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1. HUM AN HEALTH RISK ASSESSM ENT

Thisreportdocumentsahuman health risk assessment(HHRA)conducted fortheFormer
DelphiBattery Plant(Site)following U.S.EnvironmentalProtection Agency (EPA),California
EnvironmentalProtection Agency (Cal-EPA)DepartmentofToxicSubstancesControl(DTSC),
and OfficeofEnvironmental Health Hazard Assessment(OEHHA)risk assessmentguidance,
and using reasonableworst-casesite-specificexposureassumptions. TheSiteislocated at1201
M agnolia Avenuein Anaheim,California. Theprimary guidancedocumentsused areas
follows:

Useof California Human Health Screening Levels(CHHSLs)in Evaluation of
Contaminated Properties,prepared by Cal-EPA,and dated January 2005 (Cal-EPA,
2005).

Human-Exposure-Based Screening NumbersDeveloped to Aid Estimation of Cleanup
Costsfor Contaminated Soil,prepared by theCalifornia OfficeofEnvironmental
Health Hazard Assessment(OEHHA),and dated November2004 (revised January
2005)(OEHHA,2005).

Preliminary Endangerment Assessment(PEA) GuidanceM anual,prepared by theCal-
EPA DepartmentofToxicSubstancesControl(DTSC),and dated January 1994
(revised June1999)(DTSC,1999).

RiskAssessment GuidanceforSuperfund, VolumeI,Human Health Evaluation M anual
(Part A),Interim Final,prepared by EPA,and dated December1989 (EPA,1989).

Supplemental Guidancefor Developing SoilScreening LevelsforSuperfund Sites,
prepared by EPA,and dated December2002 (EPA,2002).

Interim Final Guidanceforthe Evaluation and M itigation ofSubsurfaceVaporIntrusion
to IndoorAir,prepared by DTSC,and dated 15 December2004,revised 7 February
2005 (DTSC,2005a).

Human and Ecological Risk Division (HERD) HHRA Note Number1,Issue:
Recommended DTSC Default ExposureFactorsforUsein Risk AssessmentatCalifornia
M ilitaryFacilities,prepared by DTSC,and dated 27 October2005 (DTSC,2005b).

Calculating Upper Confidence Limitsfor Exposure Point Concentrationsat Hazardous
W asteSites. OSW ER 9285.6-10,prepared by EPA,and dated December2002 (EPA,
2002b).

ProUCL User’s Guide.Version 3.0,prepared by EPA,and dated April2004 (EPA,
2004).

Updated VersionofCaliforniaEPA Lead Risk Assessment Spreadsheet M odelfor
PredictingBloodLeadinChildrenand Adults,Version 7 oftheDTSC Lead Risk
AssessmentSpreadsheet(LeadSpread) M odel,BLOODPB7.xls,prepared by DTSC,
and dated 20 M arch 2000 (DTSC,2000).
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Otherguidanceused in thedevelopmentofthisHHRA islisted in the referencesection.

Theobjectiveofthis HHRA wasto assess whetherpotentialexposureto existing levelsofSite-
related chemicalimpactsin soiland soilgasattheSitecould posepotentialadversehuman
health effectsto possiblefutureon-sitehuman receptors. Conservative(health-protective)
assumptions wereused thatoverestimated thehealth risk to thesereceptors. Forthepurposes
ofthisHHRA,it wasassumed thattheSite would beredeveloped forcommercial/industrial
uses. Therefore,the receptorsidentified in thisHHRA arethosewho could potentially have
thegreatestexposureto on-siteimpacts: thefutureon-siteconstruction worker,thefutureon-
sitecommercial/industrial workerinsidebuildings,and thefutureon-sitecommercial/industrial
workeroutsidebuildings.

An HHRA istypically conducted in foursteps: 1)hazard identification,2)exposure
assessment,3)toxicity assessment,and 4)risk characterization.

Hazard identification (Section 1.1)includesdatacollection and evaluation,and the
identification ofthechemicalsofpotentialconcern (COPCs)atthesite.

Exposureassessment(Section 1.2)includesastudy ofthemostsensitive receptorsat
thesiteand theirpossibleexposurepathways(i.e.,how they may comeinto contact
with theCOPCsatthesite).  A conceptualsitemodelisdeveloped (i.e.,vapor
intrusion model)and modelinputassumptions.

Toxicity assessment(Section 1.3)includestheidentification ofthe relevanttoxicity
valuesfortheCOPCs.

Risk characterization (Section 1.4)includesasummary oftheestimated human health
risk resultsand theassociated risk uncertainties.

ThesefourstepsoftheHHRA fortheSitearedescribed in detailbelow.

1.1 Hazard Identification

Theinitialstep ofthe HHRA processisto review theavailabledatato characterizetheSiteand
Siteimpacts. Thesampling and analysisprogram implemented attheSite wasidentified based
on Sitehistory,sampling results,DTSC guidanceand protocol,and discussionswith DTSC
projectmanagersand staff.  A summary oftheresultsoftheinvestigation activitiesconducted
fortheSiteispresented in theFacility Investigation Report(Haley & Aldrich,2007).  A listof
thedetected organicand organicchemicalsin variousmediaattheSiteispresented in TableI.

In general,theSite-related COPCsevaluated in thisHHRA includedetected organicchemicals
and metals(inorganicchemicals)detected atconcentrationsabovebackground in themediaand
depths wherepotentialexposurecould occur. Themediaand depthsfor which exposurecould
occuraredescribed in Section 1.2.2. M etals wereselected asCOPCsfollowing theFebruary
1997 DTSC documententitled Selecting Inorganic Constituentsas Chemicalsof Potential
Concern at RiskAssessmentsat HazardousW asteSitesand Permitted Facilities,Final Policy.
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1.1.1 Organic Chem icalsofPotential Concern

Organicchemicalsthat were reported abovelaboratory detection limitsin oneormore
on-soilsoilsamplesobtained within theupper10 feetofsoil wereconsidered COPCs
forthe HHRA.

1.1.2 Inorganic Chem icalsofPotential Concern

Site-related inorganicchemicals wereidentified based on areview ofthePRC Visual
SiteInspection/Sampling Visit(VSI)report(1992)and theCurrentConditionsReport
(CCR)(Haley & Aldrich,2006b).  A review oftheVSI reportand theCCR indicates
thatSite-related inorganicchemicalsassociated with historicalon-siteoperationsinclude
lead,antimony,arsenic,chromium,mercury,and zinc. To identify theSite-specific
background metalsconcentrationsforthesechemicals,statisticalbackground metals
evaluationswereconducted oftheSite-specificmetaldatasets, which included the
preparation of:

Histogramsoftheuntransformed and thelog-transformed concentrations
measured in soilsamplescollected acrosstheSite,and

Probability plotsand associated correlation coefficientsoftheseuntransformed
and log-transformed concentrations.

Theabove-noted histogramsand probability plotsarepresented in Attachment1. For
each metal,thehistogramsand probability plotsoftheSite-specificdataset were
reviewed to assess whethertheuntransformed orthelog-transformed databestresemble
anormaldistribution.  A normaldistribution isdepicted asabell-shaped curveon a
histogram,and asastraightlineon aprobability plot.  Onceadecision wasmade
regarding which oftheuntransformed orlog-transformed datasetsmost resembled
normaldistribution,theprobability plotfortheassociated dataset wasreviewed to
identify thepoint-of-departure. Thepoint-of-departureisdefined asthepointat which
thebackground metalspopulation (closestto theorigin)divergesfrom thenon-
background (impacted)population. Ifno point-of-departureisevidentin theprobability
plot,theentiredatasetisconsidered to be within background.  A review ofthe
histogramsand probability plotspresented in Attachment1 indicatesthatthefollowing
metals weredetected attheSiteabovenaturally occurring background concentrations:
antimony,arsenic,chromium,lead,and zinc. Theidentified points-of-departureare
listed in TableIIalong with background levelsin Californiaand the western United
States,obtained from variousliteraturesources.  A comparison ofthesevaluesand a
review ofthedistribution ofmetalsconcentrationsattheSiteindicatethatthepoint-of
departurechosen on theprobability plotare reasonableestimatesofthemaximum
onsitemetalsbackground concentrations.

