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OBJECTIVESAND EXPERIMENTS CONDUCTED BY LOCATION TO ACCOMPLISH
OBJECTIVES:

Objective I. To investigatethe processegioverningthe fate of penoxsulam(Granite),a new
herbicide,in Californiarice fields. The main researctgoalsfor Objectivel wereto describethe
soil sorptionandvolatility of penoxsulamin typical California rice field condtions.

Objective Il. To investigatethe naturalbiological factorsgoverningthe environmental
movementandfate of pesticidesn California rice fields. Emphasisior 2004 wason describing
the anaerobicdegradatiorof penoxsulam(DE-638) underCaliforniarice field conditions.

Objective Ill. To comparethe potential metabolicactivationand/ordetoxicationof clomazone
(Cerano5 MEG) betweenrice andwatergrassesandto exploit metabolicdifferencesto develop
herbicidesafenersEmphasisfor 2004 wason researctcorrelatingcomparativeplant toxicity to
the metabolicactivation of clomazone(to the toxic metabolite5-ketoclomazone)aswell as
transformationof clomazoneto non-toxic metabolites.

SUMMARY OF 2004 RESEARCH(MAJOR ACCOMPLISHMENTS) BY OBJECTIVE:
OBJECTIVE |
Introduction

Penoxsulam(DE-638; tradenameGranite)is a new herbicidedesignedior postemergence
control of annualgrassessedgesandbroadleafweeds(Robertset al., 2003). Its releases
scheduledor 2005 (Robinson,2003). Penoxsulamis a triazolopyrimidine sulfonamideand
belongsto anherbicidegroupcalled ALS (acetolactatesynthase)nhibitors, which arethoughtto
havelow toxicity to mammals birds, fish, amphibiansor invertebratesandat the sametime
suppres®r sturt weedsat extremelylow dosesHowever,someALS inhibitors havelong
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residualfield activities field andcandamagenon-targetplantsat concentrationssolow they
cannotbe detectedby standardanalytical proceduregWhitcomb, 1999). Dueto its novelty, little
information is availableon the environmentalfate and effectsof penoxsulam.

To predictthe fate of a pesticidein rice field conditions,information is neededon both
partitioning (physicaldistribution betweenair, water,andsoil) anddegradationbreakdown)
processesPesticidepartitioning is controlled by soil sorption(soil-water partitioning) and
volatilization (air-water partitioning). The main degradatiorprocessesire biodegradatiorby
microbesandphotodegradatiorby sunlight. This continuing studyexamineghe role of all these
processesgor the fate of penoxsulamin California rice fields. The projectconsistsof controlled
laboratoryexperimentssimulating California rice field conditions.The experimentsyield the
parametersequiredfor a generalassessmertf the fate and persistenceof penoxsulam.

Soilwater partitioning of penoxsulamwasstudiedby the batchequilibrium method,which is the
standardprocedureto characterizethe soil sorptionof chemicals(e.g.,seeOECD, 2000;
Wauchopeet al., 2002). This methodusessoil-water slurriesto yield sorptionvaluesthat canbe
usedto predict soil-water partitioning undera variety of relevantenvironmentalconditions.To
this end, soil sorptionvaluesfor penoxsulamwere determinedasa function of soil characteristics
(e.g.,organiccarboncontentand pH). Sorptionvaluesallow generalpredictionsaboutsoil
sorptionof achemicalin thefield. FourrepresentativeCalifornia rice field soils wereused:
Sacramentalay, SanJoaquinloam, Stocktonclay adobe,andWillows clay.

As ageneralrule, rice pesticideshavea greatertendencyto volatilize in the Central Valley, with
its hot dry summersthanin growing regionswith coolerclimates.In this study,we assessethe
potentialfor volatilization of penoxsulanby determiningits Henry’s law constant(Ky). Ky is the
air-water partitioning ratio at equilibrium:

K, s_a (dimensionless) 1)

w

wherec, is the concentrationof the pesticidein air asmolesperliter of air andc, is the
concentrationof the pesticidein waterasmolesper liter of water.Ky caneitherbe estimated
basedon a chemical’svaporpressurgP°, Pa)andwatersolubility (S; mol - L™):

PO
KH ? PaL ol y (2)

or it canbe experimentallydetermined We usedthe gaspurgemethod(Mackay et al., 1979),
which is the methodof choicefor experimentaldeterminatiors of Ky (e.g., Ten Hulscheretal.,
1998; Dunnivantetal., 1988).

Methods
Soilwater partitioning by batchequilibration. The soil sorptionpotential of penoxsulamwas

evaluatedon the four soils mostcommonly usedfor rice cultivation in the Sacrament Valley:
SacramentcClay, SanJoaquinLoam, StocktonClay Adobe,andWillows Clay. Soil samples
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were collectedfrom the top 20 cm layer of representativéocationson April 27,2004 (San
JoaquinLoam)andon May 7, 2004 (Sacramentalay, Stocktonclay addoe, Willows clay).
Samplingsiteswere GIS-loggedon August6, 2004. Soils wereovendried (100°C),
disaggregatedavith ahammer,andhomogenizedisinga mortar and pestle.Largerpiecesof plant
materialwereremovedwith forcepsandthe soils weresievedto a particle size< 1.4 mm. The
processedoil samplesverekeptat 5°C in the departmentakold storageroom. The soils were
characterizey the DANR Analytical Laboratoryat UCD.

