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MotherMother naturenature cancan ttellell uuss aa lot…lot…MotherMother  naturenature  cancan  telltell  usus  aa  lot…lot…

TheThe datadata iiss iinnTheThe datadata isis inin
there…there…
HowHow ddoo wwee ggetetHowHow  dodo  wewe  getget  
it out?it out?
H dH dHHow ow ddo we o we 
interpret it… interpret it… 
as grounas grounddddwater, water, 
soil, vapor data?soil, vapor data?



TreeTree CoringCoringTreeTree  CoringCoring        

Methods: D. VrobleskMethods: D. Vrobleskyyyy  -- USGUSGSS
Collect a core sample of the Collect a core sample of the 
trunk/stemtrunk/stem
Core sample placed into vialCore sample placed into vial
After equilibration After equilibration time time 
headspaceheadspaceheadspace GGCC aanalysisnalysisheadspace GCGC  analysisanalysis
Partition coefficients Partition coefficients 
determine concentrationsdetermine concentrations

Headspace 
Analysis



FieldField SSiteite –– SedaliaSedalia MMissouriissouriFieldField  SiteSite  SedaliaSedalia  MissouriMissouri

                PCEPCE andand TCETCE contaminatedcontaminated sitesite inin OldOld railroadrailroad
yard. yard. Site investigation over 10 Site investigation over 10 years, years, 40 40 
samplingsampling pointspointssamplingsampling  pointspoints..

PCE and TCE contaminated site in Old railroadPCE and TCE contaminated site in Old railroad



olvents Sampling olvents Sampling 
alia Missourialia Missouridd

Chlorinated SChlorinated S
Project, SeProject, Se

114 114 samples = 1 samples = 1 day, 4 person crewday, 4 person crew



NewNew AApproachespproachesNewNew  ApproachesApproaches

SamplingSampling ddoesoes notnot needneedSamplingSampling  doesdoes  notnot  needneed  toto bringbring tthehe treetreetoto  bringbring  thethe  treetree  
into the lab.into the lab.

Rather let’s bring the lab to the tree!Rather let’s bring the lab to the tree!
II ll liliIInn--plplanta anta sampsamplilingng



InIn PlantaPlanta SPMESPME analysisanalysisInIn  PlantaPlanta SPMESPME  analysisanalysis

Patent Pending



MethodsMethods CComparison:omparison: TCETCEMethodsMethods  Comparison:Comparison:  TCETCE
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Perchloroethylene In Schuman Park Trees
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VariationsVariations iinn TTreeree CConcentrationsoncentrationsVariationsVariations  inin  TreeTree  ConcentrationsConcentrations
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The same SPME ports can be  sampled over time to 
track contaminant- plant interactions. 



SPS sampling of Northstar, Cambridge Ontario



rrrrSPSSPS ttestingesting andand IIndooSPSSPS  testingtesting andand  ndooIndooIndoo
Air studies Air studies in in 
CambridgeCambridge showedshowedCambridgeCambridge  showedshowed  
that that inin--planta planta samplingsampling
cancan iindicatendicate potentialpotentialcancan  indicateindicate  potentialpotential    
indoor air indoor air 
contaminationcontamination ii eecontaminationcontamination, , ii..ee. . 
vapor intrusionvapor intrusion

ComparisonComparison ofof SPSSPSComparisonComparison ofof SPSSPS  && IndoorIndoorIndoor AirAir&& Indoor AirAir

  

  



CoreCore analysisanalysis && IIndoorndoor AirAirCoreCore  analysisanalysis  &&  IndoorIndoor  AirAir

VeryVery similarsimilar pprofilerofileVeryVery  similarsimilar  profileprofile

AbAbout out 9090 o off thAb  thAb 9090 ff hhe e 
‘above ‘above action level’  action level’  
h ih i hhhhomes omes iin tn thhe tree core e tree core 
indicated areaindicated area

All samAll sampplinlinggp gp g = 1  = 1 dadayyyy



    

In Field AnalysisIn Field Analysis
SkipSkip thethe ssampleampleSkipSkip  thethe  samplesample  
collection, Direct collection, Direct 
AnalysisAnalysis ttoo TTreereeAnalysisAnalysis toto TreeTree



In Field AnalysisIn Field Analysis
Skip the sampleSkip the sampleSkip the sample Skip the sample 
collection, Direct collection, Direct 
Analysis to TreeAnalysis to TreeAnalysis to TreeAnalysis to Tree



FieldField GGS/MSS/MS resultsresultsFieldField  GS/MSGS/MS  resultsresults
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Comparison of SPS, Cores and Comparison of SPS, Cores and 
GCGC--MSMS
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DirectionalDirectional SSamplingampling PossibilitiesPossibilitiesDirectionalDirectional  SamplingSampling  PossibilitiesPossibilities

to groundwater trendsto groundwater trends

FieldField  observationsobservations  iinn  TTreeree CCoringoring hhasas shownshownFieldField observationsobservations inin TreeTree  CoringCoring  hashas  shownshown  
that sampling that sampling around a single around a single tree tree can correlate can correlate 
toto groundwatergroundwater ttrendsrends

Vroblesky D A et al (2004) Ground Water Monit RemVroblesky, D.A. et al. (2004) Ground Water Monit. Rem, 