To verify whetherothermetalsdetected attheSiteshould beconsidered Site-related
inorganicchemicals,theotherdetected maximum metalsconcentrations werecompared
to thebackground levelspresented in TableII.  A review ofTableIIindicatesthatthe
maximum concentrationsoftheseothermetalsaregenerally lessthan thereported
background concentrations, with theexception ofcadmium and molybdenum.
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A review ofthecadmium resultsindicatesthatonly threesoilsampleshad detected
concentrations. Theconcentrationsofthesesamples(2.25,9.5,and 9.6 milligramsper
kilogram [mg/kg])weregreaterthan theliteratureidentified maximum background
concentration of1.7 mg/kg. Sinceitappearsthatthesedetected concentrationsare
elevated compared to therestofthecadmium dataset,cadmium wasconsidered a
COPC in theHHRA.

A review ofthemolybdenum concentrationsacrosstheSiteindicatesthatmolybdenum
concentrationsrangeup to 13.1 mg/kg.  A statisticalevaluation,asdescribed above,
wasconducted formolybdenum to evaluate whethermolybdenum may bepresenton-
siteatconcentrationsabovesite-specificbackground concentrations.  A review ofthe
probability plots(Attachment1)suggeststhattheremay beapoint-of-departureforthe
molybdenum dataatan approximateconcentration of11.1 mg/kg. Samples with
concentrationsofmolybdenum exceeding 11.1 mg/kg include:

GS0027-SS-001-01 (13.1 mg/kg)at AOI8

DP0135-SS-000-01 (11.5 mg/kg)at AOI26

DP0115-SS-000-01 (11.4 mg/kg)at AOI33

DP0147-SS-005-01 (12.6 mg/kg)at AOI42

Thesesample resultsappearto beonly slightly higherthan theapparentmaximum on-
sitebackground concentration of11.1 mg/kg. Thus,furtherevaluation wasconducted
to assess whetherthesesamplesalso contain elevated Site-related metalsconcentrations.
Based on areview ofthesampledata,it wasconcluded thatapparently elevated
molybdenum resultsarenotcollocated with otherelevated Site-related chemicals.
Therefore,molybdenum wasnotconsidered aCOPC in the HHRA.

1.2 Exposure Assessm ent

Theobjectiveoftheexposureassessmentisto estimatethemagnitude,frequency,duration,and
routesofreasonably anticipated human exposureto COPCson-and off-site. Theexposure
assessmentisbased on identified potentialon-siteand off-Site receptorsand associated
potentially completeexposurepathwaysthatdefinetheconditionsofexposureto theCOPCs.
Thereceptorsand assessmentofpotentially completeexposurepathwaysareshown in the
ConceptualSite M odel(CSM )presented on Figure1.

Human healthrisks are estimatedforsignificant complete or potentially completeexposure
pathways.  For an exposure pathwayto be considered completefor an existingreceptor or
potentially completefor a potentialfuturereceptor,itmust havethefollowing elements:

A contaminantsource;

A retention medium and transportmechanism;

A pointofpotentialhuman contact with thecontaminated medium;and

An exposurerouteattheexposurepoint.
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Ifany oftheaboverequired elementsareabsent,theexposurepathway isconsidered
incomplete(i.e.,no exposure willoccur)and willhaveno associated health risks(i.e.,health
risks willbezero forthatexposurepathway). However,even ifapathway isconsidered
potentially complete,itcould beconsidered insignificantif1)theassociated risk isso small,
relativeto otherpathways,thatit willnotadd perceptibly to thetotalexposurebeing evaluated
orif2)thepotential risk contribution from an insignificantpathway would betrivial(EPA,
1989). Insignificantpathwaysneed notbequantitatively evaluated in theHHRA. Potentially
completeexposurepathwaysarediscussed below in Section 1.2.1.

Oncethecompleteand potentially completeexposurepathwaysareidentified,quantification of
chemicalintakedosesforeach receptorrequiresthatan estimatebemadeof:

Each COPC concentration to which thereceptormay beexposed (also referred to as
exposurepointconcentration [EPC]);

Theabsorption ofeach COPC into thehuman body onceexposed viathesubject
completeand potentially completeexposurepathways;

Frequency and duration ofcontactforthecompleteand potentially completeexposure
pathways;and

Thebiologicalcharacteristicsofthereceptor.

Thecomponentsoftheexposureassessmentarediscussed furtherbelow.

1.2.1 Conceptual SiteM odel

TheCSM fortheSite,presented asFigure1,identifiesthepotentialchemicalexposure
pathways(i.e.,waysthatpeoplecould potentially beexposed to theCOPCsin soilat
theSite). FutureredevelopmentoftheSiteincludescommercialand industrialuses.
Potentially exposed receptorsattheSiteincludeon-siteconstruction workersand
off-siteconstruction/industrial workersduring on-site redevelopmentactivities,and on-
siteand off-sitecommercial/industrial workersafterSite redevelopment. Sincethe
greatestconcentrationsoftheSite-related impactsareon-site,theworst-case receptors
arethosepresentattheSite. Thus,thehuman receptorsevaluated in thisHHRA are
the:

Futureon-siteconstruction workerduring Site redevelopmentactivities,and

Futureon-sitecommercial/industrial worker(insideand outsidebuildings)after
Site redevelopmentactivities.

On-siteworkersafterSite redevelopmentmay beboth insideand outsidebuildings
during aportion ofagiven day. Sinceitisunknown whatpercentageofthetimea
workermaybeinsideversusoutsideabuilding,it wasconservatively assumed thatthe
on-worker would beboth insideand outsideabuilding during theentire8-hourwork
day.

Thepotentially completesoilexposurepathwaysfortheconstruction workerinclude
soilingestion,dermalexposureto soil,and inhalation ofparticulates(asfugitivedust
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generated from soil)and organicvaporsin ambientair. Thepotentially complete
exposurepathwaysforthecommercial/industrial workerincludeinhalation ofvolatile
organiccompounds(VOCs)in indoorair,soilingestion,dermalexposureto soil,and
inhalation ofparticulatesand organicvaporsin ambientair. Forthepurposesofthis
HHRA,inhalation of VOCsin ambientairby theon-sitecommercial/industrialworker
wasconsidered insignificantand wasnotquantitatively evaluated in theHHRA. Thisis
becausethemajority oftheSite willbepaved after redevelopment which willlimit
VOC migration into ambientair, VOC concentrationsafterdispersing into ambientair
willbenegligible,and itisassumed thattheon-sitecommercial/industrial worker will
inhale VOCsin indoorairfrom subsurfacevaporintrusion into on-sitebuildings. The
remaining potentially completeexposurepathwaysforboth receptorswere
quantitatively evaluated in this HHRA.

To estimate whatthepotentialexposuresmay beundercurrentand futureland use
plans,theHHRA risk calculations wereconducted using thedatacollected priorto and
during the2006 Facility Investigation. Thesedataaresummarized in theFacility
Investigation Report(Haley & Aldrich,2007)asindicated in Section 1.1.

1.2.2 Exposure Point Concentrations

Deriving estimatesofchemicalconcentrationsatpointsofpotentialhuman exposureis
necessary forderiving chemicalintakesforpotentially exposed individuals(i.e.,human
receptors). Thesechemicalconcentrationsare referred to asEPCs.

ForthepurposesoftheHHRA,it wasassumed exposuresto on-sitesoil would occur
with soilpresentatdepthsin theupper10 feet. Thisassumption isconsistent with what
isindicated on Page2-6 oftheabove-referenced January 2005 Cal-EPA document
entitled Useof California Human Health Screening Levels(CHHSLs)in Evaluation of
Contaminated Properties,which indicatesthattheCHHSLsareto beapplied to soilsat
depths within theupper10 feet wheredirectcontactwith soilsby human receptors
during and after redevelopmentactivitiesispossible. It wasfurtherassumed that
potentialexposureassociated with VOCsin indooraircould beestimated using onsite
soilgasdata. Soilgassamples wereobtained atapproximately 5-footdepth intervals
between approximately 5 and 20 feetbelow ground surface(bgs).

A listoftheEPCsfortheupper10 feetofsoil,ambientair,and forsoilgasand indoor
airispresented in TableIII. Thederivation ofEPCsisdescribed in thefollowing
sections.

