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Dissipation of the Herbicide Benzofenap (Taipan 300) in a Rice
Field Ecosystem
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The fate of benzofenap {2-[4-(2,4-dicholoro-m-toluoyl)-1,3-dimethylpyrazol-5-yloxy]-4'-methyl-
acetophenone} applied to flooded rice was studied at two locations in New South Wales (Australia).
Solid-phase extraction (SPE) was compared with liquid—liquid extraction (LLE) for the determination
of the commercial chemical in water samples. SPE performed well as compared to LLE (84 vs 80%)
in irrigation waters. However, at the lower end of the concentration range (3 xg/L), LLE achieved
higher recoveries than SPE (72 vs 59%). Rates of dissipation (DTso) from floodwaters and soils were
measured. Dissipation of the herbicide from water and soil occurred fairly erratically in both mediums
and can be best explained by a first-order decay process. The DTz value for benzofenap was <1
day in irrigation water due to rapid deposition of the suspension concentrate formulation. The DTsq
in surface soil was 44 days. The maximum measured concentration of benzofenap in a rice field
floodwater was 39 ug/L, taking approximately 32 days to dissipate to <1 ug/L.
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INTRODUCTION

Benzofenag IUPAC name, 2-[4-(2,4-dichlora-toluoyl)-1,3- /C
dimethylpyrazol-5-yloxy]-4methylacetophenon€&jgure 1} is /CHZ\O\
the active ingredient in Taipan 300, a suspension concentrate C”) CH
(SC) formulation. Taipan 300 is a relatively new selective C ™ \\,—CH

herbicide applied to ricel) and may be used in place of ,"‘ 3
bensulfuron methyl as the main form of defense against broad- —N

leaf aquatic weeds such as Dirty Dora (Cyperus difformis), C cl

Starfruit (Damasonium minus), ArrowheaBaggitaria mon- Cl

te:idensis), and Water Plantain (Alisma plantago-aquatiéd Figure 1. Molecular structure of benzofenap.

of these weeds are economically important, as they can out-

compete flooded rice crops and cause significant yield decline. provides a gross value of production of approximately A$150
Taipan 300 can also suppress grass weeds if application occursnillion Australian dollars (5).

soon after flooding (2 The SC formulation of benzofenap sinks
to the soil surface through the floodwater. The herbicide spreadsunder 10-15 cm of permanent watd, §) with weeds and

over the _So'l s_urfaf:e anc_j forms a h(_arb.|0|.de-treated layer. insects being controlled by one further pass of an aeroplgne (
Australian rice is mainly grown in irrigated areas of the g) Herbicides are applied as a solid stream to the floodwater
Riverine Plain in New South Wales with water sourced from g rface from the aeroplane using a Bickley boom under low
the Murrumbidgee and Murray Rivers and the Murray Aquifer \ing conditions. Alternative methods of chemical application
System (3). The rice industry is a significant contributor to the ¢ de the soluble chemical injection in rice technique (SCWI-
nations’ agricultural economy. Production peaked in 2000/01 IRT), where herbicide is applied as a solid stream from a
at 1.625 million tons, but since 2002, drought conditions in the . 0 hike as it drives through the flooded field, and “herbiga-
region have restricted irrigation water availability to growers, tion”, where the chemical is mixed with the irrigation water as
and production is currently around 46600000 tons (4). This it is’introduced to the field 7). The sowing and chemical

application period are usually in October, with harvesting

Typically, pregerminated rice is aerially sown and grown

15(*)0Tonh0Jrrn6 f%"5388”1deeo%°e€h°”|'d V?/e %dd{?esseld.@quBl-Z-G%O- occurring in about ApritMay. Water levels are maintained by

. Fax: -2- - . E-mail: Wendy.Quayle@csiro.au. ; ;

