found in the water at the outlet
of paddy farms (Padovani et al., 2006). Few other studies about the
fate of tricyclazole in the soil system and on rice leaves are avail-
able in the literature (Ishiguro et al., 1992; Krieger et al., 2000), but
no detailed information about the behavior of tricyclazole sprayed
on rice plants has been reported. Meanwhile, the application of
numerical models for predicting pesticide concentrations in rice
paddy condition requires detailed information on pesticide behav-
ior and water balance data. The lack of necessary information about
tricyclazole resulted in a rough estimation of parameters for model
application (Miao et al., 2003). Therefore, a detailed investigation
on the behavior of tricyclazole under rice paddy condition may be
useful for risk assessment as well as modeling purposes.

The aim of this study was to investigate the dissipation of tri-
cyclazole on the rice leaf surface and the behavior of tricyclaz-
ole applied to rice paddy lysimeters under natural condition in a
2-year monitoring study.

2. Materials and methods
2.1. Chemicals and reagents

Tricyclazole standard (purity>99%) and LC-MS-grade
acetonitrile were purchased from Wako Pure Chemical Industries
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(Osaka, Japan). Water was produced with a MilliQ Water Purifi-
cation System (Millipore, Billerica, MA, USA). Extracts and water
samples were filtered through 0.2 um disposable polyethersulfone
filters (Whatman, Florham Park, NJ, USA) prior to LC injection.

2.2. LC-DAD analyses

Analyses were performed on the Waters Alliance HPLC System
(Waters, Milford, MA, USA) consisting of the 2695 Separations
Module and the 2996 photo diode array detector controlled by the
MassLynx software from the computer. The analytical column was
a Wakosil-11 5C18 AR column (4.6 mm x 150 mm, 5 um particle size,
Wako Pure Chemical Industries, Osaka, Japan), which was kept at
40°C during the analytical run. Detection was done at 230 nm. The
pump was set in isocratic mode at the rate of 1mLmin~! with the
mobile phase of acetonitrile:water (20:80, v/v). Sample injection
volume was 20 pL.

2.3. LC-MS analyses

The analyses were conducted with an Agilent HP-1100 chro-
matograph (Palo Alto, CA, USA) equipped with a Micromass ZQ
4000 mass spectrometer (Waters, Milford, MA, USA). The same
column was used as in the LC-DAD analyses. Analyses were carried
out using an isocratic mixture of acetonitrile-water (80:20, v/v) as
the mobile phase. Ionization was performed by the electrospray
ionization source (ESI) in a positive mode. The operating condi-
tions were capillary voltage, 3500V; desolvation gas flow rate,
450Lh~'; and desolvation temperature, 450 °C. Acquisition was in
a selected ion-recording mode at 190 m/z. The mass spectrometer
was equipped with a MassLynx System Manager.

2.4. Determination of hydrolysis and photolysis on rice leaf

A separate experiment was conducted to determine the hydro-
lysis and photolysis rates of tricyclazole. Tricyclazole is not a vol-
atile compound, its vapor pressure being 5.86 x 1077 Pa at 20°C
(Tomlin, 2003). Therefore, volatilization of tricyclazole can be
neglected and hydrolysis rates of tricyclazole can be determined
by monitoring the dissipation of tricyclazole on the rice leaf in the
dark. Meanwhile, it was assumed that dissipation of tricyclazole
under natural sunlight was due to the combined effect of hydro-
lysis and photolysis. Therefore, the photolysis rate was obtained
by subtracting the hydrolysis rate from the overall dissipation rate
determined under natural sunlight and ambient temperature.

Rice leaves from a farm without any history of tricyclazole use
were excised, cut into 9cm segments, and then stuck in a plas-
tic plate. Five-milliliter aliquot of tricyclazole solutions, prepared
from a commercial product (320mgL~!) and pure standard
(190mgL~1), was applied by micro syringe on each leaf segment.
The plastic plates were then placed in glass basins with an inclina-
tion of 45°. Half of the basins were covered with quark glass and
exposed under sunlight, while the other half were covered with
aluminum foil and placed next to the former. Three leaf segments
were taken everyday and combined to make composite samples of
each test during the 5d monitoring period. The monitoring is short
because the leaves started to wilt after 5d of exposure.

2.5. Lysimeter experiment

2.5.1. Lysimeter

Two outdoor lysimeters, namely lysimeter 1 and lysimeter 3,
4m? (2m x 2m) in size with concrete walls at the National Insti-
tute for Agro-Environmental Science were used in this experiment.
A detailed description of the lysimeters can be found in Watanabe
et al. (2008). Rice (Oryza sativa var. Nihonbare) was grown for 2

months before fungicide spraying in order to simulate the blast
treatment with high leaf coverage in both lysimeters. Before spray-
ing tricyclazole, leaf coverage was determined by analyzing dig-
ital pictures using Adobe Photoshop software. BEAMzol (Kumiai
Chemical Industry, Tokyo, Japan), which contains 20% of tricyclaz-
ole in the form of an emulsion product, was diluted 500 times with
water and applied according to instructions on the product label.
The tricyclazole spraying was carried out on July 20, 2006 and on
July 16, 2007 for each monitoring period, respectively.

