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EXECUTIVE SUMMARY 

This report presents the findings of'a Remedial Investigation (RI) and Baseliine Risk 

Assessment (RA) for portions of'the Southern Pacific Transportation Company (SPTCo; now 

Union Pacific Railroad) West Oakland and Desert Rail Yards in Oakland California (the site) 

The site includes approximately 75 acres transferred fiom SPTCo to California Department of' 

Transportation (Caltrans) for the Interstate 880 freeway realignment and consbuction project. 

This report has been prepared by Geomatrix Consultants, Inc (Geomatxix), on behalf'of'SPTCo 

in response to Sections 5.5 and 5 6 of'hminent or Substantial Endangerment (I&lSE) Order 

N o  93-94-018 (the Order) issued to SPTCo by California Environmental Protection Agency - 

Department of'Toxic Substances Control (DTSC) on 20 .June 1994. The Baseliine RA (included 

in Appendix A of'this rep0r.t) has been prepared by Center for Toxicology and Environmental 

Health to assess health risk associated with portions of'the site where both "elevated" and "at- 

grade" sections of'the freeway will be located. Health risk associated with several parcels 

located along Third Street were not assessed in the Baseline RA; these parcels will be addressed 

by Calkans because they are currently planned to be developed by Caltrans as a park 

The objectives of the report are to (1) present the ~esults of the RI field investigation, (2) 

characterize the natule and extent of chemicals in soil and groundwater, and (3) present the 

evaluation of the risk to human health and the environment posed by chemicals detected in soil 

01 groundwater at the site The data used to accomplish these objecti~esinclude those- 

previously collected by others and data collected by Geomatxix du~ing the RI 

The site has been operated as a rail yard for at least 90 years, with portions of the West Oakland 

Rail Yard developed as early as the 1870s The rail yards have been used primarily for railroad 

car storage and repair and consist of  ailr road b.acks and buildings that have been used for 

various rail yard support operations Previous soil and groundwater data have been collected 

du~ing site-wide investigations conducted in 199111992 and in 1993 Additional soil and 

groundwater data were collected by Geomatrix during the RI field investigation conducted 

during February through May 1995 
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The hydrogeologic data collected at the site indicate that the upper 15 feet ofsubsu~face 

sediments generally consist of3 to 4 feet of'fill material underlain by native material Depths 

to groundwater are approximately 4 to 8 feet below ground su~face (bgs). Based on data fkom 

the site vicinity, historical horizontal hydraulic gradients in the native material have been 

relatively low in magnitude (0.001 to 0004 footlfoot). Gradient directions are generally toward 

San Francisco Bay but may be locally affected by dewatering or other influences. 

Analytical results for soil samples collected at the site indicate that high-boiling petroleum 

hydrocarbons are fkequently present in vadose-zone soil (fill material) These data also indicate 

that low concentrations of polynuclear aromatic hydrocarbons (PNAs) and aromatic and 

aliphatic volatile organic compounds (VOCs) are occasionally present in vadose-zone soil, 

Average concentrations of' metals for soil samples collected at the site generally are similar to 

concentrations found elsewhere within the greater Bay Area Lead concentrations in site soil 

may be higher than levels typically found in greater Bay Area soil, but may be similar to 

concentrations found in soil over the general area of West Oakland. 

Analytical results for groundwater samples collected at the site indicate that most constituents 

detected in soil do not significantly affect groundwater. Both aromatic and aliphatic VOCs 

have been detected in groundwater at isolated locations within the site. Most notably, elevated 

concentrations of' aromatic VOCs (alkylated benzenes and chlorobenzenes) were detected in 

groundwater samples from three areas within the northern elevated section ofthe future 

freeway, and elevated concentrations of' aliphatic VOCs (PCE, TCE, 1,l-DCA, cis-1,2-DCE, 

and vinyl chloride) were detected in groundwater near the c a ~  lighting shop These chemicals 

in groundwater appear to be limited in extent and do not appear to be migrating off site. 

The results of the Baseline RA indicate that chemicals present in soil and groundwater at the 

site would be unlikely to pose unacceptable health risks, as defined by U S  EPA and DTSC,, 

Exposure scenarios were evaluated based on the knowledge that this area would have future use 

as a freeway The future potential 1.eceptor.s identified who are most likely to have the greatest 

exposure are a child at play beneath elevated portions of the fkeeway and a utility worker who 



works in either elevated or at-grade po~tions of the fieeway Exposure of' either receptor to 

chemicals in soil or groundwater would be unlikely to result in adverse noncarcinogenic health 

effects or excess theoretical cancer ~ isks  above the range that generally is considered acceptable 

by U S .  EPA (1x10~ to 1x10-~),, 
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DRAFT REMEDIAL INVESTIGATION AND 
BASELINE RISK ASSESSMENT REPORT 

1-880 REALIGNMENT CORRIDOR 
West Oakland and Desert Rail Yards 

Oakland, California 

1.0 INTRODUCTION 

This report has been prepared on behalf' of' Southern Pacific Transportation Company (SPTCo; 

now Union Pacific Railroad) by Geomahix Consultants, Inc (Geomatrix), and responds to 

Sections 5.5 and 5..6 of' Imminent or Substantial Endangerment (I&/SE) Order No. 93-94-018 

(the Order) issued to SPTCo by the California Environmental Protection Agency - Department 

of'Toxic Substances Control (DTSC) on 20 .June 1994, The Order addresses portions of'the 

SPTCo West Oakland and Desert Rail Yards that are within the 1-880 realignment corridor; as 

well as the former Bobo's Junkyard, which has been identified as a separate operable unit. This 

Remedial Investigation (RI) and Baseline Risk Assessment (RA) Report has been prepared to 

address portions of'the West Oakland and Desert Rail Yards within the 1-880 realignment 

cor~idor (the site; Figure 1). Although not required by the Order, the Baseline RA is included 

herein (Appendix A) because the data presentation and discussion in this RI are used to support 

the Baseline RA. A separate RI and Baseline RA Report that addressed Bobo's Junkyard w-as 

submitted on 27 November 1995 and approved by the DTSC on 25 January 1996,, 

This RI summarizes data collected from all property transferred from SPTCo to California 

Department of'Transportation (Caltrans), exclusive of'BoboYs Junkyard. However, the Baseline 

RA does not include several parcels located along Third Street (Figure 2) as agreed in a 3 1 

March 1995 meeting among representatives from the DTSC, SPTCo, Terranext (formerly 

Indushial Compliance), Geomahix, Caltrans, and Environmental Solutions (consultant to 

Caltrans). Health risk associated with these parcels will be addressed by Caltrans and their 

consultant because these portions of'the property will be included in an area currently planned 

to be developed by Caltrans as a park (South Prescott Park). The Baseline RA Report has been 

prepared by Center for Toxicology and Environmental Health (CBTH); it is included in 

Appendix A and summarized in Section 6 0  of this report,, 
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1.1 OBJECTIVE OF REPORT 

The overall objective of'this report as stated in the Order is to characterize the site for the 

purposes of' defining risk to public health and the environment Specific objectives of the report 

are to (1) document results of'an RI that was performed to address data needs identified in the 

RI Scoping Document (Geomatrix, 1994a) and the Addendum to RI Scoping Document 

(Geomatrix, 1994b), (2) use data collected during the RI and previous investigations to 

characterize the nature and extent of' chemicals in soil and groundwate~; and C3) evaluate ~ i s k  to 

human health and the environment, 

1.2 REPORT ORGANIZATION 

This report is generally organized following U S Environmental P~otection Agency OJ S EPA) 

guidance, as appropriate (U S EPA, 1988) The following sections describe (1) site 

background information (Section 1 3), (2) site physical characteristics (Section 2 O), (3) 

remedial investigation activities including soil and grab groundwater sampling (Section 3 O), 

(4) the natu~e and extent of chemicals in soil and groundwater (Section 4 O), (5) chemical fate 

and transport (Section 5 O), and (6) findings of the ~ a s e i n e  RA prepared by CTEH (Section 

6 0) 

1.3 BACKGROUND 

The following subsections present background information about the site including site 

description, site history, and a summary of'previous investigations 

1.3.1 Site Description 

The site is situated in an indusbial area of'west Oakland, California, and consists of'portions of 

the SPTCo West Oakland and the Desert Rail Yards (approximately 75 acres) sold by SPTCo 

to Caltrans for the 1-880 realignment corridor (Figure 1 )  Site facilities include trackage and 

various maintenance shops and storage buildings (Figure 2 )  The surrounding facilities include 

the Oakland Naval Supply Center to the west, Port of' Oakland operations to the west and south, 

and the Oakland Amy Terminal to the south Residential neighborhoods are within 600 feet of' 

the site to the east Based on 1990 census information, 6,457 people live within a l-mile radius 
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of'the site (DTSC, 1994). The current construction plans for the 1-880 f?eeway across the 

former SPTCo property consist of' two elevated sections and an at-grade section (Figure 2). In 

addition, Seventh Street will be sub-grade, or depressed, as it crosses under the new alignment 

of'the 1-880 fieeway. 

1.3.2 Site History 

The early histo~y of'the site is not well documented; however; some information is contained in 

a recent archaeological report prepared on behalf'of'Caltrans for the 1-880 realignment project 

(Praetzellis, 1994) According to maps presented in Praetzellis (1994) and other published 

geologic maps (Radbruch, 1957; McDonald, et a l ,  1978), at the time of'Oakland's early 

settlement in the 1850s, the poxtion of'the West Oakland Yard within the realignment coxridor 

was marshland adjacent to the Oakland estuary and much ofthe area that is now the Desext 

Yard was within San Francisco Bay. The area that is within the West Oakland Yard appears to 

have remained largely undeveloped until at least 1870 However, by 1878, the area was 

occupied by a railyard for the Central Pacific Railway, predecessor to Southern Pacific 

(Praetzellis, 1994). It is not clear when the area that is now the Dese~t Yard, which was not 

included in the Praetzellis study, was filled and developed. 

Since the two areas were developed as rail yards, they have been used pximarily for railroad car 

storage and repair. Thirteen buildings currently on the prope~ty have been used for various rail 

yard suppo~t operations These buildings are shown on Figure 2 and a description of'theu 

former use, and identification of' chemical constituents that may have been used or stored is 

presented in Table 1 

Potentially hazardous substances commonly associated with routine Iail yard operations include 

lub~icating oils, fuel oils, paints, and metals Heavy, high-boiling lub~icating oils have been 

used at the Dese~t Yard throughout its operations This oil, known as journal box (JB) oil, was 

fed along the tracks in the switching yards fiom a pressurized steel pipe bu~ied about 2 feet 

below gade. According to SPTCo, the oil is generally about 90 weight and highly viscous. 

Available data previously collected indicate a wide distribution of high-boiling petroleum 



hydrocarbons in site soil Lead is also known to be present in shallow soil along the trackage 

Low-boiling petroleum hy&ocarbons and aromatic and aliphatic volatile organic compounds 

are not routinely used in rail yard operations and generally have not been detected at elevated 

concentrations at the site 

Two discrete proper.ties, 1912 7th Street and 721 Cedar Street, are undergoing investigation and 

remedial activities related to former fuel undergound storage tanks (USTs) These sites have 

been closed (721 Cedar Sbeet) or are in the process of being closed (1912 7th Street) by 

Alameda County Health Care Services Agency (ACHCSA) and are not discussed in this report 

Another former UST site at the Desert Yard (called Tank 9) was investigated by SPTCo and 

Caltrans, soil and groundwater data were submitted to ACHCSA, and ACHCSA has not 

required any further action with respect to this tank 

1.3.3 Previous Investigations 

Most previous soil and groundwater chemical data were collected at the site during two phases 

of' investigation. CH2M Hill collected data though8ut the entire site between Decembn 1991 

and Januluy 1992 (CH2M Hill, 1992) Indusixial Compliance (IC; now Terranext) collected 

data between August and November 1993 from portions of'the site that are to be elevated 

freeway (IC, 1994a). The IC and CH2M Hill samples appear to have been collected in 

accordance with U.S. Environmental Protection Agency (EPA) SW-846 guidance (US. EPA, 

1986) and, therefore, are considered acceptable for the purposes of'this RI.. Further, the 

analytical results for these samples form the foundation ofthe Scoping Document and 

Addendum (GMX 1994a, 1994b) previously approved by DTSC Soil and goundwater sample 

locations from these investigations are shown on Figure 2, and analytical results are tabulated 

in Appendix B.  In addition to these two site-wide investigations, area-specific investigations 

have been conducted by IC and Environmental Solutions, consultant to Caltrans IC collected 

limited additional data in April 1995 from seven borings drilled south of Bobo's .Junkyard 

(borings ICP-4 through ICP-10, Figure 2). Environmental Solutions has collected soil and 

groundwater samples from property in the vicinity ofthe proposed South Prescott Park (near 

Third Street) and from Contrzct Area A (eastern elevated section), 
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CH2M Hill collected soil samples from 110 borings that were 2 to 4 feet deep thoughout the 

entire site; samples were also collected in the vicinity of'the Seventh Street overpass fiom five 

borings that were 16.5 to .30 feet deep. Generally, two to four samples were collected fiom 

each ofthe shallow bo~ings, and five to seven samples were collected fiom the deeper borings,, 

A Hydropunch was used to collected grab groundwater samples fiom 66 ofthe borings., 

IC collected soil samples from :358 bo~ings, typically drilled to depths of 10 feet, at footing 

locations in the site sections that are to be elevated fieeway (Figure 2 )  Generally, three bo~ings 

were drilled at each footing location, and samples from given depth intervals (typically 0 5  to 

1 .O, 2 0  to 2 5, and 4 0  to 4.5 feet) were composited by the analytical laboratory (IC, 1994f). 

Grab groundwater samples were collected fiom one boring in each footing (89 total) using a 

bailer lowered directly into the borehole or into a PVC screen temporarily placed in the 

borehole Additionally, IC collected soil samples fiom seven borings (ICP-4 through ICP-10, 

Figure 2) that were drilled in Ap1il1995 to assess pesticides in soil near Bobo's .Junkyard; soil 

samples generally were collected fiom each bo~ing at depths ofO5,2,4, and 6 feet., 

Additional soil and groundwater data have been collected in the corridor by Environmental 

Solutions from an area west of the southern "elevated" section where a ramp was to be 

constructed (called the surchruge area; Environmental Solutions, 1994a) and h m  fieeway 

footings in the southem "elevated" section (called Contract Area A, Environmental Solutions, 

1994b). Envir.onmenta1 Solutions soil samples from the surcharge area (no groundwater 

samples were collected) were non-detect for most constituents; if' constituents were detected, 

concentrations were considerably lower than maximum concentrations detected elsewhere in 

the corridor by CH2M Hill, IC, andlor Geomatrix Most of'the Environmental Solutions soil 

samples fiom Contract Axea A footings (no groundwater samples were collected) were 

collected at depths of5 feet or greater in order to characterize deeper soil f o ~  soil management 

purposes during fieeway construction. The CTEH ~ i s k  assessment (Appendix A) only used 

data fiom soil samples collected up to a depth of5 feet because it was assumed that potential 

future receptors would not likely be exposed to deeper soil after the fieeway is constructed For 

the samples that were collected at depths shallower than 5 feet, maximum concentrations of 
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constituents detected were (1) lower than maximum concentrations detected elsewhere in the 

corridor by CH2M Hill, IC, and Geomabix, and/or (2) below applicable USEPA Region IX 

preliminary remediation goals (PRGs; USEPA, 1996) and, therefore, would have been excluded 

fiom the risk assessment For these reasons, the site characterization for this RI is based on the 

data collected by CH2M Hill, IC, and Geomatrix as proposed in the Scoping Document and 

Field Sampling Plan (FSP; Geomatrix, 1994% 1994c) and as approved by DTSC. Soil and 

groundwater data fiom site investigations conducted by CH2M Hill, IC, and Geomatrix are 

tabulated in Appendix B. 

2.0 SITE PHYSICAL CHARACTERISTICS 

This section presents a discussion of the physical system at and near the site, including 

physiography, geology, and hydrogeology 

2.1 PHYSIOGRAPHY 

The site is located on the East Bay Plain of'the Coast Ranges geomo~phic province, which 

consists of' lowlands composed oftidal flats and alluvial deposits formed by streams carrying 

sediments fiom the mountains to the east The East Bay Plain is bound by the 

Berlceley/Oakland Hills to the east, the San Francisco Bay to the west, the City of' Albany on 

the north, and the City of'Hayward on the south (Alameda County Flood Contra1 and Water 

Conservation District [ACFCWCD, 19931, Figure :3)., 

The site has an approximate elevation between 5 and 10 feet above mean sea level based on the 

U . S  Geological Survey Oakland West 7 5 minute quadrangle.. The only surface water body 

within a mile of'the site is the San Francisco Bay (the Oakland inner and outer harbors), which 

is 0.6 mile i?om the site at its closest point. Lake Merritt, a saline lake, is approximately 1.25 

miles to the east of'the site. 
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2.2 GEOLOGY 

Regional Geology 

As described by ACFCWCD (1993), the San Francisco Bay region is characterized by a 

structural trough that contains Quaternary-age sediments up to 1100 feet thick that overlie 

.Jurassic- and Cretaceous-age bedrock The region is charactmized by many faults and folds, 

which now exist in a dominantly strike-slip environment. Pre-Holocene age Quaternary 

sediments ofthe East Bay Plain were shed westward from the Diablo Range. 

The swficial sediments throughout the west Oakland area include Holocene-age Bay Mud and 

Pleistocene-age Merritt Sand; inland of' these sediments is older Pleistocene-age alluvium 

(Radbruch, 1957). The Bay Mud is a marine clay to silty clay with organic material that is 

exposed at the surface near the bay margin and ranges in thickness from less than a foot to 

about 120 feet beneath the bay. The Bay Mud overlies the Merritt Sand near the bay margin 

but the latter is exposed in a relatively small area immediately inland of'the Bay Mud The 

Merritt Sand is a part of'the San Antonio Formation and it consists of'eolian, fine- to medium- 

grained sands that are silty and become more consolidated with depth. The Mer~itt Sand is 

about 65 feet thick and relatively restricted in aerial extent. Underlying the Merritt Sand are 

about 1100 feet of' older Pleistocene-age sediments, 

The olde~ Pleistocene-age units are the lower portion of'the San Antonio Formation and include 

the Old Bay Mud or Yerba Buena Mud, and the Alameda Fo~mation (ACFCWCD, 1993),, 

They consist of'marine and non-marine sediments that are predominantly clays with lenses of 

silt, sand, and gavel. The Alameda Formation unconformably overlies the Franciscan bedrock, 

The Franciscan Fo~mation consists of sandstone, shale, chert, some volcanic rocks, and 

serpentine These rocks have undergone intense deformation, showing fractures and shears 

where exposed at the surface. 

Site Geolom 

Based on borings drilled by Geomatrix during the RI, the upper 15 feet of' sediments consist of 

fill material underlain by native material Boring logs from this investigation are presented in 

I:\WPWCS~6BOXlRA-TXI DOC 7 
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Appendix C According to Radbruch (1957), the fill material consists of sediments dredged 

fiom the bay and the Oakland estuary; however, it is likely that fill material also came fIom 

other sources Based on information presented in Praetzellis (1994), fill in some po~tions of the 

West Oakland Yard likely came fiom cuttings along Southern Pacific's East Bay lines in 

Conha Costa County and Niles Canyon (Alameda County) If fill came from various sources, 

it would be expected to have a variable lithology, which is consistent with the nature of the fill 

observed by Geomahix The fill material generally appears to extend to a depth of 3 to 4 feet 

below ground surface (bgs) and is hete~ogeneous with varying amounts of sand, gravel, and 

fines; it often contains glass, brick, and wood fragments 

At the West Oakland Yard, the native material encounte~.ed beneath the fill generally consists of 

black silty sand that extends to depths of7 to 12 feet bgs and becomes lighter. in color (dark 

gray to gray) with increasing depth This unit has been called Bay Mud by Canonie (1989); 

however, the teIm "Bay Mud" is generally used to desc~ibe a unit that is predominantly 

comprised of silt or clay The black silty sand may be a stratigraphic equivalent to the Bay 

Mud These observations are consistent with Radbruch (1957) and McDonald, et al (1978), 

which both show no Bay Mud throughout most of the West Oakland Yard within the 

realignment corridor In most borings, a dark yellowsh brown silty sand was encountered 

beneath the black silty sand; this unit has been interpreted by Canonie as the Merritt Sand 

Based on deeper borings hilled by CH2M Hill in the vicinity of the Seventh Sheet dep~ession, 

the Merritt Sand extends at least to a depth of 30 feet bgs at the site 

At the Desert Ysud, the native material encountered beneath the fill generally consists of veIy 

dark brown to black silt or lean clay containing shell fragments that extends to depths of 6 to 15 

feet (or greater) bgs; this unit is considered to be Bay Mud At some locations, the Bay Mud 

was thin or absent, and a d a ~ k  gray to black, poorly-graded sand was encounte~ed; these sands 

may represent channel deposits within the Bay Mud Beneath the Bay Mud, a black to 

yellowish brown silty sand was encountezed; this unit is considered to be the Mer~itt Sand The 

approximate lateral extent of Bay Mud in the West Oakland and Desert Rail Yards is shown on 

Figwe 2 
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2.3 HYDROGEOLOGY 

Regional Hvdxogeoloq 

The groundwater basin that underlies the East Bay Plain consists of predominantly fine-grained 

sediments with intercalated lenses of coarse-grained sediments ACFCWCD (1993) estimates 

that, in the Oakland area, the percentages of' aquifers and aquitards are 25 and 75, respectively,, 

The water-yielding properties of'the Mer~itt Sand and other coarser lenses are expected to be 

moderate with little yield &om the finer-grained units The generalized groundwate~. movement 

direction is bayward. The velocity of' groundwater movement through the basin is expected to 

be slow because of'the generally low hydxaulic gradient magnitude, the predominance of fine- 

grained sediments, and the discontinuous natu~e of the coarse-grained sediments Nea the bay 

margin, tidal fluctuations may influence gradient direction and magnitude; however, such 

influences are not likely to occur at the site, which is 0 6 mile kom the Bay at its closest point 

Shallow groundwater is not used for municipal or domestic purposes in west Oakland In 

accordance with State of' California Depahnent of' Water Resource regulations, ACFCWCD 

Zone 7 Water Agency requires a minimum 50-foot sanitary seal for municipal and industrial 

water supply wells, and a 20-foot sanitary seal for domestic and ir~igation wells 

Site Hvdxogeolo~ 

Based on data fiom monitoring wells near or at the site (Figure 4), shallow groundwater 

generally occurs at depths of4 to 8 feet below ground surface (bgs) in one or two water-beaing 

zones, depending on whether the Bay Mud is present During the RI investigation, 

groundwater was encountered in some borings at shallower depths, probably due to significant 

rainfall during the months proceeding the investigation The water-bearing zones encountered 

du~ing the RI are the suficial fill and the Merritt Sand. Figure 4 shows the location of' nearby 

sites where hydxaulic information is available,, 

Groundwater in the fill is unconfined. Hydraulic conductivity of'the fill is expected to be 

variable due to its heterogeneous characte~ Two slug tests performed on shallow wells 

screened in the fill at the West Oakland Yard yielded hydxaulic conductivity values of 



approximately 4.0 x centimeters per second (cds )  (Canonie, 1989). Horizontal hydraulic 

gradients in the fill range from 0,003 to 0,013 foot per foot (ft/ft) Gradient directions are 

generally towards the bay based on data fram nearby sites including the West Oakland Yard, 

and some observed fluctuations or gradient reversals may be due to tidal influences or 

dewatering projects. Overall, graundwater movement through the fill is likely slow due to the 

heterogeneous natwe ofthe fill, low hydraulic gadients, and locally fluctuating gradient 

directions. 

The Bay Mud, where present, acts as an aquitard between the fill and the Merritt Sand Seven 

labo~atory permeability tests on cores of the Bay Mud collected at the West Oakland Yard 

yielded vertical hydraulic conductivity values of 1 x lo-' to 6 x 10 c d s  (Canonie, 1989) 

Groundwater in the Merritt Sand occurs in unconfined to confined conditions. The hydraulic 

conductivity ofthe Merritt Sand is moderate because it consists of' silty to clayey fine-.grained 

sand. Nine slug tests performed on wells screened in the Merritt Sand in the "at-grade" section 

of'the site yielded hydraulic conductivity values of.2.9 x 10.' to 5.8 x 10.' c d s  (Dames & 

Moore, 1992). A 48-hour, constant-rate pumping test of'the Merritt Sand at the West Oakland 

Yard yielded a hydraulic conductivity o f 6 6  x 10" c d s  (Site 8, Figure 4; Canonie, 1989), 

Horizontal hydraulic gradients determined for the Merritt Sand range fram 0.001 to 0.004 A/ft 

(Canonie, 1989, and other references shown on Figure 4). Gradient directions are generally 

towards the bay. Near the bay, the potentiometfic surface is likely affected by tidal loading, 

Groundwater movement though the Merritt Sand is likely slow because of'the low hydraulic 

gradient and local gradient reversals due to tidal loading. 

The shallow graundwater beneath and in the vicinity of'the Corridor is not likely suitable for 

municipal or domestic water supply in accordance with State Water Resources Control Board 

(SWRCB) Resolution No 88-63 because total dissolved solids (TDS) values are likely to be 

greater than :3000 mg/l, based on data from nearby sites At the Oakland Army Base (Site 1, 

Figure 4), TDS values ranged from 3800 to 11,000 mg/l in samples from four monitoring wells 

(IC, 1994c) At the former impoundment area of'the West Oakland Yard (Site 8, Figure 4), 
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TDS values ~anged fiom 660 to 32,200 mg/I in samples fiom four monitoring wells (IC, 

1994d) Finally, at Bobo's Junkyard (Site 7, Figure 4), TDS values ranged fiom 2120 to 5580 

mg/l in samples fiom four monitoring wells (Geomatrix, 1995d) TDS data are not available 

fiom sites 4,5, and 6,  shown on Figu~e 4 

3.0 REMEDIAL INVESTIGATION ACTIVITIES 

Soil and/or grab groundwater samples were collected i?om 40 borings (B-1 through B-40) 

drilled by Geomatrix between 7 Feb~uary and 1 March 1995 Samples were collected i?om 

locations selected to complete the characterization of'the lateral and vertical extent of' chemicals 

in soil and graundwater as discussed in the FSP (Geomatrix, 1994~).  As specified in the FSP 

Addendum (Geomatrix, 1995a), soil and groundwater samples were collected from borings 

drilled at potential source areas at nine buildings where chemicals may have been used 01 

stored.. Sampling locations are presented on Figure 2, and analyses performed on samples 

collected at each building are summarized in Table 2 

After review of'the data generated from the 40 sampling locations, we concluded that collection 

of' additional grab graundwater samples was warranted for the purposes of completing site 

characte~ization. On 17 and 19 April 1995, additional grab groundwater samples were 

collected in the vicinity of'the Car Lighting Shop (borings B-41 through B-44; Figure 2) and 

adjacent to boring B-32 (boring B-:32b) Because of' quality asswance/quality contra1 (QMQC) 

issues associated with these samples (see Section 3.4), resampling was performed on 16 May 

1995 (borings B-41A, B-43A, and B-44A), and two additional borings were drilled and 

sampled (B-45 and B-46; Figure 2 )  These resampling locations are shown on Figure 2 and are 

within 10 feet of the original boring locations 

Bo~eholes were drilled using the direct-push technology desc~ibed in the FSP Addendum, and 

grab groundwate~ samples were collected using the tempo~ary well method described in the 

ESP The w o ~ k  was pe~formed in accordance with the FSP (Geomatrix, 1994c), the FSP 

Addendum (Geomatrix, 1995a), the Quality Assurance P~oject Plan (QAPP; Geomatrix, 



1995b), and the Site Health and Safety Plan (HSP; Geomatrix, 199%) and is summarized 

below,, 

3.1 SOIL SAMPLING 

Prior to drilling, a drilling permit was obtained from Zone 7 Water Agency Underground 

Sewice Alert (USA) was notified and an underpound utility search was conducted by a private 

locator at each borehole location,, 

Boreholes were drilled by Precision Sampling, Inc. of'San Rafael, California, using a direct- 

push technology. A hydraulic hammer was used to advance 2.5-inch-diameter drive casing 

containing a 3.-foot-long core barrel lined with 6-inch-long, 1 75-inch-diameter, stainless-steel 

l i i s  After advancing the casing and filling the core barrel, the core barrel was retrieved on 

rods while the drive casing remained in the borehole The stainless-steel liners containing soil 

were removed from the core barrel, selected liners were submitted for chemical analysis, and 

soil in the remaining liners was used to prepare lithologic logs (Appendix C). The procedure 

was repeated until the total depth ofthe borehole was reached, thereby providing a continuous 

core of'the borehole Soil was visually classified by a Geomatrix geologist using the Unified 

Soil Classification System (USCS) and lithologic logs were prepared as descxibed in the FSP 

In general, boreholes were advanced to a total depth of' approximately 5 feet if' only soil 

samples were collected and to a total depth of'approximately 15 feet if'pab groundwater 

samples were collected. All downhole equipment was decontaminated p~ior  to each use, either 

by steam cleaning or by washing with an Alconox-watw solution and rinsing once with 

municipal water and twice with deionized water,, 

As proposed in the FSP, two soil samples generally were collected from each boring at 

approximate depths between 0.5 and 1 foot and between 3 and 5 feet The shallow samples 

appeared to consist of' fill material, whereas the deeper samples generally appeared to consist of 

native material. Exceptions to this sampling approach are as follows: 
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0 In the Desert Yard. additional samles often were collected at intermediate de~ths  (1 5 
to 3 0  feet) for polynuclear aromatic hydrocarbons (PNA) analysis because the highest 
concentrations of' total petroleum hydrocarbon (TPH) previously have been found . - 
within this depth interval (IC, 1994) 

0 Shallow samples occasionally were collected at depths between 1 to 1 5  feet if' the upper 
0 5  foot consisted of'material that likely would be removed during fkeeway construction - 
(concrete, asphalt, or railroad ballast) 

0 Deeper samples were occasionally collected below a depth of5 feet if' there was no 
shallower sample recovery (borings B-2, B-7, and B-19). 

At the drop table shed (boring B-11), a soil sample was also collected at a depth interval 
of 13 to 13 5 feet because this boring was drilled adjacent to an approximate 11 5-foot- 
deep concrete trench This sample was collected to assess whether chemicals were 
present in soil beneath the trench 

0 At the wheel shop, boring B-12 was dilled adjacent to an approximate 6-foot-deep 
concrete sump, which is below a railwheel lathe. No soil samples were collected 
because the upper 10 feet of'the boring consisted entirely of'gravel fill mate~ial and no 
soil samples were recovered.. A second boring was drilled to a depth of' 13.5 feet 
adjacent to the fmt, and only gravel fill material was again encountered Because no 
soil samples could be recovered, this area was assessed on the basis of' the grab 
groundwater sample,, 

Stainless-steel liners containing soil to be submitted for chemical anaIysis were sealed with 

Teflon sheeting, plastic end caps, and silicone tape. Soil samples were then labeled, stored in 

an ice-cooled chest and delivered under Geomatrix chain-of-custody procedures to Quanterra 

Environmental Services (Quanterra) of' West Sacramento, California, a State of' California- 

certified laboratory. Samples generally were picked up by a laboratory representative on each 

day of' sampling; if' samples were sent by overnight delivery or cowier service, the coolers were 

sealed with custody tape. Field QAIQC soil samples included at least one matrix spike (MS) 

and MS duplicate (MSD) every twenty samples for each analysis performed. QAIQC results 

are discussed in Section 3.4. 

After soil and groundwater samples were collected, boreholes were backfilled to the suIface 

with a cementibentonite grout that was placed through a I-inch-diameter PVC tremie pipe 

Investigation-derived soil and decontamination water were contained in 55-gallon drums that 
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were labeled and stored in an enclosed area (stockpile management area number 3). Because of' 

the small volume of' soil generated dwing the investigation (one drum), a composite sample 

was collected to assess disposal Analytical results from the composite soil sample indicated 

that the soil was non-hazardous, and it was managed in accordance with the Stockpile 

Management Plan (IC, 1994b) Analytical results iYom groundwater samples indicated that the 

decontamination water could be processed through SPTCo's waste water treatment plant. 

3.2 GRAB GROUNDWATER SAMPLING 

Grab groundwater samples were collected from boreholes using the temporary well method 

described in the FSP in conjunction with the direct-push dxilling methods desc~ibed above. 

After drive casing was advanced to a total depth of' 15 feet, a 1-inch-diameter temporary PVC 

well consisting of'a 10-foot-long, 0.01-inch-slot well screen was placed inside the d~ive casing. 

