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Abstract The daily variations in the insecticides, i.e.,
buprofezin, etofenprox, fenitrothion, fenobucarb and pyri-
daphenthion, and fungicides, i.e., flutolanil, isoprothiolane,
mepronil, pencycuron, phthalide and tricyclazole, were
investigated in order to evaluate the short periodic variations
in the pesticide concentrations of small river waters. The
mean and maximum concentrations were 0.05 pg/L (pyri-
daphenthion) — 1.2 pg/L. (isoprothiolane) and 0.30 pg/L
(pyridaphenthion) — 13 pg/L (flutolanil), respectively. The
concentration at 10:00 a.m. could be regarded as the repre-
sentative daily concentration of the day. However, the
concentration could markedly vary during the day or the day
following the pesticide application. Therefore, the mean
concentrations at 10 a.m., 2 p.m. and 6 p.m. were recom-
mended as the best representative values of the day.

Keywords Insecticide - Fungicide - Sampling -
Concentration - River water

The movement of pesticides from cultivated areas into the
water environment has been an ecological and human
health concern (Liu et al. 2002). Since rivers are one of the
most important water sources for industry and agriculture
as well as for drinking water, there has been great concern
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of pesticide contaminations of the river waters (Struger
et al. 2008; Wilson et al. 2007). Many studies have pub-
lished the levels of pesticide residues in major rivers,
including the Mississippi River (Rebich et al. 2004), the
Danube River (Barth et al. 2007) and the Ganga River
(Nayak et al. 1995). We have previously reported the
seasonal and spatial variations of pesticides and their
metabolites in water collected from the Shinano River, the
longest river in Japan (Tanabe et al. 2001).

Paddy rice farming has been playing an important role
in the food production in Japan. A large number of pesti-
cides is applied to paddy fields. The pesticides applied to
paddy fields were of great concern due to pesticide runoffs
into the rivers, because a part of the applied pesticides flow
from the paddy fields into the rivers. In particular, small
rivers with cultivated areas in their basins are directly
affected by these applied pesticides in the areas. Therefore,
these small rivers could be used to evaluate the pesticide
runoff events from the cultivated areas. However, the
pesticide concentrations in the waters from these small
rivers could markedly vary during short periods compared
to the major rivers. In our previous report, the fungicide
phthalide, which was aerially applied to the paddy fields,
was significantly increased in concentration after its
applications as well as after rain events (Shiota et al. 2006;
Maeda et al. 2008).

The Shin River flows for 13.5 km through the northwest
part of the Niigata Plain, Niigata, Japan, to the Sea of Japan.
The contributory area includes 19,800 ha of cultivated areas
and civilized areas. A number of pesticides are applied to
paddy fields of 18,700 ha for rice cultivation in the con-
tributory area. We have previously reported the weekly
variation in the aerially applied pesticides in the river
(Mitobe et al. 1999). However, pesticide concentrations
could show a marked variation after their applications.
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Therefore, it is hard to evaluate the appropriate variations in
river waters by weekly samplings immediately after the
applications. To evaluate the short periodic variations of the
pesticide concentrations in the river waters and to recom-
mend the best daily representative value, we studied the
daily variations of the pesticide concentrations in river
waters from the Shin River during July through August.
The investigated pesticides included five insecticides,
i.e., buprofezin, etofenprox, fenitrothion, fenobucarb and
pyridaphenthion, together with six fungicides, flutolanil,
isoprothiolane, mepronil, pencycuron, phthalide and tricyc-
lazole. They were mainly aerially applied during the
investigated period to the paddy fields in the contributory
arca (Kawata et al. 1996, 2005).

Materials and Methods

The target pesticides were applied to the paddy fields in the
contributory area from July 6 to August 9, 2001. The
applied amounts are listed in Table 1. The aerial applica-
tions were performed from 5 to 8 a.m. The projected
aerially applied pesticide amounts in the contributory area
during the investigated period were 2,287 kg of buprofezin,
1,187 kg of etofenprox, 8,554 kg of fenitrothion, 201 kg of
fenobucarb, 1,880 kg of pyridaphenthion, 641 kg of flut-
olanil, 740 kg of isoprothiolane, 898 kg of mepronil,
899 kg of pencycuron, 2,651 kg of phthalide and 1,456 kg
of tricyclazole. The pesticides, except for buprofezin and
flutolanil, were also directly applied to the ground in the
area. The projected ground applied pesticide amounts
during the period were 29.3 kg of etofenprox, 99.3 kg of
fenitrothion, 13.6 kg of fenobucarb, 16.8 kg of pyrida-
phenthion, 30.5 kg of isoprothiolane, 29.2 kg of mepronil,
4.6 kg of pencycuron, 120 kg of phthalide and 26.3 kg of
tricyclazole. The precipitation during the investigated
period was 5 mm (3 mm at 8 a.m. and 2 mm at 9 a.m.) and
13 mm (2 mm at 5 am., 5 mm at 6 am., 5 mm at 7 a.m.
and 1 mm at 8 a.m.) on August 9 and 12, respectively. The
sampling point was located 2.6 km upstream from the river
mouth (Mitobe et al. 1999). Water samples were collected
at 10 a.m. from July 18 to August 6, 2001 and at 4 p.m.
from July 26 to 28. Samples were also collected at 1-2 h
intervals from 8:00 a.m. of August 7 to 10:00 a.m. of
August 12. The collected samples were stored in 1-L glass
bottles equipped with ground stoppers at 4°C without any
headspace. All samples were analyzed within 24 h after
collection.

