
PORTOF OAKLA]\I)

May 8,2003 
a,

Mr. Bamey Chan "a'De,
- if.'*

Hazardous Materials Specialist ^ n/a, 
'v 

C\ -
Alameda County Health Care Services Agency 

" ., ", 
' 

I .l ^ 
'441,

I 13 I Harbor Bay Parkway, 2nd Floor ' 
hA 

'

Alameda, Califomia 94502 , ''"1 
. I D 

't ,", 
i",,

, ' '{:^.."

Re: Final Revised Sections of the Human Health Risk Assessrn€nt - Future Port \'uii

of Oakland Field Support Services Complex - 2225 and 2277 Seventh Street'
Oakland, California

Dear Mr. Chan:

Please find enclosed for your review and approval, the subject final revised sections of
the Human Health Risk Assessment (HHRA) Future Port of Oakland Field Support
Sewices Complex (PFSSC) prepared by Iris Environmental on behalf of the Port of
Oakland (Port) for 2225 and 227'l Seventh Street in Oakland, Califomia. These final
HHRA sections integrate the revisions and clarifications requested by Dr. Roger Brewer
of the Regional Water Quality Control Board (RWQCB) after his review of the drafl
HHRA and during follow up meetings at the RWQCB office on lzntary 27 , and April 15,
2003. The final HHRA is being submitted in accordance with Atameda County Health
Care Services Agency (ACHCSA) requirements for construction ofthe PFSSC.

Piease provide your review anti approval as soon as possible because ground breaking for
building construction is planned for next week. We propose the following workflow to
expedite distribution of this final HHRA:

r Iris Environmental prepares final HHRA sections and submits one copy to the
Port. These final HHRA sections will be a set of replacernent sections to
incorporate into the draft HHRA binder.

r The Port submits the {inai HHRA sections (attached herein) to ACHCSA, with a
cover letter requesting your review and approval.

r ACHCSA issues a final HHRA approval letter to the Port. Iris Environmental
then prepares distribution copies of the final HHRA replacement package,
incorporating the approval letter to ali oesignaterl recipients, with instmctions for
section replacement in the distributed blnders.
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We trust this approach is acceptable to you. If you have any questions regarding these
final replacement sections to the HHRA, or the proposed workflow, please contact me at
(s10\ 62',1-1134.
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Port Associate Environmental Scientist
Environmental Health and Safetv Comoliance

Enclosure: noted
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Re: Final Human Health Risk Assessmer?t for Future Port of Oakland Field Support
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Dear Mr. Rubin:

Iris Environmental is submitting for your use the frnal Port Human Health Risk Assessment -
Future Port of Oakland Field Support Services Complex (PFSSC) report (HHRA) for 2225 and
2277 Seventh Street in Oakland, Califomia. The final HHRA integrates the revisions and
clarifications requested by Dr. Roger Brewer of the Regional Water Quality Control Boarc
(RWQCB) Toxics Cleanup Division subsequent to his initial review of the draft HHRA and
subsequently during meetings at the RWQCB offrce on January 27, and April 15, 2003.

It is our understanding that the final HHRA will be provided to Mr. Bamey Chan of the Alameda
County Health Care Services Agency for review and approval. The final HHRA package ts
designed to replace sections of the binder containing the draft HHRA.

Please feel free to contact Chris Alger at (510) 834-4747, ext. 21, with any questions or
comments.

Sincerely,
Iris Environmental
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Christopher S. Alger, C.E.G., Ch.G.
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EXECUTIVE SUMMARY

Iris Environmental prepared this baseline human health risk assessment (HHRA) on behalf of the
Port of Oakland ("the Port"), to support the design, engineering, conshuction, and safe future use
of the proposed Field Support Services Complex ("the Complex") on the subject Site ("the
Site"). This HHRA focuses on the construction and future use ofthe Complex. As such, the
HHRA was designed with the express purpose ofproviding a highly conservative technical
analysis ofthe human health impacts associated with on-site exposures resulting from these
activities. The Site is approximately 12 acres in size and is located at 2225 and 2227 Seventh
Street, immediately west of Maritime Street and south of the adjacent Bay Area Rapid Transit
(BART) right-of-way, on Port property in Oakland, California (Figure 1). Approximately eight
acres of the Site are designated for construction ofthe Complex.

The proposed project involves the demolition of two existing structures and one-quarter ofa
third structure, the excavation of existing building footings and demolition debris, the
importation ofclean fill, and the construction ofa new Field Support Services Complex.

The pulpose of this risk evaluation is to determine whether the residual chemicals at the Site
could adversely impact human health during development (construction) and t}roughout the
proposed future use ofthe Site. Specifically, this report assesses the human health risks
associated with possible exposures to Port employees from chemicals detected in soils, soil gas,
and groundwater during the March 2002 Phase II investigation ofthe Site (Iris Environmental,
2002a). As exposure to these chemicals ofpotential concern (COPCs) could potentially occur
both during Site development and future use ofthe Complex, the health risks associated with the
development and future land use phases are both evaluated.

Three different populations ofPort workers were evaluated for each land use phase.
During the development phase, it was assumed that the populations that may be exposed to
COPCs included:

o On-Site mnsherction workers involved in the development

Following development, when the Complex is in use, it was assumed that the populations who
could become exposed to chemicals present at the Site after the development is complete
included:

r On-Site comrnercial workers (e.g., Port errployees working in and around the proposed
structure) who will be using the Complex (structure and grounds); and

r On-$ite intrusive workers (e.g., Port utility workers installing, repairing, or removing
utility lines in trenches at the Site). Exposure of Port utility workers to COPCs is
assumed to be similar to on-Site construction workers.

In order to assess the positive impact ofproposed mitigation measures being incorporated into
the development, the Site was first evaluated under worst-case baseline conditions (the "baseline
evaluation ), where specific design elements that will be incoqporated into the Site development
are not included. These specific design elements include the planned passive soil venting
systerns that will be placed beneath the proposed building and the asphalt cap that will
completely cover the Site. The Site was then evaluated under the proposed Site development
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conditions (the "Site development evaluation") reflective of and consistent with the
aforementioned design elements. Note that these desigrr elements will only affect the evaluation
of the commercial worker scenario.

A1l COPCs are evaluated based on their potential to cause cancer or chronic noncancer health
effects in human populations under the development and future land use exposure scenarios.
Select volatile organic compounds (VOCs) were also evaluated for potentiai explosive hazards.
Furthermore, the generation ofmethane at the Site was evaluated as an additional transport
mechanism that may potentially enhance chemical transport of VOCs.

In preparing this HHRA, Iris Environmental used standard risk assessment techniques and
regulatory assumptions recommended by the United States Environmental Protection Agency
(USEPA) and the Califomia Environmental Protection Agency (CaVEPA), as well as
consewative modeling approaches. Given the multiple conservative assumptions, the potential
health dsks presented in this analysis are likely overestimates ofthe actual risks that may be
associated with the proposed development project. Risk assessment results for the three teceptor
populations identified in Section 3.2 are summarized in the table and bullets on the following
page.

May2003 ES-2
I:Port of OaklandvthsT$inal HHRA 05-06-03.doc

IRIS ENVIRONMENTAL



Baseline Evaluation Results

Exposure Scenarios
Cancer Risk

0)
Noncancer

HI(2)

Cumuiative
Explosive

Haznd
Ratio (3)

Odor
Nuisance

(4)

Development Phase

On-Site Construction Worker
(Intrusive)

Future Land Use Phase

On-Site Commercial Worker

On-Site Intrusive Worker

9.21 x l0{6 (5)

2.72 x LQ-s

3.83 x 10-6

4.21

0.35

0.03

0.004

0.00011

0.0002

5.41

0 .11

0.48

Site Development Evaluation Results

Futur€ Land Us€ Phase

On-Site Commercial Worker 8.49x lo-6  |  o . ro 0.00011 0.10

Nsle:
(1) Cancer Risk is defined as the incremental p(obability that an individual will develop cancer over the course ofa lifetime as a
result of exposure to the potential carcinogen. The USEPA defines the upper range ofacceptable cancer risks to be between I
per 10,000 (lE-04, or 104) and I per 1,000,000 (lE-06, or 10-t. (The USEPA "acceptable fisk range" is the upper rang€ of
probabilities for cancer risk which USEPA applies to federally regulated sites.) The maximum risk level-generally considered
acceptable by CaVEPA DTSC and regulatory agencies such as the RWQCB is 1 in 100,000 (lE-5, or l0-').

(2) Noncancer HI (Hazard Index) is the parameter used to evaluate the potential for adve$e norcancer health effects. The HI
represents a ratio ofthe projected €xposur€ to an "acceptable" level ofexposue; the USEPA defines the acceptable Noncancer
Hazard lndex as l-0 or less (i.e., the projected exposure is below the "acceptable" exposure)-

(3) Cumulative explosive hazard ratio is the parameter used to evaluate poteffial l€vels of combustible gasevvapors. It is the
sum of ratios of the predicted combustible gas conce[trations to the chosen hazard thresholds. Explosive hazard thresholds are
not regulated by USEPA or Cal/EPA DTSC.

(4) Odor nuisance is established by the 50% odor recognition level published by the Massachusetts Department of
Ervironmental Protection (MADEP). A value greater than I indicates a likelihood that a majority ofexposed populations will
detect nuisance odors-

(5) 9.21 x 10-6 is scientific notation approximately equivalent to the fiaction l/108,600 (9.21 x l0-6/l = l/108,600; a calculated
incremental cancer risk of I per 108,600 can thus be interpreted).

1. Baseline incremental cancer risks estimated for on-Site construction workers during
development and on-Site commeicial and intrusive workers during future use, respectively,
are 9.21 x 10-06,2.72 x 10-05, and 3.83 x 10-06. These risks are al1 within USEPA's acceptable
risk range of I x 10-4 to 1 x 10-6. Note that risks associated with risk levels below I x 10-6 are
also "acceptable"; indeed, these risks are considered insignificant. The risks for construction
workers are below 1 x 10-5, a risk level generally considered acceptable by CallEPA DTSC
for commercial land-use scenarios. Incorporating planned Site development desigl elements
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such as passive vapor contrcls and the Site-wide aspha.lt cover into the risk analysis results in
cancer risks below I x l0-' for future on-site commercial workers as well.

2. Exposures to noncancer agents result in noncancer HIs within health guidelines (i.e., less than
one) for the on-Site commercial worker and intrusive worker. The noncancer HI for the on-
Site construction worker is above the health guideline. For construction workers, exposrres
will be mitigated through standard health and safety practices that will be documented within
the Health and Safety Plan and an appropriate Risk Management Plan (RMP);

3. The predicted worst-case steady state on-Site concentrations ofexplosive vapors are below
the respective lower explosive limits (LEL) with a safety factor of ten. While actual explosive
hazard to the on-Site intrusive and construction worker is likely low, potential hazmds as
instantaneous/acute exposure to in-site levels of flammable gases will be mitigated by an
appropriate RMP; and,

4. Nuisance odor evaluation indicates that on-Site construction workers may experience
undesirable odors. The Health and Safety Plan and the RMP will be developed to address
ootential odor issues.
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1,0 INTRODUCTION AND OBJECTIVES

Iris Environmental prepared this human health risk assessment on behalf of the Port of Oakland
("the Port"), in support of the design, engineering, conshuction, and future use of the proposed
Field Support Services Complex and associated grounds ("the Complex" and 'the Site,"
respectively). The Site is approximately 12 acres in size and is located at 2225 and 2227 Seventh
Street, immediately west of Maritime Street and south of the adjacent Bay Area Rapid Transit
@ART) rightof-way, on Port property in Oakland, Califomia (Figure 1). Approximately eight
of the 12 acres are designated for the Complex.

The proposed project involves the demolition of two existing structures and one-quarter ofone
structwe, the excavation of existing building footings and demolition debris, the importation of
clean fill, and the construction ofa new Complex, to be used by the Port for field services and
associated support activities.

The purpose of this risk evaluation is to determine whether the residual chemicals at the Site
could adversely impact human health during development and proposed future use of the Site.
Specifically, this report assesses the human health risks associated with possible exposures to
Port employees from chemicals detected in soils, soil gas, and groundwater during the March
2002 Phase II investigation ofthe Site (kis Environmental,2OO2a). As exposure to these
chemicals ofpotential concem (COPCs) could potentially occur both during Site development
and future use of the Complex, the healtl risks associated with the development and future land
use phases are both evaluated.

The Site was also evaluated under worst-case baseline conditions (the "baseline evaluation"),
where specific design elements that will be incorporated into the Site developmsnt are not
included. These specific design elements include the planned passive soil venting systems that
will be placed beneath all constructed buildings and the asphalt cap that will completely cover
the Site. The Site was then evaluated under actual Site development conditions (the "Site
development evaluation") reflective of and consistent with the aforementioned design elements.
Note that these design elements will only affect the evaluation of the commercial worker
scenario.

All COPCs are evaluated based on their potential to cause cancer or chronic noncancer health
effects in human populations under the development and future land use exposure scenarios. We
also evaluated select volatile organic compounds (VOCs) for potential explosive hazards.
Furthermore, the generation of methane at the Site was evaluated as an additional transport
mechanism that may potentially enhance chemical transport of VOCs.

The methodology used in this HHRA is consistent with risk assessment guidelines provided by
the United States Environmental Protection Agency's (JSEPA) "Risk Assessment Guidance for
Superfund, Volume I, Human Health Evaluation Manual (Part A), Interim Frnal" (JSEPA 1989)
and by the Califomia Environrnental Protection Agency (Ca1/EPA), Department of Toxic
Substances Control's (DTSC) *Supplemental Guidance for Human Health Multimedia Risk
Assessments of Hazardous Waste Sites and Permitted Facilities" (Cal/EPA 1992). As described
by USEPA, a human health risk assessment estimates the potential for adverse health effects to
occur as a result of exposure to COPCs. According to the USEPA (1989), and as summarized
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below, there are four basic steps in the quantitative human health risk assessment process: (1)
data collection and analysis, (2) exposure assessment, (3) toxicity assessment, and (4) risk
characterization. These steps are summarized brieflv as follows:

Data Collection and Analysis: For this HHRA, environmental sampling data from the
2002 Phase II ESA were reviewed to identify COPCs and their concentrations at the Site;

Exposure Assessment: Site physical features were evaluated to develop a conceptual Site
model which identifies the pathways by which potential receptors could potentially be
exposed to Site-specific constituents. The magrritude of the potential human exposures
was estimated;

Toxicitv Assessment: This phase of the risk assessment presents the relationship between
the magnitude of exposure and potential adverse effects (dose-response assessment). As
a part of the toxicity assessment, toxicity values were determined or derived and were
then used to estimate the likelihood of adverse effects which potentially could occur at
different exposure levels; and,

Risk Characterization: The exposure and toxicity assessments were combined to
characterize and quanti$ the potential for adverse health effects as a result ofpotential
Site-specific exposues. The risk characterization estimates the likelihood that the
estimated potential exposures to COPCs at the Site will result in either cancer or other
noncancer adverse health effects.

The remaining sections oftlis report are as follows: Section 2.0 provides descriptions ofthe Site
and the proposed project, and summarizes sampling activities that have been conducted at the
Site. Section 3.0 identifies the populations that may potentially be exposed to Site COPCs, and
the pathways by which potential exposures may occur. Section 4.0 identifies the COPCs that
have been included in this HHRA. Section 5.0 presents the methodology for estimating
representative exposure concentrations for chemicals present in soil, soil gas, and gtoundwater.
Section 6.0 presents the toxicity values and explosive limits used in the calculation ofthe cancer
risks, noncancer hazard indices, and explosive hazards. Section 7.0 presents the methodology
used to calculate the cancer risks, noncancer hazard indices, and explosive hazards and
summarizes the results of the HHRA. The references used in this report are presented in Section
8.0. There are four Appendices that accompany the report. Appendix A presents the data
collected during the Phase II ESA, from which a representative subset was selected to
characterize the representative concentrations present in the Site media. Appendix B presents the
modeling used by Iris Environmental to estimate the mass flux emissions of COPCs from the
Site and the corresponding predicted air concentrations to which the various human populations
may be exposed, and Appendix C discusses the uncertainties inherent in the health risk
assessment. The ou@ut from LEADSPREAD, the CallEPA DTSC-developed model used to
evaluate potential health effects from exposure to lead, is presented in Appendix D.

May 2003
l\Port of Oakland\7ftST\Final HHRA 05-06-03-doc

t-2 IRIS ENVIRoN'NIENTAL



2.0 SITECHARACTERIZATION

This section provides a brief description of the Site layout and other physical features, as well as
a summary of the development and proposed future land use of the Site. This information is
used as the basis for identifying the exposure pathways that are relevant at the Site. In addition,
previous and recent Site investigation activities are discussed below.

2.1 Site Location

The Site is approximately 12 acres in size and is located at 2225 urd 2227 Seventh Street,
immediately west of Maritime Street and south of the adjacent Bay Area Rapid Transit (BART)
right-of-way, on Port property in Oakland, Califomia (Figure l). Access to the Site is from
Maritime Street.

2.2 Site Description

The Site is generally surrounded by railroad, trucking, ocean shipping, and other facilities used
for freight transportation. The Site is bound by the Port's Joint Intermodal Transport Railway
(JITR) and the Bay Area Rapid Transit (BART) right-of-way to the north (iust south of Seventh
Street), Maritime Street to the east, and Port-owned (but former Navy Fleet Industrial Supply
Center Oakland [FISCO]) property to the south and west, as shown on Figure 2. Thus, the
human populations present in areas surrounding the Site are industriaVcommeroial workers; there
is no nearby residential land use. As part of the Port's Vision 2000 expansion plan, the areas to
the south and west have been raised approximately three to five feet relative to the Site with fill
dredged from the Oakland estuary.

The Site is cunently paved and relatively flat. The current description ofthe Site encompasses
three Port-owned buildings (Figure 2) that are scheduled for demolition or modification prior to
development of the Complex:

o Port Building C-401 is located at 227'7 Seventh Street, in the northem portion of the Site.
The building is approximately 44,000 square feet. Approximat ely 7 5To of the structure is
a raised, open-walled transloading platform now leased by Three Rivers Trucking
Company (TRT). Approximately 25Yo of the structure is office space and vehicle
maintenance bays which wi1l be demolished;

r Pofi Building C-407 is located at 2277 Seventh Street in the center ofthe Site. The
building is approximately 19,000 square feet, and is curently vacant. The building
contains an unused truck wash, several open truck bays, and a warehouse area with
offices on a mezzanine level; and

o Port BuildingC-406 is located at 2225 Seventh Sfeet on the eastem side ofthe Site. The
building is approximately 28,000 square feet. The northem two{hirds are unused and
damaged by fire (loading dock and former multi-floor office space), and the southem
third was used until recently as a loading dock by TRT.

The history ofthese buildings and past Site use is presented in Section 2.4.
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2.3 Planned Development and Future Use

The planned development and proposed future use of the Site includes the demolition of
Building C-406 and Building C-407, demolition of the eastem one-quarter of Building C-401,
and the removal ofdemolished structure footings and excavation ofthe asphalt pavement.
Following demolition, the overall grade at the Site will be raised through the importation of one
to two feet of clean fill. Construction of the Complex will encompass an eight acre portion of
the Site, located on the eastern portion of the Site. The conceptual layout of the Complex is
illustrated by the Port Development Plan presented in Figure 3. Development of the Complex
will last approximately 6 months ( I 20 construction days) . A brief description of the
development activities (obtained from the Port) is summarized below.

2.3.1 Demolition

Buildings C-406 and C-407 will be completely demolished, and the eastern one-quarter of
Building C-401 (the enclosed office portion of the structure) will be demolished. Al1 debris will
be transported off-Site for disposal. The footings of all demolished structures will be removed
and transported off-Site for disposal. The monitoring well free-product recovery system has
recently been relocated to avoid potential damage dudng demolition.

2.3.2 Excavation of Pavement and Importation of Fill

Approximately eight acres of pavement will be removed to prepare the Site for imported fill and
regrading. The exposed surface and building footing excavations will be covered with clean
imported filI and re-graded to provide adequate drainage. The overall effect will be to raise the
average height of the Site approximately one and one-half feet.

2.3.3 Construction

Approximately eight acres of the Site will be dedicated to the Complex. The proposed size of
the structure is 61,000 square feet. A passive soil vapor venting system with a permeable sand
and gravel layer below the structure footprint will allow for enhanced control ofvolatile
subsurface chemicals. The rest of the Site will then be completely paved over with asphalt.

2.4 Site History

A11 information contained in the Site History section of this report was obtained from the Phase I
ESA (Iris Environmental, 2002b). Complete references and further information maybe found in
the Phase I ESA.

2.4.1 Pre-demolitionBuildingHistory

Prior to demolition activities, the Site includes three buildings that are owned by the Port of
Oakland (Figure 2). These buildings are evident on a 1989 aerial photograph, but were likely
constructed at least 25 years ago. Aerial photographs dated L949 and 1959 indicate that railroad
tracks and fteight storage were located on the Site. Aedal photos between 1959 and 1989 were
unavailable. Descriotions of these buildines are included below for reference-
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2.4.1.1 C-401 Q277 Seventh Street)

Building C-401 was vacant and unused until recently, when TRT moved into the westem portion
of the building. The building was last occupied by Pacific Container Company (PCC), and was
occupied by Sealand prior to PCC. The building was occupied by Shippers Imperial prior to
S ealand.

The eastem end ofbuilding C-401 was formerly used for truck repair and has sevetal service
bays with roll-up doors. Office space is also located in the eastem end ofthe building. The
westem portion of the building has an elevated floor, comrgated steel rooi and no walls, and
was formerly used as a loading dock.

Four underground storage tanks ([-ISTs) were removed from the area adjacent to the south side of
Building C-401 in 1993, as shown on Figure 2. An active product recovery systern is located
adjacent to the south side of the building. The system was installed in 1996 to collect free
product from an active skimmer in one groundwater monitoring well (MW -3 at 2277 Seventh
Street) and a passive skimmer installed in one groundwater monitoring well SvlW -1 at 2277
Seventh Street). The monitoring wells are used to extract free product associated with releases
from the former USTs. Alameda County Health Care Services Agency (ACHCSA) is currently
the lead regulatory agency for the Site.

2.4.1.2 C406Q225 Seventh Street)

The Port reacquired the lot and building from lessee Dongary Investrnents in June 1999 after it
had been damaged by fire inlate 1997 or early 1998. The northem two-thirds of Building C-406
were damaged in the fire, including the two-story office space portion near the center ofthe
building.

2.4.1,3 C407 Q277 Seventh Street)

Building C-407 is separated into three distinct sections by one fixed and one temporary wall.
The middle and western sections were vacated in early 2002 by a hotel operator which used the
building to storo fumiture and durable goods. The eastem portion ofBuilding C-407 was
formerly used as a truck washing and maintenance facility. A drive-through truck wash is
located in the eastem end of the building. The washing facility has been out of use for at least
four years. A vehicle maintenance pit, which is currently covered by plywood, is located inside
the eastem portion of the building. The maintenance pit is approximately four feet wide, 40 feet
long, and 5 feet deep.

The building was formerly subleased from Dongary Investrnents to Sealand and became part of
the operations at 2277 Seventh Street. A total of nine USTs were removed from the area
adjacent to the northeast and east sides of Building C-407 in 1990 and 1992. Alameda County
Health Care Services Agency (ACHCSA) is currently the lead regulatory agency for the Site.

Currently, the road located adjacent to the Site to the east is Maritime Street. A vacant lot is
located west of the Site, but a bridge (the BART/JITR "flyover") and roadway (former extension
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of Maritime Street) extended along the west side of the Site until their demolition was completed
in July 2000. Maritime Street and Middle Harbor Road were rerouted as part of the Port's Vision
2000 plan, and the flyover bridge and roadway were removed at that time.

2.4.2 Underground Storage Tanks and Free-Phase Product

A total ofnine USTs were removed from an area adjacent to Building C-407 in 1990 and 1992,
including a 'hest" of seven diesel tanks and two oil tanks. Free product diesel has been
recoveted from an active pumping system located adjacent to Building C-401 since the
excavation of the tanks. Quarterly monitoring is currently conducted by Harding ESE. Alameda
County Health Care Services Agency (ACHCSA) is currently the lead regulatory agency for the
Site.

Four USTs were removed from the area adjacent to the south side ofBuilding C-401 in
September 1993. Holes from cormsion were noted in some of the excavated tanks, and fiee
product was noted on the surface of groundwater during excavations and investigations (Uribe,
1994). Previous soil and groundwater investigations have identified the presence ofa diesel fuel
plume containing free product between Buildings C-407 and C-401 (see Figure 4).

A recovery system comected to monitoring wells is part of ongoing mitigation efforts. A
quarlerly groundwater monitoring report from late 2001 (Harding ESE, 2001) noted measurable
free product in the two wells used for product rec overy at the 227 7 Seventh Street area. The
active skimmer in one well (MW-3) had removed in excess of 7,000 gallons of product between
December 1997 and mid-2001, and product thickness in the same well in the first seven months
of2001 ranged from 1.25 to 1.50 feet. The quarterly monitoring report also indicated
measurable quantities (in at least one well) of the following compounds: total petroleum
hydrocarbons (TPH) as gasoline, TPH as diesel, benzene, toluene, ethylbenzene, xylenes, and
methyl tertiary butyl ether (MTBE).

An expanded free product recovery system is proposed to replace the existing system. Seven
recovery wells equipped with pneumatic, self-controlled free product skimmer pumps and eight
replacement groundwater monitoring wells are proposed for the redeveloped Site in order to
continue the mitigation and Site monitoring program (ITSI, 2002).

Data obtained from monitoring wells associated with the recovery system have been
supplemented by data obtained during the Phase II ESA (kis Environmental, 2002a). When free
product was encountered during the Phase II ESA, lnnovative Technical Solutions, Inc. (ITSI)
collected product samples and logged findings. Results are found in the Additional Site
Characterization and Remedial Action Plan for 2225 and 2277 Seventh Street, Oakland,
Califurnia (ITSI, 2002). ITSI identified the plume as consisting generally of medium range
boiling point petroleum hydrocarbons, such as diesel or kerosene. Migration of free product
appears to have been retarded by low permeability sediments in the plume region (ITSI, 2002).
A figure in ITSI 2002 (duplicated as Figure 4) indicates a region offree product at least three
inches thick between Building C-40i and BuildingC-407. An area of trace plume thickness
extends from the area adjacent to the south side of Building C-401 to the area near the southeast
comer of Building C-407 and the northem half of Building C-406 (see Figure 4)^
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2.5 Geology and Hydrogeology

The geology and hydrology of the Site was most recently charapteized during the Phase II ESA
(Iris Environmental,2002a), and the information presented below was obtained from the Phase II
ESA.

2.5.1 Underlying Geologic Materials

Until recently, the entire Site was covered either with asphalt pavement or buildings. The
asphalt pavement was typically an inch or two thick with several inches to a foot of underlying
base rock. Soil materials encountered beneath the base rock consisted of various types of
imported fill materials placed over Bay Mud-t1pe soils. The Site was known to have besn
constructed on hydraulically placed dredge spoils, and these materials were encountered in each
of the 46 borings. An additional fiIl material was encountered in several borings above the
dredged materials. This upper fill material was a heterogeneous, interlayered mix of gravel,
sand, and silt that often contained demolition debris (bricks, wood fragnents, glass, and slag-like
waste).

Bay Mud was encountered at the Site at depths ranging from approximately 8.5 feet below
ground surface (bgs), in boring MFC-I3 located south of Building C-401 in the central portion of
the Site, to 1l feet bgs in the boring MFC-45, located near the southeastem-most property
boundary. The coloration ofthe Bay Mud vmies from olive gray to greenish gray. Muds and
clays generally have low permeabilities, theoretically restricting vertical groundwater migration
and limiting horizontal migration. For the purposes of this risk assessment, we have assumed for
the baseline evaluation that the soils at the Site may be conservatively represented by loamy
sand.

Site soil total porosity, soil water-filled porosity, soil bulk density, and soil organic carbon
fraction were assumed to be the same as the site-specific values developed for the adjacent
Berths 23 and 24 site (Treadwell & Rollo 2002).

2.5.2 HydrogeologicalSetting

Based on a review of the 1993 Oakland West USGS topographic map, ground elevation at the
Site is less than ten feet above mean sea leve1. The topography of the Site is generally flat. The
Site was developed in the 1930s using hydraulically-placed drodge sediments. The nearest
surface water, which is located approximately one-half mile northwest of the Site, is the Oakland
Outer Harbor, which is part of the San Francisco Bay. The Oakland Middle Harbor and Inner
Harbor Charurel are also located approximately one-half mile west and south of the Site,
respectively.

Groundwater was tlpically encountered during Phase II drilling activities from 4.5 feet bgs to
13.0 feet bgs. Groundwater was notably depressed in areas under the building footprints.
Groundwater was not encountered at several boring locations (MFC-I0, MFC-24, MFC-30,
MFC-32 and MFC-42). In areas where temporary wells were installed, it was noted that the
general recharge o f groundwater was slow and it was often difficult to collect enough
groundwater for the entire analytical bottle set. Additionai information on groundwater
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elevations at the time of drilling is noted on the boring logs found in the Phase II ESA. For the
purposes ofthis risk assessment, the depth to groundwater was determined based on site specific
data: to estimate the flux of COPCs from groundwater to the surface, an average depth of
groundwater across the Site of8.75 feet was used; to estimate the flux from groundwater to the
Complex, the average groundwater depth below the Complex (7 feet) was used.

Stom water runoff at the facility is currently discharged to storm drains located in the paved
areas on the Site. Storm drains discharge to the San Francisco Bay.

2.6 Site lnvestigation Activities

The Site has been the subject of multiple soil and groundwater investigations ovet the past
decade. Investigation of the Site in the 1990s followed the removal of 13 underground storage
tanks (USTs) from 1990 to 1993. These investigations focused exclusively on total petroleum
hydrocarbons and do not address the Site as a whole, or address other potential COPCs.
Therefore, these investigations are inadequate for use in this risk assessment: they are briefly
discussed below. To assess the COPCs that may be present at the Site and to thoroughly
understand the lateral and vertical extent ofsaid COPCs across the Site, kis Environmental and
the Port in 2002 implemented an expanded environmental Site assessment, or Phase II (Iris
Environmental, 2002a). This Phase II is discussed in detail below.