Although it was proposed in the FSP that boreholes would be advanced to depths of' 

approximately 5 feet below the water table and temporary wells with 5-foot-long screens would 

be installed in the boreholes, this depth and well screen length were found to yield inadequate 

recharge for groundwater samplmg requirements; therefore, boreholes were drilled to a greater 

depth (approximately 10 feet below the average historical water table) and a longer well screen 

was used After a temporary well was installed in a cased borehole, the drive casing was 

withdrawn, thereby exposing the screen to the water-yielding sediments 

Groundwater purging and sampling equipment was decontaminated prior to each use, either by 

steam cleaning or by washing with an Alconox-water solution and rinsing once with municipal 

water and twice with deionized water. Ifrecharge was adequate, approximately 1 gallon (2 to 3 

casing volumes) of' water was purged fiom the temporary wells with a peristaltic pump or PVC 

bailer before collecting groundwater samples 

Groundwater samples were collected and containerized according to the volatility of' target 

analytes Groundwater to be analyzed for volatile organic compounds (VOCs; aromatic and 

aliphatic VOCs and total petroleum hy&ocarbons as gasoline [TPHg]) was collected first with 

a 0.75-inch-diameter PVC bailer that was slowly lowered and raised into the temporary wells 
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with a stainless steel cable; groundwater from the bailer was slowly drained down the sides of' 

40-milliliter (ml) HC1-acidified volatile organic analysis (VOA) vials using a bottom-emptying 

device with a stopcock. Groundwater to be analyzed for semivolatile compounds (PNAs) was 

collected next by raising and lowering PVC tubing with a ball check valve on the bottom; this 

procedure allowed a large volume of'water to be collected (as per analytical requirements) 

without aeration New, clean tubing was used at each borehole to manually "pump" 

goundwater directly into 1-liter amber bottles. Finally, poundwater to be analyzed for non- 

volatile compounds (total petroleum hydrocarbons as diesel [TPHd], metals, pesticides and 

polychlo~inated biphenyls [PCBs]) was collected using a pe~istaltic pump equipped with PVC 

tubing; new, clean tubing was used at each borehole to pump groundwater directly into 1 -liter 

amber bottles (for TPHd and pesticidePCB analysis) or 1 -liter, nitric-acidified, plastic bottles 

(for metals analysis). Groundwater for metals analysis was field-filtered du~ing collection 

using an in-line, positive-pressu~.e, 0 45-micron filter before acidification. Sample containers 

were labeled, stored in an ice-cooled chest and delivered to Quante~ra following the custody 

procedures desc~ibed in Section 3.1 

Field QMQC samples were collected as specified in the FSP Addendum and QAPP and 

included (1) one blind equipment blank on each day of' sampling for all analyses to be 

pe~formed on samples collected that day, (2) one travel blank per cooler for VOC analyses, (3) 

at least one blind field sample duplicate every ten samples for each analysis performed, and (4) 

at least one MSIMSD sample every twenty samples for each analysis perfo~med. Travel blanks 

were analyzed only if'VOCs were detected in the associated equipment blank The project 

QAIQC program and results are discussed in Section 3 4  

Purge water and equipment decontamination water was contained in 55-gallon drums, which 

were labeled and stored in stockpile management area number . 3  Based on sample analytical 

results, the water was processed though SPTCo's wastewater treatment plant,, 
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3.3 ANALYTICAL METHODS 

Soil and groundwater samples were analyzed by Quante~ra following the procedures desc~ibed 

in the QAPP When samples weIe received at the laborato~y, the infomation on the chain-of- 

custody form was checked to verify that it corresponded to that on the sample labels The 

physical condition of the samples and internal temperatue of the sample chest(s) were reco~ded 

on the chain-of-custody form 

As specified in the QAPP, samples were analyzed using EPA methods that would achieve 

reporting limits equal to or less than potential applicable or relevant and appropriate 

requirements (ARARs) for compounds previously found in soil or groundwater (target 

analytes). The ARARs considered were Tri-Regional Board Staff guidelines for TPH, benzene, 

toluene, ethylbenzene, and xylenes (BTEX) in groundwater (RWQCB, 1990), Maximum 

Contaminant Levels (MCLs) for other target analytes in groundwater (California Code of' 

Regulations, 1995), and U S .  EPA Region IX residential Preliminary Remediation Goals 

(PRGs) for target analytes in soil (US,  EPA, 1995) It should be noted that concentrations of 

constituents in groundwater will not be compared to MCLs in this RI because shallow 

groundwater at the site likely contains total dissolved solid (TDS) levels that exceed water 

quality criteria for municipal or domestic water supply (Section 2 3 )  The analytical methods 

used are summarized as follows: 

total petroleum hydrocarbons (TPH) - EPA Method 8015 modified As specified in the 
FSP (Geomatrix, 1994c), soil samples were analyzed for TPHg, TPHd, and 'i'PH as 
motor oil (TPHmo) for soil samples collected near buildings or TPH as .JB oil (TPHjb) 
for soil samples collected elsewhere in the corrido~; groundwater samples were analyzed 
for TPHg and TPHd only. 

aromatic VOCs - EPA Method 8020 for water samples and EPA Method 8260 for soil 
samples 

aliphatic VOCs - EPA Method 8260 

0 PNAs - EPA Method 8310 

pesticides and PCBs - EPA Method 8080 
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cadmium, chromium, nickel, and zinc - EPA Method 6010A, arsenic - EPA Method 
7060; hexavalent chromium - EPA Method 7196; and lead - EPA Method 7421 

For soil samples submitted for TPH analysis, a silica gel cleanup was requested kom the 

laboratory if' the sample was suspected to contain significant amounts of'non-peeoleum organic 

material because such materials has been shown to cause positive interference in analytical 

results,. In addition, selected soil sample splits were submitted to Friedman & Bruya, Inc, 

(F&B), of' Seattle, Washington, for hydracarbon fingerprint analyses F&B is a State of' 

California-certified laboratory 

Laboratory QNQC samples included (1) at least one method blank with each analytical batch, 

(2) at least one laboratory control sample (LCS; called single control sample by Quante~ra) and 

LCS duplicate (LCSD; called duplicate control sample by Quanterra) with each analytical 

batch, and (3) a laboratory sunogate spike added to every sample if ~equired by the analytical 

method Laboratory QNQC results are summarized in Section 3 4 

3.4 QAIQC SUMMARY 

Analytical results for field and laboratory quality control samples are discussed below in terms 

of' sample preservation and handling, repor.ting limits, field and laboratory blank results, 

accuracy, precision, and completeness. Laboratory quality cone01 sample results are presented 

in the laboratory reports (Appendix D). The number of' soil and groundwater samples collected 

for each analysis and the number of associated field quality control samples are summarized in 

Table 3 

3.4.1 Sample Preservation and Handling 

All sample preservation and handling requirements were met, with one exception. Soil samples 

from boring B-1 collected on 22 February 1995 were not analyzed for VOCs using EPA 

Method 8260 within the 1Cday holding time Therefore, resampling was performed on 28 

March 1995, and the new samples were analyzed within the proper holding time, 



GEOMATRIX 

3.4.2 Reporting Limits 

Reporting limit goals presented in the QAPP weIe met, except when samples were dlluted 

because of high analyte concentrations or when sample matrix caused interference with analyte 

quantification In addition to these exceptions, the best achievable reporting limits for ethylene 

dib~omide (EDB) and 1,2-dib1omo-3-chlo1op1opane (DBCP) for analysis of water samples 

using EPA Method 8260 (0 33 mic~ograms per liter [pg/l] and 0 39 pg/l, respectively) were 

slightly highel than the reporting limit goals listed in the QAPP (0 2 pg/l) 

These instances of'increased reporting limits are not considered to affect the use of'the data 

The reporting limit goals specified in the QAPP for target analytes were established assuming 

that very conservative reporting limits would be required for the purpose of' completing the 

Baseline RA; the raised reporting limits did not affect the Baseline RA because the assessment 

was performed on the basis of the maximum concentrations detected Fu~thermore, it should be 

noted that the analytical laboratory could not control the factors that required raising the 

repo~ting limits (Ingh analyte concentrations and sample matrix effects),, 

3.4.3 Blank Results 

Laboratorv Blanks 

No analytes were detected in laboratory blanks for soil and groundwater analyses, thereby 

meeting QAPP goals 

Field Eauivment and rravel Blanks 

Results for all equipment blanks w a e  repo~ted as below detection limits, with two exceptions 

Toluene and zinc weIe detected in an equipment blank (5-52) collected on 16 February 1995, 

and trichloroethylene (TCE) was detected in all equipment blanks and trip blanks submitted 

during supplemental groundwater sampling performed on 17 and 19 April 1995 These 

exceptions are discussed below 

Equipment blank J-52 was ~eported with 1 5 pg/l toluene and 0 042 milligrams per liter (mg/l) 

zinc As specified in the QAPP, the travel blank that accompanied this shipment (1-72) was 



analyzed for aromatic VOCs and no analytes were detected Blank J-52 was collected afte~ 

sampling GB-3 (at Bobo's Junkyard), which was reported to contain 8900 pg/l toluene, 

indicating a likely source for toluene in the equipment blank Groundwater sample B-19 was 

collected immediately after this equipment blank and was reported with 0 6 pg/l toluene, which 

may be totally or partially due to constituent canyover in the sampling equipment Although 

the souIce of zinc in this equipment blank is unknown, zinc was not detected in groundwater 

sample B-19 or GB-3 

After the primary phase of' sampling was completed in February 1994, grab groundwater 

samples were collected &om five supplemental borings on 17 and 19 Ap~il 1995. Samples 

were collected h m  bo~ings B-41 though B-44 to assess the extent of' aliphatic VOCs (TCE; 

PCE (tetrachloroethylene); cis- 1,2-dichloroethene [cis- 1 ,2-DCE]; 1,l -dichlomethane [1 ,l- 

DCA]; and vinyl chloride) detected in the grab groundwater sample fram boring B-15 near the 

Car Lighting Shop; a sample also was collected from boring B-32 to confirm the presence of' 

isopropylbenzene detected in groundwater samples collected by IC in the Desert Rail Yard, 

TCE was detected in both equipment blanks associated with these sampling events at 

concentrations o f 8 6  pg/l (,J-101 collected on 17 April) and 3 6 pgll (J-102 collected on 19 

April 1995) As specified in the QAPP, the laboratory-prepared travel blanks that accompanied 

these shipments (,I-1 11 and J-112, respectively) were analyzed for aliphatic VOCs, and TCE 

also was detected in these blanks at concentrations of' 17 and 23 pg/l, respectively. TCE was 

detected at similar concentrations (8 to 14 pgll) in most environmental samples submitted with 

these blanks (samples from bo~ings B-:32 and its duplicate [J-1211, B-41, B-42, and B-44) and 

at a somewhat higher concentration (76 pg/l) in the sample from boring B-4.3 The source of' 

TCE in this batch of' samples and blanks was investigated but could not be established. 

Because it appeared that all samples collected on 17 and 19 April were contaminated with TCE 

from an unknown external source, the resulting data were therefore judged not valid, and grab 

groundwater samples were again collected at three of'the locations on 16 May 1995 (B-41A, B- 

43A, and B-44A). No analytes were detected in the field or travel blanks collected during the 

May sampling event and the data from this event were considered valid Resampling was not 
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performed at location B-32 because TCE was not detected in grab groundwater samples 

previously collected £?om this area by IC. Resampling also was not performed at boring B-42 

for logistical reasons; although all or part of the low concentration of'TCE detected in this 

sample (9.2 &l) may be due to external contamination, the data £tom this sample sufficiently 

serves the purpose of'establishing the extent of'aliphatic VOCs in goundwaternear the Car 

Lighting Shop., 

3.4.4 Accuracy Sample Results 

Accuracy of'the analytical methods was assessed by the percent recovery of'analytes &om 

LCSs, surrogates, and MSIMSDs. LCS samples are laboratory-prepared blanks spiked with 

known concentrations of' certain analytes to be quantified Surrogates are known concentrations 

of unusual compounds added to every sample MSIMSDs are environmental samples spiked 

with known concentrations of'the compounds requested for analysis The results of' these 

samples are discussed below. 

Laboratow Control Standard Recoveries 

Accuracy goals for LCS samples and duplicates were met for all soil and water analyses These 

samples are called duplicate control samples @CS) in the laboratory reports, 

Surrogates 

Surrogate recovery goals were generally met, with a few exceptions. Surrogate recoveries were 

slightly above recovery goals for a few soil and groundwater samples analyzed for aliphatic 

VOCs using EPA Method 8260. These samples were reanalyzed, and surrogate recoveries 

were again outside of'the recovery goals Therefore, Quanterra concluded that these recoveries 

were due to mabix interference. In each of'these cases, the surrogate recoveries in laboratory 

single control samples (a laboratory blank spiked with surrogate compounds) met the QAPP 

goals, thereby validating the method accuracy for the analytical batch These surrogate 

recovery exceptions are not considered likely to affect data interpretation because (1) generally 

these recoveries were only slightly outside the recovery goals, (2) the matrix interference 

resulted in elevated sample recoveries, and (3) most of'these samples had no VOCs detected 



Surrogate recoveries were also occasionally above or below recovery gods for soil samples 

analyzed for TPH using modified EPA Method 8015. In these cases, the laboratory had 

difficulty quantifying the surrogate compound due to interference (coelution) with 

hydrocarbons in the sample matrix. The TPH data are considered valid because when no 

hydrocarbons were present in the sample matrix, surrogate recoveries were within recovexy 

goals 

Matrix Soike Recoveries 

Matrix spike IecoveIy goals were also met, with thee exceptions discussed below 

e cI'~ matrix spikes were not detected in sample B-11 (40-4.5). The samples were 
spiked a f k  the leach and filtration, a few hours prior to analysis After-spikes 
(hexavalent chromium spiked in the sample during analysis) as well as duplicate control 
samples, which accompanied this analysis, had recoveries within QAF'P goals. The fact 
that this sample matrix appears to convert ~ r + ~  to ~ r + ~  within a few hours indicates that 
this mahix is not conducive to long-te~m persistence ofcr? 

Gasoline matrix spike 1,ecoveries in soil were siightly below recovery goals for one 
sample (EL1 1[40-45]; both MS and MSD) and above recovery goals for one sample 
(B-18[4.0-45; MS only), LCS 1,esults met the QAPP goals, indicating that these 
MSMSD results were likely due to matrix effects. Matrix interference was not 
considered to affect data intexpretation because TPH as gasoline was not detected in any 
soil samples,, 

TCE recoveries in one MSMSD pair (sample B-12 [GW]) was slightly high, which 
may suggest a slightly high bias for TCE quantification in this sample, due to matrix 
effects Howeva, TCE was not detected in this sample and, therefore, this bias is not 
considered significant 

3.4.5 Precision Sample Results 

Precision of'the laboratory and field methods was assessed by calculating the relative percent 

difference (RPD) for LCS, MS, and field duplicate samples .WDs for LCS and MS duplicate 

samples are in the analytical reports; RPDs for field duplicate samples are summarized in Table 

4 .  The results of'these samples are discussed below, 
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Laboratow Contra1 Standard Duplicates 

Precision goals for LCS duplicate pairs were met for. all soil and water analyses 

Matrix Spike Duplicates 

Precision goals for MSIMSD samples were all met, with one exception. The RPD between the 

MS and MSD recoveries for TPHg analysis in soil sample B-18 (4.0-45) was 40 percent, which 

is above the goal of24 percent Variation in matrix spike duplicate recoveries is not 

unexpected given that the MS and MSD samples ase separate aliquots fiom the soil sample and 

results likely reflect matrix variability. This variation was not considered likely to affect 

sample results because gasoline was not detected in this sample,, 

Field Duplicates 

The RPDs for field duplicates were all within QAPP precision goals, as shown in Table 4 

.3.4.6 Completeness 

The data gene~ated are considered complete in that they adequately represent soil and 

groundwater conditions at the time of sampling Quality control sample results indicate overall 

validity of the analytical data generated for this RI,, 

4.0 NATURE AND EXTENT OF CHEMICALS 

This section summarizes the results of chemical analyses perfo~med on soil and groundwater 

samples collected along the 1-880 ~ealignment corridor during previous investigations 

conducted by IC and CH2M Hill and du~ing the RI conducted by Geomatrix; sample locations 

and selected data are presented on Figwes 5 through 16 The IC and CH2M Hill data were 

previously summarized in the Scoping Document (Geomatrix, 1994a) and the Geomatrix data 

were collected to adhess data needs identified in the Scoping Document The combined data 

rue used he~ein to delineate the natu~e and extent of chemicak in soil and groundwate~ at the 

site Ultimately, this information will be used to assess ~ i s k  posed by the site conditions 
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To facilitate discussion ofthe data, the following sections are organized by chemical family and 

then by media (soil or groundwater) Further; the discussion includes references to selected 

concentration thresholds, which are not intended to be action levels or cleanup goals for the 

site; they are provided only to simplify data presentation Tables summarizing all analytical 

data discussed herein are presented in Appendix B . Laboratory analytical reports for soil and 

groundwater samples collected by Geomatix are presented in Appendix D, 

4.1 TOTAL PETROLEUM HYDROCARBONS 

The following subsections summarize the occurrence and extent of total petxoleum 

hydrocarbons (TPH) in site soil and graundwater 

4.1.1 Soil 

A total of61 1 soil samples collected by CH2M Hill, IC, and Geomatix have been analyzed for 

TPH. Sample locations are shown on Figure 5 CH2M Hill collected 220 samples (including 

1:3 duplicate samples) throughout the entire site that were analyzed for TPHg and TPHd using 

modified EPA Method 8015; eight additional samples (including 1 duplicate sample) were 

analyzed for oil and grease (O&G) using EPA Method 418 1 .  IC collected 33 1 samples from 

footing locations in the "elevated" sections ofthe site These samples were analyzed for TPHg 

and TPHd using EPA Method 8260 and TPHmo using EPA Method 8270. According to staff' 

at the laboratory that performed the analyses on the IC samples (Coast to Coast Analytical 

Services in San Jose, California), their TPHd analysis quantified purgeable hy&ocarbons up to 

C18, and the TPHmo analysis quantified extractable hydrocarbons between C8 and C34,, 

A total of52 soil samples were collected by Geomatrix to address data needs identified in the 

Scoping Document (Geomatrix, l994a) Geomatrix collected :35 samples iYom the "at-grade" 

section ofthe site that were analyzed for high-boiling petroleum hydrocarbons because 

previous samples collected from this area by CH2M Hill were only analyzed for low- and 

middle-boiling petroleum hydrocarbons These samples were analyzed using freshjournal box 

(,B) oil as the calibration standard because JB oil was considered likely to be a primary 

component of high-boiling petroleum hydrocarbons detected previously in soil at the site 



(referred to as TPHjb analysis) Geomatrix also collected 17 samples near buildings at the site 

as specified in the FSP Addendum (Geomatrix, 1995a); these samples were analyzed for low-, 

middle-, and high-boiling petroleum hydrocarbons quantified as TPHg, TPHd, and TPHmo, 

respectively, because any of these hydrocarbon types could have been used at these buildings 

Five soil sample splits (B-410 5-1 01, B-6[0 5-1 01, B-19[1 0-1 51, B-25b[l 0-1 51, B-27[3 0- 

351) also were submitted to F&B for hydrocarbon fingelprint analyses. The results for soil 

samples collected by Geomatrix are presented in Table 5.. 

Available site data indicate a predominance ofhigh-boiling petroleum hydrocarbons present in 

the soil Low-boilmg petroleum hydrocarbons quantified as TPHg were detected in only 3 of 

the 568 soil samples collected (05 percent) Middle-boiling petroleum hydmcmbons 

quantified as TPHd were detected in only 38 of 567 samples (67  percent) High-boiling 

petroleum hydrocarbons quantified as TPHmo, TPHjb, or O&G were detected in 267 of'the 391 

samples (68.3 percent) 

Although high-boiling petroleum hydrocarbons were detected in a large number ofthe samples 

collected (68 percent), only a small percentage of'the samples (5 percent) had concentrations at 

or @eater than 1000 m a g . ,  Results for soil samples with TPHjb, TPHmo, or O&G 

concentrations at or greater than 1000 m a g  are summarized in Table 6 and presented on 

Figure 5 In the Desert Rail Yard, elevated TPHjb or TPHmo concentrations were detected 

most commonly at a depth of' approximately 2 0 feet, which is the depth that JB lines were 

located, thereby suggesting that these hydrocarbons may be primarily JB oil It should be noted 

that a TPH concentration of'1000 mgkg should not be considered as an action level or cleanup 

goal; it is simply an arbitrary value used to simplify data presentation and discussion for the 

purpose of'this report. By way of reference, it should be noted that recent RWQCB guidance 

allows for leaving in place soil containing up to 1000 mgkg TPHd associated with leaking 

home heating oil tanks (RWQCB, 1994) 

Eighteen of'the thirty-five soil samples collected by Geomatrix and analyzed for TPHjb had 

detectable concentrations ofhigh-boiling TPH The petroleum hydrocarbons in fow of'these 



samples (B-7[1 0-1 51, B-8[0 5-1 01, B-17[1 0-1 51, and B-28[0 5-1 01) weIe called "JB oil" by 

Quanterra because the chromatograms showed good agreement with the fiesh JB oil standard 

In the remaining 14 samples, the petroleum hydracarbons were called "unknown hy&ocarbon" 

by Quante~ra because there was not precise agreement with the ,JB oil standard Splits h m  

three ofthese samples with the highest TPH concentrations (B-410.5-1.01, B-6[0.5-1.,0], and B- 

27[3 0-3.51) were submitted to F&B for hydrocarbon fingerprint analysis; F&B also was 

provided with a sample of,JB oil from an existing underground pipe in the Desert Rail Yard 

(presumably old or weathered .JB oil, called JB-1) and unused JB oil (called .JB-2). F&B 

concluded that samples JB-1 and JB-2 likely had o~iginal formulation differences based on the 

GC/FID trace and that .JB-1 was likely weathered due to the absence of additives and the 

probable presence of oxidized material based on the GC/ECD trace. F&B also concluded that 

the petroleum hydrocarbons in the sample h m  B-27 compared very favorably to .JB-1 

(weathered JB oil) whereas the samples from B-.3 and B-6 compared less favorably to .JB oil, 

possibly because of' original formulation differences or presence of' other hydrocarbons. From 

these results, we conclude that the high-boiling TPH identified by Quanterra as "un!u~own 

hydrocarbon" may be (1) weathered JB oil that did not match the fresh JB oil standard, (2) a JB 

oil product with different characteristics from the standard due to original fo~mulation 

differences, and/or (3) other petroleum hydrocarbons such as lub~icating or motor oils that may 

have been used at the site or may have been present in fill material when it was emplaced 

Two additional sample splits were submitted to F&B for hydrocarbon fingerprint analysis 

because a hydrocarbon odor was noted when the samples were collected Sample B-19(1 0-1.5) 

was collected &om the boring drilled at 721 Cedar Street and sample B-.25b(l5-2.0) was 

collected &om the boring drilled near the GarageICar Cleaning Building According to F&B, 

the sample from boring B-19 contained small amounts of' material likely to be diesel and motor 

oil, although the "motor oil" may be biogenic mate~ial The sample &om boring B-25b had a 

chromatogram indicative ofmotor oil and lubricating oil. The products tentatively identified in 

soil near these buildings appea to be consistent with products that may have been used locally 

at these buildings The F&B hydrocarbon chaacte~ization results are included in Appendix E 



It should be noted that based on interim guidance recently issued by the RWQCB, petroleum 

hydrocarbons in site soil meet the criteria defining a "low risk soil case"; the management 

strategy recommended by the RWQCB is that low risk soil cases should be closed because 

remediation will be accomplished through natwal biodegradation processes (RWQCB, 1996) 

The interim guidance is based on a recent Law~ence Livermore National Laboratory (LLNL) 

~eport (LLNL, 1995) The site meets the criteria defining a low risk soil case because (1) there 

is not ongoing somce of constituents that degrade wate! quality, (2) the site has been adequately 

characterized, (3) there is little or no goundwater impact due to petroleum hydrocarbons, (4) 

there are not water wells, deeper drinking water aquifers, su~face water or other sensitive 

~eceptors likely to be impacted, (5) the site poses no significant risk to human health (see 

Section 6 I), and (6) the site poses no significant risk to the environment (see Section 6 2) 

4.1.2 Groundwater 

A total of69 grab groundwater samples (including 6 duplicate samples) were analyzed for 

TPHg and 79 samples (including 7 duplicates) were analyzed for TPHd; samples ham 

monitoring wells MW-1 and MW-6 at ,330 Cypress Street have been analyzed for TPHg and 

TPHd on a quarterly basis Sample locations are shown on Figure 6 CH2M Hill collected 48 

groundwater samples that were analyzed for TPHg and TPHd; 12 additional samples were 

analyzed for TPHg only IC collected 18 groundwater samples (including 2 duplicates) that 

were analyzed for TPHd only; these samples were quantified up to C25 Because there is a 

good distribution ofgrab groundwater samples collected by CH2M Hill and IC that have been 

analyzed for TPHg and TPHd, Geomatrix only collected 11 samples (including 2 duplicates) at 

buildings where petroleum hydrocarbons are known or suspected to have been used, and one 

sample each near footings ClOL and B12[rt] where TPHd was detected in grab groundwater 

samples collected previously by IC. Analytical results for grab groundwater samples collected 

by Geomatrix are presented in Table 7 No grab groundwater samples have been analyzed for 

high-boiling petroleum hydrocarbons because they tend to have very low solubility and are not 

likely to affect groundwater All analyses were performed using modified EPA Method 8015 



The data collected indxate that shallow groundwater at the site is generally unaffected by 

pekoleum hydrocarbons The results for samples with detectable concentrations of TPH are 

shown on Figme 6 Low-boiling peQoleurn hydrocarbons were detected in only 1 of 69 

samples (1 4 percent) analyzed for TPHg (0 076 mgil in sample GW29; Figme 5) Middle- 

boiling petroleum hydrocarbons were only detected in 11 of 79 samples (13 5 percent) analyzed 

fox TPHd 

Nine ofthe eleven detections of middle-boiling petroleum hydrocarbons were at very low 

concentrations (0051 to 0.4 mg/l) and occurred in samples collected by Geomatrix; these 

concentrations are all below the reporting limits used by IC and CH2M Hill (05 mg/l) and may 

be associated with non-dissolved petroleum hydrocarbons adhered to particles within the grab 

groundwater sample and/or soluble hiogenic material. The remaining two detections were in 

grab groundwater samples collected by IC from footings ClOL and B12(1ight) (4.1 and 4 9  

mgh, respectively). As requested by DTSC in a 27 October 1994 meeting, Geomakix collected 

grab groundwater samples ftom borings near these footings (boring B-38 near footing ClOL 

and boring B-39 near footing B12[1ight]) to futher assess TPHd detected in the IC samples; the 

Geomatrix samples from these two boxings were analyzed only for TPHd. The very low 

concentr.ations of TPHd detected in the Geomakix samples (0 4 mg/l in B-38[GW and 0066 

mg/l in B-39[GWJ) supports our previous conclusion that the TPHd detected in the IC samples 

is limited in extent, 

4.2 AROMATIC VOLATILE ORGANIC COMPOUNDS 

The following subsections summarize the occunence and extent of aromatic VOCs (benzene 

and   elated compounds) in site soil and groundwater 

4.2.1 Soil 

A total of456 soil samples (including 19 duplicate samples) were collected from the site and 

analyzed for aromatic VOCs. Sample locations are shown on Figure 7. CH2M Hill collected 

6.3 soil samples from 15 borings milled in the vicinity of'the Seventh Street depression and 

south of'the scrapyard at Thud and Lewis Streets Fifty-nine of'the CH2M Hill soil samples 



were analyzed for aromatic VOCs using EPA Methods 8240 and 8020, and 4 were analyzed for 

BTEX using EPA Method 8020. IC collected a total of324 soil samples fiom 110 footing 

locations in the "elevated" sections of'the site The IC samples were analyzed for BTEX using 

modified EPA Method 8260 

Geomatrix collected 69 soil samples fIom 33 borings that weIe analyzed for aromatic VOCs 

using EPA Method 8260 to address data needs identified in the Scoping Document (Geomatrix 

1994a) Geomatrix collected samples fiom borings in the "at-grade" section of the site because 

few soil samples fiom this area previously had been analyzed for a~omatic VOCs; several of 

these bo~ings were situated near buildings where petroleum hydsocarbons may have been used 

Geomatrix also collected soil samples fiom the northern "elevated" section where 

chlorobewenes or alkylated benzenes had been detected in grab gsoundwater samples collected 

by IC to assess whether these constituents also are present in soil; previous soil samples fiom 

the northern "elevated" section had been analyzed for BTEX but not for these other aromatic 

VOCs that were detected in groundwater samples. The areas where aromatic VOCs had been 

detected in groundwater include footing B l  l(right), footing ClOL, and seven1 footings along 

the eastem portion ofthis area where isopropylbenzene was detected in groundwater samples,, 

The existing data indicate that soil at the site is not significantly affected by asomatic VOCs. 

BTEX compounds were detected in only :37 of'the 456 samples (8.1 percent) analyzed; these 

samples came fiom vaiious locations throughout the corridor. Benze~e was detected in 10 of' 

the 456 samples analyzed (2.2 percent) with a maximum concentration of'only 0,018 mglkg 

Toluene was detected in .3.3 samples (7.2 percent) with a maximum concentration of025 

mgkg. Ethylbenzene was detected in only 1 sample (0.2 percent) at a concentration of'0.033 

mgkg and total xylenes were detected in 19 samples (4.2 percent) with a maximum 

concentration of0 071 mgkg  No aromatic compounds were detected in the 69 samples 

collected by Geomatrix (Appendix B), and, therefore, no significant sousce of'chlorobenzenes 

and alkylated benzenes (which were detected in gsoundwater samples) was identified in site 

soil,. Detected aromatic VOCs are summmized in Table 8 and indicated on Figure 7 
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4.2.2 Groundwater 

A total of135 grab groundwater samples (including 15 duplicate samples) were collected from 

the site and analyzed for aromatic VOCs including BTEX Sample locations are shown on 

Figwe 8.  CH2M Hill collected :3 samples from the Seventh Street depression that were 

analyzed using EPA Method 8240. IC collected 94 samples (including 10 duplicate samples) 

from footing locations in the "elevated" portions of'the site. Unlike the IC soil samples, which 

were analyzed only for BTEX, groundwater samples collected in this study were analyzed for a 

standard suite of' aromatic compounds using EPA Method 8260 IC also has collected samples 

from monito~ing wells MW-1 and MW-.6 near 330 Cypress Street that have been analyzed for 

aromatic VOCs using EPA Methods 8020 or 8240 

Geomatrix collected 28 grab groundwater samples (including 3 duplicate samples) from 

borings in the "at-grade" section ofthe site because few samples had previously been collected 

from this area; several of these borings were situated near buildings where petroleum 

hydrocarbon products may have been used Geomatrix also collected one sample from bo~ing 

B-32 in the northem "elevated" section of the site to confi~m the presence of'isopmpylbenzene 

in groundwater in this area as previously indicated by samples collected by IC. The Geomatrix 

samples were analyzed for BTEX using EPA Method 8020 and other aromatic compounds 

using EPA Method 8260; ten additional samples collected by Geomatrix (including 2 

duplicates) were analyzed for aromatic VOCs (except BTEX) using EPA Method 8260,, 

Results for the Geomatrix samples are summarized in Table 9,, 

Analytical results indicate that groundwater is not significantly affected by aromatic VOCs 

Results for samples with detectable concentrations of aromatic VOCs are summarized on Table 

10 and shown in Figme 8 BTEX constituents were detected in only 11 of the 135 grab 

groundwater samples analyzed (8 pelcent) Several of the Geomatrix samples that contained 

low concentrations of BTEX were collected near buildings where there may have been isolated 

use of petroleum products containing BTEX As previously described in the Scoping 

Document (Geomatrix, 1994a), alkylated benzenes (primarily isopropylbenzene) and 

chlo~obenzenes were detected in samples collected by IC from ten footings in the central 
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portion of'the northan "elevated" section of'the site (Figure 8). Isopmpylbenzene also was 

detected in the sample (and its duplicate) collected from this area by Geomahix (boring B-321, 

thereby confirming the results of'the IC graundwatn samples. Because Bay Mud is present in 

this area, the vertical extent of'alkylated benzenes in groundwater is likely limited,, 

4.3 POLYNUCLEAR AROMATIC HYDROCARBONS 

The following subsections summarize the occurrence and extent of PNAs in site soil and 

groundwater 

4.3.1 Soil 

A total of' 110 soil samples collected by CH2M Hill and Geomatrix have been analyzed for 

PNAs CH2M Hill analyzed 62 samples (including 17 duplicate samples) ffom 19 locations for 

PNAs using EPA Method 8100 or 8270 Of'these samples, 48 were from 5 borings drilled near 

the Seventh Street depression, 6 samples were from near the scrapyard at Third and Lewis 

Streets, and 8 samples were from other locations along the conidor PNAs detected in these 

samples are summarized in Table 1 1  Because of'the relatively sparse distribution of'the 

samples previously collected, Geomatrix collected 48 additional samples ffom 21 borings along 

the entire cor~ido~; these samples were analyzed for PNAs using EPA Method 8.310. An 

additional 69 Geomatrix soil samples were analyzed only for the PNA naphthalene as part of 

EPA Method 8260 analyses.. Several ofthe Geomabix borings were situated near buildings 

where petroleum products x e  known or suspected to have been used Results for samples 

collected by Geomabix are presented in Table 12. Sample locations and detected 

concentrations of'PNAs are shown on Figure 9. 

Geomatrix has previously indicated that PNAs are not likely to be significant components of JB 

oil, the principal petroleum hydrocarbon product thought to have affected soil at the site 

(Geomatrix, 1994) In order to assess PNAs in Jl3 oil, Geomaaix submitted two JB oil samples 

to F&B for PNA analysis, one fiom an abandoned JB oil line in the Desert Yard (called E3-1) 

and one fiom a drum of unused JB oil (called JB-2) PNAs were not detected in either sample 

above the reporting limit of 10 mgkg; analytical data sheets are included in Appendix E To 
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further assess PNAs in E? oil, Geomatrix collected six soil samples in the Desert Yar 

intermediate depth interval (1 5 to 3 0 feet) in addition to shallower (0 5 to 1 0 foot) and deeper 

(4 0 to 4 5 feet) samples because (1) E? oil lines were located at this intermediate depth in the 

Dese~t Yard and (2) the highest TPH concentrations detected in soil samples collected by IC in 

the Desert Yard weIe typically fiom a depth interval of 2 0 to 2 5 feet (See Section 4 1) 

Analytical results indicate that PNAs were detected at relatively low concentrations in several 

of'the soil samples Generally, the PNA detections were in the shallowest samples collected 

(0.5 to 1 5  feet), while PNAs were rarely detected in deeper samples (20 to 5 0 feet). This 

finding further supports the conclusion that PNAs are not likely to be significant components of' 

JB oil. PNAs detected in shallow soil may be associated with the site's location in an urban 

setting because concentrations are similar to those considered "background" in other wban 

settings (Bradley, et al., 1994; Ecology and Environment, l993), 

4.3.2 Groundwater 

A total of34 grab groundwater samples (including 4 duplicate samples) were analyzed for a full 

suite of PNAs using EPA Methods 8270,625, andfor 8310. Sample locations are shown on 

Figure 10. CH2M Hill collected 3 samples from the Seventh Street depression that were 

analyzed for PNAs using EPA Method 8270 IC collected 16 samples (including 2 duplicate 

samples) from footing locations in the "elevated" portions of'the site that were analyzed for 

PNAs using EPA Method 625; IC samples with detectable concentrations od'PNAs are 

summarized in Table 1:3. Groundwater samples from monito~ing wells MW-1 and MW-6 near 

330 Cypress Street also have been analyzed for PNAs using EPA Method 8270 Geomatrix 

collected 15 samples (including 2 duplicate samples) fram borings in the "at-grade" section, 

where a limited number of' samples had previously been collected by others; several of these 

borings were situated near buildings where petroleum products may have been used. The 

Geomatrix samples were analyzed for PNAs using EPA Method 8310. Results for groundwater 

samples collected by Geomatrix are summarized in Table 14. Additionally, 78 groundwater 

samples collected by IC (including 8 duplicates) and 38 samples collected by Geomatrix 

(including 5 duplicates) were analyzed only for the PNA naphthalene using EPA Method 8260 

I:\WPWCTU686\RLRA..IXI DOC 
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(naphthalene is the only PNA compound included in an EPA Method 8260 analysis) These 

additional naphthalene data are relevant because (1) naphthalene is the most water-soluble PNA 

and, therefore, the most likely to affect groundwater, and (2) the additional data show the extent 

of naphthalene where it has been detected in groundwater 

Analytical ~esults indicate that groundwater at the site is generally unaffected by PNAs PNAs 

were detected in only 3 of the 34 grab samples (8 8 percent) analyzed (samples fiom footing 

CIOL, borings B-28 and B-20) and in samples from monito~ing well MW-6 Naphthalene was 

detected in only 2 of the additional samples analyzed for naphthalene using EPA Method 8260 

(samples from footings B l l  [right] and CR21[1ight]) Analytical results for groundwater 

samples containing detectable concentrations of PNAs are presented on Figure 10 

4.4 ALIPHATIC VOLATILE ORGANIC COMPOUNDS 

The following subsections summarize the occurrence and extent of aliphatic VOCs in site s ~ i l  

and groundwater The analytical results for DBCP and EDB are presented in Section 4 6 

because these compounds are common pesticides 

4.4.1 Soil 

A total of 128 soil samples (including 19 duplicate samples) were collected fiom the site and 

analyzed f o ~  aliphatic VOCs Sample locations are shown on Figwe 11 CH2M Hill collected 

59 soil samples (including 19 duplicate samples) fiom 13 borings completed in the vicinity of 

the Seventh Street depression and south of the scrapyard at Third and Lewis Street; these 

samples were analyzed using EPA Method 8240 IC collected approximately 324 soil samples 

from footing locations in the "elevated" sections of the site The 1C samples were analyzed for 

1,2-dichloroethane (12-DCA) and EDB only, using modified EPA Method 8260 

Geomatrix collected 69 soil samples from boiings milled throughout the co~ridor because there 

were a limited number of samples previously collected fiom the "at-grade" section and previous 

samples fiom the "elevated" sections had only been analyzed for 12-DCA and EDB; these 

samples were analyzed using EPA Method 8260 To assess the eastern extent of 1,2-DCA 



detected in soil samples collected by IC h m  footings CL19(left) and CL19(right) in the 

southern elevated section, Geomatrix collected samples fram one boring drilled immediately 

east ofthis area (boring B-1, Figure 11) 

The existing data indicate that soil at the site is generally unaffected by aliphatic VOCs. 