In brief, the experimentalprocedurewasasfollows. Soil slurrieswere preparedconsistingof
radiolabeledpenoxsulamsolutionsat known concentrationsn 0.01M CaCl, andsoil samplesof
known dry weight. Radiolabeledsolutionsof penoxsulamwere preparedby adding™‘C-
penoxsulam(0.03mg L™~ 4000cpmmL ™) to solutionsof unlabeledpenoxsulam
(0/0.07/0.5/1.2/5mg L ™) in 0.01M CaCb. All experimentalsolutionscontained200mg L™
Hg(I)Cl, asabiocideto inhibit biological degradation.To preventlight exposureand
photodegradationall experimentaltrials were conducedin screwcapped3-mL ambervials (or
50-mL NalgeneOak Ridge Teflon FEPtubeswrappedin aluminumfoil). Before startingatrial,
soils were pre-equilibratedin 0.01M CaClk. Soil/solution ratios were determinedexperimentally
for eachsoil andrangedfrom 1/1 (Willows Clay) to 1/50 (StocktonClay Adobe),with the goal
beingto attain experimentalsoil/solutionratios, wherethe percentagef adsorbedoenoxsulam
wasabove20% andbelow 80% (Wauchopeet al., 2002). After addition of penoxsillam, the
soil/buffer slurrieswere agitatedfor an appropriatetime to achieveequilibrium. All soils wereat
or nearequilibrium after 10 h, asdeterminedin a preliminary experiment.After agitationfor a
sufficient periodto achieveequilibrium, the slurrieswere separatedy centrifugation(5 min at
2,500x g) anda 1 mL aliquot of the aqueougphasewaswithdrawn andtransferredto an 8-mL
liquid scintillation vial containing7 mL of liquid scintillation (LSC) cocktail. **C-penoxsulam
concentrationsvere determinedwith a TRI-CARB Liquid Scintillation Analyzer Model 2000CA
(Packard;DownersGrove,IL). Basedon the measuredadiotracerconcentrationthe soil
adsorptionwasdeterminedby calculatingthe differencebetweenthe amountof testsubstance
initially presentin solution (determinedby measuringcontrols)andthe amountremainingat the
endof the experiment.Controlsconsistedof solutionsof 12 mg L™ unlabeledpenoxsulamand
0.03mg L™ **C-penoxsulamin 0.01M CaCl, and200mg L™ Hg(I1)Cl 2 (no soil). The controls
were subjectedto preciselythe samestepsasthe testsystemsTherewasno evidencefor aloss
of penoxsulamby adsorptionto the tubesor chemicaldegradation.

The experimentalresultswerefitted to the Freundlichequation:

Cs=Kr-cy' (3)
wherecs is the concentrationof penoxsulamadsorbedn soil, ¢, is the concentrationof
penoxsulamin solution, K is the Freundlichadsorptioncoefficient, andn is a constantindicating
the nonlinearity of the adsorptionisotherm The soil-water partition constantKy, the organic
matterwater partition constantk,m, andthe organiccarborrnormalizedsoil-water partition
constantK,c wherederivedfrom equation3 by usingequations4-6:

Ka=Ke-cu™ (4)
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K,, =—& ()

K = o— (6)

Air-water partitioning by gaspurge methodand modelcalculations. The Henry’s law constant
(Ky) describeghe relative escapingendencyof a compoundexisting asvapor moleculesas
opposedo beingdissoledin water (Schwarzenbactet al., 1993). Ky canbe measuredn an
experimentor calculatedbasedon vapor pressureandwater solubility data.

Equation2 wasusedto calculateKy at different pHs. Robertset al. (2003) reportpH-dependent
water solubilities for penoxsulanof 5.7mgL™ atpH 5,410mg L™ atpH 7, and1,460mg L™ at
pH 9; andavaporpressureof 9.5x 10 Paat 25°C.

Wheneverfeasible,a measuredraluefor Ky is preferred,for example,to betteraccountfor the
temperaturedependencyf Ky (Ten Hulscheretal., 1998) Thus,we attemptedio measureKy
experimentallywith the gaspurgemethod(Mackay et al., 1979), which is oneof the methodsof
choicefor the determinationof Ky. In this method,aninert gas(e.g. ultrapurenitrogen)is
bubbledat a known flow ratethrougha solutionwith the chemicalin question,andthe decrease
in the solution phaseconcentrationis monitoredover time. Ky canbe determinedaccordingto

KVRT
Ky —— (7)

wherek is the first-order dissipationrate constant(s™), V is the solution volume (m®), Ris the gas
constant(8.2058x 10" atm - m* - K™ - mol™), T is the temperatureand G is the nitrogenflow
rate(m® - s7).

The customrmadegaspurgeapparatusonsistedof two jacketed,temperaturecontrolled Pyrex®
cylinderscontaining1L of a12 mgL™ penoxsulamsolutionin 0.01M CaCh and200mgL™
Hg(I)Cl,. Glasstubeinsertstippedwith coarselyfritted disks nearthe bottom of the vessel
bubbleda constantitrogenstreamthroughthe solutionfor 48 h ataflow rate of 2000mL min™.
The experimentwasconductedn duplicateat 20°Candat 40°C. At certaintime intervals,1-mL
duplicatesamplesof the aqueoussolution werewithdrawn andtransferredto amber2-mL
autosamplewials. Penoxsulanconcentrationsvere measuredy liquid chromatographytandem
massspectroscopyfLC/MSMS, seebelow).

Biodegradationstudies(in progress).Transformationratesand pathwaysof microbial
degradaibn areevaluatedusingWillows Clay and StocktonClay Adobe. Thesetrials are
conductedusingaerobicwater/soil systemmicrocosmsin PUFplugged60 mL Qorpak™ amber
wide-mouth bottles (All -PaklInc., Bridgeville, PA). The microcosmsaredesignedo simulate
floodedfield conditionswith anaerobicwatercolumnoveranaerobiclayer of field soil thatis
underlainwith ananaerobicgradient(OECD, 2002a)
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Soil samplingsiteshavebeenGIS-loggedon August6, 2004. From eachlocation, soil samples
were collectedfrom the top 20 cm layer of floodedrice fields on August6, 2004, by two
methodsthat allow oxygenfree collection of submergedsoils: 1) aboutl kg of waterloggedsoil
wascollectedin 1-gal Ziplock bags.Before the soil wasadded remainingair wascompletely
releasedfrom the bagsby submergingandopeningthemin therice field waterabovethe soil. 2)
At eachlocation, ten oxygenfree soil sampleswere collectedin 50-mL Nalgenetubes(Corning
Inc., Corning, NY). To avoid exposureof the anaerobicsoils to oxygen the tubeswerefilled
completelywith waterandthenpushedupsidedown into the sedimentat a vertical angleof ca.
45°, To releasewaterfrom the bottom of the samplingtube,a Teflon tube of approximatelyl m
in lengthwasinserted(for easeof usagethe Teflon tube hasa nick ca.15 cm off the endthatis
insertedinto the Nalgenesamplingtube). The soils samplesare kept waterloggedunder
exclusionof oxygenandlight at 5°C.