1.2.2.1 Overview ofEPC Derivation

Developmentoflong-term EPCsfrom theinvestigation datacollected to date
includesan underlying assumption abouttherepresentativenessofthedata,both
temporally and spatially. TheEPCswerecalculated undertheassumption that
environmentalconcentrations would remain constantatthelevelsdetected
during theinvestigation activitiesforan indefiniteperiod oftime. Itis,thus,
assumed thatthedataconsidered representativeofcurrenton-siteconditions
simulatescurrentand futureexposureconditionsfora receptorhaving potential
exposureto impacted mediaattheSite.
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Theoperations(i.e.,associated with historicalon-Sitemanufacturing activities)
resulting in chemical releasesattheSitehavebeen removed. So thereareno
continued sourcesofchemical releasesto theenvironment. Sampleshavebeen
collected atlocationsofthelikely highestchemicalconcentrationsateach
potentialimpactarea,and thesampleshavebeen analyzed forassociated
COPCsateach oftheselocations. Itisthereforereasonableto assumethat
samplesresultsrepresentthehighestconcentrationsattheSiteand that
concentrations willnotincreaseovertime. In actuality,organicchemicals
including chemicaldegradation productsnaturally degradein theenvironment,
which resultsin the reduction ofconcentrationsovertime.

Theaboveunderlying steady-stateassumption isthereforeconservative,in that
itassumesthatno degradation mechanisms willoccur. Thisassumption of
steady-stateconcentrationsforeach COPC resultsin aconservativeestimation
oflong-term exposureconcentrations.

To simulateareceptor’sspatially and temporally integrated exposure,EPA
(1992,1997,2002b)definestheEPC used to estimatethe reasonablemaximum
exposure(RM E)asthe95% upperconfidencelimitofthearithmeticmean
(95% UCL)orthemaximum observed concentration,whicheverislower. The
arithmeticmean reflectstheassumption thatexposureby thereceptoris
averaged asthey traversean areaovertime. TheintentoftheRM E scenario is
to focustheassessmenton aconservativeexposurethatis within the rangeof
exposures. ForthepurposesofthisHHRA,thelowerofthemaximum and
95% UCL concentrationswereassumed to betheEPCsin soilfor risk driving
chemicals.  M aximum Site-widesoilconcentrationswereassumed to bethe
EPCsfornon-risk driving chemicals,and themaximum Site-widesoilgas
concentrationswereconservatively used to estimateindoorairconcentrations.

The95% UCLs werecalculated using theEPA ProUCL software(Version 3.0,
dated April2004)(EPA,2004)following theEPA December2002 guidance
documenttitled Calculating Upper Confidence Limitsfor Exposure Point
Concentrationsat HazardousW asteSites(EPA,2002b). The resultsofthese
calculations(softwareoutput)indicated theEPA recommended 95% UCL
concentrationsarepresented in Attachment2. TheEPA recommended
95% UCL concentrationswereused in this HHRA forthechemicalsconsidered
to be risk drivers. W herethis wasthecaseforaparticularmetal,the95% UCL
concentration wascompared to themaximum Site-specificbackground
concentration. Ifthe95% UCL concentration wasequalto orlessthan theSite-
specificmaximum background concentration,themetalconcentration was
considered to be within background in theHHRA. This wasthecasefor
cadmium.

Specificinformation regarding theestimation ofEPCsfortheinhalation of
fugitivedustand organicvaporconcentrationsin ambientairand inhalation of
volatilesin indoorairispresented below.
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1.2.2.2 Fugitive Dust

TheCOPCsthatarerelatively nonvolatilecompoundscan adhereto soiland
becomeairbornedueto wind erosion ordueto mechanicaldisturbancesuch as
soilgrading operations. Onceairborne,thesesoilparticulatesgeneratefugitive
dustthatcan beinhaled. ThefugitivedustEPC isestimated by multiplying the
COPC EPC in surfacesoilby theinverseoftheparticulateemission factor
(PEF)relevantto thefugitivedustgenerating activities.

During on-siteconstruction activitiesassociated with Site redevelopment,
fugitivedustmay begenerated by variousactivitiesincluding notonly wind
erosion butalso by vehiclesdriven on unpaved roads,trucksdumping
excavated soil,dozing,grading,tilling,orsimilaroperations,asnoted in the
2002 EPA document(EPA,2002a). To accountfortheseactivities,thePEF
during Siteredevelopmentactivities wasassumed to betheDTSC-
recommended defaultPEF identified fortheconstruction scenario in the27
October2005 DTSC documententitled Human and Ecological Risk Division
(HERD) HHRA Note Number1,Issue: Recommended DTSC Default Exposure
Factorsfor Usein Risk Assessmentat California M ilitaryFacilities(DTSC,
2005b). ThisPEF valueis1.0 x 106 cubicmetersperkilogram (m 3/kg).  A 
site-specificPEF wasnotderived sincespecificinformation regarding the
grading activitiesand typesofequipmentand earth-moving activitiesisnot
known atthistime. Theabove-noted DTSC defaultPEF isconsidered by
DTSC to beaconservativenon-site-specificPEF valueforatypical
construction scenario.

Fortheon-sitecommercial/industrial workerafterSite redevelopment,fugitive
dustmay begenerated from wind erosion ofexposed surfacesoil. ThePEF
defaultvaluefor wind erosion of1.316 x 109 m 3/kg,asidentified in the2005
OEHHA documententitled Human-Exposure-Based Screening Numbers
Developed to Aid Estimation of Cleanup CostsforContaminated Soil(OEHHA,
2005),wasused in thisHHRA asthePEF valueforfugitivedust-generating
activitiesafterSite redevelopment.

1.2.2.3 Volatilesin Ambient Air

VOCsmay volatizefrom VOC-impacted soilinto theambientair. Sincethe
majority ofthesurfacesoilacrosstheSite willbeexposed during on-Site
redevelopmentactivities,VOCsconcentrationsin ambientair wereestimated
fortheon-siteconstruction workerduring on-siteredevelopmentactivities.
However,sincethemajority oftheSite willbepaved afterredevelopment
which willlimit VOC migration into ambientair, VOC concentrationsin
ambientairareconsidered to benegligibleand werenotestimated in this
HHRA. TheEPCsforVOCsin ambientairduring redevelopmentactivities
wereestimated following equationspublished by EPA (EPA,2002a).
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Thesoilvolatilization factor(VF)fortheconstruction scenario wascalculated
using thefollowing equationspresented by EPA (2002a)asEquations5-14 and
5-15:

(Equation 1)
where

VFsc = Subchronicvolatilization factor(m 3/kg)

DA = Apparentdiffusivity (cm 2/s,seeEquation 2)

T = Totaltimeover which construction occurs(s,
31,536,000 s= 1 year)

b = Dry soilbulk density (g/cm 3,1.55 = Site-
specificin upper10 feet,sameasused in the
Johnson & Ettinger(J&E)vaporintrusion model
– seesection 1.2.2.4.)

Q/Csc = Dispersion emission component,
([g/m 2/s]/[kg/m 3],seeEquation 3)

(Equation2)

where

DA = Apparentdiffusivity (cm 2/s,chemical-specific)

b = Dry soilbulk density (g/cm 3,1.55 = Site-specific
in upper10 feet)

A = Air-filled soilporosity (lair/lsoil,0.247 = Site-
specificin upper10 feet,sameasused in theJ&E
model– seesection 1.2.2.4.)

n = Totalsoilporosity (lpore/lsoil,0.42 = Site-specific
in upper10 feet,sameasused in theJ&E model)

w = W ater-filled soilporosity (lwater/lsoil,0.173 = Site-
specificin upper10 feet,sameasused in theJ&E
model)

Di = Diffusivity in air(cm 2/s,chemical-specific)

H = Henry’sLaw constant(atm-m 3/mol,chemical-
specific)

H' = DimensionlessHenry’sLaw constant(unitless,
chemical-specific)

Dw = Diffusivity in water(cm 2/s,chemical-specific)

Kd = Soil-waterpartition coefficient(cm 3/g)=  Koc x foc

( )[ ]
'

/' 23/103/10
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Koc = Soilorganiccarbon-waterpartition coefficient
(cm 3/g,chemical-specific)

foc = Fraction organiccarbon in soil(g/g,0.006 =
default)

(Equation 3)

where

A = Unitlessconstant(2.4538 = default)

Ac = Arealextentofsitesoilcontamination (acres,
21.65 = areaofSite)

B = Unitlessconstant(17.5660 = default)

C = Unitlessconstant(189.0426 = default)

Theambientairconcentration wascalculated using thefollowing equation:

Ca =
VF

Cs (Equation 4)

where

Ca = ambientairconcentration (mg/m 3)

1.2.2.4 Volatilesin Indoor Air

EPCsforvolatilesin indoorair werederived using theEPA advanced soilgas
(SG-ADV)J&E vaporintrusion model(Version 3.1,dated February 2004)
substituting information in theEPA model with thefollowing:

DTSC-specified soilproperties,chemicalparameters,and toxicity
valuesincluded in the25 January 2005 DTSC version ofthescreening
soilgas(SG-SCREEN)J&E vaporintrusion model,and

Othermodeldefaultparametersasspecified in therevised 7 February
2005 DTSC vaporintrusion guidance(DTSC,2005).