Aliphatic VOCs were detected at low concentrations in only 8 (including 1 duplicate pair) of 

the 128 soil samples analyzed (6.3 percent)' As discussed above, 1,2-DCA was detected at 

concentrations up to 0.2 mgkg in k e e  IC samples fkom footings CL19(left) and CL19(1ight) 

in the southern "elevated" section; 1,2-DCA was not detected in soil samples fiom Geomatrix 

bo~ing B-1 nor in IC soil samples from other footing locations in this area, thereby indicating 

that the extent of'l,2-DCA in soil in this area is limited. Low concentrations of1,1,1- 

trichloroethane (1,1,1-TCA) were detected in two CH2M Hill samples (up to 0026 m&g) 

fkom near the scrapyard at Third and Lewis Street. TCE and methyl ethyl ketone W K )  were 

each detected in one sample (MEK was detected in a duplicate pair) at low concenhations of 

0.04.3 and 0.038 m&g, respectively; each of these samples was collected new a building and 

their presence in soil may be associated with isolated chemical use at the buildings In 

summary, aliphatic VOCs have rarely been detected in site soil and when detected, are present 

at very low concentrations and appear to be limited in extent. Aliphatic VOCs detected in soil 

are summarized in Table 15 and presented on Figure 11. 

4.4.2 Gxoundwate~ 

A total of 135 grab groundwater samples (including 15 duplicate samples) weIe analyzed for a 

full suite of aliphatic VOCs Sample locations are shown on Figure 12 CH2M Hill collected 3 

samples fiom the Seventh Street depression that were analyzed for aliphatic VOCs using EPA 

Method 8240 IC collected 94 samples (including 10 duplicate samples) fiom footing locations 

in the "elevated" po~tions of the site that wele analyzed using EPA Method 8260 IC has also 

I 
As discussed in the Scoping Document and Scoping Document Addendum (Geomatrix, 1994a and 1994b). acetone 
and methylene chloride were reported at low concentrations in all soil samples collected and analyzed by CHZM 
Hill Ihe presence of these compounds is attributed to laboratory contamination because the laboratory reports 
indicate that acetone and methylene chloride were also detected in the laboratory method blanks associated with 
these samples. Methylene chloride also was detected in Geomatrix soil sample B-19 (1 0-1 5) and was considered 
likely to be laboratory contamination (see Quanterra case narrative in Appendix D) 
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collected samples fIom monitoring wells MW-1 and MW-6 near 330 Cypress Street that have 

been analyzed for aliphatic VOCs using EPA Methods 8010,624, or 8240 Geomatrix 

collected a total of38 samples (including 5 duplicate samples) ffom borings in the "at-grade" 

section because a limited number of' samples had previously been collected in this area; several 

of' these borings were situated near buildings where aliphatic VOCs may have been used 

Samples collected by Geomatrix were analyzed using EPA Method 8260. 

Analytical results indicate that groundwater is generally unaffected by aliphatic VOCs except in 

the vicinity of' certain buildings where there may have been isolated use of' these constituents 

Aliphatic VOCs were detected in only 11 (including 2 duplicate samples) of'the 135 samples 

(8.1 percent) collected Very low concentrations of' aliphatic VOCs were detected in 

groundwater samples from the Wheel Shop (boring B-12) and the Carpenter, Upholstery, Test 

Shop (boring B-13) Elevated concentrations (up to 210 pgll) of' several aliphatic VOCs (PCE, 

TCE, 1,l-DCA, cis-1,2-DCE, and vinyl chloride) were detected in a groundwater sample from 

boring B-15 nea the Car Lighting Shop In April and May 1995, Geomatrix collected several 

additional grab groundwater samples fram borings in this area (bo~ings B-41A through B-46) to 

assess the lateral extent of' aliphatic VOCs in graundwater Based on results for these samples, 

aliphatic VOCs in groundwater near the Car Lighting Shop are limited in extent. 

The only other location where aliphatic VOCs have been detected in groundwater is footing 

CLI9(right) in the southern "elevated!' section 1,2-DCA was detected at 19 a d  20 pg/l in a 

sample duplicate pair fiom this footing; as discussed above, 1,2-DCA also was detected in soil 

samples &om this area 1,2-DCA was not detected in groundwater samples fiom Geomatrix 

boring B-1 nor in IC samples fIom other footing locations in this area, thereby indicating that 

the extent of' 1,2-DCA in groundwater in this area is limited, 

4.5 METALS 

The following subsections summarize the occwrence and extent of' metals in site soil and 

groundwater. 
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4.5.1 Soil 

A total of599 soil samples (including 28 duplicate samples) were analyzed for lead; ofthese, 

275 samples were also analyzed for other metals Sample locations are presented on Figure 13 

CH2M Hill collected 207 samples (including 12 duplicate samples) throughout the entire site 

except the easternmost portion of'the southern "elevated" section; these samples were analyzed 

for cadmium, chromium, nickel, lead, and zinc using EPA Method 6010. CH2M Hill also 

collected 47 additional samples (including 16 duplicate samples) that were analyzed for a full 

metal scan using EPA Method 6010, including 40 samples (including 15 duplicates) from four. 

borings near the Seventh Street depression and 7 samples (including 1 duplicate) from south of' 

the scrapyard at Thi~d and Lewis Streets. IC collected 324 composite samples from footing 

locations in the "elevated" sections; these samples were analyzed only for lead using EPA 

Method 7420. 

Geomatrix collected a total of21 soil samples that were analyzed for metals (arsenic, cadmium, 

chromium, lead, nickel, and zinc) and 18 samples that were analyzed for hexavalent chromium 

Geomabix samples were collected for metals analysis fiom the eastemnost portion of the 

southe~n "elevated" section where previous samples had only been analyzed for lead (borings 

B-1 through B-3) and near buildings at the site where metals may have been used Geomatrix 

samples analyzed for hexavalent chromium were collected ftom specific locations requested by 

DTSC (borings B-1, B-3, B-10, B-11, B-15, B-21, B-25, and B-32). Results for samples 

collected by Geomatzix are summaized in Table 18., 

Because inorganic constituents are an inherent component of soil, average metal concentrations 

in soil samples from the site were compared to average concentrations in other Bay Area soils 

to assess whether concenbations at the site are elevated with respect to concentrations typically 

found in off-site soil Average metal concentrations in soil samples from the site are similar to 

concentrations found in soil elsewhere in the Bay Area or within the general area of' West 

Oakland In Table 19, the average metal concentrations in soil samples fiom the site are 

compared to (1) average concentrations for ten background samples collected near a site in San 

Leandro, Alameda County (Harding Lawson Associates [HLA], 1995), (2) average metal 



concentrations for more than 100 background soil samples collected in northem Santa Clara 

County (Scott, 1991), (3) average concentrations for five background samples collected near a 

site in Union City, Alameda County (SEC Donohue, 1992), (4) average concentrations for 

background samples collected near a site in Hercules, Contra Costa County (McLaren Hart, 

1991), and (5) average lead concentrations for 26 soil samples collected near Interstate 880 in 

Alameda County (Coltrin et a1 , 1993) 

The average lead concentration in soil samples collected from the site is approximately 134 

mgkg This concentration is greater than that found in San Leandro (Alameda County) (HLA, 

1995), northern Santa Clara County (Scott, 1991), Union City (Alameda County) (SEC 

Donohue, 1992), and Hercules (Contra Costa County) WcLaren Har.t, 1991), but is less than 

the average concentration found in samples collected near Interstate 880 in Alameda County 

(568 to 618 mgkg) The elevated concentrations of lead in soil near Interstate 880 were 

attributed to emissions fiom vehicles that use the freeway (Coltrin et a1 , 1993) This 

comparison suggests that while average lead concentrations in site soil may be higher than 

natu~ally occurring levels typically found in soil, they may he similar to concentrations found in 

soil over the general area of West Oakland 

Lead concentrations greater than 1000 mgkg were detected in only 9 (including 1 duplicate 

sample) of the 599 samples analyzed for lead (1 5 pe~cent) and lead concentrations greater than 

5000 mgkg were only detected in 1 of these 9 samples (12,000 mgkg in the 0 5 to 1 0 foot 

sample fiom footing EU20) Results for these 9 samples iue shown on Figwe 13 and 

summarized in Table 20 Lead at concentxations greater than 1000 mgkg most commonly 

occws in shallow soil and has a limited vertical extent FOI example, the highest lead 

concenhation at the site (12,000 mgkg) was detected in a sample collected from 0 5 to 1 0 foot 

at footing EU20; lead was only detected at a concentration of 170 mgkg in the sample 

collected at 2 to 2 5 feet at this location It should be noted that soil containing this elevated 

lead concentration was removed dwing construction of footing EU20 The lateral distribution 

of elevated lead in soil is sporadic throughout the site and not confined to a single area; 

however, where elevated lead concentrations have been detected in soil, the lateral extent is 



limited based on additional nearby samples It should be noted that a lead concenbation of 

1000 mgkg should not be considered as an action level or clean-up goal; it is simply an 

arbitmy value used to simplify data presentation and discussion for the puposes of this report 

Hexavalent chromium was not detected in any of the 18 samples collected by Geomatrix 

These results indicate that chromium detected in soil at the site is likely in the trivalent state 

and will therefore be considered as such fox the purpose of the Baseline RA 

4.5.2 Grouddwater 

A total of35 filtered grab graundwater samples (including 2 duplicates) have been collected 

and analyzed for metals IC collected 19 samples fiom the "elevated" sections that were 

analyzed for arsenic, cadmium, chromium, lead, memuy, nickel and zinc using various EPA 

methods; IC sample results are summarized in Table 2 1.  Geomatrix collected 16 samples 

(including 2 duplicates) ffom the "at-grade" section (including n e a  various buildings as 

specified in the FSP Addendum) that were analyzed for arsenic, cadmium, chromium, lead, 

nickel, and zinc using EP-4 methods described in Section .3 3 ;  Geomatrix sample results are 

summarized in Table 22. Additionally, IC has collected graundwate~. samples from monitoring 

wells MW-1 and MW-6 near 13.30 Cypress Street that have been analyzed for dissolved metals,, 

Sample locations and detected concentrations of' metals are presented on Figure 14. Although 

153 additional unfiltered gab goundwater samples collected by IC and CH2M Hill also were 

analyzed for metals, results fiom these samples are not considered in this repoxt because the 

samples were not filtered and the total metal concentrations include particulates not dissolved 

in groundwater and not available for transport 

The analytical data indicate that groundwater is generally unaffected by metals Lead and 

mercury were not detected in any samples, while very low concentrations of other metals wexe 

occasionally detected Cadmium and nickel were each detected in only one sample, arsenic 

was detected in two samples, chromium in three samples, and zinc in eight samples These few 

detections were generally only slightly above the analytical reporting limits The pH of the 
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grab groundwater samples collected by Geomatrix ranged from 6 2 to 7.4 (Table 23), thereby 

indicating that groundwater at the site has a neutral pH, 

4.6 PESTICIDES AND POLYCHLORINATED BIPHENYLS 

The following subsections summaize the occurrence and extent of organochlo~ine pesticides 

and PCBs in site soil and groundwater In addition, the analytical results for aliphatic VOCs 

that are commonly used as pesticides (DBCP and EDB) are discussed in this section. 

4.6.1 Soil 

A total of42 soil samples (no duplicate samples) were collected from 21 boxing locations and 

analyzed for pesticides and PCBs. The sample locations are shown on Figure 15. CH2M Hill 

collected 14 samples, including 7 south of'the scrapyard at Third and Lewis Streets and 7 from 

elsewhere along the corridor. 1C collected 28 samples from 7 borings located south of Bobo's 

Junkyard (ICP-04 through ICP-10) All soil samples were analyzed for organochloxine 

pesticides and PCBs using EPA Method 8080 Additionally, 393 soil samples collected by 

Geomatrix and IC were analyzed for EDB using EPA Method 8240 or modified EPA Method 

8260 and 69 soil samples collected by Geomatrix were analyzed for DBCP using EPA Method 

8260 (Figure 11). Geomatrix did not collect additional samples for standard pesticide1PCB 

analysis because these constituents were not typically used in railyard operations.. Although 

pesticidesPCBs may have been associated with junkyard operations, soil samples have 

previously been collected near such areas (Bobo's Junkyard and the scrapyard at Third and 

Lewis Streets) by CH2M Hill and IC,, 

Existing data indicate that soil at the site generally is not affected by pesticides and is only 

slightly affected near Bobo's Junkyard and the scrapyard at Thi~d and Lewis Streets. Pesticides 

were detected in only 4 of'the 42 samples analyzed for organochlorine pesticides (10 percent), 2 

collected near. Bobo's and 2 collected near the scrapyard at Third and Lewis Streets EDB was 

detected at very low concentrations (up to 0.028 mgkg) in only 3 of'the 393 samples analyzed 

for EDB (0.8 percent). These three samples were from two adjacent footings in the southern 

elevated section (CL19 [right] and CL19 [left]) and the extent of'EDB in soil in this area 
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appears to be limited based on data fiom other nearby footings and Geomatrix bo~ing B-1 

(Figure 15)  DBCP was not detected in any of'the 69 samples analyzed during this study, and 

PCBs also were not detected in any of'the 42 samples analyzed Results for samples with 

detectable concentrations of'pesticides are summmized in Table 24 and presented on Figure 15 

4.6.2 Groundwater 

A total of' 16 grab groundwater samples (including 2 duplicates) were collected for pesticide 

and PCB analysis by IC &om footing locations in the "elevated" portions of'the site only; 

samples were analyzed for organochlo~ine pesticides and PCBs using EPA Method 8080. IC 

also has collected groundwater samples fiom monito~ing wells MW-1 and MW-6 near ,330 

Cypress Street that have been analyzed for pesticideslPCBs As requested by DTSC in a 27 

October 1994 meeting, Geomatrix collected 1 grab groundwater sample fram bo~ing B-40 to 

further assess PCBs detected in an IC sample from footing Hl(midd1e) at 0.7 pgll. Sample 

locations are shown on Figure 1 6  Additionally, 132 grab groundwater samples (including 14 

duplicate samples) collected by IC and Geomatrix were analyzed for EDB and DBCP using 

EPA Method 8240 or 8260; locations of'these samples also are shown on Figure 16. 

Analytical data indicate that groundwater is gene~ally unaffected by pesticides or PCBs at the 

locations tested Organochlo~ine pesticides were not detected in any of'the groundwater 

samples analyzed using EPA Method 8080 Of'the 132 grab groundwater samples analyzed for 

EDB and DBCP, the two compounds were only detected in a duplicate sample pair fiam 

footing CL19(1ight) located east of'Bobo's Junkyard; EDB also was detected in a soil sample 

fiom this footing. EDB and DBCP in groundwater at this location is isolated, and its extent is 

well constrained by groundwater samples &om smlaunding footings and Geomatrix bo~ing B-1 

that contained no detectable concentrations of'EDB or DBCP (Figure 16) Because Bay Mud is 

present in this area, the ve~tical extent of'EDB and DBCP in groundwater at this location is 

likely limited,, 

PCBs were detected in only one groundwater sample (footing Hl[middle]) at a low 

concentration (0.7 pg/l); however, a grab groundwater sample collected by Geomatrix from this 
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location (boring B-40) did not confirm the presence of PCBs in groundwater We conclude that 

if PCBs are present in groundwate~ near footing Hl(middle), they are likely limited in extent 

Samples with detectable concentrations of pesticidesPCBs are summarized in Table 25 and 

p~esented on Figme 16 

5.0 CHEMICAL FATE AND TRANSPORT 

This section describes the fate and transport of chemicals detected in soil or groundwater at the 

site Section 5 1 identifies potential routes of migration for these chemicals and Section 5 2 

describes the pe~sistence of these chemicals and how they are likely to migrate in the 

environment, based on thei~ physical properties 

5.1 POTENTIAL. ROUTES OF MIGRATION 

When chemicals are released to the environment, they can potentially migrate through three 

media: soil, water, and air. The following discussion considers potential routes of' migration 

via these three media, 

Soil - 
Migration of chemicals in unsatwated soil can be a function of seve~al paramete~s including 

soil permeability, soil organic content, chemical solubility, and a chemical's tendency to sorb ox 

bind to soil (or oxganic) particles Wata-soluble chemicals are more likely than relatively 

insoluble chemicals to migrate downward in soil because intiltrating water provides a 

mechanism for downwad movement of dissolved chemicals Volatile chemicals may migrate 

in soil due to diffusion of vapor phase The unsatwated soil at the site (fill mate~ial) likely has 

a relatively low pe~meability and high organic content, which tends to minimize chemical 

migration, even for watel -soluble chemicals (Lyman, et a1 , 1992) 

Water - 
Chemicals may migrate via suIface water or groundwater . As described in Section 2 1 ,  there 

are no surface water bodies or water courses at or near. the site Rainwater tends to pond in 
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surface depressions and evaporate or infiltrate into the subsuxface Therefore, chemicals that 

may occur in rainwater runoff a e  not likely to migrate fiom the site 

Chemicals dissolved in groundwater migrate by three mechanisms: advection (movement by 

flow of' groundwater), chemical diffusion (caused by chemical concentration gradients), and 

mechanical dispersion (associated with advection th~ough heterogeneous porous media) 

Typically the primary mechanism for migration of' dissolved chemicals is advection, by which 

chemicals move at the average lineal velocity of'groundwata flow (eg., Freeze and Cher~y, 

1979; Bear and Verruijt, 1987; Anderson and Woessner; 1992) Groundwata flow is 

controlled by the hydraulic conductivity of'the sediments and the direction and magnitude of 

the hydraulic gradient Advective transport of' dissolved chemicals is not likely to be 

significant at the site because of'the relatively low hydraulic conductivity of'the saturated 

sediments (Canonie, 1989), and the low horizontal hydraulic gradient (0,001 to 001 ft/ft). This 

conclusion is supported by the distribution of' chemicals in groundwater as described in Section 

4.0; areas of affected groundwater are restricted in extent and appear to be self-limiting. 

& 

Chemicals can migrate in air via volatilization or windborne transport of'par.ticulate material. 

Volatile chemicals can vaporize directly from other media into air:. Non-volatile chemicals that 

tend to adhere to soil may become airborne (as dust) under windy conditions or du~ing 

activities that cause soil disturbance,, 

5.2 CHEMICAL PERSISTENCE AND MIGRATION 

For the puposes ofthis section, chemical persistence and migration are discussed by chemical 

family because chemicals within these families tend to have simila physical properties and, 

therefore, behave similarly in the environment, 

Total Petroleum Hvdrocarbons 

TPH is a non-specific (aggregate) measurement of' any of'a number ofindividual petroleum 

constituents falling into several broad categories of' widely varying physical, chemical, and 
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toxicological properties; these categories include alkanes, alkenes, and aromatics TPH is 

usually characterized by boiling point range and performance crite~ia for various products. 

Examples of' different TPH fractions include low-boiling mixtures such as gasoline, which 

contain abundant aromatics and small alkanes; medium-boiling mixtwes such as diesel fuel, 

which contain abundant alkanes and fewer aromatics; and high-boiling mixtures such as JB oil, 

lubricating oils, and motor oils, which contain mostly large alkanes and large aromatics (Zemo, 

et al., 1995; ASTM, 1994).. The low-boiling hydrocarbons are the relatively volatile and water- 

soluble kaction and, therefore, are considered somewhat mobile if'released into the 

environment. Conversely, the high-boiling ftactions tend to be relatively non-volatile and 

virtually insoluble and, therefore, are significantly less mobile in the environment ( e g ,  Barker, 

et al., 1987; NRC, 1983),, 

When petroleum hydrocarbons are released into the environment, they weather by three major 

processes: (1) evaporation (volatilization), (2) water solubilization, and (:3) oxidation (chemical 

and biological) Evaporation is the loss of'the volatile constituents; the smaller molecular 

weight, low-boiling constituents are lost fhst and the highe~boiling constituents are lost more 

slowly. Evaporative weathering results in a shift in aggregate composition of'the petroleum 

toward larger, less volatile molecules (Zemo, et al., 1995) Water solubilization removes the 

relatively few wate~soluble constituents within petroleum by dissolution. Research has shown 

that the water-soluble fraction of'petroleum is limited to the small alkanes and the aromatics 

with 14 or fewer carbons in their molecular structure (Bruya and Friedman, 1992; Thomas and 

Delfino, 1991; Zemo and Synowiec, 1995) Accordingly, the C6 alkanes, BTEX, akylated 

benzenes, and the C,o to C14 PNAs: naphthalenes, fluorenes, acenaphthenes, phenanthrenes, 

and anthracenes would be removed by water solubilization, if'present in the released petroleum, 

and not the larger alkanes or PNAs (eg , chrysene or benzo(a)pyr.ene) (Zemo, et a l ,  1995; 

Zemo and Synowiec, 1995) 

Oxidation of petroleum constituents is accomplished via chemical and biological 

transformations; biodegradation of petroleum is a predominant process In general, the smaller, 



more water-soluble constituents or constituents with simple molecular structmes are 

biodegraded frst (Testa and Winegardne~; 1991). 

As a result of' these weathexing processes, residual petroleum in the environment becomes over 

time increasingly less volatile, less water soluble, and composed of'proportionateiy more 

higher-boiling, longer-chain complex molecules, Therefore, the mobility of' petroleum in the 

environment is controlled by the original composition of'the released petroleum and its degree 

of' weathering. 

This understandimg of the chemical nature of TPH is consistent with the distribution of TPH 

found at the site As described in Section 4 1, primarily high-boiling hydrocarbons have been 

detected in soil samples collected throughout the site; these hydrocarbons weIe not detected or 

were only detected at very low concentrations in groundwater samples, p~obably because of 

their low solubility 

Aromatic VOCs: Benzene. Toluene, Ethvlbenzene. Xvlenes. and Other Alkvlated Benzenes 

These monoaromatics represent a group of single-ring petroleum hydrocarbon constituents that 

are common components of low-boiling and medium-boiling petroleum products. The 

chemical and physical characteristics of'BTEX (e,g , high vapor pressure, moderate water 

solubility, and low octanol-water patition coefficient [ K J )  indicate that these chemicals are 

relatively water-soluble and volatile and, therefore, relatively mobile once released into the 

environment However, they are also highly susceptible to biodegradation and are not 

considered persistent (ASTM, 1994; Zemo et al, 1995; NRC, 1993) Several other alkylated 

benzenes also were detected in samples from the site (e.g, 1,2,4-trimethylbenzene and 

isopropylbenzene) These compounds have chemical and physical characteristics similar to 

those for BTEX, although they are somewhat less volatile and water soluble, and would be 

expected to bind somewhat more tightly to organic matter in soil due to their higher &p 

This understanding of the chemical natuIe of aromatic VOCs is consistent with the distribution 

of aomatic VOCs found at the site As described in Section 4 2, aromatic VOCs have been 



detected in a few soil samples &om throughout the propeity; aromatic VOCs also have been 

detected in groundwater samples at various locations, probably because of'their relatively high 

solubility. The extent of' aromatic VOCs in groundwater generally appears to be restricted 

probably due to limited potential for advective transpor.t at the site and their high susceptibility 

to biodegradation, 

Polvnuclea homatic Hvdrocarbons 

PNAs represent a group of'polycyclic (i.e., multiple rings) compounds that are common 

components of high-boiling petroleum products Based on their molecular structure, low vapor 

pressure, and high &,, the majority of'the PNAs are relatively non-volatile and immobile in 

soil, although a number of'the smaller PNAs (e g ,  naphthalene) have sufficiently high vapor 

pressures to volatilize. PNAs range kom slightly water soluble (p~imarily naphthalene) to 

vir.tually insoluble, with solubility decreasing and K.,, increasing with increasing molecular. 

size.. PNAs are also subject to biodegradation, although more slowly than BTEX, and are 

considered moderately persistent in the environment (ASTM, 1994; Testa and Winegardne~; 

1991) 

This understanding of the chemical natu~e of PNAs is consistent with the distribution of PNAs 

found at the site As desc~ibed in Section 4 3 , PNAs appear to be confined to shallow soil and, 

with the exception of naphthalene (the most soluble PNA), generally are not detected in 

groundwater 

Aliphatic Volatile Organic Compounds 

The aliphatic VOCs detected in soil or groundwater at the site iue primarily chlorinated 

compounds (e g , PCE, TCE, 1,1,1-TCA, cis-1,2-DCE, 1,l-DCA, 1,2-DCA, and vinyl 

chloride) The aliphatic VOCs EDB and DBCP (also detected in site soil and groundwater) are 

common pesticides, but they behave moIe similarly to other aliphatic VOCs than to most 

pesticides The~efore, the following discussion on chemical persistence and migration also 

applies to EDB and DBCP 
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The fate and transport of' aliphatic VOCs in the environment has been the subject of' extensive 

research and publication over the last 10 years Several recent publications provide excellent 

summaries for this information (e.g, Barbee, 1994; Cohen and Mercer, 1993; NRC, 1994),, 

These compounds are relatively volatile and tend to be water soluble. As a result, this family of' 

compounds is considered to be relatively mobile once released to the environment (eg , Olsen 

and Davis, 1990; Mercer and Cohen, 1990; NRC, 1994) 

Degradation of'chlo~inated compounds in the environment can occur by chemical breakdown 

(oxidation under aerobic conditions or reductive dehalogenation under anaerobic conditions) or 

biodegradation. These processes often result in the transformation of' one halogenated 

compound into another (e g,, PCE will degrade to TCE, which will degrade to an isomer of 

DCE, which in turn will degrade to vinyl chlo~ide, which finally will degrade to ethylene) 

Because degradation of' chlorinated compounds is a relatively slow process, they are considered 

moderately pe~sistent in the environment (Barbee, 1994; Davis and Olsen, 1990; Mercer and 

Cohen, 1990; NRC, 1994),, 

This understanding of'the chemical nature of aliphatic VOCs is consistent with the distribution 

of' aliphatic VOCs found at the site. As described in Section 4.4, aliphatic VOCs (p~imxily 

TCE and PCE) have been detected at elevated concentrations in groundwater samples from near 

the Car Lighting Shop, indicating theu relatively high solubility The extent of' aliphatic VOCs 

in groundwater is restricted, probably due to limited potential for advective transport at the site 

and natural in-situ chemical degradation processes In-situ degradation of'PCE and TCE is 

father. indicated by the presence of low concentrations of' typical suites of' degradation or 

breakdown (dehalogenated) compounds in most graundwater samples from this area,, 

Metals 
Metals represent a large goup of' chemicals that occw naturally in the environment and may 

also be introduced artificially. Soil andlor groundwater samples from the site have been 

analyzed for seve~al metals, including arsenic, cadmium, chromium, lead, mercwy, nickel, and 

zinc In gene~al, the mobility of'these and other metals in the environment is dependent on pH 
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Under acidic conditions, metals generally become more soluble and can be mobilized though 

soil by infiltrating water or dissolved directly into groundwater if present in the saturated zone 

Othawise, metals may be lelatively immobile in soil and generally exhibit low water solubility 

Metals are not subject to biodegradation and will persist in one form or another in the 

environment (NRC, 1994; Freeze and Cherry, 1979) 

This understanding of the chemical nature of metals is consistent with the distribution of metals 

found at the site Metals are pervasive in the fill material at the site and in the site vicinity 

Groundwater at the site, which has a neutral pH, generally is not affected by dissolved metals 

Pesticides 

As described in the Scoping Document (Geomatrix, 1994a), the possible use of pesticides or 

PCBs is believed to be limited to the Bobo's Junkyard property, and the scrapyard at Third and 

Lewis Streets, which is supported by the data collected The following discussion only pertains 

to the portions of the Realignment Cor~idor adjacent to these properties, whe~e low 

concentrations of pesticides have been detected in soil The aliphatic VOCs EDB and DBCP, 

which are commonly used as pesticides, were included in the discussion of aliphatic VOCs 

above and ixe not included here PCBs were detected at a very low concentration in only one 

groundwater sample and the detection could not be confirmed with a second sample 

As a group, the organochlorine pesticides are non-volatile, virtually insoluble in wate~; and bind 

very strongly to organic matter in soil Therefore, they have very low mobility in the 

environment. They are generally resistant to biodegradation and are considered persistent in 

the environment.. 

PCBs are a family ofcompounds that contain a total of209 possible congenels resulting from 

partial or total chlorination of biphenyl Although the physical, chemical, and biological 

properties of PCBs vary widely depending on the degree of chlorination, PCBs also are 

considered relatively immobile and persistent in the environment because they are relatively 



non-volatile, relatively non-water soluble, adhere strongly to organic matter in soil, and are 

relatively resistant to biodegradation (Feenstra, et a1 , 1991; Cohen and Mercer, 1993) 

This understanding of the chemical nature of pesticides is consistent with their distribution in 

the two areas where they have been detected As described in Section 4 6, pesticides appear to 

be confined to shallow soil and do not appear to affect groundwater 

6.0 SUMMARY OF BASELINE RISK ASSESSMENT 

The following sections summaize the Baseline RA prepared by CTEH, which is presented in 

Appendix A As discussed previously, risk posed by parcels along Third Street that are 

included in the proposed South Prescott Park will be assessed by Caltrans The assessment 

includes the remaining property that will be in both "elevated" and "at grade" (including the 

Seventh Street depression) sections of'the fieeway. Pmcedwes for completing the Baseline RA 

were presented in a workplan submitted to DTSC by IC on 5 April 1995 The workplan 

outlined methods and assumptions for all sections of'the Baseline RA. DTSC approved the 

workplan, with additional suggestions, on 17 Ap1il1995 

6.1 HUMAN HEALTH EVALUATION 

The following sections summaize the results of'the human health evaluation, including the 

identification of' potential chemicals of'conce~n (COCs), the assessment of potential exposure 

scenarios, the identification of' methods for assessing the toxicity of' the potential COCs, and the 

risk characterization, 

6.1.1 Identification of' Chemicals of Concern 

Section 2 0 of the Baseline RA identifies potential COCs detected in soil andlor groundwater at 

the site All volatile chemicals detected in groundwater were considered potential COCs 

Although the future land use of the corrido~ will be a fieeway and not residential pxoperty, 

chemicals in soil were considered to be potential COCs if the maximum detected concentration 



exceeded the USEPA Region IX residential PRG (USEPA, 1996) The following chemicals 

were retained as potential COCs in soil: 

0 petroleum hydrocarbons 
0 PNAs 

ethylene dibromide (EDB, subsurface soil in elevated sections only) 
lead 

6.1.2 Exposure Assessment 

Section 3 0 of the Baseline RA identifies potential pathways for human exposure to the 

potential COCs in soil and goundwater after the freeway is constructed It should be noted that 

the Baseline RA did not asses exposure during freeway construction activities because Caltrans 

has a contractual ~esponsibility to protect wo~kers and nearby xesidents from potential exposure 

to chemicals during such activities It is SPTCo's position that Caltrans must therefo~e assess 

human health risk resulting from theu construction activities Documentation supporting this 

position is included in Attachment A of the Baseline RA (Appendix A) 

The future receptors who are most likely to have the greatest exposure to chemicals in soil or 

groundwater are a child playing beneath the elevated po~tions of'the freeway and a utility 

worker involved in trenching for utilities or pipelines along any portion ofthe freeway (either 

"elevated" or "at grade" sections).. The possible routes of'exposure to chemicals in soil for 

these receptors include ingestion, dermal contact, and inhalation. For graundwater, the only 

possible exposure route is inhalation of vapors emitted by volatile chemicals The potentially 

complete exposure pathways identified for each receptor are as FolIows: 

Child at Plav ?'Elevatedm Sections Onlv) 

incidental ingestion of surface soil (0 to 1 foot) 
* de~mal contact with surface soil 

inhalation of volatile chemicals in surface soil and chemicals released from surface soil 
as fugitive dust 

0 inhalation of volatile chemicals in graundwater that migrate though vadose soil to the 
ground surface 
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Utilitv Worker (both "Elevated" and "At-Grade" Sections) 

e incidental ingestion of su~face and subsu~face soil (0 to 5 feet) 
dermal contact with su~face and subsurface soil 
inhalation of volatile chemicals in surface and subsurface soil and chemicals released 
fiom this soil as fugitive dust 
inhalation of volatile chemicals in groundwater that accumulates in an open 
construction trench 

The assumptions pertaining to these exposure scenarios are detailed in Section 3.0 of'the 

Baseline RA (Appendix A) 

6.1.3 Toxicity Assessment 

Section 4.0 of'the Baseline RA identifies the toxicity criteria and associated methodologies for 

completing the ~ i s k  characterization. For all potential COCs except lead and petroleum 

hydrocarbons, the USEPA reference doses (RfDs) were used for assessing potential non- 

carcinogenic health risks and the USEPA or DTSC cancer slope factors were used for assessing 

carcinogenic ~ i s k s  The USEPA and DTSC have not identified RfDs or cancer slope factors for 

lead and aggegate petroleum hydrocarbon mixtures, Instead, the DTSC lead exposure model 

was used to assess potential health risks associated with exposure to this chemical As 

recommended by DTSC, three different methods were used for assessing potential health ~isks 

associated with petroleum hydrocarbon mixtures, including two approaches that use indicator 

chemicals (the American Society for Testing and Materials [ASTM] method and the American 

Petroleum Institute [MI] Risk~Exposure Assessment Decision Support System) and a third 

method that combines elements of'the indicator chemical approach and a "whole mixture" 

approach (the Massachusetts Department of'Environmenta1 Protection [MDEP] method),, 

These methods are desc~ibed in Section 4 0  of'the Baseline RA (Appendix A),, 

6.1.4 Risk Characterization 

Section 5 0 of the Baseline RA estimates human health risks associated with potential COCs 

detected in soil or groundwater samples fiom the site The characterization includes estimates 

of both noncarcinogenic and crucinogenic health risks As desc~ibed above, lead and petroleum 
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hydrocarbons are assessed separately because unique evaluation methods are required f o ~  

performing their respective assessments 

p e n i c  Health Risks 

The assessment of' noncarcinogenic health ~isks indicates that aggregate exposure to the COCs 

in soil 01 groundwater would be unIikely to result in adverse health effects. The method used to 

assess noncarcinogenic ~isks involves calculating the hazard index (HI) fox the site; potentially 

adverse health effects may occur if the HI is greatel than one The HIS for a child at play are 

0 022 f o ~  exposure to COCs in surface soil and 0 0022 for exposure to COCs in groundwater 

The HIS f o ~  a utility wo~ker are 0 021 ("elevated" sections) and 0 0073 ("at-grade" section) for 

exposure to COCs in surface and subsurface soil and 0 331 ("elevated" sections) and 0 000049 

("at-grade" section) for exposure to COCs in groundwate~ 

Characterization of' Potential Carcinogenic Health Risks 

The assessment of' carcinogenic health risks indicates that the aggregate exposure to potentially 

carcinogenic COCs in soil and groundwater for the child at play scenario and the utility worker 

scenario are within generally acceptable limits By most standards, a theoretical excess cancer 

risk of 1x10-~ (1 in 1,000,000) is considered acceptable and in many cases a theoretical excess 

cancer risk of' 1 x 1 0 ~  (1 in 10,000) is considered acceptable (USEPA, 1990a, 1990b) The 

assessment for the site concluded that the aggregate theoretical excess cancer risk for COCs in 

soil is 1x10.~ (1 in 1,000,000) for a child at play and 5x10" (5 in 10,000,000 for the "elevated" 

section) and 4x10-~ (4 in 10,000,000 for the "at-grade" sections) for a utility worker The 

aggregate theoretical excess cancer risk for COCs in groundwater is 2xl0-' (2 in 1,000,000,000) 

for a child at play and IXIO-' (1 in 10,000,000 for the "elevated" sections) and 3x10" (3 in 

100,000,000 for the "at-grade" section) for a utility worker. 

