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1. HUM AN HEALTH RISK ASSESSM ENT

This report docum ents a hum an health risk assessment HHRA ) conducted for the Form er

D elphiBattery Plant Sie) follow 1ng U .S . Environm ental Protection Agency EPA ), Califomia
Environm ental Protection Agency (Cal-EPA ) D epartm ent of Toxic Substances Control © TSC),
and O ffice of Environm enta1H ealth H azard A ssesam ent O EHHA ) risk assesam entguidance,
and using reasonable w orstcase site-gpecific exposure assum ptions. The Site is located at 1201
M agnolia Avenue In Anshein , Califomia. The prin ary guidance docum ents used are as

follow s:

= U s of Califomia Human H ealth Screening Levels (CHH SLs) n Evaluation of
Contam nated Properties, prepared by Cal-EPA , and dated January 2005 Cal-EPA ,
2005).

= Hum an-Exposure-Based Screening Num bers D eveloped t© Aid Estim ation of C leanup

Costs for Contam mated Soil, prepared by the Califomia O ffice of Environm ental
Health Hazard Assessment OEHHA ), and dated Novem ber 2004 (evised January
2005) OEHHA, 2005).

= Prelin mary Endangerm ent Assesament PEA) Guidance M anual, prepared by the Cal-
EPA D egpartm ent of Toxic Substances Control O TSC), and dated January 1994
(revised June 1999) O TSC, 1999).

= Rigk Assesament G uidance for Superfund, Volume I, Human Health Evaluation M anual
(Parth), nterin Fmal, prepared by EPA , and dated D ecember 1989 EPA , 1989).

= Supplen ental G uidance for D eveloping Soil Screening Levels for Superfund Sites,
prepared by EPA |, and dated D ecem ber 2002 EPA , 2002).

= Ihterin Final Guidance for the Evaluation and M itgation of Subsurface Vapor ntrusion
to Thdoor Adr, prepared by D TSC , and dated 15 D ecem ber 2004, revised 7 February
2005 DTSC, 2005a).

] Human and Ecological Risk D vision HERD ) HHRA Note Number 1, Issue:
Recommended D TSC D efault Exposure Factors for Use n Risk Assessmentat Califomia
M iliary Facilites, prepared by D TSC, and dated 27 O ctober 2005 O TSC, 2005b).

= Calculating Upper Confidence Lin its for Exposure Point C oncentrations atH azardous
W aste Sites. O SW ER 9285 .6-10, prepared by EPA , and dated D ecember2002 EPA,
2002b).

= ProUCL Usar's Guide. Version 3.0, prepared by EPA |, and dated April 2004 EPA ,
2004).

= Updated V ersion of California EPA Lead R isk A ssesan ent SpreadshestM odel for

Predicting B lood Liead in Children and A dults, Version 7 of the DTSC Lead Risk
A ssesam ent Spreadsheet LeadSpread) M odel, BLOOD PB7 x1s, prepared by D TSC,
and dated 20 M arch 2000 O TSC, 2000).



O ther guidance used 1n the developm entof thisHHRA is listed In the reference section.

The cbctive of thisHHRA w as to assess w hether potential exposure to existing levels of Sie-
related chem ical in pacts n soiland soilgas at the Site could pose potential adverse hum an
health effects to possble future on-site hum an receptors. Conservative (health-protective)
assum ptions w ere used that overestin ated the health risk to these receptors. For the purposes
of thisHHRA , itwas assum ed that the Site w ould be redeveloped for com m ercial/mdustrial
uses. Therefore, the receptors dentified 1 thisHHRA are those who could potentially have
the greatest exposure to on-site I pacts: the future on-site construction w orker, the future on-
site com m ercial/mdustrial w orker nside buildings, and the future on-gite com m ercial/mdustrial
w orker outside buidings.

AnHHRA istypically conducted in four steps: 1) hazard dentification, 2) exposure
assesam ent, 3) toxicity assessm ent, and 4) risk characterization.

] H azard dentification (Section 1.1) ncludes data collection and evaluation, and the
dentification of the chem icals of potential concem CO PCs) at the site.

= Exposure assessm ent Section 1.2) Includes a study of the m ost sensitive receptors at
the site and their possible exposure pathways ([Ge., how they may com e into contact
w ih the COPCsatthe site). A conceptual site m odel is developed (Le., vapor
Ihtrusion m odel) and m odel Input assum ptions.

= Toxicity assessm ent (Section 1 .3) Includes the dentification of the relevant toxicity
values for the COPCs.
= R ik characterization (Section 1.4) Includes a sum m ary of the estim ated hum an health

risk results and the associated risk uncertantes.
These four steps of the HHRA for the Site are described in detailbelow .
1.1 H azard Identification

The inital step of the HHRA process is to review the availbblk data to characterize the Site and
Sie inpacts. The sam pling and analysis program in plem ented at the Site w as dentified based
on Sie history, sam pling results, D TSC guidance and protocol, and discussions w ith D TSC
proectm anagers and saff. A summ ary of the results of the Investigation activites conducted
for the Site is presented in the Facility Thvestigation Report Haley & A Mdrich, 2007). A listof
the detected organic and organic chem icals in various m edia at the Site is presented h Table I.

Th general, the Siterelated CO PC s evaluated In thisHHRA include detected organic chem icals
and m etals (lnorganic chem icals) detected at concentrations above background in the m edia and
depths w here potential exposure could occur. The m edia and depths for w hich exposure could
ocaur are described In Section 1.2.2. M el@ls were selected as CO PC s follow Ing the February
1997 DTSC docum ententitled Selecting norganic C onstituents as Chem icals of Potential
Concem atRisk Assesaments atH azardous W aste Sites and Perm itted Facilites, Final Policy.
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11.2

O rganic Chem icals of Potential C oncerm

O rganic chem icals that w ere reported above Iaboratory detection lim its in one orm ore
on-=0il =01l sam ples obtaned w ithin the upper 10 feetof soilw ere considered COPCs
forthe HHRA .

Tnorganic Chem icals of Potential C oncem

Sie-related norganic chem icals w ere dentified based on a review of the PRC V isual
Site Tngpection/Sam pling V isit (V ST) report (1992) and the Current C onditions R eport
(CCR) Haley & A Idrich, 2006b). A review of the VSI reportand the CCR mndicates
that Site-related norganic chem icals associated w ith historical on-site operations include
Jead, antim ony, arsenic, chrom um , m ercury, and zinc. To dentify the Sie-gpecific
background m etals concentrations for these chem icals, statistical background m etals
evaluations w ere conducted of the Sie-gpecific m e@ldata sets, which included the

preparation of:

u H istogram s of the untransform ed and the Jog-transform ed concentrations
m easured In 901l sam ples collected across the Sie, and

= Probability plots and associated correlation coefficients of these untransform ed
and log-transform ed concentrations.

The abovenoted histogram s and probability plots are presented n Attacdhment 1. For
each m etal, the histogram s and probability plots of the Sie-gpecific data sstwere
review ed to assess w hether the untransform ed or the log-transform ed data best resem ble
a nom al distrbution. A nom aldistrdbution is depicted as a bell-chaped curve on a
histogram , and as a staight Ine on a probability plot. Once a decision wasm ade
regarding w hich of the untransform ed or Iog-transform ed data sets m ost resem bled
nomm al distrdbution, the probability plot for the associated data setw as review ed t©
dentify the pontof-departure. The pontof-departure is defined as the pointatw hich
the background m etals population (closest to the origin) diverges from the non-
background (in pacted) population. If no pointof-departure is evident in the probability
plot, the entire data set is considered to be w ithin background. A review of the
histogram s and probability plots presented 1 A ttachm ent 1 indicates that the follow ing
m etals w ere detected at the Site above naturally occurring background concentrations:
antin ony, arsenic, chrom ium , lead, and zinc. The dentified points-of-departure are
listed In Table IT along w ith background Jevels In C alifomia and the w estem United
States, obtained from various lierature sources. A com pardison of these values and a
review of the distribution of m etals concentrations at the Site indicate that the pointof
departure chosen on the probability plotare reasonable estin ates of the m axim um

ongsite m etals background concentrations.

