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Vaporintrusion, the emergingpathwaynow beinginvestigatedat sitesacrossthe
country,is oneof the mostsignificantobstacledo the safeuseof contaminategroperty.
Thescienceandregulatoryframeworkfor vaporintrusionhasbeendevelopedor existing
structures.Only recently has anyonebegunto addressredevelopmentat sites likely to
experiencevaporintrusion.

Vaporintrusionis usuallydefinedas the vettical migration of volatile subsurface
contaminationinto buildings above. Where indoor toxic concentrationsexceed health
standardsiswell asambient(outdoor)levels, mitigation is quickly putinto placebecause
the inhalation pathwayis complete.It's not practical for residents,workers, or other
building usersto breathesubstituteair.

Sincethe Denver Postran a major serieson vapor intrusion in January, 2002,
regulatoryagenciesyesponsibleparties, affected communities,and all their consultang
havebeentakingthe vaporintrusionpathwayseriously.Agencieshaveadoptedorotocols
for predictingandmeasuringndoorair contaminationMitigation systemssuchas subslab
ventilation,havebeeninstalledin hundredsprobablythousandof homes.At somesites,
remedialprogramshave beenalteredto reduceor eliminate the sourcesresponsiblefor
indoorcontamination.

A few stateregulatoryguidancedocuments®iow mentionvaporintrusionandfuture
developmentput no agency—toour knowledge—hagyet establisheda comprehensive
approachas to where, when, and how to developon property with shallow volatile
contaminationn groundwatenor soil. Developersand propertyowners,as well as local
officials, prospectiveaesidentsandotherpropertyusers facesignificantuncertainty.

Rising to the Surface

Volatile compoundsn groundwateior soil exist as both liquids and vapors.The
vaporsfill microscopigooresin thesoil, andtheir concentrationg€anbe measuredhrough
soil-gas sampling. While groundwater contamination generally moves with the
groundwaterformingelongatedolumes,vapor-phaseontaminationspreadgadially from
thesource which canbetheoriginal contaminatiorwithin thesoil or anelongateglumeof
groundwatecontamination.
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Soil gastendsto rise, andif the contaminationis nearthe surface,someof it is
likely to bereleasedt the surface.Many factorsinfluencethatprocessjncluding the type
and concentrationof the contamination,the make-upof the soil, and the presnce of
uncontaminateavaternearthe surface.Organismssuch as bacteriamay breakdown the
contaminants—particularlyetroleumproducts—asheyapproaclhhesurface.

Surfacestructures,including buildings and pavementcaninfluence the quantity
andrate of vapormigration,by influencing both biodegradatiorand creatingupdraftsthat
pull the contaminatiorup. Vertical vapormigration is often greaterunder structureshan
underopenspace.

Furthermorelike the air escapingrom the puncturein a tire, soil vaporreleases
“find” holes—cracksn slabs, utility trenches,openingsaround pipes, etc.—in surface
structuresAs long asthereis anegativepressurdifferential,thegasegsrappedbeneaththe

entirestructurewill risethroughsuchpreferental pathways!

To predict concentrationsof indoor air contamination resulting from vapor
intrusion, scientistshavedevelopednathematicaimodels themostwidely known of which
is the JohnsonEttinger model. The modelsattemptto calculate“alpha,” of the attenuation
factor,namedor theGreeklettera in themodels’mathematicalormulas.Alpha represents
theratio of the concentratiorof indoor air contamination(due only to vapor intrusion) to
the concentrationof vaporsin the soil below. Alpha is cdculated from a number of
variables,someof which canbe measuredt the site. Theseinclude soil types, depthto
groundwaterandthephysicalpropertieof thespecific volatile compoundsAlpha usually
turnsout to be aboutone one-thousandtfi001). Thatis, contaminantdn indoor air are
usuallyfoundsomewher@aroundoneone-thousandttineconcentratiorof the samevapors
in thesoil beneath.

Wherethereareexistingstructuresthoseconductingvaporintrusioninvestigations
generallyusesoil gasmeasurementt determineif andwhereto testtheindoorair. They
alsousethemto helpdistinguishbetweernvaporintrusionandthe samecontaminantgrom
othersources such at outdoorair or householdor commercialproducts. Residentsand
environmentabctivistsareoftenconcernedhatinvestigatorsely too muchon the models;
theyareunwilling to accepthattheairinsideis cleanunlesst is actuallysampled.