Characterization of Potential Health Risks fiom Lead 

The assessment indicates that lead concenbations in soil at the site are unlikely to pose a health 

risk to a child at play 01 to a utility w o ~ k e ~  The highest average lead concentration was in 

surface soil (0 to 1 foot) &om the southern "elevated" section; the 95% upper confidence limit 
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ofthe arithmetic mean concentration of' lead in this soil is 605 m@g For a child at play, 

exposwe to this soil would result in a 99th percentile blood lead concentration of' approximately 

7.6 micrograms per deciliter (pg/dL) based on DTSC's lead exposure model (LEADSPREAD).. 

This is below the DTSC blood lead level target threshold of' 10 pg/dL for a child.. 

For a utility worker, exposure to the 95% upper confidence limit of the arithmetic mean 

concentration of lead in surface and subsurface soil (361 mgkg) would result in a 99th 

pe~centile blood lead concentration of app~oximately 5 8 pg/dL based on the DTSC's exposure 

model By comparison, California Code of Regulations Title 8 (Section 1532 1) indicates that a 

utility worker should not have a blood lead level greater than 30 pg/dL as a "health p~otection 

goal", a blood lead level of 40 pg/dL triggers seve~al employee notification requirements, and a 

blood lead level of 50 pg/dL requires worker removal 

Characterization of'Potential Health Risks kom Petroleum Hvdracarhons 

As recommended by DTSC in a 17 April 1995 letter to IC, three different methods were used to 

assess human health ~ i s k  kom petroleum hydrocarbons, including the ASTM, API, and MDEP 

methods. As described in the Baseline RA, the results h m  all three methods indicate that 

petroleum hydxocarbons at the site do not pose a significant ~ i s k  to human health. 

The Baseline RA uses the ASTM method by comparing the maximum concentration of' specific 

indicator chemicals (BTEX and several PNAs) to residential screening levels The comparison 

was made for both soil and groundwater samples. Maximum concentrations of' all indicator 

chemicals in groundwater were below the residential screening levels while maximum 

concentrations of' all but five indicator chemicals in soil (all PNAs) were below these screening 

levels. As discussed in the Baseline RA, these exceptions are not considered significant 

because the residential screening levels used in the ASTM method are not approp~iate since the 

site will he a fieeway in the future., 

Application of the API model suggests that petroleum hydxocarbons in soil at the site would not 

cause noncarcinogenic adverse health effects nor cause a theoletical excess cancer risk Beater 
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than 1x10-~ (1 in 1,000,000). The model uses 25 chemicals considered to be indicators of' 

petroleum hydrocxbons in the environment The calculated HI for a child at play is 0,000022 

and the HIS for a utility worker are 0028 ("elevated" sections) and 0 027 ("at-grade" section), 

thereby indicating that noncarcinogenic adverse health effects are unlikely The respective 

calculated theoretical excess cancer risks are 1 x 1 0 ~  (1 in 1,000,000) for a child at play and 2 

x10=/ (2 in 10,000,000 for the "elevated" sections) and 1x10" (1 in 1,000,000 for the "at-grade" 

section) for a utility worker,,, 

Application of the MDEP methodology also suggests that petroleum hydrocarbons in soil at the 

site would not cause noncarcinogenic adverse health effects It should be noted that two very 

conservative assumptions were made when applying the model. First, CTEH assumed that all 

petroleum hydrocxbons detected have a toxicity similx to the most toxic fiaction of petroleum 

as identified by MDEP (C9 to C.32 xomatics/alkenes). Second, the method uses the maximum 

concenbation of total petroleum detected in soil for calculating the average daily intake The 

calculated HI for a child at play is 0 022 and the HIS for a utility worker are 0 016 ("elevated" 

sections) and 0 0073 ("at-grade" section) 

6.2 ENVIRONMENTAL EVALUATION 

A qualitative evaluation of potential exposwes of ecological ~eceptors to site- elated chemicals 

was conducted for the Corridor This evaluation relied upon information provided in the 

environmental evaluation conducted f o ~  the Environmental Impact StatementReport (EISEIR) 

for the Route 1-880 Replacement Project (U S DOT and Caltrans, 1991) and an evaluation of 

the cunent and likely future habitat conditions within the Conidor . This evaluation resulted in 

the following points, which characte~ize the potential for significant chemical exposure at the 

site, 

e The EISEIR did not identify any wildlife habitat on or in the immediate vicinity of'the 
site with exception of'two small seasonal wetlands (Wetland A and Wetland B) adjacent 
to the western side of'the northem terminus of'the corridor; 

The EIStEIR reports that wildlife habitat along the fiemay conidor will be improved to 
some unspecified degree in the future by landscaping with native tree species 
However, landscaping will not exist beneath elevated portions of'the fieeway; 



The EISJEIR evaluated the potential presence of' endangered or threatened species in the 
proposed fieeway corridor and none were identified; 

It is anticipated that following completion ofthe elevated portions of'the fteeway, 
marginal roosting habitat for pigeons (Colurnbidae) or other common urban bird species 
will exist. 

The two wetlands, designated Wetland A (23,000 sq, f t)  and Wetland B (10,000 sq ft.), are 

characterized as seasonal freshwater emergent marsh (U.S. DOT and Caltrans, 1991). These 

small wetlands are located adjacent to the western edge of'the Corridor at its northern terminus 

near footings 14,15,16, and I7 (Figure 2). The two wetlands are separated by a single railroad 

track These wetland areas are reported to support limited hydrophytic vegetation (i e ,  willows 

[Salix hindsiana] and cattails [species not specified]) and are utilized by waterfowl (mallard) 

and other buds (red-wing blackbird and mourning doves) Red-wing blackbirds were assumed 

to be nesting in the area. Only minor activity was reported for Wetland B., 

These wetland areas may receive surface water runoff from the adjacent portions of'the 

Corridor An evaluation of'the soil and shallow groundwater data collected from locations 

adjacent to the wetlands was conducted to determine if'COCs may be present at levels that may 

pose a hazard to the ecology of the wetlands The chemical data ftom all sampling locations 

within 200 feet of'the wetlands was reviewed ( i e ,  borings GW-50, B-30, SB24, and SB26 and 

footings 14,15,16, and 17) The soil samples were analyzed for metals, polynuclear aromatic 

hyd~ocarbons, volatile organic hydrocarbons, and total petroleum hydrocarbons The 

groundwater samples were also analyzed for these constituents and pesticides and PCBs These 

data indicate that chemicals are not present in soil or groundwater at concentrations that would 

likely impact environmental receptors at the wetlands,, 

Based on this qualitative evaluation, it is concluded that chemical concentrations in soil and 

groundwater.adjacent to two wetlands do not pose a threat to potential receptors at the 

wetlands, and no endangered or threatened species exist on the site Therefore, ecological risks 

were not addressed further in the Baseline RA,,  
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7.0 CONCLUSIONS 

Upon completion ofthe RI and Baseline RA, several conclusions can be made about the nature 

and extent of'chemicals detected in soil or groundwater at the 1-880 Realignment Conidor and 

the potential health risk posed by these chemicals under future child at play or construction 

worker scenarios,, 

Nature and Extent of' Chemicals 

the nature and extent of' chemicals in soil and groundwater at the site is define 
purposes of'the RI 

the 

0 chemicals found in groundwate~ (p~imarily aromatic and aliphatic VOCs) are limited in 
extent, probably because of their chemical natme and the site hydrogeologic conditions 
chemicals in goundwate~ at the site do not appear to be migrating off-site towards the 
San Francisco Bay 
elevated concentrations of chemicals are detected locally in soil; however, their extent 
does not appear to be widespread 

Potential Health Risks 

exposure to chemicals in groundwater on the site would be unlikely to pose an 
unacceptable noncarcinogenic or carcinogenic health ~ i s k  
exposure to chemicals in soil on the site would be unlikely to result in adverse 
noncarcinogenic health effects 
exposure to chemicals in smface and subsurface soil at the site would be unlike1 to .? pose theoretical excess cancer ~isks above the acceptable range (1x10~ to 1x10- ) 
exposure to lead in soil would be unlikely to pose unacceptable health risks based on 
results using DTSC's lead exposure model (LEADSPREAD) 
exposure to petxoleum hydrocarbons in soil would be unlikely to pose unacceptable 
noncarcinogenic or carcinogenic health risks based on results of' three different 
assessment methods (ASTM, MI, and MDEP methods), 
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Building Name 

Communications 
Storage 

Paint Shop 

Drop Iable Shed 

Wheel Shop 

Carpenter, 
Upholstery, 
Test Shop 

Car Lighting Shop 

Laundry Shop/ Master 
Mechanic 

Commissary 

Roadmaster B&B, 
and Water Service 
(1912 7th Street) 

Locker Buildimg 

Gara elcar Cleaning 
~ u i l t m ~  

Car Department 
Buildimg 

TABLE 1 

SUMMARY OF BUILDING USE 
Southern Pacific Transportation Company 

1-880 Realignment Corridor 
Oakland, California 

Building Use 

Storage of communicatio~parts; 
formerly sheet metal and plpe shop 

Used to paint furniture and small parts 
of railroad cars 

Used to remove rail whccl set.. from 
assenger cars Contains hydraulic 

En 

Repairing and ~esha ing wheels 
Contains rail wheel ?athe 

Fuxniture repair, air brake testing. 
Painting may have been performed 

Rail car lighting and battery repair 

Washin pascenger car linens 
officesflockers for master mechanic. 

Bakery, fwd  service support, food 
storage. 

Manufacture of portable cement and 
asphalt batch plagts. Track g ~ d  
consmction equlprnent repalr 

Iekphone and communication 
equrpment, reparr 
Auto repan 

Lockers and offices. 

Lockers and storage of vehicles 
Possible auto reparr 

Lockers and offices 

Constituents Possibly Used or Stored 

Petroleum h drocarbons 
Aromatics S b c s  
PNAs 
Ali hatic VOCs 
~ e k s  

Petroleum h drocarbons 
Ar0mat.i~ ~ 6 C s  
Aliphat~c VOCs 
Meials 

Petroleum h drocarbons 
Aromatic V ~ C S  
Aliphatic VOCs 
Metals -- 
Petroleum h d~ocarbons 
Aromatic V ~ C ;  
Aliphatic VOCs 
Metals 

Petroleum h drocarbons 
Ar0mat.i~ V ~ C ;  
Aliphat~c VOCs 
Metals 

Petroleum h drocarbons 
Aromatic ~ 6 ~ s  
PNAs 
Aliphatic VOCs 
Metals 
Acids 

None 

None 

Petroleum h drocarbons 
Aramatic ~ 6 ~ ' s  
PNAs 
Aliphatic VOCs 
Metals 

Petroleum h drocarbons 
Aromatic ~ 6 ~ s  
PNAs 
Aliphatic VOCs 

None 

Petroleum h d~ocarbons 
Aromatic ~ 6 ~ ' s  
PNAs 
Aliphatic VOCs 

None 
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ANALYSES PERFORMED ON SOIL AND GRAB GROUNDWAIER SAMPLES FROM BUILDINGS 
Southern Pacific I'ransportation Company 

1-880 Realignment Corridor 
Oakland, California 

Analyses Performed (Soil and Groundwater Samples) 

Building Name Aromatic Aliphatic 
TPH VOCs PNAs VOCs Metals1 uH 

Communications Storage X2 X X X X -- 2 

(Boring B-9) 

Paint Shop (Boring B- 10) X X -- X X3 -- 

Drop Table Shed (Boring B-I I) X X -. X X3 - 
Wheel Shop (Boring B-I2)? X X .- X X3 -- 

Carpenter Upholstery, X X X X X -- 
Test Shop (Boring B-13) 

Car Lighting Shop (Boring B-15) X X X X X3 X 

Automotive and Work X X X X X -- 
Equipment Repair (721 Cedax 
Street) (Boring B- 19) 

Roadmaster, B&B, Water X X X X -- -a 

Service (I9 12 7th SReet) 
(Boring B- 18) 

GarageICax Cleaning Building X X X X X4 -- 
(Boring B-25) 

Notes: 

I Metals include As, Cd, Cr, Pb, Ni, Zn. 
"X" indicates analysis performed; "--" indicates no analysis performed 
No soil sample was collected because only gravel fill material was encountered in the boring Therefore this area 
was assessed on the basis of a grab groundwater sample, 
Soil sample also analyzed for hexavalent chromium as requested by the DTSC. 
A water sample from this location was proposed for metals analysis in FSP Although metals are not known to have 
been used at this building, this location was selected within the context of obtaining a good distribution of data fiom 
the corridor 



Analytical 
Method 

Total 
Petroleum 
Hydrocarbons:' 

TPHdlTPHmo 

TPHg 

TPHjb 

TPHd 

TPHg 

Soil 

Soil 

Soil 

Groundwater 

Groundwater 

No. of 
Remedial 

Investigation 
Samples 

17121 

17 

35 

11 

9 

TABLE 3 

FIELD QA SAMPLES' 
Southern Pacific Transportation Company 

1-880 Realignment Corridor 
Oakland, Califorma 

No. of 
Blanks Sample I.D. 

Travel ~lanks: 

No. of 
Blanks Sample I.D. 

--- 

Field Duplicates 

No. of 
Duplicates Sampie I.D. 

Page 1 of 4 

No. of 
MSlMSDs Sampie I.D. 



Analyt~cal 
Method 

Soil 
8260 

Groun 
8020 

Matrix 

Soil 

Groundwater 

No. of 
Remedial 

Investigation 
Sam~les 

TABLE 3 

FIELD QA SAMPLES' 

GEOMATRIX 

Page 2 of 4 

Equipment B lms2  

No. of 
Blanks Sam~le I.D. 

Travel Blanks: 

No. of 
B l m s  Sam~le I.D. 

Field Duplicates 

No. of 
Du~licates Sample I.D. 

No. of 
MSlMSDs Sampie I.D. 

4 B-11-4.0 
B-17-4.0 
B-18-4.0 
B-25-3.5 



TABLE 3 

Analytical 
Method 

Pesticides and 
PCBS:IO 

Matr~x 

Soil 

Groundwater 

Soil (As, Cd, 
Cr, Cu, Pb, 
Ni, Zn) 

Soil (Crt6) 

Groundwater 
(As, Cd, Cr, 
Cu, Pb, Ni, 
Zn) 

Groundwater 

No. of 
Remedial 

Investigation 
Samples 

48 

13 

FIELD QA SAMPLES' 
Page 3 of 4 

Equipment BlanksZ Field Duplicates MSIMSD Travel Blanks' 

No. of 
Blanks Sample 1.D. 

No. of No. of No. of 
Blanks Sample I.D. 



TABLE 3 

FIELD QA SAMPLES' 

Notes: 

Page 4 of 4 

Samples were collected from 7 February 1995 through 16 May 1995. 
Equipment blanks were collected for each analyte at a rate of one per day or one in ten groundwater samples, whichever was more conservative, for each bailer Used. 
One travel blank for each volatile groundwater analyte requested for the shipment was collected for each cooler of samples shipped to the laboratory. Travel blanks were 
analyzed only if volatile compounds were detected in the corresponding equipment blanks. 
Total Petroleum Hydrocarbons (TPH) were analyzed usmg modified EPA Method 8015; mo = motor oil; d = diesel; g = gasolme; and jb = journal box oil. 
NA = not applicable. 
Aromatlc volatile organic compounds (VOCs) were analyzed using EPA Method 8020 for groundwater and EPA Metnod 8260 for soil. 
Aliphatic VOCs were analyzed usmg EPA Method 8260. 
Polynuclear aromatic hydrocarbons (PNAs) were analyzed usmg EPA Method 8310. 
Metals were analyzed usmg EPA Methods 6010A17000A series. 
Pesticides and PCBs were analyzed usmg EPA Method 8080. 
Only one groundwater sample was collected from the corridor for EPA Method 8080 analysis. This sample was considered part of the batch of three groundwater samples 
from Bobo's Junkyard analyzed for pestlcides1PCBs. A duplicate groundwater sample ana one MSIMSD sample were collected at Bobo's (Geomatrix, 1995). 



TABLE 4 

GROUNDWATER FIELD DUPLICATE SAMPLES 
Southern Pacific TIansportation Company 

1-880 Realignment Co~ridor 
Oakland, California 

Sample Duplicate Sample Duplicate RPD Goal 
Analytical Methods I D ,  I D,, Concentiation Concentration RPD' ("4 

'IPH (modified 8015) 
Diesel B-19 J-34 <so !@ <50 p a  NC2 30 
Diesel 8-9 J-3 1 <50 P!& <SO pg/l NC 30 
unknown HC3 B-9 1-3 1 59 clgn 70 pg/l NC 30 
TPH gasoline B-9 1-3 1 P!& <50 pg/l NC 30 

Aromatic VOCs (8020) B-9 1-3 1 All ND' All ND NC 30 
B-26 F35 All ND All ND NC 30 
B-28 J-33 All ND All ND NC 30 

Aliphatic VOCs (8260) B-9 J-3 1 All ND All ND NC 30 
B-26 1-35 All ND All ND NC 30 
B-28 J-33 All ND All ND NC 30 

Trichloroethene B-43A B-52 160 pgn I50 pg/l 6 4% 30 
Tetrachloroethene B-43A B-52 73 )Id1 65 ~ g / l  11 6% 30 
Trichloroethene B-32 J-121 8 0 8 5 6 0% 30 
Isopropylbenzene 8-32 1-121 3 6 ~ g f l  3 8 ~ g / l  5 4% 30 

PNAs (83 10) B-9 J-3 1 All ND All ND NC 30 
Benzo(a)pyrene B-28 1-33 <o 2 ~ g / l  0 33 pgll NC 30 
Indeno(l,2,3-cd)pyrene B-28 1-33 <O 2 gd1 0 3 d l  NC 30 

Metals 
(6010A/7000A series) 

Arsenic B-9 1-3 1 0 016 mg/l 1 0  005 mg/l NC 20 
Cadmium B-9 1-3 1 <O 005 mg/l <O 005 mg/l NC 25 
Chromium B-9 J-3 1 <O 01 mgA <O 01 mg/l NC 20 
Lead B-9 1-3 1 <O 01 mg/l <O 01 mg/l NC 25 
Nickel B-9 J-3 1 <O 04 mg/l <O 01 mg/l NC 25 
Zmc B-9 1-3 1 <O 02 mg/l 0 023 mg/l NC 25 - 

Pesticides PCBs (8080) None5 None --- --- --- - .- 

Notes: 

' RPD = Relative Percent Difference = difference between duplicates divided by the mean of the duplicates 
NC = Not calculated because detected concentrations were not greater than five times the reporting limit, 
Concentration of' unidentified hydrocarbon in diesel range 
ND =Not detected 
Only one groundwater sample was collected from the Corridor for EPA Method 8080 analysis This sample was 
considered part of the batch that included three groundwater samples from Bobo's Junkyard that were analyzed for 
pesticides/PCBs using this method A duplicate groundwater sample was collected at Bobo's (Geomatrix, 1995) 



TABLE 5 

SUMMARY OF TPH RESULTS FOR SOIL SAMPLES COLLECTED BY GEOMATRIX' 
Southern Pacific Transportation Company 

1-880 Realignment Corridor 
Oakland, California 

GEOMATRIX 

Page 1 of 3 

Concentrations m milligrams per kilogram (mglkg) 

Sample Umown Unknown U m o w n  
Depm TPH as Hydrocarbon TPH as Hydrocarbon TPH as TPH Hydrocarbon 

Boring I.D. (feet b g ~ ) ~  Gasoline (gasoline range) Diesel (diesel range) Motor Oil as JB Oil (JB range) 

B-85 

B-9 (Communcatlon Storage) 

B-10 (Pam Shop) 

B- 11 (Drop Table Shed)' 
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TABLE 5 

SUMMARY OF TPH RESULTS FOR SOIL SAMPLES COLLECTED BY GEOMATRIX1 Page 2 of 3 

Concentrations m milligrams per kilogram (mglkg) 

Sarn~le  Unknown Unknown Unknown 
~ e $ . h  TPH as Hydrocarbon TPH as Hydrocarbon TPH as TPH Hydrocarbon 

Boring I.D. (feet bgs)' Gasoline (gasoline range) Diesel (diesel range) Motor Oil as JB Oil (JB range) 

B-13b (Carpentry, 
Upholstery, Test Shop) 
B-13 

B-14 

B-15 (Car Lightlng Shop) 

B-16 

B-17 

B-18 (1912 Seventh Street) 

B-19 (721 Cedar Street) 

B-20 

B-22 

B-23 

B-24 
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SUMMARY OF TPH RESULTS FOR SOIL SAMPLES COLLECTED BY GEOMATRIX' Page 3 of 3 

Concentrat~ons ~n milligrams per kilogram (mglkg) 

Sample Unknown Unknown Unknown 
Depth TPH as Hydrocarbon TPH as Hydrocarbon TPH as TPH Hydrocarbon 

Boring I.D. (feet bgs)' Gasoline (gasoline range) Diesel (diesel range) Motor Oil as JB Oil (JB range) 

B-25b (Garage, Car Cleanmg) 1.0-1.53 < 1 < 1 < 10 < 50 N A N A 
3.0-3.5 < 1 < 1 < 1 < 50 N A NA 

Notes: 

' Samples analyzed for total petroleum hydrocarbons (TPH) by modified EPA Method 8015. Detected analytes are shaded. 
bgs = below ground surface. 

: Hydrocarbon fingerprmt ana~ysis performed by Frledman & B ~ y a  on sample split. 
NA = not analyzed for constituent indicated. 
Boring drilled in proposed South Prescott Park area; data not included in Baseline Rislc Assessment (Appendix A). 



GEOMATRIX 

TABLE 6 

SUMMARY O F  SOIL SAMPLES WITH TPH 
CONCENTRATIONS AT O R  GREATER THAN 1000 MGlKG 

Southern Pacific Transportation Company 
1-880 Realignment Cor~idor 

Oakland. California 

Page 1 of 2 

Concentrations in milligrams per kilogram (mgkg) 

Sample Motor Oil or Unknown 
Sample or Boring Depth Oil and Hydrocarbon 

Identification (Feet b sl) fi Grease (JB oil range 

Samples Collected by IC' 

CL19 (left) 

CL22 (left) 

CL23 (left) 

CL23 (right) 

C E O  (left) 

EU23 

OU20 

CIL 

C7L 

SC43 

A15R 

B1 

B12 (right) 

Samples Collected by CHZM Hilllo 

SPl SB05AQ225 2 0-2 5 

SPlSBl  lA-0225 2 0-2 5 
Duplicate 

SP1-SB4 1A-0225 2 0-2 5 

SP1-SS46A-0225 2 0-2 5 

CONIRUW6RIRA IBL 



GEOMATRIX 

TABLE 6 

SUMMARY OF SOIL SAMPLES WITH TPH Page 2 of 2 
CONCENTRATIONS AT OR GREATER THAN 1000 MGIKG 

Concent~ations in milligrams per kilogram (mglkg) 

Samole Motor Oil or Unknown 
Sample or Boring Depth Oil and Hydrocarbon 

~dentification (Feet bgsl) Gasoline Diesel . . Grease (JB oil range) 

Samples collected by Geomatrix" 

Notes: 

I bgs = below ground surface 
Samples collected by IC were analyzed for TPHg and TPHd using EPA Method 8260, and IPHmo using EPA 
Method 8270,, 
Hydrocarbon pattern identified a possible combination of diesel (eluting between C13 and C20) and motor oil 
(eluting between C20 and C36) 
NA = not analyzed for constituent indicated 
Hydrocasbon pattem elutes between C8 and C18 TPH quantitated against diesel primarily consists of 
naphthalene and substituted naphthalene isomers 
Hydrocarbon pattern elutes between C13 and C36,, 
Hydrocarbon pattern is similar to diesel and eluted between C8 and C18 
Hydrocarbon pattern identified as combition of diesel and motor oil 
Hydrocarbon pattern is similar for mixtures of diesel and motor oil and elutes between C8 and C30 

lo Samples collected by CH2M Hill were analyzed for oil and grease using EPA Method 413 1 
" Samples collected by Geomatrix were analyzed for petroleum hydrocarbons quantified as JB oil using modified 

EPA Method 8015 
l2 Boring drilled in proposed South Psescott Park asea; data not included in Baselme Risk Assessment (Appendix 

A). 

CONIRi2686RIRA IBL 



GEOMATRIX 

TABLE 7 

SUMMARY O F  TPH RESULTS FOR GROUNDWATER SAMPLES 
COLLECTEDBYGEOMATRIX' 

Southern Pacific Irmportation Company 
1-880 Realignment Corridox 

Oakland, Califoxnia 

Concentrations in mlligrams per liter (mgll) 

Unknown Unknown 
Hydrocarbon Hydrocarbon 

Boxing Identification Gasoline (gasoline ~ange) Diesel (d~esel range) 

B-9 (Communication Storage) <O 05 <O 05 <O 05 
B 9 Duplicate (1-31) <O 05 <O 05 <O 05 

B-10 (Paint Shop) <O 05 <005 <005 

B-1 1 (Drop Table Shed)' <005 <0.05 <005 <O .05 

B-12 (Wheel Shop) <O 05 <O 05 <O 05 0.12 

B-13 (Carpenter, Upholste~y, Test <O 05 <005 <005 
Shop) 

B-15 (Cax Lighting Shop) <005 <O 05 <O 05 

B-18 (1912 Seventh Street) 1005 <005 <005 <005 

B-19 (721 C e h  Street) <O 05 <O 05 <O 05 <O 05 
B-19 Duplicate (J-34) NA3 N A <O 05 <O 05 

B-25 (Garage, C ~ I  Cleaning <O .05 <O 05 <O 05 
Building) 

B-38 (Footing ClOL) N A N A <005 

B-39 (Footing B12 [right]) N A N A <0.05 0.066. 

Notes: 

' Samples analyzed for total pet~oleurn hydrocarbons by modified EPA Method 8015 Detected analytes are 
shaded 
Boring drilled in proposed South Prescott Park area; data not included in Baseline Risk Assessment (Appendix 
A) 
NA = Not analyzed for constituent indicated 

CONIR\2686RIRA IBL. 



GEOMATRIX 

TABLE 8 

SUMMARY OF AROMATIC VOCS DETECTED 
IN SOK SAMPLES' 

Southern Pacific Transportation Company 
1-880 Realignment Corridor 

Oakland, Califo~nia 

Page 1 of 2 

Concentrations in milligrams per kilofwm (mglkg) 

Sample Depth Ethyl- Iota1 
Sample ID (feet bgs? Benzene Toluene benzene Xylenes 

Samples Collected by IC3 

CL20 (~ight) 

CL2l (left) 

CL21 (~ight) 

CL22 (left) 

CL23 (left) 

CL23 (~ight) 

CL25 (~ight) 

CR21 (left) 

CR2l (~ight) 

CR22 (right) 

EU20 

EU22 

A4R 

A5R 

A6R 

CONIRU686RIRA TBL 



TABLE 8 

SUMMARY OF AROMATIC VOCS DETECTED 
IN son SAMPLES1 

GEOMATRIX 

Page 2 of 2 

Concentxations in milligrams per kilogram (mglkg) 

Sample Depth Ethyl- Iota1 
Sample ID (feet bgs2) Benzene Toluene benzene Xylenes 

C4L (left) 0 0 - 0 5  < O  005 0 006 < O  005 < O  005 

ClOL 0 5 - 1 0  < O  005 0 22 < O  005 0 014 

SC41 (right) 0 0 . 0 5  < O  005 0.03 7 10.005 0.007 
4 0  - 4 5  < O  005 < O  005 0 033 < O  005 

B17 (mid) 0 5 - 1 0  < O  005 0 25 < O  005 < O  005 

H l  (right) 0 5 - 1 0  < O  005 0 007 < O  005 < O  005 

H2 (I ight) 0 5 - 1 0  < O  005 0 017 < O  005 < O  005 

Sample Collected by CH2M Hill4 

Notes: 

Detections previously reported by othe~s that x e  below the laboratory reporting limit (J values) axe not shown 
here No analytes were detected above the reporting limit in samples collected by Geomauix * bgs = below ground surface 
Samples collected by IC were analyzed using EPA Method 8260 
Samples collected by CH2M Hill were analyzed using EPA Method 8240 

CONIRl2686RIP.A IBL 



TABLE 9 

SUMMARY OF AROMATIC VOC RESULTS FOR GROUNDWATER SAMPLES 
COLLECTEDBYGEOMATRIX' Page 1 of 2 

Southern Pacific Transpottation Company 
1-880 Realignment Corrido~ 

Oakland. California 

Concent~ations in microg~ams per litet (pgll) 

Ethyl- 
Boring I.D. Benzene Toluene benzene Xylenes 

B-4 

B-5 

B-6' 

B- 7 

B-s2 

B-9 (Communication Sto~age) 
B-9 Duplicate 

B-10 (Paint Shop) 

B-I1 (Drop Table Shed)' 

B-12 (Wheel Shop) 

B-13 (Carpenter, Upholstery, Iest 
Shop) 

B-14 

B-15 (Car Lighting) 

B.16 

8-17 (721 Cedar Street) 

B-18 (1912 7th Street) 

B-19 

B-20 

B-22 

8-23 

B-24 

B-25 (GarageICar Cleaning) 

B-26 
B-26 Duplicate (145) 

CONIR\2686RIRA IBL 



TABLE 9 

SUMMARY OF AROMATIC VOC RESULTS FOR GROUNDWATER SAMPLES 
COLLECTED BY GEOMATRIX1 Page 2 of 2 

Ethyl- 
Boring I.D. Benzene I oluene benzene Xylenes -- 
B-27 < O  5 < O  5 < O  5 < O  5 

B-28 
B-28 Duplicate (5-33) 

B-32 See Note 3 See Note 3 See Note 3 See Note 3 
B-32 Duplicate (J-121) See Note 3 See Note 3 See Note 3 See Note 3 

Notes: 

' Samples analyzed for BIEX using EPA Method 8020 and for other aromatic VOCs using EPA Method 8260 
Detected analytes are shaded Only BTEX compounds were detected in the Geomatrix samples 
Boring drilled in proposed South Prescott Park area; data not included in Baseline Risk Assessment (Appendix 
A l  - -, 
Sample B-32 and its duplicate were analyzed for aromatic and aliphatic VOCs using EPA Method 8260 but not 
for BTEX using EPA Method 8020 This sample was collected to confirm the presence of isopropylbenzene 
previously detected in gronndwate~ samples collected from this area by IC Isopropylbenzene was detected at 
3 6 and 3 8 pgn in sample B-32 (GW) and its duplicate, respectively 

CONIR\2686RIRA IBL 



GEOMATRIX 

TABLE 10 

SUMMARY OF AROMATIC VOCS DETECTED IN GROUNDWATER 
Southern Pacific Transportation Company 

1-880 Realignment Corridor 
Oakland, California 

Page i of 2 

Concentrations in micrograms per liter ( ~ ~ 1 1 )  

Boring or Ethyl- Total Isopropyl- 1,3,5-Tr~methyl- 1,2,4-Trimethyl- n-Propyl- T-Butyl- S-Butyl- Chloro- 
Sample I.D. Benzene Toluene benzene Xylenes benzene benzene benzene benzene benzene benzene benzenes 

Sampies Collected by IC' 

EU 22-3 

A5R-rlght 

A6R-3 

A6R-3 (dup) 

A7R-I 

A8R-I 

A9R-1 

NOR-2 

ClOL-4 

NC44- I 

NC44-I (dup) 

NC46-2 

SC42-2 

I5 

Bl 1 (right)-2' 

< 1 

< 5  

< 5 

< 5 
See Nolc 2 

< 5 

< 5  

< 5 

SCI Natc 3 

< 5  

< 5 

< 5  

<0.5 

<0.5 
Src Nok 5 



TABLE 10 

SUMMARY O F  AROMATIC VOCS DETECTED IN GROUNDWATER Page 2 of 2 

Concentrations m micrograms per liter (pgll) 

Boring or Ethyl- Total Isopropyl- 1,3,5-Trimethyl- 1,2,4-Trimethyl- n-Propyl- T-Butyl- S-Butyl- Chloro- 
Sample I.D. Benzene Toluene benzene Xylenes benzene benzene benzene benzene benzene benzene benzenes 

Samples Collected by Geomatnx6 

B-32 N A N A N A N A < 1 < 1 < 1 < 1 < 1 < 1 
B-32 Duplicate N A N A N A N A < 1 < 1 < 1 < 1 < 1 < 1 
(J-121) 

Notes: 

' Samples collected by IC were analyzed using EPA Method 8260. Detected analytes are shaded. ' Sample A7R-I contained 19 pgll 1,2-dichlorobenzene. ' Sample C10L-4 contalned 160 ~ g l l  1,2-dichlorobenzene and 28 pgll 1,4-dichlorobenzene. 
Sample B11 (r~ght) also contamed 25 pgll styrene. 
Sample B11 (right)-2 contamed 86 pgll 1,2,4-tr~chlorobenzene. 
Samples collected by Geomatr~x were analyzed for BTEX usmg EPA Method 8020 and other aromatlc VOCs using EPA Method 8260. 



GEOMATRIX 

TABLE 11 

SUMMARY OF PNAs DETECTED IN SOIL 
SAMPLES COLLECTED BY CH2M HILL1 

Southern Pacific T~ansportation Company 
1-880 Realignment C o ~ r i d o ~  

Oakland, Califo~nia 

Depth Concent~ation 
Sample Identification (Feet bgs2) Constituent3 (mg/kg) - 

SP1-SS65-02254 2 .O-2.5 Acenaphthylene 
Fluorene 
Anthracene 
Benzo(a)anthiacene 
Ch~ysene 
Benzo(b)fluoranthene 
Benzo(k)fluo~anthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Benzo(g,h,i)pe~ylene 

SP1-SS67-02254 2 0 - 2 5  Naphthalene 0 6 9  
2-Methylnaphthalene 1.0 

Notes: 

' Samples analyzed using EPA Method 8270 
bgs = below giound sur.face ' Detections previously reported by others that are below the laboratory reporting limit (J values) are not shown 
hexe 
Boring hilled in proposed South Prescott Park area; data not included in Baseline Risk Assessment (Appendix 
A) 



GEOMATRIX 

TABLE 12 

SUMMARY OF PNA RESULTS FOR SOIL SAMPLES COLLECTED BY GEOMATRIX' 
Southern Pacific Transportation Company 

1-880 Realignment Corridor 
Oakland, California 

Page 1 of 2 

Concentrat~ons III milligrams per kilogram (mglkg) 
Borlne Samole D e ~ m  - .~ .~~ 
I.D. (feet bgs') Benzo(a)anmracene Benzo(a)pyrene Benzo(b)fluoranthene Benzo(a.h.i)perylene Benzo(k)fluaranthene Chrjsene Dibemo(a.h)anthracene Indeno(l.2.3-cd)pyrene Napthalene 

1-1.5 < 0.06 <0.5 <0.2 <0 .2  <0.5 <0 .4  <0.1 



GEOMATRIX 

TABLE 12 

SUMMARY OF PNA RESULTS FOR SOIL SAMPLES COLLECTED BY GEOMATRIX' Page 2 of 2 

Concentrations in milligrams per kilogram (mglkg) 
Bormg Sample Depth 

I.D. (feet bgs') Benzo(a)anthracene Benzo(a)pvrene Benzo(b)fluoranthene Benro(~,h,i)pewlene Bewo(k)fluoranthene Chrysene Dibenzo(a,h)anthracene Indeno(l,2.3-cd)pyrene Napthaiene 

Samples analyzed uslng EPA Method 8310. Detected anaIytes are shaded. PNAs that were analyzed for but not detected in soil samples are not lncluded in this table but are 
tabulated in Appendix B. 
bgs = below ground surface. 
Borlng drilled in proposed South Prescott Park area; data not included in Baseline Risk Assessment (Appendix A). 