A Waters Sep-Pak concentrator (Nippon Millipore,
Tokyo, Japan) and an SPE manifold (J&W Scientific,
Folsom, CA) were used for SPE and elution, respectively.
A JEOL Model Automass 50 mass spectrometer (JEOL,
Tokyo, Japan) equipped with a gas chromatograph, HP-5890
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Table 1 Pesticide concentrations in waters from the Shin River

Concentration (pug/L) R* (%) Amount®

Median Mean Min Max (ke)
Insecticide
Buprofezin 049 071 0.02 42 97 2,287
Etofenprox <0.01 0.01 0.01 0.16 22 1,217
Fenitrothion 0.39 092 0.02 81 100 8,654
Fenobucarb 0.07 0.08 0.01 034 86 214
Pyridaphenthion  0.03 0.05 0.02 030 66 1,897
Fungicide
Flutolanil 036 095 005 13 100 641
Isoprothiolane 0.81 1.2 0.40 8.8 100 771
Mepronil 0.07 033 0.02 59 95 927
Pencycuron 0.16 038 0.03 59 929 903
Phthalide 073 095 004 53 100 2,771
Tricyclazole 0.10 0.23 0.05 3.0 82 1,482

 Percentile ratio of sample number of detections to that of analyses

® Projected amount of application in the contributory area during the
investigated period

II (Hewlett Packard, Avondale, PA), was used for quanti-
tative analysis. Waters Sep-Pak Plus PS-2 cartridges
(Nippon Millipore) were washed with 5 mL acetone, fol-
lowed by 5 mL distilled water prior to use. AGA-100 glass
fiber filter, 1 pm pore size, 47 mm diameter (Toyo Roshi,
Tokyo, Japan) was washed with acetone before use. The
standard pesticides were purchased from GL Science
(Tokyo, Japan), Kanto Kagaku (Tokyo, Japan) and Wako
Pure Chemical Industries (Osaka, Japan). Other reagents
were purchased from Wako. All solvents used were pesti-
cide grade. A stock standard solution of each compound at
1,000 pg/mL was prepared in acetone. A mixed standard
solution was prepared in acetone at a final concentration of
2 pg/mL for each pesticide. An acetone solution of poly-
ethylene glycol (PEG) at 10 mg/mL prepared from PEG
200 and PEG 300 was used to obtain sharp and sym-
metrical chromatographic peaks for some pesticides. 1,4-
Diiodobenzene and 9-bromoanthracene in acetone solution
(200 pg/mL) were used as internal standards.

The pesticides were determined by a previously published
method (Tanabe et al. 2000). Briefly, water samples were
filtered through a glass fiber filter (1 um pore size). A
500 mL volume of the filtered water was passed through a
series of 2 cartridges at a flow rate of 10 mL/min. After the
cartridges were washed with 10 mL distilled water, they
were dried by passing air through them for 15 min with an
aspirator. The target compounds collected on the cartridges
were eluted with 3 mL acetone, 3 mL hexane, and 3 mL
ethyl acetate under reduced pressure. The combined eluates
were concentrated under a stream of nitrogen, and the vol-
ume was adjusted to 1 mL with acetone. A 10 pL volume of
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Fig. 1 Daily variations in 9.0

pesticide concentrations in river
waters. Arrows indicate
pesticide applications
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the PEG solution and 5 pL of the internal standard solution
were added to the extract, and a 4 pL aliquot of the resulting
mixture was injected into the GC/MS instrument. GC/MS
conditions were as follows: column, fused-silica, HP-5 Trace
Analysis (0.25 pm film thickness, 30 mlength, 0.32 mm id);
column temperature, programmed from 50°C, held for
1 min, to 150°C at a rate of 20°C/min, then from 150 to
280°C at a rate of 10°C/min, held for 4 min; injector
temperature, 250°C; injection mode, splitless; ionization
mode, electron impact; ionization current, 350 pA; electron
energy, 70 eV; resolution, 0.8—1.1 amu; scan range, 50—
450 amu; source temperature, 230°C; interface temperature,
230°C. Ions used for the quantitation and confirmation were
m/z 172 and 105 for buprofezin, m/z 163 and 376 for eto-
fenprox, m/z 109 and 125 for fenitrothion, m/z 150 and 122
for fenobucarb, m/z 199 and 340 for pyridaphenthion, m/z
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145 and 281 for flutolanil, m/z 204 and 290 for isoprothio-
lane, m/z 119 and 91 for mepronil, m/z 125 and 180 for
pencycuron, m/z 243 and 272 for phthalide, and m/z 135 and
136 for tricyclazole, respectively. Ions for the internal stan-
dards were m/z 330 for 1,4-diiodobenzene and m/z 256 for 9-
bromoanthracene. The ratios of the peak areas of the ions to
that of the internal standard were used for quantification of
the pesticides.