2.5.2. Sample collection

Composite water samples of 500mL from five spots (Fig. 1) in
each lysimeter were taken before the spray and then at 1h, 3h,
and 1, 2, 3, 7, and 13 d after spraying (DAS). Along with water sam-
pling, a composite sample of five leaves was taken at each of the
five spots. In the case when runoff occurred, runoff water sample
was collected into a 11 glass bottle placed at the end of the runoff

pipe.
2.6. Sample extraction

2.6.1. Water

Water samples were filtered through 1.2 um glass filters (GF/C,
Whatman); the solid-phase was then extracted using a Waters
Sep-Pak Plus PS-2 cartridge. Prior to use, the cartridges were ini-
tially conditioned with 5mL of acetone, followed by 5mL of dis-
tilled water. An appropriate volume of the water sample was
loaded into the cartridge at a flow rate of 10mLmin~. The car-
tridges were then washed with 10mL of distilled water. The car-
tridges were air-dried for 10 min before the herbicides were eluted
by 6 mL of acetone at the rate of 1 mLmin~L The acetone extracts
were collected and evaporated to dryness by a gentle stream of
nitrogen and the residue was dissolved in 1 mL of mobile phase for
LC-DAD analysis. The detection limit was 5 gL~ and the recovery
(n=3)was 88.4+1.8%.

2.6.2. Leaf

The leaf samples (2g) from the lysimeter were cut into small
pieces and were placed in a cone flask with 100 mL acetone. The
cone flask was capped and shaken for 10min. The acetone solu-
tion was removed and the leaves were extracted again with 50mL
acetone. The extracts were filtered with a filter paper and then
evaporated with a vacuum rotary evaporator at 55 °C until the final
volume reached 5mL. The residue was dissolved in 100 mL water
and filtered into a clean flask. The aqueous extracts were subjected
to solid-phase extraction, similar to that of the water sample before
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Fig. 1. Layout of the lysimeters.
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Table 1
First order rate constants and half-lives for the degradation of tricyclazole on leaf
surface.

Table 2
Leaf coverage, concentration of spray solution, application rate, and rainfall amount
during the monitoring periods in 2006 and 2007.

Rate constant (d™1) Half-life (d)

Hydrolysis  Photolysis ~ Hydrolysis  Photolysis  Overall
Product 0.0582 0.0422 11.9 16.4 6.9
Standard 0.1371 0.0331 5.1 20.9 4.1

LC-DAD analysis. The detection limit was 10pugL™! and the recov-
ery (n=3) was 76.1+3.5%.

Due to the limited sample mass, leaf samples from the photoly-
sis experiment were also cut into pieces but were soaked in 20 mL
acetonitrile. The mixture was shaken for 10 min and left to stay still
for 2h. A 2mL aliquot of the acetonitrile extract was filtered into a
vial for LC-MS analysis. The detection limit was 0.5 pgL™! and the
recovery (n=3) was 98.2+5.3%.

3. Results and discussion
3.1. Hydrolysis and photolysis of tricyclazole on rice leaves

In general, there was an obvious difference in the rates between
tricyclazole in the product and those in standard solution (Table
1). This difference is probably because the acetonitrile solvent in
the standard solution has assisted tricyclazole in penetrating into
the leaf cells. As a consequence, more tricyclazole would be hydro-
lyzed inside the cell and less tricyclazole could absorb sunlight to
initiate the photolysis process. Acetonitrile also has low quantum
efficiency (Vulliet et al., 2001) i.e., it is less effective in receiving
sunlight energy for chemical reaction.

The rate of hydrolysis of sprayed tricyclazole on the rice leaf
was faster than that of photolysis (Table 1). For the overall degra-
dation of sprayed tricyclazole on rice leaf, hydrolysis seems to play
a major role as compared with its photolysis. It is also reported
that tricyclazole is relatively stable under UV light (Tomlin, 2003).
Therefore, hydrolysis is expected to have greater effect on tricyc-
lazole behavior in the water compartment of the lysimeter.

3.2. Lysimeter experiment

3.2.1. Dissipation of tricyclazole on the foliage of lysimeter

The leaf coverage of the lysimeter was not full in both 2006 and
2007 (Table 2), which resulted in a large portion of the spray not
being intercepted by the foliage. The value of leaf coverage was
slightly different(p <0.05) between the two lysimetersin both years.
At 10wk after transplanting, more than 20% of the area of paddy
water surface was exposed to direct spray drift. Results reported
by Wauchope and Street (1987) indicated that full coverage may
increase the interception of tricyclazole, but the leaf coverage val-
ues may vary, depending on the timing of fungicide treatment.
However, leaf coverage values other than the full coverage may be
useful for risk assessment or model validation purposes.