TABLE 13 

SUMMARY OF PNA RESULTS FOR GROUNDWATER 
SAMPLES COLLECTED BY IC 

Southern Pacific Transportation Company 
1-880 Realignment Co~ridor 

Oakland, Califo~nia 

Sample Identification Constituent' Concent~ation (pgll) 

C10L2 Naphthalene 10 
2-Methyl naphthalene 9 

Phenanthrene 6 
Benzidme 17 

B11 (~ight)? Naphthalene 576 

CR21 (right)3 Naphthalene 78 - 

Notes: 

' Detections p~eviously reported that are below the laborato~y reporting limit (J values) 01 attributed to 
labaatory contamination (detected in blank) are not shown here 
Sample analyzed using EPA Method 625 
Sample analyzed using EPA Method 8260 Naphthalene was the only PNA included in analysis 

CONIRU686RIR.A IBL 



GEOMATRIX 

TABLE 14 

SUMMARY OF PNA RESULTS FOR GROUNDWATER 
SAMPLES COLLECTED BY GEOMATRIX*3 

Southern Pacific Transportation Company 
1-880 Realignment Corridor 

Oakland, California 

Concentrations in micrograms per liter (&I) 

Indeno(1,2,3- 
Boring I D  Acenaphthylene Benzo(a)pyrene cd)pyrene Naphthalene Phenanthrene 

B-4 '3 <O 2 <O 2 Q '3 

B-9 (Communication 4 <O 2 <O 2 Q Q 
Storage) 
B-9 Duplicate (1-3 1) 

B-11 (Drop Table Shed)) 

B-12 (Wheel Shop) 

B-13 (Carpenter, 
Upholstery, Test Shop) 

B-15 (Car Lighting Shop) 

8-17 

B-18 (1912 South Street) 

B-19 (721 Cedar Street) 

B-20 

B-25 (GarageICar Cleaning) 

B-28 
B-28 Duplicate (1-33) 

' Samples analyzed using EPA Method 8310 Detected analytes are shaded 
PNAs that were analyzed for but not detected in groundwater samples are not included in this table but are tabulated in 
Appendix B 
Boring drilled in proposed South Prescott Park area; data not included in Baseline Risk Assessment (Appendix A) 
Naphthalene also was detected at 580 pg/l using EPA Method 8260 

CONIRU686RIRA IBI  



TABLE 15 

SUMMARY OF ALIPHATIC VOCS DETECTED IN SOIL SAMPLESi 
Southern Pacific Transportation Company 

1-880 Realignment Corridor 
Oakland, California 

- Concentrations in milligrams per kilogram (mgkg) 

Sample Depth 
Sample I.D. (feet bgs2) 1 ,2-DCA3 ~ , I , ~ - I c A ~  MEKS  ICE^ 

Samples Collected by IC7 

CL19 (left) 
CL19 (left) 

CL 19 (right) 2 0  - 2 5  N A N A N A 

Samples Collected by CH2M HilP 

SS10-0225 2 0 - 2 5  < O  005 < O  005 0 035 < O  005 
SS10-0225 (dup) 2 0 - 2 5  < O  005 < O  005 0.038 < O  005 

Samples Collected by Geomatrix" 

Notes: 

' Detected analytes are shaded 
bgs = below gtound su~face 
1,2-DCA = 1.2dichloroethane 
1.1,l-TCA=1,1,1-trichloroethane 
MEK = methylethylketone = 2-butanone 
I C E  = trichloroethene ' Samples collected by IC analyzed using modified EPA Method 8260 (includes only the halogenated VOCs: 
ethylene dibromide and 1.2-dichloroethane) 
NA = not analyzed 
Samples collected by CH2M Hill analyzed using EPA Method 8240 Detections reported that z e  below the 
laboratory repoxting l i t s  (1 values) axe not shown here 

'O Boring milled in proposed South Prescott park area; data not included in Baseline Risk Assessment 
(Appendix A) 
Samples collected by Geomatrix analyzed using EPA Method 8260 

CONIR\2686RIRA IBL 



TABLE 16 

SUMMARY OF ALIPHATIC VOC RESULTS FOR Page 1 of 2 

GROUNDWATER SAMPLES COLLECTED BY GEOMATRIX'.2 
Southem Pacific Transpo~tation Company 

1-880 Realignment Conidor 
OaWand, Califo~nia 

Concentrations in microg~ams pex. liter @g/l) 

l , l , l -  Cis-1,2- Vinyl 
Borine I.D. ICA3 1. 1-DCA4 1. 1-DCE5 DCE6 PCE7 TCE8 Chlo~ide 

B-1 

B 4  

B-5 

B-69 

B-7 

B-g9 

B-9 (Communication Sto~age) 
B-9 Duplicate (3-31) 

B-10 (Paint Shop) 

B- 11 (Dxop Table Shed)9 

B-12 (Wheel Shop) 

B-13 (Carpent~y, Upholste~y, 
Iest Shop) 

B-14 

B-15 ( C ~ I  Lighting Shop) 

B-16 

B-17 

B-18 (1912 Seventh Street) 

B-19 (721 Cedar St~eet) 

B-20 

B-22 

B-23 

B-24 

CONTR\2686RIRA IBL 



GEOMATRIX 

TABLE 16 

SUMMARY OF ALIPHATIC V O C  RESULTS FOR Page 2 of 2 
GROUNDWATER SAMPLES COLLECTED BY GEOMATRIX'.~ 

Concentrations in micrograms per liter &g/l) 

1,l.l- Cis-1.2- Vinyl 
Boring I.D. T CA3 1.1-DCA4 1.1-DCES DCE6 PCE7 ICE8 Chloride 

B.-26 
B-26 Duplicate (1-35) 

B-28 
B-28 Duplicate (1-33) 

B-32 
B-32 Duplicate (1.121) 

B-41A ( C a  Lighting Shop) 

B-42 (Car. Lighting Shop) 

8-43 (Car Lighting Shop) 
B-43A Duplicate (B-52) 

Bd4A (Car Lighting Shop) 

B-45 (Ca Lighting Shop) 

< 1 
< 1 

< 1 

< 1 
< 1 

< 1 

See Note 
10 

See Note 
10 

< 1 

Notes: 

Samples analyzed using EPA Method 8260 Detected analytes are shaded 
Constituents that were not detected in groundwater samples were not included in this table but are tabulated in 
Appendix B 
1,1,1-TCA = 1,1,l-trichloroethane,, 
1,l-DCA = 1, l-dichoroethane 
1.1-DCE = I, ldichlosoethene 
cis-1,2-DCE = cis-l,2-dichloroethene, 

' PCE = teuachlosoethene 
I C E  = tsichlo~oethene, 
Boring milled in proposed South Prescott Park asea; data not included in Baseline Risk Assessment (Appendix A) 

lo TCE 1esu1t is not considered valid due to QAlQC issues discussed in Section 3 4 of rhis Iepon 

CONIRU686RIRA IBL 



TABLE 17 

SUMMARY OF ALIPHATIC vocs DETECTED IN GROUNDWATER SAMPLES~ 
Southern Pacific Transportation Company 

1-880 Realignment Corridor 
Oakland. California 

Concentrations in micrograms per litex. (pgil) 

Bo~ing or 1.1,l- 1.1- 1.2- Vinyl Cis-1.2- 1,l- 
Sample I.D. TCA2 DCE3 DCA4 Chlo~ide DCES DCA6 PCE7 ICE8 - 

Samples Collected by IC9 

CL19 (right)-3 < 1 < 1 
CL 19 (1ight)d (dup) < 1 < 1 

Samples Collected by Geomatrix" 

B-12 < 1 < 1 

B-13 < 1 < 1 

B-15 < 10 < 10 

B.41A 

B-42 < 1 < 1 

B-43 < 10 < 10 
B43A duplicate < 10 < 10 
(B-52) 

B-45 < 10 < 10 

Notes: 

Detected analytes are shaded 
1,1,1-TCA = 1,1,l-trichloroethane 
1,l-DCE = I,  ldichloroethene 
I ,2-DCA = 1,2-dichlo~oethane 
cis-1.2-DCE = cis-1.2dichlo1oethene 
1,l-DCA = 1, l-dichloroethane 
PCE = tet~achloroethene 
'ICE = trichlo~oethene 
G~oundwater samples collected by IC analyzed using EPA Method 8260 

" G~oundwatex samples collected by Geomatrix analyzed using EPA Method 8260 " ICE result not conside~ed valid clue to QAlQC issues d~scussed in Section 3 4 of this Ieport 

CONIR\2686RIRA IBL 



TABLE 18 

SUMMARY OF METALS RESULTS FOR 
S O U  SAMPLES COLLECTED BY GEOMATRIX1 

Southern Pacific Transportation Company 
1-880 Realignment Corridor 

Oakland, California 

Concentrations in millierams per kiloeram (melke) 

Sample 
Boring Depth (feet Hexavalent Iota1 

I.D. b ~ s ) ~  Arsenic Cadmium Chromium Chromium Lead Nickel Zinc 

' Samples analyzed for arsenic usin EPA Method 7060, lead using EPA method 7421, cadmium, total 
chromium, mckel, and zinc us ing%p~ Method 6010, and hexavalent chromium using EPA Method 7196 
b s below ground surface. 
#A $A Not analyzed for constituent indicated. 
Boring drilled in proposed South Prescott Park area; data not included in Baseline Risk Assessment (Appendix 
A) 



GEOMATRIX 

TABLE 19 

AVERAGE METAL CONCENTRATIONS FOR S O U  SAMPLES COLLECTED AT 
SITE COMPARED TO AVERAGE CONCENTRATIONS ELSEWHERE I N  BAY AREA 

Page 1 of 2 

Southern Pacific Transportat~on Company 
1-880 Realignment Corridor 

~ a ~ a n i ,  California 

Average metal concentrations m milligrams per kilogram (mglkg) 
No. of Site 

Samples from (Realignment Northern Sane 1-880 Alameda 
Constituent Site Corridor') San ~ e a n d r o ~  Clara County3 Union cityd ~ercule?  County6 

Antimony 47l 1.8 N D ~  3.5 2.5 N A ~  N A 
Arsemc 68'' 3.5 1.2 2.9 8.5 8.3 N A 
Barium 47l 83.9 125.0 N A 228 N A N A 
Beryllium 47l 0.1 0.4 0.9 0.5 N A N A 
Cadrmum 275" 0.6 0.2 NC" 0.8 1 N A 
Chronuum 275" 28.4 33.4 51.3 72.6 10 N A 
Hexavalent Chromium l8I3 ND N A N A N A NA NA 
Cobalt 477 5.7 8.8 N A 9.5 NA NA 
Copper 47l 56.1 22.7 35.6 37 22 N A 
Lead 599" 134.3 7.4 11.4 65 32.4 567.7" 

618.3'~ 
Mercury 47l 0.3 ND NC 0.14 0.14 N A 

Nickel 275" 27.2 22.5 73.5 43 16 N A 

Selenium 47l 0.1 0.4 NC 0.3 N A N A 
Silver 47l 0.3 ND NC 0.3 N A N A 
Thallium 47l 0.1 0.6 NC 0.3 N A N A 
Vanadium 47l 31.5 27.8 N A 46.9 N A N A 
Zinc 275" 92.8 39.9 65.3 281.6 65 NA 

Notes: 
' Averages for soil samples from the Realignment Corridor were calculated usmg one-half of the reportmg l h t  for samples with no detectable analyte 
2 

conceitrations. 
From "Area 2 Investigation Completion Report, Roberts Landing Development Site, San Leandro, California" (Harding Lawson Associates, 1995). Average 
background concentrations calculated from 10 soil samples using one-half of the reporting limit for samples with no detectable analyte concentration. ' From "BacKground Metai Concentration in Soils in Northern Santa Clara County, California" (Scott, 1991). The number of samples analyzed ranged from 104 to 
158. Samples with no detectable analyte concentration were omitted from the statisticai calculation of the mean concentration. 



GEOMATRIX 

TABLE 19 (continued) 

AVERAGE METAL CONCENTRATIONS FOR S O U  SAMPLES COLLEC'L'ED AT 
SITE COMPARED TO AVERAGE COXEYTRATIONS ELSEWHERE 1N BAY AREA 

Page 2 of 2 

Notes (contmued): 

From "Site Wide Remedial Investigation, Pacific States Steel Co oration, Union City, California" (SEC Donohne, 1992). Average metals concentrations 
calculated from five off-site background samples using one-half % e reporting limit for sampies with no detectable anaiyte concentration. 
From "Remedial Investigation Report, Hercules Properties, Inc., Hercules, California" (McLaren Hart, 1991). Average metals concentrations calculated in off-site 

6 
background samples using one-half the reporting limit for samples with no detectable anaiyte concentration. 
From "A Survey of Lead Contamination in Soil Along Interstate 880, A l e e d a  County. California" (Coltnn et al., 1993). ' Includes 40 samples collected by CH2M Hill from 5 borings near Seventh Street depression and 7 samples collected from south of a Scrapyard at Tbiid and Lewls 
Streets. These sampies were also analyzed for aIuminum, calcium, iron, potasslum, magnesium, manganese, and sodium; data for these analytes are Included in 

8 
Appendix B but not tabulated here because (1) they are prnnary components of mherals in soil, and (2) they are of minimal toxicologicai concern. 

9 
ND indicates constituent not detected in any sampies. 

10 
NA mdicates no analysis made for constituent. 
Includes 47 samples collected by CH2M Hill (see Note 7) and 21 samples collected by Geomatrix. " Includes 254 samples collected by CH2M Hill from throughout the Realignment Corridor and 21 samples collected by Geomatrix. 

12 NC indicates average concentration not calculated because the number of samples without detectable concentrations of the anayte was greater than 50 percent of 
13 

the total number of samples. 
I 4  

Samples collected by Geomatrix. 
Includes 324 samles collected bv IC. 254 samoles collected bv CH2M Hill. and 21 samules collected bv Geomatrix. 

13 

16 
Average lead co&enlrat!on for 13 sinples colkcted in upper 6.5 to 0.75 inch of soil. 

' 

Average lead conccnlratlon for 13 samples collected at aepths of 3 to 8 inches below the surface. 



TABLE 20 

SUMMARY OF SOIL SAMPLES WITH LEAD CONCENTRATIONS 
AT OR GREATER THAN 1000 MGIKG 
Southe~n Pacific Iransportation Company 

1-880 Realignment Cox~idor 
Oakland, Califoxnia 

GEOMATRIX 

Depth (Feet bgsl) Borin g ox Sam p le Identification Lead Concentration (mgkg) 

Samples Collected by IC2 

CR26 0 5-1 0 loo0 

EU20 0 5-1 0 12,000 

C3L (right) 

C6L 

ClOL 

Samples Collected by CH2M Hill3 

SPl -SS15-0225 
SP1-SS154225D4 

Samples Collected by Geomatri? 

Notes: 

I bes = below esound surface .. - 
Samples collected by IC wexe analyzed for lead using EPA Method 7420 
Samples collected by CH2M H i  were analyzed for lead using EPA Method 6010 
D indicates duplicate sample. 
Samples collected by Geomatrix were analyzed for lead using EPA Method 7421 



GEOMATRIX 
TABLE 21 

SUMMARY OF DISSOLVED METAL CONCENTRATIONS 
IN GROUNDWATER SAMPLES COLLECTED BY IC1 

Southern Pacific Transpor.tation Company 
1-880 Realignment Corrido~ 

Oakland, California 

Concentrations in milligrams per liter (mgll) 

Sample 
Identification Arsenic Cadmium Chromium Lead Mer cury Nickel Zinc 

CL24 (mid- < O  03 < O  01 < O  02 < O  06 < O  002 < O  03 0.06 
left) -3 

Note: 
I Samples were analyzed using various EPA methods Detected analytes are shaded 

CONIR\2686RIRA IBL 



GEOMATRIX 
TABLE 22 

SUMMARY OF DISSOLVED METALS CONCENTRATIONS IN GROUNDWATER SAMPLES 
COLLECTEDBYGEOMATRM1 

Southern Pacific 'I~ansportation Company 
1-880 Realignment Corridor 

Oakland, California 

Concentrations in milligxarns per litex (mg/l) 

Boring Identification Arsenic Cadmium Chromium Lead Nickel Zmc 

B-5 

B-9 (Communication Storage) 
B-9 Duplicate (1-31) 

B-lo2 (Paint Shop) 

B-1l2 (Drop Iable Shed) 

B- 12 (Wheel Shop) 

8-13 (Carpentry, Upholste~y, 
Test Shop) 

B-14 

B-15 (Car Lighting Shop) 

B-16 

B-17 

B-19 (721 Cedax Street) 

B -20 

B-25 (GaragelCa Cleaning) 

B-28 1 0 0 4  <0.02 . .. . 

<0.005 <0.005 <0.01 
:)I . .. . L 

B-28 Duplicate (5-33) <0.01 < 0.04 +:;yq:g~@$:;:. 

Notes: 

' Samples filtered in the field and then acidified with nitric acid Samples analyzed for cadmium, chromium, nickel, 
and zinc using EPA Method 6010, for arsenic using EPA Method 7060, and for lead using EPA Method 7421 
Detected analytes are shaded 
Sample also analyzed for copper by laboratory, although copper analysis was not requested Copper was not detected 
in the sample above the xeporting limit of 0 1 mg/l 
Boring drilled in proposed South Rescott Park area; data not included in Baseline Risk Assessment (Appendix A) 

CONIR\261(6RlRA TBL 



TABLE 23 

p~ OF GROUNDWATER SAMPLES COLLECTED BY GEOMATRM' 
Southern Pacific Iransportation Company 

1-880 Realignment Corridor 
Oakland, California 

Boring I.D. Date DH 

B-I 7 

B-18 

I pH measured in the field with a pH meter at the time of sample collection 



TABLE 24 

SUMMARY OF PESTICIDES AND 
PCBS DETECTED IN son. SAMPLES' 
Southern Pacific Transportation Company 

1-880 Realignment Corridor 
Oakland, California 

Concentrations in milligrams pex kilogram (mglkg) - 
Sample 
Depth DDD- Endosulfan 

Sample I.D. (Feet bg?) PCB$ Family4 Diel&in Endrin Familf Aldr in E D B ~  

Samples Collected By IC 

CL19 (left) 2 0-2 57 N A ~  
4 0-4 5' NA 

CL19 (right) 2 0-2 5' N A 

Samples Collected by CHZM Hill 

Notes: 

' Samples analyzed using EPA Method 8080 Detected analytes are shaded 
bgs = below ground surface 
PCBs = polychlorinated biphenyls 
DDD-family = sum of 4,4'-DDD, 4,4'-DDE, and 4.4'-DDT 
Endosulfan family = sum of endosulfan I, endosulfan 11, and endosulfan sulfate 
EDB = ethylene dibromide = 1,2dibromoethane ' Samples analyzed for EDB using modified EPA Method 8260 
NA = not analyzed 
Bo~ing drilled in proposed South Prescott Park area; data not included in Baselime Risk Assessment (Appendix A) 

CONTR\Z686RIRA TBL 



TABLE 25 

SUMMARY OF PESTICIDES AND 
PCBs DETECTED IN GROUNDWATER SAMPLES' 

Southern Pacific Iransportation Company 
1-880 Realignment Corridor 

Oakland, California 

Concentrations in micrograms per liter (pgll) 

Sample I.D. PCBS~ EDB3 DBCP 

Notes: 

' Samples were collected by IC and analyzed for PCBs usmg EPA Method 8080 Samples were analyzed for 
EDB and DBCP using EPA Method 8260 
PCBs = polychlo~inated biphenyls 
EDB = ethylene dibromide = 1,2-dibromoethane 
DBCP = 1.2-dibromochloropropane 
NA = not analyzed 
Conf ia t ion  groundwater sample collected by Geomatrix at this location was non-detect for PCBs ' ND = not detected above laboratory reporting limit (reporting limits for pesticide and PCB samples r,ot 
available) 

CONTR\Z686RIRA TBL 
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EXPLANATION 
Approximate location of the 1-880 Realignment 
Corridor property sold by Southern Pacific 
Transportation Company to CalTrans 

0 2200 Feet 
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SITE LOCATION MAP 
Figure - Southern Pacific Transportation Company 
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GEOMATR IX 1-880 Realignment Corridor Project No 
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APPENDIX A 

Baseline Risk Assessment Prepared by Center fo~ .  Toxicology and Environmental Health 
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EXECUTIVE SUMMARY 

This risk assessment was prepared on behalf' of' Southern Pacific Transportation Company 

(SPTCo) by Terranext and responds to Sections 5 5  and 5.6 of' the Imminent and 

Substantial Endangerment Order No. 93-94-018 (the Order) issued to SPTCo by the 

California Enviionmental Protection Agency - Department of Toxic Substances Control 

(DTSC) on 20 June 1994 The Older addresses portions of the SPTCo West Oakland and 

Desert Rail Yards that are within the 1-880 realignment conidor as well as the former 

Bobo's Junkyard A separate Remedial Investigation (RI) and Baseline Risk Assessment 

(RA) Report was prepared for the foimer Bobo's Junkyard and approved by the DTSC on 

25 January 1996 

This risk assessment evaluates possible human health iisks that may be associated with 

chemicals detected in soil and ground water in the 75-acre property refeired to as the I- 

880 Realignment Conidor, exclusive of'Bobo's .Junkyard. Potential human exposures to 

chemicals in soil and ground water that could occu~. &r reconstruction of' the 1-880 

fieeway are addressed in this assessment Caltrans will address human health risks 

~esulting fiom exposure conditions that may occur during reconstruction of' the 1-880 

fieeway The methods used to prepare this iisk assessment are based on a risk assessment 

workplan submitted to DTSC (IC, 1995a) and comments received fIam DTSC regarding 

the workplan (DTSC, 1995) and the approved risk assessment for the eastein por.tion of' 

the foimer Bobo's Junkyard site (IC, 1995b; Geomatrix, 1995),, 

For the purpose of' evaluating human exposure to chemicals in soil and shallow ground 

water, the 1-880 Realignment Corridor is divided into areas that will an at grade section of 

the freeway ("At Grade Section") and elevated sections of the fieeway ("Elevated 

Sections") The Elevated Sections of the fieeway (North and South Elevated Sections) are 

separated by the At-Grade Section of the freeway 

Shallow groundwater and soil data used in this risk assessment are taken fiom the 

Remedial Investigation (RI) (Geomatrix, 1997) for the 1-880 Realignment Corridor The 

RI summarizes chemical occmrence and concentration data for soil and ground water 

investigations performed by CHZMHill, Terranext (formerly Industrial Compliance), and 

Geomatrix. Chemical occurrence in soil and shallow sound water are reviewed in detail 

in the RI report that accompanies this risk assessment 



Chemicals of' concern in soils of' the Elevated and At-Grade Sections of' the 1-880 

Corridor we1.e conservatively selected by comparison of' the maximum detected 

concentration of' each chemical to USEPA Region IX residential preliminary remediation 

goals (PRGs). Surface soil (0 to 1 foot depths) and suface/subsur-face soils (0 to 5 feet 

depths) were given separate consideration due to differences in the potential for human 

contact with surface and subsurface soils. Maximum detected soil concentrations of'the 

following chemicals in 1-880 Corridor soils exceeded their respective residential PRG 

concentrations: 

Chemicals of concern-Elevated Section Soils 

Volatile organic chemicals Polynuclear aromatic hydrocarbons 
1,2-Dibromoethane (subsurface soils Benzo(a)pyrene 

Chemicals of'Concern-At-Grade Section Soils 

Polynuclear aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

Metals 
Lead 

Metals 
Lead 

In addition to the above chemicals that exceeded residential PRGs, total petroleum 

hydrocarbons (TPH) detected in soil and characte~ized as gasoline (low boiling 

hydrocarbon fraction similar to gasoline; TPH-gasoline), diesel (mid-boiling hydrocarbon 

fiaction similar to diesel; TPH-diesel), and motor oil or jounal box oil (high-boiling 

hy&ocarbon fraction similar to motor oil or jounal box oil; TPH-motor oil or journal box 

oil) were identified for fiuther evaluation in the risk assessment. 

Shallow ground water at the 1-880 Corridor site is not likely potable Thus, ingestion of' 

chemicals detected in graund water was not evaluated However, volatilization of' 

chemicals from shallow ground water was considered to be a possible mute of' exposwe,, 

Thus, all volatile chemicals (chemicals with Henxyis Law constants of' 1 x lw5 or greater 

and a vapor pressure of' 0.001 mm Hg or greater) detected in graund water were 

considered for further evaluation in the risk assessment, 



Possible pathways of'the human exposure to the chemicals of' concern in soil and shallow 

ground water in the future 1-880 Coxtidor were evaluated under conditions that will exist 

after the eeeway is built. The exposure assumptions used to evaluate human health ~ i s k  

are based on a workplan submitted to DTSC (IC, 1995) and comments received from 

DTSC regarding the workplan (DTSC, 1995) and the approved ~ i s k  assessment for the 

eastern poxtion of'the fo~mer Bobo's Junkyard site (IC, 1995b; Geomatrix, 1995) The 

Elevated Sections of' the freeway were considered separately from the At-Grade Section 

of' the freeway since possible casual human exposure could occur to surface soils in the 

Elevated Sections Casual human exposure to surface soil in the At-Grade section of'the 

freeway will be prevented by pavement and its use as an active eeeway. 

For Elevated Sections of'the freeway, two possible receptors were identified that may be 

exposed to chemicals present in soil and shallow ground water. A child at play was 

considered to be potentially exposed to the chemicals of' concern in Elevated Section 

surface soil (0-li depth) via ingestion, skin contact, and inhalation of' affected dusts and 

vapors. In addition, inhalation of' the chemicals of' concern volatilizing from shallow 

ground water through vadose zone soils was also assessed for a child at play in the 

Elevated Sections of'the 1-880 Co~tidor site. The child at play was assumed to be exposed 

to the chemicals of'conce~n in surface soil and shallow ground water for 36 days per year 

for 7 years In addition, a utility worker was also assumed to be exposed to the chemicals 

of'conce~n in surface/subsurface soils (0-5') by the ingestion, skin contact, and inhalation 

routes of' exposure in the Elevated Sections of' the freeway Due to the possibility that 

shallow ground water may pool in excavated trenches, utility worker inhalation of' 

chemicals volatilizing fiam shallow ground water in the Elevated Sections was also 

assessed The utility worker was assumed to be exposed to the chemicals of' concetn in 
soil and shallow ground water for 60 days (5 days per week for 12 weeks). 

Secondly, utility worker exposure to the chemicals of' conce~n in surface/subsurface soils 

in the At Grade Section of' the 1-880 Corridor site by the ingestion, skin contact, and 

inhalation mutes of' exposure were also assessed Utility workers were assumed to have 

contact with surface/subsurface soils in the At-Grade Section as a result of' road repair, 

excavation of' utility trenches, or kom other graund intrusive activities. Like the utility 

worker in the Elevated Sections of'the fieeway, the utility worker in the At-Grade Section 

was assumed to inhale chemicals volatilizing from shallow ground water. Like the utility 



worker in the Elevated Section exposue scenario, the utility worker in the At-Grade 

Section was assumed to be exposed to soil and shallow ground water for 60 days. 

The child at play and the utility worker were assumed to be exposed to the chemicals of' 

concern in soils and shallow ground water in the absence of' any measures designed to 

protect against exposure (such as paving to prevent contact with soil or the use of' 

respirators or protective clothing by utility workexs) 

Conservative California Department of Toxic Substances Control (DTSC) and United 

States Environmental Protection Agency (USEPA) exposure assumptions were used to 

assess a childis and utility workeris exposure to the chemicals of'concem in soil and 

shallow ground water. The 95% upper confidence limit (UCL) on the arithmetic mean 

concentration was used as the exposure point concentration for chemicals in soil in the 

Elevated and At-Grade Sections Because the Elevated Sections are separated into North 

and South Sections, the higher of' the 95% UCLs calculated for the No~th and South 

Sections was used as the exposure point concentration for Elevated Section soils.. 

Maximum detected concentrations of'the volatile chemicals of'concem in shallow ground 

water were used to assess exposure and xisk f o ~  the child at play and the utility worker:, 

USEPA reference doses and DTSC and USEPA slope factors were used to assess 

potential noncarcinogenic and carcinogenic effects associated with chemical exposure. 

Calculated noncancer health risks for the child at play (Elevated Sections only) and utility 

worker (Elevated and At Grade Sections) exposed to soil and chemicals volatilizing from 

shallow ground water were below one, indicating that exposure to soil and shallow 

ground water in the Elevated and At Grade Sections is unlikely to pose noncancer health 

~isks,, 

As detexmined by calculating hazard indices, a child at play and a utility worker are 

unlikely to expe~ience adverse health effects due to ingestion, dexmal contact, and 

inhalation of chemicals in Elevated Section soils The summed hazard indices for the 

ingestion, de~mal contact, and inhalation exposue pathways for the child at play exposed 

to Elevated Section suface soils and the utility worker exposed to surface and subsurface 

soils in the Elevated Section are 0 022 and 0 021, xespectively 



Similarly, a utility worker exposed to soils underneath the paved At Grade Section is 

unlikely to experience noncancer health effecs. The summed hazard index for the 

ingestion, de~mal contact, and inhalation exposure pathways is O0073,, 

The hazard index calculated for the child at play resulting from inhalation of chemicals 

released h m  shallow ground water in the Elevated Sections was acceptably low 

(00022) Similarly, the utility worker inhaling volatile chemicals released from pooled 

shallow ground water in excavated areas in the Elevated and At Grade Sections were also 

below one (0.3.3 and 0000049, respectively),, 

Theoretical lifetime cancer risks calculated for the child at play exposed to chemicals in 

Elevated Section su~face soils, the utility worker exposed to chemicals in Elevated 

Section surface and subsurface soils, and the utility worker exposed to chemicals in At 

Grade Section soils were 1 E-07, 5 E-07, and 4 E-07, respectively These calculated 

theoretical lifetime cancer risks are at or below the most conservative lifetime cancer ~ i s k  

level in the range of'theoretical lifetime cancer ~isks  considered by the USEPA to be safe 

and protective of'public health (IE-04 to 1E-06),, 

Theoretical lifetime cancer ~ i s k  calculated for the child at play resulting fiom inhalation 

of' volatile chemicals released from shallow g~ound water in Elevated Sections was 2 E- 

09. Theoretical lifetime cancer ~isks  calculated for utility worke~s inhaling volatile 

chemicals released from shallow ground water in the Elevated and At Grade Sections are 

1 E-07 and :3 E-08. These calculated theoretical lifetime cancer risks are below the most 

conservative lifetime cancer ~ i s k  level in the range of' theoretical lifetime cancer ~ isks  

considered by the USEPA to be safe and protective of'public health (1E-04 to 1E-06). 

Risk posed by exposure to lead in soil was evaluated using the DTSCis lead exposure 

model For the child at play, the higher of' the 95% UCL on the ruithmetic mean of' the 

soil lead concentration of' the North and South Elevated Sections (605 mgkg; South 

Elevated Section) was used to perform the lead exposure calculation Using the highs of' 

the 95% UCL of'the two sections was considered to be a more conse~vative approach to 

assessing risk to a child. The calculated blood lead concentrations associated with a 

child's exposure to 605 mgkg lead in soil for 3 days per week were 3,.4,5 3,6.0,6.9, and 

7.6 pg/dL for the 50th, 90th, 95th, 98th, and 99th percentile values, respectively. These 

concentrations a1.e all below the DTSC's blood lead concentration of' concern of' 10 pg/dL, 



indicating that a child's exposure to surface soil in the Elevated Sections of' the 1-880 

Coxridor is unlikely to result in overexposure to lead 

Using the DTSC leadspread model, the calculated 50th, 90th, 95th, 98th, and 99th 

percentile blood lead concentrations for a utility worker exposed to surface and 

subsurface soils containing an average of' 361 m a g  lead (higher 95% UCL value for 

surface and subsmface soils fiom Elevated vs At-Grade Sections) were 26,40,4.5,  5.2 

and 5.8 &dL, respectively Based on these calculations, utility worker exposure to lead 

in su~face and subsurface soils is unlikely to result in a blood lead concentration that 

would exceed 10 pgdL or a blood lead standard (40 pg/dL) or health protection goal (30 

pg/dL) in CCR Title 8 R 15321, the State ofCalifornia Lead in Construction standard,, 

There are no universally accepted procedures established for assessing the risks posed by 

petroleum hydrocarbons in soil or ground water. As recommended by DTSC, ~ isks  posed 

by petroleum hydrocarbon mixtures and indicator chemicals of' petroleum hydrocarbons 

(such as benzene, ethylbenzene, toluene, xylenes, and PNAs) were assessed using three 

different methods. These methods are the American Society for Testing and Materials 

method (ASTM method), the American Petroleum Institute Risk1Exposu1.e Assessment 

Decision Support System method (API DSS method), and the Massachusetts Department 

of' Environmental Protection Development of a Health-Based Alte~native to the Total 

Petroleum Hydrocarbon (TPH) Parameter method (MDEP method). The ASTM and API 

DSS method deal specifically with selected indicator chemicals of' petroleum 

hydrocarbons. The MDEP method evaluates the risks posed by petroleum hydrocarbons 

by identifymg a chemical sumgate for the different subfiactions of' petroleum 

hydrocarbons present in gasoline, diesel fuel, and oil (motor oil and journal box oil). 

The ASTM has calculated risk-based soil screening levels for benzene, ethylbenzene, 

toluene, xylenes, and the PNAs benzo(a)pyrene and naphthalene in soil and ground water 

for residential exposure conditions. Because residential exposure conditions are generally 

recognized as providing the lowest ~isk-based soil and gound water concentrations for 

these indicator chemicals, comparison of' maximum detected concentrations of' these 

chemicals in soil and ground water at the 1-880 site to the ASTM risk-based levels is 

highly conservative The ASTM risk-based soil screening levels for benzene and 

benzo(a)pyrene were also recalculated to reflect DTSC slope factors fur the^; risk-based 

values were also calculated for potentially carcinogenic PNAs other than benzo(a)pyrene,, 



The results of' the compiuison of' maximum detected soil concentrations of' indicator 

chemicals to ASTM residential screening level concentrations indicated that in Elevated 

Section soils, benzo(a)pyrene and indeno(l,2,3-cd) pyrene exceeded their respective 

residential soil screening levels In At-Grade Section soils, benzo(a)anthracene, 

benzo(a)pyrene benzo@)fluoranthene, dibenz(a,h)anthracene and indeno(l,2,3-cdlpyrene 

exceeded their respective residential screening level concentration No chemical detected 

in shallow ground water in either the Elevated or At-Grade Sections exceeded the 

applicable ASTM residential risk-based screening level for indicator chemicals As 

discussed in Section 5.3.1, although the maximum detected concentrations of' some 

petroleum indicator chemicals in Elevated Sections soil and At-Grade Section soil 

exceeded their respective ASTM residential risk based screening levels, these chemicals 

were not expected to pose significant risk under 1-880 Co~~idor  site exposure conditions 

(ie., recreational/industrial) 

The API DSS model was used to assess the ~isks of chemicals in soil detected at the 1-880 

Cor~idor site that are considered indicator chemicals f o ~  petroleum hy&ociubon mixtures 

Calculated overall hazard indices f o ~  exposme to these indicator chemicals in soils for the 

ingestion, skin contact, and inhalation routes of exposure were 0 000022 and 0 028 f o ~  

the child and utility wo~ker, xespectively, in the Elevated Sections and 0 027 and for the 

utility worker in the At Grade Section These hazard indices are well below 1, indicating 

that exposme to API DSS indicator chemicals at the 1-880 Cor~idor site is unlikely to be 

associated with noncarcinogenic adverse health effects, 

Theoretical lifetime cancer risks calculated for API DSS indicator chemicals were 1 E-06 

and 2 E-07 for the child at play and the utility worke~; respectively, in the Elevated 

Sections and 1E-06 for the utility worker in the At Grade Section These ~ isks  are at or 

below the lower end oftheoretical lifetime cancer ~ i s k  Iange considered by the USEPA to 

be safe and protective of public health (1 E-06). 