BeforeaddingXDE-638, a period of acclimationis allowed for the expgimental soil/water
systemsThe period of acclimationis the time neededo reachreasonablestability of the system,
asreflectedby pH, oxygenconcentrationin water,andredox potential(OECD, 2002a) In a
preliminary trial, the length of the period of acclimationwasdeterminedasoneweek.

Dow AgroScienceshasdevelopeda methodfor extractionandanalysisto determine
concentration®f penoxsulamandits metabolitesin waterandsoil samplesby LC/MS/MS
(Robertsetal., 2003). Dow hasgrantedpermissionto usethe existing proprietarymethodandto
adaptit for usein this study; methodadaptationis in progress.The extractionprocedurein brief:
soil samplesaretransferredto 50-mL NalgeneOak Ridge Teflon FEPtubesandcloransulam
methylis addedasa surrogatestandardo monitor extractionprocedurerecoveriesof the
analytes.Subsequentlyan extractionsolution of 90:10acetonitrile/1.0N HCI is addedandthe
centrifugetubesare cappedandshakerfor 2 h on areciprocatirg shakerat 180 rpm. An aliquot
of the extractis evaporatedreconstitutedn 0.1 N HCI, andpurified by solid phaseextraction
(SPE).One-mL water samplesaredirectly appliedto HLB extractioncartridgesfor SPE,after
addingsurrogatestandardFor the SPE,the extractis drawn through30-mg hydrophilic-
lipophilic balancedHLB) extractioncartridges(\WatersCorporation,Milford, MA), mountedon
avacuummanifold. The eluateis evaporatecandreconstitutedn HPLC mobile phasecontaining
5 ng mL™ stabk isotopeinternal standard[C**-PhUL] -DE-638). Initial recoveriesfor
penoxsulamwere81 + 18 % (n = 2) for watersamplesand114 + 14 % (n = 4) for soil samples.

Chemicalanalysiswas performedwith an Agilent Model 1100LC system(PaloAlto, CA) and
anAPI 2000M™MMS/MS (MDS Sciex, SouthSanFrancisco,CA). The columnwasaLuna3 PC-8
(PhenomenexTorrence,CA). The mobile phasewas50:50:0.01acetonitrile:methanol:acetic
acid (phaseA) and100:0.01water:aceticacid (phaseB). For elution of penoxsulan, the
following elution gradientwasusedat a flow rateof 150 R. min™* with atotal run time of 20
min: start(0 min, 30:70phaseA:B); stepl (1 min, 100:0);step2 (8 min, 100:0); step3 (8.1 min,
30:70); step4 (20 min, 30:70). Analysisfor penoxsulan wasperformedin positive ionization
modewith anelectrosprayinterface.The injection temperaturevas450°C. The Q1/Q3
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ions for penoxsulam(*C-)penoxsulamandcloransulammethyl were 484/193,485/195,and
430/230,respectively A separatioranddetectionmethodfor nine degradatiorproductsof
penoxsulam(provided by Dow) is currently beingdeveloped.

Results

Soil-water partitioning. Soil adsorptionisothermsof penoxsulamin four representativeice field
soils of the Sacramentd/alley areshownin Figuresl and2. In all casesh wascloseto 1 (Table
1), indicating that the Freundlichadsorptionisotherms(seeEquation3) could alsobe
approximatedwith linear isotherms.This implies that penoxsulamconcentrationsip to aninitial
aqueousconcentrationof 12 mg L™ did not saturae potential sorptionsitesof the soils. The
recommendedpplicationrate of 40 g ai’/hawould yield field waterconcentrationsvell below
this value (Roberts,2003). Hence the soil-water partitioning of penoxsulancanbe considered
independenbf its initial concentrationat environmentallyrelevantconcentrationsEquation4
canbe simplified to:

Ka™ Ke (8)

K andthe soil-water partitioning constantKy canbe assumedequalfor mostpractical purposes.
Ke valuesfor Willows clay, Sacramentalay, SanJoaquinloam, and Stocktonclay adobewere
0.13,0.33,1.10,and5.00, respectively. Therewasno significant relationshipbetweenthe
organiccarbonandorganicmattercontentsandKg values.Instead therewasa strongcorrelation
betweenthe soil pH andKr or K4 (seeTable 1 andFigure 3). As Figure 3 indicates,soil sorption
increasesasthe pH decreasesKr values< 1 imply weaksorptionandhigh mobility of a
chemicalin soil (OECD, 2000). Hence,penoxsulamcanbe consideredjualitatively mobile in
the neutralWillows clay and Sacramentalay soils. In comparisonthe mobility of penoxsulam
is slightly decreasedh Stocktonclay adobeand SanJoaquinloam, which areacidic soils with
pH valuesof 4.6 and5.3. Desorptionexperimentso determinethe reversibility of soil sorption
in Stocktonclay adobeand SanJoaquinloam arein progressin addition, no-expenseadd-on
studiesare plannedto illuminate further the role of pH andorganicmatterin the adsorptionof
penoxsulanto soil.

Air-water partitioning by gaspurge methodand modelcalculations. Figure 4 showsthe resultof
the gaspurging experiment,which wasan effort to empirically determineKy of penoxsulamand
to examinethe effect of temperatureon its air-water partitioning. As seenin Figure4, no changes
in the aqueousconcentrationof penoxsulamwere observedn any of the expaimentsat the
maximum feasibleflow rateof 1000mL min™. It wasnot possibleto obtainan experimental
valuefor Ky. However,the experimentindicatesthat volatilization from waterto air is a
negligible pathwayfor penoxsulamThis is confirmedby the calculatedvalue of Ky. Using
Equation2, Ky wascalculatedas1.1x 10*2 Pa- L - mol™. Chemicalswith a Ky lesserthan3 x
10° Pa- L - mol™ areconsiderechon-volatile andwill remainin the water after application.

After turning off the gasandterminationof the air/water partitioning experiment,the
penoxsulamsolution, which included Hg(I1)Cl ; asa biocide, waskeptin the light-tight andair-
tight gaspurging vesseland maintainedat a temperatureof 40°C. Periodically, samplesvere
takenover a period of threeweeks.Therewasno significant decreasen the aqueous
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Table 1. Soil sorptionparameterof penoxsulamand propertiesof testsoils.