The concentrations of tricyclazole in the spray solutions used in
2006 and 2007 were somewhat different (Table 2), probably due
to the preparation process. Between the two years, errors during
the preparation of the spray solution such as mixing and taking
small amount of the emulsion formulation seemed to result in
concentration variation (24%). The difference in concentration of
the spray solutions have resulted in a difference in the actual appli-
cation rate and the initial concentration of tricyclazole between
the 2 years.

Tricyclazole dissipated rapidly on the surface of rice leaves (Fig.
2), especially following an early rainfall event. In 2006, a rainfall of
20.5mm, which occurred at 16 h after spraying, reduced 72% and
53% of the concentration of tricyclazole in rice leaves in lysimeters

2006 2007
Leaf coverage Lysimeter 1 % 70.0 80.0
Lysimeter 3 % 73.0 73.5
Concentration of spray solution mgL™! 420 320
Actual application rate gha™! 210 160
Total rainfall amount mm 64.5 66.0
No. of rainfall events 5 8

1 and 3, respectively. In 2007, a rainfall of only 2 mm at 1 DAS also
caused a reduction of 37% in tricyclazole concentration in both
lysimeters 1 and 3. The larger and windier rainfall may be the
reason for the variation in the 2006 reduction data. The amount
of tricyclazole loss through wash-off in this study was compara-
ble with that reported by Cohen and Steinmetz (1986) for several
pesticides that were applied to model surface and then subjected
to simulated rainfalls (2.5, 25, and 38 mm). This behavior is sim-
ilar to the behavior of other pesticides reported in the literature
where most of the wash-off loss occurred early in the wash-off
event (Willis et al., 1992, 1994; Hunsche et al., 2007). Hunsche et
al. (2007) reported that up to 90% of mancozeb was washed off
from apple seedlings after 5 mm of simulated rainfall. However, in
a separate study with simulated rainfall, Phong et al. (2008) found
that less than 25% of deposited tricyclazole was washed from rice
foliage with drying time from 24 to 72 h.

Although the total rainfall amount during the monitoring
period was similar between 2006 and 2007 (Table 2), the distri-
bution of the rainfall event and rainfall depth have resulted in a
difference in the half-lives of tricyclazole between the 2 years. The
dissipation of tricyclazole on the foliage depended not only on the
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Fig. 2. Dissipation of tricyclazole on rice leaves in (a) 2006 and (b) 2007.
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properties of tricyclazole but also on the rainfall pattern. Therefore,
the concentration of tricyclazole on the leaves fluctuated accord-
ing to rainfall amount. In 2006, the dissipation of tricyclazole in
rice tissue fit the biphasic first-order kinetics better. This kinet-
ics reflects the occurrence of two distinct dissipation phases and
biphasic data can be treated as two separate linear regressions. In
many cases, a biphasic curve may reflect the existence of both a
readily available pool of material and a less available pool of mate-
rial, the existence of multiple compartments (e.g., surface of leaf,
interior of leaf), multiple isomers, and/or transformation processes
with different rates (Whitmyre et al., 2004). The half-lives in the
first phase of 2d in 2006 were short (1 and 0.8d for lysimeter 1
and lysimeter 3, respectively) due to a sharp drop in concentration
by appreciable wash-off events. Meanwhile, the half-lives in the
second phase (2—13 DAS) were remarkably longer than the labo-
ratory data obtained from the hydrolysis-photolysis experiment
(10.6 and 17.7d for lysimeter 1 and lysimeter 3, respectively). This
was probably because most of the tricyclazole readily available for
wash-off and degradation were already washed away by the first
rainfall event. A similar fate of other foliage spray pesticides was
reported by Antonious et al. (1998).

Meanwhile, the single first-order kinetics fit well the 2007 data,
except for the early fluctuation. The half-lives of tricyclazole in the
two lysimeters were 3.1 and 3.0d for lysimeter 1 and lysimeter 3,
respectively, which were shorter than the laboratory data because
of the presence of rainfall events during the monitoring period.
However, the calculated half-lives of tricyclazole in the first 2d
after spraying were also shorter than the overall rate due to the
effect of early rainfall on the dissipation of sprayed pesticides.

The half-lives of tricyclazole over the two monitoring peri-
ods were comparable with previously reported data. Ishiguro
et al. (1992) reported that tricyclazole half-lives ranged from 2.1d
to 7.3d, depending on leaf position and rainfall pattern. It means
that tricyclazole behavior on rice leaves may vary, depending on
the type and condition of foliage. Chaves et al. (2007) also reported
a significant variation in half-life value of chlorothalonil in differ-
ent types of foliage.