1 CSIRO Land and Water, Griffith. contl_nually topping up of the pays. No release of w._ater from
*CSIRO Land and Water, Glen Osmond. the field occurs unless there is prolonged heavy rainfall, and
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many farms have water recycling systems where excess water *
may be stored. 4
There is very little information available on the use of Taipan  **
300. In the late eighties to early nineties90% of the Australian 30
rice crop was treated with the herbicide Londax (bensulfuron
methyl). This was unsustainable due to the development of
resistance by aquatic weed3).(Alternative herbicides were
required with different modes of action to ensure good weed 1o
control. Benzofenap was identified as an alternate to bensulfuron s
methyl, was economically viable, and was registered for use in
Australian rice in 1999 (910). It is a member of group F top middle bottom
herbicides and is an inhibitor of carotenoid synthesis. A pesticide Fosition tn bay
usage study carried out in the Murrumbidgee Irrigation Area Figure 2. Mean benzofenap concentration in water in different positions
(MIA) in southwestern New South Wales in 1999 reported that in the three bays sampled (n = 5). Different letters denote means that
3468 kglyear of benzofenap was being uséd)( Since its are statistically different at the 5% level. Statistical analysis was by ANOVA
introduction, the adoption of benzofenap has steadily increased determined using the commercially available software GenStat.
and it is currently being used by up to 77% of growers in the
MIA. The only other country where it is registered for use in adsorption coefficient difficult using standard batch sorption methodol-
rice is Japan, although it has been tested in other rice-producingPgy- The adsorption of benzofenap to soil has been described as “strong’
areas such as the Far East and Southern Eutbpe ( (13). The proposed major decomposition pathway of benzofenap in

There are a number of potential pathways for the dissipation V36" has been photolysia4), and in soil, the major pathway is

. . . . . reduction in the alkylphenylketone group to MY71-Red, which is
of pesticides in arice field system. Once applied to floodwater, reversible by oxidation to the parent compound. Otherwise, benzofenap

pesticides may be subject to a number of processes includingcan pe hydrolyzed at the ether bond to form MY71-Q. (
volat_ili_zat_ion, chemical and biological degradation, photqusis, Commercial Rice Field—Description. A commercial rice field
precipitation, runoff, plant uptake, sorption and desorption to |ocated on a farm in the MIA, about 10 km south west of Griffith,
soil, and leaching through the soil profil¢Z). New South Wales, Australia, was sampled for benzofenap and chemical

There are no specific guideline concentrations that are usedand physical parameters in 2000. The soil consisted of transitional red
for benzofenap to ensure that it does not pose a risk to naturalbrown earths, locally known as Willbriggie clay loam, that was uniform
ecosystems. Acute and chronic toxicity tests carried out on two across the extent of the field. These soils when cultivated are classified
Australian freshwater invertebrates (final instar midge and adult @ Entic Chromoxerertsl). In the top 0.1 m clay 0.2 uM), the
aquatic snails) indicated that Taipan 300 does not represent aPercentage is 34%, the bulk density is 1383 kg#nand the long-term
significant risk to these mature species at the permitted infiltration rate ff)r. the‘s.e soils has been measured as 0.25 mnt day
application rates (2). No acute toxicity was observed below 12 (16). The pHi (1:5; soil-water) of the surface {®.1 m) is neutral to

. . 7 alkaline (7.0—8.0115).

mg/L on midge larvae nor to snails at 76 mg/L. Chronic

P - The application of the chemical was by SCWIIRT, which involved
assessment could not demonstrate a significant effect on mldgedelivery of the chemical to the floodwater through a hose from a tank

larvae at rates up 10 0.1 mg/l__, the hlghest rate tested. No Chromcthat was mounted on a motorbike, which was driven through flooded
effects were observed agalr_Ist s_na_lls at 60 mg/L. However, rice bays. The field layout consisted of five bays in a laser-leveled
greater effects may be possible in immature life cycle stages pagdock with bankless channel irrigation. Each bay was approximately
that were not teste?]. If anything, the adjuvant compounds 2 pa.

were suggested to produce a more pronounced chronic response commercial Rice Field Sampling.Water samples were collected

in these organisms than the formulation containing the active for pesticide, physicochemical, total suspended solids, and total
ingredient @). Benzofenap L& values for three fish species  dissolved solid analyses. Water samples were collected in 1 L amber
(including Rainbow Trout) andaphnia sp. have all been  bottles, which had been rigorously cleaned in detergent, 10% HCI, and
reported at>10 mg/L (12). The relatively highP,, of the methanol according to ref7.

chemical and its insolubility in water may suggest a tendency  Water samples were taken 1 day after chemical application (October,
to bioaccumulate, but further ecotoxicity research is required 11, 2000) from three different bays located proximally, midway, and
in this regard. However, no significant impact on any aquatic distally from the supply water inlet at the top of the field. Each bay

invertebrates has yet been demonstrated at a concentration ofvas sampled through the center in a cross pattern, at five locations.
<10000ug/L. Each water sample was analyzed for benzofenap. A mean concentration

There is virtually no data available in the public domain on of the chemical was determined for each bajgare 2). Because of
project logistical constraints, the field sampling program in 2000 did

the extracftlon _an(_j ar_lalys_ls of benzofe_)nap n water and S_O” not allow the monitoring of the commercial rice field to continue.
samples, its dissipation in the aquatic environment, Or ifS pigsipation studies were subsequently carried out in the trial plots
dynamics in flooded rice fields. Detailed knowledge of the {escribed below.

