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OBJECTIVES AND EXPERIMENTS CONDUCTED BY LOCATION TO
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Objective I. To investigatehe naturalfactorsgoverningthe dissipationof pesticidesn
Californiarice fields. Emphasidor 2007wasto completethe characterizatiomf the
volatilizationandsoil sorptionof etofenprox- bothunderCaliforniaricefield conditions.

Objective Il. To investigatehe naturalfactorsgoverningthe dissipationof pesticidesn
Californiarice fields. Emphasidor 2007wasto completecharacterizatiomf the soil sorption
(via organiccarbon)of clomazongCeranos MEG) underCaliforniarice field soils.

SUMMARY OF 2007TRESEARCH (MAJOR ACCOMPLISHMENTS) BY OBJECTIVE:
OBJECTIVE |
Introduction

Etofenproxis a syntheticetherpyrethroidof currentinterestto Californiarice farmersdueto its
effectivenessagainsthe rice waterweevil. This compounds notyetregisteredn Californiafor
useonrice butit is currentlyusedin SpainandJapartor rice culture.(FAO, 1993)Etofenproxis
of environmentalnterestbecauset belongsto the pyrethroidclassof compounds(Udagawa,
1988)Etofenproxbelongsto the etherclassof pyrethroidinsecticidespnamedfrom the novel
etherlinkagein the structure Currentlyusedpyrethroidsbelongto the carboxylesterpyrethroid
group,asalsodefinedby the presencef this functonal groupin the structure Thesecompounds
areincreasingn usagesincetheyareseenasreplacement$or the organophosphorusdassof
pesticides(Orosetal., 2005) The OP pesticidesareassociatedvith mammaliantoxicity whereas
pyrethroidsareas®ciatedwith low mammaliartoxicity. (Parketal., 2004) Despitethis
advantagef pyrethroidusageover OP usaggtoxicity concerns)pyrethroidsarenot without
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Table 1. Estimatedphysicalandchemicalpropertiedor etofenproxat differenttemperatures.

ETOFENPROX PHYSICAL/CHEMICAL ESTIMATED MANUFACTURER
PROPERTY VALUE REPORTED VALUE
BOILING POINT 461°C NA
VAPOR PRESSURE(Pa)
5°C 4.48E09
15°C 1.11E08
20°C 1.71E08
25°C 2.58E08 8.13X107(exp)
35°C 5.64E08
40°C 8.16E08
AQUEOUS SOLUBILITY (mg/L)
5°C 0.275
15°C 0.357
20°C 0.405 0.0225(exp)
25°C 0.457
35°C 0.575
40°C 0.641
HENRY’S CONSTANT (Pa-nt/mol)
5°C 1.80E05
15°C 1.80E05
20°C 1.80E05 1.36E02
25°C 1.80E05
35°C 1.80E05
40°C 1.80E05

NA —nat applicable.
exp— experimentallydeterminedy Mitsui Chemicals)nc.

adverseaffects.Pyrethroidsin generalareveryinsolublein waterandthusarepredisposedo
partitioninto organiccomponent®f soil.

Thephysicalchemicalpropertiesof a compounddictateits fateandtransportin theenvironment.
Two mechanismsareof primaryimportancevhenconsideringhe abiotic dissipationof the
pesticideetofenproxfrom rice fields: 1) chemodynami¢ranspor{movemenbf the compound
via air-waterparttioning and/orsoil-waterpartitioning,and2) degradatior{destructiorof the
compoundvia reactiongnediatedby eithersunlightor microbes).Thefirst parameteincludes
the potentialvolatility of thecompoundpr morespecifically,the Henry’slaw constantfor
etofenproxsinceair-waterpartitioningof anychemicalis dependentn bothits watersolubility
andits vaporpressureasmeasuredy the Henry’sconstan{Schwartzenbacht al., 2003).
Anotherimportantabioticfactorthatcangreatlyaffectfield dissipationof a pesticides its soil-
waterpartitioning,whichis representativef boththe soil sorptionanddesorptiorprocessesA
high degreeof soil sorptioncancontributesignificantlyto pesticidedissipationfrom field water;
however,jt mayalsolimit the bioavailability of the pesticide thuspotentiallylimiting anagent’s
effectivenessln addition,soil sorptionmayreducea pesticide’savailability for degradatiorvia
abioticor biotic meansthuscontributingto its persistencén the environment.
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This studyaimsto describethe partitioningof etofenproxundersimulatedrice field conditions
by determinatiorof the Henry’slaw constan{H, asanestimateof volatilization),the soil-water
distributioncoefficient(Ky), andthe organiccarbornormalizeddistributioncoefficient(Koc) —
all atrepresentativéemperatures.

Materialsand Methods

Chemicalsandsoils. Etofenproxwassuppliedby Mitsui Co. Stocksolutionsof etofenproxwere
preparedn acetoneandusedto prepareaqueais samplesSoilswerecollectedfrom two separate
rice fieldsin the Sacramentwalley, CA. Thefirst wascollectedin PrincetonCalifornia,onthe
westsideof the Sacramentealley, whereaghe secondsoil wascollectedin Richvale,
California,ontheeastsideof thevalley. Severakilogramsof soil werecollectedrandomlyfrom
the 0-10 cm layerof eachfield. The soilswereair dried,groundto passthrougha 2-mm sieve,
furthergroundto a powderfor sorptionisothermsn thelab, andthenstoreduntil used.