3.2.2. Dissipation of tricyclazole in lysimeter water

Fig. 3 shows the changes in concentrations of tricyclazole in the
paddy water of the studied lysimeters in the 2 years as well as the
runoff water collected at the drainage gate in the first runoff event
in 2006. In general, the trend of tricyclazole dissipation in the two
monitoring periods was similar. Immediately after spraying, more
than 50 ugL™" of tricyclazole was detected in the paddy water as the
spray drift deposited into the water compartment. The tricyclazole
concentration seemed to decrease because the product diffused and
equilibrated with the soil compartment. The initial concentrations of
tricyclazole in paddy water were different between lysimeters partly
due to the difference in water level and leaf coverage. In addition,
the initial concentrations were also different between the 2 years
because of the difference in application mass.

During the monitoring periods, the concentration of tricyclaz-
ole in paddy water peaked at the first rainfall event a few hours
after spraying, followed by the smooth decline of tricyclazole con-
centrations in both 2006 and 2007. The importance of the rainfall
timing to the pesticide wash-off from rice foliage and subsequent
transport into paddy water was illustrated in the figures. The sharp
drop in concentration on the leaf and the sharp increase in concen-
tration on paddy water coincided with the first rainfall events in
both lysimeters. Early rainfalls tend to wash most of the pesticides
available on leaf surface (Willis et al., 1992, 1994; Hunsche et al.,
2007), and in the paddy field case, load them into the water com-
partment. These remarkable amounts of pesticides may increase
the pesticide concentration in paddy water. Meanwhile, the wash-
off amount during the second rainfall event was reported to be
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Fig. 3. Dissipation of tricyclazole in paddy water in (a) 2006 and (b) 2007.

much smaller than the first one (Phong et al., 2008). Therefore, the
wash-off amounts of latter rainfall events were probably not suffi-
cient to increase the concentration of tricyclazole in paddy water.

During rainfall events, runoff of paddy water occurred only at
one time (1 DAS in 2006) because, at that moment, the water level
was already high as a result of previous large rainfalls. The concen-
trations of tricyclazole in runoff water were equal or higher than
that in lysimeter water, being 101.0 and 133.6 ugL ™! for lysimeters
1 and 3, respectively. This is reasonable since the wash-off water
from rice foliage at this earlier stage containing high concentra-
tion of tricyclazole reached the surface of the water compartment
before being mixed up with the water of the lysimeter. The con-
centrations of tricyclazole in runoff water were high compared
with the data of a previous study. Padovani et al. (2006) reported
that the maximum concentrations of tricyclazole measured at the
outlet of paddy farms in Italy at 2 DAS was less than 15.6 ugL™!
with a greater application rate.

Tricyclazole dissipation in the water compartment of the two
lysimeters followed the first-order kinetics in both 2006 and
2007, although there was a difference in rainfall pattern. However,
the dissipation curves in 2006 fit this kinetics better as they had
higher correlation values (R?) than those in 2007. The half-lives of
tricyclazole in paddy water in 2006 were 3.0 and 2.1d for lysime-
ter 1 and lysimeter 3, respectively. The corresponding data in 2007
were 5.0 and 3.5d. The half-life values in 2006 were shorter than
those in 2007 probably because of the runoff event in 2006, which
resulted in losses of tricyclazole in both lysimeters. Also the vigor-
ous growth of algae in the studied lysimeters in 2007 may reduce
the effect of photolysis on tricyclazole in paddy water. The half-
lives of tricyclazole in lysimeter 1 were longer than those in lysim-
eter 3 in both monitoring periods, even though the environmental
conditions of the two lysimeters were similar. This variation may
be due to errors in sampling and chemical analysis.

4. Conclusion

Dissipation of tricyclazole on rice leaves was determined
under laboratory condition. The overall half-lives of tricyclazole
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degradation on rice leaves were 6.9 and 4.1d for formulated
product and standard, respectively. The hydrolysis process plays
a more important role than photolysis in the overall dissipation of
tricyclazole on the leaves.

Concentrations of tricyclazole were also measured onrice leaves
and water of two lysimeters for 13d (in 2006) and 15d (in 2007)
after fungicide application. Tricyclazole was detected in all post-
application samples. Early rainfalls after spraying washed a con-
siderable amount of tricyclazole from the rice leaves, which made
the dissipation process either as a biphasic first-order kinetics (in
2006) or a simple first-order kinetics (in 2007). A large rainfall
event also induced runoff containing high concentration of tricyc-
lazole from lysimeters. Meanwhile, the dissipation of tricyclazole
in paddy water followed simple first-order kinetics with half-lives
ranging from 2.1 to 5.0d.
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