environmental impact of rice growing is critical to the Australian  yjq) piot Construction. A replicated small plot trial was set up in

industry and other rice-producing countries of the world to  october 2002 in arice field at a rice farm approximately 40 km from
ensure sustainability. Therefore, an investigation on the envi- Griffith, New South Wales, southeastern Australia. The plots were
ronmental fate of this chemical was considered warranted.  constructed on soils known as transitional red brown earths or Xeralfs
with surface (6-0.1 m) pH, values of 5.5-6.4 and mean clay contents
MATERIALS AND METHODS (<2 um) of 36% at 6-0.1 m and 67% at 0:20.3 m. _The total or_gan_ic
carbon content was 0:82% (15,16). Plot construction, determination
Characteristics of BenzofenapThe chemical class of benzofenap of water volumes, and irrigation management have been described
is benzoylpyrazole (Figure 1). It has the following chemical proper- previously (18). A single row of 12 plots (5 m 10 m) with earthen
ties: vapor pressure, 0.013 mPa (&); solubility in water, 0.13 mg/L banks, separated by a trench (approximately 3 m wide and 1 m deep),
(25°C); Henry's constant (calcd), 0.043 P&mol; and Lo@Pow, 4.69. was used in the trial. Each plot was supplied independently with water
The low water solubility of the chemical makes determination of an from an irrigation water supply channel running parallel to the plots.

W Bay 1
OBay 2
B Bay 3

25

Benzofenap (pa/l)
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The water volume in three of the plots was obtained by measuring the Tapje 1. Water Quality Data for the Commercial Rice Field
water depth within circular flumes enabling the water application

volume to be calculated. Water depths were also measured manually parameter units mean  minimum  maximum  n
(two measurements/plot) by a method using rulers mounted at either conductivity as/m 0.29 022 034 50
end of each plot. After the plots had been prepared, irrigation was 7.49 6.32 8.09 50
managed by the farmer for the duration of the trial, as were the flumes ota dissolved solids mgiL 55.3 32.8 129 41
and siphons as needed to maintain a water depth of between 4 and 10 total suspended solids ~ mg/L 164 95.5 244 41
cm. chloride mg/L 326 22 53 34
Trial Plot Treatments. The treatment consisted of applying 2.0 L/ha ~ 10C mglL 159 10 24 7
DOC mg/L 13.8 5.7 19 7

of Taipan 300 equivalent to 600 g a.i./ha by pouringifra 5 L carboy
while walking a single pass through a plot. The herbicide was applied
in this way during two consecutive rice seasons in October 2002 and

2003103l f o, 50l Oher commony s e DTES . eyt sy of Tl St Usg S ar
; . . . : LLE as Compared with Directly Injected Technical Benzofenap (No
Trial Plot Sampling. Water samples taken immediately after the Extraction Steps)2
application were designated as the day 0 samples. Additional samples

temperature °C 16.7 10.0 24.3 50

were collected 1, 2, 3, 4, 5, 7, 10, 12, 17, 19, 21, 23, 26, 31, 33, 38, volume extraction efﬁciency
40, 45, and 48 days after application. Water samples for pesticide extracted (%) technical
analysis were collected in 1 L amber bottles, which had been rigorously fortified sample (mL) benzofenap (50 uglL)
cleaned in detergent, 10% HCI, and methanol according tbAefwo —
water samples were taken at either end of each of the plots and SPE gﬁg);'iéidvt’)’;ﬁrb 288 g; ggg
composited to make up a single sample. Boardwalk access to the plots gpe irrigation water pH 3-4b 400 60 (10)
permitted sample collection without disturbing bottom sediments. LLE irrigation water? 400 81 (5)