2.6.1 Previous Investigations (1993-2002)

Iris Environmental identified a number of investigations and reports and used the following
select documents for investigating the extent ofTPH in Site soils and groundwater following the
excavation of the USTs and the discovery of associated releases:

r Ramcon Engrneering and Environmental Contracting (1993), Soil and Groundwater Site
As s es sment : Dongary Investments-Oakland;

r Uribe & Associates (7994), Report of Additional Investigation ancl Groundwater
Monitoring lYell Installation and Sampling at 2277 Seventh Street, Oakland, California;
and

o Harding ESE (2001), Third fuarter 2001 Quarterly Groundwater Monitoring and
Product Recovery Report, 2277 and 2225 Seventh Street.

These reports address activities and Site conditions directly related to the USTs removed from
the Site and potential impacts to the Site from leaks associated with these tanks. Laboratory
analysis of samples collected during this effort was limited to total petroleum hydrocarbons
(TPH). Free-phase hydrocarbons in soil and dissolved-phase hydrocarbons (pnmanly as diesel
fuel-grade petroleum hydrocarbons, but with some gasoline-grade petroleum hydrocarbons) were
identified in soil and groundwater at the Site in these investigations, and a monitoring and
extraction system was desigrred and implemented to address TPH impacts at the Site. The
investigations were focused on hydrocarbon impacts in the vicinity of the former USTs. In order
to further characterize the hydrocarbon impacts, the following investigation listed below was
conducted in early 2002:

r Innovative Technioal Solutions, Inc. [ITSI] (2002), Additional Site Characterization and
Remedial Action Plan, 2225 and 2277 Seventh Street, Oakland, California.
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The ITSI report focused on identification ofthe condition and extent ofthe free-phase and
dissolved-phase petroleum hydrocarbon plumes and fuel fingerprinting ofproduct samples.
Again, sample collection was limited to the vicinity of the former USTs and laboratory analysis
of samples collected during this effort was limited to TPH.

2.6.2 Rational for Focused Investigation

Upon review ofthe Site investigations mentioned above, it was determined that the analytic data
was inadequate for a complete baseline HHRA, as the dataset was based solely on petroleum-
related investigations and TPH analyses, did not attempt to characterize other potential chemicals
of concem, and did not adequately investigate other areas ofthe Site away from the TPH
releases. Therefore, the ACHCSA-approved Phase II ESA Workplan (kis Environmental,
2002c) was developed with the following objectives:

o evaluation of Site media for a comprehensive set ofhazardous chemicals, including
volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), total
petroleum hydrocarbons (TPH), and metals;

r definition ofthe lateral and vertical extent ofthe existing hydrocarbon plume in both soil
and groundwater; and

t characteization ofmedia likely to be encountered during Site development and during
future Site use, to support risk assessment for redevelopment plaming.

By meeting these objectives, the dataset collected during the Phase II ESA is the only dataset
that includes a comprehensive list ofCOPCs and adequately characterizes all parts of the Site.
Therefore, the data from the 2002 Iris Environmental Phase II ESA was the only dataset that
could be used to estimate chemical concentrations for the purpose ofexposure modeling and
human health risk assessment. A complete summary of the data collected as a part of this Phase
II ESA, illushating the extent and breadth of the sampling conducted, is presented below.

2.6,3 Summary of Phase II Sampling (2002)

Subsurface data for the Phase II ESA (Iris Environmental, 2002a) werc collected during a single
sampling event conducted from March 25 through March 28, 2002. A total of 46 borings were
drilled as part ofthe program. Locations ofborings are presented on Figure 2. During the
investigation, ar on-Site mobile laboratory was used to analyze selected samples to provide real
time data on sample concentrations of VOCs and TPH. The sample collection locations could
then be adjusted as necessary to refine the field investigation. An off-Site laboratory was used
for the remaining analyses. Chemical analyses included TPH, and VOCs, as woll as SVOCs,
metals, and fixed gases (including methane). As polychlorinated biphenyls @CBs) were not
previously detected at the Site, they were not included in the Phase II list of analytes. No history
ofpesticide use or storage was identified in the Phase I ESA, and therefore pesticides were not
considered in Phase II ESA analyses.

Table 2-1 provides an overall summary of all sample collection and chemical analyses from the
Phase II ESA. Table 4-2, presented in Section 4.0 ofthis report, presents a detailed summary
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and breakdown ofthe results of analytical testing of samples collected during the Phase II
sampling event.

In this section, the recent Phase II Site investigation activities undertaken at the Site are
presented. This includes soil sampling, groundwater sampling, and soil gas sampling. Each
section discusses the locations of sampling, the number of samples collected, and the laboratory
methods used to analyze the samples.

2,6.3,1 Soil Sampling

Between one and three soil samples were collected from each ofthe 46 boring locations
advanced during the Phase II investigation for laboratory analysis. In general, a shallow soil
sample was collected from a depth of approximately 0.5 feet below groturd surface (bgs), an
intermediate sample was collected fiom approximately 2.5 feet bgs, and a deeper sample was
collected from approximately 5.5 feet bgs. Samples analyzed for SVOCs were vertically
composited at each sample location for analysis due to cost considerations. Additional soil
duplicate samples were collected for quality control alalyses. Soil samples collected fiom
saturated materials were not submitted for chemical analyses.

Soil samples collected during this investigation were tested for various chemical compounds as
summarized in Table 2-1. Soil samples from each boring were analyzed for TPH as gasoline,
diesel, kerosene, jet fuel, and motor oi1 (TPH{dMjlmo, respectively) by EPA Method 8015M;
VOCs by EPA Method 8260/82608; SVOCs by EPA Method 8270; and Title 26 Metals by EPA
Methods 6010,6020,747l,and 7196,4'. Selected samples were also analyzed for organic lead by
the Califomia Leaking Underground Storage Tank (LUFT) Method. Select soil samples were
tested for TPHg using EPA Method 8260G by Mobile Chern Laboratory. Phase II ESA soil
chemical data tables are presented in Appendix A.

2.6,3.2 Groundwater Sampling

Grab groundwater samples were collected through ternporary PVC well casings set into twenty-
five selected boreholes immediately after soil sample collection. Water sample locations were
distributed across the Site and groundwater sampling was subject to the ability to drill to
groundwater and collect a suffrcient amount ofwater. The temporary wells were constructed
using factory cleaned, two inch diameter PVC casing with machine cut slots. Each temporary
well was allowed to equilibrate for a minimum of forty-five minutes prior to sampling. The
upper water column was observed for evidence of free product prior to sampling. If free product
thickness greater than a sheen was present, a free product sample was collected by ITSI. The
groundwater samples were collected from the temporary wells using a pre-cleaned, PVC
disposable bailer. Groundwater was transfened directly from the bailer into sampling containers
provided by the laboratory.

Groundwater samples collected during this investigation were tested for various chemical
compounds as summarized in Table 2-1. Groundwater samples were anallzed for TPHg, TPHd,
TPHk, TPHj, and TPHmo by EPA Method 8015M; VOCs by EPA Method 8260/82608; SVOCs
by EPA Method 82701' and organic lead by the CA LUFT Method. Phase II ESA groundwater
chemical data tables are presented in Appendix A.
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2.6.3.3 Soil Gas Sampling

Twenty-four soil gas samples were collected from selected boring locations for chemical
analyses. Soil gas was collected at a depth of approximately 4.0 feet bgs in both Tedlar sample
bags and Summa canisters. Each soil gas sampie set was collected directly through Teflonru
tubing routed down a l-inch diameter drill rod and connected to a sealed, rehactable tip. The
drill rod was advanced to approximately 4.0 feet bgs and retracted a short distance to open the tip
and expose the soil interface. A calculated volume of air was then purged from the tubing and
borehole space using a vacuum pump. Tedlar bag samples were collected using a differential
pressure chamber connected to the vacuum pump. The Tedlar bag was placed in the chamber,
connected to the sample tubing, and opened. As the chamber is evacuated and pressure dropped
below ambient soil pressure levels, soil gas flowed into the bag. After fi1ling the Tedlar sample
bag, the sample tubing was closed and transferred to an evacuated Summa canister for additional
sampling. Samples collected in Tedlar sample bags and Summa canisters were transported under
chain-of-custody protocol to STL San Francisco for chemical analysis.

Soil gas samples collected during this investigation were tested for vanous chemical compounds
as summarized in Table 2- 1 . Soil gas samples were analyzed for VOCs by EPA Method 8260;
methane and fixed gases by ASTM Method D1946; and total purgeable petroleum hydrocarbons
(TPPH) (gasoline) by Standard Method TO-3. Phase II ESA soii gas chemical data tables are
presented in Appendix A.

2.6.4 Nature and Extent of Chemical Impacts

As summarized in the Phase II, results of the soil, groundwater, and soil gas sampling conducted
identified a pattem ofchemical impacts that are consistent with past Site use and known
petroleum hydrocarbon releases from USTs. Free product distribution pattems characterized by
ITSI (2002) and included on Figure 4 are consistent with gradient-driven groundwater transport
of separate-phase petroleum hydrocarbon releases from known UST locations. Distributions of
TPHg in soil gas, TPHg and TPHd in groundwater, and TPHd and TPHmo in soil suggest a
broader pattem ofpetroleum hydrocarbon releases or migration than is evidenced by the free
product distribution pattem. This broader pattem may be the result of fluctuating groundwater
flow directions and elevation over time that expanded the distribution ofdissolved phase
hydrocarbons beyond the free product plume area.

Low level concentrations and inconsistent dishibutions ofVOCs and SVOCs observed in the
sampling results did not identify a clear source area for the detected chemicals. The areal extent
of VOC and SVOC detections in soil and groundwater samples does coincide roughly with the
TPH detection pattem in soil and groundwater, although no systematic area of elevated
concentrations was identifi ed.

TPHg and methane detections in soil gas were relatively consistent to the pattem of free product.
Soil gas patterns followed the observed deflection ofthe ffee product plume westward along the
southem edge of Building C-401, suggesting that geologic and possibly building foundation
controls have an effect on chemical miqation in this area.
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3.0 IDENTIFTCATION OF POTENTIALLY EXPOSED POPULATIONS AI\D
EXPOSURE PATHWAYS

To determine whether the levels ofconstituents present at the Site could pose a risk to human
health, it is necessary to identify both the populations that may be present in the area and the
pathways through which potential exposures may occur. The identification of the potentially
exposed populations is based upon the human activities and land use pattems at and around the
Site. Once the potentially exposed populations are identified, the complete pathways by which
the individuals may be exposed to chemicals present at the Site must be determined.

An exposure pathway is defined as "the course a chemical or pollutant takes from the source to
the organism exposed" (USEPA 1988). An exposure route is "the way a chemical or poliutant
enters an organism after contacf' (USEPA 1988). A complete exposure pathway requires four
key elements: on-Site chemical sources; release mechanism and transport pathway; an exposure
point for contact (i.e., fill, air, or water); and human exposure routes (i.e., oral, dermal,
inhalation). Al exposure pathway is not complete unless all four elements are present.
Conceptual Site Models (CSMs) are used to show the relationship between chemical sources,
exposure pathways, and potential receptors for a Site. These source-pathway-recaptor
relationships provide the basis for the quantitative exposure assessment. Only complete source-
pathway-receptor relationships are included in this HHRA.

As we have evaluated the Site under both under worst-case baseline conditions and actual Site
development conditions, the exposure pathways for the commercial worker scenario will vary.
As the Site developmer,t will include an asphalt cover for the Site, the particulate inhalation and
dermal exposure pathways for the commercial worker scenario will be altered. These changes
will be noted in Section 3.3.2 below.

3.1 Chemical Sources and Potential Release Mechanisms

Hydrocarbons known to have been released to soil and groundwater from former underground
storage tanks represent the primary source ofCOPCs that have been encountered during Site
investigations. Spills and leaks related to the former underground storage tanks are the primary
known potential release mechanisms for TPH related COPCs at the Site. Suspected handling of
chemicals by previous Site users may be the source of other, non-TPH related COPCs. Once
released into the air, soil gas, soil, or groundwater, COPCs may be transported via potential
secondary release mechanisms into exposure media such as soil, ambient air, indoor air, surface
wateq and groundwater.

As the Site will first undergo development and then be used as a service Complex, future
activities at the Site may be divided into two parts: I ) Site construction activities; and 2) future
land use. During Site construction activities, there is one receptor population of concem: on-Site
construction workers. During future land use, there are two receptor populations of concem: on-
Site intrusive workers (who could be involved in periodic subsurface repair activities) and on-
Site commercial workers (Port employees). The respective source-pathway-receptor
relationships for each period are summarized in the CSM (Figure 5), and are summarized below.
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3.1.1 SiteConstructionActivities

The potential mechanisms through which chemicals can be released during the construction at
the Site include the following:

o Wind erosion of soil and atmospheric dispersion of particulate-bound COPCS (dust) into
ambient air;

o Volatilization and atmospheric dispersion of COPCs in soil, soil gas, and groundwater
into ambient air;

o Leaching and groundwater transport ofCOPCs to groundwater and surface watet; and

. Runoff of precipitation that has come into contact with soil, allowing transport of COPCs
to nearby surface water.

The mechanisms listed above represent the theoretically complete mechanisms through which
COPCs at the Site can be released and transported from one environmental medium to another.
A discussion ofeach ofthese hansport mechanisms, including those that are considered
incomplete, is incorporated into Section 3.3, below.

3.1.2 Future Land Use

The potential baseline mechanisms through which chemicals may be released following the
construction ofthe Complex include the following (in the absence of any controls such as a Site-
wide surface cap or passive subsurface vapor barriers):

o Wind erosion of soil and atmospheric dispersion of particulate-bound COPCs (dust) into
ambient air;

r Volatilization and atmospheric dispersion of COPCs in soil, soil gas, and groundwater
into ambient air;

o Volatilization of COPCs in soil, soii gas, and groundwater into the indoor air of on-Site
stluctures;

r Infiltration or percolation ofCOPCs in soil vertically into underlying groundwater and
lateral migration into surface water; and

r Runoff of precipitation that has come into contact with soil, allowing transport of COPCs
to nearby surface water.

The mechanisms listed above represent the theoretically complete mechanisms through which
COPCs at the Site can be released and transported fiom one environmental medium to another.
A discussion ofeach ofthese transport mechanisms, including those that are considered
incomplete, is incorporated into Section 3.3, below.
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3.3

3.2 PotentiallyExposedPoprlations

During the development of the Complex, demolition, excavation, grading, and construction
activities will be performed on-Site. The populations that may be exposed to COPCs during the
development process include:

. On-Site construction workers involved in the development. All workers are
conservatively modeled as workers potentially exposed to subsurface conditions and in
contact with all environmental media.

Following development, the Complex built on the Site will be used. Accordingiy, the
populations who could become exposed to chemicals present at the Site a{ter the development is
complete include:

On-Site commercial workers (e.g., Port employees working in and around the proposed
structure) who will be using the Complex (structure and grounds); and

On-Site intrusive workers (e.g., Port utility workers installing, repairing, or removing
utility lines in trenches at the Site). Exposure of Port utility workers to COPCs is
assumed to be similar to on-Site construction workers. as discussed above.

Exposure Pathways

The foilowing section identifies the potentially complete exposure pathways through which
various populations could be exposed to COPCs detected at the Site. The section also provides
the rationale for excluding certain exposure pathways from firther consideration. A11 exposure
pathways included in the HHRA are identified in Figure 5, the Conceptual Site Model for the
Site.

3.3.1 Complete Exposure Pathways

Complete exposure pathways included in this HHRA were considered respective to the two parts
of the proposed project mentioned above: Site Construction Activities and Futue Land Use.

3.3.1.1 SiteConstructionActivities

On-Site construction workers involved in the development of the Site will potentially be exposed
to COPCs present in the soil, soil gas, and groundwater via the following complete pathways:

r Inhalation of ambient air vapors resulting from the volatilization and dispersion of
COPCs present in soi1, soil gas, and groundwater;

r lnhalation of airbome particulates resulting from dust emissions and dispersion of COPCs
present in soil;

. Ingestion ofCOPCs present in surface and subsurface soil;
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a

3.3.1.2

Dermal contact with COPCs present in surface and subsurface soil; and,

Dermal contact with COPCs present in groundwater.

Future Land Use

During future land use, on-Site commercial workers and on-Site intrusive woikers (e.g., Port
utility repair worker) may potentially be exposed to COPCs present in soil, soil gas, and
groundwater via the following complete pathways:

. Ingestion ofCOPCs present in surface and subsurface soil;

o Demal contact with COPCs present in surface and subsurface soil;

r Inhalation of ambient/indoor air vapors resulting from the volatilization and dispersion of
COPCs present in the soil, soil gas, and groundwater; and

r hrhalation of airbome particulates resulting fiom dust emissions and dispersion of
COPCs present in soil.

3.3.2 IncompleteExposurePathways

Baseline exposure pathways considered incomplete were not included in the risk evaluation.
Development and future land use exposure pathways considered incomplete are discussed below:

. Ingestion of groundwater: Excavation at the Site is anticipated to be limited to depths
required for the removal ofbuilding footings and installation of subgrade utilities.
Compliance with a Health and Safety Plan during demolition and construction is likely to
limit exposure to groundwater, and ingestion of groundwater is therefore unlikely.
Ingestion is also unlikely for on-Site intrusive workers, as proposed utility lines are
located above groundwater level.

. Ingestion of and dermal contact with surface water: During construction, engineering
controls will be implemented to reduce standing water and encourage drainage of any
precipitation. Surface drains and proper grading will ensure that users of the Complex
will not encounter surface water. The nearest naturally-occurring surface water is
approximately one-half mile away, and is unlikely to be impacted by COPCs at the Site.

o Use of Potable Water: Groundwater beneath the Site is highly impacted with TPH-
related chemicals and will likely not be used as a potable water source for the proposed
service Complex.

The inclusion of Site development design elements will cause the following additional exposure
pathways to be considered incomplete for the commercial worker scenario:

r Dermal contact with soil, inhalation of soil particulate, and ingestion of soil. Site
develooment includes the construction of a Site-wide asohalt cover. This cover will
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prevent Port colnmercial workers from contacting, inhaling, or ingesting Site soils in the
Site development evaluation.

3.4 ExposureAssurnptions

lntake of a chemical is dependent on various exposue assumptions including exposure duration,
inhalation rate, body weight, and averaging time. The baseline route-specific exposwe
assumptions used to estimats exposure to COPCs in the soil, soil gas, and goundwater at the Site
are presented in Table 3- 1. The changes to the exposure assumptions for the commercial worker
as a result ofplanned Site development design elements are presented in Table 3-2. Note that all
other scenarios are unchanged. These are the specific exposure assumptions that are used in the
calculation ofthe intake ofa chemical, as discussed in Section 7.2. Default exposure
assumptions axe obtained from Cal,/EPA and USEPA guidance documents, wherever possible or
applicable.

To determine whether short-term exposures to COPCs at the Site during the development phase
of the Site could adversely impact human health, Iris Environmental has conservatively
estimated that complete development of the Site wili take 6 months (120 work days) and that the
construction worker could be exposed tfuoughout this time period.

To determine whether long-term exposures to COPCs at the Site after development could
adversely impact human health, lris Environmental has estimated the lifetime exposure for on-
Site commercial workers using default parameters. The on-Site commercial worker was
assumed to work at the Site for 250 days per year for a 25-year period. As it is highly unlikely
that any individual would work at the Site for a 25-year period, exposutes and risks estimated for
the future on-Site commercial worker are expected to be significantly lower than presented in
this analysis. To estimate exposures that could be incurred by a future intrusive worker who may
be involved in limited subsurface repair activities, Iris Environmental has assumed a 2-day per
year exposure frequency. To account for the possibility that the same repair worker could be
assigned to the Site and retum on an annual basis, we have assumed that the intrusive worker
could be exposed 2 days per year, for a25-year exposure period.
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4.0 SELECTION OF CHEMICALS FOR INCLUSION IN THE RISKEVALUATION

The purpose of this section is to identify COPCs at the Site to be included in the HHRA. All
Site-reiated data collected during previous and recent Site investigations as discussed in Section
2.6 were qualitatively evaluated for use in the HHRA. As previous Site investigations focused
on TPH-related impacts and the recent Phase II ESA was conducted to provide an adequate
dataset ofall potential chernicals ofconcem on-Site for the purpose of conducting a risk
assessment, only Phase II ESA data was used in this HHRA. The selection of COPCs to be
included in the quantitative evaluation was based on guidance provided by USEPA (1989) and
CaVEPA (1997). Analytical data collected as part of the Phase II ESA was compiled, and Site-
wide statistics for each chemical were calculated and summarized (e.g., frequency of detection,
maximum detected concentration, mean concentration). The summary of chemicals detected
across the Site is presented in Table 4-1.

All chemicals ever detected in soils, soil gas, and groundwater were initially included in the
quantitative evaluation. Consistent with generai risk assessment guidance, the only chemicals
excluded from the quantitative evaluation are metals that were detected at levels within regional
background levels. Regional background levels ofmetals in "Colluvium & Fill" soils, as
published by Lawrence Berkeley National Laboratory GBNL) in 1995, were compared to metal
concentration levels at the Site. Based on these criteria, the 95% Upper Confidence Limit (95%
UCL) of the mean concentration of six of the detected metals were below the LBNL 95% UCL
background levels: antimony, chromium, mercury, nickel, selenium, and thallium. These metals
were not selected as COPCs for evaluation in the HHRA. See Table 4-2 for the comparison of
Site-specific levels to background levels published by LBNL.

Even if a compound was only detected once, it was conservatively included in the risk
assessment. The selection of chemicals is summarized in the riehtmost column of Table 4-1. As
indicated by Tables 2-1 and 4-1:

r Out ofa possible 154 compounds, 56 were detected in soil, soil gas, or groundwater and
selected for use in the HHRA; of these:

. 27 wereYOCs (17 in soil, l9 in groundwater, and 14 in soil gas):
r 1 1 were SVOCs (11 in soil and five in groundwater):
r two were total petroleum hydrocarbons;
r nine were metals; and

. additionally, methane was considered in soil gas.

Consistent with DTSC risk assessment guidance (CayEPA 1994), risks associated with the
presence ofTPH are assessed by evaluating the significance ofindividual chemical constituents
within the TPH mixture.
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5.0 ESTIMATION OF REPRESENTATIVE EXPOSURE CONCENTRATIONS

The purpose of this section is to estimate the representative concentrations ofCOPCs in soil, soil
gas, and grormdwater to which human populations may be exposed. As described in preceding
sections, on-Site construction workers during development and on-Site commercial and intrusive
workers during the proposed future land use scenario (the "Receptors") could potentially be
exposed to COPCs identified in the environmental media (i.e., soil, soil gas, and groundwater;
i.e.,'the Source") at the Site. An estimate of the potential total exposure to COPCs requires that
the exposures resulting from each pathway be estimated and included in a calculation oftotal
exposure.

Developing a Source-Receptor relationship requires estimating representative concentrations of
the COPCs in the soil, soil gas, and groundwater and then conducting fate and transport
modeling to estimate the concentrations of COPCs that may be present in the air where the
Receptors are located. To provide a conservative estimate ofpotential health risks posed by
COPCs at the Site under the development and future land use scenarios, Iris Environmental
estimated potential exposures under baseline conditions, with the assumption that the Site is
developed without the benefit of the various specific engineering design elements that will
mitigate exposure (i.e., the baseline conditions do not incorporate the reduction in exposures that
will result from the passive venting systern that is a component ofthe building design and the
asphalt cover that will preclude daily direct contact with soils) Exposures were then estimated
by incorporating the speci{ic engineering desigrr elements that will minimize exposures,
specifically the passive soil venting system and the asphalt cap that will cover a1l soils at the Site.

The remaining parts of this section discuss the methods used to estimate the representative
COPC concentrations to which the Receptors may be exposed based on the existing analytic data
and the predicted emissions from the Source. A detailed discussion ofthe modeling approaches
used in this risk assessment is presented in Appendix B.

5.1 Estimation of COPC Concentrations in Soil, Soil Gas, and Groundwater

The list ofCOPCs which may be encountered in each medium (soil, soil gas, and groundwater)
was determined using the sampling results presented above in Section 4.0. A comprehensive
summary of all sampling for chemicals in various media, and the COPCs selected for evaluation
in the HHRA, are presented in Table 4-1.

USEPA recommends the use of the 95% upper confidence limit (JCL) of the arithmetic mean
concentration as the representative exposure point concentration (EPC; USEPA 1989). For the
purposes of this risk assessment, Iris Environmental utilized the 95%UCL of chemical
concentrations based on Phase II ESA anallical results, except in instances where the 95%UCL
was greater than the ma,rimum detected concentration. Consistent with USEPA guidance, the
maximum detected concentration was used as the representative EPC where the 95% UCL was
greater than the maximum. The representative EPCs for soil, soil gas, and groundwater used in
the HHRA are presented in Table 4-1. Use of Site-wide data was deemed a conservative
approach, as the dataset was inclusive and representative of Site conditions. As the Complex
will be constructed on only a fraction of the Site and away from the main source area, it will be
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situated on soils which are likely to have a subset of chemicals at lower concentrations than used
in the assessment. We have conservatively included many chemical source areas that are not
below the planned building footprint, or are below only a fraction ofthe building footprint;
moreover, in many cases we have included chemical concentrations greater then those found
below the building footprint in our calculation ofEPCs. Therefore, we believe that use of the
95% UCL of Site-wide data maximizes the number of chemicals in the evaluation and allows for
a conservative assessment oftotal possible risk.

Where possible, only discrete samples for soil (by boring location and depth) were used in the
risk assessment. This was not possible for SVOC samples, which were depth-composited in the
field for cosfeffective laboratory analysis. Some soil samples were analyzed for on-Site
feedback purposes by Mobile Chem Laboratory, as indicated in Section 2.6.3. On-Site
laboratory results were selected as representative ofa particular sample location ifthe detected
level of a particular chemical was higher than that reported by the off-Site laboratory;
conversely, for results reported as non-detect by both laboratories, the sample result with the
lower detection limit was selected as representative of the particular sample location. No
duplicate sample results or co-located sample results were selected for use in the risk assessment
to ensure unbiased chemical characterization.

Estimation of Air Concentrations Resulting from the Emissions frorn Soil, Soil Gas'
and Groundwater

Various models were used to estimate on-Site indoor and outdoor ambient air concentrations
associated with the emission and dispersion of COPCs in soil, soil gas, and groundwater. The
estimation of the COPC concentrations at on-Site receptors consisted of two steps: (i) the
estimation of emission rates of COPCs into air; and, (ii) the estimation of the dispersion these
emissions into trenches and indoor environments. The trench and indoor air concentrations were
calculated by multiplying the volatilization flux by the dispersion factor.

A table summarizing the models used for each scenario and the associated input concentration is
presented below. Further description of all Models used to determine air concentrations is
included in Appendix B. The physicochemical properties of the COPCs used in these models are
presented in Table 5-1 . The Site data properties are presented in Table 5-2. Table 5-3 ptesents
the air concentrations associated with the baseline modeling and Table 5-4 presents the ambient
air concentrations associated with the engineering control modeling.

5.2

Population Exposure
Pathwav/IVIedia Innut Concentration(s) Model

On-Site Construction Worker:
On-Site Intrusive Worker

Soil Particulate Soil Dust

Ambient Air
Soil, soil gas,
groundwater Trench

On-Site Commercial Worker
Soil Particulate Soil Dust

Indoor Ambient Air
Soil, soil gas,
groundwater Johnson & Ettinger
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As discussed in Appendix B, kis Environmental incorporated pressurized methane flow that
results in enhanced migration of other COPCs through the soil column. Methane concenfations
at the Site are likely the result of the use of hydrocarbons as a food substrate by subsurface
microorganisms. As the microorganisms consume the hydrocarbons as food, methane is released
as a byproduct. The generation of methane builds up the local gas pressurc, resulting in a
pressure gradient between the source ofthe TPH and the surface. This pressure gradient causes
methane, and other collocated gases, to be '!ushed" to surface at a rate greater that expected
from the diflLsion gradient. Therefore, we have conservatively incorporated this additional
hansport pathway in our baseline modeling.
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6.0 TOXICITY ASSESSMENT

The following section has two primary objectives. The first objective is to present the toxicity
values that will be used in subsequent sections to quantify potential health impacts associated
with the predicted chemical exposures. The second objective is to briefly discuss the basis for
these values.

The toxicity assessment, also referred to as the dose-response assessment, chmacterizes the
relationship between the magrritude of exposure to a chemical and the potential for adverse
health effects to occur as a result ofthat exposure. Guidance from CaVEPA and USEPA requires
that risk assessments evaluate two different categories oftoxic effects: carcinogenic and
noncarcinogenic. Different methods are used to estimate the potential for carcinogenic and
noncarcinogenic health effects to occur. Some chemicals that produce carcinogenic effects may
also be associated with noncarcinogenic effects. Most regulatory agencies consider carcinogens,
such as benzene, to pose a risk for cancer at all exposure levels (i.e., a "no-threshold"
assumption); that is, any increase in dose is associated with an increase in the probability of
developing cancer over the course of a lifetime. Noncarcinogens, in conhast, are thought to
produce adverse health effects only when some minimum exposure level is exceeded (i.e., a
threshold dose).

In this HHRA, the possibility for the potential exposures occurring during the development and
posfdevelopment use of the Site to result in cancer or noncancer health effects was evaluated.
Additionally, the potential for exposures resulting releases during Site development to result in
explosive hazards under the on-Site construction scenario was evaluated. The specific sources of
toxicity information used for this analysis correspond to CaVEPA's and USEPA's recommended
toxicity sources, as described further in the remaining sections.

The remaining sections present the specific toxicity values that will be used to quantify the
potential for carcinogenic and noncarcinogenic health effects to result from predicted exposures.
Additionally, this section describes the specific method that is recommended by Cal/EPA to
evaluate potential adverse health effects ffom exposure to lead. Finally, this section concludes
with a description of the theshold concentrations that will be used in Section 7.0 to assess the
potential for the predicted exposures to pose an unacceptable explosive hazard.

6.1 Toxicity Assessment for Carcinogenic Effects

Current health risk assessment practice for carcinogens is based on the assumption that, for most
substances, there is no threshold dose below which carcinogenic effects do not occur. This
current "no-threshold" assumption for carcinogenic effects is based on an assumption that the
carcinogenic processes are the same at high and low doses. This approach has generally been
adopted by regulatory agencies as a conservative practice to protect public health. The "no-
threshold" assumption is used in this risk assessment for evaluating carcinogenic effects.
Although the magnitude ofthe risk declines with decreasing exposure, the risk is believed to be
zeto only at zeto exposure.