Volatilization. The Henry’slaw constan{H) canbe calculatedoy dividing the vaporpressuref
acompoundy its agueousolubility at a giventemperaturelf datais notavailableat the
temperaturef interest,it canbe estimatedusingthe chemicalstructure .To estimatevapor
pressurat varioustemperatureghe boiling point mustalsobe estimatedThe group
contributionmethoddescribedyy SteinandBrown, 1979,wasusedto find the boiling point of
etofenproxandsubsequentlysedto find vaporpressurgangingfrom 5 — 40°C,while the
KistiakowskyFishtineequationwasusedto solvefor vaporpressureasdescribedy
Schwartzenbachtal.,2003:

In P* (bar)= - K¢ (4.4+ InTp, [(1.8(Ty/T-1)-0.8In(Ty/T)]

Theaqgueousolubility of etoferprox at differenttemperaturesvasestimatecbasedon the
AQUAFAC groupcontributionmethoddescribedy Myrdal etal., 1995.

Soil characterization Soilswerecharacterizedor a numberof chemicalpropertiesdy the
Division of AgricultureandNaturalResource$DANR) Analytical Laboratoryat the University
of California(Davis,CA). Resultsareshownin Tablel. Descriptionof the methodof analysis
canbefoundin Schmelzeetal., 2005,0r the DANR website(http://danranlab.ucdavis.edu

Soilwaterpartitioning. All sorptionisothermswvererun similar to the batchequilibration
techniquedescribedby Zhouetal., 1995excepton alargerscale Briefly, 150mL glassserum
bottleswereusedfor sorptionstudies.The backgroundsolutionconsistedf 0.02M NaHCG; in
HPLCwaterwith 200mg/L sodiumazideasa biocide.Initial aqueougtofenproxconcentrations
rangedrom 5— 15 ug/L. Initial solventconcentratiordid not exceed).06%v/v uponadditionof
etdenprox.The quantityof sorbentwasadjustedo maintainsorptionof individual pyrethroids
to betweenl5 and85%. The soil to solutionratio was1:1250in orderto maintainameasurable
agueousoncentratiorat equilibrium (Fig. 1). Initial kinetic studiesshowedsorptionequilibrium
wasachievedwithin 72 h (Fig. 2). All samplesincludingthe controls(no sorbent)wererunin
triplicate. Etofenproxrecoveryin controlsamplesangedrom 77% 124%of initial massapplied
overcourseof experimentAfter mixing at 25°C,bottleswerecentrifugedat 1000x g for 20 min,



PROJECTNO. RP-5

Table 2. Soil Propertieof the PrincetonandRichvaleSoils (0-10 cm depth)

Soil property Soll
Princeton Richvale

Sand(%) 14 23

Silt (%) 49 26

Clay (%) 37 51
Organicmatter(%) 3.10 2.18
Total availablenitrogen( ra/g) 0.175 0.142

Nitrate (NO3) nitrogen( rg/g) 8.6 0.3
Exchangeabl& ( rg/g) 157 178

Exchangeabl& (SOy’; mg/g) 23 41

Phosphoru¢ rg/g) 6.2 2.4

followed by transferof supernatanto pre-weighedextractionbottles.Sincesoil concentrations
weredeterminedoy the differencein initial aqueougoncentratiorandthe equilibriumaqueous
concentrationit wascrucialto determineamountof massadsorbedo containerwalls.
Pyrethroidsorptionto glasswardasbesn shownto be significantandcannot beignored(Zhou
etal., 1995)As aresult,serumbottleswererinsedwith solventandanalyzedunderthe same
conditionsasaqueougxtracts As aresult,the actualmassboundto the soil canbe calculated
andusedto generateheisotherm.To investigatethe effectof temperaturen partitioning,the
Princetonsoil wasusedto generateanisothermat 35°Candcomparedo the Princetonisotherm
at25°C.

To investigatedesorptiorof etofenproxfrom the representativece soils, triplicate isotherm
samplesverepreparedandallowedto equilibratefor 72 hours.The samplesverethen
centrifugedandthe supernatantlecantedA measure@mountof cleanbackgroundolutionwas
addedo replacethe discardedsupernatanfThe samplesverethenallowedto equilibratefor
another72 hoursat which time the samplesvereprocesse@sdescribedreviously. Themass
desorbedrom the soil wascalculatedbasedon the percentmassin theaqueougphaseafter
correctionfor massremaning in waterfrom theincompletedecant.

Extractionandanalysis.To eachwatersample 5 uL of internalstandarddicyclohexylphthalate)
wasadded Extractionbeginsby adding5 g NaCland1 mL acetondo watersamplesandthen
mixing until the saltdissolvesHexane(20 mL) is used3 timesto extractetofenproxrom the
water,afterwhich the hexandayersaredriedwith sodiumsulfate,combinedandevaporatedo
250 L undernitrogengasbeforeanalysishy GC/MS.GC-MS analysisvasperformedon aHP
5890gaschromatograpleoupledto a HP 5971 massselectivedetector.The analyticalcolumn
wasaZebronZB-5 mscapillarycolumn(30 m x 0.25mmid x 0.25um film thickness)The
initial GC oventemperaturevas50°C (0 min), whichwasthenrampedat 50°C/minto 200°C
andheldfor 4 min. Thefinal rampwasat 20°C/minto 280°C andheldfor 6 min. Theinjector
wasin splittessmodeat atemperaturef 250°Canda constanflow of pressuré15.1psi).
Helium flow ratethroughthe columnwassetat 1.8 mL/min, andthe GC-MS interfacewasheld
at280°C.
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Soil to Solution Ratio Determination: Mass distribution in
125 mL solution and variable soil amounts
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Figure 1. Soil-waterdistributionof etofenproxafterincubationwith variableamountsof soil.

Themassspectrometewasrunin SIM mode(135,163,376 m/z for etofenprox;83,122,167
m/z for theinternalstandard)Sampleandcalibrationstandardaliquots(both 5 uL) wereinjected
usinga HP 7673autosamplerTotal abundancéor all ions monitoredwasusedfor
guantification.Therelativeresponsef etofenproxo internalstandardvasusedto generatehe
calibrationcurvein Microsoft Excel.Linearregressioiwasappliedto the calibrationpointsand
theinterceptwasnot forcedthroughthe origin. Theanalyticalmethodwasadaptedrom
methodsprovidedby the manufacture(Mitsui, Japan).