For redevelopmensites, thereis usuallyno indoor air to test. If thereareexisting
structuresthat are slatedfor demolition, sampling inside might give an indication of
potentialvaporintrusion for replacemenstructures,but thattoo is subjectto significant
variability. Therefore the only way to evaluatethe potential for vapor intrusion at most
redevelopmensites, suchasbrownfields,is to measureas many of the variablesin the
Johnsonkttinger(or similar) modelas practical,andthenusealphato predictwhere,and
how muchvaporintrusionis likely to occur.

Most vapor intrusion siteswith existing structuredie above shallow plumes of
contaminatedjroundwaterwhich havemigratedbeneattthebuilding in the yearssincethe
original releaseof contaminationHowever,at brownfieldssites(including thoserecently
redevelopedhestructuresnaybeproposedo bebuilt (or alreadysit) abovesourceareas,
areaf soil contaminatiorthatwerepollutedasthecontaminatiororiginally leakedout and
down throughthe soil. Thus, atredevelopmensites, vapor intrusion investigatons must

PConversely, as long as a structure maintains a positive pressure, gasses trapped beneath will not enter the
structure. While this is an expensive way to solve a vapor intrusion problem alone, it often makes sense in
commercial structures where positive pressure is used to conserve energy.
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carefully determinethe location of any suchreleaseand determinewhetherit has been
cleanedup.

Sincesoil contaminationand groundwatercontaminationoften occurin the same
areas, it sometimes takes additional investigation to determine whether soil gas
concentrationgresult primarily from soil pollution or contaminantsin the underlying
groundwater.One approachis to measurethe compound’ssoil gas concentrationsat
different depths.If the concentrationsat a location are higher nearerthe surface, that
suggestshatthelocationis an original sourcearea.lf the concentrationsrelower nearer
thesurface,|t’s likely thatthesources deeper—probablgontaminatedjroundwater.

Decisions, Decisions

Continuingexposureo volatile organc compoundsn the air we breatheposesa
long-termhealththreat.Thereis a major scientific debategoing on today (seebelow) over
whatlevelsposea significant risk, but rarely do the levelsof exposurefound in vapor
intrusionscenarioposeanacue—thatis, immediate—risk.

Still, thereis no establishegrocessfor decidingwhen to build homes,schools,
workplaces,or other structuresabove shallow sub-surfacecontamination.One of the
reasongs thatthe environmentakegulatoryagencies—U.SEPA andits state,territorial,
andtribal counterparts—thatormally superviseor evenconductmajor hazardousvaste
cleanupsrenottheentitiesthatmustapprovedevelopmenproposals.The regulatoranay
impose aspartof acleanupremedysubjecto ther jurisdiction,land usecontrolsthatlimit
whatcanbebuilt or whattypesof additionaldesignfeaturesarenecessaryor safeuseof
thenewbuildings.But becaus@aporintrusionis suchanewconcernthereis little history
of suchcontrols.

Usually,it’s up to local government$o approvenew constructionandtheir normal
operationsdon’t provide the tools to review the vapor intrusion potential. That is, the
zoning, subdivision,site planandarchitecturalreview, and building permit processeslo
notaskthevaporintrusionquestion.Only thosejurisdictionswhereenvironmentakeview
is requiredhavean institutionalizedway to evaluateandplace conditionson development
becaus®f vapor intrusion concerns.For example,Mountain View, California usedthe
CaliforniaEnvironmentalQuality Act to imposeconditionson newhousingconstructionon
aparcelnearanactivevaporintrusionsite.

Furthermoremostlocal governments$ack the expertiseto evaluatepotentialvapor
intrusion constructionproposals. That normally isn’t their job. Again, Mountain View
solved this problemby partnering with expertsfrom U.S. EPA. EPA analyzedthe
developersenvironmentatiataanddocumentsor city officials.

Yet therearetwo importantreasonsvhy thepotentia for vaporintrusionshouldbe
evaluatedearly in the redevelopmenfprocess.First, it is easierto conductsubsurface
sampling, to install remediationsystems,or to implement mitigation before or during
constructiorthanconductingsuchresponsesfterthe fact. Second,oncepeoplemoveinto
thenewdevelopmentnanywill respondo anytoxic surprise suchasvaporintrusion, by
contactingawyers.