Two soil samples, one from opposite ends of each plot, were
collected by inserting a tube (10 cm long5 cm diameter) into the aThe relative standard deviation (RSD) is in parantheses (n = 5). ? Iirigation

soil. The sediment water interface was maintained Using this procedure,water contained 8 mg/L of total Suspended solids.
and the tubes were placed upright during collection and transport. Soil
samples were collected at the following time intervals: 1, 4, 7, 10, 12,
17, 23, 26, 31, 33, 38, 40, 45, and 48 days after application. Estimates o B~
of benzofenap concentration variation in soil were determined by the mlgsosl l:?f Sﬁnzofenap |nj§;tEed ontgolumn. Thr(_ae r;u(l)l(l)llter S?g{}‘B
calculating the mean soil pesticide concentration of the two samples (supplied by Phenomenex) cartridges containing mg o

taken from each plot, which were analyzed individually. Then, standard solid phase were conditioned using_3 (_:olumn volumes of acetonitrile
deviations of the mean data from the four replicate bays for each fllowed by 3 column volumes of deionized water. A 100 mL amount
treatment were calculated. The standard deviations between the four®f Solution at commercial formulation benzofenap concentrations of

replicate plots were found to be greater than the variation of the two 3 10, 40, and 10@g/L in deionized water, irrigation water, irrigation
samples within the plots. water adjusted to pH -34, and irrigation water containing 1%

chloroform was applied to the cartridges and eluted with 4 mL of
acetonitrile (Table 3). LLE for waters fortified at 3, 10, and 106/L

= >0.99) and for comparison with extracted standards, normalized to

Physical and Chemical Analysis-Water Samples.Total suspended
solids and total dissolved solids were analyzed according to APHA ™ . - . .
(19). The water pH and electrical conductivity (EC) were measured with commercial formulation benzofenap was carried out as described
using a Horiba DC10 water sensor during each sampling event. The Previously (Table 3).

water temperature was logged in three of the plots at half hourly  Extraction and Analysis of Benzofenap in Water Samples.
intervals with a Campbell Datalogger. Benzofenap was extracted from frozen commercial rice field water

Pesticide Extraction from Water Samples-Method Validation. samples that were collected in 2000 using the SPE method described
Technical Benzofenap.Technical benzofenap (Dr. Ehrenstorfer) at as for technical benzofenap. The samples were thawedGodemight,
concentrations of 10, 40, 100, 250, 1000, and 2&6HL in acetonitrile, and 400 mL was filtered through dichloromethane-rinsed glass fiber
were injected directly into the high-performance liquid chromatograph filters (Whatman GF/F) before application to the SPE cartridges.

(HPLC). Linearity (R > 0.99) across low, mid, and high ranges was Method validation included a study to determine the recovery of
maintained. benzofenap from samples that were stored frozen vs those extracted

on the same day of collection and a study that addressed the effect of

and irrigation water adjusted to pH-3 (using 6 M HCI) were fortified filtering on the recovery of the chemical. Subsequently, it was
with technical benzofenap to concentrations ofi&0L. The samples ~ detérmined that low concentrations (&/L) of benzofenap were
were filtered through dichloromethane-rinsed glass fiber filters (What- €Xtracted more efficiently using dichloromethane by LLE (Table 3),
man GF/F). Extraction of samples & 3) was carried out by solid- and this method (dgscrlbed above) was used for extraction of water
phase extraction (SPE) using 3 mL IST EM\tartridges (Alltech) samples from the trial plots.
with 200 mg of divinylbenzene (DVB) sorbent set in an IST vacuum Pesticide Extraction—Soil Samples.Soils contained within the
SPE manifold. The cartridges were conditioned with three cartridge sampling tube that were collected in the field were taken from the
volumes of acetonitrile followed by three cartridge volumes of Milli-Q  freezer at~—20°C and allowed to thaw in an upright position at@
water. Water samples were applied to the cartridges, which were dried overnight. Excess surface water was removed, and the tube was able
under gentle vacuum. Elution was carried out passively using 2 mL of to be removed with the soil core remaining intact. An upper 2 cm of
acetonitrile followed by 2 mL of dichloromethane. soil core was taken and homogenized using a spatula. A subsample

Liquid—liquid extraction (LLE) of technical benzofenap was assessed (approximately 5 g) was taken for soil water determination. A second
by taking fortified water samples (400 mL) as described above and subsample of approximately 25 g soil was placed in a 50 mL centrifuge
extracting them using dichloromethane ¥350 mL). Extracts were tube with 25 mL of 90% acetonitrile:10% water. The tube was shaken
dried using sodium sulfate, evaporated to dryness using a Zymark in an end-over-end shaker for 4 h followed by centrifugation at 3000
Turbovap, and redissolved in acetonitrile. The extraction efficiency for rpm for 35 min. The extract was filtered through 0.461 Teflon-
technical benzofenap using the two extraction methods for different coated syringe filters prior to injection onto a HPLC with diode array
types of fortified waters is shown ihable 2. detection (DAD).