Data analysis Differencesbetweennitial andequilibriumconcentratios aredueto etofenprox
sorptionandwerecalculatedrom thefollowing equation:

Massboundto soil = Initial appliedmass- (Massin water+ Masson bottle)

Massbalancecalculationswvereusedto revealthe sorptionaffinity, capacity,andmechanism.
Theseresultswereextrapolatedisingthelinear partitioningmodel(the Freundlichequation
wheren=1):

Cs=K,C,Nn

Thesoil concentrations denotedby Cs (ug/g),C,, is theaqueoughasesoluteconcentration
(ug/mL),andKq [(ug/g)(ug/mL)"] andn areconstantsTo facilitate directcomparisorof
sorptionaffinities amongsamplesprganiccarbonnormalizedparametersvereused Ko = (Cs/
Cw)/foc Wherefq. is the fraction of soil organiccarbonin the sample].Sorptioncapacityand
affinity canbe obtanedfrom K4 while the sorptionmechanisnis explainedby the values
obtainedfor n.

Resultsand Discussion

Volatilization. The calculatedH wasdifferentthanthe valuecalculatedbasedn the
manufacturer'seportedvaporpressurendsolubility: 1.8 x 10° Pa-n¥/mol at5 to 40°Cversus
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Figure 2. Kinetic studyat 25°Cto determinetime to equilibriumin soil-watersystem.

1.3x 10 Pa-ni/mol at 20°C.(Table1) The manufactureusedvaporpressurendsolubility
valuesfrom a differenttemperaturéo computeH, sinceetofenproxsolubility wasdeterminedat
20°Candvaporpressuret 25°C.ldeally, both propertiesvould be determinedat the same
temperaturendthenH would be calculated Despitethe differencein thetwo values bothimply
thatvolatilizationwill notbeamajordissipationpathway.The estimatedraluesfor H remained
constanbetweerb and40°C.Thus,etofenproxwill not partitionto air from wateras
temperaturencreases.

Soilwater partitioning. Table2 showsthe physcal-chemicalpropertiesof thetwo soilscollected
from the Sacrament&alley, CA. Therewereseverakimilaritiesanddifferencesn thetwo soils.
Forexample the Princetonsoil hadlessclay andmoresilt (akin to riverbedsedimentthan
Richvale,which wasmoresimilar to arice field soil with high clay content(Table2). The
organicmattercontentwasgreaterin the Princetonsoil eventhoughpostharveststrawhadnot
beenincorporatedafterrecentharvestsasit wasburned.Total nitrogenwassimilar at both sites
but nitrate contentwashighin Princetonsoil. Subtledifferencesvereobservedor exchangeable
potassiumsulfate,andphosphorugTable2) betweerthe two soils.

As demonstrateth the Henry’sconstanexperimentgtofenproxshoweda strongtendencyto
partitionout of waterandsorbto boththe soil andglasswareThe masddistributionwithin the
systemduringthe soil to solutionstudyshowedanincreasepartitioningto the glasswareasthe
amountof sorbentdecreasedFig. 1).

The systemusing100mg soil waschoserfor isothermconstructiorbecausét providedthe
greatestlifferencebetweerthe massn thewaterandthe masson the bottle wall. Thekinetic
studyat 25°Crevealedequilibriumwasachievedwithin 72 hoursandthis time framewasused
to incubatesoil-watersystemsto constructthe isotherm(Fig. 2).

The Richvalesoil showedgreaterpotentialfor uptakeof etofenproxthanthe Princetonsoil but
both soilshavegreataffinity for etofenproxwith log K¢ valuesof 6.3and6.0respectivelyThe
uptakeof etofenproxin the Princetonsoil showeda morelevelingtrendin uptakecompaedto
the Richvalesoil (Fig. 3). Linearcorrelationcoefficients(r?) for eachsoil (Table3) werevery
closeto 1, implying a linear partitioningphenomenomccurringin bothsoils,wheren=1.
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Figure 3. Isotherm(25°C)for etofenproxon two differentCaliforniarice field soils.

Hydrogenbondingis thoughtto be the dominantforceandmechanisnof interactionbetween
hydrophdic chemicalsandsoil organicmatter.(Gauthier,1987)Sorptionto organicmatterhas
beenshownnot only to dependon the quantity,but amountof aromaticcomponentsn the soil
organicmatter.GreaterO:C ratioswithin soil organicmatterhasbeencorrdatedto lesssorption
by hydrophobicchemicals.(Grathwohl,990) Thisis not to rule out mineralinteractionin
etofenproxsorption,asseenfrom the necessityo accountfor etofenpox sorptionto glassware

(Fig. 4).

Furtherwork is requiredto unraveltheindividual compositionof eachsolil to betterunderstand
the sorptionmechanismit wasunexpectedo find thatthe Princetonsoil hada higherpercentage
of organicmatteryethada smallersoil-waterdistributioncoefficientthanthe Richvalesoil. This
couldbedueto the quality of the organicmatterin the differentsoil types.Management
practicescangreatlyinfluencethe quality andtype of soil organicmatter,from strawburial to
strawburning.The Princetonfield hada historyof burningtherice strawafterharvestwhereas
the Richvalefield reincorporatedhe strawinto thefield afterharvest.The structureand
compositionof soil organicmatteris heterogeneousithin a singlesoil sampleandacrosssoil
types.This couldbe anexplanatiorfor the greatercapacityfor uptakeof etofenproxn the
Richvalesoil.