Five Steps
CPEOthereforerecommendshe following stepsbe incorporatednto the approval

procesdor any propertyknown or suspectedo containvolatile organiccompoundsn the
shallow subsurface.To trigger this process,environmental regulatory agencies
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should notify local planning jurisdictions of any such sitesbeing addressed
under their authority, and developerswho discover shallow contamination

during environmental site assessmenshouldreport it, bothto local government
andenvironmentategulatoryagencies.

1. The potential for vapor intrusion should be fully evaluated before
developmenis approved.

2. Cleanupemedieshouldbein placebeforeconstructiorbegins.

3. Either acceleratedremediation methods should be approved or the
developmenshouldbemovedor delayed.

4. Engineeringcontrolsshouldberequiredasa conditionof developnent

5. Futurepropertyusersshouldbenotified of the vaporintrusioninvestigation
andits results.

1. The potential for vapor intrusion should be fully evaluated before
developmentis approved. While this may seemobvious, mostof the local planning
jurisdictionsthatreviewproposeddevelopmentsrenot evenawareof the vaporintrusion
pathway,let alongthe varioustiered approachefor evaluatingit. In addition to existing
contaminationon the property, the potential for inward migration of contaninated
groundwateshouldbeconsidered.

2. If, in the absenceof engineeringcontrols, vapor intrusion at unhealthy
levelsis likely to occur, then cleanup remedies should be in place before
construction begins.Suchremediesshouldbe protectedby institutional controls. That
is, neitherconstructionnor the new useshouldinterferewith remedialprogressThe key
point hereis the recognitionthat engineeringcontrols are not as robust as removal or
degradatiorof thepollutants.

3. Where necessarygngineeringcontrols such asimpermeable membranes,
subslab ventilation systems,and positive air pressure (for commercial
buildings) should be required as a condition of development. Evidencefrom
the field suggestghat such measureausually work in the short run, but not always.
Thereforesamplingis necessaryo confirmthatthey areworking as designed Also, many
suchmeasurearesusceptibléo breakdown,so regularmonitoring and contingencyplans
shouldaccompanyany engineeringcontrols. Thoserequirementsshouldbe backedup by
enforceablenstitutional controls Sincedevelopersion’t like to encumbettheir properties
in thisway, this providesanadditionalincentivefor remediation.

Other designfeaturesmay also be usedto limit exposuresFor example,agenciesmay
requirethattherebe no living spaceon the groundfloor. However,one shouldbe careful
notto replacetherisk of vaporintrusionwith thereleaseof contaminantérom garagesuilt
directly underhomes.

4. 1f engineeringcontrols are likely to fail before cleanup remediesreduce
residual contamination to a level at which vapor intrusion will not posean
unacceptablerisk, then either accelerated remediation methods should be
approved or the developmentshould be movedor delayed Wherepublic health
requiresserioudimits on developmentregulatorsandlocal governmentshouldresistthe
political and economic pressureto sweep vapor intrusion risks under the rug. But
compromisesre possible. There may be ways to significantly reducerisk simply by
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changinghe footprint of the proposeddevelopmentNote thatin most cases,the vapor
intrusionair standardgor industrialand commercialstructuresareonly aboutthreetimes
higher (less stringent) than for residential or unresticted use, so simply restricting
residentiausesmight not provideadequatgrotection.

5. Future owners, tenants, employees,students, and visitors should be

notified of the vapor intrusion investigation and its results. Some states
provideresidentialpropertybuyerswith notice of local contaminatiorsitesin the midst of

the saleclosureprocessThat'stoo late. Propertyusersshould receive enoughnotice so

they can makeinformeddecisions.For example,Mountain View recently requiredthat
marketingmaterialsfor new homesadjacentto a vaporintrusionsite shouldinclude vapor
intrusion warnings. If accuratewarning is provided, then developerswill have an
additionalreasorto acceleratandintensifycleanup.

It's important,in devisingany discbsureschemenot to underminethe privacy of the
ownersor otherresidentsandusersof affectedproperty. Thatis, property-specifimotice
shouldbe given only when it helpsa prospectivebuyer, employee resident,etc. make
judgmentsaboutthesafetyof buyingor usingtheproperty.