In addition,Site-specificinformation used in themodelincluded information
concerning:

Physicalsoilcharacteristics,and
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Soilgasconcentrations.

Shallow soilgassampleswerecollected at5-footdepth intervalsbetween 5 and
20 feetbgs. Estimated indoorairconcentrationswerederived from soilgas
samplescollected atthe5-,10-,15-,and 20-footdepths. Human health risk
wasalso estimated foreach ofthesedepths.

Thephysicalsoilcharacteristics wereidentified from a review oftheboring
logsforthetop 20 feetofsoilattheSiteand physicalproperty testing results
forselecton-sitesoilsamples. Based on areview oftheboring logs,the
following generalized lithologiccross-section fortheSite wasdeveloped foruse
in theJ&E model:

0 to 10 feetbgs(10 feet) Silty sand

10 – 15 feetbgs(5 feet) Silt

15 – 20 feetbgs(5 feet) Sand

Based on areview ofthephysicalproperty testing results,theaverageofthe
dataforsamplesDP0194A_SS_003_01 and DP0194A_SS_007_01 wereused as
thepropertiesforsiltin theJ&E model. Theaverageofthedataforsamples
DP0194A_SS_011_01 and DP0194A_SS_017_01 wereused astheproperties
forsilty sand in theJ&E model,and theJ&E modeldefaultparameters were
used forsand in theJ&E model.

Theabove-noted averagesoilproperty datacalculationsarepresented in Table
IV. Thesoilphysicalproperty laboratory reportsarepresented in Attachment
3. TheJ&E modelcalculationsarepresented in Attachment4.

1.2.3 Estim ation of Chem icalIntakes

EPA risk assessmentguidelines recommend thatintakedosesbecalculated in amanner
that willproduce risk estimatesoftheRM E scenario (EPA,1989). TheRM E
considerstheupperbound casedescribed by using the50th or95th percentileofthe
actualdistribution ofmostinputparametersused to estimateintakedoses. Theintentof
the RM E scenario isto focusthe risk assessmenton conservativeexposuresthatare
within the rangeofpossibleexposures. SincetheRM E scenario usesamixtureof
upperbound and centraltendency assumptionsand data,theassociated estimated COPC
intakeisnotan averageCOPC intake,butisintended to bean estimateoftheplausible
upper-end intake.

Theexposureparameterassumptionsfortheselected worst-casereceptorsarebased on
conservativedefaultvaluesand arepresented in Table V. Theexposurevaluesforthe
on-siteconstruction workerand theon-sitecommercial/industrial workerswere
primarily obtained from the2005 DTSC guidanceentitled Human and Ecological Risk
Division (HERD) HHRA Note Number1,Issue:Recommended DTSC Default Exposure
Factorsfor Usein Risk Assessmentat California M ilitaryFacilities(DTSC,2005b).
Otherkey guidancedocumentsincluded the2002 EPA guidanceentitled Supplemental
GuidanceforDeveloping Screening LevelsforSuperfund Sites(EPA 2002a)and the
2005 OEHHA documententitled Human-Exposure-Based Screening Numbers



12

Developed to Aid in Estimation of Cleanup CostsforContaminated Soil(OEHHA,
2005).

Fornoncarcinogeniceffects,intakeisaveraged overtheperiod ofexposureand is
referred to astheaveragedaily intake(ADI). Forcarcinogeniceffects,theintakeis
averaged overalifetimeand is referred to asthelifetimeaveragedaily intake(LADI).
Thefollowing generalequation wasapplied to estimateCOPC intakeforeach
potentially completeexposurepathway considered in this HHRA:

Intake=  C x IR x EF x ED x  RAF
BW x AT (Equation 5)

where

Intake = ADI(mg/kg-day)fornoncarcinogens
LADI(mg/kg-day)forcarcinogens

C = EPC ofCOPC in environmentalmedium (e.g.,mg/kg forsoil;
or,mg/m 3 in air)

IR = Intake rate(e.g.,mg soil/day;or, m 3 air/day)

EF = Exposurefrequency (days/year)

ED = Exposureduration (years)

RAF = Relativeabsorption factor(i.e.,theratio ofbioavailability in
theexposurescenario to bioavailability in theexposuresituation
from which thetoxicity criteriaisbased)

BW = Body weight(kg)

AT = Averaging time(days)

A description ofthederivation ofCOPC intakeforeach ofthepotentially complete
exposurepathwaysispresented in thefollowing sections.

1.2.3.1 IncidentalIngestion ofSoil

Theequation used to estimateCOPC intakedueto incidentalingestion ofsoilis
presented below:

Intake=  CS x IR x CF x EF x ED x RAF
BW x AT (Equation 6)

where

CS = EPC ofCOPC in soil(mg/kg)

IR = Ingestion rateofsoil(mg/day)

 CF = Conversion factor(1 x 10-6 kg/mg)

 EF = Exposurefrequency (days/year)
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 ED = Exposureduration (years)

 RAF = Relativeabsorption factor(unitless)

 BW = Body weight(kg)

 AT = Averaging time(days)

1.2.3.2 DermalContact with Soil

Theequation used to estimateCOPC intakedueto dermalcontact with soilis
presented below:

Intake=  CS x AF x SA x CF x EF1 x EF2 x ED x ABSd
BW x AT (Equation 7)

where

CS = EPC ofCOPC in soil(mg/kg)

AF = Soiladherencefactor(mg/cm 2-event)

SA = Surfaceareaofexposed skin (cm 2)

CF = Conversion factor(1 x 10-6 kg/mg)

EF1= Exposurefrequency (days/year)

EF2= Contact rate(event/day)

ED = Exposureduration (years)

ABSd= Dermalabsorption fraction (unitless)

BW = Body weight(kg)

AT = Averaging time(days)

1.2.3.3 Inhalation ofFugitiveDusts

Theequation used to estimateCOPC intakedueto inhalation offugitivedustis
presented below:

Intake=  CS x BR x EF x ED
    PEF x BW x AT (Equation 8)

where

CS = EPC ofCOPC in soil(mg/kg)

 BR = Breathing rate(m 3/day)

 EF = Exposurefrequency (days/year)

 ED = Exposureduration (years)

 PEF = Particulateemission fraction (m 3/kg)

 BW = Body weight(kg)

 AT = Averaging time(days)
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1.2.3.4 Inhalation of Vaporsin Indoor Airor Ambient Air

Theequation used to estimateCOPC intakedueto inhalation ofindoorairis
presented below:

(Equation 9)
where

CA = EPC ofCOPC in indoorairorambientair(mg/m 3)

BR = Breathing rate(m 3/hr)

EF1 = Exposurefrequency (days/year)

EF2 = Exposurefrequency (hours/day)

ED = Exposureduration (years)

BW = Body weight(kg)

AT = Averaging time(days)

1.3 Toxicity Assessm ent

Thetoxicity assessmentcharacterizestherelationship between themagnitudeofexposureto a
COPC and thenatureand magnitudeofadversehealth effectsthatmay resultfrom each
exposure. Forpurposeofhuman health risk assessment,adversehealth effectsareclassified
into two broad categories:noncarcinogensand carcinogens. Toxicity valuesaregenerally
developed based on thethreshold approach fornoncarcinogeniceffectsand thenon-threshold
approach forcarcinogeniceffects. Toxicity valuesmay bebased on epidemiologicalstudies,
short-term human studies,orsubchronicorchronicanimaldata. Toxicity valuesto estimate
adversenoncarcinogenichealth effectsashazard quotients(HQs)arederived using reference
doses(RfDs),and toxicity valuesto estimateincrementallifetimecancerrisks(ILCRs-also
typically referred to asexcesslifetimecancer risks)arederived using cancerslopefactors
(SFs).