Results and Discussion
The pesticide concentrations in the river waters are sum-
marized in Table 1.Based on the investigations from 1995 to

1997 (Mitobe et al. 1999), the target pesticides were detected
at annual maximum from June through August. The annual
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Fig. 2 Hourly and bihourly 6.0
variations in pesticide
concentrations in river waters.
Arrows indicate pesticide
applications
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maximum values of the insecticides in 1995, 1996 and 1997
were 0.82, 0.24 and 0.02 pg/L for buprofezin, 0.15, 0.05 and
0.12 pg/L for etofenprox, 1.5, 0.82 and 4.2 pg/L for feni-
trothion, 0.29, 0.16 and 1.9 pg/L for fenobucarb and 1.9, 10
and 2.5 pg/L for pyridaphenthion, respectively. The maxi-
mum concentrations of etofenprox and fenitrothion in this
study were almost comparable to those in 1995-1997, while
those of buprofezin, fenobucarb and pyridaphenthion were
5.1, 0.18 and 0.030 times those in 1995-1997, respectively.
On the other hand, the annual maximum values of the fun-
gicides in 1995, 1996 and 1997 were 2.7, 0.12 and 3.9 pg/L
for flutolanil, 3.4, 3.7 and 5.3 pg/L for isoprothiolane, 6.6,
0.80 and 0.78 ng/L for mepronil, 2.3, 0.59 and 1.6 pg/L for
pencycuron, 1.8,2.1 and 3.9 pg/L for phthalide and 5.1, 0.03
and 1.8 pg/L for tricyclazole, respectively. The maximum
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concentrations of the fungicides in this study were almost
comparable to those in 1995-1997. Regarding phthalide, the
maximum concentration was much higher than those of 0.68
and 0.86 pg/L in the Anno River, Niigata, in 2005 and 2006,
respectively (Shiota et al. 2006; Maeda et al. 2008).

Figure 1 shows the variations in the pesticide concentra-
tions in the river water collected at 10 a.m. from July 18 to
August 12 together with those at 4 p.m. from July 26 to 28
and from August 7 to 12. The pesticides were detected at
relatively high concentrations after their applications. The
differences in the times between the applications and high
concentrations depended on the distances of the applied area
and the sampling site as well as their properties and applied
amounts. Regarding pyridaphenthion, it was detected in the
river water from July 18 to August 4, although it was aerially
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Table 2 Differences in pesticide concentrations for representative values
Concentration (ng/L)
7 Aug.® 8 Aug. 9 Aug. 10 Aug. 11 Aug. 12 Aug.f

Buprofezin a 1.4 1.4 1.0 0.37 0.33 0.33

b 1.1 1.3 0.82 0.43 0.40

c 1.1 1.2 0.80 0.40 0.46

d 1.3 1.2 0.74 0.39 0.40 0.33
Etofenprox a <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

b 0.01 <0.01 0.02 <0.01 <0.01

c 0.01 <0.01 0.06 <0.01 <0.01

d <0.01 <0.01 0.02 <0.01 <0.01 <0.01
Fenitrothion a 22 1.4 0.56 0.27 0.18 0.13

b 3.7 1.4 0.51 0.27 0.22

c 4.3 1.7 0.49 0.25 0.23

d 35 1.4 0.50 0.24 0.21 0.14
Fenobucarb a 0.32 0.15 0.09 0.09 0.03 0.04

b 0.25 0.14 0.10 0.09 0.04

c 0.22 0.13 0.09 0.08 0.04

d 0.21 0.14 0.10 0.08 0.04 0.05
Pyridaphenthion a 0.04 0.04 0.03 <0.02 <0.02 <0.02

