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chMlllcal ofweath...-e<! hydrocarbon<ChangesChanges inin biodegradabilitybiodegradability andand chCllUcal compo'itioncompo'ition of weathered hydmcarbom inin 
groundwater w...-e mYe'ligated biodegradationbiodegradation ex~rimelll' atat fonnerfonnergroundwaler were mvestigate<! throughthrough experimelll' thethe 
Guadalu~ Field. Di.....Diesel-range-oill-range--oil wa,wa, usedused atat thi.' sitesitethis asa, aa dilue!l1 toto facilitatefacilitateGuadalupe OilOil Fidd. diluent 
pmnpmgplUnpmg ofof crudecrude oil.oil. andand leahleaks ofof thi,thi, dilue!l1 cau,edcau,ed cOlllaminationcOlllamination ofof soilsoildiluent andand 
groU1ldwater. Nanlfal anMmatiOll tS con,id...-ed rem..diation 'omegrolUldwater. Nanu-al attenuation IS bemgbemg con,idered a,a, aa remediation optionoption forfor ,orne 
groundwatergroundwater (G\V)(G\V) plume, andand ,ource,ource zone, ond a,a, aa remediationremediation poh'hing stepstep forforphnne' zones and polt'hing 

diluentothers.others. ToTo en,ureen,ure thethe dilucnt hydrocarbon'hydrocarbon' inin thethe GWGW willwill bebe reducedreduced toto acceptableacceptable 
level, namral attMmation, important demonsnate hydrocarbonsleYd, throughthrough nanu-al attenuation. itit i,i, imporrant toto dcmon'lnIte thatthat thethe hydrocarbon' 

parrial biodegradationbiodegradation PreviouscontinuecOlltinue toto bebe biodegradablebiodegradable afterafter partial andand weathering.weathering. Pre,;ons 
,tudi.., ha\-e ,hown rapid mitialmitial biodegradation isis followe<! byby muchmuch ,lower,lower,tudie' hare shO\m llIpid biodegradatton followed 

hypothests this ob'ervation is moremore ea,ilybiodegradation.biodegradation. OneOne hypotheSI' thatthat maymay explainexplain thi, ob'er..-ation i, thatthat easily 
hydrocarbons first, leaving recalcitra1l1 hydrocarbons.degradeddegraded hydrocarbon, areare biodegradedbiodegraded fiTht, lea,'ing thethe moremore recalcitralll hydrocarbon,. 

n,,-estigate this hypothe,is, microcosm' wer.. o~rated ob,...-Y..ToTo inH"tigate thi, hypothesi,. large-scalelarge-scale microco'ms were operated onon sitesite toto ob,erve 
change,change, inin biodegradabilitybiodegradability andand chenucalchCllUcal compositioncomposition oyer thetheov...- COIlJ'SC long-tennCO\JrS<' ofof long-terrn 
biodegradatiOllbiodegradation exp...-iments. Five microco'ms werewere cOll'tmcted fromfrom 4-ft-cnbedexpcrime!l1s. Fi,'e microco,m, cOll>tmcted 4-ft-cubed 

boxes fille<! non-colllaminated sit..polypropylenepolypropylene box"" andand filled withwith non-comaminated 'and'and takentaken fromfrom thethe ,ite. 
gallons cOlltaimng dissolYed-pha'e diluMl1100100 gallon' ofof GWGW cOlltaining di"oIYed-pha'e dilumt hydrocarbon'hydrocarbon' wa,wa, collectedcollected fromfrom 

recirculate<! ,amrate<! ofof the boxe,.boxe,.th.. G\VG\V samples weresample, w...-ethethe sitesite andand recIrculated throughthrough thethe 'amrated zonezone 
p...-iodically box.., OY...- com,eperiodically collectedcollected fromfrom eacheach ofof thethe 55 boxe' oyer thethe course ofof twotwo 1M-day1M-day 