Thedesorptiorexperimentat 25°Cfurther showedhe propensityof etofenproxto remain
sorbedonceit haspartitionedout of water.Forthe Princetonsoil, 1%-3% (+1%) of theinitial
sorbedmasswasdesorbednd2%-5% (£2%) for the Richvalesoil. Thus,desorptiorof

Table 3. Summaryof soil-waterpartitioning coefficients(25°C)for etofenprox.

Soil Kq foc K oc log Koc N re
(mL/g) (mL/g)
Princeton| 17776 1.8 988654 6.0 1 0.9758
Richvale 26448 1.3 2091743 6.3 1 0.9351
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Figure 5. Isothermfor etofenproxon Princetorrice soil at25°Cand35°C
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Table 4. Soil-WaterPartitioningCoefficientsfor Etofenproxat Different Temperatures

Temp(°C) Soil Kg(mL/g) foc Koc log Ko (ML/g) N re
25 Princeton 17776 1.8 988654 6.0 1 0.9758
35 Princeton 22352 1.8 1241778 6.1 1 0.952

etofenproxfrom rice soilsis suggestedo be minimal.

The effectof temperaturen the sorptionprocessvasinvestigatedy constructingheisotherm
at 35°Cusingthe Princetonsoil in samemannerasdescribedoreviously(Fig. 5). Theresulting
log Koc Was6.1 comparedvith 6.0 at 25°C.

Therewasslightly greatemupteke of etofenproxto the soil at 35°Ccomparedo 25°Cbut
essentiallythe samelog Ko wasfoundfor bothtemperature¢Table4). Thus,temperature
showedittle effecton etofenproxsorptionto the Princetorrice soil.

Conclusions

Theextremehydrophobcity of etofenproxdrivesits partitioningfrom the aqueougphaseo a
sorbedstate.Thelog Ko for etofenproxrangedrom 6.0-6.3 dependingon temperaturandrice
soil type.Desorptionfrom soilswaslessthan5% of initially sorbedmassBasedon etofenprox
behaviorduringair-waterandsoil-waterpartitioningstudies etofenproxwill sorbbeforeit
volatilizes.Offsite transportof etofenproxvia drainageof field wateris unlikely asa resultof
high affinity for solil, unlesstransportedn a boundstate.Sorptionto soilsis likely to bethe
majordissipationpathwayfrom Californiarice fields with microbial populationsn chargeof the
final chemicaldegradatiorandtransformatiorof soil residuesFuturestudieswill befocusedon
this fate pathway

OBJECTIVE |l
Introduction

In thisinvestigationwe evaluatedhe herbicideclomazonédor its sorptionto soilsandtheir
majororganicmatterfraction,humicacid (HA). Clomazong?2-[2-chlorobenzyH4,4-dimethyt
1,2-oxazolidin3-one)is anisoxazolidnoneherbicidedevelopedn the early 1980sand
commercializedinderthetradenameComman® (TenBrookandTjeerdema2006).1t is popular
for usewith manycrops,including soybeangGlycinemay, cotton(Gossypiurnhirsutun), and
corn(Zeamayg amongothers(Leibl andNorman,1991;Culpepperetal., 2001).In thelast
decadeclomazonehasalsobeenappliedto floodedrice fields to control broadleafweedsand
grassegWebsteretal., 1999;Bollich etal., 2000).1ts popularityfor usewith rice is increasing;
usein Californiahasincreasedrom 550in 2002to 50,000lbs in 2004(CDPR,2007).

Physicalchemicalpropertiesndicatethatclomazonas relativelywater soluble(1100mg/L at
25°C).Thereforejt mayeffectivelyleachto groundwateif its solubility, Ko (organiccarbon
normalizedsorptioncoefficient)andKq (distributioncoeficient) areapprox.30 mg/L, 300-500
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Table5. Thefire effected(BCF andRF)andprotected BCNF andRNF) forestandrice soils

Soil property Wholesoil

BCF DPNF RF RNF
Sand(%) 69 57 21 22
Silt (%) 16 21 28 27
Clay (%) 15 22 51 51
pH 6.1 5.7 4.7 6.4
Organicmatter(%o) 4.54 4.30 2.14 2.11

mL/g, < 5 mL/g, respectivelyHatrik andTekel, 1996;Wintersteigesetal., 1999;Barceloand
Hennion,1997;Zanelkh etal., 2003).Thus sorption/desmption processefo soilsareimportant.

To date,only afew reportshavecharacterizedorptionof clomazoneo soilsandevenfewer
haveexaminedsorptiveprocesses floodedrice field conditions(Kirksey andMueller, 1995;
Mervoshetal., 1995 Cummingetal., 2002;Li etal., 2004 Quayleetal., 2006).Also, we
evaluatedhe structuralcompositionof HA sorbentdy solid state**C magicanglespinning
(MAS) NMR to evaluatdf specificfunctiond groupsin the sorkentpromotes or limits
clomazonesorptionand/ordesorption.

Materialsand Methods

Sorbatesand sorbents Technicalgradering-labeled™“C andunlabelecclomazonevereobtained
gratisfrom FMC Corporation Eight sorbentavereused of which four werewhade soilsandthe
othersHA extractedrom the soils. Two soilswerecollectedfrom rice fields in the Sacramento
Valley, CA. Thetwo sitesdifferedin postharvestice strawmanagemerpracticesthe Richvale
rice farm (RNF) practicedconservatiorillage whereaghe UC Rice Researclstation(RF)
continuouslyburnedtheir straw(informationsuppliedvia the landowners)For comparisonfwo
additionalsoilswerecollectedfrom pineforestedsitesin the LasserNationalForestCalifornia
thathadeitherbeenfire affectedor protectedHistorically, fire eventshaveoccurredat Beaver
CreekPinery(BCF) buthavenot beenableto crossDearCreekwhich separatedhe two
locationsto affectDevils ParadeGround(DPNF).Both siteshavethe samesoil profile, elevation
(~2800feet),andenvironmentatonditions.