Cancer slope factors (CSFs) are used to quantify the response potency ofa potential carcinogen.
The CSF represents the excess lifetime cancer risk due to a continuous, constant lifetime
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exposure to a specified level of a carcinogen. CSFs are generally reported as excess incremental
cancer risk per milligram of chemical per kilogram body weight per day (mg/kg/day) ' . The
Cal./EPA and USEPA have published a list of CSFs recommended for use in risk assessments.
The Cal,/EPA-recommended CSFs are maintained on the CallEPA Office of Environmental
Health Hazard Assessment's (OEHIIA) on-line toxicity criteria database (CallEPA 2002). The
USEPA-recommended CSFs are maintained on the USEPA's 1z tegrated Risk Iuformation
Syslez onJine database (USEPA, 2002). Consistent with Cal,/EPA risk assessment gridance,
the OEHHA CSFs are used, when available USEPA CSFs are used when OEHHA CSFs are not
available. The CSFs used to evaluate the potential carcinogenicity ofCOPCs are presented in
Table 6-1.

6.2 Toxicity Assessment for Noncarcinogenic Effects

The toxicity assessment for noncarcinogenic effects requires the derivation ofan exposure level
below which no adverse health effects in humans are expected to occur. USEPA refers to these
levels as reference doses @{Ds) for oral exposure and reference concentrations @fCs) for
inhalation exposure (JSEPA, 1989). The noncancer RID represents a dose, given in milligrams
of chemical per kilogram ofbody weight per day, that would not be expected to cause adverse
noncancer health effects in potentially exposed populations. The noncancer RfD, reported in
units ofmg/kg/day, is often referred to as the "acceptable dose." The noncancer Reference
Concentratio-n (RfC) represents the airbome concentration (in units of micrograms per cubic
meter [pglm']) that would not be expected to cause advene noncancer health effects in
populations exposed through the inhalation pathway. OEHHA refers to these "acceptable arr
concentrations" as Reference Exposure Levels (RELs). As the inhalation RfCslRELs are derived
from inhalation toxicity studies, they are used for evaluating inhalation exposures, when
available, and are converted to corresponding inhaled doses (inhalation RIDs) using USEPA
standard conversion assumptions. As recommended by USEPA, inhalation RfCVRELs me
converted to inhaled doses (inhalation RfDs) by assuming a b-reathrng rate of 20 mr/day, and a
body weight of 70 kilograms (i.e., RfC,REL (rrg/rf) x (20 m'lday) x (l/70 kg) x (1 mg/l000 pg)
= RfD (mg/kg/day)). If inhalation RfCs/RELs were not available, then RfDs obtained from an
oral study (oral RfDs) were extrapolated and applied to the inhalation in this evaluation (i.e., the
inhalation RfD was assumed to be equivalent to the oral RID, under the toxicological assumption
that the chemical could produce the same type ofnoncancer effects via the inhalation route as
observed through the oral route of exposure).

As recommended by USEPA (IJSEPA, 1989), RfDs are obtained from the Integrated Risk
Information Jystez (IRIS) (USEPA, 2002) or from the Health Effects Assessment Summary
Table_s (I{EAST) (USEPA, 1997). As recommended by DTSC, noncancer RELs, (in units of
pglmr), obtained from OEHHA's onJine toxicity database (CaVEP A,2002), are used for
evaluating noncancer effects from inhalation exposures, where available. If OEHHA-RELs are
not available, RfCs are obtained from the IRIS (LISEPA,2002) or from HEAST (USEPA, 1997).
A1l noncarcinogenic toxicity values used in this risk assessment are presented in Table 6-1,

6.3 Toxicity Assessment for Lead

The traditional RfD approach to the evaluation of chemicals is not applied to lead because most
human health effects data are based on blood lead concentrations. rather than external dose
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(Cal/EPA, 1992). Blood lead concentration is an integrated measure of intemal dose, reflecting
total exposure from Site-related and background sources. A clear no observed effects level
(NOEL) has not been established for such lead-related endpoints as birth weight, gestation
period, heme synthesis and neurobehavioral development in children and fetuses, and blood
pressure in middle-aged men. Dose-response curves for these endpoints appear to extend down
to 10 microgtamVdeciliter (pgldl,) or less (ATSDR, 1993). The DTSC has developed a
methodology for evaluating exposure and the potential for adverse health effects resulting from
exposure to lead in the environment (Cal./EPA, 1992). The methodology results in a blood lead
concenftation of concern for the protection of human health and presents an algorithm for
estimating blood lead concentrations in children and adults based on a multi-pathway analysis.

DTSC has provided a spreadsheet (LEADSPREAD) based on its guidance for evaluating lead
toxicity (CallEPA, 1993). Per DTSC risk assessment guidance, the updated version spreadsheet
model, LEADSPREAD Version 7, has been used in this HHRA. As recommended by DTSC,
the estimated 99th percentile blood lead concentration for the given exposure scenarios in the
spreadsheet are used to screen against the target endpoint of 10 ug (lead)/dl (blood). The default
parameters for the construction and intrusive worker in the DTSC LEADSPREAD model have
been modified to reflect the exposrue assumptions depicted in Table 3-1. The results ofthe blood
lead concentration calculations are presented in Appendix D and are discussed in Section 7.0
(Risk Characterization).

6.4 Assessment of Acute Hazards

Explosive hazard t}resholds are used to evaluate potential explosive hazards from hydrocarbons
detected at the Site. The results of this screening evaluation will be used to determine if
explosive hazard control measures will need to be implemented during Site development.
Methane was detected in soil gas at high concentrations, and diesel and gasoline were detected in
soil and water. These hydrocarbons may cause an explosive hazard, particularly in confined
spaces. The available explosive threshold for methane used in this screening evaluation is 1.25%6
by volume of air. Note that this threshold incorporates a safety factor of four. The explosive
threshold selected for gasoline in this evaluation was 0.35% by volume of air. The explosive
threshold selected for No. I grade diesel fuel in this evaluation was 0.875% by volume in air.
Explosive thresholds selected in this evaluation incorporate a safety factor often (i.e., the
explosive threshold selected is 10% of the lower explosive limit [LEL]), and LEL sources are
noted in tables 7- l0 and 7-l 1.

Odor thresholds are used to evaluate potential nuisance from vapors detected at the Site. Of
particular concern are TPH compounds. 50o% odor thresholds are based on MADEP values
(MADEP 2OO2).
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7.0

7.1

RISK CHARACTERIZATION

Introduction

Risk characterization is the final step ofa risk assessment; the exposwe and toxicity assessments
are combined to produce an estimate ofrisk and a characterization of the uncertainties in the
estimated risks. This section presents the results of the HHRA. A discussion of the uncertainties
inherent in all risk assessments, including this one, is presented in Appendix C.

The risk posed by chemicals is directly related to the amount of exposure that an individual has
to the chemicals. The amount of exposure that the identified potential receptor populations will
incur is Site-specific, and is a function of the following elements:

r the initial maximum concentration of chemicals in the soil, soil gas, and groundwatet;

r the ability of COPC to migrate from the soil, soil gas, and groundwater into the ambient
outdoor and/or indoor environment;

r the influence of Site-specific development plans, such as a Site-wide asphalt cover and
vapor controls (e.g., subgrade venting system) beneath buildings used by Port
commercial workers, on the potential exposures to COPCs incurred by Site receptors;

r the predicted airbome concentration in the ambient and indoor air after atrnospheric
dispersion of the chemicals from all sources (i.e., chenicals in the soil, soil gas, and
groundwater) has occurred; and

. the amount of time that a potential receptor may be present and exposed to the combined
chemical concentrations from the soil, soil gas, and groundwater.

Each ofthe elements listed above was integrated into an exposure model using standard
regulatory guidelines for risk assessment. This exposure information is then combined with the
toxicity values to estimate the likelihood that the predicted exposures will result in adverse health
effects. The overall goal of the State and Federal agarcies is to protect public health.
Consequently, the risk assessment relies on a series ofhealth protective assumptions that
tlpically overestimate the potential for exposure and risk. For example, health protective
assumptions were used to estimate the movement of chemicals from one environmental medium
(i.e., soil, soil gas, and groundwater) to another (i.e., outdoor or indoor air). The assumptions in
the baseline exposure model are designed to provide a conservative (i.e., high) estimate ofan
individual's exposure to chemicals. Similarly, the techniques used by the agencies to develop
carcinogenic and noncarcinogenic toxicity values rely on a series ofhealth protective
assumptions. The combination of conservative assumptions used in the exposure and toxicity
assessment e.nsures that the likelihood of underestimating the health risks is low.

The methodology used to evaluate tlle likelihood that potential chronic exposures will result in
cancer or noncancer health effects is described in the followins section.
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1.2 Methodology

Estimating chronic risks (cancer risks and noncanc er hazard indices) for exposures to chemicals
in soil, soil gas, and groundwater requires information regarding chemical concentrations in the
various media, the level ofintake ofthe chemical, and the relationship between intake of the
chemical and its toxicity as a function of human exposure to the chemical. The methodology
used to derive the cancer risks and noncancer hazard indices for the selected chemicals of
concem is based on guidance provided in the regulatory documents listed below.

o U.S. Environmental Protection Agency (USEPA). 1989. Risk Assessment Guidance for
Superfund. Volume I: Human Health Evaluation Manual (Part A). Interim Final. Offtce
of Emergency and Remedial Response. EPA/540/I-89/002. Washington, D.C.
December.

. U.S. Environmental Protection Agency (USEPA). 1991b. Risk Assessment Guidance for
Supefund. Volume I: Human Health Evaluation Manual. Supplemental Guidance.
Standard Default Exposure Factors. Office of Emergency and Remedial Response.
March 25.

e Califomia Environmental Protection Agency (CalEPA). 1992. Supplemental Guidance
for Human Health Multimedia Risk Assessments of Hazardous Waste Sites and Permitted
Facilities. Department of Toxic Substances Control. July.

The potential risk associated with a measured concentration ofa chemical in a medium is
estimated using the following equations that describe the relationship between estimated intake
of Site constituents, toxicity ofspecific chemicals, and overall risk for carcinogenic and
noncarcinogenic health effects. For carcinogenic effects, the relationship is given by the
following equation (USEPA, 1989):

Cancer Risk = CDI x CSF

Where:

Cancer Risk Cancer risk; the probability ofan individual developing cancer as a
result of exposure to a particular cumulative dose of a potential
carcinogen (unitless) ;
Chronic Daily Intake of a chemical (mg chemical/kg body weight-
duD;
Cancer Slope Factor; the toxicity value which indicates the upper
limit on lifetime incremental cancer risk per unit of dose of
chemical (mg chemical/kg body weight-day)-'.

The relationship for a noncarcinogenic chemical is given by the following equation
(IJSEPA, 1989):

Hazard Quotient : CDYRfD
Hazard Index : lHaza.rd Quotient

CDI

CSF
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Where:

Hazard Quotient : Hazard Quotient; an expression ofthe potential for a chemical to
cause noncarcinogenic effects, which relates the allowable amount
of a chemical (reference dose [RfD]) to the estimated Site-specific
intake (unitless);

Hazard Index :

CDI

RfD

Hazard Index; the sum of the chemical-specific Hazard Quotients,
which represents the cumulative potential for predicted exposlres
to result in noncmcinogenic effects (unitless);

: Chronic Daily Intake of a chemical (mg chemicaVkg body weight-
da9;

: Reference dose; the toxicity value indicating the threshold amount
of chernical contacted below which no adverse health effects are
expected (mg chemical./kg body weieht-dar.

Intake is dependent on the exposure concentration and contact rate. The equations and used to
calculate the chronic daily intake for each chemical via the identified complete exposure
pathways under the development and future land use scenarios are presented in Table 7-1. These
equations are used to derive the cancer risks and noncancer hazard indices associated with
exposure to chemicals at the Site. State and Federal agencies have established accegtable
incremental cancer risk levels to be within the ranse ofone-in-ten thousand (1 x 10-) and one-in-
one million (1 x 1ff6); that is, they consider a calcilated excess cancer risk wirhin this range of
numbers to be acceptable. Regulatory agencies consider the one-in-one million risk level to be
an insignificant risk, and terms such as "negligible risk" and "safe dose" have been ussd to
characterize the one-in-one million risk level. As a risk management policy, the Cal,/EPA DTSC
generally requires risks to be closer to the 1 x lO's end of the target range for commercial
scenarios, consistent w'ith Califomia Code of Regulations (CCR, Title 22) use of 1 x 10-' risk
target in estimating No Significant Risk Levels for Proposition 65 listed carcinogenic chemicals.
The CDIs for carcinogens, calculated under baseline conditions, are presented in Table 7-2. The
CDIs for carcinogens, calculated under Site development conditions, are presented in Table 7-3.

For noncancer health hazards, an HI ofone (1) is identified as the target level ofconcem.
Chemical exposures that yield hazard indices ofless than I are not expected to result in adverse
noncancer health effects (JSEPA, 1989). The CDIs for noncarcinogens, calculated under
baseline conditions, are presented in Table 7 -4. The CDIs calculated for noncarcinogens,
calculated under Site development plans are presented in Table 7-5.

7.3 Risk Assessment Results

The probability that populations will develop cancer or suffer noncancerous adverse health
effects fiom exposrue to chemicals associated with the Site was determined by combining the
toxicity values for each chemical (presented in Section 6.0) with the quantitative estimates of
exposue (discussed in Sections 3.0 and 5.0). Cancer risks and noncancer hazard indices were
calculated for exposure to chemicals present in soil, soil gas, and groundwater.

A discussion of the potential cancer risks and noncancer hazard indices associated with the
development phase and the proposed future land use of the Site are described below, in Sections
7.3.1 and 7.3.2, respectively.
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7,3.1 DuringDevelopment

Development phase health risks for the on-Site consffuction worker, calculated as cancer risk,
noncancer hazard indices, and lead exposure, are included below.

7.3.1,1 Cancer Risk Estimates

As indicated in TableT-6, the total incremental cancer risk for the on-Site construction worker
involved in the development of the Site is estimated to be 9.21 x 105, which is within the
acceptable incremental cancer risk range of I x l0aand I x l0{ and withinthe I x l0-5 cancer
risk level commonly considered by CallEPA DTSC as the "acceptable" risk level for commercial
land-use scenarios. Approximately 71% of the predicted cancer risk for the on-Site construction
worker is attributable to inhalation ofvapors which have migrated up from groundwater and.23%o
is attributable to the soil ingestion pathway. Further, approximately 59% of the total cancer risk
for on-Site conskuction workers is attributable to vinyl chloride and 27Vo rs attributable to
arsenic. In sum, the chemical exposures that could occur during the development of the Site
would not be expected to result in unacceptable cancer risks for workers involved in the
development of the Site. The predicted cancer risks associated with the development phase of
the project are within levels that are often considered acceptable by USEPA and below the risk
level often considered by Cal/EPA DTSC, particularly for industriaVcommercial exposure
scenarios. It is important to note that although 59% ofthe risk is attributable to vinyl chloride,
this compound was detected in only 3 out ofa total of37 groundwater samples and 2 out of23
soil gas samples. Thus, it does not appear to be widespread throughout the Site and basing our
risk estimates on tlis compound is likely conservative.

7.3.1.2 Noncancer Hazard Indices

As indicated in Table 7-7, the estimated cumulative noncancer HIs for exposure to chemicals
present in the soil, soil gas, and groundwater is 4.21 for on-Site construction worker during Site
development. The estimated cumulative noncancer HI for on-Site construction workers is above
the target HI of i, indicating that exposures to construction workers may result in adverse health
effects in the absence of health and safety practices. 517o of the noncancer HI for the
construction worker is attributable to gasoline vapors. This is likely a conservative assessment,
as the EPC of gasoline vapors is skewed by one hit of 28,000 ppmv at MFC-16; the RMP will
address this location and proper protocol for ensuring worker safety in the vicinity.

7.3.1.3 Lead

As previously described, the reference dose approach used for assessing potential
noncarcinogenic effects is not used to evaluate exposure to lead. Rather, the DTSC has
developed specific guidance for evaluating exposure and the potential for adverse health effects
resulting from exposure to lead in the environment using a model based on absorbed doses and
estimated bloodlead concentrations. The guidance is implemented using a spreadsheet, obtained
from DTSC, in which a multi-pathway algorithm is used for estimating blood-lead
concentrations in children and adults.
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Appendix D presents the output from LEADSPREAD. Using the representative EPC of lead
detected in soil (57.4 mg/kg), the 99th percentile blood lead level associated with constmction
worker exposures to lead from the Site and from the Site via all exposure pathways and from
background sources in air, food, and drinking water is 3.8 ug/dl. This level is well below the
target concentration of 10 ug/dl, developed to be protective of children's health (CallEPA, 1992).
The results from LEADSPREAD for on-Site construction workers are Dresented in Table D-l.

7.3.2 Future Land Use

Future land use phase health risks for the on-Site commercial worker and on-Site intrusive
worker, calculated as cancer risk, noncancer hazard indices, and lead exposures, are included
below.

7.3.2.1 Cancer Risk Estimates

On-Site Commercial Worker

As indicated in T able 7-6, the total incremental baseline cancer risk predicted for the on-Site
commercial workers during future land use of the Site is complete is estimated to be 2.72 x L0'' ,
a level that is within USEPA's established acceotable incremental cancer risk range of I x l0-
and 1 x 1O6, but above the I x 10-s risk level co'ntnonly cousidered as the "accepiable" risk level
by CallEPA DTSC for commercial land-use scenarios. Approximately 41% of the predicted
cancer risk for the future on-Site commercial worker is attributable to the soil ingestion pathway
arfi 37o/o is attributable to vapors which have migrated up from groundwater. Approximately
57% ofthe total cancer risk for on-Site commercial workers is attributable to arsenic in soils.

As shown in Table 7-8, the incorporation ofplanned Site development design features (i.e.,
passive vapor venting system and asphalt cover across the Site) results in a predicted cancer risk
of 8.49 x l0-o. a level that is well within USEPA's established acceptable incremental cancer risk
range ofl x lOaand 1x 10-o, and below the I x l0-5 risk level commonly considered as the
"acceptable" risk level by CaVEPA DTSC for commercial land-use scenarios. With controls,
approximately 877o of the predicted cancer risk for the futue on-Site commercial worker rs
attributable to vapors which have migrated up from groundwater and accumulated in indoor air.
Approximately 74% of the total cancer risk for on-Site commercial workers is attributable to
vinyl chloride.

On-Site Intrusive Worker

As indicated in Table 7-6, the total incremental cancer risk for the on-Site intrusive worker
involved in reoeated annual subsurface maintenance activities at the Site is estimated to be 3.83 x
10-6, which is well within USEPA's acceptable incremental cancer risk range of 1 x l0a and 1 x
10-6, and below the 1 x lO-s risk level commonly considered as the "acceptable" risk level by
CayEPA DTSC for commercial land-use scenarios. Approximately 7l% of the predicted cancer
risk for the on-Site intrusive worker is attributable to the inhalation ofvapors which have
migrated to the trench from groundwater, utd 23o/o is attributable to the soil ingestion pathway.
Further, approximately 59%o ofthe total cancer risk for on-Site intrusive workers is attributable
to vinyl chloride and,27% is attributable to arsenic.
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7.3.2.2 Noncancer llazard Indices

On-Site Commercial Worker

As indicated in T able 7 -7 , the estimated cumulative noncancer HI for exposwe to chemicals
present in the soil, soil gas, and groundwater is 0.35 for the on-Site commercial worker. The
estimated cumulative noncancer HI is below the target HI of 1, indicating that exposures to
commercial workers would not be expected to result in any adverse noncancer health effects.
Approximately 27o% of the noncancer HI for the on-Site commercial worker is attributable to
vapors which have migrated from soil gas, 23Vo of the noncancer HI for the on-Site commercial
worker is attributable to vapors which have migrated from groundwater, md 2l%o of the
noncancer HI is due to soil ingestion pathway. 38% of the cumulative noncancer HI for the on-
Site commercial worker is attributable to arcenic and 27Vo is attributable to gasoline.

As shown in Table 7-9, the incorporation ofplarured Site development desigrr features (i.e.,
passive vapor venting system and asphalt cover across the Site) results in a predicted noncancer
HI of 0.16 indicating that exposures to commercial workers would not be expected to result in
any adverse noncancer health effects. Approximately 52% of the noncancer HI for the on-Site
commercial worker in the development model is from the soil vapor inhalation pathway, all of it
from gasoline vapors.

On-Site Intrusive Worker

As indicated in Table 7-7 , the estimated cumulative noncancer HI for exposure to chemicals
present in the soil, soil gas, and groundwater is 0.03 for the on-Site intrusive worker. This
estimated cumulative noncancer HI is below the target HI of 1, indicating that the chemical
exposrres for on-Site intrusive workers that could occur during the proposed future land use
would not be expected to result in adverse noncancer health effects. Approximately 63Yo of the
noncancer HI for the on-Site intrusive worker is attributable to vapors which have migrated from
goundwater nd 77% of the noncancer HI for the on-Site intrusive worker is attributable to the
soil ingestion pathway. Approximately 28% percent of the cumulative noncancer HI for the on-
Site intrusive worker is attributable to arsenic in soils; contributions from groundwater vapors
are attributable to an array of chemicals.

7.3.2.3 Lead

Exposure to soils for the on-Site intrusive worker and the on-Site commercial worker (affer
incorporations of Site development design elements) will be less than that for on-Site
construction workers. Thus, the output from LEADSPREAD model used for the on-Site
construction worker is considered protective for both the on-Site intrusive worker and the on-Site
commercial worker. As the projected bloodJead level fro the on-Site construction worker was
estimated to be 3.8 ug/dl, a level well below the target concentation of l0 ug/dl. Accordingly,
the predicted bloodlead levels for the on-Site intrusive worker and the on-Site commercial
worker will be below 3.8 ug/dl. Therefore, the levels oflead present at the Site are well below
levels that would result in unacceptable blood lead concentrations in either future on-Site
intrusive workers or future on-Site commercial workers.
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7.4 Explosive Hazard and Odor Estimates

As indicted in Table 7-10, the predicted cumulative combustible gas concentrations are below
the respective lower explosive limits (LEL) with a safety factor of ten for the compounds which
pose the greatest risk. Nonetheless, while exceedances ofthe actual LEL are unlikely, the Health
and Safety Plan for the development ofthe Site should consider the explosive potential ofvapors
encountered during construction activities at the Site. As indicated by Table 7-ll, Site
development conditions further reduce estimates for the indoor air explosive hazard.

Tables 7-10 and 7-ll also indicate the estimated results of odor threshold evaluation of TPH
data. Results indicate that in the absence of controls, on-Site construction workers may be
exposed to nuisance odors. Finally, we note that predicted elevated levels of diesel gases may
suggest the potential for odorous sulfir compounds (in addition to TPH odors) during
conshuction activities. Monitoring for hydrogen sulfide is recommended.

7.5 Summary and Conclusions

A HHRA was conducted to ensure that development and use ofthe Site as a proposed service
Complex can occur in a manner that is protective of human health. A baseline HHRA was
conducted, to evaluate potential health risks under the assumption that the Site is developed
without the benefit of the various specific design elements that will, from a practical standpoint,
mitigate exposure (i.e., the baseline conditions do not incorporate the reduction in exposures that
will result from the passive vapor venting system that is a component ofthe building design and
the asphalt cover that will preclude daily direct contact with soils). Risks were also calculated
assuming the inclusion of planned Site development desigr elemants that will minimize
exposures, specifically the passive vapor venting system and the asphalt cap that will cover al1
soils at the Site.

Under both scenarios, the risk assessment was intended to be very conservative, resulting tn
projected estimates ofrisk that are likely significantly higher than the actual risks that may be
posed by the Site. The human receptors that could potentially be impacted throughout the
development and use ofthe Site were identified and included in the evaluation. Further, all
chemicals detected in recent sampling activities were included in the evaluation; under the
assumption the 95% UCL represents the concentration to which human populations may be
exposed. The models that were used to predict the movement of chemicals from one
environmental media to another were very conservative, and tend to overestimate human
exposures. The goal ofthe baseline approach is to identify those uses, activities, and chemical
sources that have the potential to contribute most significantly to human health impacts. The
identification of the most significant contributors to risk will facilitate the future development of
the Site and will ensure that human health is protected throughout the entire Site development
process.

As described in the preceding sections, the baseline risk assessment results indicate that absent
mitigation, risks to on-Site commercial workers during future use of the Site may be slightly
greater than levels typically considered acceptable by regulatory agencies such as CallEPA
DTSC. The projected risks are dominated by potential exposures resulting from the inhalation of
vapors and the ingestion ofsoil.
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However, based on the actual development plans that will be implemented at the Site, which will
include the incorporation of vapor controls (e.g., a subgrade venting systern) beneath the building
and the covering of all exposed soils with an asphalt cover, risks to future commercial workers at
the Site will be below (i.e., lower than) levels tlat would be considered acceptable by regulatory
agencies.

The baseline risk assessment results indicate that absent mitigation, noncancer risks to on-Site
construction workers during development of the Site are above the level typically considered
acceptable by regulatory agencies such as CallEPA DTSC. The projected risks are dominated by
potential exposures resulting from the inhalation of vapors and the ingestion ofsoil, in particular
by gasoline vapors. Appropriate measures for protection ofhealth and safety at the Site in
general, and in particular the area in which gasoline vapors were detected at elevated
concentrations, will be addressed by the Site Health and Safety and Risk Management Plans,
which will be prepared by the Port. Construction workers involved in the duration of the Site
development should undertake all activities in accordance with the Site-specific Health and
Safety Plan that meets the requirements of all relevant rules and regulations. Similarly, risks to
fuhre on-Site intrusive workers who may be engaged in ongoing, albeit periodic, subsurface
repair activities are below levels that would be considered acceptable by regulatory agencres
such as CaL{EPA DTSC. Accordingly, the risk assessment supports that the development of the
Site, as currently planned by the Port and with the appropriate implementation ofsafety
measures during construction, will result in a Site that is safe and appropriate for the intended
commerciaVindustrial use.
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TABLE 3-l: BASELINE EXPOSURE ASSUMPTIONS
Future Port ofOsklatrd Field Support Services Complex
2225 and 22?7 Seventh Street
Oakland, Califoroia

Notes:
'Recommended 

brcathing rates foradults (20 mr/day) (Cal/EPA 1992; Csl/EPA 19t4).
b A soil-to-air transfer coefficient is calculated by assuming an airbome dust level of 50pg/m I for commercial workers, which corresponds

to the National Ambient Air Quality Standard (Cal/EPA 1994). For constructjon and jntrusive workers, coresponds to a level of 500 Fg/mr.

" Coresponds to the area ofexposed skin in each resp€ctive population. For commercial workers, corresponds to head, hands,

lorearms and lower legs (Cal/EPA 2000). For construction and intrusive workers, conesponds to head, hands, and fbrearms.
d Soil adherence factors recomrnended by Cal/EPA (2000).
' Ingestion rate for commercjal workers as recommended by CallEPA ( 1 992), A soil insestion rate of 480 mglday is us€d for

inhusive and outdoor worken (USEPA 1997).

Sourcer:

Califomja Envircnmental Pmtection Agency (Cal/EPA). 1994- Pretinbtary Endangerment Assessnent Guidance

ManuaL Dep ftnent of Toxic Substances Control (DTSC). January.

Califomi. Environmental Protection Agency (Catl€PA). 2000. Daft: Guidancefor the Demal Exposure Pathwqt.

Memorandum from Departnent ofToxjc Substances Conhol (DTSC). January 7-

Califomia Environmental Protection Agency (Cal/EPA).1992. Supplenental Guidance for Hunan Health
Multimedia Risk Assessme of Handous Waste Sites and Permitted Facilities. Sacmmento, CA. July.

EPA. 1997. Volume l-Generul Factors, Etposure Facan Handbook Washinglon, D.C. August.

Paramder Symbol

Scenrrio

Units
Dev€loDment Pha6€ Future Latrd Use

On-Site
Construdion

Workers

Otr-Site

Comm€ftid
On-Site lntrusive

Inhalltion of Soil Particulaies

Breathing Rate I

Transfer Coefficient b

Dermal Contact with Soil

Surface Area'

Adherence Factor d

Absorption Factor-PAHs
Absorption Factor-Metals

Absorption Factor-Arsenic

Absorption Factor-Cadmium

Absorption Factor-Organics

Conversion Factor

Derm|l Contact rdlh Groundwater

Surface Area'

Chemical Specific Demal Permeablility Coefficient

Conversion Factor

Ingestion of Soil

Ingestion Rate'

Conversion Factor

Inhalrtion of Vipors

Breathing Rat€ u

Populalion-SDecifi c Intake Paramders

Exposure Time

Exposure Frequency

ExF)sure Dumtion

Body Weight

Averaging Time-Carcinogens

Averdging Time-Noncarcinogens

BR

TFp

SA

AF

ABS-PAH
ABS-Met

ABS-As

ABS-Cd

ABS-Org
CF

SA

Kp

CF

IR

CF

BR

EF

ED

BW
ATc

ATnc

20  120
5.0E-07 

I 
5.oE-08

I
3300 | sToo
0.2 | 0.07

20
5.0E-07

3300
0.2

,fn"y
(ms/mry(ms^s)

"-2lduy
mgcml
unitless
unitless
unitless

unitless

unitless

Kg/mg

cmlday

cm'?/hr

Ucml

figtoay

kdtl|'g

-'/d"y

hrvday

o2YryI

yf

kg
day

&y

See Chenical hopefies Table Tabte 5-l)

l .0E-06

1,t00

l.0E-06

NA

l.0E-06

3300
See Chemical Properties Table

-fable 5-l)

l .0E-03

480
l.0E-06

20

8
120

I
.70

25,550
365

NA

50
l.0E-06

20

8
250
25
70

25550
9,t25

l.0E-03

480
l.0E-06

20

8
2

25
10

25550
9,125
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Parameter Symbol

Scenario

Units
Future Land Use

On-Slte Commercial
Workers

Inhalation of Vapors

Breathing Rate '

Population-Specilic Intake Peramet€rs

Exposure Time
Exposure Frequency

Exposure Duration

Body Weight

Averagin g Time-Carcino gens

Averaging Time-Noncarcinogens

Exposure Duration

BR

EF

ED

BW

ATc

ATnc

ED

20

8
250
25

70
25550

9,125

788,760,000

-t/day

hrVday

day8a

kg

day

day

s

TABLE 3-2: SITE DEVELOPMENT EXPOSIJRX ASSIJMPTIONS
Future Port ofOakland Field Support Services Complex

2225 and 2277 Seventh Street
0akland, California

Notes:

NA = Not applicable, incomplete exposure pathway.