Freundlich
coefficients
soil collection site Ke n r? K& pH %0OC Ko %OM Kqe
Sacrameto  SchiedelRanch 033 090 100 039 65 133 30 2.25 17
Clay 39°18'41N, 122°10'41W
SanJoaquin MatthewsRanch 1.10 093 100 121 53 050 242 0.86 141
Loam 39°13'09N, 121°32'46W
Stockton  ThompsonRanch 500 099 098 505 46 074 682 1.28 395

Clay Adobe 39°31'22N, 121°55'46W
Willows Maxwell-DennisRanch 0.13 098 1.00 0.14 6.8 1.12 12 1.95 7
Clay 39°18'41N, 122°10'41W

¥4 valueswere calculatedby using equation4 with the datasetsisedfor the Freundlichisotherms.

100

log K,

4.0 4.5 5.0 5.5 6.0 65 7.0
pH

Figure 3. Effect of the soil pH on the Freundlichadsorptioncoefficient of penoxsulam.

concentrationover time (seeFigure5). The lack of degradationndicatesthe chemicalstability
of penoxsulamunderexclusionof light or organisms.

OBJECTIVE |l
Microbial Degradation of Penoxsulam Under Anaerobic Rice Field Conditions

Biodegradationexperimentsarein progressto obtaininformation aboutmicrobial degradation
ratesandtransformationproductsof penoxsulamn floodedfield soils. The studydesignfollows
OECD guidelines(OECD, 2002b), andsomeof the methodsarediscussedn brief above.
Briefly, the experimentalsystemconsistsof microcosmsin 60-mL wide-mouthamberflasks
with a2.5cm layer of field soil floodedwith awaterlayer of 1-5 cm field water. The bottlesare
closedwith afoam plug that allows gasexchangebetweenthe microcosmandthe ambientair.
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Figure 4. Air -water partitioning of penoxsulamudissolvedconcentrationsss. time in the gas
purging experiment.

Figure 5. Chemicalstability of penoxsulamdissolvedconcentrations/s. time in the gaspurging
experimentafter turning off the gasflow.
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This microcosmsystemsimulatesan oxygenatedvater column over an oxygenatedsediment
layerthatis underlainwith a gradientfrom aerobic(oxygenated)}o anoxic (oxygenfree)
conditions, providing for arealistic simulation of mostrice field soil conditions(OECD,
2002a;b) Theresultswill allow estimationof the microbial rate of transformationof penoxsulam
andalsoof the formation anddecline of transformationproductsin thefield.

Influence of Copper and Phosphateon Thiobencarb Degradation
PleaseNote: This studywassupportedorimarily by a KearneyFellowshipto A. Gunasekara.
Introduction

Thiobencarb(S-4-chlorobenzyldiethylthiobcarbamatepr Bolero is a commonherbicideusedin
rice agricultureto control annualgrassessuchasbarnyardgrass(Echinochloaspp)andcertain
broadleafweeds(Reinersetal., 1988). 1t is a highly effective, non-persistentsystemicpre-
emergencédierbicidethatinterfereswith proteinsynthesisandinhibits photosynthesisn weeds
(Tomlin, 1994).Thus, it hasbecomea popularrice herbicidethatis usedin California.

Thiobencarb(TB) is moderatelyinsoluble (30 mg L ™) andmostprevalentin the soil (Ishikawa,
1981). The degradatiorof TB by microbial communitiesin soil is desirable however the
dechlorinationof the compoundin rice fields by microorganismss problematicbecause
dechlorinatedTB, or deschlorothiobencariS-benzyldiethylthiocarbamate)hasbeenfound to
causedwarfing of rice plantswith subsequentossin rice yields. This phenomenons known as
delayedphytotoxicity syndrome(DPS). Studiesby Tatsuyameet al. (1981) andMoon and
Kuwatsuka(1985) determinedthat the productionof deschlorothiobencarDTB) wasa
microbially-mediatedprocessput thesestudieshavenot examinedthe soil propertiesor
microbial inhibitors that may contributeto inhibiting the processof TB dechlorination.

This studyexaminedthe effect of soil conditions(wet anddried soil) on the degradatiorof TB
andthe subsequentormation of DTB, the degradatiorhalf-life for TB in two anaerobiaice field
soils from the Sacramentovalley andthe effectsof copper(Cu*?) andphosphatgPOs*) onthe
dechlorinationand degradatiorof TB.

Methods

Soils. Soils were collectedfrom two separateice farm fields in the Sacramentd/alley. The
farms, Baggett(B) andMathews(M), arelocatedon the westernside of the Sacramento/alley
andhavesoilsthat arecharacterizedasa SanJoaquinSeriesfine mixed thermic Abruptic
Durixeralfs. Both farmshaveexperiencedPS. Forty samplesrom eachfield were collectedin
the summer(2003) from eachfield andhomogenizedn a conventionalblenderundera constant
nitrogenenvironment.The homogenizedsoils were storedat 4°C until used.

Characterization.Soils were characterizedor a numberof chemicalpropertiesby the DANR
Analytical Laboratory;analyticalmethodsandresultsareshownin Table 1. A detailed
descriptionof the methodsof analysiscanbe foundin Schmelzeret al. (2004) or via the DANR
website(http://danranlab.ucdavis.edu
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Table 1. Physicatchemial characteristicof soil B andM.