Soilswererandomlycollectedfrom the 0-10 cm depthfrom all sites,transportednice in plastic
bags preservedt4°Cin thelaboratory air dried,groundandsieved(100 nm), andstoredin
sealedblasticbagsuntil use.Propertiesverecharacterizedby the Agricultural andNatural
Resource$ANR) Analytical Laboratoryat UCD (Table5; Schmelzeetal. 2005).Humic acid
wasextractedrom the wholeforestsoilsvia previousy describednethodqSwift, 1996).

SorptionexperimentsThe batchequilibrationtechniqueg(23 £ 1°C) wasusedto obtainisotherms
for thefour whole soilsandtheir correspondingdAs (WangandXing, 2005). Isothermswvere
obtainedusing8-mL screwcapvials with Teflon-lined plasticcaps.The backgroundolution
consistedf 0.01M CaCh and200 rg/mL of NaN; asa biocide.Both **C-labeledandnon
labeledclomazonenereaddedio the backgroundsolutionandmixedfor approx.1 hourbefore
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Table 6. Freundlichcoefficients(K; andN) for whole soilsandcorrespondingdA.

2

K: (ra/g rg/mL?) N r
RFwholesoil (strawburned) 8.76+0.01 0.831+ 0.008 0.999
RNF wholesoil (strawincorporated) 5.06+0.01 0.887+ 0.005 0.999
BCFwholesolil (fire affected) 9.20+0.01 0.848+ 0.006 0.999
DPNFwholesoil (fire protected) 6.78+0.01 0.893+ 0.006 0.999
RFHA 71.80+0.01 0.988+ 0.008 0.999
RNFHA 83.14+ 0.01 0.999+ 0.005 0.999
BCFHA 75.25+0.01 0.954+ 0.006 0.999
DPNFHA 37.14+ 0.01 0.979+ 0.006 0.999

additionto the sorbentMixing wastheninitiated continuouslyfor sevendaysin arotaryshaker
(to allow the sorbatedo reachsorptionequilibrium). In previousexperimentsno significant
increasan sorptionwasobservedfter sevendaysnor wastheresorptionto the glassvials (data
not shown).The vials werecentrifugedat 3000g for 20 min (IEC Centra8 — International
EquipmentCompany and1 mL of supernatanivasaddedio 6 mL Ultima Gold XR™ cocktail
(FisherScientifig) prior to liquid scintillation counting.All isothermswvereobtainedusing
triplicate samplesandblanksto calculatestandardieviation,andsorbedconcentrationsvere
determinedby massbalancecalculationsThe quantityof soil andHA addecdto the background
solutionwasadjustedo maintainclomazonesorptionof betweer80 and70% of maximum.
Clomazneconcentratiorpoints(14in total) rangedirom 0.067to 500 rg/mL. Approximatelyl-
2 g of whole soil and75-160mg of HA pervial wereusedto constructheisotherms.

All sorptiondatawerefitted to the logarithmicform of the Freundlichequation(1), whereSis
thetotal sorbedconcentratior{ rg/g), Ce is thefinal solutionphaseconcentration{ g/mL), andKjs
(rg/g ra/mL™?) andN areconstantsvith N often<1 for sorptionof compoundsuchas
naphthalenén soilsor soil organicmatter.We alsoobtainedthe distributioncoefficientor Kq (2)
andorganiccarbon(f,c) normalizedsorptioncoefficientor Ko (3) from theisothermdataat
severakolutionconcentratior{Ce) points.

log S=log K¢ + N log Ce (1)
Kg=S/Ce (2
Koc = Kf / foc (3)

SpectroscopyAll samplesveretreatedwith dilute HCI-HF to reduceashandparamagneticthat
would interferewith the acquisitionof NMR spectraTheHA samplesveresubjectedo *C
MAS NMR usinga Bruker500MHz NMR spectrometerSpectravereacquiredat afrequency
of 125MHz for *C and500 MHz for *H, MAS spinningrateof 15 kHz in a4 mm rotor probe,
contacttime of 2 ms, 1 secrecycledelaywith approx10002000scangpersample andline
broadeningf 50 Hz.
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Figure 6. Sorptionto wholerice fire-affected(circle, RF) andprotected squareRNF) soilsand
their HA fractions,triangleup (RFHA) andtriangledown (RNF HA), respectively.

Resultsand Discussion

Sorption Isotherm=f clomazonesorptionto wholerice (RFandRNF) andforestsoils (BCF
andDPNF)andtheir correspondingdAsis shownin Figs.6 and7, respectively Sorptionwas
low with all thewhole soilstestedwhich would be predictedfrom its high watersolubility (1100
mg/L). Theisothermsshowthatthefire-affectedwhole soils (RF andBCF) exhibitedslightly
moreclomazonesorptionthanthefire protectedsoils (RNFandDPNF)atall concentrations.

The Freundlichsorptioncoefficientsin Table6 showmoreclearlythetrends;Ks valuesfor the
RF andBCFwhole soilswere8.76and9.20 rg/g rg/mL™, while theywere5.06and6.78 rg/g
rg/mL* for RNF andDPNFwhole soils, respectivelyGreatemonlinearity(N) wasalso
observedTable6) for thewhole soilsthathadfire eventy0.8310.848)comparedo the
protectedsoil (0.8870.893), suggestindghatfire residuege.g blackcarbon)mayminimally
contributeto clomazonesorption.