Benzofenap in the Commercial Formulation, Taipan 300Work- Additional samples of soil and water in tubes that had been collected
ing standards of 10, 40, 100, 250, 1000, and 250 in acetonitrile from the control plots of the trial were spiked with 1006/L of the
were injected directly to determine linearity across different ranges ( chemicals. Excess surface water was removed, and a volume of water

Water samples (400 mL) including deionized water, irrigation water,
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Table 3. Extraction Efficiency of Commercial Formulation Benzofenap Using SPE as Compared with Directly Injected Commercial Formulation (No
Extraction Steps)2

extraction efficiency (%)
benzofenap commercial
formulation, Taipan 300

volume extracted concentration (ug/L) mean
fortified sample (mL) 3 10 40 100 (SD) R?
SPE deionized water 100 61 (6) 103 (29) 79(9) 66(3) 77 (12) 0.99
SPE irrigation water 100 59 (6) 102 (6) 91(21) 84 (11) 1
SPE irrigation water at pH 4 100 44(7) 77(22) 60 (1) 60 (10) 0.99
SPE irrigation water + 1% chloroform 100 53 (4) 72 (1) 69 (1) 65 (2) 0.99
LLE irrigation water 400 72 (14) 85 (11) 83(8) 80 (11) 0.99

@RSD in parantheses (n = 3 for all, except deionized water, where n = 5).

containing the known concentration of chemical was added to the tube was used to determine benzofenap concentrations from the
to a depth of 20 mm. The tubes were left to stand in the dark for 4 commercial rice field floodwaters, it must be concluded that
days. o _ B _ the absolute data, shown iRigure 2, may be somewhat
Recovery efficiencies for field-fortified soil samples were6.4% conservative. The filtering step was initially considered neces-
i(rrpgg?tvffégﬂ; /i)gfor benzofenap. The minimum detectable amount sary to prevent clogging of the cartridges when a sample volume
Pesticide AnalysesAll analyses were made using an Agilent 1100 of 400 mL was ,used' In SUbs,equem testing of the recoverY of
HPLC-DAD, equipped with a quaternary pump and an autosampler benzofenap during t_he extract_lon qf the commercial formulation
with an electric sample valve. The operating conditions were as Taipan 300, we omitted the filtration step and used a 100 mL
follows: isocratic solvent system composed of 70% acetonitrile and sample volume. This alleviated the cartridge blocking problem
30% water; an Agilent Zorbax SB C18 column (4.6 nx1250 mm x while still enabling detection at sub-ppb concentrations. Sample
5 um); sample volume of 2QuL; and detector wavelength for filtering may also be the reason for the lower recovery rate of
benzofenap of 210 nM. Under these conditions, the retention time for the technical standard as compared with benzofenap contained
benzofenap was 10.3 min, and the instrument detection limit was 10 \yithin the commercial formulation fortified samples, which were

ug/L (0.0002ug on-column). Unknown sample concentrations were . . .
compared with an external calibration curve comprising peak areas of not filtered (Tables 2and$, respectively). An alternatlye SI,DE
known standard quantities for a peak at the same retention time. method for the extraction Qf benzofenap from rice _f'eld_
Statistical Analysis. Data were analyzed by analysis of variance floodwaters may be one that involves the use of ascorbic acid
(ANOVA). When the pesticide concentration was below the detection t0 prevent the precipitation of iron species that can block SPE
limit, the value used for ANOVA was half the detection limit. cartridges 20), although this was not evaluated here. Acidifica-
Relationships between pesticide concentration and water chemistry weretion of the fortified samples containing technical benzofenap
determined using regression analysis. All statistical analyses weretg pH 3-4 using hydrochloric acid did not improve the

determined using the commercially available software Genstat. The aytraction efficiency using solid-phase cartridges (Table 2).

dissipation half-life (Do), the time taken for the concentration of h fh ial f |ati h
pesticide to be reduced to 50% of its initial value, was determined from The mean recovery of the commercial formulation across the

regression analyses of log mean pesticide concentrations against day§oncentration range, using SPE cartridges, was 84%. Acidifying
since application. The D and upper and lower 95% confidence the sample or, adding 1% chloroform, proved futilale 3).

intervals were determined from log(2)/slope of the regression. The mean recovery using LLE was 80%, although atgA_,
the lowest concentration tested, LLE achieved a higher recovery
RESULTS AND DISCUSSION than SPE extraction3 &ble 3). Recoveries at 8g/L were lower

than at other concentrations for both SPE and LLE, suggesting
that this was caused by systematic procedural losses rather than
something that may be explained by chemical effects. Ulti-
mately, we considered, for trace concentration determination