1.3.1 Adverse NoncarcinogenicHealth Effects

Itis widely accepted thatadversenoncarcinogenichealth effectsfrom chemical
substancesoccuronly afterathreshold doseorintakeis reached. Forthepurposesof
establishing atoxicity valueforan adversenoncarcinogenichealth effect,athreshold
doseisusually estimated from theno-observed-adverse-effect-level(NOAEL)orthe
lowest-observed-adverse-effect-level(LOAEL)determined from chronicorsubchronic
animalstudies. The NOAEL isthehighestdoseatwhich no adverseeffectsare
observed, whiletheLOAEL isthelowestdoseat which adverseeffectsareobserved.

Safety factorsareapplied to the NOAEL orLOAEL observed in animalstudiesor
human epidemiologicalstudiesto establish RfDsor“referenceconcentrations.”  A 
referenceconcentration forinhalation exposuresmay beconverted to an RfD. An RfD
isan estimateofadoselevelthatisnotexpected to resultin adversehealth effectsin
humans,even among themostsensitivemembersofthepopulation (EPA,1989).  A 

ATBW

EDEFEFBRCA
Intake

×
××××= 21
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subchronicRfD isdefined asan acceptableestimated daily exposureoveraportion ofa
lifetime(2 weeksto 7 years), whileachronicRfD isdefined asan acceptabledaily
exposureoveran entirelifetime(greaterthan 7 years)(EPA,1989). RfDsare
expressed asacceptabledaily dosesin milligramsofchemicalperkilogram ofbody
weightperday (mg/kg-day). Fortheevaluation ofexposureto lead,an acceptable
blood lead levelthreshold hasbeen established asdescribed in section 1.4.2.

1.3.2 CarcinogenicHealth Effects

Regulatory agencieshavegenerally assumed thatcarcinogenicagentsdo nothave
toxicologicalthresholds. Thedose-responsecurveused forregulation ofcarcinogens
only predictszero risk when thereiszero dose(i.e.,fordosesgreaterthan zero,some
risk isassumed to bepresent). Cancerrisksfrom potentialhuman exposuresto
carcinogenicchemicalsaremodeled mathematically using eitheranimalorhuman data.

Cancerrisksforexposureto carcinogensaredefined in termsofupperboundson
probabilities. Theprobabilitiesidentify thelikelihood ofacarcinogenicresponsein an
individualthatreceivesagiven doseofaparticularchemical(based on mathematical
modeling oftheanimalorhuman data). Potentialcarcinogeniceffectsareexpressed as
theprobability thatan individual willdevelop cancerfrom alifetimeexposure. This
probability isbased on projected intakesand chemicalspecificdose-responsedatacalled
slopefactors(SFs). TheSF definesthecancer risk dueto averagelifetimeexposureto
oneunitofcarcinogen (in unitsofrisk permg/kg-day written astheinverseofmg/kg-
day (mg/kg-day)-1.

To deriveSFs,theEPA generally usesthelinearized multistagemodelforlow-dose
extrapolation. Themodelisconsidered to beoneofthemostconservativemodelsthat
may beapplied and hasbeen recognized by EPA to overpredictILCRs. Using this
model,SFsarederived by calculating the95% UCL on theslopeofthelinearized
portion ofthedose-responsecurveobtained from themultistagecancermodel. Useof
the95% UCL oftheslopemeansthatthereisonly a5% chancethattheprobability ofa
responsecould begreaterthan theestimated valueoftheexperimentaldataused.

1.3.3 Chem ical-specific Toxicity Values

Chronictoxicityvaluesfor adverse cancer and non-cancer effectswere conservatively used
to evaluate both chronic andsubchronic exposuresforeachCOPC,withthe exception of
lead.FortheidentificationofCaliforniatoxicityvalues,whenCal/EPA toxicityvalues
were not available,EPA toxicityvalueswere used.Thehierarchy oftoxicityvalues usedto
identifytheCaliforniatoxicityvaluesis based on therecommendationsinthe PEA
GuidanceM anual(DTSC, 1999), and is asfollows:

1. Cal/EPA, OEHHA,Toxicity CriteriaDatabaseand August2005 California
CancerPotency List,http://www.oehha.ca.gov/risk/chemicalDB/index.asp

2. Cal/EPA, Air ResourcesBoard (ARB),Consolidated TableofOEHHA/ARB
Approved Risk Assessment Health Values,25 April2005,
http://www.arb.ca.gov/toxics/healthval/healthval.htm
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3. Cal/EPA, OEHHA,Chronic ReferenceExposureLevels(RELs)for Airborne
Toxicants,February 2005,
http://www.oehha.ca.gov/air/chronic_rels/AllChrels.html

4. EPA, Region 9,toxicity valuespresented in thePreliminary Remediation Goals
(PRG)Tables,20 October2004,
http://www.epa.gov/region09/waste/sfund/prg/

Theselected toxicity valuesfortheCOPCsarepresented in TableVIand areincluded in the
risk calculationsspreadsheetspresented in Attachments4 and 5. Fortheevaluation ofexposure
to lead,an acceptableblood lead levelthreshold hasbeen established asdescribed in section
1.4.2.

1.4 Risk Characterization

Risk characterization isthefourth step in the risk assessmentprocess.  Risk characterization
includestheintegration ofthetoxicity and exposureassessmentsto providequantitativeand
qualitativeexpressionsofrisk.

1.4.1 Calculation of AdverseNoncarcinogenicHealth Effects– Other Than Lead

TheRfD isused in therisk characterization to estimatethepotentialforadverse
noncarcinogenichealth effects. Theestimated ADIdivided by theRfD isreferred to as
ahazard quotient(HQ). An HQ valuegreaterthan 1.0 indicatesachemicaldoseabove
the RfD forthatpathway,and thusapotentialforadversenoncarcinogenichealth
effects.  A totalHIisasum oftheHQsformorethan onechemical with similar
toxicologicalendpoints. A total HIgreaterthan 1.0 indicatesapotentialforan adverse
noncarcinogenichealth effectfrom exposureto thatchemicalorchemicalsthatresultin
driving thetotalHIabove1.0.

Asafirsttieranalysis,theHQs(e.g.,forallCOPCs,regardlessoftargetorgan)for
each receptorcan besummed asthebasisforconservatively estimating ascreening total
HIforthatreceptor. In thiscase,itisassumed thateach COPC actsby thesame
mechanism and inducesthesameeffects(EPA,1989). Typically,additional risk
evaluation isundertaken when the HQsforeach chemicalaresummed irrespectiveof
theirtoxicologicalendpointsand thattotal HIexceedsavalueof1.0. Then acceptable
targetorgan-specifictotalHIscan becalculated forthe receptorbased on targetorgans
asrecommended by EPA (1989).

Equationsused to deriveHQsand total HIarepresented asfollows. The HQ compares
a receptor'sexposureorintakelevelto the RfD ofthatCOPC and completepathway
(EPA,1989). To calculatean HQ,theADI(e.g.,upperbound intakeaveraged over
theexposureperiod)foreach COPC isdivided by thechemical-specificRfD asshown
in thefollowing equation:

HQpathway1 =  ADI/RfD (Equation 10)

where



17

HQpathway1 = HQ ofparticularpathway forCOPC (unitless)

ADI = Averagedaily intakeofCOPC (mg/kg-day)

RfD = ReferencedoseofCOPC (mg/kg-day)

W hen using theaboveequation to estimatethepotentialforadversenoncancerhealth
effects,both theintakeand the RfD mustreferto exposuresofequivalentduration
(e.g.,chronic).