" Recommended breathing rates for adults (20 mr/da, (calEPA 1992, Cal/EPA 1994).

Sourc€i:

Califomia Enyironmertal Protection Ag€ncy (CallEPA). 1994. Preliminary Endangerment Assessment Guidance

Manual. Depaiment of Toxic Substanc€s Control (DTSC). January.

Califomia Environmental Protection Agency (Cal/EPA). 1992. Supplemenlal Guidance for Human Health

Muhimedia Risk Assessment of Hazardous Waste Sites and. Permitted Facilities. Sacramento, CA. July-

Califomia Environmental Protection Ag€ncy (Cal/EPA). 2OOO. Draft: Guidance for lhe Dermal Exposure Pathway.

Memorandum from D€partment ofToxic Substances Control (DTSC). January 7.
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TABLE 4-1: Summary of Chemicals Included in the Risk Assessment
Future Port ofOakland Field Support Services Complex
2225 a'nd 2277 Seventh Street
Oakland, Califor s

Sample
\{atrix Chemical

Or-Site
Detection Frequency
(Detections/Samples

Analyzed)

Range of On-Site

Concentrations "
(ftg/kg for soil ;

mg,'I- for
goundwater; mg,{-

for soil eas)

95% UCL of on-Site

Concentrations b

(mg&g for soil; mg/L
for grcundwater; mgll

for soil gas)

LBNL 1995
Background

Concentrations "
(mglke)

Included in
Rrsk

Assessment d

Soil
Soil

Soil

Soil
Soi l
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
SoiI
Soil

Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

Volatile Orgrnic CompouDds
I ,1 ,1 ,2-Tetrachloroethane
I ,l ,1 -Trichloroethane

I , I ,2,2-Tetrachloroethare
1,1,2-Trichloroethatre
| , I -Dchloroethane

l,l -Dichloroethene

I , I -Dichloropropene

1,2,3-Trichloroberuene
1,2,4-Trichlorobenzene
1,2,4-Trimethylbenzeoe
1,2-Dibromo-3-chlorcpropane
I ,2-Dibromoethane
I ,2-Dichlorobenzene
1 ,2-Dichloroethane
I ,2-Dichloropropane
1,3,5-Trimethylb€nzene
1,3-Dichlorobenzene
I ,3-Dichloropropane
1,4-Dichlorobenzene
2,2-Dichloropropane
2-Butanone(MEK)
2-Chloroethylvinyl ether
2-Chlorotoluene
2-Hexanone
4-Chlomtoluene
4-Methyl-2-pentanone (MIBK)

Benzene
Bromobenzene
Brcmochloromethane
Bromodichloromethane
Bromofolm
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
cis- 1,2-Dichloroethene
cis- 1,3-Dichloropropene
Dibromochloromethane
Dibromomethane
Dichlorodifl uoromethane
di-Isopropyl Eth€r (DIPE)
Ethanol
Ethyl tert-BDtyl Ether (EIBE)
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
Methylene chlorid€
MTBE
Naphthalene
n-Buwlbenzene

n/66
0/71
0t7l
0t7l
0/71
l lT l
0/66
0t66
0/66
I t66
0/66
0/66
0/66
0t'71
0t'11
l/66
o/66
0/66
o/66
ot66
0/71
0/66
0/66
0/'71
0/66
0/11
3/'7 |
2/l12
0/66
0/66
0/7 r
0/71
0/71
0/71
0/71
1t7 l
0/'71
0t7l
0171
0/'11
o/11
0t7l
0/66
o/66
0D3
0/23
0t21
] / t12
0/66
2/66
0/7 |
u'71

2/66

ND
ND
ND
ND
ND

ND - 0,0081
ND
ND
ND

ND - 0.019
ND
ND
ND
ND
ND

ND - 0.0057
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND - 0,21
ND - 0.01

ND
ND
ND
ND
ND
ND
ND

ND - 0.0078
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND - 0.0055
ND

ND - 0.098
ND

ND - 0.023
ND - 3.5
ND -  0 .17

ND
ND
ND
ND
ND

0.00217
ND
ND
ND

0.00328
ND
ND
ND
ND
ND

0.00281
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.0263
0.00219

ND
ND
ND
ND
ND
ND
ND

0.00216
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.00226
ND

0.00642
ND

0.00286
0.1J0

0.00932

No
No
No
No
No
Yes
No
No
No
Yes
No
No
No
No
No
Yer
No
No
No
No
No
No
No
No
No
No
Yes
Yet
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
Y€i
No
Yes
No
Yes
Yes
Yes

I :\Portoakland\7thst\,tlHR-{
€&j'PonTthslbdeline_LoanySod
ND= C'hemicrl rot d€t cGd, Pag€ 1 of8 IRIS ENVIRONMENTAL



TABLE 4-1: Summary of Chemicals Included in the Risk Ass€ssment
Future Port ofOakland Field Support Services Complex
2225 and2277 Seventh Street
0akIand, California

Sample
Matrix Chemical

On-Site
Detection Frequency
(Detections/Samples

Analyzed)

Range of On-Site

Concentrations "
(mg,&g for soil;

mg/L for
grouodwater; mg/L

for soil gas)

95% UCL ofOn-Site

Concentrations 
b

(mg,&g for soil; mg/L
for groundwater; mg/L

for soil gas)

LBNL 1995
Background

Concentrations "
(ms/ks)

Included in
tusk

Assessment 
d

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soi l
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
loil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

Volatile Organlc Compounds (co
n-Propylbenzene
p-Isop.opyltoluene
sec-Butylbenzene
blyrene
t€rt-Amyl Ethyl Ether (TAME)
tert-Butylbenzene
Tertiary Butanol (TBA) ]
Tetachloroethene 

I

iinilij-o,.r,ro,o.,r'"n. I
trans-I.3-Dichloropropere 

I
lncnlomelhene I
Trichlorofluoromethane I
Trichlomtnfluoroethane I

I
Vrnll acetate
Vinyl chloride
Xylene(s)

Total Petroleufi llydrocarbons"

?*:l
uasolrne
Ketosene
Jet A
Motor Oil
Semi-volatile Orgtnic Compounl
1,3-Dichlorobenzene
I ,4-Dichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
z,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Didtrotoluene
2-Chloronaphthalene
2-Chlorophenol
2-Methyl-4,6-dinitophenol
2-Methylnaphthalene
2-Methylphenol
2-Ninoaniline
2-Nitrophenol
3,3-Dichlorobenzidine
3-Nitroaniline I
4-Bromophcnyl phenyl ether I
4-Chloro-3-methylphenol ]
4-Chloroaniline
4-Chlorophenyl phenyl ether
4-Methylphenol
4-Nitroaniline
4-Nitropheaol
Acenaphthene
Acenaphthylene
Anthracene
Benzoaa)anthracene

nt'd)
t/66
0/66
?/66
0/71
0/23
0/66
0t23
u7l
7 t r t2
0/71
0/71
1/71
0/66
0t66
0t'7 |
0/11
3/tl2

79/1t3
6 / l  12
0/107
0/tn7
49/r07

0/45
0/45
0/45
0/45
0/45
0/45
ol45
0/45
0/45
ol45
0/45
0/45
3145
0/45
0145
0/45
0/45
0/45
0/45
0/45
0/45
0/45
0t45
0t45
0/45
t/45
0145
2/45
l/45

ND -  0 .17
ND

ND -  0 .12
ND
ND
ND
ND

ND - 0.01I
ND - 0.018

ND
ND

ND - 0.0079
ND
ND
ND
ND

ND - 0-026

ND - 5700
ND -  310

ND
ND

ND - 3800

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

N D - 1 8
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

N D .  1 4
ND

N D - 1 2
N D . 4

0.00927
ND

0.00755
ND
ND
ND
ND

0.00236
0.00263

ND
ND

0.00216
ND
ND
ND
ND

0.00296

186
'1.89

ND
ND
325

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
1,39
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
1.09
ND

0.975
0.514

Yes
No
Yes
No
No
No
No
Yes
Yes
No
No
Yes
No
No
No
No
Yes

Yes
Yes
No
No
Yes

No
No
No
No
No
No
No
No
No
No
No
No
Y€s
No
No
No
No
No
No
No
No
No
No
No
No

No
Yes
Yes

I:\PO'IOAK]OdVIhSI\HHRA\
e&j-PodTlbS+lselire.-Loanys d
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TABLE 4-1: Srmmary of Chemicals Included in the Risk Assessment
Future Port of Oakland Fi€ld Support Services Complex
2225 ̂ nd 2277 Set€nth Street
Oakland, California

Sample
\,tatrix Chemical

On-Site
Detection Frequency
(Deiections/Samples

Analyzed)

Range ofOn-Site

Concentrations '

(mg/kg for soil;
mg/L for

groundwater; mg/L
for soil gas)

95% UCL ofOn-Site

Colcenkations 
b

(mg/kg for soil; mg/L
for groundwater; mg/l

for soil gas)

LBNL 1995
Background

Concentrations 
c

(mp&s)

Included in
Risk

Assessmentd

Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
loil
Soil
loil
Soil
Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil
Soil

Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil
loil
Soil
Soil

Soil

loil
Soil
loil
Soil
loil
Soil
!oil
loil

Semi-Yolatile OrgaDic Compoutrr
Benzqahyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Benzoic acid
Benzyl alcohol
Bis(2-chloroethoxy) methane
Bis(2-chloro€thyl)ether
Bis(2-chloioisopropyl) ether
bis(2-Ethylhexyl) phthalate
Butyl benzyl phthalate
Chrysene
Dibenzo(a,h)anthracene
Dibenzofuran
Diethyl phthalate
Dimethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate
Fluoratrthene
Fluoren€
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
Naphthalene
Nitlobenzetre
N-Nirrosodi-n-propylamine
N-Nitrosodiphenylamine
Pentachlorophenol
Phenanthrcne
Phenol
Pyfene
Metsls
Antimony

Barium
Beryllium
Cadmium
Chrornium
Chromium (Hexavalent)
Cobalt
Copper
Lead

Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

(cont'd)
0/45
0/45
0/45
0/45
0/45
0t45
0/45
0/45
0/45
0t45
0/45
t/45
o/45
2/45
0/45
0/45
0/45
0/45
t/45
3/45
0/45
0/45
0/45
0/45
0/45
0/45
3/45
0/45
0/45
0/45
0/45
4/45
0/45
u45

r'7/107
r05lto1
t0'7/107
0/tl'l

t0'7/t07
107/t07
0/t07

t0'l/t07
t0'7/t07
107/t0'7
s6/107
4/t07

107/t07
4/t07
0/r07
ut07

107/107
10'7/107

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND - 2.9
ND

ND - 8.5
ND
ND
ND
ND

N D -  1 5
ND.  12

ND
ND
ND
ND
ND
ND

ND - 5.9
ND
ND
ND
ND

N D - 3 6
ND

N D - 1 5

N D - 2 2
ND - 880
2 - 1 8 0

ND
0.55 - l4
1 .2  -  50

ND
2.3  -  t4
2 .5  -  380
L l  -  680

ND - 0.58
N D . 2

1.3 - 220
ND - 2.5

ND
ND - t.2
8 .1  -  84
7.1 - 600

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.456
ND

0.770
ND
ND
ND
ND
l . l 5

0.991
ND
ND
ND
ND
ND
ND

0.633
ND
ND
ND
ND
2.44
ND
I . I 5

4r.9
60.7
ND
2.45
25.0
ND
o.)5
47.7
5't.4

0 . 1 l 9
0.568
32.0
1 .09
ND

0.526
27.4
63.6

3

t47
0.5

55

1 7

t4
0.2
55
64
2

0.6

54
60

No
No
No
No
No
No
No
No
No
No
No
Yes
No
Yes
No
No
No
No
Yes
Yes
No
No
No
No
No
No
Yes
No
No
No
No
Yes
No
Yes

No
Yes
No
No
Yes
No
No
No
Yes
Yes

No
No
No
No
No
No
No
Yes

I:\Pdtoakland\7$SiUIHRA\
e&iPortTdrSt_baseline_Loamy$nd
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TABLE 4-1: Surnmary of Chernicals Included in the Risk Assessment
Future Port ofOakland Field Support Services Complex
2225 g.ad 2277 Seventh Street
Oakland, California

Sample
Matrix Cbemical

On-Site
D€tection Frequelcy
(Detections/Samples

Analyzed)

Range ofOn-Site

Concentrations "
(mg/kg for soil;

groudwater; mg,4-
for soil gas)

95% UCL ofOn-Site

Concentrations b

(mg/kg for soil ; mg,{-
for goundwaler: mg/f

for soil sas)

LBNL 1995
Background

Concentrations'
(ms,&s)

lncluded in
Rrsk

Assessment d

Wat€r

Water
Wat€r
Water
Water
Water
Wat€r
Water
Water
Water
Water
Water
Wat€r
Water
Water
Water
Water

Water
Water
Water
Water
Water
Watet
Waler
Water
Waler
Water
Waler
Water
Waler
Water
Watei

Water
Walor
Water
Water
Water
Water
Water
Water
Wafer
Water
Water
Water

Wat€r
Water
Water
Water
Water

Volatilo Orgrnic Compounds
Carbon tetachloride
Ethanol
Acetone
Chloroform
Benzene
1, 1, 1 -Trichloroethane

Bromomethane
Chloromethane
Dibromomethane
Bromochloromethane
Chloroethane
Vinyl chloride
Methylene chloride
Carbon disulfide
Bromoform
Bromodichloromethane
I , I -Dichloroethane

1 , 1 -Dichloroethene

Tefliary Butanol (TBA)
Trichlorofl uoromethane
Dichlorodifl uoromethane
Trichlorotrifl uorcethane
1 ,2-Dichloropropane
2-Butanone(MEK)
1, 1,2-T.ichloroethane
Trichloroethene
1,1,2,2-Tetrachloroethane
1,2,3-Trichlorobenzene
Hexachlorobutadiene
NaphthaleDe
2-Chlorotoluene
1,2-Dichlorobenz ene
1,2,4-Trimethylbeiuene
1,2-Dibromo-3-chloropropane
tert-Butylbenzene
Isopropylbenzene
p-Isopropyltoluene
Ethylbenzene
Styrene
n-Propylbenzene
n-Butylbenzene
4-Chlorotoluene
1,4-Dichlorobenzene
1,2-Dibromoethane
1,2-Dichloroethane
Vinyl acetate
4-Methyl-2-pentanone (MIBK)
di-Isopropyl Ether (DIPE)
1,3,5-Tdmethylbenzene
Bromobenzene
Toluens
Chlorob€nzene
2-Chloro€thvlyinvl ether

0/37
0/18
0/37
0/37
6/37
ot37
0/37
0/37
0/21
0t2l
t/37
3t37
0/37
0/37
0/37
ot37

t/37
0/18
0/21
0/21
0/21
2/37
0/37
0/37

0/3'7
0/2.1
0/21
9/21
0/21
0/?l
3/21
0/21
o/21
5/21
0/21
4/37
0/3'7
4l2l
4Dl
o/21
0Dl
0/21
r/3'7
0t3'7
0/3'7
l /18
t/21
0/21
l/37
0/37
0/21

ND
ND
ND
ND

ND - 0.078
ND
ND
ND
ND
ND

ND - 0.011
ND -  0 .18

ND
ND
ND
ND

ND - 0.0097
ND - 0.00097

ND
ND
ND
ND

ND - 0.2
ND
ND

ND - 0.029
ND
ND
ND

ND - 0.35
ND
ND

ND - 0.05
ND
ND

ND - 0.022
ND

ND - 0.046
ND

ND - 0.029
ND-  0 .0  t9

ND
ND
ND

ND - 0.01 I
ND
ND

ND - 0.0026
ND - 0.002

ND
ND - 0.0012

ND
ND

ND
ND
ND
ND

0.00896
ND
ND
ND
ND
ND

0.00284
0,0152

ND
ND
ND
ND

0.o0t'12
0.00132

ND
ND
ND
ND

0,0170
ND
ND

0.00343
ND
ND
ND

0.117
ND
ND

0.00750
ND
ND

0.00608
ND

0.00565
ND

0.00946
0.00652

ND
ND
ND

0.00193
ND
ND

0.00124
0.00207

ND
o.00t32

ND
ND

No
No
No
No
Y.s
No
No
No
No
No
Yei
Yes
No
No
No
No
Yes
Yes
No
No
No
No
Yes
No
No
Yes
No
No
No
Yes
No
No
Yet
No
No
Ycs
No
Yes
No
Yes
Yes
No
No
No
Yes
No
No
Yes
Yes
No
Yes
No
No

I:\PodOaklrldvlhSiViHBA\
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TABLE 4-l: Summary of Chemicds Inchded in the Risk Assessment
Future Port ofOakland Field Support Services Complex
2225 and 2277 Seventl Strect
Oakland, California

lample
Vatrix Chemical

On-Site
Detection Frequency
(Detections/Samples

Analyzed)

Range ofOn-Site

Concentrations "
(mg,&g for soil;

ngL Ior
groundrater; mg/L

for soil gas)

95% UCL ofOn-Site

Concentrations 
b

(mg/kg for soil; mg,/L
for groundwater; mg[

for soil gas)

LBNL I 995
Background

Concentrations "
(lne,te)

Included in
Risk

Assessment d

Water
Water
Water
Water
Water
Water
0Vater
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

W

ater
ater
atet
ater
ater

Water
Water
Water
Water
Water
Water
Water
WatEr
Water
Water
Water
Water
Water
Water
Water
Water
Water

Water
Watei
Water
Water
Water
Water
Water
Water
Water

Volatile Organic Compounds (co
1,2,4-Trichlorobenzene
Dibromochloromethane
Tetachloroethene
soc-Burylbenzene
1,3-Dichloropropane
cis- 1,2-Dichloroethene
hans- 1,2-Dichloroethene
1,3-Diclrlorobenzene
l,l-Dichloropropene
2-Hexanone
2,2-Dichloropropane
I ,l ,l ,z-Tetrachloroethane
Ethyl tert-Butyl Ether (ETBE)
tert-Amyl Ethyl Ether (TAME)
Xylene(s)
MTBE
cis- I ,3 -Dichloropropene

trans- 1,3-Dichloropropene

Total PElroleum Hydrocrrbons'
Gasoline
Diesel
Kercsene
Jet A
Motor Oil
S€mi-volatile Orguic Compoon,
Benzo(a)prene
2,4-Dinitrophedol
Dibenzo(a,h)anthracene
Benzo(a)anthracene
4-Chloro-3-rnethylphedol
Benzoic acid
Hexachloroethane
llexachlorocyclopentadiene
Isophorone
Acemphthene
Diethyl phthalate
Di-n-butyl phthalatc
Phenalthrcne
Butyl benzyl phthalatc
N-Nitrosodiphenylamine
Fluorene
Hexachlorobutadien€
Pentachlorophcnol
2,4,6-Trichlorophenol
2-Nitroaniline
2-Nitrophenol
Naphthalenc
2-Methylnaphthal ene
2-Chloronaphthalene
3,3-Dichlorobenzidine
2-Methylphenol
I ,2-Dichlorobenzene
2-Chloroohelol

nt'd)
0/21
0/37
2t37
5/21
0/zl
8/3'7
3/37
o/21
0/zl
o/37
0/21

I orzt
|  0 / r  8
l 0 i l 8
| 2/37
| 2t37

I Y,trl
I rr/36
| 16i33

lffil
I  lBr
ls

| 0n3

| 0/13

|  0 i t3

|  0 / t l

l3,rl
|  0 3

| 0/13

| 0n3

| 0/13

| 0/13

| 0/r3

| 6/13
I o/t3

| 0/13

| 6/13

| 0/13

l8,il
|  0 / r3
|  0 /  t3
|  5 /13

I  6/ t3
0/13
0/t3
0/t3
on3
o l13

ND
ND

ND - 0.013
ND - 0_015

ND
ND - 0_65
ND - 0.13

ND
ND
ND
ND
ND
ND
ND

ND - 0-011
ND - 0.13

ND
ND

ND - 4,6
ND - 600

ND
ND

ND - 7.1

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND - 0.18
ND
ND

ND -  0 .08 t
ND
ND
ND
ND
ND

ND - 0.39
ND - 0.76

ND
ND
ND
ND
ND

ND
ND

0.0019r
0.00626

ND
0.0626
0.0108

ND
ND
ND
ND
ND
ND
ND

0.00296
0.0174

ND
ND

o.6t'7
66.9
ND
ND
5.'70

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.0856
ND
ND

0.0394
ND
ND
ND
ND
ND

0.t6'7
0 .335
ND
ND
ND
ND
ND

No
No
Ycs
Yet
No
Yes
Yes
No
No
No
No
No
No
No
Y€t
Yes
No
No

Yer
Yes
No
No
Yes

No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
Yes
No
No
No
No
No
Yes
Yes
No
No
No
No
No

l:\PonOaUdd\TihStVIHRA\
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TABLE 4-1: Summary of Chemicds Inchded in the Risk Assessment
Future Port of Oakland Field Support Services Complex
2225 snd 2277 Seventi Street
Oakland, California

Jample
Matnx Chemical

On-Site
Detection Frequency
(Detections/Samples

Analyzed)

Range ofOn-Site

Concentrations'
(mg,/kg for soili

mg/L for
ground\ryater; mg,t

for soil gas)

95% UCL ofOn-Site

Concentratrons b

(mg/kg for soil; mg,T-
for groundwater; mg/L

for soil gas)

LBNL 1995
Background

Concentations'
(ng/kg)

Included in
Risk

Assessmentd

Water
tVater
\Pater
Water
lvater
Water
iVaier
Water
Water
Water
Waler
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Waler
Water
Water
Water
Water

Water

Water

Water
Water
Water
Water
!Vater
Water

Air

Air

Air
Air

Air
Air
Air
Air

Air

Semi-volatile Organic Compoulrl
2,4,5-Trichlorophenol
Nitrobenzene
3-Nitroanilin€
4-Nitroaniline
4-Niftopherol
Benzyl alcohol
4-Bromopheryl phenyl ether
2,4-Dimethylphenol
4-Methylphenol
1 ,4-Dichlorobenzene
 -Chloroaniline

Phenol
Bis(2-chloroethyl)ether
Bis(2-chloroethoxy) methane
bis(2-Ethylhexyl) phthalate
Di-n-octyl phthalate
Hexachlorobenzene
Antlracene
1,2,4-Trichlorobenzene
2,4-Dichlorophenol
2,4-Dinit otoluene
Pyrcrle
Dimethyl phthalate
Diberuofuran
Benzo(g,h,i)perylene
Indeno( 1,2,3-cd)pyrene
Benzo(b)fluoranthene
Fluoranthene
Benzo(k)fluoranthene
Acenaphthylene
Chrysene
2-Methyl-4,6-dinitrophenol
1,3-Dichlorcbenzene
2,6-Dinifotoluene
N-Nitroso-di-n-propylamine
4-Chlorophenyl phenyl ether
Bis(2-chloroisopropyl) ether
Volatile organic Compounds
Ethylbenzene
Styrelre
cis- 1,3-Dichloropropene
tlans- 1,3-Dichloroprcpene
n-Propylbenzene
n-Butylb€nzene
4-Chlorotoluene
1,4-Dichlorobenzene
1,2-Dibromoethane
1 ,2-Dichloroethane
Vinyl acetate
4-Methyl-2-pentanone (MIBK)
1,3,5-Trimethylbenzene
Bromobenzene
Toluene

(cont'd)
0n3
0/13
0n3
o/13
043
o/13
0/13
ol13
0/13
o/13
0^3
o/13
0/13
ol13
0/13
ol13
0/13
o/13
0/13
0/13
o/13
oA3
o/13
t /13
ol13
ol13
0/13
0/13
0n3
0/13
0n3
0/13
0/13
0/13
0/13
0/13
0n3

2n3
0/23
0123
0/23
t/23
0/23
0/23
0/23
0/23
0/23
0/23
0/23
0/23
0/23
t/23

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND - 0.0046
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND - 0.0071
ND
ND
ND

ND - 0.0021
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND - 0.00054

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.00609
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.00152
ND
ND
ND

0.000844
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.000383

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No

Yes
No
No
No
Yes
No
No
No
No
No
No
No
No
No
Yes

I:\Potloakldd\TthstViHRA\

e&j-PoddrSt_baseline-LoanySaDd
NiD = Chemical ror d€r€cr€d. Page 6 of8 IRIS ENVIRONMENTAL



TABLE 4-1: Summary ofChemicals Included in the Rjsk Assessment
Futur€ Port ofOakland Fi€ld Support Services Complex
2225 atrid 2277 Seventh Street
Oakland, California

Sample
Matdx L nemtcal

Or-Site
Detection Frequency
(Detections/Samples

Analyzed)

Range ofOn-Site

Concentmtions "
(mg,&g for soil;

mg/L for
groundwater; mg/L

for soil gas)

95% UCL ofon-Site

Concentrahons b

(mgA<g for soil; mg,/L
for groundwater; mg/L

for soil gas)

LBNL 1995
Background

Concentrations c

(ms/ke)

Included in
Risk

Assessment o

Arr
Air
Air

Air

Air

Arr

Air

Air

Alr
Alr
Alr
Air

Air

Air

Air
Air
Air
Air
Air
Air

Air

Air
Air
Air
Air

Volatile Organic Compounds
Chlorobenzene
2-Chloroethylvinyl ether
1,2,4-Trichlorobenzene
Dibromochloromethane
Tctrachloroethene
Xylene(s)
sec-Butylbenzene
1,3-Dichloropropane
cis-1,2-Dichloroethene
trans-1,2-Dchloro€thene
MTBE
1,3-Dichlorobenzene
Carbon tetrachloride
I , I -Dichloropropen€

2-Hexanone
2,2-Dichloropropane
1 ,1 ,1 ,2-Tetrachloro€thane

Chloroform
Benzene
l, l,l-Trichloroethane
Bromomethane
Chloromethane
Dibromometlmn€
Bromochloromethane
Cbloroethane
Vinyl chloride
Methylene chloride
Carbon disulfide
Bromofom
Bromodichloromethane
I , l -Dichloroethane

I ,l -Dichloroethens

Tdchlorofluoromethane
Dichlorodifl uoromethane
Trichlorotrifl uoroethane
1,2-Dichloropropane
2-Butanone(MEK)
I , I ,2-Trichloroethane
Tdchloroethene
I , I ,2,2-Tetrachloroethane
1,2,3-Trichlorobenzene
Hexachlorobutadiene
Naphthalerle
2-Chlorotoluene
I,2-Dicl orobenzene
1,2,4-Trimetiylbenzene
1,2-Dibromo-3-chloroprcpan€
ten-Butylbenzene
Isopropylbe&ene
D-IsoDroDvltoluene

(cont'd)
0/23
0/23
0/21
0123
0/23

r/23
0123
1/23
ol23
t/23
0/23
0/23
0t23
0/23
ol23
0/23
0t23
0t23
7 t23
0/23
0123
0t23
0D3
ol23
0/23
2/23
o/23
0123
ot23
0123
0/23
0/23
1/23
0t23
I/23
0/23
0n3
0121
\ /23
0123
0t23
0/23
0/23
0/23
0/23
u23
0/23
0/21
1/23
0/23

ND
ND
ND
ND
ND

ND - 0.014
ND - 0.0012

ND
ND - 0.0014

ND
ND - 0.021

ND
ND
ND
ND
ND
ND
ND
ND

ND -  0 .17
ND
ND
ND
ND
ND
ND

ND - 0.0073
ND
ND
ND
ND
ND
ND

ND - 0.0014
ND

ND - 0.0021
ND
ND
ND

ND- 0 .0016
ND
ND
ND
ND
ND
ND

ND - 0,00057
ND
ND

ND - 0.0022
ND

ND
ND
ND
ND
ND

0.00215
0.000773

ND
0.000454

ND
0.00528

ND
ND
ND
ND
ND
ND
ND
ND

0.0209
ND
ND
ND
ND
ND
ND

0.00137
ND
ND
ND
ND
ND
ND

0.000?8?
ND

0.000844
ND
ND
ND

0_0004?5
ND
ND
ND
ND
ND
ND

0.000400
ND
ND

0.000538
ND

No
No
No
No
No
Yet
Ye$
No
Yes
No
Yes
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
Yes
No
No
No
No
No
No
Yes
No
Yes
No
No
No
Y€s
No
No
No
No
No
No
Yes
No
No
Ycs
No

I:\Poioakl.nd\fthStUlHRA\
e&iPo tlst baselirc_Loamysaid
ND = Ch.micd rct det€cted. Page 7 of8 IRIS ENVIRONMENTAI



TABLE 4-1: Summary of Chemicals Included in the Risk Assessment
Future Port ofOakland Field Support Services Complex
2225 and 2277 Seventh Street
Oakland, California

Notes:
a The mnge ofconcentrations of all or-site sarrples (at all depths) collected during the March 2002 Phase II ESA by Iris Envirormental-
b Corresponds to the 95% Upper Confidence Level (UCL) of the aritlrnetic mean calculated by assuming that chemicals reported as fon-det€ct (ND) are

present at one-half the analytical detection limit as recommended by the USEPA ( 1989). Field duplicate samples were considered for quality assurance
purposes only, and are not includ€d in the calculations.

" See Section 4.0 ofthe report and Table 4-2. As listed in Laurenc€ Berkeley National Laboratory (LBNL) Environmental Restoration Program, Universi
of Califomia, Berkeley. 1995. Protocol for Dete nihing Background Concentrations of Metals in Soil at Lai,rence Betkelel National La.boratory .
Berkeley, Califomia. August.

d Chemicals were included in the risk assessment if they were d€tected, with the exception of metals- Only metals de€tected in soil above
background concentrations were included in the dsk assessment. Ifthe 95% UCL is greater than the maximum detected concentralion,
the maximum detected concentmtion is us€d for screening purposes.

" TPH evaluat€d usins detected individual related constituents.