Pesticide Extraction from Water Samples-Method Vali-
dation. Benzofenap is difficult to analyze in water due to its
low solubility (0.13 mg/L) and its SC commercial formulation,
which produces a dense precipitate when it is added to water, fb f in rice field wat les. that LLE .
resulting in an uneven dispersio?)( Therefore, it was deemed ot benzotenap In rice Tield walter samples, tha remains
necessary to make an assessment of the extraction efficienc;ihe mo§t reliable met.hod. . .
of technical benzofenap and benzofenap as the active ingredient Physical and Chemical MeasurementsPhysical and chemi-
in Taipan 300, from water samples using solid-phase cartridgesca| measurements of the trial plots and the commercial rice field
and LLE. Storing the water samples frozen for several weeks Were performed to characterize the site walatfe 1, ref18).
prior to extraction and analysis had no effect on the recovery The water quality was good with respect to salinity, which is
of technical benzofenap. typical of irrigation water throughout the region sourced from

LLE provided recoveries of technical benzofenap from the Murrumbidgee Riverl). The mean pH of the floodwaters
irrigation water of 81% as compared to approximately 57% by in the rice field tended to be mildly alkaling@#ble 1). Because
SPE. The recovery of the technical standard was determinedthe pH range of the commercial formulation is 7&5, it would
from filtered as compared to nonfiltered samples applied to SPE seem unlikely that the field water conditions would increase
cartridges. Recoveries in filtered samples ranged from 42 to the degradation rate signficantly even though, under basic
84% of nonfiltered samples; 66 14 (mean+ SD, n = 5). conditions, the compound is unstable, hydrolyzing to ben-
Although the concentrations were adjusted according to the zofenap-OH. The pH of the water affecting the degradation rate
mean of 66%, there was variation around this mean, and theof the compound may become more significant in the trial plots
lower recoveries reported ifable 2 may have been caused by where a maximum pH value of 9.77 was recorded. Large daily
filtering the samples within the SPE method. Because filtering fluctuations of pH occur in ricefield floodwaters [7.38.34
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Figure 3. Dissipation of benzofenap (Taipan 300) in floodwater of rice Figure 4. Dissipation of benzofenap (Taipan 300 at 2.0 L/ha) in the soil
grown in trial plots. Note the logarithmic scale on the y-axis. Bars show of trial plots. Note the logarithmic scale on the y-axis. Bars show the
the standard deviation (n = 4). R2 = 0.4284; p < 0.05. standard deviation (n = 4). R* = 0.4729; p < 0.05.

(18)] caused by variations in the photosynthetic activity of chemicals were sampled in addition to chemicals that were truly
aquatic microorganisms. dissolved in the water column. Taking this into consideration,

we calculated a D of <1 day from data collected for 41 days

Concentrations of Benzofenap in a Commercial Rice Field. A ; . .
after application, which showed first-order decdyglre 3).

The maximum field concentration of benzofenap in water, R :
measured 1 day after application, was&§L (SD 2.9;n = A benzofenap half-life in water has been previously reported

5). As mentioned previously, the absolute concentrations © be 7 days with an important degradation pathway being via
determined from the commercial rice field may be somewhat POtolysis (4). The role of photolysis as a dissipation pathway

conservative due to the effect of sample filtering prior to SPE. for the chemical in the SC would seem relatively minor due to
However, because of the lack of publicly available data on the its rapid precipitation onto the soil where photodecomposition