Foreach receptor,theHQ ofeach pathway fortheCOPC isthen summed to calculate
thetotal HQ forthatCOPC asshown in thefollowing equation:

Total HQ =   HQpathway1 +  HQpathway2 + … +  HQpathwayn

(Equation 11)

where

Total HQ = Summed HQsforCOPC (unitless)

HQpathway1 = HQ forparticularpathway forCOPC (unitless)

Forsimultaneousexposuresto a receptorby severalCOPCs,atotalHIiscalculated as
thesum ofthe HQsforeach COPC by:

Total HI=  HQ(COPC
1
)+  HQ(COPC

2
)+ … + HQ(COPC

n
)

(Equation 12)
where

Total HI = Total Hazard Index

Total HQ(COPCn) = Sum ofHQsforthatCOPC

1.4.2 Calculation of AdverseNoncarcinogenicHealth EffectsforLead

Potentialhuman health effectsfrom exposureto lead aretypically inferred from blood
lead levels,ratherthan intakeand,assuch,arenotamenableto the HQ/HIapproach
described in Section 1.4.1.  Health risk from exposureto lead fortheon-site
construction workerand commercial/industrial worker wasconservatively evaluated
based on thedefault risk assumptionspresented in theVersion 7 oftheDTSC Lead
Risk AssessmentSpreadsheet(LeadSpread)M odel(DTSC,2000)[included in
Attachment6]and theEPA Integrated ExposureUptakeBiokinetic M odelforLead
(IEUBK)derived Region IX industrialsoilpreliminary remediation goal(PRG)(EPA,
2002a).

Theblood lead concentration identified asacceptable,forboth children and adults,is
10 microgramsperdeciliter(μg/dL)(DTSC 1993,1999)and willbeapplied to high
end (i.e.,RM E)exposureestimates. W hiletheLeadSpread M odelcalculatesestimated
90th,95th,98th and 99th percentileblood lead concentrations,theDTSC identifiesthe
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99th percentileblood lead asa“pointofdeparture” (e.g.,remedialactionsarenot
warranted when predicted blood lead levelsareatorbelow 10 μg/dL). The
occupational workerthreshold concentration identified in theLeadSpread M odelusing
the DTSC defaultassumptionsis3,475 mg/kg. TheDTSC also refersto theEPA
IEUBK M odelforadult receptorrisk evaluations. TheindustrialsoilPRG forlead
based on theEPA IEUBK M odelis800 mg/kg. In addition,itshould benoted thatthe
Californiahazardouswastecriterion forlead,asdefined by theTotalThreshold Limit
Concentration (TTLC),specified in CaliforniaCodeof Regulations(CCR)Title22,is
1,000 mg/kg. Forthepurposesofthis risk assessment,alead concentration of800
mg/kg wasselected astheacceptablehealth-based lead targetconcentration for
occupational workers.

1.4.3 Calculation of Cum ulativeIncrem ental Lifetim eCancer Risk

TheSF isused in the risk characterization to estimatethecancer risk. TheSF
multiplied by theLADIisreferred to asan ILCR. Foreach COPC identified asa
potentialhuman carcinogen,thetheoreticalupperbound ILCR foraparticular receptor
isthesum ofthecalculated ILCRsforeach COPC.

To calculatean ILCR,theLADI(e.g.,upperbound intakeaveraged overalifetime)
foreach COPC ismultiplied by thechemical-specificSF asshown in thefollowing
equation:

ILCR = (LADI)x(SF) (Equation 13)

where

ILCR = Incrementallifetimecancer risk forCOPC,also referred to as
excesslifetimecancer risk(unitless)

LADI = Lifetimeaveragedaily intakeofCOPC (mg/kg-day)

SF = SlopefactorofCOPC (mg/kg-day)-1

Foreach receptor,theILCR ofeach pathway fortheCOPC isthen summed to
calculatetheILCR forthatCOPC asshown in thefollowing equation:

ILCRCOPC = ILCRpathway1 + ILCRpathway2 + … + ILCRpathwayn

(Equation 14)

where

ILCRCOPC = Summed ILCR forCOPC (unitless)

ILCRpathway1 = ILCR forparticularpathway forCOPC (unitless)

Ifa receptorisexposed to severalcarcinogens,thefollowing equation isused to sum
cancer risks:
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CumulativeILCR = ILCR(COPC1) + ILCR(COPC2) + … + ILCR(COPCn)

(Equation 15)

where

CumulativeILCR = Total risk ofcancerincidenceforallCOPCs

ILCR(COPCn) = IndividualCOPC ILCR

1.4.4 Acceptable Risk Thresholds

EstimatesoftheSite-specificnoncancerHIand cumulativeILCR arecompared to
acceptabletargetlevelsby risk managers. Thereissomevariability in acceptable
cumulativeILCRsestablished by various regulatory agencies,although theacceptable
targetlevelforHIsisgenerally lessthan orequalto 1.0 and mosttargetcumulative
ILCRsconsidered acceptablelie within the risk rangeof10-6 to 10-4.

Total NoncancerHazard Index -TheHIevaluation processtypically occursin two
steps. First,the HQsforallCOPCsareadded and compared to an acceptabletarget
total HI. Ifthecalculated valueisgreaterthan theacceptabletargetlevel,then forthe
second step only total HQsforthosecompoundsconsidered to haveadditiveadverse
noncarcinogenichealth effectsaresummed to refinetheHIestimate.

An HIoflessthan 1.0 indicatesthatitisunlikely thatadversehuman health effects will
occurduring alifetimein an exposed population,including sensitivesubpopulations
(EPA,1989).  M ostenvironmentalprogramsemploy an HIofunity (i.e.,1)asan
acceptabletargetforrisk decisions. Themostexplicitdirectivecomesfrom thefederal
Superfund program (EPA,1990),which isCal/EPA policy aswell. Thisdirective
specifiesan HIof1.0 astheacceptabletargetfor risk managementdecisions,aswellas
theacceptabletarget risk to beachieved in designing remedial responses. This
noncancerrisk threshold wasused in this HHRA astheacceptabletotalHIto assess
whetherexposureto COPCsattheSitemay posean adversenoncarcinogeniceffect.

CumulativeIncrementalLifetimeCancer Risk – Potential risk estimatesbetween 10-6

and 10-4 requirerisk managementdecisionsbased on site-specificland use/exposure
scenariosand may requireremediation (EPA,1990). Risk estimatesthataregreater
than 10-4 generally requireremediation to reducepotentialexposures.

A cumulativeILCR of10-6 to 10-4correspondsto theoreticalprobability of1 chancein
1 million to 1 chancein ten thousand,which isin addition to orin excessofthe
background cancer risk. Theconservatism ofsuch risk incrementsisenhanced by the
factthat risk istypically expressed asan upperbound ILCR. Thatis,truerisk is
anticipated to liesomewherebetween zero and theupperbound risk estimated in the
risk characterization (EPA,1989).

Potential risk estimatesbetween 10-6 and 10-4 requirerisk managementdecisionsbased
on site-specificland use/exposurescenariosand may ormay not requireremediation or
mitigation. Itisgenerally widely accepted in theregulatory community that risk
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estimatesthatareequalto orlessthan 10-6 do notrequire remediation ormitigation
measures. Risk estimatesthataregreaterthan 10-4 generally require remediation or
mitigation to reducepotentialexposures. CaliforniaProposition 65 (1986,Safe
Drinking W aterand ToxicEnforcement Actof1986,Proposition 65,Health and Safety
CodeSection 25249.5 etseq.)requiresspecificnotification and warning forexposureto
carcinogensabovethe“no significant risk level,” which isbased on a10-5 excess
lifetimecancerrisk. In addition,theEPA,undertheRCRA Corrective Action
EnvironmentalIndicators(EI)program (EPA,2005),indicatesthat“Forthepurposes
ofmaking Current Human ExposureunderControlEIdeterminations with respectto
vaporintrusion,EPA generally recommendstheuseof10-5 levelsforcarcinogens
(incrementalindividuallifetimecancer risk),and aHazard Quotient(HQ)of1 fornon-
cancer risk.” W ithin thisrangeofacceptable risk values,theCal/EPA and EPA
typically defaultto an acceptablecumulativeILCR threshold of10-5 in risk management
decision making foroccupational receptors(e.g.,on-siteconstruction workerand
commercial/industrial worker). ThiscumulativeILCR threshold wasused in this
HHRA astheacceptablecumulativeILCR to assesswhetherexposureto COPCsatthe
Sitemay posean unacceptablecancer risk.