Sample
Matrix Chemical

On-Sil,e
D€tectiol Frequency
(Detectlons/Sarnples

Analyzed)

Range of On-Site

Concentrationsu
(mg^g for soil;

mgll- lor
goundwater; mg/L

for soil gas)

95% UCL ofOn-Site

Concentrations D

(mglkg for soil; mg/L
for goundwater; mg/f

for soil sas)

LBNL 1995
Background

Concentrations "
(mp&s)

Included in
Risk

Assessment d

Aii
Air

Methane
TPH-Gasoline

2t t23
t5/23

ND - 520.1079
ND-  I  14 . l

2 1 8 Y€s
Yes

I:\Poioakt {d\7tbSt\HHRA\
e&iPortTlhslbaeline Ldmysed
ND = Chemicrl not abtectld. Page 8 of 8 IRIS ENVIROIIMENTAL



TABLE a-t: COMPARISON OF DETECTION LEVELS OF METAI-S IN SOIL TO BACKGROUND CONCENTR{TIONS
Future Port ofOakla||d Fi€ld Servic€s ComDlex
2225 ard 2277 Seventh Stre€t
Oakland, California

Chemicrl

Colluvium & Fill Background
(LBNL, 1995)

Ph|se Il ESA
(lris Environmental,

2002) 95% UCL within
Background?

95% UCL Concentration
(in ppm [mg/kg])

95o/o U'IL Concentration
(in ppm [msn(s])

95% UCL Concentration

(-g,/tgf

Barium
Beryllium
aadmium
:hromium
lhromium (Hexavalent)
:obalt
:opper
Lead
\llercury
\4olybdenum
Nickel
Jelenium
Silver
Ihallium
Vanadium
Z inc

3.0
7.3
t47
0.5
0.5
55

l 7

l4
0.2
1 .4
64
2.O
0.6
l 1
54
60

5.9
14.0
359
0.9
1 . 5
9 1

22
60
t 5
0,3
3.2
120

t ; 7
43
'78

92

2.32
4t.9
6n.7
ND
2.45
25.0
ND
6.s8

s7.4
0 . 1 1 9
25.0
32.0
1.09
ND

0.526
27,4
63.6

Yes
No
NA
NA
No

NA
No
No

NA
Yes
Yes
NA
Yes
NA
No

Referencesi
kis Envimrmental- 2@L Ph6e II En*oh^ental Sil?- Assessf,e"t, Futurc Po.t FieU Suppo.t Sedi.es Cohplet, 2225

& 2277 Se]€ith Street, Port ofoakland, Ookland, Cdliforr,id. Oalldd California. Junell.

Lawrence Bakeley National t abon0Dry (LBNL) Envilonmentll R€sioEtion Pro8rarq Uni!€Firy of Califonia, Berkeley.
1995. Protocol fot Detemi ing Bdckgtouhd Corcentatiohs of Metals in Soil ot lawrcnce Be.keler Notiotlal

Laborutory . Berkeley, Cdiforia. AuSust. + rThis document incorrecdy presents its own statistical

evaluation.:Ibe95%UCL(uppeiconfidencrlimir)oftlem€anpr€sentedaibackgmunddalawascalculatedusingthe
m€an and standard devirtion presated by LBNL in the docunEnl however. and present€d .long with LBNL'S 95%

UTL (upper rolemnce limil).

&&!!
' Corresponds to the 95% Upper Confidmce Level (UCL) ofthe arithmetic mean calculated by assuming that

chemicals reported as non-d€tect (ND) are present at one-half the anal)1ical detection limit as recommended by

the USEPA (1989). Field duplicate samples were considercd for quality arsurance pwposes only, and are not

included in the calculadors.
- =No data available,
NA = Not applicable.
ND = Not d€fected.

i:Vodo.rlandfthsMHR-4\Tbl+2 CompuisBackcroun(Metals .ev Page I of I IRIS ENvIRONMENTAL
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Parameter Symbol Commercial Outdoors Unils Source

Soil Parameters

Average soivgroundwater t€mperutue

Depth below grade m top of contarnination

Thickness ofsoil stratum A

Depth below grade to bottom of contamination

Depth to groundwater

Soil shatum A SCS soil type

Stratum A soil dry bulk density

Stratum A soil total porosity

Stratum A soil water-filled porosity

Stratum A soil organic carbon fraction

G roundw a te r P aratuet e r s

Depth below grade to water table
Thickness of soil stratum A

SCS soil type directly above water table

Buil.ling Pardmeterc

Depth below grade to bottom ofenclosed space floor

Enclosed space floor thickness

Soil-bldg. pressure differential

Baselire methane pr€ssur€ differential

Methane pressure differential with engineering controls

Eaclosed space floor length

Enclosed space floor width

Enclosed spac€ height

Floor-vr'all seam crack width

Indoor air exchange mte

Area ofBuilding Over Plum€

Tlench Parameters
Depth of Trench

Width of Trench

Length of Trench

Default Surface Wind Speed

Trench factor

Ts

L,

hA

Lb

L**

L111

hA

Lf

Lo-t

DP
BM+

LR

Wg

HB

ER

D

L

q.

l 6

46
l 5

213
213
LS

l.'70

0_36

0.14

0.0014

2t3
z t 3
LS

t )

I J

40
15000

22860
2t34
488
0.10
0.80
100%

NA
NA
NA
NA
NA

1 6

l 5
1 5

259
259

LS

l.'70

0.36

0.14
0.0014

259
259
LS

1 5
l 5
40

15000
0

22860
2134
488
0.20
0.80
100%

100
150
400
2.25
0 . 1

"c
cm

cm

cm

d".'

"rn1crn'
c,,r3/cm3

gg

cm

cm

cm

cm

g/cm-s2
, 2g/cm-s

g/cm-J

cm

cm

cm

cm

t /n r

cm

cm

cm

nVs

I

Consewative Estimate

Consewative Estimate

Conservative Estimate

Consewative Estimate

Conservative Estimate

2

2

2

Conservative Estimate

Conservative Estimate
Conservative Estimate

Default from I

Default from I

Default from 1

Default from 3

Engineedng judgement

Site-specjfic

S ite-speciflc

Default from 1

Default from 1

Default from I

Default frcm I

Engineering judgement

Engiaeeing judgement

Engineedng judgement

Engineeringjudgement
Engineeing iudsement

TABLE 5-2: SITE-SPECIFIC PROPERTIES
FuturePort of Orklend Field Support Seryices Complex
2225 and 2277 Seventh Street
Oaklatrd, California

Notes:
LS = Loarny Sand.
NA = Not applicable-
l. USEPA. 1997. User's G1lideJbr lhe Johnson and Ettinger (1991) Model For Subsurface Yapor Intrusiok ltlto Bulldiltgs.

Office ofEmergency and Remedial Response. Washington, D.C., September.
2. Site-specific value for Bedhs 23 and 24. Treadwell & Rollo Environmental and Geotechnical Consultants. 2002. Revised

H man Hedlth Risk Assessmenl and Methane Hazard Evaluation, Fonner Mobil Bulk Fuel Terminal, Pon of Oakland
Berlhs 23 and 24, OaUaftd, Cali.fomia. Oclobet 7.

3. Little et al. 1992. Trdhsport oJ Subsurface Contaminants into Buildings. Environ- Sci. Technol., Vol, 26, No. I L
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TABLE 5-3: BASELINE AMBIf,NT AIR CONCENTRATIONS
Future Port ofOakland Ficld Support Servlces Complex
2225 rnd 2277 Seventh Stre€t
ONklmd, Crliforria

Chemic.l

Resultirg from Soil Gas (nrg/dl) R€sulting fmm Soil (mg/nf) Resulting from Groutrdwat€r (rnglnl)

Development Future Land U$e Developmcnt Fut re Lrnd Use Developmert Futur€ Lrnd Use

On-Site
Construction

Workers

On-Site
Commeralal

On-Site
Intrusive
Workert

On-Site
CoI|stmction

On-Site
Commercixl

Workers

On-Site
Intrusive
Workers

On-Slte
Construction

Workers

On-Site
Commercial

On-Site
Intrusive
workers

Yohtile Orgrnlc Compounds

I ,l -Dichloroethane

I , I -Dichloroethylen€

1,2,4-Trimethylbenzene

1,2-Dichloroethane
I ,2-Dichloropropan€
t,3,5-Trimethylbenzene

Benzene
lhlorobenzene
lhloroethane
ris- 1,2-Dichloroethylene
Dj-isopropyl ether
Ethylbenz€ne
Freon 113
lsopropylb€nzere (Cumene)
\4eihane

Medryl tert-butyl ether
Naphthalene
1-Butylbenzene
\-propylbenzene
iec-Butylbenzene
Ieh-dchtoroethylene
foluene
Fant- 1,2-Dichloroethylene
Trichloroethylene
Irichlorofl uoromethan€
Vinyl chloride (chloroethene)

Xylenes
S.ni-Volatile Compourds
!-methylnaphthalene
A.cenaphthene

Benz(a)anthracene
Shrysene
Dibcnzoluran
Fluoranlhene
Fluorene
Naphlhalene
Phenanthrene
Pyr€ne
Petroleum Hydmc|rbons

fPH-Diesel
fPg-Gasotine
lletals

Barium
ladrnium
lobalt
Lead
!lolybdenum
Vanadium

NA
NA

9.67E-06
NA
NA
NA
NA

2.83E-05
NA
NA

6.56E-07
NA

5.388-06
1.358-07
8.23E-08
3.23E-02
3.56E-05

NA
NA

6.2t8-06
3.42E46

NA
892E41

6.72E-0'7
l.78E-07
3.87F-0'7
1.03E-06

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA NA
2.?98{{1 4.168-01 9.148 01

NA NA
NA NA

1.13E-05 3.87F-0'.7
NA NA
NA NA
NA NA
NA NA

8,458-05 |. l3E-06
NA NA
NA NA

1,968-06 2.62E-08
NA NA

1.6lE 05 2.15E-07
4.02E-01 5.39E-09
2.46E-O7 3 .298-09
9.63E-02 t.29E-03
1.06E{4 L42E-06

NA NA
NA NA

1.858-05 2.49E"07
1.02E-05 1.3'7E-07

NA NA
2.668-06 3,57E-08

NA NA
2.0 I E-06 2.69E-08
s32E-O7 1.t38-09
1.16E-06 1.55E-08
9.04E46 r .2tE-07

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA

NA NA
NA NA
NA NA
NA
NA NA
NA NA
NA NA

NA
NA

NA
NA

NA
7.42E-06
3.66E-06

NA
NA

3.14E46
2.94E-05
2.61E-O6
2.41E-O6

NA
NA
NA

2.52E 06

7.16E.06
NA

3.19846
1.6?E-04
1.048-05
1.03E-05
8.43E-06
2.63E-06
2.94E-06

NA
2.4tE 06

NA
NA

3.30E46

1.558-03
1.22F 03

NA
NA
NA
NA
NA
NA

7.06E-04

2.08E-01
8.8rE-01

NA
NA
NA
NA
NA
NA
NA

NA NA
'7.23E-06 L69E-08
5.04E-06 1.46E-0'7

NA
NA NA

9.368 06 125E-07
1.14E-05 t. t1E46
7.968-06 1.07E47
7.208-06 9.64E-08

NA NA
NA NA
NA NA

7.538-06 t.018-07
NA NA

2.148-05 2.87L07
NA NA

9-53E-06 t.28F-07
1.77E-05 6;708-06
t. l  lE-05 4.t6E-07
3.098-05 4.t4E-07
2.52E-0s 3.3',7E-07
7.868-06 1.0sl,-01
8.76E-il6 t.1',78-O1

NA NA
7.Z0E-06 9.64E-08

NA
NA NA

9.868-06 1.32E-07

2.40L04 6.21E-05
9.998-06 4.87E45

NA NA
NA
NA NA

NA
NA NA
NA NA

7.47E-05 2.83E-05
NA NA
NA NA

4.99E-04 8.30E-03
1.83E-04 3.528,04

NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

3.01E-04
8.378-04
2.01E-03
5.56E-05
1.39E-03
7.24E44

NA
1.508-03

NA
1.47E-03
7.83E-03
1.33E-04
1.20E-03

3.43E-01

3.22E-04
1.31E43
4.01E43
4,66E-03
5.508-03
9J7E-04
2-26E-04
3.22F-03
1.04E-01

NA
t.47E-02
1.02E-03

8.15E-03
NA
NA
NA
NA
NA
NA

1.86E43
NA

t. l8E-01
?.09E-02

NA
NA
NA
NA

NA
NA

9.01E-06 3,01E.04
2.50E-05 8.37E-04
6.008-05 2.01E-03
1.98E46 5.56E-05
4.16E45 1.39E-03
2.168-05 7.24E-O4

NA NA
4,48E-05 1.50E-03

NA NA
4.398-05 1.47E-03
234E-04 7-83E-03
3.97E-06 1.338-04
3.588-05 t.20F.03

NA NA
r.02E-02 3.43E-01

NA NA
1 .77E45 3 .22E44
4.6tE{5 L3lE-03
1.20E-04 4.01E-03
1.398-M 4.66E-03
1.64E-O4 5.508-03
2.928-05 9,178-04
6.76E-06 2.26LO4
9-638-05 3.22E-03
l.l0E-05 1.048-03

NA
440E-04 1.47E-02
3 .05E45 1 .O2E43

2.44E-04 8.15E-03
NA

NA NA
NA NA
NA NA
NA
NA NA
NA NA

6.58E{5 1.86E-03
NA
NA

3-52E-03 L l8E-01
6.14E-04 2.09E-02

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

Noter
NA = Not applicable
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TABLE 54: SITE DDVELOPMENT AMBIEM AIR CONCf,NTRATIONS
Future Port ofOaklaod Field Suppor( Services Complex
2225 end 22?? Seventh Str€et
Oakhnd, Crllfornh

Chemical

Resulting from
Soil Gas
(''t-1

Resulllng from
Soil

t-s/.'l

Resultitrg lrom
Groubdwxter

(mg'n1

On-Site Comn'€rcirl On-Site Commercirl On-Site Commercirl

Yolotile Organic Compounds

| , | -Dichioroethane

l,l-Dichloroethylene

1,2,4-Trimethylbenzene

| ,2-Dichloroethan€
I,2-Dichlorcpropane
1,3,5-Trimethylbenzene

:hlomb€nzene
:hloroethane
Jis-1,2-Dichloroethylene
Di-isopropyl ether
Ethylbenzene
Freon 113
lsopropylbenzene (Cumene)

\,tethyl tert-butyl ether
\,Iaphthalene

1-Butylbenzene
\-prop'ylbenzene
iec-Bulylbenzene
letrachloroethylene
Ioluene
:rans- 1,2-Dichloroethylene
Irichloroethylene
frichlorofl uoromerhane
Vinyl chloride (chloroethene)

Kylenes
S€mi-Volatile Compounds
t-methylnaphthalene

Benz(a)anthrac€ne
lhrysene
Dibenmfuran

llaphthalene

Petroleum Hydrocarbons
tPH-Diesel
IPH-Gasoline
Uetals

Sarium
ladmium
lobah

Molybdenurn

NA
NA

l,t7E45
NA
NA
NA
NA

8-45E45
NA
NA

1.96E46
NA

1.61E45
4.OZE41
2.46E41
9.63E{2
1.06E44

NA
NA

1.85E-05
1.02E45

NA
2.66E46

NA
2.01E46
5.32E4'7
1.16E46
9.04E46

NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
4-29E-0t

NA
NA
NA
NA
NA
NA
NA

NA
1_23E46
4.42E46

NA
9.36E46
1.03E45
'7.96E46
't.20E46

NA
NA
NA

7.53E46
NA

2.14E45
NA

9.53E46
1.58E-05
3 .11E45
3.09E-05
2.52E45
7.86E46
8.768-06

NA
't.20E46

NA
NA

9.868-06

z.lsE-04
8.84E46

NA
NA
NA
NA
NA

6.68E-05
NA
NA

4.49E44
1.65E-04

NA
NA
NA
NA
NA
NA
NA

5.64E-06
1.63E-05
3.47E-05
1.98E-06
3.018-05
1.23E-05

NA
3.208-05

NA
3.33E,05
1.57E-04
2.08E-06
2-l3E-05

NA
5-47E-03

NA
l.?7E-05
4,618-05
6.66E-05
6-80E-05
9,03E-05
t-58E-05
4.65E-06
5.50E-05
1,89E-05

NA
3_33E{4
1.648-05

L 14E,04
NA
NA
NA
NA
NA
NA
NA

6.58E-05
NA
NA

2.71E-O3
5,98E-04

NA
NA
NA
NA
NA
NA
NA

Notes:
NA = Not applicable
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:hemical

Crncer Slope Factor (CSF)
(mslks-davtr

Chronic Noncrncer Relerence Dose (RlD)
(ms/ks-dry)

hhalation Source Orrl So rce lnhalation Sourao oral Source

Yol.tile Orgrnic Compounds
I ,l -Dichloroethane

L ,l -Dichloroethylene

l r,4-Trimethylbenzene
I ,2-Dichlomethane
I,z-Dichlomplopane
1,3,5-Trimethylbenzene

Benzene
Shlmobenzene
:hloroethane
:is-1 2-Dichloroethylene
Di-isopropyl ether
Ethylbenzene
Freon 113
tsopropylbenzene (Cumene)
Vlethanc
\4ethy1 tert-buM ether
i{aphthalene
r-Butylbenzeno
N-propylbenzene
i€c-Butylbenzene
Ietrachloro€thylene
foluene
mtN-1,2-Dichloroethylene
frichloroethyiere
f richlorofl uoromethane
Vinyl chloride (chloroethene)
Kylenes
Semi-Volatile Compounds
Z-methylnaphthalene
Acenaphthene
Anthracene
Benz(a)anthracene
:hrysene
Dibenzofumn
Fluoranthene
Fluorene
),laphthalene
Phenanthrene
Pyr€he
Metals

Badum
ladmium
:obalt
:opper
Lead
Molybdenum
Vanadium
Zinc

5.70E-03
L75E-01

NC
'7.208-02

3.60E-02
NC
NC

r.008-01
NC
NC
NC
NC
NC
NC
NC
NC

1.80E{3
NC
NC
NC
NC

5.408-01
NC
NC

1.00E{2
NC

2.708-01
NC

NC
NC
NC

3.90E-01
3.90F42

NC
NC
NC
NC
NC
NC

1.20E{1
NC

1.50E+01
NC
NC
NA
NC
NC
NC

I

l

1

1

1

1

I

I

I

I

I

3

I

I

I

I

I

I

I

I

I

I

I

I

I

1

1

I

I
1
I
1
1
1
1
1
1
I
1

1
I
1
I
1
j

1
I
1

5.70E43
6.00E41

NC
4.70E42
3.60E-02

NC
NC

I.00E-01
NC
NC
NC
NC
NC
NC
NC
NC

1.80E-03
NC
NC
NC
NC

1.508-01
NC
NC

1.53E-02
NC

2.70F-0r
NC

NC
NC
NC

1.20E+00
1.20E-01

NC
NC
NC
NC
NC
NC

1.50E+00
NC

3.80E41
NC
NC
NA
NC
NC
NC

I
3
I

I

I

I

I

I

I

I

I

3

I

I

I

I

t

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

t

I

I

I

I

i
j

I

I

I

1.43E-01
2.00E-02
l.?0E-03
1.40E-03
1.14E-03
1.708-03
r.00E-01
1.71W02
2.86E-01
8.57E+O0
l.0E{2

2.00E-01
5.71E-01
3.00Er31
L 14E-01

NA
2.298+00
1.57E-03
1.008-02
1.008-02
1.008-02
1.008-02
8.57E-02
2.00E-02
1.? lE{ l
3.008{l
2.86E42
2.00E{l

2.s7E-03
6.008-02
3.008-01
3.008-02
3.008-02
4.008-03
4.008-02
4.008-02
2.5'.78-03
3.008-01
3.008-02

8.578-06
1.43B-04
5.71B-06
6.008-02
3.'71E-02

NA
5,008-03
7,00E-03
3.008-01

t b
2
1 b
4a

J
3a
2a
3^

2
I

4
3

3a
l b
l b
l b

3c
Ib

3b
I
t b
l b
4a
4a
4a
lb
lb
3
lb
3a
3b
lb

le
3a

4a

1b

L00E-01
9.00E-03
5.008-02
3.008-02
l 148-03
5.008{2
1,008-0I
3.008-03
2.00E-02
4.008-01
|.0E'42

2,008{1
1,008-01
3.00E+01
1.00841

NA
8.608{1
2.00842
1.00E{2
1.00Ei2
1.00E-{12
1.00842
2.00E-01
z.00E4z
6.00E43
3.00E-0r
3.00843
2,00E+00

2.00E42
6.00E{2
3.00E-11t
3.00E-112
3.00E{2
4.00E-113
4.00E42
4.008-02
2.00E42
3.008{t
3.008-02

3.008{4
7.OOE-O?
1.008-03
6.00E-02
3.708-OZ

NA
5.00E-03
7.00E-03
3.00E-01

2
3

4

3 a

3

3

2

3
3
3
I

3a
3
4

3
3
3
5d
3
3
3

3e
3
3

3f

3
3
3
3g
3

3
3
3h

J
3
2
3

TABLE 6-1: TOXICITY VALUES OF'THE CHEMICALS OF'POTENTIAL CONCEF$I
F'uture Port ofOakland Field Support Services Complex
2225 nd 2277 Seventh Street
Oakland, California
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TABLE 6-l: TOXICITY VAILIf,S OF TIIE CHEMICALS OF POTENTIAL CONCERN
Future Port ofOakland Field Support Services Complex
2225 and 2277 Sev€nth Street
Oakland, California

Notes:
NA - Not available. Route-specific toxicity value for this compound was uot available.

NC - Not considered to be a carcinoeen.

" Route-to-route extrapolation.
b This value has been converted ilom ar RfC value (units: mg chemicaVnl air), assuming a 20 m3lday inhalation rate

and a 70 kg body weight.

" Surrogate value - assumes toxicity for ethyl ether
d This value was withdrawn fron the Integrated Risk Information System Database. Value obtained from USEPA 2000.
' Surogate value - assum€s toxicity for naphthalene
rBecause the USEPA has not developed an RJD for this chemical, the noncancer RfD for pyrene is used as a surrogate value.
s Surrogate value - assumes toxicity for antlracene
o The RfD for cadmiun is estimated for cadmium exposure in food.
'The RfD for copper is based on a drinking water standard of 1.3 mg,{I-.
r Lead exposure is evaluated using Cal,/EPA's LEADSPREAD Model. See Section 6-3

Sources:
1 . Califomia Environmental Protection Agency (Cal{EPA). 2OO1 . Tudcily Citeria Database. Maintained online

at www.oehha-org. Office of Environmental Health Hazard Assessment (OEHHA).

2. United Siates Environmental Protection Agency (USEPA) . 1997. Health Efects Assessment Summary Tables.

FY 1997 Uptlate. July. Office ofEnvironmental Health Hazard Assessment (OEHIIA).

3. United States Environmental Protection Agency (USEPA). 2ool.Integrated Risk Informstion System Database.

Maintained online by the USEPA.

4. NCEA. National Center for Environmental Assessmeut fiom Region IX PRG table.

Found at www.epa.gov/region09/waste/sfuncVprg/s4_06-htrn.

5. United States Environmental Protection Agency (USEPA) 1999. Region IX Preliminary Remediqtion Goals. October.
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TABLE 7-1: EQUATIONS USED TO CALCULATE CHRONIC DAILY INTAKES

F'uture Port of Oakland Field Support Servic€s Complex

2225 a.nd 2277 Seventh Street
Oakland, California

C u x B R x E F x E D
BW x Al"

C , x B R x E F x E d
BW x AT"

CDI;1. : C , x T F o x B R x E F x E D

Cancer

BWxAfu

C , x T F " x B R x E F x E dcDI6o:
BW x AT"

C. x SA x AI xABS x EF x ED x CF
B W x A t  

"

C. x SA x AF x ABS x EF x ED x CF
BW x AT"

C , x I R x C F x E F x E D
BW x At"

C ,x IRxCFxEFxED
BW x AT"
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TABLE 7-1: EQUATIONS USED TO CAI-CULATE CHRO1r[IC DAILY INTAKES

Future Port of Oakland Field Support Services Complex

2225 and2277 Seienth Street
Oakland, California

Where:

ABS :

A F :

B R :

B W :
C F =
E D :
E F :

cDId"- :

cDI61, o :

cDli,,lr, :

IRs :
IRw:
S A =

G p :

Absorption Factor [Unitless]
Soil to Skin Adherence Factor [mg/cm?]
Averaging Time for Carcinogenic Compounds [days]

Averaging Time for Noncarcinogenic Compounds [days]

Breathing Rate [m 
3/day]

Body Weight [kg]

Conversion Factor [kg/mg]
Exposure Duration [years]
Exposure Frequency [dayVyear]
Cbronic Daily Intake: Dermal Contact [mg 

"h".i".r 
lkg body *.isht -&y]

Chronic Daily Intake: Ingestion [mg 
"6"6",1/ 

kg 6o6" *6*6 -day]

Chronic Daily Intake: Soil Particulate Inhalation [mg 
"n.i""r 

/ kB uay,"iot -&Y]

Chronic Daily Intake: Vapor Inlalation [mgh*j*/kgbody*"icbt-day]
Concentation of Chemical in Soil fmglkg]
Concentration of Chemical in Water [mg/L]

Concenu-ation of Chemical in Air Img/nf]
Soil Ingestion Rate [mg/day]
Water Ingestion Rate Uitels/dayl
Surface Area ofExposed Skh fcm'/dayl
Dermal permeability coefficient (unitless)

Soil Particulate-to-Air Transfer Factor [(mg/m 
3 

)(mg,kg)]

C * x S A x I ! x E F x E D x C F
BWXAfu

C .xSAxK ,xEFxEDxCF
BW x AT"
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TABLE 7-2: BASELINE CHRONIC DAILY INTAKE$CARCINOGENS
Future Port ofOakhnd Field Support Services Complex
2225 snd 2277 Seventh Stre€t
Oaklrnd Califoinia

Chemical

Dev€loom€nt Phase

Or-Site Construction Worker

Sotl Gas
Pathway

(n4/ke-dry)

Soil Pathway
(mgftg-day)

GroundrYater Pathway
(mg/kg-day)

Vspor
Inhilatlon

Particulate
Inhalallon

Dermal
Cont.ct

Ingestion
Vapor

Inhslation
Ilermrl
Contict

Vapor
Inhalation

Volatil€ Orgrnic Compoutrds
I , l -Dichloroethane
l,l -Dichloroethylen€
1,2,4-Trimethylbenzene
I ,2-Dichloroethane
1,2-Dichloropropane
1,3,5-Trimethylbenzene

Benzene
:hlorob€nzene
lhloroethane
ris- 1,2-Dichloroethylene
Di-isopropyl ether

Freon I 13
Isopropylbenz€ne (Cun€ne)
Methane
Methyl tert-butyl ether
Naphthalene
n-Butylbenzene
N-propylbenzene
!ec-Butylbenzene
fetsachloroethylene
foluene
trans- 1,2-Dichloro€thylen€
Irich!oroethylene
f .ichlorofluoromethane
Vinyl chloride (chloroethene)
Xylenes
Semi-Volatile Compounds
Z-methylnaphthalene
Acenaphthene

EeDz(a)anthmcene
Chrysene
Dibenzofumn
Fluomnthene
Fluorcne
Naphthal€ne
Phenanthrene
Pyrene
Petroleum Hydrocarlrotrs
IPH-Dies€l
IPH-Gasoline
Mdals

Badum
Cadmium
30balt
Copper
Lead
Molybdenum
Vanadium
Zinc

ND
ND
NC
ND
ND
ND
ND

1.80E-08
ND
ND
NC
ND
NC
NC
NC
NC

4.78E-08
ND
ND
NC
NC
ND
NC
ND

9.028-10
NC

5.20E-10
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
1.468-12

NC
ND
ND
NC
NC

1.608-12
NC
ND
ND
ND
NC
ND
NC
ND

1.92E-t2
NC
NC
NC
NC

1.588-12
NC
ND

r.458-12
ND
ND
NC

NC
NC
NC

3.45E-10
3.06E-t0

NC
NC
NC
NC
NC
NC

NC
NC

2.81E-08
NC

1.64E,09
NC
NC
NA
NC
NC

Not VOC

ND
9.6t E-12

NC
ND
ND
NC
NC

1.06E-11
NC
ND
ND
ND
NC
ND
NC
ND

t.27F-tl
NC
NC
NC
NC

1.05E-11
NC
ND

951E-12
ND
ND
NC

NC
NC
NC

3.41E-09
3.01E-09

NC
NC
NC
NC
NC
NC

NC
NC

5.57E-08
NC

t.08E-10
NC
NC
NA
NC
NC

Not VOC

ND
6.99E-11

NC
ND
ND
NC
NC

7.70E-11
NC
ND
ND
ND
NC
ND
NC
ND

9.21E-11
NC
NC
NC
NC

7.60E-l I
NC
ND

6.96E-11
ND
ND
NC

NC
NC
NC

1.66E-08
t.47E-08

NC
NC
NC
NC
NC
NC

NC
NC

1.35E-06
NC

7.898-08
NC
NC
NA
NC
NC

NotVOC

ND
3.25E-09

NC
ND
ND
NC
NC

3.58E-09
NC
ND
ND
ND
NC
ND
NC
ND

4.28E-09
NC
NC
NC
NC

3.53E-09
NC
ND

3.238-09
ND
ND
NC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

NC
Not VOC
Not VOC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

2.70E-08
2.73E-08

NC
t .8lE-08
3.0 | E-07

NC
ND

3.33E-07
ND
NC
NC
NC
NC
ND
NC
ND

'7 -97F.08
NC
NC
NC
NC

1.67F-07
NC
NC

9,72E-08
ND

r.97E-01
NC

NC
ND
ND
ND
ND
NC
ND
NC
NC
NC
ND

NC
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

4.ME47
l.12E-06

NC
7.46E-08
1.87E-06

NC
ND

2.01E-06
ND
NC
NC
NC
NC
ND
NC
ND

432Lm
NC
NC
NC
NC

l 31E-06
NC
NC

1.39E-06
ND

1,98E-05
NC

NC
ND
ND
ND
ND

Not vOC
ND

Not VOC
NC

Not VOC
ND

NC
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

Na!€Ei
ND - Chmi.al not deteted in nedim.
NC = Not coNide'€d r crcinogd.
Not vOC = Cnmiol not volalil..
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TABLE 7-2: BASELINE CHRONIC DAILY INTAKES-CARCINOGENS
Future Port of Oakland Field Support Servicer Complex
2225 and 2277 Seventh Sireet
Oakland, Crlifomt|

Chernlcal

Future Lrrd Use

On-Site Commeralal Worker

Sotl Gat
Prthway

(mg/ks-dry)

Soil Prthwsy
(mg,{q-day)

Groundwater
Pathway

(ngAgday)