T o verify whether other m e@ls detected at the Site should be considered Sie-related
norganic chem icals, the other detected m axin um m etals concentrations w ere com pared
o the background levels presented n Tablk II. A review of Table II indicates that the
maxinum concentrations of these otherm etals are generally less than the reported
background concentrations, w ith the exception of cadm im and m olybdenum .



1.2

A review of the cadm 1m results ndicates that only three 901l sam ples had detected
concentrations. The concentrations of these samples @ .25, 9.5, and 9.6 m illigram s per
kilogram [ g/kgl) were greater than the literature dentified m axin um background
concentration of 1.7 mg/kg. Since itappears that these detected concentrations are
elevated com pared to the restof the cadm 1m data set, cadm 1im w as considered a
COPC mtheHHRA.

A review of the m olybdenum concentrations across the Site indicates thatm olybdenum
concentrations range up © 13.1 mg/kg. A sadstcal evaluation, as described above,

w as conducted form olbdenum © evaluate w hether m olybdenum m ay be present on-
site at concentrations above site-specific background concentrations. A review of the
probability plots @ tachm ent 1) suggests that there m ay be a pointof-departure for the
m olybdenum data atan approxin ate concentration of 11.1 mg/kg. Samplesw ith
concentrations of m olybdenum exceeding 11.1 m g/kg nclude:

G S0027-8S-001-01 13.1mg/kg) atAOIS8

L] D P0135-5S-000-01 (11.5mg/kg) atA0I26

DP0115-SS-000-01 (11.4 mg/kg) atAOI33

DP0147-SS-005-01 (12.6 mg/kg) atA0I42

These sam ple results appear t© be only slightly higher than the apparentm axinum on-
site background concentration of 11.1 mg/kg. Thus, further evaluation w as conducted
o assess w hether these sam ples also contan elkevated Site-related m etals concentrations.
Based on a review of the sam ple data, itwas concluded that apparently elevated

m olybdenum results are not collocated w ith other elevated Sie-related chem icals.
Therefore, m olybdenum was not considered a COPC In the HHRA .

Exposure A ssesam ent

The ocbfctive of the exposure assesam ent is to estin ate the m agnitude, frequency, duration, and
routes of reasonably anticipated hum an exposure to CO PC s on- and off-site. The exposure
asgesam ent is based on dentified potential on-gite and off-Site receptors and associated
potentially com plete exposure pathw ay's that define the conditions of exposure to the CO PCs.
The receptors and assesam ent of potentially com plete exposure pathw ay's are shown in the
Conceptual Sie M odel (CSM ) presented on Figure 1.

Hum an health risks are estim ated for significant com plete orpotentially com plete exposure
pathw ays. Foran exposure pathw ay to be considered com plete foran existing receptoror
potentially com plete fora potential future receptor, itm usthave the follow Ing elem ents:

A contam nant source;
A retention medim and trangportm echanism ;
A pointof potential hum an contactw ith the contam inated m edim ; and

An expogure route at the exposure point.



If any of the above required elem ents are absent, the exposure pathw ay is considered

noom plete ({e., no exposure w il occur) and w ill have no associated health risks (Le., health
risks w ill be zero for that exposure pathw ay) . H ow ever, even if a pathw ay is considered
potentially complete, it could be considered insignificant if 1) the associated risk is so an all,
relative to other pathw ays, that itw illnotadd perceptbly t© the total exposure being evaluated
or if 2) the potential risk contribution from an nsignificant pathw ay w ould be trivial EPA ,
1989). Msignificantpathw ays need notbe quantiatively evaluated n the HHRA . Potentially
com plete exposure pathw ay's are discussed below In Section 1.2.1.

Once the com plete and potentially com plete exposure pathw ays are dentified, quantification of
chem ical ntake doses for each receptor requires that an estin ate be m ade of:

= Each COPC concentration to which the receptorm ay be exposad @10 referved to as
exposure pont concentration EPC]);

= The absorption of each COPC Tnto the hum an body once exposad via the subject
com plete and potentially com plete exposure pathw ay's;

= Frequency and duration of contact for the com plete and potentially com plete exposure
pathw ays; and

= The biological characteristics of the receptor.

The com ponents of the exposure assesam ent are discussed further below .
121 ConosptualSieM odel

The CSM for the Site, presented as Figure 1, dentifies the potential chem ical exposure
pathw ays (ie., ways that people could potentially be exposed to the COPCs 1n soilat
the Site). Future redevelopm ent of the Sie hiclides comm erxcial and industrial uses.
Potentially exposed receptors at the Sie clude on-site construction w orkers and
offsite construction/hdustrial w orkers during on-site redevelopm ent activides, and on-
gite and offsite com m ercial/mdustrial w orkers after Site redevelopm ent. Since the
greatest concentrations of the Site-related im pacts are on-gite, the w orst-case receptors
are those present at the Sie. Thus, the hum an receptors evaluated in thisHHRA are

the:
= Future on-site construction w orker during Site redevelopm ent activites, and
= Future on-site com m ercial/industrial w orker (nside and ocutside buildings) after

Sie redevelopm ent activities.

O n-site w orkers after Site redevelopm entm ay be both Inside and outside buildings
during a portion of a given day. Since it is unknown what percentage of the tine a

w orker m aybe Inside versus outside a building, itw as conservatively assum ed that the
on-w orker w ould be both nside and outside a building during the entire 8-hour w ork

day.

The potentially com plete soil exposure pathw ays for the construction w orker lnclude
goil ingestion, derm al exposure t© soil, and nhalation of particulates @s fugitive dust
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generated from =0il) and organic vapors n am bientair. The potentially com plkte
exposure pathw ays for the com m ercial/mdustrial w orker include inhalation of volatile
organic com pounds (VO Cs) In lndoor air, soil ngestion, demm al exposure to soil, and
Tnhalation of particulates and organic vapors n am bientair. For the purposes of this
HHRA , mhalation of VO C s In am bientair by the on-site com m ercial/industrial w orker
w as considered isignificant and w as not quantitatively evaluated in the HHRA . This is
because the m aprity of the Site w 1l be paved after redevelopm entw hich w i1l Iim it

VO C m gration mto ambientair, VO C concentrations after dispersing into am bientair
w il be negligble, and it is assum ed that the on-site com m ercial/industrial w orker w i1l
nhale VO Cs in indoor air from subsurface vapor intrusion nto on-site buildings. The
rem aining potentially com plete exposure pathw ays for both receptors were
quantiatively evaluated in thisHHRA .

To estim ate w hat the potential exposures m ay be under current and future Jand use
plns, the HHRA risk caloulations w ere conducted using the data collected prior to and
during the 2006 Facility Tnvestigation. These data are sum m arized In the Facility
Thvestgation Report Halky & A Idrich, 2007) as Indicated in Section 1.1.

Exposure Point C oncentrations

D eriving estim ates of chem ical concentrations at ponts of potential hum an exposure is
necessary for deriving chem ical ntakes for potentially exposed dividuals (Le., hum an
receptors). These chem ical concentrations are referved to asEPCs.