Soil parameter B M Method

Sand(%) 29 32.6

Silt (%) 45 45.4 Particlesizeanalysis
Clay (%) 26 22

Electric conductivity (dS/m) 0.200 0.406 EC meter

pH 4.80 4.94 pH meter
Organicmatter(%) 2.34 2.21 Walkley-Black
Carbon(%) 1.60 1.43

Nitrogen (%) 0.10 0.13 Carlo ErbaCombustion
NH4 -N (mg/kg) 23.1 204

NO3-N (mg/kg) <0.1 3.18

Total Mn (mg/kg) 421.4 547.2

Total Cu (mg/kg) 67.8 38.2 Microwave digestionfollowed by
Total Zn (mg/kg) 73.4 66.4 AAS andICP-AES
Total Fe (g/kg) 28.7 21.9

Total S (mg/kg) 27.2 32.34 ICP-AES
Exchangeabld®Oy-P (mg/kg)  5.55 3.75 Bray

Exchangeabl& (mg/kg) 88 72.6

ExchangeabléNa (mg/kg) 27 44.2 Equilibrium extractionfollowed by
Exchangeabl€Ca(meqg/100g) 7.5 6.3 AES

ExchangeableMg (meq/100g) 4.4 3.5

Microcosms. Approximately 6 g wet soil (water content~ 53%) and 10 mL of untreatedwell
water (PlacerCounty, CA) were placedin clear 60 mL serumbottleswhich were sealedundera
nitrogen environmentwith butyl stoppes and aluminum crimp caps (Wheaton, Millville, NJ).
The serumbottles were placedin a temperaturecontrolled oven (30°C) in the dark to prevent
photolysisof the herbicide. The microcosmswere allowed to incubatefor 7 d prior to addition of
97 HMnol analytical grade TB to any of the treatments;copper hydroxide (Cu(OH),), copper
sulfate (CuSQy), and phosphate (POs*) Low copper (CU?") treatments involved adding
approximately12.53 Fnol of CuSQ, and 24.83 Bnol of Cu(OH), to the vials at the sametime
TB was added.Approximately 0.626 and 1.24 mmol of CuSQ, and Cu(OH), was addedto the
vials as the high copper treatments, respectively, and the PO;> amended microcosms (as
KH2PQ;) involved adding 21 mmol of PO,” to the vials after the initial 7-d incubation period.
All microcosmexperimentswere run in triplicate (n = 3 at eachsampling point) including the

controlsthathad TB in flooded, but autoclaved soil.

Extraction and organic compoundsampling.TB andDTB wereextractedusinga
methanol/hexae solventextractionprocedure Prior to extraction,approximately21 Bnol of
molinate (SyngentaRichmond,CA) were addedto eachmicrocosm.The extractionprocedure
involved adding4 mL of methanolto the serumbottle which wasvortexedbriefly andshalenfor
10 min. Then,3 mL of hexanewereaddedto the bottle, which wasvortexed,shakenand
centrifugedat 1000x g for 10 min. The supernatantvascollectedand sampleswere extracted
twice morewith 4 mL hexane.The supernatanfrom eachhexaneextracion waspooledand
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Concentration (%)

Time (days)
Figure 1. Percentdegradatiorof thiobencarb(97 Fnol) usingnon-sterile dried (?) and
permanentlywet (?) soil M andthe subsequentormation of deschlorothiobencaridried = |,
permanentlywet = ?). The sterilewet (?) anddried (?) soils showinsignificant lossof
thiobencarboverthe 35 d samplingperiod. The solid lines showthe logistic degradatiorand
formation for thiobencarbanddeschlorothiobencarin the permanentlywet soil, respectively.

concentratedo 5 mL undernitrogengas.Analysis wasconductedvia GC-MS usingmethods
establishedoreviously in our laboratoryfor TB andDTB.

Statistics.The ty, valuesreportedin this studywere calculatedusinga logistic regressiormodel.
Table 2 showsthatthe logistic modelfits the dataadequately(r>>0.841).Microsoft Excel 2002
and Sigmaplot2000 (version6.0) graphingsoftwarewere usedto fit the datato the logistic
model. Statisticalanalysissoftware(SAS Version 8) wasusedto determineif the slopesof the
logistic fit curveswere statistically similar or different.

Resultsand Discussion

Thiobencarb dechlorination in soils. Fig. 1 shows the degradationof TB and subsequent
formation of DTB in flooded non-sterile and sterile microcosmsfor soil M. The degradationof
TB did not occur in the sterile soils, while in the nonsterile soils degradationdid occur with
subsequentormation of DTB. Fig. 1 also showsthat continuouslywet soil (anaerobic)had TB
degradationand DTB formation patternssimilar to the soils that had beendried, during storage
(aerobic), before use in the flooded microcosms(Table 2). The dataindicate that althoughthe
soil wasdried, a 7-d incubationtime was sufficient for the dry soils to becomeanoxicin flooded
conditions and provide a suitable environment for the revitalization of microbes capable of
dechlorinatng TB. Similar TB degradatiortrendswere observedor B soils.

Thiobencarbhalf-life. An importantparametethat canbe determinedfrom the microbial
degradatiorof TB overtime is thety, of the compound.The logistic fit t, resultsfor TB in the
non-sterile andlow concentrationcopperamendmentsrepresentedn Table 2. The calculated
TB ty, valuesfor the coppertreatedM soils werewithin £2 d (12.76-16.83d) of the untreated
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Table 2. Thiobencarbdegradatiorwith time andcalculatedhalf-life (t.,) valuesfor thiobencarb
in M andB soils.

2

Soil Treatment Thiobencarbremaining (%) ty, r
Dayl0 Dayl5 Day2l1 Day30 (d)
M NS* 94 60 8 5 1431 0.841
M (dry) NS* 96 68 38 5 16.83 0.852
M CuSQ at12.53 Rnol 71 42 8 - 12.76  0.987
M Cu(OH) at24.83 Fnol 74 68 11 - 14.16 0.882
B NS* 67 10 10 5 10.88 0.848
B CuSO4at 12.53 Rnol 31 11 4 - 11.39 0.947
B Cu(OH), at24.83 Rmol 26 12 8 - 10.20 0.911
* Non-sterile

nonsterilewet M soil (14.31d). Comparisonsaamongthe M soils showedthat the shortest t,, was
observedor microcosmshaving CuSQ, asatreatmentat a concentrationof 12.53 Fnol. Thetys
for TB in B soilswereshorter,in generalwhencomparedo the M soils althoughthe two soils
do not vary greatlyin physicalchemicalproperties(Table 1). Thety, valuesfor the copper
amended soils weresimilar to the non-sterile untreatedsoils. In both soils, the majority of TB
wasdegradedvithin 30 d. Pleasenote the low copper concentrations usedin this study were
five times more than the field-applied rate (4 fl oza.i. Cu/100 Ibs seed).It is expectedthat
application of copper to rice fields at theselow rates will not inhibit the formation of DTB.