ComparisonComparisonComparisonComparison  ofofofof  MethodsMethodsMethodsMethods

SPSSPSSPSSPS
SPMESPME-- EEQQ

TreeTree CoringCoringTreeTree  CoringCoring
SPMESPME-TWA-TWA



DirectionalDirectionalDirectionalDirectional  FFieldield Data:Data: BBordenorden OONData: Borden NFieldField Data: Borden ONON



DirectionalDirectional SSamplingampling PossibilitiesPossibilitiesDirectionalDirectional  SamplingSampling  PossibilitiesPossibilities

  LaboratoryLaboratory  sstudytudy  conductedconducted  bbyy ff center pLaboratory  ooff center placinglacingLaboratory studystudy conductedconducted byby offoff  centercenter  placingplacing
a NAPL phase a NAPL phase PCE in PCE in polyethylene polyethylene membranemembrane
DosedDosed  withwith  cleanclean  wwaterater, , upflowupflow reactorreactorDosedDosed withwith cleanclean waterwater upflowupflow reactorreactor
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ExperimentalExperimental SetupSetupExperimentalExperimental  SetupSetup

ZipZip ttopop bagbagZipZip toptop bagbag
contaminant reservoircontaminant reservoir
 400 mL of PDMS400 mL of PDMS
 6 mL PCE6 mL PCE
 4 mL TCE4 mL TCE

Cutting watered from Cutting watered from 
belowbelow
2 month equilibration 2 month equilibration 
timetime



SamplingSamplingSamplingSampling

CrossCross--sectionsection ooff ttreereeCrossCross sectionsection  ofof treetree  ((44(4(4  
cm tall)cm tall)
SSpppplit into slices with lit into slices with 
hatchethatchet
SSpplit into elit into eqqual size ual size 
piecespieces
p qp q

~9 samples in each radial ~9 samples in each radial 
directiondirection

0⁰



ResultsResultsResultsResults

HeadspaceHeadspace ooff vvialialHeadspaceHeadspace  ofof    
analyzed using analyzed using 

vialvial
SPMESPME--

GCGC
Data Data kriggedkrigged iin Surfer®n Surfer®
HiHigggghest concentration of hest concentration of 
TCE near 0 degreesTCE near 0 degrees

0⁰90⁰

Cross-sectional concentration
map of TCE (in ppb)



 
 

DendrochemistryDendrochemistry
to
ed

Trees act as proxy-recorders by ring accretion. This method is used
age-date environmental impacts, and has been tested at 13 pollut
sit *ites *.

CC are dd i hCCoresores are mmaa i hddee wiwitthh
PresslerPressler borerborer,, 1010 toto 1212 mmmm
inin diameterdiameter..

Rings can be analyzed by EDXRF, LA-ICP-MS, … giving access
to elemental and non volatile pollutants.

Balouet, Jean Christophe, Smith, Kevin T., Vroblesky, Don and Oudijk, Gil(2009) 'Use of
Dendrochemistry in Environmental Forensics: Does It Meet the Daubert Criteria?',

Environmental Forensics, 10: 4, 268 — 276,



EDXRF Line scanningEDXRF Line scanning

7 trees sampled - Pressler borer, 10
mm
Samples checked for quality and age.
Sent to Dendrolab, Sweden, for
EDRXF analyysis.

EDXRF data every 50µ = 4000 data points /20 cm core)EDXRF data every 50µ, = 4000 data points /20 cm core).
30 elements . Microdensitometry at 20µ ©
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ChlorineChlorineChlorineChlorine anomaliesanomaliesanomaliesanomalies  (((EDXRF)(EDXRF)EDXRF)EDXRF)
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elementalWhilst HVOCs have evaporated, elemental

chlorine remains available.

Below graphs show multimental  (Ca 
+ Cl) anomalies : this signature is 
associated to drought events



DendrochemistryDendrochemistry atat VerlVerl sitesite

3030

CalciumCalcium aandnd ChlorineChlorine profilesprofiles areare ggeneratedenerated forfor eacheach ofof thethe fourfour
analyzedanalyzed corescores aandnd correlatedcorrelated (parsimony(parsimony principleprinciple)) tthehe ddifferentifferent
pulsespulses // ..impactsimpactspulsespulses // impactsimpacts



ReconstructReconstruct: : HistoryHistory of plumesof plumes

3131



BenefitsBenefits



PhytoforensicsPhytoforensics TechTech TransferTransferPhytoforensicsPhytoforensics  TechTech  TransferTransfer
EPA-USGS User’s Guide Burken@mst.edu

vroblesk@usgs.gov

EU supported 
Biotool



IInn--plantplantaa PhytoForensicsPhytoForensics

Fast and Cheap….. Fast and Cheap….. FASTFAST

LiLittttlle, e, NNOO  EEcocollogogiicacall or  or PP ll PPLiLi ll NONO EE ll ii ll PPersonaersonall  PProperty roperty 
impacts.impacts.

Repeat Analysis in the same Repeat Analysis in the same borehole.borehole.
Greater abilitGreater abilityy to  to rarappidlidlyyy py p yy screen  screen ggggreater areas… reater areas… 

Protecting Protecting water quality and human healthwater quality and human health
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Great Colleagues!!!Great Colleagues!!!

Those that listenThose that listen
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