For the purposes of the HHRA , itw as assum ed exposures to on-gite soilw ould occur

w ith soil present at depths In the upper 10 feet. This assum ption is consistentw ith what
is Indicated on Page 2-6 of the above-referenced January 2005 Cal-EPA docum ent
entitled U se of Califomia Human Healh Screening Levels (CHH SLs) In Evaluation of
Contam inated Properties, w hich indicates that the CHH SLs are to be applied t© soils at
depths w ithin the upper 10 feetw here direct contactw ith soils by hum an receptors
during and after redevelopm ent activites is possible. Ttwas further assum ed that
potential exposure associated w ith VO C's in Indoor air could be estim ated using onsite
soilgasdata. Soilgas sam ples w ere obtained at approxin ately 5-foot depth ntervals
betw een approxim ately 5 and 20 feetbelow ground surface (bgs).

A listof the EPCs for the upper 10 fest of soil, am bientair, and for soil gas and indoor
air is presented in Table III. The derivation of EPC s is described in the follow Ing
sections.

1.2.2.1 Overview of EPC D erivation

D evelopm ent of long-term EPCs from the nvestigation data collected to date
Includes an underlying assum ption about the representativeness of the data, both
tem porally and spatially. The EPC sw ere calculated under the assum ption that
environm ental concentrations w ould rem ain constantat the levels detected
during the nvestigation activites for an lndefinite perdiod of time. Itis, thus,
assum ed that the data considered representative of current on-site conditions

sin ulates current and future exposure conditions for a receptor having potential
exposure to inpacted m edia at the Sie.



The operations (Le., associated w ith historical on-Sie m anufacturing activites)
resulting In chem ical releases at the Site have been rem oved. So there are no
continued sources of chem ical releases o the environm ent.  Sam ples have been
collected at Jocations of the likely highest chem ical concentrations at each
potential In pactarea, and the sam ples have been analyzed for associated

CO PCs ateach of these Iocations. It is therefore reasonable to assum e that
sam ples results represent the highest concentrations at the Site and that
concentrations w ill not ncrease overtim e. T actuality, organic chem icals
ncluding chem ical degradation products naturally degrade 1n the environm ent,
which results In the reduction of concentrations over tin e.

The above underlying steady-sate assum ption is therefore conservative, In that
itassum es thatno degradation m echanism s w il occur. This assum ption of
steady-state concentrations foreach COPC results In a conservative estin ation
of Iong-termm exposure concentrations.

To sin ulate a receptor’s spatially and tem porally integrated exposure, EPA
(1992, 1997, 2002b) defines the EPC used to estin ate the reasonable m axin um
exposure RM E) as the 95% upper confidence 1im it of the arithm etic m ean
(95% UCL) orthe m axin um observed concentration, w hichever is ower. The
arithm etic m ean reflects the assum ption that exposure by the receptor is
averaged as they traverse an area over tine. The Intentof the RM E scenario is
to focus the assesam ent on a conservative exposure that is w ithin the range of
exposures. For the purposes of thisHHRA |, the Iow er of the m axin um and
95% UCL ooncentrations w ere assum ed to be the EPC s in soil for risk driving
chem icals. M axinum Sie-w ide soil concentrations w ere assum ed to be the
EPC s for non-risk driving chem icals, and the m axinum Sie-w de soilgas
concentrations w ere conservatively used to estim ate indoor air concentrations.

The 95% UCLswere calculated using the EPA ProUCL software Version 3.0,
dated April2004) EPA , 2004) follow ing the EPA D ecem ber 2002 guidance
docum ent ttled Calculating Upper Confidence Lin its for Exposure Point
Concentrations atH azardous W aste Sies EPA , 2002b). The resuls of these
calculations (softw are output) Indicated the EPA recomm ended 95% UCL
concentrations are presented n A tachm ent 2. The EPA recom m ended

95% UCL concentrations were used I thisHHRA for the chem icals considered
to be risk drivers. W here this w as the case fora particularm e@l, the 95% UCL
concentration w as com pared to the m axinum Site-gpecific background
concentration. If the 95% UCL concentration w as equal to or less than the Sie-
soecific m axinum background concentration, the m etal concentration w as
considered t© be w ithin background In the HHRA . Thiswas the case for
cadm um .

Specific inform ation regarding the estin ation of EPC s for the inhalation of
fugitive dust and organic vapor concentrations in am bientair and inhalation of
volatiles n indoor air is presented below .



1.2.2.2 Fugiive Dust

The CO PC s that are relatively nonvolatile com pounds can adhere to soil and
becom e aibome due to w ind erosion or due to m echanical disturbance such as
soil grading operations. Once aitbome, these soil particulates generate fugitive
dust that can be inhaled. The fugitive dustEPC is estim ated by m ultiplying the
COPC EPC in surface soilby the inverse of the particulate em ission factor
(PEF) rlevant to the fugitive dust generating activides.

D uring on-site construction activites associated w ith Site redevelopm ent,
fugitive dustm ay be generated by various activites lncluding notonly w ind
erosion butalso by vehicles driven on unpaved roads, trucks dum ping
excavated =0il, dozing, grading, tHlling, or sin ilar operations, as noted 1 the
2002 EPA document EPA , 2002a). To account for these activitdes, the PEF
during Site redevelopm entactiviies w as assum ed to be the DTSC -

recomm ended default PEF dentified for the construction scenario 1n the 27
O ctober 2005 D TSC docum ent entitled Hum an and Ecological Risk D vision
HERD ) HHRA Note Number 1, Issue: Recommended D TSC D efault Exposure
Factors or U se In Risk Assesamentat Califomi M iliary Facilides © TSC,
2005b). This PEF value is 1.0 x 10° cubic m eters perkilogram f°/kg). A
site-gpecific PEF w as notderived since specific nform ation regarding the
grading activites and types of equiom ent and earth-m oving activities is not
known atthis tine. The abovenoted D TSC default PEF is considered by
DTSC to be a conservative non-site-gpecific PEF value fora typical
construction scenario.

For the on-site com m ercial/mdustrial w orker after Sie redevelopm ent, fugitive
dustm ay be generated from w Ind erosion of exposad surface soil. The PEF
defaultvalue for w ind erosion of 1.316 x 10° m > /kg, as dentified ; the 2005
OEHHA docum ententitled H um an-Exposure-Based Screening Num bers

D eveloped to Aid Estim ation of C leanup Costs for Contam mated Soil OEHHA ,
2005), wasused in thisHHRA as the PEF value for fugitive dustgenerating
activites after Site redevelopm ent.

1.2.2.3 Volatdlks in AmbintA ir

VO Csmay volatize from VO C -in pacted soil into the ambientair. Since the
m ajority of the surface soil across the Site w ill be exposed during on-Sie
redevelopm ent activites, VO C s concentrations In am bient airw ere estim ated
for the on-gite construction w orker during on-gite redevelopm ent activites.

H ow ever, since the m ajority of the Site w ill be paved after redevelopm ent
which will 1im VO C m igration into am bientair, VO C concentrations in

am bient air are considered to be negligible and w ere not estin ated In this
HHRA. TheEPCsforvOCs n ambientair during redevelopm ent activites
w ere estim ated follow Ing equations published by EPA EPA , 2002a).



The soil volatilization factor VF) for the construction scenario w as calculated
using the follow Ing equations presented by EPA  2002a) as Equations 5-14 and

5-15:

VE_,

A

(3.14xD,xT)"?

| [x 107*m %/cm 2xQ/C_,
2xp,xD, ,
(Equation 1)
where
VFe Subchronic volatilization factor fm/kg)
Da Apparent diffusivity (am®/s, see Equation 2)
T Total tim e over w hich construction occurs (s,
31,536,000 s= 1 year)
b D ry soilbulk density @/an®, 1.55 = Sie-
specific T upper 10 feet, sam e asused 1n the
Johnson & Ettnger (& E) vapor ntrusion m odel
- seesectonl1.2.24.)
Qs D ispersion em ission com ponent,

(lgf?/dl/kg/m’], see Equation 3)

_feromse2 )]

bKd+®w+®wH '

Equation 2)

where

Da

b

A pparentdiffusivity (@m?/s, chem ical-specific)

D ry soilbulk density @/am?®, 1.55 = Site-specific
T upper 10 feet)

A ir-filled soil porosity (ki/kon, 0.247 = Sie-
goecific n upper 10 feet, same asused N the & E
model- see gection 1.2.2.4.)