Effectof high copperand phosphateconcentrationson the dechlorination of thiobencarb.

Since the low concentrationcoppertreatmentsdid not inhibit the microbesresponsiblefor the
dechlorinationof TB, we examinedthe effect of high copperconcentrationson this processFig.
2 and3 showthe degradatiorof TB in sterileM andB soils treatedwith high copper
concentrationsThe addition of high levels of copper(0.626and1.24 mmol of CuSQ, and
Cu(OHY),, respectively)to the M andB soil microcosmsrevealedcontrastingresultsto that
observedor thelow concentrationtreatment.Thelossof TB in the microcosmswith high
copperconcentrationgloselyfollowed the degradatiorpatternof the sterile controlsin which no
DTB formation wasobservedAt 30 d, therewasno DTB foundin the non-sterile high copper
concentrationmicrocosms.

The effects of PO;* (21 mmol) on the degradatiorof TB over 22 d arepresentedn Fig. 2 and3.
The PQ,#-amendedmnicrocosmshad TB lossof 22 and37%in M andB soils, respectively.
However,no DTB wasformedwithin 22 dayswhich wassufficient time for the dechlainated
chemicalspecieso becomeobservablgFig. 1). Pleasenote the phosphorus usedin this study
(asphosphate)correspondsto and application rate of 19 Ibs/acre phosphorus or
approximately 43 Ibs/acre P,Os. At this rate, it is expectedthat TB dechlorination, and
subsequentformation of the toxic deschlorothiobencarb, will be inhibited.

StatisticalanalysegTable 3) of the logistic degradatiorcurvesshowedthatthe low
concentrationcoppertreatedmicrocosmswere not significantly different from (P>0.05)non
sterile untreatedmicrocosmfor M andB soils. The high copperand PO,* concentrationsvere
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Table 3. Statisticalanalysisof the logistic decayslopesbetweenthe treatmentsandnon-sterile
(NS) M andB soils. The significancevalues(a andb) aregroupsin which the slopesof the
logistic regressiorarenot significantly different.

Soil Treatment P value Significance
M NS* - a
M (dry) NS* 0.4129 a
M CuSQ, at12.53 Fnol 0.6983 a
M Cu(OH), at24.83 fnol  0.6260 a
M CuSQ, at0.626 mmol 0.0002 b
M Cu(OH) at1.24mmol  0.0002 b
M PO, at21 mmol 0.0015 b
B NS* - a
B CuSO4at 12.53 ol 0.7801 a
B Cu(OH), at24.83 ol  0.9164 a
B CuSQ, at0.626 mmol 0.0174 b
B Cu(OH)z at1.24mmol  0.0261 b
B PO, at 21 mmol 0.0027 b
* Non-sterile

significantly different from the non-sterile untreatedB andM soils. Degradationof the low
concentrationcopperandnon-sterile M soils did not vary significantly.

Theresultsshowthat TB dechlorinationoccursreadily in Sacramentd/alley rice soils within 30
d; the processs mainly driven by anaerobiamicrobes(Fig. 1). The subsequentormation of
DTB, which is toxic to rice plants(Palumboet al., 2004),wasalsoevidentin a shorttime period
(within 15d). Additionally, wet anddry cyclesof the soil, presentduring the growing seasorand
harvestrespectivelydid notinhibit the microbesresponsiblefor the dechlorinationof TB. This
indicatesthat the microbial populationsrespasiblefor the dechlorinationof TB in rice field
soils are capableof surviving throughaerobicdry soil conditions,possiblyby sporeformation.
Sporeforming obligateanaerobesglosely resemblingthe gram-positive Clostridial bacterial
grouphavebeenidentified in rice field soils (Akasakaet al., 2003).

Thety, calculationsrevealedthat TB dechlorinationoccursin a shortperiod of time under
anaerobiaice field soil conditions.Theseresultsarein strongcontrastto earlier studiesthat
showedTB wasvery persistentin soils; ty, valuesof >200d (Walker etal., 1988). The findings
may haveimportantimplications whenconsideringtherole of TB in rice fields becausat may
betransformedto the dechlorinatedcompoundin a shortperiod of time asobservedin this study.
For instance the California Departmentof PesticideRegulationsrequirerice waterholding times
of 30d to allow for the sorptionanddissipationof rice herbicidesin the flooded water. This
studyshowsthat this time periodis adeqiatewhen consideringthe dissipationof TB.

The amendmenbf 0.626and1.24 mmol CuSQ, and Cu(OH),, respectively,ascupric copper
(Cu' to the microcosmsresultedin no significant different betweenthe dechlorinationof TB in
testsoilsvs. sterile soil. Thus,the dechlorinationof TB washaltedin the presenceof high copper
additionsandindicatesthat the high copperconcentrationsnhibited the microbesresponsiblefor
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forming DTB. The addition of low copperconcentrationg12.53 Fnol CuSQ, and24.83 Fnol
Cu(OH),, asCU?") to the two soils did not inhibit the dechlorinationof TB. This wasexpected
sincethe backgroundcopperconcentrationwassignificantly higherthanthe applied
concentration(38 to 68 mg/kg). The high soil backgroundconcentraton of coppercould have
resultedfrom pastuseof Kocide-soakedrice seedskocide (Griffen L.L.C., Valdosta,GA),
whoseactive ingredientis Cu(OH),, hasbeenhistorically usedasarice seedfungicide.

The PO;* microcosmresultsshoweda similar trendto that observedn the high copper
concentrationswith no dechlorinationproducedover 21 d. However, TB degradationdid occur
in the presenceof PQ,? over 30 d; 55 and40% TB degradatiorfor B andM soils respectively.
No DTB wasfound in the microcosns with PQ;* eventhougha considerableamountof TB was
degradedThe resultsin this studyareconsistentwith previouswork that showedthat microbial
activity waspositively correlatedwith PO4* concentration(Moon and Kuwatsuka,1985).