b 0.04 0.04 0.03 <0.02 <0.02

c 0.04 0.04 0.03 0.02 <0.02

d 0.04 0.05 0.02 <0.02 <0.02 <0.02
Flutolanil a 0.36 0.40 0.40 0.42 0.30 0.13

b 0.70 0.53 0.41 0.32 0.18

c 0.75 2.00 0.47 0.28 0.20

d 0.67 1.49 0.52 0.26 0.17 0.16
Isoprothiolane a 1.6 1.0 0.77 0.59 0.52 0.54

b 1.4 1.2 0.77 0.61 0.50

c 1.3 1.0 0.76 0.59 0.58

d 1.2 1.0 0.78 0.56 0.53 0.50
Mepronil a 0.06 0.08 0.11 0.04 0.04 <0.01

b 0.08 0.20 0.09 0.04 0.02

c 0.09 0.47 0.09 0.05 0.03

d 0.08 0.36 0.11 0.04 0.02 0.02
Pencycuron a 0.18 0.14 0.11 0.08 0.14 0.10

b 0.17 0.16 0.13 0.10 0.15

c 0.16 0.17 0.13 0.11 0.14

d 0.16 0.21 0.17 0.12 0.14 0.13
Phthalide a 1.0 1.1 0.97 0.44 0.68 0.62

b 0.98 1.5 0.78 0.39 0.64

c 1.0 1.6 0.99 0.45 0.73

d 1.3 1.9 1.1 0.51 0.63 0.51
Tricyclazole a 0.12 0.10 0.07 0.28 0.06 0.17

b 0.07 0.08 0.09 0.15 <0.05

c 0.08 0.15 0.10 0.14 0.06

d 0.10 0.12 0.14 0.13 0.10 0.13

2 Concentration at 10 a.m., ® Mean of concentrations at 10 a.m. and 4 p.m., © Mean of concentrations at 10 a.m. 2 p.m. and 6 p.m., ¢ Mean of

concentrations from 2 a.m. to 12 p.m., ¢ Measured from 8 a.m. to 12 p.m., f Measured from 2 a.m. to 10 a.m.
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applied from July 4 to 9 and not applied from July 18 to
August 5. This implies that the unprojected ground appli-
cations of the insecticide could be performed before and/or
during the test period. The maximum concentrations during
this study were detected from July 18 to August 6 except for
etofenprox, fenobucarb and phthalide.

The variations in the pesticide concentrations collected
during 8:00 a.m. on August 7 to 10 a.m. on August 12 are
shown in Fig. 2. The maximum concentrations of etofen-
prox, fenobucarb and phthalide, which do not appear in
Fig. 1, were observed at 2 p.m. on August 9, 12 am. on
August 8 and 10 p.m. on August 9, respectively. Moreover,
the daily maximum concentrations were observed at differ-
ent times in the days. For instance, the daily maximum
concentrations of buprofezin and fenitrothion on August 7,
and flutolanil and phthalide on August 8 were observed at 12
p-m. and 2 p.m., and at 6 p.m. and 10 p.m., respectively.
Although the pesticide concentrations could increase with
rainfall due to the runoff (Fox et al. 2007; Maeda et al. 2008)
or pesticides in the rain (Guo et al. 2004), the rainfall events
on August 9 and 12 did not remarkably affect the increases in
the pesticide concentrations.

Table 2 shows the four kinds of concentrations of the
target pesticides for the daily representative values from
August 7 to 12. The pesticide concentrations at 10 a.m. and
the mean values at 10 a.m. and 4 p.m. were within 70%—
150% of the daily mean concentrations except for the fol-
lowing cases. The concentrations at 10 a.m. of fenitrothion
and flutolanil on August 7, and those of flutolanil, mepronil
and phthalide on August 8 were <70% of the corresponding
daily mean concentrations; the mean values at 10 a.m. and 4
p-m. of flutolanil and mepronil on August 8 were also <70%
of the corresponding daily mean concentrations. In these
cases, the pesticide concentrations increased from 6 to 10
p-m. Regarding tricyclazole, the concentration at 10 a.m. on
August 9 and 11, and the means at 10 a.m. and 4 p.m. on
August 8-9 were <70% of the corresponding daily mean
concentrations, because the concentration increased from 6
p-m. on August 8 to 8 a.m. on August 9 and 10-12 p.m. on
August 11. Moreover, the concentrations at 10 a.m. for
flutolanil on August 10 and 11, that for mepronil on August
11, and that of tricyclazole on August 10 were >150% of the
corresponding daily means, because the concentrations
increased around 10 a.m. In these cases, the pesticide
applications during the day or the previous day caused sig-
nificant variations in their concentrations in the river waters.
On the other hand, the mean values at 10 a.m., 2 p.m. and 6
p-m. were within 70%—-150% of the daily mean concentra-
tions. In conclusion, the concentration at 10:00 a.m. could be
regard as the representative daily value in many cases.
However, the concentration could be different from the daily
mean value during the day or on the day following the pes-
ticide application. Therefore, the mean concentrations at 10
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am., 2 p.m. and 6 p.m. of a day were recommended as the
best representative value of the day.
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