Total soil porosity (bore/koi, 0.42 = Site-gpecific
In upper 10 feet, sam e asused 1n the J& E m odel)
W ater-filled soil porosity (baer/kon, 0.173 = Sie-
specific n upper 10 feet, ssmeasused nthe & E
m odel)

D iffusivity ;n air (@n?/s, chem ical-specific)
Henry’s Law constent (atm -m*/m ol, chem ical-
specific)

D In ensionless H enty’s Law consant unitless,
chem ical-specific)

D iffusivity in water (@m?/s, chem ical-specific)
Soil-w ater partiton coefficient @n’/g) = Kee X fic



Koe = Soil organic carbon-w ater partition coefficient
(@m*/g, chem ical-specific)
fe = Fraction organic carbon In s0il g/, 0.006 =
default)
. (In A_-B)?
Q/IC_ =Axexp|l———
Equation 3)
w here
A = Unitless constent 2 4538 = default)
Ac = A real extent of site soil contam nation @cres,
21.65 = area of Sie)
B = Unitless constent (17.5660 = default)
c = Unitless constant (189.0426 = default)

The am bient air concentration w as calculated using the follow Ing equation:

C

Ca= s Equation 4)
VF

w here

Ca= am bient air concentration fng/m>)

1.2.2.4 Volktles n IdoorA ir
EPC s for volatiles n indoor air w ere derived using the EPA advanced soilgas
(SGADYV) J& E vapor intrusion model Version 3.1, dated February 2004)
substhiting inform ation in the EPA m odelw ith the follow Ing:
= D T SC -gpecified soil properties, chem ical param eters, and toxicity
values Inclided m the 25 January 2005 D TSC version of the screening
soilgas (SG -SCREEN ) J& E vapor Intrusion m odel, and

= O ther m odel default param eters as specified In the revised 7 February
2005 D T'SC vapor intrusion guidance O TSC, 2005).

Th additon, Sie-gpecific Inform ation used In the m odel Included inform ation
conceming :

] Physical soil characterdstics, and

10
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= Soil gas concentrations.

Shallow soilgas sam ples w ere collected at 5-foot depth ntervals between 5 and
20 feetbgs. Estn ated indoor air concentrations w ere derived from soilgas
sam ples collected at the 5-, 10-, 15-, and 20-footdepths. Hum an health risk

w as al=so estin ated for each of these depths.

The physical soil characterdistics w ere dentified from a review of the boring
Jogs for the top 20 feetof soil at the Site and physical property testng results
for select on-site soil sam ples. Based on a review of the bordng logs, the

follow ing generalized lithologic cross-gection for the Site w as developed foruse
I the J& E model:

0 t© 10 feetbgs 10 feed Silty sand
10 - 15 feetbgs (6 feet) Silt
15 - 20 feetbgs 6 feet) Sand

Based on a review of the physical property testng results, the average of the
data for ssmplesDP0194A SS 003 01 and DP0194A SS 007 01 were used as
the properties for silt n the J& E model. The average of the data for sam ples
DP0194A SS 011 01 and DP0194A SS 017 01 were used as the properties
for silty sand 1n the J& E m odel, and the J& E m odel default param eters w ere
used for sand I the J& E model

The abovenoted average soil property data calculations are presented In Table
IV . The soil physical property laboratory reports are presented Tn A ttachm ent
3. The J& E m odel calculations are presented in A tachm ent 4.

E stin ation of Chem ical Intakes

EPA risk assesam entguidelines recom m end that intake doses be calculated In a m anner
that w ill produce risk estin ates of the RM E scenario EPA, 1989). TheRM E

considers the upper bound case described by using the 50th or 95th percentile of the
actual distribution of m ost Input param eters used to estim ate ntake doses. The intentof
the RM E scenario is to focus the risk assessm enton conservative exposures that are

w ithin the range of possiblke exposures. Since the RM E scenario uses a m ixture of
upper bound and central tendency assum ptions and data, the associated estim ated CO PC
Intake isnotan average CO PC intake, but is ntended to be an estim ate of the plausbl
upper-end ntake.

The exposure param eter assum ptions for the selected w orstcase receptors are based on
conservative default values and are presented In Table V. The exposure values for the
on-gite construction w orker and the on-site com m ercial/industral w orkers w ere

prin arily cbtained from the 2005 D TSC guidance entitled Hum an and Ecological R isk
D fvision HERD ) HHRA Note Number 1, Issue: Recommended D TSC D efault Exposure
Factors or U se In Rigk AssesanentatCalifomia M flitary Facilitdes O TSC, 2005b).

0 ther key guidance docum ents ncluded the 2002 EPA guidance entitled Supplem ental
G uidance for D eveloping Screening Levels for Superfund Sites EPA 2002a) and the
2005 OEHHA docum ent entitled H um an-Exposure-Baged Screening Num bers
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D eveloped to Aid In Estination of C leanup Costs for Contam nated Soil OEHHA,

2005).

For noncarcinogenic effects, ntake is averaged over the period of exposure and is
referred to as the average daily inteke @D I). For carcinogenic effects, the ntake is
averaged over a lifetin e and is referred to as the lifetin e average daily inteke GADI).
The follow Tng general equation w as applied to estim ate CO PC intake for each
potentially com plete exposure pathw ay considered n thisHHRA :

Inbke= C x R XEF x ED X RAF

w here

EF

ED

RAF =

BW

AT

BW x AT Equation 5)

ADTI fng/kg-day) fornoncarciogens
LADI tng/kg-day) for carcogens

EPC of COPC I environmentalmedim (.g., mgkg for soil;
or, mg/m* in air)

ke rate .9., mg so0il/day; or, m* air/day)

Exposure frequency (days/year)

Exposure duration (years)

Relative absorption factor (e., the ratio of bivavailbility n
the exposure scenario t© bivavailability n the exposure situation
from which the toxicity crieria is based)

Body weight kg)

Averaging tine days)

A description of the derivation of COPC intgke for each of the potentially com plete
exposure pathw ays is presented In the follow ing sections.

1.2.3.1 Icidental Thgestion of Soil

The equation used to estin ate COPC intake due to Incidental ingestion of soil is
presented below :

Inteke= CS x R x CF x EF x ED x RAF

w here

CS

CF
EF

BW x AT Equation 6)

EPC of COPC in soil tng/kg)
Tngestion rate of soil (ng/day)
Conversion factor (L x 10° kg/mg)
Exposure frequency days/fear)

12



ED = Exposure duration (years)

RAF = R elative absorption factor (unitless)
BW = Body weight kg)
AT = Averaging tine days)

1.2.3.2 DemalContactw ih Soil

The equation used to estin ate COPC intake due to derm al contactw ith soil is
presented below :

Inteke= CSXAF xXxSA XxCF XEF1 XxEF2xED xABSa

BW x AT Equation 7)
where

Cs = EPC of COPC i =01l tng/kyg)
AF = Soil adherence factor (mg/an*-event)

= Surface area of exposed skin (@m?)
CF = Conversion factor (1 x 10° kg/mg)
EF1= Exposure frequency days/ year)
EF2= Contactrate event/day)
ED = Exposure duration (years)
ABSa= D emm al absorption fraction (nitless)
BW = Body weight kg)
AT = Averaging tine days)