Vapor
lnhalrtion

PrrticulNt€
lnhalatlotr

DermNl
Contact

Ingestion
Vapor

Inhalstion Inhslation

folstile OrgNnic Compounds
l,l-Dichloroethane
l,l-Dichloroethylene
1,2,4-Trimethylbenzene
1,2-Dichloroethare
1,2-Dichloropropane
1,3,5-Trimethylbenzene

Benzen€
Chlorobenzene
Chloroethane
;is- 1,2-Dichloroethylene
Di-isopmpyl ether
Ethylbenzene
Freon I 13
Isopropylbenzene (Cumene)

Methane
Methyl tert-butyl ether
Naphthalene
n-Butylbenzene
N-propylbenzene
sec-Butylbenz€n€
Ietrachloroethylene
Ioluene
lrans-1,2-Dichloroethylene
Irichloroethylene
Trichlorofl uoromethane
Vinyl chloride (chloroethene)
Kylenes
Semi-Vol.tile Compounds
2-m€thylnaphthalene
Ac€naphthene

Benz(a)anthncene
Chrysene
Dibenzofuran

Naphd'alene
Phenanthrcne
P)Tene
Petroleum Hydrocarbont
TPH-Diesel
TPH-Gasol ine
M€tals

Baium
Cadmium
Cobalt
Copper
Lead
Molybdenum
Vanadiun
Zirrc

ND
ND
NC
ND
ND
ND
ND

5-90767E-06
ND
ND
NC
ND
NC
NC
NC
NC

7.43168E46
ND
ND
NC
NC
ND
NC
ND

1.40241E-07
NC

8.07844848
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
Nt)

ND
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
158E-t2

NC
ND
ND
NC
NC

8.35E-12
NC
ND
ND
ND
NC
ND
NC
ND

9.99F-t2
NC
NC
NC
NC

8.258-12
NC
ND

7.55E-12
ND
ND
NC

NC
NC
NC

1.80E-09
1.59E-09

NC
NC
NC
NC
NC
NC

NC
NC

|.46E-01
NC

8.56E-09
NC
NC
NA
NC
NC

Not VOC

ND
3.03E-10

NC
ND
ND
NC
NC

3.13E-10
NC
ND
ND
ND
NC
ND
NC
ND

3.99E-10
NC
NC
NC
NC

3.29E-10
NC
ND

3.018- 10
ND
ND
NC

NC
NC
NC

1.088-07
9.54E-08

NC
NC
NC
NC
NC
NC

NC
NC

1,758-06
NC

3.42E-09
NC
NC
NA
NC
NC

Not VOC

ND
3.'79E-10

NC
ND
ND
NC
NC

4.18E10
NC
ND
ND
ND
NC
ND
NC
ND

5.00E-10
NC
NC
NC
NC

4.t2E-10
NC
ND

3;77E-10
ND
ND
NC

NC
NC
NC

8.988-08
'7.9',7E-08

NC
NC
NC
NC
NC
NC

NC
NC

7.32E-06
NC

4.28E-07
NC
NC
NA
NC
NC

Not VOC

ND
s.05E-07

NC
ND
ND
NC
NC

s.s1E-01
NC
ND
ND
ND
NC
ND
NC
ND

6,668-07
NC
NC
NC
NC

5.508-07
NC
ND

5.038-07
ND
ND
NC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

NC
Not VOC
Not VOC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

6.308-07
1.75E-06

NC
|.38E-07
2.91E-06

NC
ND

3.13E-06
ND
NC
NC
NC
NC
ND
NC
ND

t.248-06
NC
NC
NC
NC

2.048-06
NC
NC

2.17L06
ND

1.08E-05
NC

NC
ND
ND
ND
ND

Not VOC
ND

NotVOC
NC

Not VOC
ND

NC
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

N!!E!L
ND - Chmicd not d,ete.1ed in medim,
NC = Nor consids€d ! wcino8s.
Nol vOC = Ctmi@l .ot volalile.
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TABLE 7-2: BASELINE CHRONIC DAILY INTAKESCARCINOGENS
Future Port of Oakladd Fleld Support Servlces Complex
2225 rnd 2277 Seventh Str€€t
Orklin4 Crlifomit

Chemical

Future Land Use

Or-Site Intrusive Worker

Soil GNs
Prthway

(mg/kg-dsy)

Soil Pathway
(mg/kg-day)

Groundw|ter Pathway
(ng/kgday)

Vrpor
Inhalallon

Prrticulete
Inhalation

Dermsl
ContNct

Ingestiot
Vapor

Inhalrtion
Dermsl
Contact

VNpor
Inhalation

Volrtil€ Orgaric Compounds
1,1-Dichloroethane
1 , I -Dichloroethylene

1,2 J-Trimethylbenzene
I ,2-Dichloroethane
1,2-Dichloropropane
1,3,5-Trimethylbenzene

Benzene
Chlorobenzene
Chloroethane
cis-1,2-Dichloroethylene
Di-isopropyl ether
Ethylbenzene
Freon 113
lsopropylb€nzene (Cun€ne)

Methane
Methyl tei-butyl eth€r
Naphthalene
n-Butylbenzene
N-pmpylbenzene
sec-Butylbenzene
Teb-ichloroelhylene
Ioluene
trans- 1,2-Dichloroethylene
Trichloroethylene
Tdchlorofluoromethane
Vinyl chloride (chloroethene)

Xylenes
Semi-Volrtile Compounds
2-methylnaphthalene
Ac.€naphthene

Benz(a)antbiacene
Chrysene
Dibenzofuran
Fluoranthene
Fluorene
Naphtbalene
Phenanthrene
Pyrene
Petrol€um Hydrocarbons
TPH-Diesel
TPH-Casoline
Metals

Banum
Cadmium
Cobalt
Copper
Lead
Molybdenum
Vanadium
zinc

ND
ND
NC
ND
ND
ND
ND

6.332448-10
Nt)
ND
NC
ND
NC
NC
NC
NC

7.96604F.10
ND
ND
NC
NC
ND
NC
ND

1.50325E-1r
NC

8.6593E-12
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
6.07E,13

NC
ND
ND
NC
NC

6.68E-13
NC
ND
ND
ND
NC
ND
NC
ND

8.00E-13
NC
NC
NC
NC

6.60E-13
NC
ND

6.04E-13
ND
ND
NC

NC
NC
NC

1.448-10
t.278-tO

NC
NC
NC
NC
NC
NC

NC
NC

t,l7E-08
NC

6.858-t0
NC
NC
NA
NC
NC

Not VOC

ND
4.008-12

NC
ND
NI)
NC
NC

4.4tE-t2
NC
ND
ND
ND
NC
ND
NC
ND

5.288-12
NC
NC
NC
NC

4.35E-12
NC
ND

3.998-t2
ND
ND
NC

NC
NC
NC

1.42E49
1.26E49

NC
NC
NC
NC
NC
NC

NC
NC

2.32E-08
NC

4.528-l l
NC
NC
NA
NC
NC

NotVOC

ND
2.91E-11

NC
ND
ND
NC
NC

3.?lE-l I
NC
ND
ND
ND
NC
ND
NC
ND

3.84E-11
NC
NC
NC
NC

3.17E-l I
NC
ND

2.90E-l l
ND
ND
NC

NC
NC
NC

6.90E-09
6.128-09

NC
NC
NC
NC
NC
NC

NC
NC

5.62E-07
NC

3.29E-08
NC
NC

NC
NC

Not VOC

ND
5 AzE.II

NC
ND
ND
NC
NC

5.97F,-ll
NC
ND
ND
ND
NC
ND
NC
ND

7.148-11
NC
NC
NC
NC

5.89E-r1
NC
ND

5.19E-l I
ND
ND
NC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

NC
Not VOC
Not VOC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

1.12E48
L14E48

NC
'1.55E-09

|.25E-07
NC
ND

t.39E-07
ND
NC
NC
NC
NC
ND
NC
ND

3.30E-08
NC
NC
NC
NC

6;778-04
NC
NC

4.05E-08
ND

8-l9E-08
NC

NC
ND
ND
ND
ND
NC
ND
NC
NC
NC
ND

NC
NC

ND
ND
ND
ND
ND
ND
Nt)
ND
ND

1.68E-07
4.68E{7

NC
3 .11E48
'1.19E47

NC
ND

8.38E-07
ND
NC
NC
NC
NC
ND
NC
ND

1,808-07
NC
NC
NC
NC

5_46E 0?
NC
NC

s.81E-07
ND

8.24E-06
NC

NC
ND
ND
ND
ND

Not vOC
ND

Not VOC
NC

Not VOC
ND

NC
NC

ND
ND
ND
NT)
ND
ND
ND
ND
ND

Np!99i
ND - Chmic.l rcr dersled in m€diM-
NC = Not .dsid€'rd ! cninogo.
Nol vOC = Ch€miql nor volatile.
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Chemicrl

Future La|ld Use

On.Sile Commercial Worker

Soil Gas
Patht{ry

{mq/kq-dry)

Soil
Pathway

(mslks-dav)

Croundwat€r
Pathwry

(mq/ks-day)

Vapor
Inhal.tion

Vapor
Inhalation lnhalation

Volatil€ Orgrnic Compounds
I ,l -Dichloroethane

1,1-Dichloroethylene
1,2,4-Trim€thylbenzen€
1,2-Dichloroethane
I ,2-Dichloropropane
I 3,5-Trimethylbenzene

Benzme
Chlorob€nzene
Chloroethane
cis-1,2-Dichloroethylene
Di-isoFopyl ether
Ethylbenzene
Fr€on l l f
Isopmpylbenzene (Cumene)
Methane
Methyl tert-butyl ether
Naphthalene
n-Butylbenzene
N-propylbenzere
sec-Butylbenzene
Tehachloro€thylene
Toluene
bans-1,2-Dichloroethylene
Trichloroethylene
Trichlorofl uoromethane
Vinyl chloride (chloroethene)
Xylenes
Semi-Volatil€ Compounds
2-methylnaphthal ene

Benz(a)anttracene
Chrysene
Dibenzofuran
Fluoranhene
Fluorene
Naphthalene
Phenanthrene
Pyrene
Metlls

Banum
Cadmium
Cobah
Copper
L€ad
Molybdenum
Vanadium
Zinc

ND
ND
NC
ND
ND
ND
ND

5.90767F.06
ND
ND
NC
ND
NC
NC
NC
NC

7.431688{6
ND
ND
NC
NC
ND
NC
ND

1.4024tE.41
NC

8.07844E-08
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
5.05E-07

NC
ND
ND
NC
NC

5.5'7E-07
NC
ND
ND
ND
NC
ND
NC
ND

6.66E41
NC
NC
NC
NC

5.508{7
NC
ND

5.038-07
ND
ND
NC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

NC
Not VOC
NotVOC

Not VOC
Not vOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

3.94E-07
l l4E-06

NC
1.38E-07
2.1l E-06

NC
ND

2.248-06
ND
NC
NC
NC
NC
ND
NC
ND

1.24E-06
NC
NC
NC
NC

1.10E{6
NC
NC

1.32E46
ND

?.33E-05
NC

NC
ND
ND
NI)
Nt)

Not VOC
ND

Not VOC
NC

Not VOC
ND

NI)
ND
ND
ND
ND
ND
ND
ND
ND

TABLE 7-3: SITE DEVELOPMENT CHRONIC DAILY INTAKES{ARCINOGENS
Future Port ofOrkhnd Field Support SErvlces ComDlex
2225 rnd 2277 Seventh Streot
Oskhnd, Crlifornia

I&@!
ND = Clemical rot deiecied in n€diufl
NC = Not cdsideftd a ca.cinog€n.
Not VOC = Chenicll not volatile.
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Chemlcal

D€veloDment Phrse

On-Slle Construction worker

Soil Gas
Psthway

(ms/kqday)
Soil Pathway (nrg/kgday)

GroutrdlYAter PathwNy
(nsiks-day)

Itrhalrtion
Particulrte
Inhal.tlon

Dermal
ContNct

Ingestion
Vapor

Inh.l.tlon
Dermal
Contact lnhalation

golatile Organic Compounds
I , I -Dichlorcethane

l,l-Djchloroethylene
1,2,4-Trimethylbenz€n€
1,2-Dichloroethane
1,2-Djchloroprcpane
1,3,5-Trimethylbenzene

Benzene
Chlorobenzene
Cbioroethane
cis-l,2"Dichloroethylene
Dj-isopropyl ether
Ethylbenzene
Frcon I 13
lsopropylbenzene (Cumene)
Methane
Methyl tert-butyl ether
Naphthalene
n-Butylb€nzen€
N-propylbenzene
!ec-Butylbenzene
Ietrachloroethylene
Ioluene
lrans- 1,2-Dichloroethyiene
frichloroethylene
f richlorof Iuoromethane
Vinyl chloride (chloroahene)
Xylenes
Semi-Volatile Compoundr
Z-methylnaphthalene

B€nz(a)anthracene
Chrysene
Dibenzofuran
Fluoranthene
Fluorene
Naphthalene
Phenanthrene

P€troleum Hydrocarbons
fPH-Diesel
fPH-Casoline
Uetals

Bariurn
aadmium
Cobalt
Jopper
Lead
UolyMenum

Zinc

ND
ND

9.088-07
ND
ND
ND
ND

2.668-06
ND
ND

6. t6E-08
ND

5.0rE-07
1.21\|O8
'7.'73E49

NA
3,35E-06

ND
ND

5.84E-07
3.2tE-07

ND
8.t8E{8

ND
6.31E-08
1.68908
3.648-08
2.848-07

ND
ND
ND
ND
ND
ND
ND
ND
N'D
ND
ND

ND
2.15E+00

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
1.02E-10
1.54E-10

ND
ND

1.32E-10
l 24E-09
1.128-10
l.0lE-10

ND
ND
ND

1.06E-10
ND

3.02E-10
ND

1.34E-10
7.058-09
4.18E-10
4.358-10
1.55E-10
l . l  lE -10
1.248-10

ND
l .0 lE -10

ND
ND

1.39E-r0

6.53E-08
5.t2E-08
4.58E-08
2.41E-08
2.14E-08
3.62E,08
5.408-08
4.6sE-08
2.9',7E48
1.15E-07
5.408-08

8.748-06
3.71E-07

1.97E-06
2.858-06
1.15E-07
3.09E47
2.24E46

NA
2.67E48
1.29E46
2.99E46

ND
6.73E-10
t.02E49

ND
ND

8,71E-10
8,r5E{9
?.41E-10
6.?0E-10

ND
ND
ND

7.01E-10
ND

1.99E-09
ND

8.87E-10
6.97E-08
2.89E-09
2.878-09
2.34E49
1.32E-t0
8.15E-10

ND
6.70E-10

ND
ND

9.18E-10

4.31E-07
5.0'1F.-O'7
4.53E-0'7
2.19E-0'7
2.12E-01
2.39E-0'7

4.61E-01
2.94E-07
1.138-06
5.35E47

5.'77E 05
2.45F'06

3.90E-06
1.88E-06
7.59E-09
2.04E-01
1.48E-06

1.76E-08
8.49E-07
1.97846

ND
4.89E-09
?.39E-09

ND
ND

6.33E-09
5.93E-08
5.39E49
481849

ND
ND
ND

5.09E{9
ND

1.45E48
N'D

6.45E{9
3.38E47
2.10E48
2.09E48
1.70E48
5.32E{9
5.93E49

ND
4.87849

ND
ND

6.67E49

3.13E46
2,46E{6
2.20E46
t - | 6E-06
r.038-06
1.14E-06
2.59E-06
2.23E-O6
1.43E-06
5.50E-06
2.59E-06

4.19D-04
1.78E-05

9.45E-05
1.3?E-04
5.52E-06
1.488-05
1.08E-04

NA
1.28E-06
6.18E-05
1.41E-04

ND
2.2'78-07
3.44E-07

ND
ND

2.95E41
2.',76846
2.5tF47
2.26E47

ND
ND
ND

2.3'.7847
ND

6.13E47
N'D

3.00E47
1.57E-05
9J'7E47
9.12E47
1.91E4',7
2.4784'1
z.',t6E4'l

ND
2.26E4',7

ND
ND

3.10E47

L46E44
l. t 4E44
Not VOC
Not VOC
NotVOC
NotVOC
Not VOC
Not VOC
6,64E-05
Not VOC
Not VOC

1.95E-02
8.21E-04

Not VOC
Not VOC
Not VOC
Not vOC
Not VOC
Not vOC
Not VOC
Not VOC
Not VOC

1.89E46
1.918-06
1.?4E44
1.21E-06
2.118-05
2.34845

ND
2.33E-05

N'D
2.82E46
1.16E45
8.37E41
5.188-.05

ND
1.06E-04

ND
5.54E-.06
l.0lE-03
3.01E-04
1.12E44
3.94E44
1.14E45
6.70E-06
1.03E45
6.80E46

ND
r.38E{5
2.94E45

5.91E-03
ND
ND
ND
ND

8-40E-05
ND

8.37E-04
1.44E-01
2.878-01

ND

3.00E-02
5.3 tE,03

ND
ND
ND
ND
ND
ND
ND
ND
ND

2.83E-05
7.86E-05
1.89E-04
5.22E-06
1.31E-04
6.808-05

ND
1.41E-04

ND
1.38E-04
'7,36E-04

|.25E-05
1.13E-04

ND
3.2.2E-07

ND
3.02E-05
t.238 04
3.7',7E-04
4.38E-04
5.16E-04
9.18E-05
7.12F.05
t.03E-04
9.7sE.05

ND
1.388-03
9.588-05

1.66F-04
ND
ND
ND
ND

Not VOC
N'D

Not VOC
1.75E44
Not VOC

ND

l . t 1E42
1.96E43

ND
ND
ND
ND
ND
ND
ND
ND
ND

TABLE 7-4: BASELINE C]IRONIC DAILY INTAKES-NONCARCINOGENS
Futlre Porjt of Oakland Fleld Support Servlces Complex
2225 add 2277 Seventh Street
O{klan4 California

Ne!e!
ND = Chmical nat dert(ted .r nor gmpLd.

NA = Not appli.able. Sft Appndjx D.
Not vOC = Chni.al not volarile.
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TABLE 7-4: BASELINE CHRONIC DAILYINTAKES-NONCARCINOGf,NS
Future Porl ofOakhnd Field Support S€rrlces compler
2225 Nnd 227 Seventh Srreet
Oaklard, Crllfortrh

N!!9!:
ND = ChMicll nor deEcr.rl d not spl€d
NA = Not rplliqble. Se Appddix D.
Nor vOC = Chdicd not hl.lile-

lrft tuorurnaTrh$v*na\.&tFod7$sr talh._Lomysrnd

Chemical

Futurc Lrnd Use

OD-Site Commercirl Worker

Soll GNi
PsthlYAy

(mdks-dav)
Soil P{rhway (mg/kg-diy)

Groundwatel
Prthway

ams/ksirY)

Vrpor
lnhilation

Particulate
Itrhdrtion

Dermal
Cotrtrct

Ingertion
Vapor

lnhrlation
Vapor

InhalNtion

i/oletile Orgrnic Compounds
I ,l -Dichloroethane

I , I -Dichloroethylene

1,2,4-Trimethylbenzene
I ,2-Dichloroethane
I ,2-Dichloropropane
1,3,5-Trirnethylbenzefi e

Benzene
:lhlorob€nzene
lhioroethane
)is-1,z-Dichlorcethyle e
Di-isopmpyl ether
Ethylberizene
Freon 113
lsapropylbenzen€ (Cumene)
uethsne
Vlethyl terl-butyl ether
l laphthalene
r-Butylb€nzene
\-propylbenzene
rcc-Butylbenzene
Ietrachloroethylene
Ioluene
xsns- 1,2-Dichloroethylene
Irichloroethylene
Irichlorofl uoromethane
vinyl chloride (chloroeth€ne)
Kyl€n€s
Semi-Volaiil€ Compounds
l-methylnaphthalene

Benz(a)anthracene
lbrysene
Dib€nzofuran

Naphthalene
Phenanthrene
Pyrene
P€troleum Hydrocarbons
TPH-Djesel
TPH-Gasoline
Metals

Barium
Cadrniun
Cobalt
iopper
Lead
Molybdenum

Zrnc

ND
ND

2.60E-06
ND
ND
ND
ND

1.65E-05
ND
ND

3.83E-0?
ND

3.14E-06
7.88E-08
4.81E-08

NA
2.08E-05

ND
ND

3.63E-06
2.00E-06

ND
5.21F'07

ND
3.93E-07
t.04E-07
2.26F'07
|.71VO6

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
0.09306659

ND
ND
ND
ND
N'D
ND
ND
ND
ND

ND
2.12F-11
3.21E-11

ND
ND

2.15F.-11
?.578-10
2.34E-tl
2 .1 iE - l  I

ND
ND
ND

2.21E-tl
ND

6.28E-l I
ND

2.80E-l l
1.4'tE1)9
9.tzF-ll
9.07E1I
1.398-rl
2.31E-11
2.51E-tl

ND
2 .11E- l  I

ND
ND

2,90E-11

t.36E-08
1.07E48
9.54E49
5.03E49
4,46E-O9
?.53E{9
t. l3E-08
9.70E-09
6.19E-09
2.39E-08
1.13E-08

1.82E-06
1.72E-08

4.10E-07
s.94E-O'7
2.408-08
6.44E-08
4.67E-01

NA
5.56E,09
2.68E-07
6.22E-01

N'D
8.478-10
1.28849

ND
ND

1.108.09
1.03E48
9.31E-10
8.43E-10

ND
ND
ND

8.82E-10
ND

2.518-09
ND

1.12E-09
8.78E-08
1.648-09
1.62E-09
2.95E-09
9.21E-10
1.03E-09

ND
8.41E-10

ND
ND

1.168-09

5.43E-07
6.38E-07
5.',t1F'07
l.0l E-07
2.6',7E-07
3.01E-07
6.738-01
J.80E-07
3.71E-07
1.438-06
6.73E-0',7

1.26E-05
1.08E-06

4.91E-06
1..3'7E-O6
9.5',7E-09
2.5'7E-0',1
1.868-06

NA
z.z2E48
1.07E46
2.48E46

ND
1.06E-09
1.60E-09

ND
ND

1.37E-09
1.29E-08
l l7E-09
1.06E-09

ND
ND
ND

l. l  lE-09
ND

3.14E-09
ND

1.408-09
1.34E-08
4.568-09
4.548-09
3.698-09
L l5E-09
l.298-09

ND
1.068-09

ND
ND

1.45E-Og

6.808-07
5.33E-07
4.11E-01
2.518-0'7
2.23F-Q'7
1;7'tE-0'7
5.638,07
4.858-07
3.10E-07
l. l9E-06
s.638-0'7

9.10E-05
1.86E-06

2.05E-05
2.91E-O5
1.20E-06
3.22E-06
2.33E-05

NA
2.18E-07
1.34E-05
3.1 t E-05

ND
1.41E-06
9.86E-07

ND
ND

1.83E-06
2.238-06
1.56E-06
1.41E-06

ND
ND
ND

1.47E-06
ND

4.198-06
ND

L868-06
3.41E-0$
6.08E-06
6.04E-06
4.928,06
1.54E-06
t.1tE-06

ND
L4lE-06

ND
ND

1.938-06

4.69E-05
1.968-06
Not VOC
Not VOC
Not vOC
Not VOC
Not VOC
Not VOC
1.46E-05
Not VOC
Not vOC

9.768-05
3.58E-05

Not VOC
Not VOC
Not V(Xl
Not VOC
Noi VOC
Not VOC
Not VOC
Not VOC
Not VOC

t.76E{6
4.90E46
1.17E45
321847
8.r5E-06
4.?4E46

ND
8.77E46

ND
8.58E{6
4.58E-05
7.'t1E-0'1
7.01E-06

ND
2.00E-03

ND
3.4'78-06
9.028-06
2.35L05
2.73F'O5
3.22E-05
5.71E-06
1.32E-06
1.88E'05
6.07E-06

ND
8.62E-05
s.91E46

4.'7',78-05
ND
ND
ND
ND

Not VOC
ND

Not VOC
1.29E-05
Not VOC

ND

6.89E-04
r.22E-04

ND
ND
NI)
ND
ND
ND
ND
ND
ND

IRts ENvtRoNMlmAL



Chemical

Future Land Use

On-Site Intrusive Worker

Soil Gas
Palhway

(Indkcdav)
Soil Psth\d|y (mg/kgday)

Groundwater
Pathway

{mefts{ev)

Vepor
Inhalatiotr

Particulrta
Inhelalion

Dermal
Cortrct

Itrg€stion
Vapor

Inhal.tion
Dermal
Contact Inhrlalion

VolNtile Organic Compounds
I , I -Dichloroethane

1 , 1-Dichloroethylene
1,2,+Trimethylbenzene
I ,2-Dichlom€thane
1 ,z-Di€hloropropane
1,3,5-Trimethylbenzene

Benzene
Chlorobenzene
Chloroethare
cis-1,2-Dichloroethylene
Di-isopropyl ether
Ethylbenz€ne
Freon l ll
Isopropylbenzene (Cunene)
M€rhane
Methyl tert-butyl ether
Naphthalene
n-Butylbenzene
N-propylb€nzene
eec-Butylb€nzene
Tetrachloroethylene
Ioluene
Eans-1,2-Dichloroethylene
Trichloroethylene
Trichlorofluorcm€thane
Vinyl chlodde (chloroethene)
Xylenes
Semi-Volrtile Compounds
2-m€thylnaphthalene

B€nz(a)anthracene
Chrysene
Dib€nzofuran
Fluoranthene

Naphthalene
Phenanthrene
Pyrene
P€lroleum Hydrocrrbons
TPH-Djesel
TPH-Gasoline
Metals

Banum
Cadnium
Cobalt
Copper
Lead
Molybdenum
Vanadium
Zinc

ND
ND

6.05353E10
ND
ND
ND
ND

1.773088{9
ND
ND

4,t lE-l1
ND

3.37E-10
8.44E-12
5.15E-12

NA
2.23E49

N'D
N'D

3.898-10
2.I4E-10

N'D
5.59E-l I

ND
4.21E-l I
1.12E-l I
2.42F-tl
1.90E-10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
0.001431661

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
t.10E-t2
2.57E-t2

ND
ND

2.208-17
2.06E-11
1.87E-12
1.69E-12

ND
ND
ND

1.77E-12
ND

5.03E-12
ND

2.24E-t2
l. l7E-10
'7.30E-12

1.26F-t2
5.918-12
t.85E-12
2.06E-t2

ND
t-69E-t2

ND
ND

2.32E-12

t_09E{9
8-53E-10
7.63E-10
4.02E-10
3.57E-10
6,03E-10
9,00E-10
7 )6E-t0
4-95E-10
1.91E49
9.00E-10

t.46E{7
6.t8E-09

3-28E-08
4.75E48
1.92E49
5_t5E-09
3-73E-08

NA
4.45E-10
2. t4E-08
4.98E-08

ND
t . t 2E -11
t.69E-l I

ND
NI)

1.45E-l I
1.36E-10
1.23E-l I
1.128-l I

ND
ND
ND

1.178-t I
ND

3.32E-t1
ND

1.48E-11
1.168-09
4.82Ltl
4.798-11
3.90E-t 1
r.22E-ll
1.36E-l I

ND
1.12E-t I

ND
ND

1.53E-11

7.18E-09
8.45E-09
7.56E-09
3.988-09
3.53E-09
3.98E-09
8.91E-09
7.68E-09
4.91E-09
1.89E-08
8.91E-09

9.61E-07
4.08E-08

6.49E-08
3.14E-08
l.2lvto
3.40E-09
2.46E-08

NA
2.93E-t0
1.42E-08
3.29E-08

ND
8 .  t 5E -11
I.23E-10

ND
ND

t-06E-10
9.888-10
8.98E-l I
Lt2E-l I

ND
ND
N'D

8.49E-t l
N'D

2.418-10
ND

1.07E-10
5.648-09
3.50E-10
3.488-10
2.848-10
8.87E-11
9.88E-11

ND
8.12E-l I

ND
ND

1.1  l  E -10

5.228-08
4.10E-08
3.66E-08
1.93E-08
1.71E-08
2.89E-08
4.32E-08
3.72F.08
2.38E-08
9.17E-08
4.32E-08

6.99E-06
2.96E-07

1.57E-06
2.28E-06
9.21E-08
2.4JE-O7
1.',798-06

NA
2.138-08
1.03E-06
2.39E-06

ND
1.52E-10
2.29F,-t0

ND
ND

1.96E-10
1.84E49
1.67E-10
1.51E-t0

ND
ND
ND

1.58E-10
ND

4.49E-10
ND

2.008-10
1.05E-08
6.slE-10
6.48E-10
5.288-10
1.65E-t0
1.84E- l0

ND
1.5 t E-10

ND
ND

2.07E-10

9.71E-08
'7.62E-08

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
4.42E-08
Not VOC
Not VOC

l.l0E-05
5.51E-07

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

3.15E-08
l. l8E-08
2.068-06
2.11E-08
3.5|E-m
3.908-07

ND
3.89E-0?

ND
4.70E-08
1.29E-06
r.39E{8
8-64E-0?