In conclusim, this studyhasshownthatthe dechlorinationof TB in California rice field soilsis a
microbially-mediatedprocess.The microbespresentareableto survive wet/dry cyclesandare
resistantto low copperconcentrationsaswell ascapableof adaptingto high background
elementalconcentrationgcopper).The dechlorinationcanbe controlled using high copperor
nutrient concentrationsSlight variationsin the soil physicalchemicalpropertiesdo not seento
affect the microbial populationsresponsiblefor the dechlorinationof TB.

OBJECTIVE |II.
Introduction

Studiesof metabolism,comparativetoxicity, and potential safenerof clomazone(active
ingredientin Commandand Cerrano)in rice andearly watergrassare nearly completed.These
two plantsshowed the largestdifferencein sensitivity to clomazonen aprior study (TenBrook
and Tjeerdema2004). Sensitivity differencesarelikely dueto differential activation of
clomazoneto the toxic 5-ketoclomazoneandsubsequentietoxification. A studyby Culpepperet
al. (2001) showedthat disulfoton and phorate known P450inhibitors, protectedcottonfrom
clomazonetoxicity asmeasurecy growth.

Our studieswere designedo determinedifferencesin uptakeanddetoxification of clomazonein
rice andwatergrassesandto explorethe effectsof pesticideson the toxic action of clomazone.
Differential uptakeanddetoxification were studiedby exposingplantsto *“C-labeled clomazone.
Metaboliteswere extractedandtentativelyidentified usingHPLC in combinationwith liquid
scintillation counting(LSC). To studythe effectsof herbicide/pesticidecombinationsplantswere
exposedo clomazonealone(and)in combinationwith disulfoton (active ingredientof
DiSyston), piperonyl butoxide (PBO), anddemetonSDisulfoton and PBO areknown P450
inhibitors, while demetonSs a P450activatedmetaboliteof disulfoton which is anesterase
inhibitor. Toxic effectsweremeasuredy freshweightand Ecarotendevels.

Methods

Study1. Rice andearly watergrassvere hydroponically exposedin closedsystemsto *“C-
labelledclomazoneat 0.05mg/L for 7 d. Radioactiveresiduesn solutionaswell asvolatile
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residueg(including CO;) werecollectedandquantifiedto provide a massbalancefor clomazone
in the system.

Non-polar metaboliteswere extractedwith hexanewhile polar metaboliteswere extractedwith
90:10acetone:waterExtractswereanalyzedoy HPLC in combinationwith LSC. Two different
HPLC column/solventsystemswere usedto confirm the identity of elutedcompoundsbasedon
retentiontimes of analytical standards.

Oneof the mostcommondetoxification pathwaysin plantsis glucoseconjugation.To determine
the extentof this reaction,polar extractswerefurther treatedwith ED-glucosidas€o remove
glucose moietiesandthenHPLC analysesvererepeated.

Study2. Rice andearly watergrassvere hydroponicallyexposedjn closedsystemsfor 4 d to
variousconcentration®f clomazonein combinationwith oneor more concentrationof
disulfoton (0.1and0.5mg L ™), PBO (1.8 and 7.0 mg L™*) anddemeton§0.5 mg L ™). Effects
were measuredy analysisof freshweight and Ecarotendevels.

Resultsand Discussion
Studyl.

Table 1 showsthat early watergrass absorbed more clomazone,by weight, than rice. This
result can provide someexplanation for the greater sensitivity of early watergrassto
clomazonecompared to rice. Thisis in contrastto studieswhich found no differential uptake
betweencorn, soybeansmoothpigweed,andvelvetleaf(Leibl andNorman,1991), soybearand
velvetleaf(Weimerat al., 1992),andtomatoandbell pepper(WestonandBarrett,1989).

Table 2 showsthe massbalancefor clomazone.The percentagef appliedclomazoneabsorbed
is very small, likely dueto the closedexposuresystem.Clomazoneis very water solubleand
henceabsorbedsia the apoplastsystem. In a closedsystem the vaporpressuren the headspace
reducesapoplastictransport.For both speciesmore clomazonewastakenup thanwas
volatilized or mineralized.

Table 1. Differential absorptionof clomazonen rice andearly watergrass.

Uptake total (nmol) Uptake by weight (nmol/g)

Replicate Rice EWG Rice EWG
1 8.87 4.02 1.98 3.41

2 6.47 3.99 1.73 3.39

3 8.00 6.13 1.81 5.47

4 7.36 4.99 1.65 4.44

Mean 7.68 4.78 1.79 4.18

se 0.51 0.51 0.07 0.50

p 0.02 0.02




Table 2. Massbalancefor 1“C-labeledclomazone.
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Rice uCi se n % total *C
Solution 2.19 0.03 3 86.1
Volatilized 0.005 0.00 4 0.2
CO; 0.04 0.01 4 1.5
Plant (extracted) 0.14 0.01 4 54
Unextracted/lost in extraction 0.17 6.8
Total 2.54 0.03 4 100.00
EWGS uCi se n %
Solution 2.41 0.04 4 92.5
Volatilized 0.006 0.001 4 0.2
CO; 0.05 0.003 4 1.9
Plant (extracted) 0.09 0.009 4 3.3
Unextracted/lost in extraction 0.05 2.1
Total 2.61 0.01 4 100.00

Fig. 1 comparegmetabolismof clomazonein rice andwatergrassesCompoundswith retention
times (RTs) matchingthoseof analytical standardsareidentified but havenot beenconfirmed.
Early watergrassnetabolizedthe absorbedclomazonemore extensivelythandid rice. This level
of metabolismcanalsohelp explain differential sensitivity sinceclomazonehasto be activated
to thetoxic 5-ketoclomazoneThe P450enzymeswhich arelikely responsiblefor this activation

arealsoimportantdetoxifying oxidation reactions.
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Figure 1. Chromatogramof clomazoneandmetabolitesin rice andearly watergrasEWG). .
4’ 5-dihydroxy clomozone;ll: 2-chlorobenzoicacid; lll: Ring-openreductiveproduct;lV: 3’-
hydroxy clomozone;V: 5-hydroxy clomozone;VI: 5’-hydroxy clomozone;VIl: clomazone;VII:
5-ketoclomazone.
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Figure 2. Chromatogramshowingpolar clomazonemetabolitesbefore(+ glu) andafter (-glu)
treatmentwith ED-glucosidasean rice (top) andearly watergrasgbottom).I: 4’,5-dihydroxy
clomozone;ll: 2-chlorobenzoicacid; lll: Ring-openreductiveproduct;1V: 3’-hydroxy
clomozone;V: 5-hydroxy clomozone;VI: 5’-hydroxy clomozone;VIIl: clomazoneVIl: 5-
ketoclomazone.