1.2.3.3 Inhalation of Fugitive D usts

The equation used to estim ate COPC intake due to nhalation of fugitive dust is
presented below :

Inttke= CS x BR x EF x ED

PEF x BW x AT Equation 8)
w here
Cs = EPC of COPC 1n s0il tng/kg)
BR = Breathing rate (m*/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
PEF = Particulate em ission fraction > /kg)
BW = Body weigght kqg)
AT = Averagihg tine days)

13



1.2.3.4 Thalation of V apors n Thdoor A ror Ambient A ir

The equation used to estim ate COPC intake due t© Inhalation of indoor air is

presented below :

Ttoke = CAXBRXEF, XEF, XED

BW XAT
Equation 9)
w here
CA = EPC of COPC 1 indoorairorambientair mg/m?)
BR = Breathing rate (m>/hn)
EF1 = Exposure frequency days/ year)
EF: = Exposure frequency hours/day)
ED = Exposure duration (years)
BW = Body w eight (kg)
AT = Averaging tine days)
1.3 T oxicity A ssesam ent

The toxicity assessm ent characterizes the relationship betw een the m agnitude of exposure o a
COPC and the nature and m agnitude of adverse health effects thatm ay result from each
exposure. For purpose of hum an health risk assesam ent, adverse health effects are classified
nto tw o broad categories: noncarcinogens and carcinogens. Toxicity valies are generally
developed based on the threshold approach for noncarcinogenic effects and the non-threshold
approach for carcinogenic effects. Toxicity values m ay e based on epidem ological studies,
shortterm hum an studies, or subchronic or chronic anim aldata. Toxicity values to estin ate
adver=e noncarcinogenic health effects as hazard quotients HQ s) are derived using reference
doses R1D ), and toxicity valies o estim ate increm ental lifetim e cancer risks (ILCRs -also
typically referred to as excess lifetim e cancer risks) are derdved using cancer slope factors
(SFs).

1.3.1 AdverseNoncarcihogenic H ealth E ffects

Tt is w dely accepted that adverse noncarcinogenic health effects from chem ical
substances occur only after a threshold dose or ntake is reached. For the purposes of
establishing a toxicity value for an adverse noncarcinogenic health effect, a threshold
dose is usually estim ated from the no-cbserved-adverse-effectlevel NOAEL) orthe
Tow est-observed-adverse-effectlevel LOAEL) determ ned from chronic or subchronic
anin alstudies. The NOAEL is the highest dose atwhich no adverse effects are
cbserved, while the LOAEL is the Jow estdose atw hich adverse effects are cbserved.

Safety factors are applied t© the NOAEL or LOAEL cbserved 1 anin al studies or
hum an epidem jological studies to es@blish R D s or “reference concentrations.” A
reference concentration for mhalation exposuresmay be converted tvan RfD . AnRD
is an estim ate of a dose level that is not expected o result in adverse health effects n
hum ans, even am ong the m ost sensitive m em bers of the population EPA , 1989). A
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subchronic RD is defined as an acceptable estim ated daily exposure over a portion of a
lifetime @ weeks to 7 years), while a chronic RfD is defined as an acceptable daily
exposure over an entire lifetin e (greater than 7 years) EPA, 1989). RDsare
expressed as acoeptable daily doses In m illigram s of chem ical per kilogram of body
welghtperday (mg/kg-day). For the evaluation of exposure to lead, an acceptable
blood lead Jevel threshold has been established as described In section 1.4 .2.

Carcihogenic H ealth E ffects

Regulatory agencies have generally assum ed that carcinogenic agents do nothave
toxicological thresholds. The dose-response curve used for regulation of carciogens
only predicts zero risk when there is zero dose (Le., for doses greater than zero, som e
rigk is assum ed to be present) . Cancer rigks from potential hum an exposures t©
carcinogenic chem icals are m odeled m athem atically using either anin al or hum an data.

C ancer rigks for exposure t© carcinogens are defined in term s of upper bounds on
probabilites. The probabilites dentify the Ikelihood of a carcinogenic response in an
ndividual that receives a given dose of a particular chem ical fased on m athem atical

m odeling of the anin alorhum an data). Potential carcinogenic effects are expressed as
the probability thatan individualw ill develop cancer from a lifetin e exposure. This
probability is based on prokcted takes and chem ical specific dose-response data called
slope factors (SFs). The SF defines the cancer risk due to average lifetin e exposure t©
one unitof carcnogen (I units of risk perm g/kg-day w ritten as the nverse of m g/kg-
day tng/kg-day)”.

To derive SF's, the EPA generally uses the lnearized m uldstage m odel for low -dose
extrapolation. The m odel is considered to be one of the m ost conservative m odels that
m ay be applied and has been recognized by EPA t© overpredict ILCRs. Using this

m odel, SFs are derived by calculating the 95% UCL on the slope of the linearized
portion of the dose-regponse curve obtained from the m ultbstage cancerm odel. U se of
the 95% UCL of the slope m eans that there isonly a 5% chance that the probability of a
regoonse could be greater than the estim ated value of the experim ental data used.

C hem ical-specific T oxicity Values

Chronic toxicity values foradverse cancerand non-cancer effects w ere conservatively used
o evaluate both chronic and subchronic exposures foreach CO PC, w ith the excsption of
lead. Forthe dentification of C alifomia toxicity values, when Cal/EPA toxicity values

w ere notavaillble, EPA toxicity valuesw ere used. The hierarchy of toxicity valuesused to
dentify the Califomia toxicity values isbassd on the recom m endations n the PEA
GuidanceM anual OTSC,1999),and isas follow s:

1. Cal/EPA,OEHHA , Toxicity C riteria D atabase and August 2005 C alifomia
Cancer Potency List, htip:/Avww .oehha.ca gov/risk /chem icalD B /index .asp

2. Cal/EPA , A rResources Board ARB), Consolidated Table of OEHHA /ARB
Approved R ik A ssesam ent H ealth Values, 25 Aprdl 2005,
http:/Av ww .arb .ca.gov/toxics/healthval/healthval htm
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3. Cal/EPA , OEHHA , Chronic Reference Exposure Levels RELs) for A tbome
Toxicants, February 2005,
http:/Avww .oehha.ca gov/air/chronic rels/A IChrelshtm 1

4. EPA , Region 9, toxicity values presented in the Prelin nary Rem ediation G oals
(PRG) Tables, 20 O ctwber 2004,
http:/Av ww .epa.gov/region09 Av aste/simd forg/

The selected toxicity values for the CO PC s are presented In Tabl V I and are nclided in the
risk calculations spreadsheets presented In A ttachm ents 4 and 5. For the evaluation of exposure
o lead, an acceptable blood lead level threshold has been esta@blished as described In section
14.2.

14 R igk Characterization

R ik characterization is the fourth step 1 the risk assesam entprocess. R isk characterization
ncludes the ntegration of the toxicity and exposure assesam ents o provide quantitative and
qualitative expressions of rigk.

141 Caloulaton of Adverse Noncarcinogenic H ealth E ffects — O ther Than Lead

The RD isused 1n the risk characterization to estin ate the potential for adverse
noncarcinogenic healh effects. The estimated AD Idivided by the RD is referred to as
a hazard quotient HQ ). An HQ value greater than 1.0 ndicates a chem ical dose above
the RD for thatpathw ay, and thus a potential for adverse noncarcinogenic health
effects. A talHIisa sum of the HQ s form ore than one chem icalw ith sim flar
toxicological endpoints. A to@lH Igreater than 1.0 ndicates a potential for an adverse
noncarcinogenic health effect from exposure to that chem ical or chem icals that result in
driving the to@lH Iabove 1.0.