The MDEP method was used to evaluate possible health ~isks  associated with exposure to 

TPH-gasoline, TPH-diesel, and TPH-motor oil concentrations detected in swface and 

subswface soils for the child at play and the utility worker . In the absence of'hy&ocarbon 

analyses specified by the MDEP, certain assumptions must be made with regard to the 

types of'hydrocarhons present in soils at the site in order to apply the MDEP method For 

example, the reference dose established for the most toxic hydrocarbon fraction (003 

mgkglday for the C9 to C32 aromatic/alkene f?action) was used to assess the risks posed 

vii 7121197 



by chronic exposure to TPH-gasoline, TPH-diesel, and TPH-motor oil in soil for the child 

at play, 

Because exposure was assumed to occur over a subchronic period of' time (less than 7 

years), a subchronic reference dose of' 0.3 mgkg/day was used to assess the 

noncarcinogenic risks posed by petroleum hydrocarbons in soil for the utility worke~, 

Overall hazard indices calculated for the child at play and the utility worker in the 

Elevated Sections were 0.022 and 0 016, respectively, and for the utility worker in the At 

Grade Section was 0 0073. These hazard indices indicate that exposure to TPH-gasoline, 

TPH-diesel, TPH-motor oil, and journal box oil in soils is unlikely to be associated with 

noncarcinogenic adverse health effects, particularly since the maximum detected 

concentrations of these petroleum hydrocaxbons were used in calculating exposures.. 

In summary, assessment of' potential health risks resulting fram exposure to chemicals in 

soil and shallow ground water at the 1-880 Corridor site indicates that: 

A child at play and a utility wolke~ exposed to chemicals in soil or shallow ground 
water is unlikely to experience noncarcinogenic adverse health effects as a result of' 
calculated levels of' exposure 

Overall theoretical lifetime cancer risks associated with soil exposure at the 1-880 site 
were 1 E-06 for the child at play and 5 E-07 for the utility worker in the Elevated 
Sections and 4 E-07 for the utility worker in the At Grade Section. These theoretical 
lifetime cancer risks are at or below the 1 E-06 (one in one million) to 1 E-04 (one in 
ten thousand) target risk range USEPA considers safe and protective of'public health., 
Theoretical lifetime cancer risks posed by calculated levels of' exposure to chemicals 
detected in soils at the 1-880 site are p~imarily associated with PNAs. 

CaIculated blood lead concentr.ations for the child at play exposed to lead in surface 
soil are below the 10 pg/dL level of concern for children For the unprotected utility 
worker exposed to lead in surface and subsurface soil, blood lead concentrations are 
unlikely to exceed the 10 pg/dL This blood lead concentration is much less than the 
30 pg/dL recommended limit and the blood lead concentrations of 40 to 49 pddL 
that trigger medical monitoring and employee notification in the California Title 8, I3 
1532 Lead in Construction standard 

Exposure to petroleum hydrocarbons or indicator chemicals of' petroleum 
hyd~ocarbons is unlikely to result in noncarcinogenic health effects or theoretical 
lifetime cancer risks above 1 E-06 for the child at play or the utility worker,. 
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1.0 INTRODUCTION 

1.1 Objectives 

This risk assessment has been prepared on behalf' of'the Southem Pacific Transportation 

Company (SPTCo) by Te~mnext (formerly Industrial Compliance), and responds to 

Section 5.2.2(b) of'the Imminent or Substantial Endange~ment (I&/SE) Order N o  93-94- 

018 (the Order) issued to SPTCo by the California Environmental Protection Agency - 
Department of'Toxic Substances Control (DTSC) on .June 20,1994 The methods used in 

preparing this risk assessment are based on a risk assessment workplan submitted to 

DTSC (IC, 1995a), comments received from DTSC regarding the workplan (DTSC, 

1995), and the former Bobo's Junkyard Site risk assessment which was approved by 

DTSC January 26,1996. 

The objectives of'this risk assessment are to evaluate possible human health risks that 

may be associated with chemicals detected in soil and groundwater on the 75-acre 

property transferred from SPTCo to the California Department of' Transportation 

(Caltrans) (referred to as "1-880 Realignment Conidor"). It should be noted that this risk 

assessment addresses potential human exposures to chemicals in soil and graund water 

that could occur after reconstruction of' the 1-880 fieeway is completed as pel, 

SPTCoICaltrans agreement (Attachment A )  This risk assessment also does not address 

possible environmental impacts that may result fiom the freeway itself such as noise or 

vehicular exhaust Caltrans will address human health ~ isks  resulting from exposure 

conditions that may occur&&g construction of'the realigned 1-880 fieeway. 

This ~ i s k  assessment has been prepared in conjunction with and is intended to be a 

portion of' the remedial investigation (RI) ~.eport for the 1-880 Realignment Cor~idor 

property (this volume) As such, the desc~iptions, figures, and tables presented elsewhere 

in the RI report are necessary for a proper understanding of the results of' the risk 

assessment 

It should be noted that this risk assessment does not include selected parcels transferred 

fiom SPTCo to Caltrans (the former Bobo's Junkyard area and several other parcels 

located along Third Street). The fo~mer Bobo's Junkyard area has been designated an 

operable unit and human health ~isks associated with the eastern half'of'Bobo's Junkyard 

were previously addressed in risk assessments prepared by Tetra Tech, consultant to 



Caltrans (construction phase; Tetra Tech, 1996a), and Tenanext (post-construction; 

Geomatrix, 1995) DTSC previously has approved both of' these risk assessments. As 

agreed in a 31 March 1995 meeting among representatives of'DTSC, SPTCo, Terranext, 

Geomatrix, Caltrans and Environmental Solutions (consultant to Caltrans), health risk 

associated with the Prescott Park parcels (including the western half'of'Bobo's Junkyard) 

will be addressed by Caltrans and its consultant, A draft risk assessment of'the proposed 

South Prescott Park area was prepared by Tetra Tech and submitted to Caltrans on May 

28, 1996 (Tetra Tech, 1996b). The areas included in the 1-880 Realignment Corridor that 

are addressed herein, as well as those areas previously evaluated (former Bobo's 

Junkyard Operable Unit and the South Prescott Park area) are shown in Figure 2 of'the RI 

report 

1.2 Site Investigative History 

The site is situated in west Oakland, California, and consists of' pmpe~ty (approximately 

75 acres) sold by SPTCo to CalTrans for the 1-880 realignment co~ridor~. These 

properties were formerly pa t  of'the SPTCo West Oakland Yard and the Desert Rail Yard. 

Additionally, the site included an approximately 2-acre parcel known as Bobo's .Junkyard 

that was the subject of'a separate risk assessment (IC, 1995b) as described above 

The site is located in an industrial area of'west Oakland. The topography is flat, and the 

site is approximately :3300 feet east of the San Francisco Bay at its closest point. The 

surriounding facilities include the Oakland Naval Supply Center to the west, Port of' 

Oakland operations to the west and south, and the Oakland Army Terminal to the south,, 

Rksidential neighborhoods are within 600 feet of' the site to the east Based on 1990 

census information, 6,457 people live within a 1-mile radius of'the site @TSC, 1994) 

The current construction plans for the 1-880 freeway across the former SPTCo property 

consist of' two elevated sections (Elevated Sections) and an at-grade section (At-Grade 

Section) In addition, Seventh Street will be sub-grade, or depressed, as it crosses under 

the new alignment of'the 1-880 freeway. These areas are identified in Figure 2 of'the RI 
report and otha documents submitted by Geomatrix,, 

The risk assessment p~imarily uses soil and ground water data collected du~ing two 

previous investigations conducted by CH2MHill and Industrial Compliance and data 

collected by Geomatrix duing the R I  Soil and ground water samples have been 



analyzed for petroleum hydrocarbons, aromatic and aliphatic volatile organic chemicals 

(VOCs), polynuclear aromatic chemicals (PNAs), metaIs, and pesticidesiPCBs Results 

from these samples are summarized in Section 4 of'the RI report For the purposes ofthe 

risk assessment, data were combined into two main designations - "EIevated Sections" 

and "At-Grade Section"., 



2.0 IDENTIFICATION OF THE CHEMICALS OF CONCERN 

The purpose of'this section of' the risk assessment is to determine the chemicals in soil 

and ground water that will be considered in the risk assessment. Soil and ground water 

data used in this risk assessment are fIam site investigations conducted f?om 1990 to 

1995 by CH2MHi11, Industrial Compliance and Geomatrix These site investigations are 

summarized in greater detail elsewhere in the RI report (this volume). Data kom these 

investigations are summarized for risk assessment purposes in Table 2-1 for surface soil 

(0-1' depth)--Elevated Sections, Table 2-2 for subsurface soil (1-5' depth)--Elevated 

Sections, Tables 2-3 and 2-4 for surface and subsurface soils (0-5' depths)--Elevated 

Sections and At Grade Section, respectively, and Tables 2-8 and 2-9 for shallow ground 

wate1--Elevated Sections and At Grade Sections, respectively While a child-at-play was 

assumed to he exposed to only surface soil in the Elevated Sections, as discussed in 

Section 3, a utility worker was assumed to be exposed to both surface and suhsuface soil 

during trenching activities in both the Elevated Sections and the At Grade Section,, 

Therefore, surface and subsurface soil data were combined to assess exposue to 

chemicals in soil for a utility worker for the Elevated Sections and At Grade Section 

(Tables 2-3 and 2-4 respectively) 

In accordance with the risk assessment workplan and comments received fram the DTSC, 

the chemicals of' concern in soil for the 1-880 Conidor are determined based on a 

comparison to residential preliminary remediation goals (PRGs) published by USEPA 

Region IX (USEPA, 1995) The USEPA directs that if' chemicals are detected 

inkequently, e g ,  in less than 5% of' samples collected kom one or more environmental 

medium, it may he eliminated if it is considered to be an artifact of' crass-contamination 

 ath her than related to the facility (USEPA, 1989a). Conservatively, chemicals in surface 

soils or subsurface soils are eliminated korn this risk assessment only if the maximum 

detected concentration of'the chemical in soil does not exceed the USEPA Region IX 
residential PRG, 

This screening procedure should be considered quite conservative for two reasons.. Fist,  

comparison ofthe maximum detected concentration is likely to exagge~ate actual human 

exposure and risk due to the chemical in soil. Human exposure is better represented by 

incorporating all site soil data representing areas of' both high and low concentrations of' 

the chemical of' concern Secondly, the residential PRG accounts fo~ .  exposure conditions 

that are associated with long-term residential exposure to soil The USEPA Region IX 



residential PRGs assume that individuals will be exposed to soil 350 days per year. for 30 

years, Given the intended future use of the 1-880 Corridor, it is more appropriate to 

compare chemical concentrations in site soils to industrial PRGs since the site will not be 

used for any residential use. how eve^; to be very conservative, the residential PRG was 

used for eliminating chemicals from the risk assessment Comparisons of'the maximum 
detected soil concentrations to the USEPA Region IX residential and industrial PRGs are 

presented in Tables 2-5 and 2-6 for the Elevated Sections and in Table 2-7 for the At 

Grade Section.. 

In keeping with USEPA guidance, concentrations of ino~ganic constituents in Corridor 

soils were compared to average background concentrations of the constituent in Bay area 

soils The USEPA (USEPA, 1989a) states that: "If inorganic chemicals are present at the 

site at naturally occw~ing levels, they may be eliminated fiom the quantitative risk 

assessment" Information concerning natu~ally present concentrations of inorganic 

constituents in soil is available for Bay area locations including San Leandro, northern 

Santa Clara County, Union City, and Hercules Average soil metal concentrations for 

these Bay area locations are summarized in Table 19 of the RI report (this volume) 

Metals that exceeded PRGs were compared to average detected concentrations for Bay 

area locations If the avelage detected metal concentration in Conidor soils was similar to 

the Bay area locations p~esented in Table 19 of the RI report, the metal was eliminated 

fiom the risk assessment in accordance with USEPA guidance 

Although comparison to typical urban concentrations is not used as a sc~eening criterion 

in this risk assessment, comparison of chemical concentrations in site soils to typical 

u~ban concentrations provides an important perspective to chemicals that are commonly 

detected in urban soils For example, lead and PNAs are known to be present in elevated 

concentration in wban soils (Bradley et al, 1994, ATSDR, 1993% ATSDR, 1993b) 

Histor.ically, lead and PNAs have been present in automobile emissions, resulting in 

elevated soil concentrations near loads and fieeways A summary of the findings of 

Bradley et a1 (1994) is presented in the table below 



PNA Soil Concentrations i n  Urban New England Soil' 

Reported PNA Concentrations for Urban New England Soils 
Minimum Maximum Arithmetic Upper 95% b, _,,,,,,,, 

PNA 
. . -y --. .-, 

detect detect mean interval .. . 

~cenadhtheie 
Acenaphthylene 
Anthracene 
Beruo(a)anthracene 
Benzo(a)pyrene 
Benzo@)fluoranthene 
Benzo(g,h,i)perylene 
BenzoOfluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-c,d)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 0.082 11.00 
Adapted from Bradley et al (1994) 
a Surface rail = 0-1' depth 
b Frequency of detection =number detected/number samples 

Studies of' PNA concentrations in soils for California sites are also available for 

comparison For example, Ecology and Environment ~eported that total PNA 

concentrations in background soils at the Midway Village podon of' the Midway- 

Bayshore site range from 0.02 to 1,03 m&g (Ecology and Environment, 1993). PNAs 

were detected in 17 out of19 background samples,, 

The procedure used to identify the chemicals of' concern in soil and shallow goundwater 

for the 1-880 Co~ridor is presented below,, 

2.1 Chemicals of Concern in Elevated Sections Soils 

2.1.1 Surface Soil (0-1' Depth) 

Chemicals detected in surface or near suIface soils (0-1' depth) were considered 

separately from soil samples collected at greater depths (1'-5').. Following constfuction of 

the freeway, human contact with soils in the 1-880 Conidor would likely be limited to 

soils beneath the elevated po~tions of' the fieeway Soil data from 1' to 5' depths are 



reviewed in Section 2.1.2 for the purpose of assessing possible human exposure to 

surface and subsurface soils as a result of excavation or other ground-intrusive activity,, 

2.1.1.1 Volatile Organic Chemicals (VOCs) 

As presented in Table 2-1, (VOCs) were detected in suface soil in the Elevated Sections 

of'the 1-880 Corridor Based on a comparison to USEPA Region IX PRGs (Table 2-5), no 

VOC was present at a concentration sufficient to warant further evaluation in the risk 

assessment as a chemical of'concern.. 

2.1.1.2 Polynuclear Aromatic Hydrocarbons (PNAs) 

Seven PNAs were detected in surface soils (Table 2-1) PRGs are established for six of' 

the seven detected PNAs. Only the maximum detected concentrations of'benzo(a)pyrene, 

benzo(b)fluoranthene, and indeno(l,2,3-c,d)pyrene exceeded residential PRGs (Table 2- 

5 )  There are no PRGs for benzo(g,h,i)perylene Benzo(g,h,i)perylene is not considered to 

be a potential carcinogen by the State of Califo~nia or the USEPA. The lowest (most 

conservative) PRG for a noncarcinogenic PNA is 2,000 mgkg (pyrene) The maximum 

detected concentration of'benzo(g,h,i)perylene (2.5 mgkg) is 800 times lower than this 

value, indicating that benzo(g,h,i)pe~ylene is unlikely to contribute significantly to the 

noncarcinogenic risks for the 1-880 Corridor For this reason, benzo(g,h,i)perylene was 

eliminated as a chemical of' concem PNAs detected at concentrations less than PRGs 

were eliminated from further consideration as potential chemicals of' concern,, 

As a result of' both anthropogenic and natural sources, PNAs are ubiquitous in soil. The 

highest concentrations of' PNAs in soil are detected in urban versus agicultural or r u d  

soils As desc~ibed in Section 4.3.1 of' the Rl report, PNAs (which were primarily 

detected in shallow soil) do not appear to be associated with petroleum hydrocarbons at 

the site (which were primarily detected in deeper soil), but may be associated with the 

site's location in an urban setting Despite the suggestion that PNAs detected in 1-880 

Corridor soils are similar to concentrations typically detected in urban soils, 

benzo(a)pyrene, benzo(b)fluoranthene and indeno(l,2,3-cdlpyrene were conservatively 

retained as chemicals of' concern for the Elevated Sections because local empirically- 

derived off-site reference concentrations were not available,, 



2.1.1.3 Petroleum hydrocarbons 

Petroleum hydrocarbons have been charactexized using several different analytical 

methods, resulting in repo~ts of different "mixtures" of' petroleum at the site These 

differences relate p~imarily to the method of' analysis and quantitation, the chemical 

composition of'the petraleum product released ( ie  , diesel fuel, gasoline, and motor oil), 

and the degree to which the product has undergone weathering The process of' 

weathe~ing results in the selective loss of'the most water-soluble, volatile, and degradable 

components of' petroleum Thus, peboleum found in the environment is chemically 

different from the original petraleum product Further, analyses used for "total 

petroleum" quantitation do not identify the product present in the sample. 

Based on the methods of' analyses, which included gas chromatography (GC), gas 

chromatography/mass spectrometry (GC/MS), and non-specific gravimebic tests, 

petraleum hydrocarbons detected at the site includes very little of'the low-boiling ( e g ,  

gasoline) fraction; the majo~ity of petroleum hydrocarbons detected qresen t  the mid- 

boiling (e g., diesel) and high-boiling (e.g., motor oil) fractions Petroleum hydrocarbons 

were evaluated according to the fresh standard against which they are quantified. While 

some detections of' petroleum hydrocarbons did not completely match the standard by 

which they were quantified, they were treated herein as though they were the material 

against which they were quantified because the quantified fraction likely has similar 

toxicological properties as the standards. The interpretation of petroleum hydrocarbon 

analyses is discussed in greater detail in Section 41.1 of the RI report, 

Residential PRGs have not been developed for petroleum hydrocarbon mixtures because 

of' their complexity and the effects of' weathe~ing on their composition.. As such, all 

petroleum hydrocarbon detections described as jou~nal box oil (JB-oil), TPH-diesel, 

TPH-gasoline, and TPH-motor oil are carried through the ~ i s k  assessment for further 

evaluation, 

Oil and grease and total ~ecoverable petroleum hydrocarbons are widely ~egarded as 

"sc~eening" type analyses and provide no info~mation useful to the assessment of ~ i s k  

W E P ,  1994) As such, these analyses are not used in the ~ i s k  assessment and ate 

pxesented in Tables 2-1,2-2,2-3, and 2-4 only fox the sake of completeness 



2.1.1.4 Metals 

Of'the 6 detected metals, only lead was retained as a chemical of' concern in the Elevated 

Section surface soils Four metals (cadmium, total chromium, nickel, and zinc) were 

eliminated fiom further consideration because the maximum detected concentrations were 

below the residential PRGs. Arsenic and lead were detected at concentrations that 

exceeded their respective PRGs (Table 2-5). Although the detected concentration of' 

arsenic exceeded the cancer-~isk based PRGs, it did not exceed the 22 mgkg noncancer- 

based residential PRG. As a second screening procedure, detected concentrations of' 

arsenic and lead were compared to Bay area background concentrations (see Table 19 of' 

the RI report). 

Arsenic was eliminated as a chemical of' concern in soil based on comparison to Bay area 

background arsenic concentrations The detected concentration of arsenic in Elevated 

Section su~face soils was 2 7 mgkg This concentration is comparable to average 

detected soil arsenic concentrations in San Leandro (1 2 mgkg), northern Santa Claa 

County (2 9 mgkg), Union City (8 5 mgkg), and Hercules (8 3 mgkg) For this reason, 

arsenic was eliminated as a chemical of' concern in Elevated Section surface soil (refer to 

Table 19 in the RI report),, 

Lead was retained as a chemical of' concern in Elevated Section surface soil based on 

detection at concentrations greater than PRG levels (Table 2-5) and because the average 

detected concentration of' lead (318 mgkg) was above the average lead concentration in 

Bay area soils (see Table 19 of' the RI report),, 

2.1.1.5 Summary of' Chemicals of' Concern in Elevated Section Surface Soils 

The following chemicals were retained as chemicals of' concern for surface soils in the 

Elevated Sections of'the 1-880 Conidor 

Polynuclear aromatic hydrocarbons Petroleum hydrocarbons Metals 
Benzo(a)pyrene Low-boiling hydrocarbons (TPH- Lead 
Benzo(b)fluo~anthene gasoline) 
Indeno(l,2,3-cd)pyrene Medium-boiling hydrocarbons 

('IPH-diesel) 
High-boiling hydrocarbons (TPH- 

motor oil) 



As suggested in USEPA Region IX guidance (USEPA, 1995), chemicals eliminated as 

chemicals of' concern were fur the^. evaluated to ensure that elimination of' these chemicals 

as a group would not result in significant underestimation of' ~ i s k  To evaluate this 

possibility, eliminated chemicals were first segxegated into groups of' carcinogens and 

noncarcinogens. The maximum detected concentration of'a carcinogen was divided by its 

respective PRG The ratios of' all carcinogens to their respective PRGs were then summed 

and the sum multiplied by 104. The result was below 1 x lo4, indicating that elimination 

of' these chemicals would not lead to significant underestimation of risk. For 

noncarcinogens eliminated as chemicals of' concern, the maximum detected soil 

concentration was divided by the respective PRG The sum of' these ratios did not exceed 

one, indicating that elimination of' these noncarcinogenic chemicals would not lead to 

significant underestimation of'noncancer ~ i sk .  

2.1.2 Subsurface Soils (1'-5' Depth) 

2.121 VOCs 

Six VOCs were detected in 1'-5' depth soils in the Elevated Sections. Based on a 

comparison to USEPA Region IX PRGs (Table 2-6), only 1 VOC, 1,2-dibromoethane, 

was present at a concentration sufficient to warrant further evaluation in the ~ i s k  

assessment as a chemical of' concern For this reason, only 1,2-dibmmoethane was 

retained as a chemical of'conce~n for subsurface soils in the Elevated Sections. 

2.1.2.2 Polyuuclear Aromatic Hydrocarbons 

Few PNAs were detected in subsurface soils (Table 2-2) Of' the four PNAs detected, 

only the maximum concentration of' benzo[a]pyene exceeded the residential PRG, 

therefore it was retained as a chemical of concern in subsurface soil in the Elevated 

Section 

2.1.2.3 Petroleum Hydrocarbons 

As discussed in Section 2,1.3, petroleum hydrocarbons in soil samples were measured 

using several different analytical methods, none of' which provide identification of' the 

product released. Detections include hydrocarbons in the low, middle and high-boiling 

fcactions As stated earlier; residential PRGs have not been developed for petroleum 



hydrocarbon mixtures For this reason, all petroleum hydrocarbons detected in subsurface 

soils are carried through the risk assessment for further evaluation. As discussed in 

Section 2 1  3 ,  oil and grease and total recoverable petroleum hydrocarbons were not 

considered further. in the risk assessment because these analyses are considered to provide 

only screening level data and are thus not suitable for risk assessment purposes. 

Two pesticides, 4,4'-DDE and 4,4'-DDT were detected in subsurface soil from the 

Elevated Sections Based on a comparison to USEPA Region IX PRGs (Table 2-5), both 

chemicals were eliminated as chemicals of concern in subsurface soils from the EIevated 

Sections 

2.1.2.5 Metals 

Six metals were detected in subsurface soil from the Elevated Sections of' the 1-880 

Corxidor.. With the exception of' arsenic and lead, maximum detected concentrations of' 

metals in subsurface soils were lower. than their USEPA Region IX residential PRGs,, 

For reasons similar to those discussed in Section 2 1 1 4  of this report, arsenic was 

eliminated as a chemical of concern in Elevated Section subsurface soils Although soil 

arsenic concentrations in Elevated Section subsurface soils exceeded cancer-based PRGs 

(Table 2-7), arsenic was eliminated as a chemical of concern based on a comparison of 

the average detected concentration of arsenic in Elevated Section subsurface soils (5 8 

m a g )  to Bay area soils (1 2 mgkg to 8 5 mgkg; see Table 19 of the RI report) 

Based on exceedance of the residential PRG and Bay area background soil lead 

concentrations, lead was retained as a chemical of concern in subsu~face soils in the 

Elevated Sections of the 1-880 Corridor 



2.1.2.6 Summary of' Chemicals of' Concern in Subsurface Elevated Sections Soils 

(1'-5' Depth) 

The following chemicals were retained as chemicals of concern f o ~  subsurface soils in the 

Elevated Sections ofthe 1-880 Co~ridor 

Volatile organic Polynuclear aromatic Peholeum Metals 
chemicals hydroca~bons hydrocarbons 
1,2-Dibromoethane Benzo(a)pyrene Low-boiling Lead 

hydrocarbons (TF'H- 
gasoline) 

Medium-boiling 
hydrocarbons (IPH- 
diesel) 

High-boiling 
hydrocarbons (TF'H- 
motor oil) 

Using the p~ocedure described in Section 2 1 1 5, eliminated chemicals were screened to 

ensure that elimination of these chemicals as a group would not lead to significant 

unde~estimation of carcinogenic 01 noncarcinogenic ~ i s k  Summed theoxetical lifetime 

came1 ~ i s k  f o ~  the eliminated carcinogens was less than 1 x 104 The hazard index for 

eliminated noncarcinogens was below one These calculations indicated that significant 

~ i s k  underestimation would not ~esult fiom elimination of these chemicals as chemicals of 

concem 



2.1.3 Summary of' Chemicals of' Concern in Surfkce and Subsurface Elevated 

Sections Soils (0'-5' Depth) 

Chemicals of concern detected in surface (0-1') and subsurface (geater than one-foot in 

depth) soil for Elevated Sections are summarized below: 

Volatile organic Polynuclear aromatic Petr ofeum 
chemicals hydrocarbons hydrocarbons Metals 
1,2-Dibromoethane Benzo(a)pyrene Low-boiling Lead 

Benzo(b)fluoranthene hydrocarbons (TPH- 
Indeno(l,2,3-cdfpyrene gasoline) 

Medium-boiling 
hydrocarbons (TPH- 
diesel) 

High-boihg 
hydrocarbons (TPH- 
motor oil) 

2.2 Chemicals of'Concern in At Grade Section Soils 

Unlike Elevated Sections soils, chemicals detected in surface (0-1') and subsurface 

(aeater than 1-foot in depth) in At Grade Section soils were considered together The At 

Gade sections of the freeway will be paved, a condition that prevents human exposure to 

chemicals in soil Thus, unlike the Elevated Sections, there would be no opportunity for 

human exposure to chemicals in soils in the At G~ade sections of the freeway However, 

given the possibility that pavement may be removed during future utility work under the 

freeway, utility worker exposure to surface (0-1') and subsurface (deeper than 1') soils 

was considered As such, no distinction is made between chemicals detected in surface 

and subsurface soils detected in At Glade soils in the discussion below At Gade section 

soil data are summarized in Table 2-4 

2.2.1 VOCs 

Analyses of' samples of soils kom the At Grade Sections of'the 1-880 Corxido~ showed 6 

VOCs detected (Table 2-4) None of the detected VOC maximum concentrations 

exceeded the USEPA Region IX residential PRGs (Table 2-7).. For this reason, no VOCs 

in the At Grade Sections ofthe 1-880 Corridor were retained as chemicals of concern 



2.2.2 Semivolatile Compounds and Polynucfear Aromatic Hydrocarbons 

Only one semivolatile compound, bis(2-ethylhexyl)phthalate, was detected in soil from 

the At Grade Sections of' the 1-880 Corridor Although this chemical is a common 

contaminant that is associated with laboratory or sampling equipment, it was compared to 

residential PRGs for completeness. The maximum detected concentration was lower than 

the USEPA Region IX residential PRG; therefore, bis(2-ethy1hexyl)phthalate was 

eliminated as a chemical of' concern in At Grade soil 

Eight PNAs were detected in At Grade Section soil Five of' the eight PNAs were 

detected at concenhations greater than the USEPA Region IX residential PRG and were 

retained as chemicals of concern in At Grade Section soils Benzo(k)fluo~anthene and 

chrysene maximum concentrations were below USEPA Region IX residential PRGs for 

these two chemicals and were not considered as chemicals of concern Only one PNA, 

benzo(g,h,i)perylene, does not have a USEPA Region IX residential PRG. 

Benzo(g,h,i)perylene is not considered to be a potential carcinogen by the State of' 

California 01. the USEPA The lowest (most conservative) PRG for a noncarcinogenic 

PNA is 2,000 mgkg (pyrene) The maximum detected concentration of' 

benzo(g,h,i)perylene (1 mgkg) is 2000 times lower than this value, indicating that 

benzo(g,h,i)perylene is unlikely to conhibute significantly to the noncarcinogenic risks 

for the 1-880 Corridor For this reason, benzo(g,h,i)perylene was eliminated as a 

chemical of' concern. 

2.2.3 Petroleum Hydrocarbons 

As discussed in Section 2.1.3, petroleum hykocarbons in soil samples were measured 

using several different analytical methods, none of' which provide identification of the 

product released. Detections include hydrocarbons in the low, middle and high-boiling 

fractions As stated earlier; residential PRGs have not been developed for petroleum 

hydrocarbon mixtwes For this reason, all petroleum hydrocarbons detected in soils in the 

At Grade Section are canied through the risk assessment for fmther evaluation As 

discussed in Section 2 1 3 ,  oil and grease and total recoverable petroleum hydrocarbons 

were not considered hrther in the risk assessment because these analyses are considered 

to provide only screening level data and are thus not suitable for risk assessment 

purposes,, 



2.2.4 Metals 

With the exception of' arsenic, beryllium, and lead, maximum detected concentrations of 

metals in At Grade soils were lower than their USEPA Region IX residential PRGs 

(Table 2-7) In accordance with the screening procedure discussed in Section 2.0 of' this 

~.eport, average detected concentrations of' these metals were compared to average 

background concentrations in Bay area soils,, 

Arsenic was eliminated as a chemical of concem m soil based on comparison to Bay area 

background arsenic concentrations The average detected concentration of arsenic in At 

Grade Section soils was 4 7 mgkg This concentration is comparable to avexage detected 

soil arsenic concentrations in San Leandro (1 2 mgkg), northern Santa Clara County (2 9 

mgkg), Union City (8 5 mgkg), and Hercules (8 3 m a g )  For this reason, arsenic was 

eliminated as a chemical of concem in At Grade Section soils (~efer to Table 19 in the RI 

I eport) 

Beryllium was detected in three of20 At Grade soil samples at a maximum concentration 

of' 0.2 mgkg. This maximum concentration is below the average reported soil 

concentrations of' beryllium in Bay area locations such as San Leandro (0.4 mgikg), 

northern Santa Clara County (0..9 mgkg), and Union City (05  mgkg) (see Table 19 of 

the RI) Fu~ther; the maximum detected concentration is below the median (0 3 mgkg) 

and mean (04  mgkg) beryllium concentrations reported for US soils (ATSDR, 1993) 

and only slightly exceeds the 0,14 mgkg USEPA Region IX residential PRG for 

be~yllium Based on these comparisons to typical background concentrations of' beryllium 

in soil within the Greater Bay area, beryllium was eliminated as a chemical of' concern for 

At Grade section soils. Elimination of' a chemical based on similarity to natural 

background concentrations is in keeping with USEPA guidance (USEPA, 1989a) 

Lead was retained as a chemical of' concern in At Grade Section soils based on detection 

at concentrations greater than the residential PRG and because the average detected 

concentration exceeded average Bay area background soil lead concentrations (see Table 

19 of'the RI report), 



2.2.5 Summary of'Chemicals of' Concern in At Grade Section Soils (0'-5' Depth) 

The following chemicals were retained as chemicals of' concem for surface/subsux.face 

soils in the At Grade Section of'the 1-880 Cor~idor 

Polynuclear aromatic hydrocarbons Petroleum hydrocarbons Metals 
Benzo(a)anthracene low-boiling hydrocarbons (TPH- Lead 
Benzo(a)pyreae gasoline) 
Benzo@)fluoranthene Medium-boiling hydrocarbons (TPH- 
Dibenz(a,h)anthracene diesel) 
Indeno(l,2,3-cd)pyrene High-boiling hydrocarbons (IPH- 

mot01 oil) 

Using the procedue described in Section 2 1 1 5, eliminated chemicals were screened to 

ensue that elimination of these chemicals as a group would not lead to significant 

underestimation of carcinogenic 01 noncarcinogenic ~ i s k  Summed theoretical lifetime 

cancer risk for the eliminated carcinogens was less than 1 x 10 The hazard index for 

eliminated noncarcinogens was below one These calculations indicated that si,&ficant 

risk underestimation would not result fiom elimination of these chemicals as chemicals of 

concern 

2.3 Chemicals of Concern in Shallow Groundwater--Elevated Sections 

All VOCs (ie., chemicals with Henry's Law constants 1 x 10'" or higher and a vapoI 

pressure of'0.001 mrn Hg and greater (DTSC, 1994a)) detected in shallow goundwater in 

the Elevated Sections of'the 1-880 Conidor (Table 2-8) were retained as chemicals of' 

concern for the risk assessment. Metals, Aroclor 1260 and non-VOCs detected in shallow 

groundwater we1.e eliminated as chemicals of'conce~n in graundwater due to a lack of' an 

exposure pathway; shallow ground water is not potable and constituents in ground water 

are not likely to migrate to a deeper drinking water aquifer (see Section 3.2),, 

2.4 Chemicals of' Concern in Shallow Groundwater-At Grade Section 

All volatile organic chemicals detected in shallow groundwater in the At Grade Section 

of'the 1-880 Corridor (Table 2-9) were retained as chemicals of' concern for the ~ i s k  



assessment Metals and non-volatile organic chemicals detected in shallow goundwater 

were eliminated as chemicals of' concem in groundwater due to a lack of' an exposure 

pathway (see Section 3 2),, 



Table 2-1 Data Summary Elevated Sections Surface Soil 

Chemical 
Volatile organ~c chemicals 
Benzene 
Toluene 
Xyienes (total) 

Polynuclear aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Indeno(l,2,3-cd)pyrene 

Metals 
Arsetllc 
Cadnnum 
Chronuum, Total 
Lead 
Nickel 
Zinc 

Petroleum hydrocarbons 
TPH-Diesel 
TF'H-Gasoline 
TPH-Motor oil 
l0il& Grease 
na - not applicable 

Number of times detected/ 
Number of times analyzed Average Minimum Maximum Median Minimum Maximum 

5.OE-3 is read 0.005 



Table 2-2 Data Summary Elevated Sections Subsurface Soil 

Chemical 
Volatile organic chemicals 

I Benzene 
1,2-Dibromoethane (EDB) 
1,2-Dichloroethane 
Ethylbenzene 
Toluene 
Xylenes (total) 

Polynuclear aromatic hy 
Benzo(a)pyrene 
Benzo@)fluoranthene 
Benzo@)fluoranthene 
Naphthalene 

rbons 

Pesticides 
4,4'-DDE 
4,4'-DDT 

Metals 
Arsetuc 
Cadrmum 
Chromum, Total 
Lead 
Nickel 
Zinc 

Petroleum hydrocarbons 
TPH-Diesel 
TPH-Gasoline 
TPH-Motor oil 
(~ournal box oil 
na - not applicable 
5.OE-3 is read 0.005 

Number of times detected1 
Number of times analyzed 

8 / 224 
3 1 224 
3 / 224 
1 I 224 

13 / 224 
11 1212 

Detected Concentrations (mgkg) 

Average Minimum Maximum 

Range of Detection Limits (mglkg) 

Median Min~mum Maxmmm 



Table 2-3 Data Summary 
Elevated Sections Surface and Subsurface Soil 

Benzene 
1,2-Dibromoethane (EDB) 
1,2-Dichloroethane 
Ethylbenzene 
Toluene 
Xylenes (total) 

Polynuclear aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo@)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 

Pesticides 
4,4'-DDE 
4.4'-DDT 

Metals 
Arsenlc 
Cadnuum 
Chrormum, Total 
Lead 
Nickel 

Number of times detected1 
Number of times analyzed 

Detected Concentrations (mglkg) 

Average Minimum Maximum 

Range of Detection Limits (mglkg) 

Median Minimum Maximum 



Table 2-3 Data Summary 
Elevated Sections Surface and Subsurface Soil 

Detected Concentrations (mglkg) Range of Detection Limits (mglkg) 

Chemical 
Petroleum hydrocarbons 
TPH-Diesel 
TPH-Gasoline 
TPH-Motor oil 
Oil & Grease 
Journal box oil 
na - not applicable 
5.053 is read 0.005 

Number of times detected1 
Number of times analyzed 

21 / 453 
4 1 453 

240 1 324 
5 / 10 
1 1 3  

Average Minimum Maximum 

2.1E+02 4E+00 2E+03 
4.8E+02 2E+00 i.7E+03 
2.9E+02 1E+01 4.8E+03 
2.1E+04 6E+01 5.2Ei-04 

na na 3.7E+02 

Median Minlmum Maximum 

5E+00 5E+00 2E+03 
1E+00 lE+OO 2E+02 
1 E+O 1 5E+00 5E+02 
5E+01 5E+01 5E+01 
5E+01 5E+O1 5E+01 



Table 2-4 Data Summary 
At-Grade Sections Soil 

Acetone 
Methylene chloride 
Methyl ethyl ketone (2-Butanone) 
Tetrachloroethene 
Toluene 
Trichloroethene 

Sem~volatile organic chemical 
Bis(2-ethyIhexyl) phthalate 

Polynuclear aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Clnysene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

Metals 
Anbmony 
Arsetllc 
Banum 
Beryllium 
Cadrmum 
Chronnnm, Total 
Cobalt 
Copper 

Number of times detected1 
Number of times analyzed 

Detected Concentrations (mglkg) 

Average Minimum Maximum 

Range of Detection Limits (mglkg) 

Median Minimum Maximum 



Table 2-4 Data Summary 
At-Grade Sections Soil 

1 1 Number of times detected1 I I 
Detected Concentrations (mglkg) 

Chemical 1 Number of times analyzed I Average Minimum Maximum 1 Median Minimum Maximum 
Manganese I 20 I 20 I 1.4E+02 9.5E+01 1.9E+02 I na na na 

Range of Detection Limits (mglkg) 

. 