ND
1.76E46

ND
9_24E48
t-68E{5
5.02E46
2.81E46
6.57E46
1.89E{7
1.12E4'1
1.12E47
l. l3E47

ND
2.29E47
4.89E47

9.85E-05
ND
ND
ND
ND

1.40E46
N'D

1.40E45
239845
4.78E45

ND

5.00E44
8.85E-05

ND
N'D
ND
N'D
ND
ND
ND
ND
ND

4.72E41
L318-.06
3-14E-06
8.70848
2.18E-06
1.13E-06

ND
2.358-06

ND
2.30E-06
1.23E-05
2.08E-01
1.888-06

ND
5.36E-04

ND
5.04E 07
2.04'F.06
6.288-06
7.30E-06
8.61E-06
1.53E-06
354E47
5.04E-06
1.63E-06

ND
2.31E-05
1.60E-06

1.28E-05
ND
ND
ND
ND

Not VOC
ND

Not VOC
2.92E-06
Not VOC

ND

1.84E-04
3.2',7E-05

ND
ND
ND
ND
ND
ND
ND
ND
ND

TABLE 7-4: BASELINE CHRONIC DAILY INTAKES-NONCARCINOGENS
Future Port of Orkland Field Support Services Complex
2225 rnd 227? Sevetrth Street
Oakland, C.lifornia

N.s!&!
ND = Chdiel rot der&kd u not smpled.
NA = Nol lpplicable. SeApp@dix D-
Nor VOC = Cbmi.:l nor hlatile.
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Ch€micrl

Future LNnd Us€

OnSite Commcrcisl Worker

Soil Gas
Psthway

(mc/ke-dav)

Soil
Pathway

(me,&e-daY)

Groundwrt€r
Prthwiy

ame/ksdav)

Vapor
Inhalation

Vapor
Inhalation

Vrpor
Inbrlation

Volalile Orgrnic Compounds
1,1-Dichlorcethane
I ,I -Dichloro€lhylene

1,2,4-Trimelhylbenzene
1,2-Dichloroethane
1 ,2-DicblorcFopane
1,3,5-Tdmetbylbenzene

Benzene
Chlorcbenzene
Chlorcethane
cis- 1,2-Dichloroethylcne
Di-isopropyl ether
Ethylbenze{e
Freon I 13
Isopropylbenzene (Cumene)
Methane
Methyl tert-butyl ether
Naphtlalene
n-ButylbEnzene
N-propylbenzene
sec-Butylbenzene
TeFachloro€thylene
Toluene
trans-1,2-Dchloroelhylene
Trichloro€thylene
Trichlorofl uoromethane
Vinyl chloride (chloroethene)
Xylenes
Semi-Volatile Compounds
2-methylnaphthaleno
Acenaphthene
Anthracene
Benz(a)anthmcene
Chrysene
Dibenzol-uran
Fluoranthene
Fluorene
Naphthalene
Phenanthrc$e
PYrene
Metrls

Barium
Cadmium
Cobalt
Copper
Lead
Molybdenum
Vanadium
Zinc

ND
ND

2.28E46
ND
ND
ND
ND

1.65E-05
ND
ND

3.83E-07
ND

3.148-06
7.88E-08
4.81E-.08

NA
2-08E-05

ND
ND

3.63E-06
2.00E-06

ND
5.2tE-0',7

ND
3.93E-07
1.04E-07
2.26E-0'l
1.7 7E-06

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
L4l E-06
8.648-07

ND
ND

1.83E46
2.02E-06
1.56E-06
1.41E-06

ND
ND
ND

1.47E-06
ND

4.19E-06
ND

1.86E{6
3.108-{16
6.08E46
6.04846
4.92E46
1.54E-06
1.71E-06

ND
1.41E-06

ND
ND

1.93E-06

4.20E-05
l 73E-06
Not vOC
Not VOC
Not VOC
NotVOC
NotVOC
Not VOC
L31E-115
Not VOC
Not VOC

Not VOC
Not VOC
Not vOC
Not VOC
Not vOC
Not VOC
Not VOC
Not voc
Not VOC

1.10E-06
3.20E-06
6.79E-06
3.81F-07
5.89E-06
2.408-06

NI)
6.268-06

ND
6.528{6
3.078-{15
4.08E47
4-17E46

ND
1.07E-03

ND
3.4',7 E46
9.02E{6
1.30E-05
1.33E-05
|.1'7E-05
3.098-06
9.098-07
1.088{5
3.71846

ND
6.52E45
3.22E-06

2.248-05
ND
ND
ND
ND

Not VOC
ND

Not VOC
1.29E-05
NotVOC

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

TABLE 7-5r SITE DEVELOPMENT CHRONIC DAILY INTAKES-NONCARCINOGENS
Future Port ofO.kl.nd Fi€ld Support Services Complex
2225 rnd 2277 Seventh Stre€t
Oakland, Califoroir

Nsec
ND = ClFmicrl nor det cted ot tot smpled

Not VOC = Ch€nical ool volatil€-
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TABLE 7{: BASELINE CANCER RISK f,STIMATES
Future Port of Oallatrd Field Support Servic€s Compler
2225 tnd 2277 Seventl Slreet
Orkl.nd, Crlifornla

ChemicNl

De!elopment Phase

On-Site Conshuctiotr WorkPr

Soil Grs
Pathwry

Soil Pslhway GroundwNter Pathwov

Total Risk
VaE)r

Inhahtion
Prrtlc||late
lnhalation

Dermal
Cotrtact

Itrge6tion
Inhal.tlon

Dermal Contrcl
Vapor

lnhelNtion

Volitile Orguic Compouds
I , I -Dichloro€thanc

1,1-Dichloroethylene
1,2,4-Trimethylb€nzene
1,2-Di€hlom€than€
1,2-Di€hlompropane
1,3,5-Trimethylbenzene

Benzene
Chlorobenz€ne
Chloraethane
cis-1,2-Dichloroethylene
Di-isopropyl ether
Ethylbenzene
Freon I i3
kopropylbenzene (Cum€n€)
Methane
Methyl tert-butyl ether
Naphthalene
n-Butylbenzene
N-propylb€nzene
sec-BuFJlb€nzene
Tetrachloroethylene
Toluene
trars-1,2-Dichloroethylene
Trichloroelhylene
Trichlorofl uoromethane
vinyl chloride (chloroethene)
xylenes
Semivolrtil€ CompoDnds
2-methylnaphthalene

Benz(a)anthracene
Chrysene
DibenzofuEr

Fluorene
Naphthalene
Phenanthrene
Pyene
Petroleum Hydrocarbons
TPH-Diesel
TPH{lasoline
Melals

Bariurn
Cadmium
Cobalt
Copper
l.ead
MolyMenum
Vanadium
Zinc

Ctrmul ive Cmc€. Risk

ND
ND
NC
ND
ND
ND
ND

3.80E-09
ND
ND
NC
ND
NC
NC
NC
NC

8.60E-11
ND
ND
NC
NC
ND
NC
ND

9.02E-17
NC

L408-10
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

4.01E-09

ND
2.55E-13

NC
ND
ND
NC
NC

1.60E-13
NC
ND
ND
ND
NC
ND
NC
ND

3.45E-15
NC
NC
NC
NC

8.55E-13
NC
ND

1.45E-14
ND
ND
NC

NC
NC
NC

1.34E-10
1 . 1 9 8 - 1 1

NC
NC
NC
NC
NC
NC

NC
NC

3.3'7E-O1
NC

2.4',7E-08
NC
NC
NA
NC
NC
NC

3.6284'1

ND
5.'7 7E-12

NC
ND
ND
NC
NC

1.06E-12
NC
ND
ND
ND
NC
ND
NC
ND

2.28E-t4
NC
NC
NC
NC

1.51E-r2
NC
ND

1.46E-13
ND
ND
NC

NC
NC
NC

4.108-09
l .63El0

NC
NC
NC
NC
NC
NC

NC
NC

8.15E-08
NC

4 . 1 2 E - 1 1
NC
NC
NA
NC
NC
NC

8.80E-08

ND
4.198-l I

NC
ND
ND
NC
NC

1.10E-12
NC
ND
ND
ND
NC
ND
NC
ND

1.668-13
NC
NC
NC
NC

Lt4E-11
NC
ND

1.06E-t2
ND
ND
NC

NC
NC
NC

1.99E-08
1.'t6E-09

NC
NC
NC
NC
NC
NC

NC
NC

2.02E-06
NC

3.00E-08
NC
NC
NA
NC
NC
NC

2,08E46

ND
5.69E-10

NC
ND
ND
NC
NC

3.58E-10
NC
ND
ND
ND
NC
ND
NC
ND

1.'t tE-12
NC
NC
NC
NC

l.9lE-09
NC
ND

3.218- l  I
ND
ND
NC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

NC
Not VOC
Not VOC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

2 888-09

1.54E-10
1.648-08

NC
8.52E-10
1.08E-08

NC
ND

3.33E-08
ND
NC
NC
NC
NC
ND
NC
ND

t_42E-10
NC
NC
NC
NC

2.44E.08
NC
NC

1.49E49
ND

5.31E48
NC

NC
ND
ND
ND
ND
NC
ND
NC
NC
NC
ND

NC
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

t_4tE-07

2.30E-09
t.91E-o1

NC
5.37E-09
6.73E-08

NC
ND

2.01E-O',7
ND
NC
NC
NC
NC
ND
NC
ND

7.78E-10
NC
NC
NC
NC

7.08E47
NC
NC

t.39E48
ND

5-34E{6
NC

NC
ND
ND
ND
ND

Not VOC
ND

Not VOC
NC

Not VOC
ND

NC
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

6.s3E-06

2.46E-09
2.14E-0'l

NC
6.22E-09
7.818-08

NC
NC

2.39E-O7
NC
NA
NA
NA
NC
NA
NC
NA

t.01E-09
NC
NC
NC
NC

'7.34E-01

NC
NA

1.55E-08
NA

5,398-06
NC

NC
NC
NC

2.41E-08
2.14E-O9

NC
NC
NC
NC
NC
NC

NC
NC

2.4-4E-O6
NC

5.47E-08
NC
NC
NA
NC
NC
NC

9.2tE-06

ND = No! dd.d/{nplcd h ncdiuo
NC - Nor oEiddld I ceinosm.
NA=Ndapdn$k sE Aprddn D.
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TABLE ?-6: BASELINE CANCER RISK ESTIMATf,S
Future Port of Oatlrnd Field Support S€rvices Complex
2225 rnd 2277 Sevetrth Srr€€t
Oakhnd, California

Chemical

Futrre Lad Us€

On-Site Commerci4l Worker

Soil Gxs
Prthsry

Soil Pathway
Groundwater

Pathwry

Total Risk
Vrpor

Itrhalrtiotr
Parliculate
Inhalstion

Dermal
Cotrta(t

Ing€stion
Vepor

Inhalstion
Vxpor

Iubalatiotr

Volatile OrgNnic Compounds
I , I -Dichloroethsne

l,l-Dichloroethylene
1,2,4-Trimethylbenzene
I ,2-Dichloroethane
I ,2-Dichloropopale
1,1,5-Trimethylben?ene

Benzene
Chlorobenzene
Chloroetbane
cis- 1,2-Dichlom€thylene
DiGopropyl ether
Ethylbenzene
Freon 113
hopropylb€nzene (Cumen€)
Methane
Methyl tert-butyl ether
Naphthalene
n-Butylbenzene
N-propylbenzene
s€c-Butylb€nzene
Tetrachloroethylene
Toluene
trans-1,2-Dichloroethylen€
Tdchloroethylene
Trichlorofl uoromethane
Vinyl chloride (chloro€lhene)
Xylenes
Semi-VolNtile Compounds
2-methylnaphthalene

Benz(a)anthEcene
Chrysene
Dibenzofuran
Fluomnthene

Naphthalene
Phenanthrene
Pyrene
Petroleum Ilydrocarbotrs
TPH-Diesel
TPH-Gasoline
Metrlt

Barium
Cadrnium
Cobah
Copp€r
Lead
Molybdenum
Vanadium
Zinc

Cumulaliv€ C{rc€r Risk

ND
ND
NC
ND
ND
ND
ND

5.91E-0?
ND
ND
NC
ND
NC
NC
NC
NC

1.34E-08
ND
N'D
NC
NC
ND
NC
ND

L40E-09
NC

2.18E-08
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

6.2'lE-O'7

ND
1.31E,12

NC
ND
ND
NC
NC

8.15E-l l
NC
ND
ND
ND
NC
ND
NC
ND

l.80E- 14
NC
NC
NC
NC

4.45E-t2
NC
ND

7.55E-14
ND
ND
NC

NC
NC
NC

7.01E-10
6.218-l l

NC
NC
NC
NC
NC
NC

NC
NC

1.168-06
NC

t.28E{7
NC
NC
NA
NC
NC
NC

1.89E-06

ND
1.82E-t  0

NC
Nt)
ND
NC
NC

3 . 3 l E  l I
NC
ND
ND
ND
NC
ND
NC
ND

7,18E-13
NC
NC
NC
NC

4.94F-11
NC
ND

4.6tE-12
ND
ND
NC

NC
NC
NC

l_2984'1
t- t4E{8

NC
NC
NC
NC
NC
NC

NC
NC

2.63E-06
NC

1.30E-09
NC
NC
NA
NC
NC
NC

2.77E-06

ND
2.2',78-t0

NC
ND
ND
NC
NC

4 . 1 8 E - 1 1
NC
ND
ND
ND
NC
ND
NC
ND

8,99E-13
NC
NC
NC
NC

6.19E-t  I
NC
ND

5.17F-t2
ND
ND
NC

NC
NC
NC

1.08E-07
9.56E{9

NC
NC
NC
NC
NC
NC

NC
NC

l. l0E-05
NC

1.63E-07
NC
NC
NA
NC
NC
NC

L 13E-05

ND
8.84E-08

NC
ND
ND
NC
NC

5.57E-08
NC
ND
ND
ND
NC
ND
NC
ND

1.20E-09
NC
NC
NC
NC

2.97E-0'7
NC
ND

5.03E-09
ND
ND
NC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not voc

N-C
Not VOC
Not VOC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not vOC
Not VOC
Nor VOC
Not vOC

4.47E-O',7

3.59E-09
3.06E-07

NC
9.958-09
1.05E{7

NC
ND

3.13E-07
ND
NC
NC
NC
NC
ND
NC
ND

2.21E-09
NC
NC
NC
NC

1.10E-06
NC
NC

2.1?E-08
ND

8.31E-06
NC

NC
ND
ND
ND
ND

Not VOC
ND

Nor VOC
NC

Not VOC
ND

NC
NC

ND
ND
ND
ND
ND
ND
]\'D
ND
ND

1.02E-05

3.59E-09
3.95E-0?

NC
9.95E-09
1.05E-07

NA
NA

9.60E-07
NA
NA
NC
NA
NC
NC
NC
NC

1.68E-08
NA
NA
NC
NC

L408-06
NC
NA

2.8tE-08
NC

8.33E-06
NC

NA
NA
NA

2.31E-07
2.1 I E'08

NA
NA
NA
NA
NA
NA

NA
NC

1.54E45
NA

2.92E41
NA
NA
NA
NA
NA
NA

2.'72F-05

NA = Nor rpli.rtl. Se AlroldixD.
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TAELE 7-6: BASELINE CANCER RISK ESTIMATES
Future Pont of Oakladd Field Support Services Complex
2225 Ntrd 2277 S€v€nth Strc€t
Oaklatrd, Cdifornir

Chemical

future Land Ute

Or-Site ltrtrusive Worker

Soil Grs
Prthwry

Soil Pathway Groutrdwater Pathwry

Totrl Risk
Vapor

hhnlation
Prrticulate
lnhalation

Dermal
Contact

lngestion
Vapor

Inhalatlon
DermNl
Contrct

Vrpor
lnhrhrion

Volatile Organic Compounds
I , I -Dichloroethane

I , I -Dichloroethylene

1,2,4-Trjmethylbenzene
1 ,2-Dichloroethane
I ,2-Dichloropropane
1,3,5-Tnmethylbenzene

Beirzene
Chlorob€nzene
Chloroethane
cis-1,2-Dichloroethylene
Di-isopropyl ether
Ethylbenzene
Freon 113
Isopropylbenzene (Cunene)
Methane
Methyl tert-butyl ether
Naphthalene
n-Bulylb€nzene
N-propylbenzene
sec-Butylb€nzene
Tetrachloroethylene
Toluene
trans-1,2-Dichjoroethylme
Trichloroethylene
Trichlorof luoromethane
Vinyl chloride (chloroethene)
Xylenes
S€ni-Volrtile Compounds
2-methylnaphthalene

Benz(a)anthracene
Chrysene
Dibenzofural

Naphthalene

P)Tene
Petroleum Hydrocrrbons
TPH-Di€sel
TPH-Gasoline
Met.lt

Banum
Cadrnium
Cobalt
Copper
Lead
Molybdenun
Vanadiun
Zitc

Cumuhriv€ CaDcer Risk

ND
ND
NC
ND
ND
ND
ND

6,33E-11
ND
ND
NC
ND
NC
NC
NC
NC

t-43E-12
ND
ND
NC
NC
ND
NC
ND

t-50E-13
NC

2.34E-12
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

6.',72E-11

ND
1.068-13

NC
ND
ND
NC
NC

6.68E-t4
NC
ND
ND
ND
NC
ND
NC
ND

1.44E-15
NC
NC
NC
NC

3.56E-13
NC
ND

6.04E-15
ND
ND
NC

NC
NC
NC

5.60E-t 1
4.91F-12

NC
NC
NC
NC
NC
NC

NC
NC

l.4tE-07
NC

1.038-08
NC
NC
NA
NC
NC
NC

l.5 tE-07

ND
2.40E-12

NC
ND
ND
NC
NC

4.41E-11
NC
ND
ND
ND
NC
ND
NC
ND

9.50E-15
NC
NC
NC
NC

6.53E-13
NC
ND

6.10E-14
ND
ND
NC

NC
NC
NC

1.71E49
1.51E-10

NC
NC
NC
NC
NC
NC

NC
NC

3.48E48
NC

1_12E-tl
NC
NC
NA
NC
NC
NC

3-67E{8

ND
1.758-11

NC
ND
ND
NC
NC

3.21E-r2
NC
ND
ND
ND
NC
ND
NC
ND

6.91E-14
NC
NC
NC
NC

4.',t5E-12
NC
ND

4.43E-13
ND
N'D
NC

NC
NC
NC

8.28E-09
'7.348-t0

NC
NC
NC
NC
NC
NC

NC
NC

8.438-07
NC

1.25E-08
NC
NC
NA
NC
NC
NC

8.65E-07

ND
9.48E-12

NC
ND
ND
NC
NC

5.91E-r2
NC
ND
ND
ND
NC
ND
NC
ND

1.28E-13
NC
NC
NC
NC

3.18E-l  I
NC
ND

5.398-13
ND
ND
NC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

NC
Not VOC
Not VOC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

4 79E- I l

6.40E-11
6.82E{9

NC
3.55E-10
4_52849

NC
ND

1.39E-08
ND
NC
NC
NC
NC
ND
NC
ND

5.94E-11
NC
NC
NC
NC

L0lE-08
NC
NC

6.20E-10
ND

2.21E-08
NC

NC
ND
ND
ND
ND
NC
ND
NC
NC
NC
ND

NC
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

5.86L08

9.60E-10
8.19E-08

NC
2.24E-09
2,80E-08

NC
ND

8.388-08
ND
NC
NC
NC
NC
ND
NC
ND

3.24E-10
NC
NC
NC
NC

2.95E4'l
NC
NC

5.8 | E-09
ND

2.228-06
NC

NC
ND
ND
ND
ND

Not VOC
ND

Not VOC
NC

Not VOC
ND

NC
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

2.12E-06

1.02E49
8.88848

NC
7.59E49
3.25E48

NC
NC

9.78E-08
NC
NA
NA
NA
NC
NA
NC
NA

3.85E-10
NC
NC
NC
NC

3.05E-07
NC
NA

6.43E-09
NA

2.25E06
NC

NC
NC
NC

1.00E-08
8 .9 tB t0

NC
NC
NC
NC
NC
NC

NC
NC

1.02E-06
NC

2.28E'08
NC
NC
NA
NC
NC
NC

3.83E-06

NC - N.r @idd.n . .eitus@
NA - Nor.rpliEbla S.. Arpodix D
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TABLE 7-7; BASELINE NONCANCER HAZAT} nDICES
Future Pon of Oakland Field SEpport Senices Complex
2225 4nd 2277 Sevefih Slr€et
Oekl&nd, Califomia

Chemical

DeveloDmefiPhrre

On-Site Construclio[ Worker

Soil Gas
PathwNy

Soil PrthwNy
Grouodnater

Palhwry TotNl
Noncsn(er

HIVapor
Inhrlation

Particuhte
Inhrlalion

Dermel
Contact

Ing6tlon
Vapor

InhalNtion
Dermal
Codtrct

Vapor
InhalNtion

Volatile OrgNnic CompoInds
I , I -Dichloroethsne

1,1-Dichloroethyl€ne
1,2,4-Trimethylbenzene
I,2-Dichloroethane
I ,2-DichloroFopane
1,1,5-Trimerhylbenzene

Benzene
Chlorcbenzene
Chlorcethane
cis- 1,2-Dichloroethylene
D-isopmpyl erher
Ethylbenzene
Fr€on I 13
Isopropylbenzene (Cwnene)
Methane
Methyl ten-butyl €th€r
Naphthalene
n-Butylbenzene
N-propylbenzene
sec-Butylbenzene
Tetrachloroethylene
Toluene
tr.ns- 1,2-Djchlomethylene
Trichtoroethylene
Trichlorofl uoromethane
Vinyl chloride (chloroethere)
Xylenes
Semi-Volalile Compounds
2-nelhylnsphthalene

Benz(a)anthracene
Cbrysene
Dib€nzofuran
Fluordnthene

Naphthalene

Pyrene
Pelroleum Hydrocarbons
TPH-Djes€l
TPH-Gssoline
M€tals

Barium
Cadmium
Cobalt
Copp€r
Lead
Molybdenum

Zinc
Cumulalive Non-{ancer

Hrzsrd lnder

ND
ND

9.08E47
ND
ND
ND
ND

2.66E46
ND
ND

6.16E48
ND

5.05E47
t.27E48
7.13E49

NA
3.35E{6

N'D
ND

5.84E47
3_2tE41

ND
8.38848

ND
6.31E48
r.68E{8
3.64E48
2.84847

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
2.15E+00

ND
ND
ND
ND
ND
ND
ND
ND
ND

2.158+00

ND
5.I0E-09
9.06E-08

ND
ND

7.76E-08
t.24E-08
6.55E-09
3.55E-10

ND
ND
ND

t.86E-10
ND

2.64E-$)
ND

5.88E-11
2.14E-06
4.38E-08
4,35E-08
3.55E-08
t . l 1E48
t.44E-09

ND
5,92E-10

ND
ND

6.95E-10

2.54E-05
8.53E-07
r.53E-07
8.05E-07
7.t4E-01
9.04E-06
1.358-06
l. l6E-06
1. t 68,05
1.828-07
t.80E-06

1.688-05
l.2tE-07

2.30E-01
1.99E-02
2.01E-02
5.15E 06
6.04E-05

NA
5.34E-06
1.84E-04
9.968 06

2.70E-O1

ND
7.478-08
2.03E-08

ND
ND

l.?4E-08
8.15E-08
2.41E-m
l. l5E-08

ND
ND
ND

7.01E-09
ND

1.998{8
ND

1.038-09
1.49E-06
2.89E-O',7
2.8',tE-O7
2.14E4',7
7.328-08
4,08E-09

ND
1.12E4',7

ND
ND

4.59E-10

2.l5E-05
8.45E-06
l.5lE-06
'7.9'7E-06

1.07E-06
5.978-05
1.14E-05
L l5E-05
1.4?E-05
3.788-06
1.78E-05

l.l4E-04
8.43E-07

1.30E-02
2.69E-05
7.598-06
3.40E-06
4.00E-05

NA
3.52E-06
l.ZtE-04
6.57E-06

t.358-02

ND
5.448-07
1.48E-07

ND
ND

t.21E-07
s.93E-07
1.80E,06
2.43E-01

ND
ND
ND

5.098-08
ND

1.45E-07
ND

7.50E-09
1.698-05
2.10E-06
2.09E-06
t.?0E-06
5.32E-0'7
2.96E-08

ND
8.128-07

ND
ND

3.34E-09

1.57E-04
4.10E-05
1.r3E-M
3.86E-05
3.43E,05
4.J4E-O4
6.488-05
5.59E-05
7.148-05
r.838-05
8.64E-05

9.'75E-O4
6.l3E-06

3.15E-01
1.95E-01
5.52E-03
2.41E-04
2.91E-03

NA
7.568-04
8.82E-03
4.78L04

3.378-01

ND
t. | 4E-05
2.02E-04

ND
ND

t-73E{4
2.?6E-05
t.46E-05
7.938-07

ND
ND
ND

4-t5E.07
ND

5.89E-06
ND

t-3lE{7
6- l2E-03
9.77E-05
9.12E45
7_91E{5
2.47E45
3.22E46

ND
1.32E46

ND
ND

1.55E-06

5.67E42
r.90E{l
Not VOC
Not VOC
No( vOC
Not VOC
Not vOC
Not VOC
2-58E{2
Not VOC
Nor VOC

3_15E-02
2.70E-O4

Not VOC
Not VOC
Not vOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

1.29E-01

1.89E-0?
|.'72E-08
6.19E-06
3.808-08
2.40E-08
l l?E-06

ND
?.00E-08

ND
l. l3E-06
1.16E-01
1.67E-O7
5.18E-06

ND
1.06E-05

ND
4;7'1E-06
2.0tE-05
3.0 | E-06
|.72E-06
1.94E-06
l. l4E-07
1.34E-06
2.06E-0'7
4.08E-08

ND
4.13E-08
s.87E-05

l. l8E-04
ND
ND
ND
ND

3.36E-0'7
ND

3.15E-05
2.87E-05
8.60E{4

ND

|.29E-02
|54E02

ND
ND
ND
ND
ND
ND
ND
ND
ND

z94E4Z

1.98844
1.93E43
l . l  rE { r
3.'73843
1.159-01
4.00E42

ND
8.21E-03

ND
t.61E4s
'7.36E42

6.24845
1.97E44

ND
2.82E41

ND
1.32E45
4.77E42
3.77E42
4.38842
5. | 6E42
9,188-O3
2.48E-04
l-51E42
5.69844

ND
4.84E42
4.'79E44

2.98E41
ND
ND
ND
ND

Not vOC
ND

Not VOC
6.80E42
Not VOC

ND

2.13E-02
6.40E-04

ND
ND
ND
ND
ND
ND
ND
ND
ND

t.28E+00

t.988-04
3.94E-03
t,t  lE-01
3-73E-01
l.t  5B-0t
4.02E42
2,83E-05
8-238{l
t -07E{6
l-72E-05
7.36E42
6.25E-05
2_03E44
l_27E48
2.82E41

NA
2.15E45
5.38E42
3;t8E42
4.39E42
5.t?E-02
9.20E43
2_53E44
t_5lE{2
5.71E44
1.68E48
4_84E42
5-40E{4

3.55E-01
i.95E-03
8,99E-06
4-',14E45
4_20E-05
5-03E-04
7.958-05
t.02E-04
9.408-02
8.82E-04
1.068-04

1.28E-02
2.16E+00

5.578-01
2.19F'02
2.57E-02
2.56E-04
3.01E-03

NA
2.65F.04
9.138{3
4.94E-O4

4.21

ND = Chdi.:l nor d.i-r.d or not spl.d ii nedium.

Not vOC = Chfli€l is nor wlari|e.
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TABLE ?-?r BASELINf, NONCANCER HAZARI) INDICES
Future Poyt ofOrkland Field Support Services Complex
2225 and 2277 Seventh Stre.t
Orkhdd. Califorl|is

Chenirel

Futurc Lrnd lhe

On-Sile Commerclrl Worker

Soil Grt
Pslhwey

Soil Plthw$y
Grc||!dwrter

Pethw{y Tolal
Notrcanc€r

HIVapor
Itrhahrion

Perticuhte
Inhrlation

I)ermal
Contact

Ingestion
Vapor

Inhalatiotr hhalatlon

Volatile OrgaDic Compounds
I , 1-Dichloro€thane
I , I -Dichloro€thylene

1,2,4-Trimethylbenzene
1,2-Dichlomethane
1,2-Di€hloroFopane
1,3,5-Trimethylb€nzene

B€nzene
Chlorobenzene
Chloroethane
cis-1,2-Dichloroethyl€n€
Ditopropyl ether
Ethylbenzene
Freon 113
Isopropylb€nzene (Cumene)
Melhane
Methyl ten-butyl ether
Naphthalene
n-Butylbenzene
N-propylbenzene
sec-Butylb€nzene
Tetrachloroethylene
Toluene
tmns-1,2-Dichloroethylene
Trichloro€thylene
Trichlorofl uorom€ihane
Vjnyl chloride (chlomethene)
Xylenes
Semi-Volatile Compoutrds
2-nethylnsphthalen€

Ben4a)anthracene
Chrysene
Dib€nzofuran
FlDorantbene

Naphthalene
Phenantbrene
Pyrene
Petroleum HydrocNrbons
TPH-Diesel
TPH-Gasoline
Metah

Barium
Cadrnium
Cobslt
Copper
Lead
Molybdenum

Zinc
Cumdstive Nor{rdcer

HNzrrd lndex

ND
ND

2.60E-06
ND
ND
ND
ND

1.65E-05
ND
ND

1.83E-07
ND

3.14E-06
?.888-08
4.81E-08

NA
2,088-05

ND
ND

3.63E-06
2_00E-06

ND
5.21E-07

ND
3.93E41
1.04E{?
2.26E4',7
1.77846

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
9.31E42

ND
ND
ND
ND
ND
ND
ND
ND
ND

9.31E42

ND
1.06E49
1.89E48

N'D
ND

1_628-08
2.5'7E49
1.36E49
'7,408-tl

ND
ND
ND

3.87E-l I
ND

5.50E-10
ND

1.22F.11
5;7lE-o',7
9.12E-09
9.07E-09
1.39E-09
2.1tE-09
3.008-10

ND
1.23E-10

ND
ND

1.45E-10

5.29E-06
1.',78E-07
3.18E,08
1.688-07
1-49E-07
1.88E-06
2.81E-07
2.42E-07
2.41E-06
7.96E-08
3.75E-01

3,50E-06
2.52F-OA

4-?8E-02
4.l5E-03
4.20E-03
t.07E-06
t.26E-05

NA
t-t lE-06
3.838-05
2.01E-06

5.63E-02

ND
9.41E-08
2.s6E-08

ND
ND

2.19E-08
1.03E-07
3.1 1E-07
4.22E-08

ND
ND
ND

8.828-09
ND

2,5lE-08
ND

Ll0E-09
4.39E-06
3.64F-01
3.62E4',7
2.9sE-O',7
9.21E-08
5.13E-09

ND
t.41E41

ND
ND

5.78E10

2_11E45
r.06E{5
t-90E46
1.00845
8.90E46
1.52E45
1,68E45
t,45E-05
t_85E{5
4.76E46
2.24E45

1,69E44
t_06E{6

1.64E42
3.39E45
9s7E46
4_28E46
5,038{5

NA
4.44E46
1.53844
8.28E46

t_'loE42

ND
l. l8E-07
3.21E,08

ND
ND

2.75E-08
1.298-O',7
3.90E-0?
5.28E48

ND
ND
ND

t . t  1E {8
ND

3.14E48
ND

1.63E49
3.678-06
4.56E-0',1
4.54E-07
3.69E-07
l. l5E-07
6.43E-09

ND
t.'16841

ND
ND

1.24E lO

3.40E-05
8.89E'06
1.59E-06
8.38E-06
'7.44E-06

9.4?E-05
1.418-05
1.21E-05
1.55E-05
3.988-06
1.888-05

2.12E-04
1.13E-06

6.83E-02
4.24E-04
1.20E-03
5.37E-05
6.1tE-04

NA
5.56E-05
1.92E-03
1.04E-04

1.31E-02

ND
1.01E-O5
5.808-04

ND
ND

1.08E-03
2.23E45
9.09E45
4.93E{6

N'D
N'D
N'D

2.58E-06
ND

3.66E-05
ND

8.16E-07
1.35E-03
6.088-04
6.04E-04
4.92E-04
L54E-04
2.00E-05

ND
8.22F-06

ND
ND

9.65E-06

1,8?E-02
3.26E-05
Not vOC
Not VOC
Not VOC
Not VOC
Not VOC
Not vOC
5.69E,03
Not VOC
Not VOC

1.888-04
l. t 7E-05

Not V(Xi
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

2.93['-02

1.23E-05
2.4sE44
6.91E-03
2.76E-D4
7.15E-03
2.49E-03

ND
5.11L04

ND
1.00E-06
4.58E-03
3.88E-06
1.23E-05

ND
l.'75E42

ND
1.52E-06
3.51E-03
2.35E-03
2.',73E-O3
3.22E-O1
5.11F-04
1.54E-05
9.42E-04
3.54E-05

ND
3.01E-03
2,98E-05

l-85E-02
ND
ND
ND
ND

Not VOC
ND

Not VOC
5.00E43
Not vOC

ND

1.33E43
3.99E45

ND
ND
ND
ND
ND
ND
ND
ND
ND

8.10E42

r.23E45
3. t6E44
'7.49843

2.16E44
?. t5E-03
3.57E-03
2-25E45
6.20E44
5.02E46
1.00E46
4.588-03
3.88E-06
1.80E-05
7.88E-08
1.'t6E-02

NA
2.31E-05
4.86E-03
295E-03
3.34E-03
3.71E{3
7.76E44
3.60E-05
9.42E44
4.44F-05
L04E-07
3.01E-03
4.13E-05

3.688-02
5.23E-05
3.53E-06
1.86E-05
1.65E-05
1.71E-04
3.128-05
2.698-05
L07E-02
8.828-06
4.l6E-05

1.908-01
9.3 | E-02

1.338-01
4.61E-03
5.40E-03
5.90E-05
6.948-04

NA
6.1tE-05
2.1lE-01
l. l4E-04

0.35

ND = Chdiol mt deccr€d d rot samFled in medim.