Asa first eranalysis, the HQ s k4g., forall COPCs, regardless of arget organ) for
each receptor can be summ ed as the basis for conservatively estim ating a screening total
H I for that receptor. T this case, itis assum ed thateach COPC actsby the same

m echanism and Induces the sam e effects EPA , 1989). Typically, additonal risk
evaluation is undertaken w hen the H Q s for each chem ical are summ ed iregpective of
their toxicological endpoints and that total H T exceeds a value of 1.0. Then acceptable
target organ-gpecific totalH Is can be calculated for the receptorbased on arget organs
as recomm ended by EPA  (1989).

Equations used to derive HQ s and toal H I are presented as follow s. The HQ com pares
a receptor's exposure or ntake level to the RO of that CO PC and com plete pathw ay
EPA ,1989). Tocakulatean HQ , the AD T (e.g., upper bound intake averaged over
the exposure perdod) foreach COPC isdivided by the chem ical-specific RfD as shown
1 the follow Ing equation :

HQpatwayl = ADIRD Equation 10)

w here
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HQpathwayl HQ ofparticular pathw ay for COPC (unitless)
ADI = Average daily nteke of COPC  n g/kg-day)
RD Reference dose of COPC mg/kg-day)

W hen using the above equation t© estim ate the potential for adverse noncancer health
effects, both the ntake and the RD m ust refer to exposures of equivalent duration
eg., chronic).

For each receptor, the HQ of each pathw ay forthe COPC is then summ ed t© calkculate
the alHQ forthat COPC as shown in the follow Ing equation :

TomlHQ = HQpatwayl + HQpathway2 + ... + HQpathwayn

Equation 11)
w here
TomlHQ = Summed HQs for COPC funitless)

HQpathwayl HQ forpartcularpathway for COPC (unitless)

For sin ultaneous exposures to a receptor by several COPC s, a toalH I is calculated as
the sim of the HQ s foreach COPC by:

TomlHI= HQ (CO PCl) + HQ (CO PC2) +..+HQ (CO PCn)

Equation 12)
w here
TotalHI = Total H azard ndex
TotalHQ (COPC)) = Sum of HQ s for that CO PC

142 Caloulation of Adverse Noncarcinogenic H ealth E ffects for Lead

Potential hum an health effects from exposure o lead are typically nferred from blood
lead Jevels, rather than inteke and, as such, are notam enablke to the HQ M I approach
described In Section 1.4.1. Health risk from exposure t© lead for the on-site
oconstruction w orker and com m ercial/dustrial w orker w as conservatively evaluated
based on the default risk assum ptions presented In the Version 7 of the DTSC Liead

R ik A ssessm ent Spreadsheet (LeadSpread) M odel O TSC, 2000) [included n

A ttachm ent 6] and the EPA Integrated Exposure U ptake B ioknetic M odel for Lead
(EUBK) derived Region X ndustrial soil prelim nary rem ediation goal PRG) EPA,
2002a).

The blood lead concentration identified as acceptable, for both children and adults, is
10 m icrogram s per deciliter ug/dL) O TSC 1993, 1999) and w illbe applied t high
end (ie., RM E) exposure estim ates. W hile the LeadSpread M odel calculates estim ated
90th, 95th, 98th and 99th percentile blood lead concentrations, the D TSC identifies the
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99th percentile blood lead as a “pointof departure” (.g., rem edial actions are not

w arranted w hen predicted blood lead levels are atorbelow 10 ug/dL). The
occupational w orker threshold concentration identified In the LeadSpread M odel using
the D TSC defaultassum ptions is 3,475 mg/kg. The D TSC alwo refers to the EPA
IEUBK M odel for adult receptor risk evaluations. The ndustrial soillPRG for lead
based on the EPA IEUBK M odel is 800 mg/kg. In additon, it should be noted that the
C alifornia hazardous w aste criterion for lead, as defined by the Toal Threshold Liin it
Concentration (T'TLC ), specified n Califomia Code of Regulations (CCR) Tile 22, is
1,000 mg/kg. For the purposes of this risk assesam ent, a Jead concentration of 800

m g/kg w as selected as the acceptable health-based lead target concentration for
occupational w orkers.

Calculation of Cum ulative Tncrem entalL ifetim e Cancer R ik

The SF isused In the risk characterization to estim ate the cancer rigk. The SF
multplied by the LAD T is referred to asan ILCR . Foreach COPC identified asa
potential hum an carcinogen, the theoretical upperbound ILCR for a particular receptor
is the sum of the calculated TLCR s foreach COPC .

To cakculate an ILCR, the LAD I (e.g., upper bound intgke averaged over a lifetin e)
foreach COPC ismulbplied by the chem ical-specific SF as shown 1 the follow ing

equation:

ICR = @ADIx ©F) (Equation 13)
w here
I.CR = Increm ental lifetim e cancer risk for COPC, also referred t© as
excess lifetin e cancer risk unitless)
LADI = L ifetin e average daily nteke of COPC  (n g/kg-day)
SF = Slope factorof COPC tng/kg-day)™

For each receptor, the ILCR of each pathw ay forthe COPC is then summed t©
calculate the ILCR forthat COPC as shown in the follow g equation:

ILCRcoprc = ILCRpattwayl + ILCRpatway2 + ... + ILCRpathwayn

Equation 14)
w here
ILCRcorc = Summed ILCR forCOPC (unitless)
IL.CRpathwayl = I.CR forpartcular pathway for COPC (unitless)

If a receptor is exposed o several carcinogens, the follow Ing equation is used to sum
cancer rigks:
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Cumulative ILCR = ILCR COPC,) + ILCR COPC,) + ... + ILCR COPC,)
Equation 15)
where

Cumulative ILCR Total risk of cancer incidence forall COPC s
ILCR (CO PCn) = Indwvidual COPC ILCR

144 AcosptablkR ik Thresholds

E stim ates of the Site-gpecific noncancerH Tand cum ulative ILCR are com pared to
acoeptable target levels by risk m anagers. There is som e varibility n acosptable
cum ulative ILCR s esablished by various regulatory agencies, although the acoeptable
target level forH Is is generally less than orequal to 1.0 and m ost target cum ulative
IL.CR s considered acceptable lie w ithin the risk range of 10°  10™*.

TotalN oncancer H azard Tndex - The H T evaluation process typically occurs h two
steps. First, the HQ s forallCO PC s are added and com pared to an acceptable target
toalH I. IE the caloulated value is greater than the acoeptable target level, then for the
second step only toalH Q s for those com pounds considered to have additive adverse
noncarcinogenic healh effects are summ ed to refine the H T estim ate.

An HTof kss than 1.0 indicates that it is unlkely that adverse hum an health effects w ill
occur during a lifetim e Tn an exposed population, ncluding sensitive subpopulations
(EPA ,1989). M ostenvironm ental program s em ploy an HIof unity ([e., 1) asan
acoeptable target for risk decisions. The m ost explicit directive com es from  the federal
Superfund program EPA , 1990), which isCal/EPA policy aswell. This directive
soecifiesan HTof 1.0 as the acceptable arget for risk m anagem ent decisions, aswell as
the acceptable target risk to be achieved n designing rem edizl regponges. This
noncancer risk threshold wasused n thisHHRA as the acosptable totalH I to assess

w hether exposure to CO PC s at the Sie m ay pose an adverse noncarciogenic effect.

Cum ulative Tncrem ental L ifetin e Cancer R ik - Potential risk estin ates betw een 10°
and 10™ require risk m anagem ent decisions based on site-specific Jand use/exposure
scenarios and m ay require rem ediation EPA, 1990). Risk estim ates that are greater
than 10™ generally require rem ediation to reduce potential exposures.