Mercwy 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 

I Petroleum hydrocarbons 
TPH-Diesel I 16 1 122 I 5.2E+01 1,8E+OO 2.6E+O2 I lE+Ol 1E+00 1E+03 

na - not applicable 
5.OE-3 is read 0.005 

Journal box oil 
Oil & Grease 

15 1 56 
4 1 5  

6.6E+02 3.4E+01 6.2E+03 
4.2E+03 4.2E+02 9.4E+03 

5E+01 5E+01 3E+02 
3E+02 3E+02 3E+02 



Chemical 
Volatile organic chemicals 
Benzene 
Toluene 
Xylenes (total) 

Polynuclear~aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo@)fluoranthene 
Benzo(gb,i)perylene 
BenzoQfluoranthene 
Chrysene 
lndeno(1,2,3-cd)pyrene 

Metals 
AISenic 
Cadmium 
Chromium Ibtal 
Lead 
Nickel 
Zinc 

Petroleum hydrocarbons 
TPH-Diesel 
IPH-Gasoline 
IPH-Motor oil 

Iable 2-5 Comparison to Preliminary Remediation Goals- 
Elevated Sections Surface Soil 

USEPA Reeion 1X 
Maximum Detected 
Soil Concentration Industrial PRG Residential PRG 

( m u g )  (rnentp) 

[oil & Grease 
na - not applicable; no PRO was available for camparison 
5.OE-3 is read 0 005 

Does the Maximum Detectec 
;oil Concentration Exceed t h  

USEPA Residential PRG? 

*The weer-based residential (0 38 mglkg) and industrial PRGs (2 4 m&) for arsenic are at or below background arsenic concentrations 
for Bay area locations (see Table 19 ofthe RI report) For this reason, cancer-based PRGs were eonsidered inappropriate for screening arsenic 
concentrations in soil Instead, the average arsenic eon-bdtion * soil was compared m Bay- background concentrations 
Arsenic was eliminated as a chemical of con- on the basis of similarity to Bay area background eoncenmtions (see Section 2 1 1 4 of this report) 



Benzene 
1,2-Dibmmoethane (EDB) 
1,2-Dichloroethane (EDC) 
Ethylbenzene 
Toluene 
Xylenes (total) 

Polynuclear aromatic hydrocarbons 
Bem(a)anUlracenc 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 

Pesticides 
4,4'-DDE 
4,4'-DDT 

~Wetals 
Arsenic 
Cadmium 
Chromium, Total 
Lead 
Nickel 
Zinc 

Petroleum hydrocarbons 
IPH-Diesel 
IPH-Gasoline 

I IPH-Motor oil 
Oil & Grease 

Iable 2-6 Comvarison to Preliminarv Remediation Goals- 
Elevated Sections Surface and Subsurface Soils 

USEPA Reeiou M 
Maximum Detected 
Soil Concentration Industrial PRG Residential PRG 

@%kg) ( m g k )  

Does the Maximum Detected 
oil Concentration Exceed thi 
USEPA Residential PRG? 

50E-3 is%d 0 005 
*The cancer-based residential (0 38 mgikg) and industrial PRGs (2 4 m a g )  for arsenic are at or below background arsenic concentrations 

for Bay area locations (see Table 19 af'the Rl report) For this reason, cancer-based PRFs were considered inappropriate for screening arsenic 
concentrations in soil Instead, the average arsenic concentration in soil was compared to Bay area background concentrations 
Anenic was eliminated as a chemical of concern on the basis of similarity to Bay area background concentrations 



Iable 2-7 Comparison to Preliminary Remediation Goals- 
At Grade Sections Soil 

Acetone 
Methylene chloride 
Methyl ethyl ketone (2-Butanone) 
Tehachloroethene 
Toluene 
Itichlometltene 

Semivolatile organic chemical 
Bis(2-ethylhexyl) phthalate 

Polynuclear~aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo@)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dihenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

Metals 
Anlimany 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chmmium, Total 
Cobalt 
copper 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Thallium 
Vanadium 

Petroleum hydrocarbons 
TPH-Diesel 
TPH-Gasoline 
Journal box oil 

USEPA Reeion IX 
Maximum Detected 
Soil Concentration Indushial PRG Residential PRG 

( m g W  (mpntg) 

2 OOE-01 8 4OEtO3 2 00EtO3 
4 60E-02 2 50EWI l lOEtO1 
3 80E-02 3 4OEtO4 8 70E+03 
1 OOE-03 2 50EWI 7 OOEtOO 
3 00E-03 2 80EW3 1 90EtO3 
4 3OE-02 1 70E+01 7 IOEtOO 

2 60EtO2 na na 
I OOEtOO na na 
6 2OEN3 na na 
9.42EtO3 na na 

oes the Maximum Detectem 
Soil Concentration Exceed 

the USEPA Residential 
PRG? 

na - not applicable; no PRG was available for wmparison 
5 OE-3 is read 0 005 
*Theheeae~-based rresidential(0 38 mglkg) and industrial PRGs (2 4 mglk9) for arsenic are at or below backpund arsenic wncentrations 

for Bay area locations (see Iable 19 of the Rl report) Forthis reason, cancer-based PRGs were wnsidered inappropriate for screening arsenic 
concentrations in soil Instead, the average arsenic concentration in soil was wmpared to Bay area backgmund concentrations 
Arsenic was eliminated as a chemical of concern on the basis ofsimilarity to Bay area background concentrations 
(see Seetion 2 2 4 af'this report) 

**'Ihe cancer-based residential PRO for beryllium (0 14 m a g )  is below average backpund soil concentrations for the Bayarca 
(see Iable 19 ofthe Rl report) Far this reason, cancer-based PRGs were considered inappropriate for screening beryllium 
eoncentations in sail Instead, the average beryllium concentration in soil was compared to Bay area backgmund concentrations 
Beryllium was eliminated as a chemical ofconcern on the basis of'similarity to Bay area background concentrations 
(see Section 2 2 4 of this report) 



Table 2-8 Data Summary 
Elevated Sections Groundwater 

Chem~cal 
Volatile oreanic chemicals - 
Butylbenzene (sec) 
Butylbenzene (tert) 
1,2-Dibromo-3-chloropropane (DBCP) 
1,2-Dibromoetbane (EDB) 
1,2-Dichlorooenzene 
1.4-Dichlorobenzene 
1,2-Dicbloroethane 
Ethylbenzene 
Isopropylbenzene 
n-Propyl benzene 
Styrene 
Toluene 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimetbylbenzene 
Xyiene (m & p) 
Xylene (0) 

Polynuclear aromatic hydrocarbons 
Acenaphthene 
Benzidine 
2-Methylnaphthalene 
Naphtbalene 
Phenanthrene 

Metals 
Arsenlc 
Caam~um 
Cluomtum. Total 
Mercury 
Nickel 

Petroleum hydrocarbons 
/Diesel Fuel 
[~asoiine 
na - not applicable 
5.OE-3 i s  read 0.005 

Number of times deteetedl 
Number of times analyzed 

Detected Concentrations (m@) 

Average Minimum Maximum 

Range of Detection Limits (m@) 

Median Minimum Maximum 



Table 2-9 Data Summary 
At-Grade Sections Groundwater 

Chem~cal 
Volatile organlc chemicals 
Acetone 
Benzene 
1,l-Dichloroethane 
1 , 1 -Dichloroethene 
cis-1,2-Dichloroethene 
Ethylbenzene 
Te@achloroethylene 
Toluene 
l,l,l-Trichloroethane 
Trichloroethylene 
Vinyl Chloride 
Xylenes (total) 

Sem~volatile organic chemical 
Bis(2-ethylhexyl) phthalate I 
PolynucIear aromatic hydrocarbons 
Acenaphthylene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 

Metals 
Arsenic 
Nickel 

J ~ e t r o ~ e u m  hydrocarbons 
(~ iese l  fuel 
na - not applicable 

Number of times detected/ 
Number of times analyzed 

Detected Concentrations (mgn) 

Average Minimum Maximum 

Range of Detection Limits (mglL) 

Median Minimum Maximum 

. . 
5.OE-3 is read 0.005 



3.0 EXPOSURE ASSESSMENT 

The objectives of'the exposure assessment are to evaluate potential pathways of' human 

exposure to the chemicals of'conce~n detected in soil and groundwater at 1-880 Corridor 

site. Once complete exposure pathways are identified, chemical intakes associated with 

each pathway and each potentially exposed population are calculated This section 

analyzes exposure conditions associated with future use of'the Elevated Sections and the 

At Grade Section as portions of'the future 1-880 fkeeway in Oakland This risk assessment 

does not address possible exposures to vehicle emissions or road dust arising fiom future 

use as a freeway,, 

Human exposure to the chemicals present in the environmental media of' concern may 

occur. via three routes; these are ingestion, inhalation, and skin contact Exposures via 

these pathways were assumed to occur without installatioli of' institutional controls, 

remedial measures, or the wearing of' personal protection equipment such as respirators or 

special clothing. As mentioned in Section 1, Caltrans has a conbactual responsibility to 

protect workers and nexby residents fiom potential exposure to chemicals cluring 

f?eeway construction activities; therefore, exposure (and risk) were not assessed for 

construction phases of'the 1-880 eeeway realignment,, 

This exposure assessment calculates chemical intakes for potentially exposed populations 

which could be considered representative of' "reasonable maximum exposure" (RME)., 

The USEPA defines the RME as "the highest exposure that is reasonably expected to 

occur at a site" and states that "The intent of the RME is to estimate a conservative 

exposure case (i e , well above the average case) that is still within the range of possible 

exposures" (USEPA 1989a) 

3.1 Exposure Pathway Analysis 

As stated by the USEPA, an exposure pathway "describes the course a chemical or 

physical agent takes fiom the source to the exposed individual An exposure pathway 

analysis links the sources, locations, and types of environmental releases with population 

locations and activity patterns to determine the significant pathways of human exposure" 

(USEPA 1989a) 

An exposure pathway is made up of four elements These ate: 



A source and mechanism of chemical release, 

. A retention or transport medium, 

A point of potential human contact with the contaminated medium, and; 

An exposure route at the contact point 

In the following discussion, exposure pathways to site chemicals in soil and groundwater 

are identified. These exposure pathways are based on the planned future use of'the 1-880 

Corridor for both Elevated Sections and At-Grade Section of'the freeway. Designation of 

an exposu1.e pathway as "complete" indicates that human exposure is possible, but does 

not necessarily mean that exposure will actually occur in the future Table 3-1 

summarizes possible exposure pathways to the chemicals of' concern which were 

identified for chemicals in soil and ground water for the 1-880 Corridor site Possible 

pathways of' exposure are discussed in the following sections,, 

3J.1 Surface Soils 

According to current freeway construction plans, two sections of'the 1-880 Corridor will 

have an elevated portion of' the new freeway passing over i t  These two sections, 

designated as the north and south Elevated Sections, will be separated by an At-Grade 

Section of' the fieeway. For Elevated Sections of' the fleeway, it is possible that 

individuals may come into direct contact with surface soil through play or other activities,, 

Following construction of'the freeway, children living near. the Elevated Sections of' the 

freeway and transients could be exposed to surface soils underneath the elevated freeway. 

For the purpose of' this risk assessment, a child was conservatively selected as the most 

likely receptor for sixface soil contact in the Elevated Sections of' the 1-880 Corridor,, 

While transients may also be exposed to chemicals in soil in these areas, they are unlikely 

to experience frequent, long-term exposure to these areas because of' their mobility In 

addition, a child is likely to have greater exposure to chemicals in soil when exposure is 

considered on the basis of' body weight 

Surface soil in the At Grade Section will be covered by pavement (active fieeway) and 

unavailable for contact Surface soil exposure in the At Grade Section was considered to 

be an incomplete pathway 



3.1.2 Subsurface Soils 

As defined in Section 2 0 of this report, subsurface soils are considered deepex than one 

foot It is unlikely that children at play 01 transient individuals would be exposed to 

chemicals present in subsurface soils below the Elevated Sections 01 At-G~ade Section of 

the freeway FOI example, in the Elevated Sections whe~e soils are accessible, activities 

of children at play or transients would be unlikely to result in exposure to soils deeper 

than one foot Because soils in the At-Grade Section of the freeway w~l l  be covered by 

pavement, ~egular human contact will not occur 

It is possible that utility workers could be exposed to surface and subsurface soils during 

trenching for utility lines or pipelines or during mad repair in either the Elevated Section 

or At-Grade Section of'the freeway For this reason, ingestion of soil, dermal contact with 

soil, and inhalation of' chemicals in surface and subsurface soils were considered to be 

complete exposure pathways for a utility worker in both the Elevated Sections and At 

Grade Section of'the freeway,, 

3.2 Ground Water 

Shallow ground water is present at a depth of four to five feet below the surfice in the 

Elevated Sections and the At Grade Section of'the 1-880 Co~ridor. While this shallow 

ground water is not a source of &inking wate~; it is possible that volatile chemicals 

(chemicals with Henry's Law constants 1 x lo-" or higher and a vapor pressure of0.001 

mm Hg and greater @TSC, 1994a) may volatilize fiom shallow groundwater through the 

soil and be released at the soil surface and be inhaled. Thus, inhalation of' organic 

chemicals volatilizing from shallow ground water through soil is assessed for a child at 

play in the Elevated Sections of the 1-880 Corridor, 

In addition, VOC affected shallow ground water may collect in trenches excavated for 

utility lines and release VOCs directly to the air For this reason, inhalation of organic 

chemicals volatilizing directly from pooled water in trenches is assessed for a utility 

worker for both the Elevated Sections and the At Grade Section. Ingestion and dermal 

absorption of chemicals in ground water were considered to be incomplete exposure 

pathways in that the trench was assumed to be dewatered p~ior to entry See Attachment 

C for h t h e r  explanation. 



Chemicals detected in shallow groundwater that were considered sufficiently volatile 

(Henry's Law constant greater than 1 x 1g5 and a vapor pressure greater than or equal to 

0,001 mm Hg) are listed beIow,, 

Volatile Chemicals in Elevated Sections Shallow Ground Water 

sec-Bntylbenzene 
tert-Bntylbenzene 
1,2-Dibromo-3-chloropropane (DBCP) 
1,2-Dibromoethane (EDB) 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
Ethylbenzene 
Isopropylbenzene (l-Methylethylbenzene) 

n-Propyl benzene 
Styrene 
I oluene 
1,2,4- Iiichlorobenzene 
1,2,4-T~imethylbenzene 
1,3,5-T~imethylbenzene 
Xylenes 
Acenaphthene 
Naphthalene 

Volatile Chemicals in At Grade Section Shallow Ground Water 

Acetone 
Benzene 
1,l-Dichloroethane 
l , l  -Dichloroethene 
cis-1,2-Dichloroethene 
Ethylbenzene 
Tetrachloroethene 

l,l,l-Irichloroethane 
Trichloroethene 
T ohene 
Vinyl chloride 
Xylenes (total) 
Acenaphthylene 
Naphthalene 

3.3 Summary of Potential Exposure Pathways 

Exposure pathways considered to be complete for persons potentially exposed to 

chemicals in soil and shallow groundwater are summaized in Table 3-1.. 



3.4 Quantification of Exposure 

3.4.1 Estimation of Chemical Intakes 

Chemical intakes may be calculated for human receptors for each complete exposure 

pathway once the concentration of the chemical in a medium is known and the factors 

associated with human exposure to the medium of' concern have been assessed DTSC 

(DTSC, 1992) and USEPA OJSEPA, 1992a) direct that the 95 percent upper confidence 

limit (UCL) on the arithmetic mean concentration of' chemicals detected in an 

environmental medium be used to assess exposure When the 95% UCL on the arithmetic 

mean exceeds the maximum detected concentration, the maximum detected value is often 

conservatively used to estimate chemical intake (USEPA, 1992a). 

The 95% UCLs for chemicals detected in soils were calculated according to the formula: 

where: 

e = the exponential function - 
y = a~ithmetic mean of n log-transformed data measurements 

sZ = variance of'n log transfo~med data measurements 
Hl-, = value looked up in a statistical table ?his table was further modified using LaG~angian four-point 
interpolation to provide additionaI H values in accordance with the method suggested by Gilbert (1987) 
n = the number of samples 

Calculated 95% UCLs for the chemicals of' concern in Elevated and At Grade Section 

soils are presented in Table 3-2. As noted in Section 31.1, the Elevated Sections of'the 

freeway will be divided by the At Grade Section of' the freeway into two sections 

described as the ''No~th" and "South" Sections As presented in Figure 2 of'the RI report, 

the North Elevated Section is located to the west of' Wood Street The South Elevated 

Section of'the freeway will pass over portions of' Kirkham, Cypress, and Third Streets. 

Conservatively, the higher of'the 95% UCLs calculated for the North and South Elevated 

Sections was used in calculating exposure and ~isks due to chemicals in Elevated Sections 

soils 



For calculating risks posed by inhalation of' chemicals from ground watel; the maximum 

detected concentration for each volatile chemical detected in Elevated and At Grade 

Section are used. 

Emission rates for volatile organic chemicals from shallow groundwater through soil are 

calculated using methods desc~ibed by Johnson and Ettinge~; 1991. These calculations are 

described in Attachment B of this ~eport. Emission rates for VOCs from ground water 

pooled in excavated trenches is desc~ibed in Attachment C of'this repo~t. 

Air concenhations of vapo1 phase chemicals volatilizing fiom soil and ground water were 

calculated according to methods desc~ibed in the DTSC's Preliminary Endangerment 

Assessment Guidance Manual (DTSC, 1994) 

Equations used to calculate chemical intakes from soil and groundwater are presented in 

Table 3-:3. Exposure variables used to calculate chemical intakes from soil via ingestion, 

inhalation, and dermal contact are presented in Tables 3-4 for a child and a utility worker. 

The source of each exposure variable is identified in Table 

3.5 Exposure Estimates fbr Populations Potentially Exposed to the Chemicals 

of Concern Under Planned Future Land Use Conditions 

Estimated chemical intakes resulting h m  soil exposure for the child at play and the 

utility worker in the Elevated Sections ofthe 1-880 Co~ridor are presented in Tables 3-5 

and 3-6, respectively Estimated chemical intakes resulting fiam soil exposure for the 

utility worker in the At Grade Section is presented in Table 3-7 Calculated inhalation 

intakes of' volatile chemicals in shallow ground water are presented in Table 3-8 and 3-9 

for the child and the utility wo~ker in the Elevated Sections of the 1-880 Cor~ido~; 

respectively, while the calculated inhalation intakes of volatile chemicals in shallow 

ground water are presented in Table 3-10 for the utility wo~ker in the At Gmde Section of' 

the 1-880 Corridor. 

Estimates of daily chemical intake are expressed as averas daily intakes 

(noncarcinogens) or lifetime averaee daily intakes (carcinogens) Average daily intakes 

are calculated over the assumed period of exposure whereas lifetime average daily intakes 

are calculated over a lifetime (70 years) 



Average daily intakes and lifetime average daily intakes for ingested and inhaled 

chemicals of concern axe exp~essed as intakes lather than absorbed doses Dexmal average 

daily intakes axe calculated as absoxbed doses 

Daily intakes weIe not calculated for lead The California DTSC cur~ently ~ecomrnends 

the use of its own lead exposure model to assess lead exposure and the resulting blood 

lead concentration associated with exposure to lead in dust, soil, food, &inking water, 

and air (DTSC, 1992) The lead exposure model conse~vatively assumes that for days 

when a child ox utility wo~ker is at the site, all soil and dust exposure comes from site 

sources Exposure assumptions used in calculating lead exposure a e  p~esented in 

Attachment D of this xisk assessment Risk associated with intake of lead in soil is 

ad&essed in Section 5 1 1 



Table 3-1 
Summary of Potentially Complete Exposure Pathways 

Pathway 
Potentially Exposed Exposure Medium, Route, and Selected for Reason for Selection or Exclusion 
Population Exposure Point Examination? 

Child at play Air 
Inhalation of chemicals 
volatilizing fiom soil and 
chemicals released from soil as 
fugitive dusts 

Utility Workers 

Inhalation of'volatile organic 
chemicals released at the soil 
surface due to volatilization from 
shallow groundwater 

Soil 
Incidental ingestion of site soils 

Dermal contact with site soils 

Air 
Inhalation of' chemicals 
volatilizing from soil and 
chemicals released from soil as 
fugitive dusts 

Yes Chemicals may volatilize or be 
released from surface soil as dusts in 
the Elevated Sectiom of'the freeway 

Yes Volatile organic chemical vapors may 
be released from shallow 
groundwater, migrate through soils in 
the Elevated Sections ofthe freeway, 
and be inhaled 

Yes Children may he exposed to 
chemicals in surface soils underneath 
the Elevated Sections ofthe freeway 

Yes Children may he exposed to 
chemicals in surface soils underneath 
the Elevated Sections ofthe freeway, 

Yes Chemicals may volatiIize or be 
released from soil as dusts during soil 
excavation 

Inhalation of volatile organic Yes Volatile organic chemicals may 
chemicals released from shallow volatilize from shallow ground water 
groundwater that has pooled in trenches 

Soil 
Incidental ingestion of site soils Yes Workers may be exposed to site soils 

during soil excavation 

Dermal contact with site soils Yes Workers may be exposed to site soils 
du~ing soil excavation. 



Table 3-2 
Elevated and At-Grade Section Soils 

11.2-Dibromoethane (EDB) 

Polynnclear aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)peIylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 

Metals 
Lead 

Petroleum hydrocarbons 
TPH-Diesel 
TPH-Gasoline 
TPH-Motor oil 
Journal Box oil 
*Maximum detected concentration 

not detected 

* 0.16 
* 0.54 
* 0.78 
* 2.5 
* 0.14 
* 0.3 

not detected 
* 1.9 

not detected 

10.00 
0.533 
680 

not detected 

Soil Exposure Concentrations 

not detected 

North 
South 
South 
South 
North 
North 

not detected 
South 

not detected 

South 

South 
Noah 
South 

not detected 

* 0.16 
* 0.54 
* 0.78 
* 2.5 
* 0.14 
* 0.3 

not detected 
* 1.9 
* 4.9 

110 
200 
1613 

not detected 

South 

North 
South 
South 
South 
North 
North 

not detected 
South 
North 

South 

North 
South 
South 

not detected 

not detected 

0.373 
0.399 
0.201 
0.761 
0.128 
0.991 
0.83 
0.328 

not detected 

361 

55.3 
not detected 
not detected 



Table 3-3 
Calculation of Intakes of the Chemicals of Concern in Soil 

Exposure Pathway Exposure Equation Exposure variables 

Air 
Inhalation of CxPCxlRx EF x EDxCF C = Concentration of chemical in particulate 
particulate phase BWxAT ( m g k )  
chemicals PC =Particulate concentration in air (mglm3); 

for the child at play, PC was assumed to be 

0 05 mg/m3 in accordance with the California 
Preliminary Endangerment Assessment 
Manual (DTSC, 1994a) For the construction - 
worker, PC was assumed to be 1 mglm5 due to 
soil disturbance 

IR = Inhalation rate (m3/day or event) 
EF = Exposure frequency (days or eventdyear) 
ED = Exposure duration (years) 

CF =Conversion factor kglmg) 
BW = Body weight (kg) 
AT =Averaging time (period over which 

exposure is averaged (for non-carcinogens: ED 
x 365 daydyea~; for carcinogens: 70 years x 
365 dayslyea~) 

Inhalation of vapor 
phase chemicals 

Soil 

Ingestion of soil 

CAxlRxEF XED 
BWxAT 

CA = Concentration of chemical in air (mg/m3) 

IR = Inhalation rate (m3/day or event) 
EF = Exposure frequency (days or eventdyear) 
ED =Exposure dnration (years) 
BW =Body weight (kg) 
AT =Averaging Time (period over which 

exposure is averaged (for non-carcinogens: ED 
x 365 dayslyear; for carcinogens: 70 years x 
365 dayslyear) 

CSxlRxEFxEDxCF CS = Chemical concentration in soil (mgkg) 

BWxAT IR = Ingestion rate (mg soiVday) 
EF = Exposu~e frequency (dayslyear) 
ED =Exposure duration (years) 

CF= Conversion factor (1 x kglmg) 
BW =Body weight (kg) 
AT =Averaging time (period over which 

exposwe is averaged (for non-carcinogens: ED 
x 365 dayslyear; for carcinogens: 70 years x 

- 365 dayslyear) 



Table 3 3  
(contd) 

Exposure Pathway Exposure Equation Exposure variables 

-- - - 

Dermal absorption of cs X S A  x~~ A B S ~ E F  X E D X C F  CS = Chemical concentration in soil (mgkg) 
chemicals in soil B W x A T  SA = Skin surface area available for contact 

(cm2) 
AF =Adherence of soil to skin (mg/cm2) 
ABS =Fraction of chemical absorbed through 

the skin (unitless); dermal absorption fractions 
for the chemicals of concern were as follows: 
volatiles, 0 10; PNAs, 0 15 in accordance with 
the California Preliminary Endangerment 
Assessment Manual (DTSC, 1994a) 

EF = Exposure frequency (dayslyear) 
ED = Exposure Duration (years) 

CF= Conversion factor (1 x kghg)  
BW =Body Weight (kg) 
AT =Averaging T h e  (period over which 

exposure is averaged (for non-carcinogens: ED 
x 365 daydyear; for carcinogens: 70 years x 
365 dayslyear) 



Table 3-4 
Summary of' Exposure Assumptions 

Ingestion of Chemicals in Soil 
Exposure 

Population Receptor Body Weight Ingestion Rate Exposure Frequency  ati ion 
(sw) (W ( E n  (ED) 
(k) (mg /day) (years) 

Child at play Child *44 (3) 100 (I) 36 events per year (2) 7 

Utility Woxker Adult 70 480 60 days per year 1 - 

Dermal Absorption of' Chemicals in Soil 
Bodv Exnosed Skin Soil Adherence Ex~osure Ex~osure 

Population Receptor weight &face Area to Skin Frequency Duration 
(BW) (SA) (AF) (EF) (ED) 
(kg) (cm2) (ms/cm2) (days) (ye=) 

Soil 
Child at play Child *44 (3) 3300** 1 (2) 36 events per 7 

yea (2) 

Utility Woxker Adult 70 5800 (2 1 (2) 60 days pel 1 
Ye= 

Inhalation of Particulate Phase- and Vapor Phase- Chemicals (Emission from Soil And 
Groundwater) 

Population Recepto~ Body Weight Inhalation Rate Exposure Frequency Exposure 
( B Y  (R) ( E n  Duration 
Ocp) (days) (ED) 

- ( y e 4  

Child at play Child *44 (3) 5 m3 per event 36 events per yen (2) 7 
(4) *** 

Utility Workex Adult 70 2om3 per day 60 days per year 1 

(1) 
References for exposure parameters: (1) USEPA, 1991; (2) DTSC, 1992; (3) USEPA, 1989b (Exposure Factors 
Handbook) (4) CARB, 1993a 
*Avexage body weight for a 9 to 15 year old child 
**Assumes 25% of'the body surface is exposed to soil 

***A child at play breathes approximately 20 L ofairImin (1 2 m 3 h ;  CARB, 1993) 



~01y&lear aromatic hydrocarbons 

Petroleum hydrocarbons 
TPH-Diesel 
TPH-Gasoline 
TPH-Motor oil 

Table 3-5 
Child at Play-Elevated Sections 

Exposure to Chemicals in Surface Soils 
Average Daily Intakes 

see Attachment D see Attachment D 



\Volatile organic chemicals 

I 
- 

Ethylene dibromide 

Polynuclear aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo[a]pyrene 
Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo&]fluoranthene 
Chrysene 
Indeno[l,2,3-cdlpyrene 
Naphthalene 

Petroleum hydrocarbons 
TPH-Diesei 
TPH-Gasoline 
TPH-Motor oil 

l ~ e a d  
na-not applicable; chemlcal is not considered to be a DC 

Table 3-6 
Utility Worker-Elevated Sections 

Exoosure to Chemicals m Surface and Subsurface Soils 
Average Daily Intakes 

see Attachment D 
ial wclnogen 

see Attachment D 



~01~nuclcar  aromatic hydrocarbons 

Petroleum hydrocarbons 
TPH-Diesel 
Journal box oil 

Lead 
na-not applicable; chemlcal is not considered t( 

Table 3-7 
Utility Worker-At-Grade Section 

Ex~osure to Chemicals in Surface and Subsurface Soils 
Average Daily Intakes 

see Attachment D 
: a potential carcinogen 

see Attachment D 



Table 3-8 
Child at Play 

Inhalation of Chemicals Volatilizing from Shallow Groundwater through Soil 
Elevated Sections 

-organic chemicals 
Butylbenzene (sec) 
Butylbenzene (tert) 
1,2-Dibromo-3-chloropropane @ B e )  
1,2-Dibromoethane (EDB) 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dicbloroethane 
Ethylbenzene 
Isopropylbenzene 
n-Propyl benzene 
Styrene 
Toluene 
1,2,4-Trichlorobenzene 
1,2,4-T~imethylbenzene 
1,3,5-T~imethylbenzene 
Xylene (m & p ) 
Xylene (0) 

Polynuclear aromatic hydrocarbons 
Acenaphthene 
Navhthalene 
Phenanthrene 
na- not applicable; chcrnical is not considered to be a potel 

193E-09 
5 39E-07 
4.42E-09 

II carcinogen 



Table 3-9 
Utility Worker 

Inhalation of Chemicals Volatilizing from Shallow Groundwater in Trenches- Elevated Sections 

Butylbenzene (sec) 
Butylbenzene (tert) 
1,2-Dibromo-3-chloropropane (DBCP) 
1,2-Dibromoethane (EDB) 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
Ethylbenzene 
Isopropylbenzene 
n-Propyl benzene 
Styrene 
Toluene 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3,5-T~imethylbenzene 
Xylene (m & p ) 
Xylene (0) 

Polynuclear aromatic hydrocarbons 
Acenaphthene 
Naphthalene 
Phenanthrene 

I I 
na- not applicable; chemical is not considered to be a potential carcinogen 



Table 3-10 
Utility Worker 

Inhalation of Chemicals Volatilizine from Shallow Groundwater in Trenches 
~t-~r'ade Section 

Acetone 
Benzene 
1,l-Dichloroethane 
I, l-Dichloroethene 
cis-1,2-Dichlosoethene 
Ethylbenzene 
Tetrachloroethylene 
Toluene 
l,l,l-Trichloroethane 
T~ichloroethene 
Vinyl chloride 
Xylenes 

Polynuclear aromatic hydrocarbons 
Acenaphthylene 1 77E-06 
Naphthalene 8 55E-05 
Phenanthrene 3.24E-07 
na- not applicable; chemical is not considered to be a potential carcinogen 



4.0 TOXICITY ASSESSMENT 

4.1 Noncarcinogenic Risks 

The noncarcinogenic effects of' the chemicals of' concern were assessed by comparing 

chemical intakes calculated in Section 3 5  with USEPA reference doses (RfDs) The 

USEPA definition ofthe RfD is presented below 

'The RfD is an estimate (with uncertainty spanning perhaps an 
order of' magnitude) of' the daily exposure to the human population 
(including sensitive subgroups) that is likely to be without an 
appreciable risk of' deleterious effects during a portion of' the 
lifetime, in the case of' a subchronic RD,  01. during a lifetime, in 
the case of'a chronic RfD" (USEPA, 1989c) 

The USEPA derives RfDs for inhalation and oral exposure for subchronic exposures (2 

weeks to 7 years) and chronic exposures (7 years and longer) for many chemicals. 

Inhalation and oral reference doses for the chemicals ofconce~n in soil and graund water 

are presented in Tables 4-1 and 4-2. As discussed in Sections 2 1  and 2,2, only one 

volatile organic chemical (I,2-dibromoethane) and five PNAs (benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(l,2,3- 

cdlpyrene) were retained as chemicals of' concern in soils of'the 1-880 Corridor However, 

since the ASTM and API ~ i s k  assessment methods discussed in Section 4.4 of'this report 

consider other volatile organic chemicals and PNAs to be important indicator chemicals 

for petr.oleum hy&ocarbons, the reference doses and slope factors for these additional 

volatile organic chemicals and PNAs are also added to Table 4-1 and 4-2 for 

completeness Chronic RfDs were used to assess risks to a child and subchronic RfDs 

were used to assess risks to construction workers For instances where only a chronic 

reference dose exists, the chronic reference dose was also used as the subchronic 

reference dose 

In several cases, RfDs were not available for chemicals of' concern. The uncertainty 

associated with a lack of' RfDs for ce~tain chemicals is discussed in Section 5.3 of' this 

1,eport 

In particular, Integrated Risk Information System @US) reference doses have not been 

developed to assess the noncarcinogenic effects of' petroleum hydrocarbon mixtures,, 



Instead, as recommended by the DTSC (DTSC, 1995), the potential noncarcinogenic and 

carcinogenic effects associated with exposure to petroleum hydrocarbons in soil is 

evaluated according to methods developed by the American Society for Testing and 

Materials (ASTM, 1994), Massachusetts Department of Environmental Protection 

W E P ,  1994), and the American Petroleum Institute (MI,  1994). These methods are 

discussed further in Section 4 3 of'this repolt, 

The RfDs used in this assessment are generally de~ived from animal studies. Results 

h m  these studies are extrapolated to humans using appropriate factors to adjust for 

uncertainties resulting h m :  

Extrapolation from the results of animal studies to humans, 

Variation within individuals of the same species, 

,, Extrapolation ffom the results of short-te~m animal studies and, 

,, Extrapolation ffom exposure levels in animal studies that demonstrate an effect rather 

than a no-effect level, 

For any particular chemical, an intake that exceeds the RfD for that chemical indicates 

that an adverse health effect may be obsaved. The chemical intake divided by the 

reference dose is defined by the USEPA to be the hazard quotient (HQ) for a chemical.. 