concentration of benzofenap in rice fields, it was considered IS Probably a fairly insignificant dissipation pathwag2).
worthwile presenting the data here. This study indicated that ~Dissipation of Benzofenap in Soil A mean concentration
concentrations of benzofenap were all significantly<(j9.05) of 6595ug/kg (SD, 1870n = 4) was determined 1 day after
lower in the bay nearest to where water was introduced into @pplication. Benzofenap soil concentrations declined, if some-
the field (bay 1) as compared with other bays downs|&iigufe what erratically, over 48 days to 13&/kg (SD, 255;n =4;
2), as were salinity and total dissolved solids. The cause of the Figure 4). According to a 2 L/ha application rate (300 g/L a.i.),
uneven chemical distribution may be caused by irregularities @ total of 3.0 g of a.i. was applied to each bay. Assuming a soil
in the SCWIIRT application method. However, the sampling density of 1300 kg/thand samples consisting of a 2 cm depth
position within the bay nearest the supply had no significant interval, 659%:g/kg equates to 2.86 times the possible maximum
effect on the concentration of this pesticide, suggesting that the concentration, should 100% of applied herbicide be found in
application method provided an even distribution within bays. the soil. Such high initial concentrations and the large standard
Alternatively, because we ascertained a very showBdr the deviations for each data point in the sample set indicate the
chemical (<1 day, discussed in following text), removal of the uneven distribution of the chemical in the soil surface and a
chemical from the water column by deposition or other losses sampling strategy that did not overcome this variation. The
may have progressed further in the uppermost bay, which Wasvariation is |Ike|y caused by the method of chemical application,
treated earlier in the day than lower bays. Losses of the chemicalits low solubility in water, and rapid rate of deposition after
by water movement from this bay to bays downslope are application.
unlikely as the field was “locked up” with no water entering or The trial plots data suggest that in field situations, where the
leaving the field. The benzofenap concentration was found to method of application involves a solid stream of herbicide being
have a significant relationship with total dissolved soligs< poured into a flooded bay either from an airplane or using a
0.3x— 23.4;R?=0.4;n = 37;p < 0.05) and ECY{ = 257.5x Bickley boom or motorbike (SCWIIRT), soil heterogeneity may
— 46.9; R? = 0.5; n = 45; p < 0.05). A relatively higher occur. This could result in some soil being loaded with pesticide
concentration in the latter parameter may occur through evapo-at 3—4 times recommended appplication rates, which may have
concentration. Because it typically takes approximately 1 day implications for sediment toxicity assessment for rice field
to fill a rice bay, a field of 78 bays will take about a week to  ecosystems.
fill and stabilize. Water in bottom bays tends to have the longest  Using the maximum initial concentration of 659m/kg,
residence time between the start and the end of filling. Therefore, dissipating to 13@g/kg over 48 days, the g for benzofenap
evapoconcentration effects tend to be more significant in baysin these rice growing soils was 44 days. This compares with
further away from the water supply as compared with upper previous reports of 38 days in paddy field sal, 0). The
bays (21). surface soil (0—2 cm) concentrations that were determined 4
Dissipation of Benzofenap in Water.The mean maximum  days after application equate to 71.5% of the initial amount of
benzofenap concentration in the water in the trial plots was 14 chemical that was applied. The volume of water that each trial
ug/L (SD = 5.8;n= 4), which dissipated irregularly te 1 ug/L plot contained on the day of application was approximately 5018
after 32 days (Figure 3). Sporadic detections of the chemical L. The concentration of benzofenap in the water 4 days after
of up to 1ug/L recorded for up to 53 days after application application was 3.7:g/L. This represents<1% of the total
may be explained as sampling bias that occurred due to shallowchemical applied. The proportions of chemical determined in
water (16-20 mm depth) at some sampling events. It is possible the soil and water, 4 days after application, suggest that the
that during these times, deposited or sediment-associatedmost dominant fate pathway for benzofenap, in this herbicide,
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is soil association. The nature of this association, whether it is (11) Simpson, B. W.; Haydn, G. FPesticide Usage Study in the

physically adsorbed to soil components or merely deposited on Murrumbidgee Irrigation Area of New South Wal@echnical

the surface within its SC formulation, has not been determined. report; Queensland Department of Natural Resources, Natural
Resources Queensland: Brisbane, Australia, 1999; p 6.

ACKNOWLEDGMENT (12) Mabury, S. A.; Cox, J. S.; Croshy, D. G. Management of
pesticide residues in ricefield tailwatékev. Eniron. Contam.

We are most grateful to the farmers, Glen Andreazza and Gary Toxicol. 1996,147, 71-118.

Barden, who allowed us access to their properties. We thank (13) Tomlin, C. D. S.The Pesticide Manuall2th ed.; The British

the personnel at the CSIRO Land and Water, Griffith Labora- Crop Protection Council: London, United Kingdom, 2000; p

tory, between 2000 and 2004 for developing the project proposal 83.

and technical expertise. Dr. Rai Kookana is acknowledged for (14) Rice Management Guide. Bayer Cropscience Pty Ltd. http://

his help in the design of the trial plots and ongoing interest. www.bayercropscience.com.au/products/resources/brochure/

The steering committee is thanked for its advice and support Rice%20guide%20update.pdf. Accessed 2/11/07.

throughout the project. (15) Willett, I. R. Soils used for rice growing in Australia. Clas-
sification and management of rice-growing soils, 5th International

LITERATURE CITED Soil Management Workshop, Taichung, Taiwan, 1998; FFTC/

ASPAC Ed., pp 1-18.
(1) lkeda, K.; Goh, A. A new pesticide: Benzofenap (YUKAWIDE).  (16) Hornbuckle, J. W.; Christen, E. WRhysical Properties of Soils