Sorptionto theisolatedHAs, while alsolow, washigherthanthat for the whole soils (Figs.6 and
7). Freundlichdata(Table6) showthatHA sorbedapprox.6-16 timesmoreclomazonghantheir
correspondingvhole soils. For example the K of BCF whole soil was 9.20 /g g/mL™ while
its HA was 75.25 rg/g rg/mL™*. TheRFHA andRNFHA wereverysimilarin Fig.5 as
observedy isothermoverlapbut producedslightly differentK; (Table6). The forestsoil HA
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Figure 7. Sorptionto wholeforestfire-affected(circle, BCF) andprotected'square DPNF)soils
andtheir HA fractions,triangledown (BCF HA) andtriangleup (DPNFHA), respectively.

isothermdn Fig. 7, howeverdo notfollow thesametrendasRFHA andRNFHA anddeviae
from oneanother Forinstance BCF HA hadgreatersorption(75.25 rg/g rg/mL™Y) thanthefire
protectedsite (DPNFHA; 37.14 rg/g ma/mL™Y). All theisolatedHA isothermsaremorelinear
(0.980= averageof four HA) thanthewhole soils (0.865=averagef four whole soils).

CalculatedKy andK, valuesfor threedifferent Ce pointsspanninghreeordersof magnitude2,
25,and500 mg/mL) arepresentedn Table7. Overall, Ky dataconfirm thatthe sorptionof
clomazoneo bothrice field andforestwhole soils,aswell asto their HA fractions,is low
overall. Sorptionis higherto HA thanwhole soils,with lower concentrationfiavingtwice the
clomazonesorptionthanhigherconcentrationshigherKq valuesarepresentat C. of 2 rg/mL for
boththe whole soilsandtheir correspondinddA (Table6). The K, datafor thewhale soils
confirmthatsorptionis greatesatlow concentrationshanthe high concentrationsandthatfire
effectedwhole soils (RFandBCF) havevalues(472and388 mg/mL) higherthantherespective
fire protectedsoils(RNFandDPNF)

Desorption Hysteresiswasobservedor clomazonedeorptionfrom the RFHA (Fig. 8), aswell
asfrom the four whole soilsandtheir respectiveHA (datanotshown).In Fig. 8, notall data
pointsarepresentedo maintainclarity. For eachdesorptiordatapoint the slopewascalculated
andthesenumbersarepresentedn Fig. 8 for RFHA andTable8 for all othersorbentsA slope
valuecloserto zeroindicatesgreaterysteresisvhile a highernumberindicates(0.354)less
hyseresisForexamplejn Fig. 8 low concentrabnsof clomazoneexperiencagyreaterhysteesis
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Figure 8. Thedesorptiorof clomazondrom rice field soil HA (RF).Black circlesshowthe
sorptiondatawhile triangledown, square anddiamonddatapointsreflectthe 1%, 2™ and3"
desorptionyespectivelyNy is the slopeof desorptiorat eachsorptiondatapoint.

Table 7. Thesorption(Ky) andorganiccarbornormalizedsorption(K,) coefficients.

Sorbent Kq at specificCg (ML/Q) Ko atspecificCg (MmL/g)*
Ce=2 C.=25 C.=500 C.=2 C.=25 Ce=
500
RFwholesoil (strawburned) 11.40 6.19 3.20 472 257 133
RNF wholesoil (strawincorporated) 5.46 4.00 2.33 446 327 191
BCFwholesoil (fire affected) 10.20 6.60 3.44 388 250 131
DPNFwholesoil (fire protected) 7.07 5.24 3.46 238 210 140
RFhumicacid 69.7 69.7 64.1 - - -
RNF humicacid 86.8 84.4 76.7 - - -
BCF humicacid 76.6 71.6 49.2 - - -
DPNFhumicacid 37.3 354 29.2 - - -

(e.g.,Nqyis 0.258at 0.077g/mL) thanconcentrationshatarefour ordersof magnitudehigher
(e.g.,Ngis 0.381at50 mg/mL). Similar slopedatawasobtainedfor thewhole soilsandtheir
correspondingdA (Table8).

Therewasalsoa cleardistinctionof greatethysteresisatlow concentration$C. of 0.067and
0.25 my/mL) for boththewhole soilsandtheir correspondingdA (Table8). Desorptionthen
becamdessstrainedat higherconcentration$Ce from 0.75to 12 rg/mL), asobservedy the
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Table 8. Slope(Ny) valuesfor desorptiorfrom the sorbentsaandto specificconcentration$Ce).

Ce Sorbent
(mg/mL) RSF RNF BCF DPNF RSF RNF BCF DPNF
Soil Soil Soil Soil Humic acid Humic acid Humic acid Humic
acid
0.067 0.052 0.100 0.116 0.165 0.216 0.258 0.205 0.182
0.25 0.071 0.116 0.149 0.194 0.259 0.284 0.246 0.221
0.75 0.093 0.137 0.180 0.222 0.320 0.353 0.289 0.260
2 0.110 0.148 0.203 0.248 0.328 0.353 0.315 0.271
5 0.123 0.152 0.220 0.242 0.336 0.354 0.309 0.271
12 0.134 0.147 0.227 0.262 0.352 0.381 0.323 0.275
100 0.124 0.141 0.214 0.254 0.282 0.306 0.257 0.223
500 0.090 0.138 0.166 0.205 0.307 0.334 0.278 0.237

largerNy valuesfor thewhole soil andHA. At the highestclomazoneconcentrationsC, of 100
and500 rg/mL, desorptioragainbecomemoredifficult asobservedrom thelower Ny values.
Thus,hysteresiss greateshat boththe lowestandhighestC, concentrationsTo our knowledge
suchobservationfiavenot beenpreviouslyreportedfor relatively polarorganiccompounds.