Many unknowncompoundswverefound, particularly in early watergrassTo try to identify these
compoundspolar extractsweretreatedwith ED-glucosidasdo cleaveglucoseconjugated
metabolites Resultsareshownin Fig. 2. For both speciespeaksthat were presentoefore
glucosidasdreatmentdisappearedwhile new peaksappearedFor both speciesthe largestnew
peakselutedwith the hydroxy clomazonestandardsindicating that clomazonehadundergonea
two-stepdetoxification of hydroxylation, followed by glycosylation.Furtherconfirmatorywork
is plannedwith adifferent HPLC methodthat usesanHPLC column.

Study2

Figure 3 showsdoseresponsecurvesfor rice andearly watergrasexposedo clomazonealone
andin combinationwith disufoton, PBO or demetonS Statisticalsignificanceof theseresults
hasnot yet beendetermined but somecommentscanbe made.As wasexpected clomazonedid
not affectrice growth at any concentratiorandhada stimulatory effect below 0.3 mg L ™. PBO at
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Figure 3. Doseresponseurvesfor rice andearly watergrasexposedo clomazone(?),
clomazone/disulfoton(?),clomazone/PBQ? )or clomazone/demeton® ).Effect of different
pesticideconcentrationsand combinationson rice growth (a andb), early watergrasgrowth (c
andd), and Ecarotendevelsin rice (e andf), andearly watergrasgg andh).

7.0mg L™ hada strongnegativeeffect on growth. With respecto Ecarotendevels,0.1mgL™
disulfoton hada slight protectiveeffectasdid PBOat 1.8 mg L ™. Higherlevelsof disulfoton and
PBOdid not alter clomazone’seffecton Ecarotendevels. DemetonSnegativelyaffected
growth, but hadno effecton Ecarotenen rice.

Disulfoton at0.1 and0.5 mg L™ hada protectiveeffect on early watergrasgrowth, whil e
demetonShadno effect. PBO negativelyaffectedgrowth of early watergrassat both 1.8 and7.0
mg L. Noneof the pesticidesaffectedthe Ecarotenedoseresponseurvesfor early watergrass.
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Conclusions

Thesestudieswere designedo provide someunderstandingof the mechanismsf differential
sensitivity to clomazonewhich hasbeenobservedbetweenrice andearly watergrassDifferences
havebeenfound betweenrice andearly watergrassn their abilities to absorbandmetabolize
clomazonewith early watergrassaabsorbingmore andmetabolizingit to a greaterextent.

Somesmall safeningeffectshavebeenobservedor clomazonein combinationwith low levels
of disulfotonandPBO. To help understandinghe resultsof this study,the datawill beintegrated
with greenhousetudiesof similar herbicide/pesticidecombinations.
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CONCISEGENERAL SUMMARY OF CURRENT YEAR'S RESULTS:

1. We usedthe batchequilibrium methodto determinesorptionvaluesof penoxsulamn
four representativeice field soils from the Sacramentd/alley. The soil sorption(Kg)
valuesaresmallestin Willows clay (pH = 6.8) and Sacramentalay (pH = 6.5) with
meanvaluesof 0.14and0.39.Kq values< 1 indicate that penoxsulams qualitatively
mobile andthereis no significantretentionin soil. In comparisonKq4 valueswere higher
in SanJoaquinloam (pH = 5.3) and Stocktonclay adobe(pH = 4.6), with meanvaluesof
1.16and5.00. Theseindicatethat sorptionincreasesslightly assoil pH decreasedn
summary, our soil sorption results indicate that penoxsulamwill be highly mobile in
water and not significantly retained in rice field soils.

2. We attemptedio measurehe Henry’s law constant(Ky) of penoxsulamThe Ky is used
to evaluatea chemical’'spropensityto volatilize from field waterto air. We employeda
gaspurgingexperiment,which is a stateof-the-art methodfor measuringku. Aqueous
solutionsof penoxsulamwere continuouslybubbledwith nitrogenoveraperiodof 48 h
at20°Candat40°C. Evenat the highertemperatureyigorousgaspurgingdid not result
in any measurablalecreaseof the penoxsulanconcentrationin solution. Therefore, it
wasnot possibleto determinean experimentalvaluefor Ky. The calculated Ky of
penoxsulamis extremely low at 1.1x 10*?Pa - L - mol™. Chemicalswith a Ky < 3 x
10° Pa- L - mol™ are considered non-volatile.

3. In summarytheresultsfor Objectivel indicatethat penoxsulanmsorbsonly weakly to
field soilsandhaslittle tendencyto volatilize from field water.Hence, soil sorption and
volatilization havelittle impact on the dissipation of penoxsulamfrom rice fields.
Basedon thesefindings and preliminary results from degradation studies,
photodegradation by sunlight and biodegradation by microorganisms are expected
to control the dissipation of penoxsulamfrom SacramentoValley rice fields.

4. For Objectivell, studiesof the microbial degradatiorof penoxsulamare currentlyin
progressWith thiobencarb, it wasfound that phosphateapplication at currently
acceptablefield rates could both enhancethiobencarb degradation and inhibit the
formation of deschlorothiobencarb, which would inhibit the occurrence of delayed
phytotoxicity syndrome. Copperaddition wasa lesseffective or acceptableneansfor
reducingdeschlorothiobencariproduction.
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5. For Objectivelll, it wasfound that early watergrasgpossessea well-developed
capability for metabolizingclomazoneto potentially lesstoxic metabolites Neitherrice
nor early watergrassappearto producemeasurableamountsof the putativetoxic agent,5-
ketoclomazoneEarly watergrass is capable of absorbing clomazoneat almost twice
the rate asrice, possibly explaining the differential sensitivity towards the
watergrass.

6. Experimentsto elucidatetherole of safenersn improving the effectivenesf clomazone
(in Collaborationwith Albert Fischer)areunderwayandshouldbe completedby the
summerof 2005.
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