Re-Openers

Disclosurethathomesor otherpropertiessuffer vapor intrusion, or eventhatthe
vapor intrusion problemis suppressedvith engineeringcontrols, prompts immediate,
intenseconcerrmamongpropertyowners.Theyfacea double-whammypotentially serious
health problemsif exposedto the contaminants;and a likely reduction (or diminished
increase)n propertyvalue. Somepeople,moreconcernedaboutre-salevalue, try to keep
thebadnewsquiet. Thisis anargumaet, of course,for publicizing vaporintrusionthreats
beforepropertytransaction®ccur.

Still, therearemanynew homesandotherbuildings where developerssompleted
projectsbasedupon comfortlettersor otherassurancethat no further cleanupwould be
required.Now—in New York, for example—regulatorsire re-visiting many such sites,
requiringfurtherinvestigationatsupposedlyinishedsites.In suchcasesthe agencieghat
providedassurancaeedo checkthefine print. If indeed theygaveoverbroadassurances,
thentheyneedto seekfunds elsewherdo re-investigatethe site. CPEOfirmly believes,
however,that the public should not be subjectto continuing vapor exposures—oeven
conditionswhich might leadto future exposures—simplpecaus@ssurancesveregiven.
And if such promiseswere not made, then the developerunfortunately has to eatthe
additionalexpensesunlessit canrecovercostsfrom the responsibleparties. To cushion
the impact on developersyet ensurethat residentsare proteted, CPEO believes that
legislatorsandagencieshouldconsideprovidinglow-interestcleanuploansat siteswhere
remediations re-openedueto vaporintrusion,.

Health Standards

It should be recognizedthereis significant uncertainty—orat leastan argument
betweenmajor polluters and environmentaland public health advocates—aboutvhat
constitutesanunacceptabléevel of exposurdo volatile organiccompoundsn air. In 2001,
U.S. EPA completeda draft HumanHealth Risk Assessmentor TCE, one of the most
commonintruding vapors. That Assessmentjf adopted,would translateinto a health
standardbf .02 microgramsof TCE per cubicmeterof air. Becausen mosturbanareas,

TCE in ambientair is aboutten times that, somewherearound.2 pg/m3, the de facto
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cleanupobjectiveatmostsiteswould be somewheraroundthatlevel (becauseutdoorair
would recontaminaténdoorair cleansedo amorestringenttandard).

However, other federal agencies—theEnergy and Defense Departmentsand
NASA—as well as private polluters, objectedto EPA'’s findings, so the four federal
agenciessentthe questionof TCE toxicity to the National Academyof Sciencedor re-
review. It will be yearsbeforethereis a new federal standard.If that new standardis
protective for vulnerable populations such as young children—as the 2001 study
suggested—thein is likely that the safetythresholdsfor other commonvolatile organic
compoundssuchas perchloroethylenandtrichloroethanewill eventuallybe reducedas
well. Mearwhile, mostEPA regionsand stateswith vaporintrusionprogramsareusing 1

pg/md or ahighernumberastheirinterim actionlevel for TCEin residentiakair.

Developerscommunitiesandagenciesare all facedwith substantialuncertainty.
CPEObelievesvaporintrusioninvestigationsshould be conductedbasedupon the more

protectivenumbers,using detectionlimits of about.02 ug/ms3. Thatway, if EPA’s 2001
findings are upheld, there will be no need to re-openthe investigations. Unless
prohibitively expensive cleanuptargetshouldapproactbhackgroundair concentrationso
avoidtheprospecbf havingto comebackandre-remediatesites.

Finally, well conducted vapor intrusion investigations distinguish indoor
sources—suclas householdproducts—fromvapor intrusion. Neither developersnor
responsibleparties are expectedto remove from the air contaminantsreleasedfrom
householdproducts or active industrial processes.However, since volatile organic
compoundssuchas TCE andPCE do not occur naturaly, it's importantto determineif
ambientlevelsarepresendueto vapormigrationfrom the subsurfaceWhile it might not
be possibleto clean indoor air below outdoor air levels, it may be possible, through
additionalsourceremediatioroverawide area, to reducaheconcentrationgn outdoorair.
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