13C MASNMR To evaluateif structuralcomponentsnay contributeto deviationsin the sorption
of clomazondn HA, **C MAS NMR wasusedto obtainthe carbonchemicalgroupdistribution
(Table9). Ricefield HA analysisconfirmedthatdespitedifferenttreatmentgo the strav
(burningvs.incorporation) the carbonspecieglistributionwasrelatively the samefor the
aliphatic,aromatic,andO-containinggroups.This datais supportiveof the overlappingsorption
isothermdor theseHA sorbentsHowever the forestsoil HA was not the sameasevidentin
Table9, asvariationsexistedin the aliphaticandaromaticcarbonsbut notin the O-containing
carbongroup.Thearomaticcarbongroupswerereducedn thefire protectedHA (DPNFHA) by
about13%while inverselythefire effectedHA (BCFHA) hadgreateraromaticsaandreduced
aliphatics.Sucha trendis consistentvith the *C NMR spectrunof charcoakFig. 3 in Braidaet
al., 2003),which showsmainly aromaticmoieties.

Severaimportantfindingsareevident.First,clomazorm doesnot possesa greatsorption
affinity (Kr) nor capacity(Koc) for sang or clay soils Similar Kq values(1.7-3.6 mL/g) were
obtainedfor clomazonesorptionto four Australiansoilswith soil physicalchemicalproperties
akin to thoseusedin this study (Table1; Cummingetal., 2002).Benzenea modelcompound
whosesolubility (1790mg/L) is closeto thatof clomazong1100mg/L) alsohassimilar Kq
values(2.86mL/g) asdescribechere(Baeketal., 2003).More hydrophobianodels,suchas
phenanthree, posses&y andK, valuesof about100and5000mL/g, respectivelyfor soilsthat
aresimilar to therice field soilsusedin this study(2% organiccarbon;Bonin andSimpson,
2007).In generalclomazonesorptionto rice field whole soils (RFandRNF) wasnotvery
different. The sameis true for the forestwhole soils (BCF andDPNF).However,soilsfrom fire
eventg BCF andRF whole soils) possessesignificantlymore,albeitslight, sorptioncompared
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to the protectedsoils. Giventhe high solubility andlow sorptionof clomazonesoilsarenot
expectedo efficiently sequestethe herbicide.

Table 9. Carbongroupdistributionof fire affectedandprotectedice field andforestsoil HAs.

HA Sample 0-108 108162 162-220
Aliphatic AromaticC O-Contaning C
RF 64.64 26.22 9.18
RNF 65.24 26.32 8.40
BCF 49.37 40.01 10.5
DPNF 63.40 27.13 9.42

IsolatedHA yielded considerabhhighersorption(approx.6 — 16 fold) thanwhole soils Humic
acid hasbeenpreviouslyfoundto possessignificantlymore sorptionpotentialfor modelHOCs,
whencomparedo whole soils,andthe presenfindingsareconsistentvith this trend.For
instance GunasekarandXing (2003)demonstratethat sorptionof naphthalengsolubility of
31 mg/L) to HA wasalsogreaterthanto its correspondingoil. In anotherstudy,eventhoughthe
phenanthren&y (150012000mL/g) andKq: (33209220mL/g) valuesaresignificantlygreater
to HA thanthosereportedherefor clomazongKy from 37-86 mL/g), phenanthrensorptionto
HA wasabout5-15 timesgreaterthantheir respectivevhole soil with < 5% organicmatter
(BoninandSimpson2006).Thus,the observedncreasan clomazonesorptionby HA is
consistentvith literaturereportsthathaveevaluatedtherHOCSs.

In contrasto the wholeforestsoils (BCFandDPNF),wherelittle deviationexistedbetweerthe
isothermstheir correspondinddA isothermsnveremoreseparatedrom oneanotherClomazone
sorptionby BCF HA is doublethatof DPNFHA atall concentratiorpointsasobservedy Ks
andKgy, respectivelyContributingto this increasen sorptionfor BCFHA arearomaticssince
this sorbenthasabout13% moreof thesecarbonspeciegshanthefire protectedorestHA (DPNF
HA). Thesearomatican BCF HA couldstemfrom thefire eventssincetheyareabsenin the
fire protectedsite (DPNFHA). Numerousstudieshaveshownthatfire residuege.g.,black
carbonor soot)contributeto greateraromaticityof the sorbentandincreasedorptionof HOCs
(Glaseretal., 2002;Gunasekaratal., 2003;Braidaetal., 2003 Tinocoetal., 2006.
Suypportingthesefindingsis the degreeof nonlinearity It is clearthatBCF HA hasgreater
nonlinearity(0.954)thanDPNFor thefire protectedsoil HA (0.979).Severaktudieshave
shownthatnonlinearity canoccurasaresultof high surfaceareacarbonaceousatrials
(HSACM). We showthatindeedHSACM suchasfire residuesancontributeto isotherm
nonlinearityandincreasedorptionbut the naturalenvironmentatontributionsaremuchlower
thanpresentedn somereports(AccardiDey andGschwend2003 Cornelisseretal., 2005.

Thenonlinearclomazonasothermsresentederecanbe describedvell by usingthe “dual-
mode”or “dual reactivedomain” sorptionmodelbasedn a rubberyglassypolymer model
(Huangetal., 1997 PignatelloandXing, 1996;Chefetzetal., 2000. The organicmatterof soils
havebeenfoundto havea heterogeneousmorphougpolymerlike characteristicsvith both
glassyandrubberyphasegYoungandLeboeuf,2000;Wangarnd Xing, 2005b;JuandYoung,
2005).Accordingto theduatmodemodel,sorptionof HOCsto SOMis nortideal resultingin



PROJECTNO. RP-5

isothermnonlinearity,a resultof HOC sorptionto high energysiteslocatedwithin a glassyor
condensedegionof the HA matrix. The compositionof the rubbery(flexible) andglassy
(condensedinatrix is still underdebatebut studieshaveshownthatthe glassymatrix might be
composedf aromaticcarbongroups(Gunasekaratal., 2003).