1.4.5 Sum m ary of Risk Characterization Results

The risk characterization resultsfortheon-siteconstruction worker,theon-site
commercial/industrial workerinsidebuildings,and theon-sitecommercial/industrial
workeroutsidebuildingsaresummarized below and in Table VII. Theassociated risk
calculationsarepresented in Attachments4 and 5.

1.4.5.1 On-siteConstruction W orker

Based on theresultsofthis HHRA forthefutureon-siteconstruction worker,
thecumulativeILCR is7 x 10-4,and thetotal HIis455. ThecumulativeILCR
isgreaterthan theacceptablecumulativeILCR threshold of1 x 10-5,and the
total HIisgreaterthan theacceptabletotal HIof1.0. In addition,thehighest
measured lead concentration in soilattheSiteis643,891 mg/kg,which is
greaterthan theacceptablehealth-based lead threshold of800 mg/kg for
occupational workers. Therefore,mitigation isnecessary to protecttheon-site
construction worker.

1.4.5.2 On-siteCommercial/IndustrialW orker

Based on theresultsofthis HHRA forthefutureon-sitecommercial/industrial
worker,thecumulativeILCR is5 x 10-3,and thetotal HIis122,which
included thehighestoftheestimated risksforinhaling indoorairconcentrations
from subsurfacevaporintrusion. ThecumulativeILCR isgreaterthan the
acceptablecumulativeILCR threshold of1 x 10-5,and thetotal HIisgreater
than theacceptabletotal HIof1.0.

Theestimated pathway-specific risksforinhaling indoorairusing soilgasdata
collected atapproximately:

5 feetbgsareacumulativeILCR of 2 x 10-5 and atotal HIis1.8,
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10 feetbgsareacumulativeILCR of2 x 10-6 and atotal HIis0.091,
15 feetbgsareacumulativeILCR of3 x 10-6 and atotal HIis0.21,
and
20 feetbgsareacumulativeILCR of2 x 10-6 and atotal HIis0.11.

Only thecumulativeILCR at5 feetbgsisgreaterthan theacceptable
cumulativeILCR threshold of1 x 10-5,and only thetotal HIat5 feetbgsis
greaterthan theacceptabletotal HIof1.0. Therefore,mitigation isnecessary
to protecttheon-sitecommercial/industrial worker5-footsoilgassampledata.
TheHHRA resultsfortheotherdeeperdepthsdo notwarrantmitigation
activities. In addition,thehighestmeasured lead concentration in soilatthe
Siteis643,891 mg/kg, which isgreaterthan theacceptablehealth-based lead
threshold of800 mg/kg foroccupational workers.

In general,based on theresultsofthis HHRA forthefutureon-site
commercial/industrial worker,mitigation isnecessary to protecttheon-site
commercial/industrial worker.

1.4.6 Uncertainty Analysis

Itshould benoted thattheabove risk estimatesareconservativeestimatesofpotential
futurehealth risks. TheEPA and DTSC guidancedocumentsfor risk assessment
provideasystematicmeansfororganizing,analyzing,and presenting information on
thenatureand magnitudeof risk to publichealth posed by chemicalexposures. Despite
theadvanced stateofcurrent risk assessmentmethodology,uncertaintiesand limitations
areinherentin the risk assessmentprocess. Inanattemptto minimizetheconsequences
ofuncertainty,regulatoryguidancetypicallyreliesontheuseofconservativeestimatesof
adversehealtheffectsintheabsenceofstrongscientificdata. Becausemultiple
conservativeassumptionsareused,theoverall risk characterization resultsaremuch
morelikelytooverestimatethepotentialriskratherthantounderestimateit.

The risk estimatespresented herein arelikely overestimatesof risk forthefollowing
reasons:

Useofthemaximum concentrationsassumesthataperson would beexposed to
amaximum concentration during theirentireexposureduration,which is
unlikely. Itismore realisticto assumethataperson may beexposed to
representativeaverageconcentrations. Thus,theuseofmaximum
concentrationsoverestimates risk.

Itisalso assumed thatCOPC concentrationswould remain constantovertime.
Itismorelikely that,dueto naturaldegradation processes,organicCOPC
concentrationswould decreaseovertime. Thus,estimated organicCOPC
intakeswould decreaseovertime, which would resultin lower risk estimates
than presented herein.

Risk assessmentsrequireassumptionsin orderto assesspotentialhuman
exposure. ThisHHRA includesassumptionsaboutgeneralcharacteristicsand
potentialpatternsofhuman exposure. RM E exposures werecalculated to
providesomemeasureofthe rangeand uncertainty in potentialexposures. The
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RM E caseisdeveloped to providean upperbound on exposure. Forinstance,
it wasconservatively assumed thatan on-siteconstruction worker would beat
theSiteforaperiod of250 daysoveraperiod ofoneyear, when itislikely
morerealisticthatthelongestany oneparticularconstruction worker(e.g.,
grader,electrician,plumber) would beon siteissignificantly less. Because
RM E estimatesarebased on acombination ofconservativeassumptions,the
estimateslikely overpredictexposuresthat would generally beencountered.

Toxicity valuesused in risk assessmentspresentoverestimatesofthepotential
toxicity ofthesechemicalsto humans.  Assumptionsused to develop toxicity
valuesincludetheaddition ofsafety factorsto accountforuncertainties
associated with extrapolating high dosesto low doses wherechronic
environmentalexposureswould occur,and to accountforuncertainties
associated with theuseoflaboratory animalstudiesto assesspotentialtoxicity
to human receptors.

1.5 Developm entof Rem ediation Criteria

Theacceptable risk thresholdsidentified herein wereexceeded in theHHRA foreach ofthe
futureon-sitereceptors. TheCOPCs with EPCsthatcontributed themostto the risk threshold
exceedances,referred to as risk drivers, wereidentified. Targetexposurepointconcentrations
(targetEPCs) werederived forthechemical risk drivers,and eitheridentified maximum
chemicalconcentrations,ormaximum chemicalconcentrationsin the95% UCL datasetasthe
cumulativerisk-based remediation criterion.

Thecumulative risk-based remediation criterion forlead wasfurtherlowered to providean
additionalfactorofsafety to protectpublichealth,and thecumulative risk-based remediation
criterion forlead wasfurtherlowered to addresspotentialconcernsthat“hotspots” ofarsenic
impacted soilmay beleftin placeaftercompletion of remediation activities.

1.5.1 Derivation of Cum ulative Risk-Based Rem ediation Criteria

TargetEPCs werederived by lowering theconcentrationsoftheserisk driversin the HHRA 
calculationsuntilthe risk thresholds weremetforeach ofthe receptors. Theselowered EPC
concentrationswereidentified asthetargetEPCs. From thesetargetEPCs,thecumulative
risk-based remediation criteria werederived asfollows:

1. Theremediation criterion forselectchemicals(totalPCBs,antimony,and arsenic) where
the95% UCL concentration wasused astheEPC wascalculated by re-deriving the
95% UCL concentration aftereliminating elevated COPC concentrationsin thedatasetuntil
the95% UCL concentration wasequalto orlessthan thetargetEPC. The remediation
criterion wassetasthehighestconcentration in thedataset wherethetargetEPC (95% UCL
concentration)wasmet. In thatcase,afterremediation,the95% UCL concentration ofthe
residualconcentrationsofthoseCOPCs would meetthetargetEPC;however,some
residualconcentrationsatthesubjectsitecould exceed thetargetEPC.

2. Theremediation criterion wassetasequalto thetargetEPC forchemicals(hexavalent
chromium,and someorganicchemicals) wherethemaximum concentration wasused asthe
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EPC and forselectchemicals(PAHsand lead)wherethe95% UCL concentration wasused
astheEPC.

Thecalculationspresenting thederivation ofthesecumulative risk-based remediation criteria
arepresented in the Attachment7

1.5.2 Additional Evaluation ofRem ediation Criteria for Lead

Forlead,the risk-based remediation criterion developed using theLeadSpread M odelis6,650
mg/kg,based on thepost-remediation calculated 95% UCL concentration.  However, Delphi
hasdecided to settheremediation criteriato 800 mg/kg astheremediation criterion forlead at
theSiteto beconsistent with theEPA Region IX industrialsoilPRG.