Jpn. Pest Infal991,59, 16-18. in the Murrumbidgee and Coleambally Irrigation Are@@SIRO

(2) Wilson, A. L.; Stevens, M. M.; Watts, R. J. Acute and chronic Land and Water Technical Report 17/99; CSIRO Publishing:
toxicity of the he_rblClde ber!zofena_p (Talpa_n 300§Jkuronomus_ Canberra, Australia, 1999,
tepperiSkuse (Diptera: Chironomidae) afakiorella newcombi (17) Korth, W.; Foster, SA Method for the Collection, Preseation

(Adams and Angas) (Gastropoda: PlanorbidAegh. Environ.
Contam.2000,38, 176—181.

(3) Annual Report of the Ricegrowers’ CoopetatiLtd.; SunRice
Ricegrowers’ Cooperative Ltd.: Leeton, NSW, 2003.

(4) Australian Bureau of Statistics (ABS). Agricultural commodities

and Analysis of Agricultural Chemicals (Pesticides) Used in the

Murrumbidgee Irrigation AreaCSIRO Land and Water Techni-

cal Report 1998.11/98; CSIRO Publishing: Canberra, Australia.
(18) Quayle, W. C.; Oliver, D.; Zrna, S. Field dissipation and

Australia 7121.0, 2004—2005; http:/Awww.ausstats.abs.gov.au/ environmental hazard assessment of clomazone, molinate and
ausstats/subscriber.nsf/0/8F58DC9F7662A518CA25719- thiobencarb in Australian rice culturd. Agric. Food Chem.
A00159051/$File/71210_2004-05.pdf. Accessed 13/09/06. 2006,54 (19), 7213—7220.

(5) Australian Bureau of Agricultural Resource Economics (ABARE).  (19) American Public Health Association. Physical and aggregate
In Australian Commodities. Forecasts and Issuéhite, A., properties. InStandard Methods for the Examination of Water
Ed.; ABARE: Canberra, Australia, 2005; Vol. 12, No. 1, p 254. and Wastewaterl18th ed.; Greenberg, A. E., Clesceri, L. S.,
http://www.abareconomics.com/publications_html/ac/ac_05/ Eaton, A. D., Eds.. American Public Health Association:
acO_5_march.pdf. Accessed 13/09/06. o Washington, DC, 1992; pp 2—56.

(6) Whitworth, R. Why are more growers dry sowing rid&mers (20) Doran, G.; Helliwell, S.; Eberbach, P. Extraction of fipronil and
ggy;fgﬁ;h?ggrsrez (I;E'?nf:s'tgi;al zlgggﬁ\r,'ﬁf ngesgoand thiobencarb from anaerobic water samples using solid phase
35, v ! ' ' ' ’ extraction.J. AOAC Int.2005,88, 854—859.

(7) McCaffrey, D.; Taylor, M.; Clampett, W.; Lattimore, M.-A. (21) Scardaci, S. C.; Shannon, M C,; Qrattan, M. C.; Eke, A. U.;
Weed management. IRroduction of Quality Rice in South Roberts, S. R.; Goldman-Smith, S.; Hill, J. E. Water management
Eastern Australia; Kealey, L. M., Clampett, W. S., Eds.; Rural practises can affect salinity in rice field3alifornian Agric.2002,
Industries Research and Development Corp.: ACT, Australia, 56, 184—188.

2000; Chapter 9, pp 6—21. (22) Goring, C. A. I.; Laskowski, D. A.; Hamaker, J. W.; Meikle, R.

(8) Taylor, M. Herbicide resistance management in rica&mers’ W. Principles of pesticide degradation in soil.Environmental
Newsl., Large Ared 998,152, 52-54. Dynamics of Pesticidesaque, R., Freed, V. H., Eds.; Plenum

(9) Centre for International Economic&valuation of the Rice Press: New York and London, 1975; p 136.

Programme—An Assessment obéstment Returns—Stage 2.

Weed Management; Australian Government Rural Industry

Research Development Corp. (RIRDC): Canberra, Australia, Received for review February 6, 2007. Revised manuscript received

2004; Publication No. 04/94, Chapter 6, p 80. April 17, 2007. Accepted April 18, 2007. This research was funded by
(10) Rice Crop Protection Guide (2005/2008)ew South Wales  the CRC for Sustainable Rice Production and CSIRO Land and Water,

Department Primary Industries, Australia. September, 2005, astralia.

Primefact 58; New South Wales Department Primary Indus-

tries: Australia, 2005. JF070333G