An alternativecarboncontributionfrom aliphaticgroupsto theformationof the glassyphaséan
the presencef a mineralhasbeenrecentlyproposedy GunasekarandXing (2003).This
mechanismnvolvesorganicmattersampleswith largealiphaticcontributionsthatcomein
contactwith the mineralto form a morecondenseghasewhich thencontributego greater
isothermnonlinearitydueto the newly formedhigh energysorptionsitesor holes.In this study,
theHA samplehadhigh aliphaticcarbonsandtheir interactionwith the mineralsurface(e.g.,
wholesoil) led to greatisothermnoniinearity. Thus,theresultshereareexplainedoestwhen
consideringhatmineralboundHA producedadditionalbindingsitesfor clomazonecompared
toisolatedHA, andled to greatelisothermnonlinearity.We rule out thatthe mineralcomponent
directly contributeso clomazonesorptionsincethe whole soilsisothermsarelower thanthe HA
isothermdn Figurest and7. Detailsof this mechanim is clearwhenconsideringdesorptiorof
clomazonewnhich producedhysteresisn all thewhole soil andHA isothermsFurther hysteresis
is greatesattheverylowestisothermconcentrationsvherehigh energysorptionsitesproduced
asaresultof HA bindingto themineralis readilyavailableto the low numberof clomazone
molecues However,asthe concentrationncreasesndthusthe numberof clomazone
moleculesthelimited high energysorptionsitesbecomesaturatedleadingto easierdesorption
asobservedy the Ny valuesin Figure8. At the very highestconcentrationsglomazonesorption
againbecomedifficult. Here,we invokethe “conditioningeffect” proposedy Lu andPignatello
(2002).The sorbents infusedwith the sorbateat a concentratioraboveits glasstransition
concentratiorandthenremoved Conditioningoccuis whennew high affinity holes(sites)are
producedasaresultof greaterenergyinfusedinto the matrix by the high sorbateconcentration.

Theresultsshowthatclomazonesorption to soil is low, asit sorbsmoreto the majororganic
matterfraction of soil thantheir correspondingarentmaterial andthe mechanism of sorptionis
differentwith thetwo sorbentsWhole soil sorptionis morenonlinearthantheisolatedHA
fractionanda dualmodesorptionaswell asarecentlyproposediliphaticmineralbased
mechanisnis supportedWe alsoobservedhe “condition effect” taking placeasa resultof
desorptiorstudieswvherehysteresiss observedFire residuesdo contributeto aromaticityin HA
aswell asto slightly greatersorptionof clomazonébut not to the extentreportedfor somemodel
HOCs.Overall, this studyshowsthatalthoughclomazoneloesnot sorbappreciablyto soils, it
hasdifficulty in desorbingrom the soilsHA-mineralmatrix. ThereforeJeachingfrom soilsis a
possibilityaswell asreducedavailability to microbial degradationGiventhatclomazonealso
hasa high watersolubility, microbial degradations importantandshouldbe characterized
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CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS

1. Theoverallgoalof our ongoingresearctprogramis to characterizehe dissipationof
pesticidesunderfloodedCaliforniarice field conditions.Therefore therearegenerallyfour
processeghatcancontributeto suchdissipationthatareinvestigatedyolatilization to air,
sorption(adherencedo soils,degradatiorby sunlight,anddegradatiorby soil microbes.

2. Volatilization capabilityof theinsecticideetofenproxwascharacterizedby the calculationof
its Henry’sconstan{H). The estimatedsaluesfor H remainedooth extremelysmalland
constanbetweerb and40°C. Thus,volatilizationwill notbe a majordissipationpathwayfor
etofenproxfrom floodedrice fields atanytemperature.

3. UsingtheFreundlichisothermapproachsorpton (adherencedf etoferproxto soil organic
carbonwascomparedising two representativ&acrament&alley rice field soils— oneeach
from the PrincetonandRichvalearea. In addition,theinfluenceof temperaturen sorpton
wascomparedat 25°Cand35°Cusingthe Princetonsoil.

4. Themeasuredoil organiccarbonsorptioncoefficients(log K,S) for etofenproxranged
betweer6.0and6.3, indicatingthatsorptionto soil versusice field waterwould be onthe
orderof amillion-to-one,and would not vary with eithersoil type or temperature.
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In conclusionits verylow H andvery high K, indicatethatetofenproxwill quickly dissipate
from rice field watervia rapidandstrongsorptionto soils. Volatilization will not
significantly contributeto dissipation Offsite transpot of etofenproxvia drainageof field
wateris highly unlikely unlesssignificant,simultaneousoil erosionoccurs.Ultimately,
sunlightmaydegradevaterbornestofenproxandsoil microbesmaylikewise degradesorbed
insecticide Futurestudeswill befocusedon characterizinglegradatiomatesandpathway.

In orderto characterizéhe dissipationof the herbicideCerano(clomazonefrom flooded
rice fields, its sorptionwascharacterizedby alsousingthe PrincetonandRichvalesoils

. Usingthe Freurdlich isothermapproachtherole of soil organiccarbonwasalsoconsidered
in characterizinghe soil sorptionof Cerano.

. TherelativelywatersolubleCeranowasnot foundto appreciablysorbto eithersoil type.
While it wasfoundto sorbmoreeffectively to soil organiccarbon(whetheror notburned),
eventhis wasrelativelylow, asthe measured,s (notin log values)rangedbetweernl00
and500,indicatingthatsorptionto soil organiccarbonversugice field waterwould be at
bestat aratio of same 500-to-one.

. Dissipationof Cerandrom floodedrice fields is notlikely to bethroughsoil sorption.
However it mayverywell beefficiently degradedsia sunlightand/ormicrobial actions.
Therefore future studieswill focuson characterizingCerands degradatiorby sunlightand
the soil microbespresenin Californiarice fields.
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