1.5.3 Additional Evaluation ofRem ediation Criteria for Arsenic

Forarsenic,an additionalevaluation wasconducted to addresspotentialconcern that“hot
spots” may beleftin placeaftercompletion ofremediation activities. Based on theabove
remediation criteriaderivation methodology,thecumulative risk-based remediation criterion for
arsenicis21.9 milligramsperkilogram (mg/kg). To evaluate whetherthispotential“hotspot”
concern may bevalid,thetargetEPCswerecompared to thecumulative risk-based remediation
criterion foreach chemical risk driver. These remediation criteriawerealso compared to the
residualconcentrationsthat would beleftin placeafter remediation ofareas wheresample
resultsexceed thecumulative risk-based remediation criteria.  A tableofthesecomparisonsis
presented asTableVIII.

FiguresG1 through G11 werecreated to illustratetheidentification ofpossible“spothot”
locations. Thesefiguresshow:

Thelocationsofsamplepoints(in red)that willbe remediated based on concentrations
ofCOPCsexceeding ofthecumulative risk-based remediation criteria,

Thelocationsofsamplepoints(in purple) with arsenicconcentrationsbetween the
targetEPC and thecumulative risk-based remediation criterion,that willbe remediated
dueto interpretation asbeing within a“hotspot” (i.e.,soilsamplesthatcontain arsenic
concentrationsgreaterthan approximately 10 mg/kg),

Thelocationsofsamplepoints(in blue)haveconcentrationsofCOPCsbetween the
targetEPCsand thecumulative risk-based remediation criteriathatarenotproposed for
remediation,and

Thelocationsofsamplepoints(in green)haveconcentrationsofCOPCsbelow the
cumulativerisk-based remediation criteriaand thattherefore would remain in place.

Asnoted in Figures G1 through G11 and on TableVIII,additional remediation activities
beyond what would bewarranted by thecumulative risk-based remediation criterion are
proposed to reduceresidualarsenicconcentrationsattheSiteto 9.05 mg/kg. Theseadditional
locations(highlighted in purple)include:

Ten addition samplelocations(which contain thirteen soilsamples),and
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Sixteen additionalsoilsamplelocationsatshallowerordeeperdepth atlocationswhere
remediation wasproposed based concentrationsofotherCOPCsexceeding ofthe
cumulativerisk-based remediation criterion.

Based on thisevaluation,the remediation criterion forarsenicwasrevised to 9.05 mg/kg.

No additional remediation isproposed specifically forantimony and totalPCBs. However,
becausethesechemicalsand otherchemicalsare,in somecases,co-located with elevated
arsenicconcentrations,additionalexcavation ofantimony and PCB impacted soils willbe
conducted aspartofthoseremediation activities.

1.5.4 Sum m aryof Rem ediation Criteria

Theproposed remediation criteriaarepresented in TableIX.  Notethatthe remediation criteria
forsoilisapplicablefortheupper10 feetofsoil,and the remediation criteriaforsoilgasis
applicableto depthslessthan 15 feetbgs.
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BACKGROUND METALS EVALUATION 
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Decision: Based on a review of the log transformed data, it was concluded that the antimony background 
concentration is 1.6 mg/kg.
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Probabilty plot generated using ChemStat Version 6.1, which complies with 1989 and 1992 United States
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Decision: Based on a review of the log transformed data, it was concluded that the antimony background 
concentration is 1.6 mg/kg.

C
um

m
ul

at
iv

e 
Pe

rc
en

t

Antimony - Log Transformed

0

50

100

150

200

-1.6 -0.9 -0.2 0.5 1.2 1.9 2.6 3.3 More

Bin

Fr
eq

ue
nc

y

0%
20%
40%
60%
80%
100%
120%



Histogram generated using Microsoft Excel Version 2002.
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Probabilty plot generated using ChemStat Version 6.1, which complies with 1989 and 1992 United States
Environmental Protection Agency (USEPA) statistical guidance documents. 

* Median = 0.0 Normal Quantile or 0.5 (50%) Percentile

EPA, 1989. Statistical Analysis of Ground-water Monitoring Data at RCRA, Facilities, Interim Final Guidance. 
       PB89-151047. April.
EPA, 1992. Statistical Training Course for Ground Water Monitoring Data Analysis. EPA530-R-93-003.

Decision: Based on a review of the log transformed data, it was concluded that arsenic background 
concentration is 5.6 mg/kg.
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Histogram generated using Microsoft Excel Version 2002.
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Probabilty plot generated using ChemStat Version 6.1, which complies with 1989 and 1992 United States
Environmental Protection Agency (USEPA) statistical guidance documents. 

* Median = 0.0 Normal Quantile or 0.5 (50%) Percentile

EPA, 1989. Statistical Analysis of Ground-water Monitoring Data at RCRA, Facilities, Interim Final Guidance. 
       PB89-151047. April.
EPA, 1992. Statistical Training Course for Ground Water Monitoring Data Analysis. EPA530-R-93-003.

Decision: Based on a review of the log transformed data, it was concluded that arsenic background 
concentration is 5.6 mg/kg.
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Histogram generated using Microsoft Excel Version 2002.
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Probabilty plot generated using ChemStat Version 6.1, which complies with 1989 and 1992 United States
Environmental Protection Agency (USEPA) statistical guidance documents. 

* Median = 0.0 Normal Quantile or 0.5 (50%) Percentile

EPA, 1989. Statistical Analysis of Ground-water Monitoring Data at RCRA, Facilities, Interim Final Guidance. 
       PB89-151047. April.
EPA, 1992. Statistical Training Course for Ground Water Monitoring Data Analysis. EPA530-R-93-003.

Decision: Based on a review of the log transformed data, it was concluded that chromium background 
concentration is 31.2 mg/kg.
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Probabilty plot generated using ChemStat Version 6.1, which complies with 1989 and 1992 United States
Environmental Protection Agency (USEPA) statistical guidance documents. 

* Median = 0.0 Normal Quantile or 0.5 (50%) Percentile

EPA, 1989. Statistical Analysis of Ground-water Monitoring Data at RCRA, Facilities, Interim Final Guidance. 
       PB89-151047. April.
EPA, 1992. Statistical Training Course for Ground Water Monitoring Data Analysis. EPA530-R-93-003.

Decision: Based on a review of the log transformed data, it was concluded that chromium background 
concentration is 31.2 mg/kg.
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Histogram generated using Microsoft Excel Version 2002.
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Probabilty plot generated using ChemStat Version 6.1, which complies with 1989 and 1992 United States
Environmental Protection Agency (USEPA) statistical guidance documents. 

* Median = 0.0 Normal Quantile or 0.5 (50%) Percentile

EPA, 1989. Statistical Analysis of Ground-water Monitoring Data at RCRA, Facilities, Interim Final Guidance. 
       PB89-151047. April.
EPA, 1992. Statistical Training Course for Ground Water Monitoring Data Analysis. EPA530-R-93-003.

Decision: Based on a review of the log transformed data, it was concluded that lead background 
concentration is 9 mg/kg.
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Histogram generated using Microsoft Excel Version 2002.
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Probabilty plot generated using ChemStat Version 6.1, which complies with 1989 and 1992 United States
Environmental Protection Agency (USEPA) statistical guidance documents. 

* Median = 0.0 Normal Quantile or 0.5 (50%) Percentile

EPA, 1989. Statistical Analysis of Ground-water Monitoring Data at RCRA, Facilities, Interim Final Guidance. 
       PB89-151047. April.
EPA, 1992. Statistical Training Course for Ground Water Monitoring Data Analysis. EPA530-R-93-003.

Decision: Based on a review of the log transformed data, it was concluded that lead background 
concentration is 9 mg/kg.
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Histogram generated using Microsoft Excel Version 2002.
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Probabilty plot generated using ChemStat Version 6.0, which complies with 1989 and 1992 United States
Environmental Protection Agency (USEPA) statistical guidance documents. 

* Median = 0.0 Normal Quantile or 0.5 (50%) Percentile

EPA, 1989. Statistical Analysis of Ground-water Monitoring Data at RCRA, Facilities, Interim Final Guidance. 
       PB89-151047. April.
EPA, 1992. Statistical Training Course for Ground Water Monitoring Data Analysis. EPA530-R-93-003.

Decision: Based on a review of the log transformed data, it was concluded that the mercury concentrations 
are within background.
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