Not VOC = Chffiical is trot vol.tile.
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TABLE 7-7: BASELINE NONCANCER HAZARD INDICf,S
Futurs Port of Oakllnd Fi€ld Supporr S€rvic€s Complex
2225 end 2277 Seventh Street
orklmd, Crlifortrir

C-h€micrl

Future Land Use

On-Site Intrusive Worker

Soil Gas
Pithway

Soil Pslhway
GroundwNter

Prthwry Total

HIVNpor
Inhalrtion

Pirticulate
Inhalation

Dermal
Cotrtact

I4e6tiolr
Inhalation

Dermal
ContNct

Vapor
Inhalation

Volaaile Organic Compounds
I , I -Dichloroethane

I ,I -Dichloroethylene

1,2,4-Trimethylbenzene
1,2-Dichloroethane
| ,2-Dichloropropane
1,3,5-Trimethylbenzene

Benzene
Chlorcbenzene
Chloroethane
cisl,2-Dichlamethylene
Di-isopropyt ether
Ethylbenzene
Freon I 13
Isopropylbenzene (Cumene)
Methane
M€thyl krt-butyl ether
Naphthalene
n-Butylbmzene
N-Fopylbenzene
s€c-Butylbenzene
TeFachlomethylene
Toluene
tnns-1,2-Dichloroethylene
Trichloroethylen€
Trichlorofl uoromethane
Vinyl chloride (chlometh€ne)
Xylenes
Semlvohtile Compoundi
2-methylnaphthalene

B€nz(a)anthracene
Clrysene
Dibenzofuran
Fluoranthene

Naphthal€ne
Phenanthrene
Pyrene
Petroleum Hydrocrrbons
TPH-Diesel
TPH-Gasolin€
Metrls

Barium
Cadnium
Cobalt
Copp€r
Lead
Molybdenum

Zrnc
Cumulalive No&crncer

Hszerd Irder

ND
ND

6.05E-10
N'D
ND
ND
ND

t.77F{9
ND
ND

4.11E-11
ND

3.37E-10
8.44E-t2
5 . l 5E -12

NA
2.23F'09

ND
ND

3.898-10
2.14E-10

ND
5.598-t I

ND
4.21E-11
l . l 2E - l  l
2.42E-11
t-90E-10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
1.43E-03

ND
ND
ND
ND
ND
ND
ND
ND
ND

1.43E-03

ND
8.49E-l I
| .51E-09

ND
ND

t.29E49
2.06E-10
1.09E-10
592E-t2

N'D
ND
ND

3.108-12
ND

4.40E-t I
ND

9.79E-13
4.57E-08
7.30E-10
1.26F-10
5.91E-10
1.85E-t 0
2.40E-t 1

ND
9.86E-12

ND
ND

l . l 6E -11

4.23E-0'l
1.42E-08
2.54E-O9
1.34E-08
l. l9E-08
t.518-07
2.?5E-08
1.94E-08
1.93E-07
6.378-09
3.00E-08

2.808-07
2.0zEt)9

3.83E43
3.3?E44
3.36E"04
8.588-08
t.01E-06

NA
8.89E{8
3.06E{6
r.66E-07

4.50E43

ND
1.25E-09
1.39E-10

ND
ND

2.90E-10
l.l6E-09
4.128-09
5.58E-10

ND
ND
ND

l . t 7E -10
ND

3-32E-10
ND

t.12E-ll
5.81E48
4.82E-09
4.79849
3.90E49
122E49
6.79E-r l

ND
1.86E-09

ND
ND

7.65E-12

3.59E-07
1.41r-07
2.528 08
1.31E-07
L 18E-07
9.95E-07
2.23E-07
r.92E-07
2.4s841
6.t0E-08
2.9'7E-07

2.2)E-06
1.41E-08

2.16E-O4
4.48E-07
t.27E-07
5.67E-08
6.66E-07

NA
5.878-08
7.O2E-06
Ll0E-07

2.25E44

ND
9.06E-09
1.46E-09

ND
ND

2.1t E-09
9.88E-09
2.99E-08
4.06E-09

ND
ND
ND

8.49E-10
ND

2.41F,-09
ND

1.25E-10
2.82E-0'l
1.50E-08
3-48E-08
2.84E-08
8.87tr49
4,948-10

ND
t.35E{8

ND
ND

5.56E-l I

2.61E46
6.83E47
1.22E41
6.44E47
5.',l tE4'l
't.21846

1.08E46
9.318-07
1.19E-06
3.068-07
1.448-06

1.63E-05
t.02E-01

5.25E-01
3.26E-05
9.218-05
4.t2E-06
4.84E-05

NA
4.21F'06
1.41E-O4
7.9',78-06

5.62F,03

ND
7.58E-09
1.35E-07

ND
ND

1.16E47
1.84E48
9.14E49
5.288-10

ND
ND
ND

2.76E-10
ND

3.938-09
ND

8.74E- | I
4.08E-06
6.51E-08
6.48E'08
5.28E-08
1.65E-08
2.t4D-09

ND
8.8tE-10

ND
ND

t.03E-09

3.78E-05
1.2?E-06
Not vOC
Not VOC
Not VOC
Noi vOC
Not VOC
Not VOC
1.72E45
Not VOC
Not VOC

2.50E{5
t.80E{?

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

8.60E{s

3.15E-09
2.86E-10
1.03E-07
6.34tr-10
4.00E-t0
1.958-08

ND
1.1?E-09

ND
1.88E-08
1.29E-08
2.79E-09
8.64E-08

ND
l.'76E-07

ND
7.948-08
3.35E-0?
5.028-08
2.87E-08
6.57E48
t-89E{9
2.23E-08
3.44E49
6-80E-10

ND
6.88E-10
9.t9E47

1.97E-06
ND
ND
ND
ND

5.60E49
ND

5.58E-07
4.19E47
1.43E45

ND

z.t5E-04
2.5'7E-04

ND
ND
ND
ND
ND
ND
ND
ND
ND

4.91E-04

3,30E-06
6.558-05
1.85E-03
6.21E-05
l.9lE-03
6.67F.04

ND
1.3'7E-04

ND
2.68E-0'7
1.23E-03
1.04E-06
3.288-06

ND
4.698-03

ND
2.2tE41
7.958-04
6.28E-04
?.308-04
8.61E44
1.53E{4
4.13E-06
2.52F,44
9.48E46

ND
8.06E{4
'7.99E46

4.96E43
ND
ND
ND
ND

Not VOC
ND

Not VOC
Ll3E-03
Not VOC

ND

3.55E-04
t.07E-05

ND
ND
ND
ND
ND
ND
ND
ND
ND

2.138-02

3.30E-06
6.55E-05
].85E-03
6.21E{5
1.9 | E-03
6.67E-04
2.98E-08
l.l7E-04
5.158-09
2.87E-0'l
r.238-03
1.04E-06
3.37E-06
8.,f4E-12
4.69E{l

NA
3.02F'-01
7.99E44
6,28844
7.30E44
8.61E44
1.53E44
4.16E46
252E44
9.50846
l. l2E-l I
8.06E44
8.978-.06

5.00E43
2.11E-06
1.50E47
7.908-01
7.018-07
8.38E-06
1.33E-06
1.70E-06
1.15E-03
1.47E.05
1.7',7E-O6

6.t3E-O4
1.70E-03

9.29L03
3.6sF'04
4.28E-04
4.26E-06
5.01E-05

NA
4.42V06
152E44
8.748 06

0.03

ND = Chmical mt d€lt{rd or nor spled tu m€diM.

Not vOC = Chnical is mt roialile-

r \Pono,u$d\7rhsN{nA\.aj-Pod IRIS ENYIRONMENIAL



Chemical

Future Lrnd Use

On-Slte Commerclal worker

Soil Grs
Pathwey

Soil PNthwry
Groundwater

Prthway

Total Risk
Vepor

ItrhalNtion
Vrpor

Inhalalion
Vrpor

Inhalalion

Vohtile Organic Compounds
I , I -Dichloroethane

I , I -Dichloroethylene

1,2,4-Trimethylbenzene
I ,2-Dichloroethane
I ,2-Dichloropmpane
1,3,5-Trimethylbenzene

Benzene
Chlorobenzene
Chloroethane
cisl,2-DichLoroethylene
Diisopropyl ether
Ethylbenzene
Freon I 13
Isopropylbenzene (Cumene)
M€thane
M€lhyl tert-butyl ether
Naphthalene
n-Butylbenzene
N-pmFylbenzene
s€c-Butylb€nzene
Tetrachloro€ihylene
Toluene
tsans-1,2-Dichloroethylene
Trichlorcethylene
Trichlomfluomm€than€
Vinyl chlodde (chlomethene)
Xylenes
Semi-Volstile Compoutrdt
2-methylnaphthalene

Ben4a)anthracene
C}rysene
Dibenzofuran
Fluorantbene

Naphthalene
Phenanthrene
Pyren€
PeFoleum Hydrcc4rbons
TPH-Diesel
TPH-Gasotine
Metrls

Barium
Cadmium
Cobalt
Copper
Lead
Molybdenum

ziic

Comulative Caocer Risk

ND
ND
NC
ND
ND
ND
ND

5.91E-07
ND
ND
NC
ND
NC
NC
NC
NC

1.34E-08
ND
ND
NC
NC
ND
NC
ND

1.40E-09
NC

2.18E{8
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
N'D

ND
NC

ND
ND
ND
ND
N'D
ND
ND
ND
ND

6.21E-01

ND
8.84E-08

NC
ND
ND
NC
NC

5.57E-08
NC
ND
ND
ND
NC
ND
NC
ND

1.20E49
NC
NC
NC
NC

2.9'tE4'l
NC
ND

5.03E-09
ND
ND
NC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

NC
Not VOC
Not VOC

NC
NC

Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC
Nor VOC
Not VOC

4A1E-m

2.25E49
2.00E-07

NC
9.95E-09
7.58E-08

NC
ND

2.24E-0'l
ND
NC
NC
NC
NC
ND
NC
ND

2.23E.09
NC
NC
NC
NC

5.96E4',7
NC
NC

1.32E48
ND

6.29E46
NC

NC
ND
ND
ND
ND

Not VOC
ND

Not VOC
NC

Not VOC
ND

NC
NC

ND
ND
ND
ND
ND
ND
ND
ND
ND

1.41E-06

2.25E49
2.88E-07

NC
9.95E-09
?.58E-08

NA
NA

8.70E-07
NA
NA
NC
NA
NC
NC
NC
NC

1.68E{8
NA
NA
NC
NC

8,93E-07
NC
NA

1.97E{8
NC

6.31E-06
NC

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NC

N,A
NA
NA
NA
NA
NA
NA
NA
NA

8,49E-06

TABLE 74: SrTE DEITLOPMENT CANCf,R RISK ESTIMATf,S
Fdure Port ol O.klatrd Field Support Seralcer Complex
2225 atrd 2277 Seventh Street
Orkl.nd- Califomia

ND = Cldkol mr dde..d or s.rDkn itr '.dim.
Nc = cld,trr @!.sit!r.d . .dim8a
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Chemic.l

Futur€ Land Us€

On-Site Commercial worker

Soil Crs
Pathw.y

Soil Prthrvey
Groundwiter

Pathway
Total

Noncrncer HlVapor
Inhahtion Inhdatiotr I|rhxlatlon

Volatile Org.nic Compoundi
1 , 1-Dichloro€thane
I , I -Dicftloro€thylen€

1,2,4-Trimethylbenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3,5-Timethylbenzene

Ben?ene
Chlorobehzene
Chloroethane
cis- I,2-Dichloroelhylene
Di-isopropyl ether
Ethylbenzene
Freon l13
lsopropylbenzene (Cumene)
Methane
Methyl tei-butyl erher
Naphthlene
n-Butylbenzene
N-propylbenzene
sec-Bulylbenzeoe
Tetrschloro€thylene
Toluene
trans- 1,2-Dichloroethylene
Trichloroethylene
'I 

richlorofluoromethane
Vinyl chloride (€hloroethene)
Xylenes
Semi-Volrlile Compounds
2-methylnaphthalene

Benz(a)anthracene
Chrysene
Dibenz()furan
Fluoranihene
Fluorene
Naphthalene

Pyrene
Petroleum llydrocarbons
TPH-Diesel
T?H-Gasoline
M€rak

Barium
Cadmiun
Cobal!
Copper
Lead
Molybdenum
Vanadium
Zinc
Cumulrtive Notr<ancer

Hazard Index

ND
ND

2.28E-06
ND
ND
ND
ND

1.65E-05
ND
ND

3.83E-07
ND

3.r4E-06
?.888-08
4-8lE-08

NA
2.08E-05

ND
ND

3.63E-06
2.00E46

ND
5.21E4',7

ND
t.93E47
1.04E47
2.26E47
1.',7'.7846

ND
\'D
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
8.40E-02

ND
ND
ND
ND
ND
|..:D
ND
ND
ND

8.40E-02

ND
7.07E-05
5.08E-04

ND
ND

t.08E-03
2.02E45
9.09E{s
4.93E46

ND
ND
N'D

2.58846
ND

3.66E45
ND

8.16E-07
1.20E-03
6.088-04
6.04E-04
4.92E-04
1.548-04
2.00E-05

ND
8.22E-06

N'D
ND

9.658-06

1.63E-02
2.88E-05
Not VOC
Not VOC
Not VOC
Not VOC
Not vOC
Not VOC
5.08E-01
Not VOC
Not VOC

I.69E-04
1.06E-05

Not VOC
Not VOC
Not VOC
No! VOC
Not VOC
Not VOC
Not VOC
Not VOC
Not VOC

2.658-02

'7.'72E-06

1.60E-04
4.008-03
2;76E-04
5.178,03
l,4tE-03

ND
1.658-04

ND
'7.61E"0'7

3.07E-03
2.04E46
7.30E46

ND
9-37E43

ND
l.5zE46
3,51E43
t.30E-03
t-33E-03
1.71E-03
3.09E-04
1.068-05
5.39E-04
2.168-05

ND
z.z8E-03
l.6lE-05

8.708-03
ND
N1)
ND
ND

Not VOC
ND

Not VOC
5.00E-03
Not VOC

ND

1.04E-03
3.83E-05

ND
ND
ND
ND
ND
ND
ND
ND
ND

4.91E-02

'7.',72E-06

2.31E-04
4.51E-03
2.16E-O4
5.17E-03
2.49E-03
2.02F.05
4.13E-04
4_93E46
7.61E41
3.07E{l
2.04E-06
1.r0845
7.88E48
9.418-03

NA
2.31E45
4.718-03
1.91E-03
1.948-03
2.76E-03
4.63E-04
3.11E.05
5.39E-04
3.02E-05
1.04E-0?
2.28E-03
2.75E-05

2.50E-02
2.88E-05

NA
NA
NA

NA
NA

l.0lE-02
NA
NA

l.2tE-03
8.40E-02

NA

NA
NA
NA
NA
NA
NA
NA

0- t6

TABLE 7-9: SITf, DEVELOPMENT NONCANCER HAZARD INDICf,S
F ure Port ofoakland Fleld Support Sewlces Complex
2225 ard 2277 Sevenlh Street
Oakhnd, Celifornie

ND - Cl'nical iol dd€t d or Nt spled in nediuh.

Nol VOC = Cheniel is nor rclalile,
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Appendix B. Modeling Methodologies

This appendix explains the methods used to model exposure to contaminants ofpotential concern

(COPCs) for human receptors considered at the Site. These models were used to estimate on-

Site, indoor and outdoor ambient air concentrations associated with the emission ofCOPCs from

soil, soil gas, and groundwater. Estimation of airbome COPC concentrations at on-Site receptors

comprised the calculation of (i) emission rates ofCOPCs at the appropriate surface boundaries

and (ii) dispersion factors for these COPCs into trenches and indoor environments. The

calculated COPC concentrations were combined with exposure assumptions and chemical

toxicity data to characterize potential adverse health effects to on-Site receptors. Note that all of

the models presented in this appendix will overestimate ambient air concenhations when non-

aqueous phase liquids are present.

8.1 Exposure Modeling Summary

kis Environmental initially performed baseline modeling under an assumed default condition

where specific design elements that will be incorporated into the development were not included.

These specific desigr elements include 1) the planned passive soil-venting systems that will be

placed beneath all constructed buildings and 2) the asphalt cap that will completely cover the

Site. We then conducted modeling under conditions consistent with the planned site

redevelopment, incorporating the aforernentioned design elemenis. Note that these design

elements will only affect the fate and transport of the COPCs in the commetcial-worket scenario.

The calculated, site-specific exposures were combined with the appropriate CoPC-specific

toxicological data to characterize the potential for adverse health effects, as described in Section

6 of the assessment. The following table summarizes the models used to estimate exposure for

each humaa receptor subject to a complete exposure pathwa, as described in Section 5 of the

assessment. Uncertainties associated with these modeling approaches are discussed in

Appendix C.
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Baseline Evaluation

Scenario
Model
Name

Model Breakdown

Emissions Dispersion

Development

On-Site
Construction
Worker

Soil Particulate Dust Default Default

Soil Trench Methane Advection Trench Model

Subsurface Soil

Gas Trench Methane Advection Trench Model

Groundwater Trench Methane Advection Trench Model

Future Use

Intrusive
Worker

Soil Particulate Dust Default Default

Soil Trench Methane Advection Trench Model

Subsurface Soil

Gas Trench Methane Advection Trench Model

Groundwater Trench Methane Advection Trench Model

On-Site
Commercial
Worker

Soil Particulate Dust Defauit Default

Soil
Johnson &
Ettinger Methane Advection Johnson & Ettinser

Subsurface Soil
Gas

Johnson &
Ettinger Methane Advection Johnson & Ettinger

Groundwater
Johnson &
Ettinger Methane Advection Johnson & Ettinser

Planned Site Redevelopment Evaluation

On-Site
Commercial
Worker

Soil Particulate Dust Default Default

Soil
Johnson &

Ettinger Diffirive Flux Johnson & Ettinser

Subsurface Soil

Gas

Johnson &
Ettinger Diffusive Flux Johnson & Ettineer

Groundwater
Johnson &
Ettinger Diffusive Flux Johnson & Ettinger
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B.2 Physicochemical Properties and Site Parameters

The mobility ofa COPC in the subsurface is governed by the physicochemical properties of the

COPC and by the soil properties. The COPC-specific properties that govem transport include

the diffusion coefficient in air, diffusion coefficient in water, Henry's law constant, solubiiity in

water, and the organic carbon partition coefficient. The values assumed for these properties and

their corresponding sources are listed in Table 5- 1.

Soil properties required to estimate the transport ofCOPCs include total porosity, dry bulk

density, soil saturation, and organic carbon content. As there is considerable uncertainty with

respect to the soil properties, conservative values were assumed where site-speciflc data were not

available. Site-specific properties were used where available, and were based on data from the

Phase II ESA. Site soil, groundwater, building, and trench parameters are presented in

Table 5-2. Soil properties were assumed to be homogeneous.

B.3 Trench Model

The Trench Model was used to estimate airborne COPC concentrations resulting fiom the

volatilization ofCOPCs from soil, soil gas, and groundwater into trenches dug by construction

workers during Site development. This model assumes that COPCs present in subsurface soil,

soil gas, and groundwater are volatilized from the surface of the trench wa1ls and dispersed

throughout the trench by winds.

Estimation of ambient COPC concentrations for the intrusive worker consisted of two steps:

(i) the estimation of the volatilization flux of COPCs into the aft;' and, (ii) the modeling of the

dispersion ofthe COPCs in the kench. An analytical solution to the Fickian diffusion equation

was used to calculate the volatilization flux ofCOPCs from soil, soil gas, and groundwater into

the trench. An empirical analogy approach was used to estimate the dispersion in the trench.

Section A.4.1 describes the methodology used to estimate the volatilization flux from soil, soil

gas, and groundwater to the trench. Section A.4.2 describes the methodology used in estimating

the concentration of COPCs in the trench. Ambient air concentrations from trench modeling are

incorporated into Tables 5-3 and 5-4.

I :\PonoaklandvthSt\HHRA\ADDendix B IRIS ENVTRONMENTALB-3



8.3,1 Estimation of Baseline FIux of COPCs from Soil, Soil Gas, and Groundwater to the
Trench Assuming Methane Advection

COPCs can flux through the pores of soil and be emitted into the trench. In situations where

there is evidence ofmethane production resulting from the action of subsurface microorganisms,

the potential for the pressurized flux of methane to resulting in the advective transport of other

COPCs must be addressed. Methane concentrations at the Site are likely the result of the use of

hydrocarbons as a food subshate by subsurface microorganisms. As the microorganisms

consume the hydrocarbons as food, rnethane is released as a byproduct. The methane so released

begins to build up pressure, resulting in a pressure gradient between the source and the surface.

This pressure gradient causes methane, and other collocated gases, to be 'pushed" to surface at a

rate greater that expected from the diffusion gradient.

The COPC flux associated with the methane pressure gmdient can be estimated by assuming a

steady-state flow associated with this pressure gradient (Little et al., 1992). Under this

assumotion. the normalized average flux is:

J /C=Q/A*  10 -5

where:

YC : normalized contaminant flux at ground surface (m/s);

a : steady state flux rate ofthe methane gas (cmr/s1;

C : soil gas concentration resulting from media of concem (mg/m3); and

A : area oftrench surlace (cm2).

The steady-state flux rate of methane is calculated from:

Q:0</u) (PlL) A

where:

soil intrinsic permeability (cm');

vapor viscosity (g/m's);
pressure of metlane at groundwater table (g/cm's2);

distance from groundwater table to surface (cm); and

area of trench surface (cm2).

P=
L=
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Note that the total flux into the trench may not exceed the mass available for transport. While

groundwater sources are considered infinite, soil and soil gas sources are finite; therefore, both

soil and soil gas flux estimates are checked to ensure they do not result in violation of

conservation of mass. To estimate the flux under these conditions, we assumed that all of the

mass potentially available to flux into the trench did so, taking into account the potential flux of

COPCs to the surface. Under these assumotions. the normalized flux into the trench would be:

(2W +2L\ rZ '  /4+(D -  Z I+WL .  ̂ - )
J / C  =  x  I U -

AT

where:

normalized contaminant flux at ground surface over time T (m/s);

soil gas concentration resulting from media ofconcern (mg/ml;;

total flux time (exposure period, s);

depth of COPC contamination (cm);

width of trench (cm);

length oftrench (cm);

depth of trench (cm); and

t/c
C:
T:
D

w
L:
z=

surface area of trench (cm').

The trench parameters referenced above are presented in Table 5-2. Note that the formulation of

this Trench model requires that there are no NAPLs present. If this model is used to estimate the

flux of NAPLs, the flux will be overestimated. Therefore, as a conservative screen of the impact

ofNAPLs on exposure concentrations, this approach may be used.

B.3.2 Concentration of COPCs in the Trench

Atmospheric dispersion in trenches is similar to that found in street canyons. Street canyons ate

streets lined on both sides by buildings. This configuration results in a cross-street profile bound

on three sides, with an open surface above the street. Winds normal to the street flow over

building rooftops and drop down through the open surface above the street to create zones of

turbulence within t}te canyon. Like street canyons, trenches are bound on tlree sides and

surface winds traveling over the trench drop down to create zones of tubulence within the

trench. Similar to emissions from cms traveling along the street at the bottom ofthe street
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canyon, emissions from the bottom of the trench may get fapped within the trench walls.

Therefore, ambient air concentrations resulting fiom emissions in the bottom of the trench may

be estimated from street canyon modeling of automotive emissions. Using this analogy, the

concentrations resulting from the formation ofturbulent eddies in the trench may be estimated

from the following equation (Cermak, 1974):

^  JA ,
c; :  o. lHrI"*

where:

air concentration in the trench (-dm')

flux of COPCs into the trench (9s-.t)

length of the trench (m)

depth of the hench (m)

area of trench walls and floor (m2)

average surface wind speed (m/s)

To maintain the analogy with the experimental results presented in Cermak et al. (1974) the

width of the hench was assumed to be one and half times the depth of the trench. All the input

parameters used in the trench modeling are presented in Table 5-2. The hypothetical trench is

assumed to be 100 cm deep, 150 cm wide, and 400 cm 1ong.

The trench equation presented above assumes that the wind is constant and is always blowing

normal to the trench; therefore, the equation gives a maximum one-hour average concenfation.

A multiplication factor of 0.08 is generally used to convert maximum one-hour concentrations to

annual average concentrations. Nonetheless, Iris Environmental conservatively assumed that the

one-year average concentmtions in the trench would equal the ma".<imum hourly concentrations;

therefore, this multiplication factor was not used. Furthermore, wind speed and direction normal

to the trench will vary significantly with change in meteorology. Therefore, it is likely that this

Trench Model will provide a conservative estimate ofthe actual annual average concentralion in

the trench.

c"
J :
L,
IT

U5
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8.4 Dust Model

The estimation of concentration goals attendant to inhalation ofparticulates tequires the

determination of the quantitative relationship between chemical concentrations in the soil

(mglkg) and the concentration ofrespirable particulates (PM16) in the air due to fugitive dust

emissions. Particulate emissions are due to wind erosion and, therefore, depend on the

erodibility of the surface material. For the fugitive dust inhalation pathway, we assumed that the

ambient air particulates at the Site are equal to the National Ambient Air Quality Standard for the

annual average respirable portion of suspended particulate matter (0.050 mgmr 150 pglml1

PMro) and that the particulates have the same concentration of contaminants as the soil (DTSC,

1994). For the intrusive worker, we have assumed that the airbome dust level present during the

intrusive activities would be one ten*l of the standard for respirable dust particulates (i.e., one

tenth of 5 mg/m3, or 0.5 mg/m3 [500 Fglml), as established by the Califomia O ccupaional

Safety and Health Administration (CaI/OSHA). For both the resident and worker populations,

we have assumed that 100% of the inhaled oarticulates come from surface soil.

8.5 Johnson and Ettinger Model

The hansport of COPCs into indoor air was simulated using the USEPA-approved Johnson and

Ettinger Model ("the J & E Model"; USEPA, 2000), as modified by CaVEPA. The Advanced

version of the Model was used (SL-ADV Version 2.3; 3/01). The J & E Model is used to

estimate indoor air concentrations associated with the volatilization and dispersion ofCOPCs in

soil, soil gas, and groundwater into indoor environments. COPCs in subsurface soil, soil gas,

and groundwater, may be emitted into indoor environments through advection and diffusion.

Once released into indoor air, turbulent mixing will disperse the COPCs in the building.

The J & E Model estimates the COPC indoor air concentrations in a two steps process: (i) the

estimation of the flux of COPCs into the building; and, (ii) the estimation of the dispersion of the

COPCs in the building. For our baseline analysis, we have assumed that COPCs in subsurface

soil, soil gas, and groundwater, may migrate vertically into on-Site buildings by advection and

diffusion. The advective component ofthe flux is the result of a methane pressure gradient, as

discussed above. Currentlv. the J & E Model does not include this advective transport
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mechanism. As this transport pathway can sigrilicantiy increase the total flux into a building,

we have modified the J & E Model to incorporate this pathway.

Using the approach developed in Section A.4.1, the advective component ofthe flux was

incorporated into the J & E Model. This adjusted J & E Model simulates the transport of a

compound into the building by both advection and diffusion and relates the flux ofthe substance

to the pressure gradient of methane.

The planned site redevelopment will include passive vapor venting systems below building built

on-Site. The passive vapor venting system will decouple the advective transport ofCOPCs into

the building, allowing the COPCs to escape around the building, and thereby reducing the

advective transport of soil gas to zero. In this case, we have conservatively assumed that

diffusive hansport of COPCs into the building will continue even with the addition of a passive

vapor venting system. We used the standard J & E Model to estimate the diffusive transport to

COPCs into the building.

The development of the Model is described in detail in the user's guide (USEPA, 2000). The

modeling inputs that affect the estimate of the indoor air concentrations include building, soil,

methane flow rate, and physicochemical parameters. Default building parameters used include

building height, the building air exchange rate, and the seam between the floor and the building

walls. Modeling parameters are presented in Tables 5-2. Table 5-3 shows the predicted au

concentrations associated with baseline evaluation and Table 5-4 shows the predicted indoor

ambient air concentrations associated with the inclusion ofolanned design elements.
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