A cumulative ILCR of 10° t© 10™ corresponds o theoretical probability of 1 chance in
1 m illion t© 1 chance In t&n thousand, which is in additon to or in excess of the
background cancer risk. The conservatiam of such risk increm ents is enhanced by the
fact that risk is typically expressed as an upperbound ILCR . Thatis, true risk is
anticipated to lie som ew here betw een zero and the upper bound risk estin ated In the
risk characterization EPA, 1989).

Potential risk estim ates betw een 10° and 10 require risk m anagem ent decisions based

on site-gpecific Jand use/exposure scenarios and m ay orm ay not require rem ediation or
m itgation. It is generally w dely accepted In the regulatory comm unity that risk
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estin ates that are equal to or Jess than 10 do not require rem ediation orm idgation

m easures. R isk estin ates that are greater than 10 generally require rem ediation or

m igation to reduce potential exposures. Califomia Propositon 65 (1986, Safe

D rinking W ater and Toxic Enforcem ent A ctof 1986, Proposition 65, H ealth and Safety
Code Section 25249 .5 et seq.) requires specific notification and w aming for exposure t©
carcinogens above the “no significant risk Jevel,” which isbased on a 10” excess
lifetim e cancer risk. T addition, the EPA , underthe RCRA Corrective A ction
Environm ental Idicators EI) program EPA , 2005), Ihdicates that “For the purposes
of m aking CurrentH um an Exposure under C ontrol E I determ fnations w ith respect to
vapor intrusion, EPA generally recomm ends the use of 10” levels for carcinogens
(ncrem ental individual lifetim e cancer risk), and a H azard Quotent HQ ) of 1 fornon-
cancerrik.” W ihm this range of acceptable risk values, the Cal/EPA and EPA
typically default to an acceptable cum ulative ILCR threshold of 10® in risk m anagem ent
decision m aking for occupational receptors .g., on-site construction w orker and

comm ercial/industrial w orker) . This cum ulative ILCR threshold was used In this
HHRA as the acceptable cum ulative ILCR 1o assess w hether exposure to CO PCs at the
Sie m ay pose an unacoeptable cancer rigk .

Summ ary of R ik Characterization R esuls

The risk characterization results for the on-site construction w orker, the on-site

com m ercial/industrial w orker nside buildings, and the on-site com m ercial/mdustrial

w orker outside buildings are summ arized below and in Table VII. The associated risk
calculations are presented n Attacdhments 4 and 5.

1.4.5.1 On-=sie Construction W orker

Based on the results of thisHHRA for the future on-site construction w orker,
the cumulative ILCR is7 x 10%, and the totalH I is 455. The cumulative IL.CR
is greater than the acceptable cum ulative ILCR threshold of 1 x 107, and the
to@lH I is greater than the acosptable to@lH Iof 1.0. Th additon, the highest
m easured lead concentration in soil at the Site is 643,891 mg/kg, which is
greater than the acoeptable health-based Jead threshold of 800 m g/kg for
occupational w orkers. Therefore, m ifgation is necessary to protect the on-site
construction w orker.

1.4.5.2 On-=sie Commercil/hdustial W orker

Based on the results of thisHHRA for the future on-site com m ercial/lmdustrial
w orker, the cumulative ILCR is 5 x 1072, and the totalH I is 122, which
ncluded the highest of the estim ated risks for inhaling Indoor air concentrations
from subsurface vapor mtrusion. The cum ulative ILCR is greater than the
acceptable cum ulative ILCR threshold of 1 x 107, and the @l H I is greater
than the acceptable @lHIof1.0.

The estin ated pathw ay-gpecific risks for Inhaling Indoor airusing soilgas data
collected at approxin ately :

] 5 feetbgs are a cum ulative ILCR of 2 x 10° and atowlH Iis 1.8,
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" 10 feetbgs are a cum ulative ILCR of 2 x 10° and a tot@lH I is 0.091,

] 15 feetbgs are a cum ulative ILCR of 3 x 10° and a oalH Iis 0.21,
and
] 20 feetbgs are a cum ulative ILCR of 2 x 10° and a to@lH Iis 0.11.

Only the cum ulative ILCR at5 feetbgs is greater than the acceptable

cum ulative ILCR threshold of 1 x 10°, and only the toalH Iat5 feetbgs is
greater than the acoeptable totelHIof 1.0. Therefore, m iHgation is necessary
o protect the on-gite com m ercial/mdustrial w orker 5-foot soil gas sam ple data.
The HHRA results for the other desper depths do notw arrantm itHgation
activides. Tn addition, the highestm easured lead concentration in soilatthe
Site is 643,891 mg/kg, which is greater than the acceptable health-ased lead
threshold of 800 m g/kg for occupational w orkers.

I general, based on the results of thisHHRA for the future on-site
comm ercial/industrial w orker, m idgation is necessary to protect the on-site
ocom m ercial/Mdustrial w orker.

14.6 Uncertainty Analysis

Tt should be noted that the above risk estim ates are conservative estin ates of potential
future health risks. The EPA and D T'SC guidance docum ents for risk assesam ent
provide a system atic m eans for organizing, analyzing, and presenting nform ation on
the nature and m agnitude of risk t© public health posed by chem ical exposures. D egpie
the advanced state of current risk assesam entm ethodology, uncertainties and lin iations
are inherent In the risk assesan entprocess. T an attem ptto m nin ize the consequences
of uncertanty, regultory guidance typically relies on the use of conservative estin ates of
adverse health effects In the absence of strong scientific data. Because m ultple
conservative assum ptons are used, the overall risk characterization results are much

m ore Ikely to overestin ate the potential risk rather than to underestin ate it

The risk estim ates presented herein are likely overestin ates of risk for the follow ing
reasons:

= U se of the m axin um concentrations assum es thata person would be exposed t©
amaxinum concentration during their entire exposure duration, which is
unlkely. Ttism ore realistic to assum e thata person m ay be exposed t©
representative average concentrations. Thus, the use of m axin um
concentrations overestin ates risk.

= Tt is also assum ed that COPC concentrations w ould rem ain consantover tin e.
Tt ism ore lkely that, due to natural degradation processes, organic COPC
concentrations w ould decrease over tine. Thus, estim ated organic CO PC
Intakes w ould decrease over tim e, which would result n Jow er risk estin ates
than presented herenn.

= R ik assesgm ents require assum ptions In order to assess potential hum an
exposure. ThisHHRA Includes assum ptions about general characteristics and
potential pattems of hum an exposure. RM E exposures w ere calculated o
provide som e m easure of the range and uncerainty in potential exposures. The
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RM E case is developed to provide an upper bound on exposure. For nsance,
i was conservatively assum ed thatan on-site construction w orkerw ould be at
the Site for a period of 250 days over a period of one year, when it is kel

m ore realistc that the Jongest any one particular construction w orker e.9.,
grader, electrician, plum ber) would be on site is significantly less. Because
RM E estin ates are based on a com bination of conservative assum ptions, the
estin ates likely overpredict exposures that w ould generally be encountered.

= Toxicity values used In risk assesam ents present overestin ates of the potential
toxicity of these chem icals to hum ans. A ssum ptions used t© develop toxicity
values Include the addition of safety factors to account for uncertanties
associated w ith extrapolating high doses to low doses w here chronic
environm ental exposures w ould occur, and to acoount for uncertainties
associated w ith the use of Bbomtory anin al studies to assess potential toxicity
to hum an receptors.

1.5 D evelopm ent of R em ediation C riteria

The acceptable risk thresholds dentified herein w ere exceeded in the HHRA foreach of the
future on-site receptors. The CO PCsw ih EPC s that contributed the m ost to the risk threshold
exceedances, referred to as risk drivers, w ere dentified. T arget exposure point concentrations
(@rget EPC s) w ere derived for the chem ical risk drivers, and either identified m axin um

chem ical concentrations, orm axinum chem ical concentrations In the 95% UCL datasetas the
cum ulative risk-Yased rem ediation criterion.