exp...-nnents. was mea,med mcubat;onsbiodegradatiOllbiodegradatiOll expcrimems. BiodegradabilityBiodegradability wa, mea,ured u,ingu,ing 20-day20-day incubation' ofof 
thethe GWGW ,amples,amples andand mea,utingmea,uring initialinitial andand finalfinal total ~trolelUntoml pelJolcum hydrocarbonhydrocarbon ([PH)([PH) 
concentration,.cOllcentraUon,. chromatographychromatography withwith 'lllmlated di,tillatiOll (SIMDlS)Ga,Ga, (GC)(GC) '''nulated distillation (SIMDIS) 
tnt..gration was uS<'<! determinedetermine change,change, inin cqui,'alent carboncarbon chain lengthlength<'qUlval..nt ofof th..the,megration wa, used toto cham 
hydrocarbons.hydrocarbon•. lRIR spectroscopyspectroscopy waswa, u,edu,ed toto exanune functionalfunClional group, ,ilica gelexamme groups andand silica gd 
colunm wa, u,ed det...-mine changes aliphatic, aromatic,COIWllll fractionationfractionation was used toto deterrnine change, inin aliphatic. aromatic. andand polarpolar 

fractiOllsTPHTPH fractiOll'. 
first ex~rimelll, averag.. decreased 5~'O m th..DuringDuring thethe f'Tht experime!l1. thethe a,'erage TPHTPH concentrationconcentration dc<oreascd byby 50% III the 

firstfiTht 1919 days,days. startingstarting atat 3.573.57 ±± 0,43 mgIL andand biodegradingbiodegrading toto0.43 mglL 1.651.65 ±± 0.390.39 mglLmglL 
biodegradatiOll was ,lower, decr..a,ingBetweenBetween 1919 andand 6767 daysdays biodegradation wa, ,lower. dccrea'lllg fromfrom 1.651.65 ±± 0.390.39 mglLmglL 

Betwe..., 104 da}'5, fmth...- biodegradatiOlldowndown toto 0.880.88 ±± 00 1212 mglLmglL Between 6767 andand 1M days. littlelittle oror nono further biodegradation 
waswa, ob,...-Yed, a. Ihe finalfinal concentrationconcentration 0.860.86 mglLmglL Tr...Trend,,d,ob'erved. as the TPHTPH wa,was ±± 0.090.09 inin 

wer. showed th..biodegradabilitybiodegradability w...-.. ,imilar,imilar forfor aa """,ondsecond expcr,me1l1.ex~run"'l1 GC/SIMDISGC/SIMDIS ,howe<! the 
preferentialpreferential biodegradationbiodegradation ofof short-chainediliort-chained hydrocarbon'hydrocarbon' ColumnCollUlll' fractionationfractiouatiOll 
reveale<! ~trolelUll was entirely Iii.reyealed thatthat thethe dissolYeddissolYed petrole,un materialmaterial wa, entirdy mm thethe polarpolar fractionfraction atat the 
>tart ofof the expcnmellt andand thi,thi, matenal biodegradedbiodegraded O\'er time. InfraredInfrared spectroscopyspectroscopystart Ihe e)f~nn"'1l1 mat...-,al OYN tin.... 
showed th.. charact...- group,. dih...nt ,ourc..,howed the polarpolar character wa,wa, duedue toto carbonylcarbonyl group'. ExperimentsExperiments withwith diluent ,ource 
mater,al ,howed compounds cOlltai1ltng pre....,t m verymatenal showed thatthat thethe polarpolar C0111po,,,,d, cOlltainlllg carbonylcarbonyl group,group, areare preSCllt 1lI yery 



conc<1'Trnlions m th~ non-aq\l"'''' phaSl'. Ihat th~Sl' compOlUld. p.-d~r<1l1iallylowlow concenTr.nions III lhe non-aqU<'On' pha"'_ andand lhat the"", COl'lpO\Uld, prcfernllially� 
fracliona~ wal~r. Durlllg biodegradation lhe ~ak~ak ar~as forfor lhe carbonylcarbonyl group'groups�fractionate intointo water. Durmg biod~gradalion th~ areas th~
 

<kcr~a<;N\ al ,lighTly fast~r rat~ lhat Ih~ group'_ Th~Sl' r~s\lhs S\lgg~" Ibat
<kcrea...d at aa .lightly fa'ter rale thanthan that ofof the alkylalkyl group•. These re,ults .ugge5! that 
w~alb...~d ar~ contatll bm Ibal olb..weathered hydrocarbonshydrocarbons arc polarpolar andand contalll carbonylcarbonyl groups.groups. hut lhat olher 
characlm'tics ar~ r~,ponsibl~ obs~rY<·d <kcuas~, til bioo..gradabililycharacteri'lics arc re,ponsible forfor obserH'(1 <kcrcases III biodegradability duringduring 
w~alb..-ing_weathering. 