The cum ulative risk-based rem ediation criterion for lead w as further Iow ered to provide an
additional factor of safety to protect public health, and the cum ulative riskbased rem ediation
criterion for lead w as further Jow ered t© address potential concems that “hot spots” of arsenic
In pacted soilm ay be left in place after com pletion of rem ediation activites.

1.5.1 Derivation of Cum ultive R isk-Based R em ediation C riteria

Target EPC s w ere derived by low ering the concentrations of thege risk drivers In the HHRA
calculations untl the risk thresholds w ere m et for each of the receptors. These Iow ered EPC
concentrations w ere dentified as the target EPCs. From these arget EPC s, the cum ulative
risk-based rem ediation criteria w ere derived as follow s:

1. The r=m ediation criterion for select chem icals (@l PCBs, antim ony, and arsenic) w here
the 95% UCL concentration wasused as the EPC w as calculated by re-deriving the
95% UCL concentration after elin nating elevated CO PC concentrations In the dataset until
the 95% UCL concentration w as equal to or less than the target EPC . The rem ediation
criterion w as setas the highest concentration in the dataset w here the arget EPC 5% UCL
concentration) wasmet. In thatcase, after rem ediation, the 95% U CL concentration of the
residual concentrations of those CO PC swould m est the target EPC ; how ever, some
residual concentrations at the subject site could exceed the @rget EPC .

2. The ram ediation criterion w as setas equal o the arget EPC for chem icals hexavalent
chrom 1um , and som e organic chem icals) w here the m axin um concentration was used as the
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EPC and for select chem icals (PAH s and kad) where the 95% UCL concentration w as used
asthe EPC.

The calculations presenting the derivation of these cum ulative risk-based rem ediation criteria
are presented In the A ttachm ent 7

1.5.2 AdditonalEvaliation of Rem ediation C rieria for Liead

For lead, the risk-Jbas=ed rem ediation criterion developed using the LeadSpread M odel is 6,650
mg/kg, based on the postrem ediation calculated 95% UCL concentration. However, D elphi
has decided to© set the rem ediation criteria t© 800 m g/kg as the rem ediation crierion for lead at
the Site to be consistentw ith the EPA Region X industrial soil PRG .

1.5.3 AdditonalEvaluation of Rem ediation C riteria for A rsenic

For arsenic, an addibional evaluation w as conducted to address potential concem that “hot
soots” m ay be left In place after com pletion of rem ediation activides. Based on the above

rem ediation criteria derivation m ethodology, the cum ulative risk-Jased rem ediation criterion for
arsenic is 21.9 m illigram s per kilogram fmg/kg). To evaluate w hether this potential “hot spot”
concem m ay be valid, the arget EPC s w ere com pared to the cum ulative risk-based rem ediation
criterion foreach chem ical risk driver. These rem ediation criteria w ere also com pared t© the
residual concentrations thatw ould be kft n place after rem ediation of areas w here sam ple
results excoeed the cum ulative risk-Jased rem ediation criteria. A table of these com parisons is
presented as Table V ITT.

Figures G 1 through G11 were created to illustrate the dentification of possble “spot hot”
Jocations. These figures show :

The Jocations of sam ple points (in r=d) thatw ill be rem ediated based on concentrations
of CO PC s exaeeding of the cum ulative risk-tased rem ediation criteria,

= The Jocations of sam ple points (in purple) w ith arsenic concentrations betw een the
target EPC and the cum ulative riskJoased rem ediation criterion, thatw ill be rem ediated
due to Interpretation asbeing w ithin a “*hot spot”’ (1.e., soil sam ples that contain arsenic
concentrations greater than approxin ately 10 mg/kg),

= The Jocations of sam ple points (in blue) have concentrations of CO PC s betw een the
target EPC s and the cum ulative risk-‘oased rem ediation criteria that are not proposed for
rem ediation, and

= The Jocations of sam ple points (in green) have concentrations of COPCsbelow the
cum ulative risk-Jbased rem ediation criteria and that therefore w ould rem ain In place.

Asnoted I Figures G 1 through G 11 and on Table V III, additonal rem ediation activides
beyond whatw ould be w arranted by the cum ulative risktased rem ediation criterion are
proposed t© reduce residual arsenic concentrations at the Site t 9.05 mg/kg. These additional
Jocations highlighted In purple) Include:

= Ten addition sam ple locations (which contain thirteen soil sam ples), and
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= Sixteen additional soil sam ple locations at shallow er or desper depth at Jocations w here
rem ediation w as proposad bassd concentrations of other CO PC s exceeding of the
cum ulative risk-Yased rem ediation criterion.

Based on this evaluation, the rem ediation criterion for arsenic w as revised t© 9.05 mg/kg.

N o additional rem ediation is proposad specifically for antin ony and total PCBs. How ever,
because these chem icals and other chem icals are, In som e cases, co-located w ith elevated
arsenic concentrations, additional excavation of antin ony and PCB in pacted soils w illbe
conducted as part of those rem ediation activites.

154 SummaryofRemediation Crieria

The proposed rem ediation criteria are presented In Table IX . N ote that the rem ediation criteria

for o1l is applicable for the upper 10 feet of soil, and the rem ediation criteria for soilgas is
applicable to depths less than 15 festbgs.
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ATTACHMENT 1

BACKGROUND METALS EVALUATION
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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 areview of the log transformed data, it was concluded that the antimony background
concentration is 1.6 mg/kg.



200

Antimony - Log Transformed

=
(o)
o
|
\

Frequency
|_\
a1 O
o O
| |
[ [

o

——nnlloana- - -

Bin

-16 -09 -02 05 12 19 26 3.3 More

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

Histogram generated using Microsoft Excel Version 2002.

AMTIMO MY
Prohability Plat af Maosured Values
Comelation Cacficienl  OERSGD

1M

140-

14-

50* 1.4l

Mo s tilos

Cummulative Percent

2 M-

LR L,

A5 < NLSAT -- Hooina ity 1es) Gaiks al 3535 heecl

nan 1.0 2n in
I ag of Concaniradan (ppm = 1

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 areview 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
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 areview of the log transformed data, it was concluded that arsenic background
concentration is 5.6 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 areview of the log transformed data, it was concluded that arsenic background
concentration is 5.6 mg/kg.
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Environmental Protection Agency (USEPA) statistical guidance documents.
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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 areview of the log transformed data, it was concluded that chromium background
concentration is 31.2 mg/kg.
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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 areview of the log transformed data, it was concluded that chromium background
concentration is 31.2 mg/kg.
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Environmental Protection Agency (USEPA) statistical guidance documents.
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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 areview of the log transformed data, it was concluded that lead background
concentration is 9 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 areview of the log transformed data, it was concluded that lead background

concentration is 9 mg/kg.

)




Mercury - Untransformed
160 = 1.02
140 + +1
> 120 + + 0.98
§ 100 + + 0.96
S 80 + 0.94
© 60 |u + 0.92
L 40 + + 0.9
20 | + 0.88
0 Bisi—r 0 0= 0.86
0.05 0.75 145 215 285 355 More
Bin

Histogram generated using Microsoft Excel Version 2002.

MERZURY
FPrabahility Plat af Maasured Valuas
Adwrrelation Cuvellicient = U SEFS
. 0, 4055 < 0,007 Nommallty 1e=1 falls 01355 leval

20 -

50*

Nowanal Dhaamlil=y

Cummulative Percent

PRl

+ +0%

0 3 | | |
i 1.0 20 an 4.0 S0
Comesmmarlam fppm # 1)

Probabilty plot generated using ChemStat Version 6.0, which complies with 1989 and 1992 United States
Environmental Protection Agency (USEPA) statistical guidance documents.
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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.