As a general rule, when the HQ < 1, it is unlikely that an adverse health effect will occur. 

The chance of obse~ving an effect increases as the HQ increasingly exceeds unity.. The 

USEPA directs that the HQ for each chemical and each route of' exposure be summed to 

calculate a hazard index (HI) This process conservatively assumes that simultaneous 

exposure to multiple chemicals at intakes below the RfD may produce an adverse health 

effect if' the HI exceeds one When calculated according to USEPA methods, the HI 
assumes that the effects of each chemical are additive. The HI is used as a screen to 

determine whether or not the effects of' intake of multiple chemicals may be of' concern,, 

If'the HI is less than one, there is little reason to expect that any adverse effect will result 

from concurrent exposure to all of'the chemicals of' concern 



The USEPA does not delive de~mal RfDs for chemicals. However, since dermal exposure 

may add to the overall intake of'a chemical and possibly cause an adverse effect, the oral 

RfD is used as the dermal RfD (when an oral RfD is available). 

4.2 Carcinogenic Risks 

The chemicals of concern that are considered by the USEPA and the DTSC to be 

potentially carcinogenic in humans are presented in Tables 4-1 and 4-2. As discussed 

above, most PNAs detected at the site were eliminated as chemicals of'conce~n based on 

comparison to residential PRGs However, the slope factors for PNAs presented in Tables 

4-1 and 4-2 were used with the ASTM and API risk assessment methods; methods for 

petroleum hydrocarbons are discussed in Section 4 4  With the exception of benzene and 

vinyl chloride, the potential carcinogenicity ofthe other chemicals of' concern has been 

extrapolated  om animal studies This is reflected in the "B" USEPA Group 

classification of these chemicals. 

Slope factors for the potentially carcinogenic chemicals of' concern were determined by 

the DTSC and USEPA by applying the linearized multistage model to data from animal 

carcinogenicity studies or human epidemiological studies. In the absence of' data 

concerning the carcinogenic potential of' very low doses of' a chemical, linearized 

multistage modeling is used to generate estimates of' carcinogenic potency. Inherent in 

the linearized multistage model is the provision that there is no dose, no matter how 

small, that is not associated with some carcinogenic ~ i s k .  The USEPA defaults to this 

conse~vative position in the absence of firm scientific data to support the application of' 

the linearized multistage model The unce~tainties associated with weight-of-evidence 

classifications and use of'the linearized multistage model are addressed in a later section 

ofthis report Multiplication ofthe lifetime average daily intake by the slope f'ictor [in 

(mg/kg/day)-l] produces a unitless estimate of theoretical lifetime cancer ~ i s k .  Increased 

theoretical lifetime cancer risk calculated by this method is often expressed in terms of' 1 

in ten thousand (1E-04), 1 in one hun&ed thousand (1E-05), or 1 in one million (1E-06),, 

In cases where both the USEPA and DTSC have de~ived diffe~ent slope factors fox the 

same chemical, the DTSC slope fact01 was used 

The USEPA has recently proposed &aft guidance for carcinogenic risk assessment that is 

different from the guidance currently used by USEPA The draft guidance includes a new 



weight of evidence scheme for classifymg chemical carcinogens and proposes new 

mathematical models for calculating the potency of chemical carcinogens. If' this draft 

guidance is implemented, slope factors (which reflect the carcinogenic potency of a 

chemical) for certain carcinogenic chemicals may change In particular, implementation 

of the draft guidance may result in slope factors for non-genotoxic carcinogens 

(carcinogens that do not directly alter DNA) that are lower than the slope factors 

currently used by USEPA,, 

4.3 ToxicoIogical Effects of' Lead 

Unlike other chemicals for which human exposure is calculated in terms of chemical 

intake (intake in milligrams of chemical peI kilogam of body weight per day, 

mg/kg/day), risks associated with exposure to lead are based on blood lead 

concentrations Due to the existence of an ever-growing database relating blood lead 

concentration (typically expressed in terms of micrograms of lead per deciliter of blood, 

pg/dL) and human toxicity, blood lead concentration is the most direct means by which 

the toxic effects of lead in humans can be assessed 

The USEPA and others have developed lead exposure models for evaluating blood lead 

concentrations associated with intake of lead from food, water, air, and soil. The USEPA 

lead model (integrated exposure uptake biokinetic model) is calibrated for use only for 

children ages 7 and youngel (USEPA, 1994) The State of California has developed its 

own lead exposure model to calculate lead exposure in children and adults (DTSC, 1992) 

The DTSC child and adult lead exposure models are used for calculating blood lead 

concentrations for a child at play and construction workers potentially exposed to lead in 

surface and subsurface soil at the 1-880 Conidor site 

While lead has been shown to affect numerous organ systems in humans including the 

nervous system, kidneys, the blood, and reproductive system, medical and scientific 

attention has recently focused on the neurobehavioral effects of' lead in children and the 

cardiovascular effects of lead in adults A summary ofthe lowest observed effect levels of 

lead for key lead-induced effects in adults and children is presented in Tables 4-3a and 4- 

3b, respectively,, 



The calculated blood lead concenbation for a child at play and a construction wo~ker 

~esulting from exposwe to lead in soil is evaluated in Section 5 1 1 of this report The 

results a e  also discussed in teIms of applicable Califo~nia laws designed to protect 

construction workers from overexposwe to lead 

4.4 Toxicological Effects of' Petroleum Hydrocarbon Mixtures 

There is cu~rently no single, universally accepted method for addressing ~isks  posed by 

petroleum hydracarbon mixtures in soil or water The problems associated with the 

evaluation of'lisks associated petroleum mixtures in the environment have been outlined 

by Michelsen and Boyce (1993) These problems relate to the analytical characte~ization 

of' petroleum mixtures, the uncertainties associated with a relative lack of' toxicological 

information concerning the toxicity of whole petroleum mixtures, the use of' "indicator 

chemicals" to evaluate the toxicity of' a whole petroleum mixture, and the effect of' 

weathe~ing on petroleum mixtures in the environment Despite their technical 

deficiencies, ~ i s k  assessments of' petroleum mixtures in the environment typically use one 

of' two approaches-- a "whole-product" approach or an "indicator chemical" approach,, 

These approaches are briefly described below, 

The whole-product approach uses toxicological information regarding the whole 

petroleum mixture to evaluate health risks The USEPA indicates that when adequate 

infomation is available, it is preferable to use mixture-specific toxicity tests to evaluate 

the toxicity of a complex mixture (USEPA, 1986). One advantage of' a whole-product 

approach over the indicator chemical approach is that it avoids the necessity of' selecting 

"toxicologically representative" indicator chemicals and the uncertainty associated with a 

toxicological evaluation of' only a few components of'a complex mixture. 

The USEPA has examined the toxicity of' several petroleum mixtures and has de~ived 

"provisional" reference doses for. unleaded gasoline, jet fuels (JP-4 and P-5), and marine 

diesel fuel (USEPA, 1992b) These RfDs could be used in a mixture-specific 

toxicological evaluation of these mixtures However, due to data gaps and other 

unce~tainties, USEPA confidence in these provisional reference doses is "low." As a 

result of' these uncertainties, the USEPA apparently does not encowage their widespread 

use in risk assessments and has recently withdrawn this document (Z'e~sonal 

communication, Joan Dollahide, 2/22/96) 



In addition to the uncertainty introduced by the relative lack of'toxicological information 

for some petroleum mixtures, petroleum mixtures also undergo "weatheling" in the 

environment, resulting in the loss of' the more water-soluble, volatile, and degradable 

components of' the mixture Thus, after some pe~iod of' time in the envkonment, a 

petroleum mixture may not be chemically or toxicologically similar to the unweathered 

mixture For the purpose of' evaluating human health ~isk,  weathered petroleum 

hydrocarbons were evaluated according to the standard by which the petroleum 

hydrocarbon was quantified Typically, similarities between the chromatograms for the 

weathered petroleum hydrocarbon in soil and the fresh standard were observed. For this 

r.eason, the weathered petroleum mixture was then evaluated as being toxicologically 

similar to the petroleum standard against which it was quantified, 

The most commonly used alternative to the whole-product approach to the toxicological 

evaluation of' petroleum mixtures is the use of' indicator chemicals for a petroleum 

mixture. In particular, the American Society for Testing and Materials (ASTM) has action 

levels for soil and water for selected indicator chemicals According to ASTM (ASTM, 

1994), "It is inherently assumed that a significant fraction of' the total potential impact 

&om all chemicals is due to the indicator compounds. The selection of' indicato~ 

compounds is based on the consideration of' exposure routes, concentrations, mobilities, 

toxicological properties and aesthetic characteristics." This has lead ASTM to identify 

benzene, ethylbenzene, toluene, xylenes, and PNAs as potential indicator chemicals 

ASTM has also developed health-based action levels for benzene, ethylbenzene, toluene, 

xylenes, naphthalene, and benzo(a)pyrene for air, soil, and ground water As stated above, 

the most important and unavoidable uncertainty associated with the indicator chemical 

approach is that it purports to represent the toxicity of' a complex =ixture containing 

hundreds of' constituents by a limited number of' chemicals. The degree to which the 

indicator chemical approach represents the toxicity of'a whole petroleum mixture has not 

been systematically examined. 

Available indicator chemical appxoaches include the ASTM method (ASTM, 1994) and 

the API's RiskExposure Assessment Decision Support System @SS) (API, 1994) As 

recommended by the DTSC (DTSC, 1995), these methods are used to assess risks posed 

by petroleum hydrocarbons present in soils at the 1-880 Corridor site in Section 5 3 of this 

report 



The Massachusetts Department of' Environmental Protection (MDEP) has developed a 

system for evaluating the toxicity of' petroleum hydrocarbon mixtures that incorporates 

elements of' both the "whole mixture" and "indicator chemical" approaches W E P ,  

1994). In their approach, rather than treating the entire range of' petroleum hydrocarbons 

as one mass, the MDEP divides the broad chemical classes of' petroleum hydxocarbons 

(alkanes, cycloalkanes, alkenes and aromatics) into subgroups of'compounds based on the 

carbon number of the petroleum hydrocarbon in each subgroup and assigns discrete 

estimates of' health risk for each specific subgroup based on a "reference compound" for 

that s u b p u p .  

The MDEP has derived a reference dose for each subgroup based on identification of a 

"reference compound" for each subgroup. In the case of' PNAs, the lowest RfD for a 

noncarcinogenic PNA (pyrene) was selected MDEP RtDs for these subgroups are shown 

in the following table In a sample calculation, MDEP suggests that benzene, 

ethylbenzene, toluene, xylenes, and PNAs compounds are to be evaluated separately 

using their specific RtDs or slope factors. 

Compound Reference Toxic effect Proposed Alternate RfD 
compound (mg/kg/daY) 

AIKANESICYCLOALKANES 
C5-C8 n-hexane neurotoxicity 0 06 
C9-C18 n-nonane neurotoxicity 0 6 
C19-C32 eicosane u~itation/functional 6 0 

changes 
AROMATICS/ALKENES 
C9-C32 PYrene nephrotoxic 0.03 

The MDEP approach requires that the amount of petroleum hydxocarbons in each 

subgroup be quantified using chromatographic methods specified by the b D E P  The type 

of analysis necessary to use the MDEP lisk assessment methods is not available for 

petroleum mixtures detected at the 1-880 Cor~idor site However, the lack of MDEP-type 

analyses for petroleum hydxocarbons does not preclude the application of the MDEP 

method to petroleum hydrocarbon mixtures detected at the 1-880 Cor~idor site 

Using a "worst-case" analysis, the MDEP method can be used to estimate health risks 

associated with petroleum hydrocarbons detected in soils if' it is assumed that measured 

petroleum hydrocarbon mixtures are composed of' C9-C32 aromaticlalkene compounds, 



the most toxic fraction identified by the MDEP According to MDEP methods, these 

compounds are considered to have the highest non-carcinogenic health risks RfDs for 

the other subgroups are 2-200 times higher. Noncarcinogenic health risks can then be 

estimated by applying the most conservative RfD of' 0.03 mgkgday to the petroleum 

hydrocarbons detected in soils at the 1-880 Corridor site how eve^; such an assumption is 

overly conservative when used fox less toxic pekoleum hydrocarbon mixtures such as 

motor oil For example, mine~al oil comprises 75% or more of motor oils and poses little 

toxic hazard (MDEP, 1994) The application of the MDEP method in assessing the ~ isks  

posed by TPH-gasoline, TPH-diesel, TPH-motor oil, and jou~nal box oil exposure is 

presented in Section 5 3 3 



Table 4-1 
Inhalation Reference Doses and Slope Factors for the Chemicals of Concern 

Acetone 
Benzene 
sec-Butylbenzene 
tert-Butylbenzene 
1,2-Dibromo-3-chloropro~ane 

I 1,l-Dichlomethene 
ca-1,2-Dichloroethene 
Ethylbenzene 

n-Pmpylbenzene 
Toluene 

1,2,4-Tncblorobenzene 
l,l,l-Trichloroethane 
Trichlomethene 

I 1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Vinyl chloride 

Xylenes 

Noncarcmogenlc Safety 
effects Subcnronlc RfD (RE) Factor Chron~c RfD (RK) Safety Facto 

Inhalation Inhalation Inhalation Inhalation lnhalahon 

mg/kg/day (mdm3) w&g/day (mg/m3) 

S ~ e r m  effects 5.718-04 (2.00E-03) 
lecreased welght gam 5.71E-01 (2.00E+00) 

ncreased liver welght 7.14E-01 (2.50E+00) 
Kidney toxlclty 1.43E+00 (5.00E+00) 

evelopmental toxtclty 

CNS, nose rmtatlon 
2.57E-02 (9.00E-02) 

CNS neurologIca1 
effects, eye and nose 

lmtatlon 
Lwer welght change 5.71E-01 (2.00E+00) 

2.90E-01 

--- - 

mogen~c Effects Slope Factor EPA Grour, 
Inhalation Innalahon Innalatlon 

mg/kg/day-' (mg/m3)c 

r 

mach, liver, and 7.OOE+OO 
.idney tumors 
a1 cavlty tumors 2.50E-01b (7.10E-05) 

- 
Carc 

-- 

Sto. 
k 

Nas 

M 
BE 

Cir 

A< 

Liv, 

2 - 

Liver tumors 4.00E-02b (i.lOE-05) 
ammary gland; 5.70E-03b (1.60E-06) 
lenocarclnoma 
culatory system 7.00E-02b (2.20E-05) 

sarcoma 
lenocarc~noma 1.20E+00 

:I; hepatocellular 1.00E-02b (2.00E-06) 
carcmoma 

Liver & lung; 2.70E-01b (7.808-05) 
mglosarcomas 



Table 4-1 
Inhalation Reference Doses and Slope Factors for the Chemicals of Concern 

Sem~volatile organlc chemicals 
Acenaphthene 
Acenaphthyiene 
Benz[a]anthracene 
Benzo[a]pyrene t- 
Inaeno(l,2,3-cd)pyrene I 2-Methylnaphthalene 
Naphthalene 
Phenanthrene 

I Pyrene 

Metals 
Lead 

a RfD calculated from R E  (mdr 
b Value taKen from Cal EPA 199 

Noncarcmogenlc Safety 
effects Subchronlc RfD (RE) Factor C h n l c  RfD (RE) Safety Factoi 

Inhalanon Inhalation Inhalation Inhalanon Inhalahon 

sma the formula: R E  x 20 m' per day170 kg= RfD (mglkglday) - 
ricer Potency Factors: Update 

arclnogenlc Effects Slope Factor EPA Group 
Inhalabon Inhalabon Inhalation 

rn&g/day-' (mgm3)c 

PEF 3.90E-01c B2 
sp~ratory tract tumors 3.90E+OOb (1.lOE-03) B2 

PEE 
PEF 

Lung; alveolar cell 
carcmoma 

PEF 

c Converted to (mglkg/day).' from the unit risk (pg/m3) uslng the formula: Unlt risk x 70 kg x 1000 pdmg x 1/20 m: per day = Slope fact01 
-Not available 



Benzene 
sec-Butylbenzene I tert-Butylbenzene 
1,~-~ibromo-3-chloropropane 

Ethylbenzene 
Isopropylbenzene (cumene) I n-Propylbenzene 
Toluene 

I 1,2,4-Trichlorobenzene 
1,1, I-Trichloroethane 
Trichloroethene 

1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Vinyl chloride 
Xylenes 

Table 4-2 
Oral Reference Doses and Slope Factors for the Chemicals of Concern 

goncarcmogena effects Subchronlc RfD Safety Factor Chromc RfD Safety Factor 
m Oral Oral Oral Oral 

,creased liver and kidney 
welght 

None observed 

Liver leslons 

Decreased hematocnt and 
hemoglobin 

Liver and kidney tox~c~ty 
Increased kidney welght 

Lrver and kidney altered 
we~ght 

Increased adrenal welght 

Decreased welght and 

ucmogenlc Effects Slope Factor EPA Group 
Oral Oral Oral 

mgikglday-' 

Lewem~a i.00E-01a 

itomach, liver, and 7.00E+OOa 
kidney tumors 

qasal cavlty tumors 3.60EcOOa 

Liver tumors 4.00E-02a 
Mammary gland; 5.70E-03a 
adenocarclnoma 

Circulatory system 7.00E-02a 
sarcoma 
Adrenal 6.00E-01 

~heochromocytomas 

Liver; hepatocellular 1.50E-02a 
adenoma, carcinomas 

Lung and liver tumors 2.70E-01a 



Acenaphthene 
Acenaphthylene 
Benz[a]anthracene 
Benzo[a]pyrene 
Benzoplfluoranthene 
Benzo(k)flnoranthene 
Benzn[g,h,i]pe~~lene 
D~benz(a,h)anthracene 

Indeno(l,2,3-~d)p~ene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyene 

Metals 
Lead 
a Value taken from Cal EPA 1994 Ca 

Table 4-2 
Oral Reference Doses and Slope Factors for the Chemrcals of Concern 

~oncarcmogemc effects Subchronlc RfD Safety Factor Chronlc RfD Safety Factor 
Oral Oral Oral Oral Oral 

mgikglday mgkg/day 

Liver toxtclty 6.00E-01 300 6.00E-02 3000 

Kidney effects 3.00E-01 300 3.00E-02 3000 

Potency Factors: Update 

arclnogenlc Effects Slope Factor EPA Group 
Oral Oral Oral 

mg/kg/day" 

PEE 
:orestomach tumors 

PEF 
PEE 

Lung; alveolar cell 
carcmorna 

PEE 

-Not available 



Table 4-3a Summary of Lowest-Observed-Effect Levels for Key Lead-Induced Health Effects in Children 

Lowest observed effect Heme synthesis and Neurological effects Effects on the kidney Gastromtestmal effects 
level (blood lead conc. hematological effects 

Encephalopathic slgns and 
symptoms 

Frank anenna 

Reduced hemoglobin 
productI0n 

Elevated coproporphynn 

Increased m a r y  ALA 

EP elevahon 

ALA-deydrase Inhibition 

I 

Peripheral neuropathies 
J. 

4 
? 

Slowed penpheral nerve conduction 

CNS cognitive effects 
(IQ deficlts, etc.) 

I 

Altered CNS electrophyslologma~ 
responses 

Mental development mdex deficlts. 
reduced gestabonal age and birth 

Chronic nephropathy Colic and other overt 
gastromtestmal 

symptoms 
4 

Interference with 
Vitamin D metabolism 

4 
4 
4 
7 

CNS- Central nervous system; ALA - Ammolevulimc acid; EP - Erythrocyte protoporphynn; Py-5-N -Pyrimidine -5'-nucleotidase 



Table 4 3 b  Summary of Lowest-Observed-Effect Levels for Key Lead-Induced Health Effects in Adults 

Lowest observed effect Heme synthesis and Neurolog~cal effects Effects on the kidney Reproduchve Cardiovascular effects 
level (blood lead conc. hematolog~cal effects funchon effects 

Encephalopathic stgns and Chrome nephropathy 
symptom .1 

Frank anenna & 

v J, Female reproductive 

Reduced hemoglobin Overt subencephalopathic 4, Altered teshcular 
productton neurological symptoms funchon 

.1 J. .1 
Increased urmary ALA Slowed peripheral nerve 

and elevated conduchon 
coprophynns $ 

EP elevation In males 

EP elevation in females 

ALA dehydrase 

Elevated blood pressure 
(white males aged 40-59) 

.1 
J. 

Inhibition 
ALA - Ammolevulinic acid; EP - Erythrocyte protoporphynn 



5.0 RISK CHARACTERIZATION 

Hazard quotients and theoretical lifetime cancer risks calculated for a child at play and 

utility worker exposed to chemicals in soil and shallow gound water are presented in 
Tables 5-1 through 5-6 Lead risk calculations for the child at play and the utility worka 

exposed to lead in soil a e  discussed in Section 5 1 1 The ~esults of risk calculations for 

petroleum hydrocarbons performed using the ASTM, API, and MDEP methods are 

discussed in Section 5 3 

5.1 Noncarcinogenic Risks 

Hazard quotients calculated for the child at play exposed to the chemicals of' concern in 

Elevated Sections surface soils and shallow ground water were less than 1 for all 

chemicals (Tables 5-1 and 5-4, respectively) Hazard indices (the total of the hazard 

quotients) for each exposure pathway were likewise less than 1. Even after combining 

hazard indices across exposure pathways, the total hazard indices for exposure to su~face 

soils (0.022) and shallow ground water (0.0022) were less than 1, indicating that 

noncarcinogenic health effects would be unlikely to result from exposure to the chemicals 

of' concern in these media. 

For the utility worker, hazard quotients calculated for all chemicals of' concern in 

Elevated Sections soils and At Grade Section soils and Elevated Sections ground water 

and At Grade Section p u n d  water were less than one (Tables 5-2, 5-3, 5-5 and 5-6, 

respectively) Hazard indices for all exposure pathways were also less than one. When 

summed across exposure pathways, the total hazard indices for the gtility worker exposed 

to the chemicals of' concern in Elevated Sections and At Grade soils was 0.021 (Table 5- 

2) and 0007.3 (Table 5-3), respectively, indicating that noncarcinogenic health effects 

would be unlikely to result from exposure to the chemicals of' concem The inhalation 

hazard indices from exposure to chemicals volatilizing from shallow ground water in the 

Elevated Sections (Table 5-5) and At Grade Section (Table 5-6) were also less than 1 

(0.33 and 0.000049, respectively), indicating that inhalation of volatile chemicals present 

in either Elevated Sections or At Grade Section shallow ground water is unlikely to be 

associated with noncarcinogenic adverse health risks 



5.1.1 Characterization of Risks from Lead in Soil 

Blood lead concentrations calculated for a child at play exposed to lead in surface soils 

and a utility worker exposed to lead in suface and subsuface soils can be calculated 

using methods outlined in DTSC guidance (DTSC, 1992) and a recent DTSC 

memorandum (DTSC, 1994b) The calculations presented below assume that no 

protective measures are taken to prevent exposure to lead-affected soils The assumptions 

used to calculate blood lead concentrations for a child at play and a utility worker 

exposed to lead in soil are presented in Attachment D, 

5.1.1.1 Child at play 

A child at play may be exposed to lead in surface soil at the Elevated Sections of' the I- 

880 Conidor site. The exposure parameters used to calculate lead exposure for the child 

at play are presented in Attachment D For reasons of' conse~vatism, the higher of' the 

95% upper confidence limit concentrations for lead in Elevated Sections surface soils was 

used to assess lead exposure (South Elevated Section, 605 mgkg). The calculated blood 

lead concentrations associated with a child's exposure to 605 mgkg lead in soil for 3 days 

per week were 3.4, 5.3, 60, 6.9, and 7 6  pg/dL for the 50th, 90th, 95th, 98th, and 99th 

percentile values, respectively These concentrations are all below the DTSC's blood lead 

concentration of' concern for a child of' 10 pg/dL, indicating that a child's exposure to 

surface soil in the Elevated Sections of the 1-880 Co~ridor is unlikely to result in 

overexposure to lead 

As a point of' comparison, lead exposure modeling perfo~med by O'Flahaty (O'Flahe~ty, 

1995) predicts that a child resident's exposure to avelage soil lead concentrations of' 500 

mgkg and lower would result in blood lead concentrations less than 10 pg/dL It should 

be noted that the average lead concentration in Elevated Sections surface soil from the I- 

880 Co~~idor  site is 318 mgkg, lower than the soil lead concentration evaluated by 

O'Flahe~ty (500 mgkg) Further, the child at play would not be exposed to lead in site 

soils on a daily basis as would O'Flaherty's child resident For these reasons, lead 

exposure modeling pe~fo~med by O'Flahe~ty p~ovides fiuther support that a child's 

exposure to smface soil at the 1-880 Corridor is unlikely to result in a blood lead 

concentration over 10 pg/& 



5.1.1.2 Utility worker 

During excavation of' soils for utilities or below-grade stmctwes at the 1-880 Corridor 

site, utility workers could he exposed to higher concentrations of' lead present in 

subsurface soils The exposure parameters used to calculate lead exposure for the utility 

worker are presented in Attachment D According to California Code of' Regulations 

(CCR) Title 8 5 1532.1, Lead in Construction standard, workers engaged in 'New 

construction, alteration, repair, or renovation of'structues, subshates, or portions thereof; 

that contain lead, or materials containing lead" would be covered under this ~.egulation.. 

Thus, Title 8 5 1532.1 appears to be applicable to workers that could lay utility lines or 

sewer lines in soils at the 1-880 Corridor site after the freeway is constructed 

Using the DTSC leadspread model, the calculated 50th, 90th, 95th, 98th, and 99th 

percentile blood lead concentrations for a utility worker exposed to surface and 

subsurface soils containing an average of 361 mgkg lead (higher 95% UCL value for 

surface and subsurface soils fiom Elevated vs At Grade Sections) were 2 6 ,4  0,4 5, 5 2 

and 5 8 pg/dL, respectively Based on these calculations, utility worke~ exposure to lead 

in surface and subsurface soils is unlikely to result in a blood lead concenhation that 

would exceed 10 pgldL 

Based on exposure calculations using the DTSC lead exposure model, a utility worker's 

exposure to soil lead concentrations detected at 1-880 Corridor site is unlikely to result in 

blood lead concentrations that exceed any recommended blood lead standard (40 &dL) 

or health protection goal (30 pg/dL) in CCR Title 8 5 1532 1, the California Lead in 

Constmction standard 

5.2 Theoretical Lifetime Cancer Risks 

For the child at play at the Elevated Sections of' the 1-880 Cor~idor site, calculated 

theoretical lifetime cancer risks resulting fiom exposure to the chemicals of' concern in 

Elevated Sections surface soils and shallow groundwater were 1 E-06 and 2 E-09, 

respectively (Tables 5-1 and 5-4, respectively) Benzo(a)pyrene accounts for nearly all of' 

the calculated lifetime cancer risk for surface soils,, 

Theoretical lifetime cancer. risks calculated for the utility worker exposed to the 

chemicals of concern in Elevated Sections and At Grade Section surface and subsurface 



soils were 5 E-07 and 4 E-07 (Tables 5-2 and 5-3, respectively) Theoretical lifetime 

cancer ~isks  calculated for the utility worker exposed to volatile organic chemicals 

released from shallow pound water in the Elevated Sections and At Grade Section were 

1 E-07 and 3 E-08, respectively (Tables 5.-5 and 5-6) Benzo(a)pyrene accounts for most 

of'the calculated theoretical lifetime cancer ~ i s k  for the utility worker exposed to surface 

and subsurface soils in both the Elevated Sections and the At Grade Section of'the 1-880 

Corridor . 

5.3 Risks Posed by Petroleum Hydrocarbons 

As recommended by DTSC (DTSC, 1995), this ~ i s k  assessment considers human health 

risks posed by petroleum hydrocarbons using three risk assessment methods These 

methods, termed the ASTM, API, and MDEP methods, are briefly explained in Section 

4 4 of this report Risks calculated f o ~  chemicals associated with petroleum hydrocarbons 

are discussed below by the method used to calcuiate risks 

As discussed in Sections 2.1 and 2.2 of'this report, volatile organic chemicals other than 

1,2-dibmmoethane, PNAs other than benzo(a)anthracene, benzo(a)pyrene, 

benzo@)fluoranthene dibenz(a,h)anthracene, and indeno(l,2,3-cd)pyrene were eliminated 

as chemicals of'conce~n for 1-880 Co~ridor site based on comparison to residential PRGs. 

However, seve~al volatile chemicals and PNAs are used as indicator chemicals for 

petroleum hydrocarbons for both the ASTM and API methods For this reason, in order to 

use the indicator chemical app~oaches used in the ASTM and API risk assessment 

methods, it is necessary to consider detected concentrations of' PNAs at the 1-880 

Corridor site. For the sake of completeness, this report evaluates detected PNAs using 

both the ASTM and API methods below 

5.3.1 ASTM Risk Method 

As desc~ibed in Section 4.4 of this repo~t, ASTM has developed an "indicator" chemical 

approach to deriving risk-based screening level concentrations for selected chemicals in 
soil and gound water. In particular, the ASTM has developed risk-based screening levels 

for benzene, ethylbenzene, toluene, xylene, naphthdene, and benzo(a)pyrene in soil and 

ground water for residential and industrial exposure scenarios. The ~isk-based screening 

levels f o ~  these chemicals in soil and ground water are presented in Table 4 of' the 

"Emergency Standard Guide for Risk-Based Co~rective Action at Petroleum Release 



Sites" (ASTM, 1994) Comparisons of detected chemical concentrations to ~isk-based 

screening level concentrations listed in Table 4 of' the ASTM guidance are discussed for 

soils and ground water below It should be noted that this comparison is quite 

conse~vative since it compares the most stringent ~isk-based screening level (residential) 

to maximum detected concentrations of' indicator chemicals in soil and ground water,, 

fur the^; it compares screening levels developed for residential exposure scenarios to 

exposure conditions (child at play and the utility worker) that would be associated with 

less soil or inhalation exposure. 

5.3.1.1 Elevated Sections Soil 

As discussed in Section 2 of this repolt, benzene, ethylbenzene, toluene, xylenes, 

naphthalene, and several othe~ PNAs in soil were eliminated kom the ~ i s k  assessment 

based on comparison to USEPA Region M residential PRGs. However, in the interest of 

completeness, maximum detected concentrations of' these chemicals in Elevated Sections 

soils are compared to Tier 1 ASTM ~isk-based screening levels in Table 5-7 As 

calculated by ASTM, the Tier 1 ~isk-based soil screening levels take into account 

ingestion, skin contact, and inhalation of the indicator chemicals under residential 

exposure conditions 

Tiel. 1 ASTM screening levels are calculated using default exposure parameters and 

USEPA slope factors for carcinogenic chemicals and USEPA reference doses for non- 

carcinogenic chemicals DTSC slope factors for benzene and the potentially carcinogenic 

PNAs are different kom those developed by the USEPA and used by ASTM For this 

reason, the ASTM Tier 1 ~isk-based screening level is also presented as an adjusted value 

based on the DTSC slope factox, While the ASTM has not calculated ~isk-based screening 

levels for benzo(a) anthracene, benzo@)fluoranthene, benzo(g,h,i)pexylene, 

benzo(k)fluoranthene, chrysene, and indeno(l,2,3-c,d)pyrene, values were calculated 

using a relative potency factor of 0.1 and 0,01 and DTSC slope factors for 

benzo(a)pyrene (DTSC, 1994) Dibenz(a,h)antacene has no ASTM screening level. In 

order to calculate a value for dibenz(a,h)anthracene, the Califo~nia EPA slope factor for 

dibenz(a,h) anthracene was divided by the USEPA slope factor for benzo(a) pyrene and 

then multiplied by the ASTM screening level for benzo(a) pyrene. This resulted in an 

adjusted screening level for dibenz(a,h)anthracene nearly equivalent to the adjusted 

ASTM value for benzo(a)pyrene. 



The volatile organic hydrocarbons, benzene, ethylbenzene, toluene, and xylenes were 

detected in Elevated Section soil at concentntions below both ASTM Tier 1 screening 

levels for residential soil and adjusted ASTM levels (Table 5-7). The maximum detected 

concentration of'benzo(a)pyrene in Elevated Section soil exceeded the ASTM Tier 1 risk- 

based residential soil screening level and the adjusted ASTM value calculated using 

DTSC slope factors The maximum detected concentration of indeno(l,2,3-cd)pyrene 

also exceeded the adjusted ASTM value calculated using the DTSC slope factor 

Maximum detected concentrations of' benzo(b)fluoranthene, benzo(k)fluoranthene, and 

chrysene were below adjusted ASTM values The maximum concentmtions of' 

naphthalene in Elevated Sections soil were below the ASTM screening level No ASTM 

Tier 1 screening levels were available for the PNA benzo(g,h,i)perylene, however; as 

discussed in Section 2, benzo(g,h,i)pe~ylene was not considered to contribute to 

noncarcinogenic risk to any appreciable degree 

Although the maximum detected concentrations of' benzo(a)pyrene and indeno(l,2,.3- 

cd)pyrene in Elevated Sections soil exceeded their respective ASTM residential risk- 

based screening levels, these chemicals were not expected to pose significant risk under I- 

880 Corridor site exposure conditions. 

5.3.1.2 At Grade Section Soil 

As discussed in Section 2 of this xepoxt, toluene, naphthalene, and seve~al othex pekoleum 

indicator chemicals in At Grade Section soil were eliminated fiom the risk assessment 

based on comparison to USEPA Region IX residential PRGs However, ir, the interest of 

completeness, maximum detected concentrations of' these chemicals in At Grade Section 

surf'ace/subsurface soils are compared to Tier 1 ASTM risk-based screening levels in 

Tables 5% 

The volatile organic hydxocabon, toluene, was detected in At Grade Section 

surface/subsurface soil at a concentration below ASTM Tier 1 screening levels fox 

~esidential soil (Table 5-8) The maximum detected concentration of benzo(a)pyene in 

At Grade Section surface/subsutface soils exceeded the ASTM Tier 1 ~isk-based 

residential soil screening level and the adjusted ASTM value calculated using DTSC 

slope factors The maximum detected concentrations of benzo(a)anthracene, 



benzo(b)fluoranthene, dibenz(a,h)anthracene and indeno(l,2,3-cd)pyene also exceeded 

the adjusted ASTM values calculated using the DTSC slope factors 

Maximum detected concentrations of' benzo(k)fluoranthene and chrysene were below 

adjusted ASTM values No ASTM Tier 1 screening levels were available for the PNA 

benzo(g,h,i)perylene, howeve!; as discussed in Section 2, benzo(g,h,i)perylene was not 

considered to conhibute to noncarcinogenic ~ i s k  to any appreciable depee. 

In summary, the results of'the comparison indicate that five PNAs (benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene and indeno(l,2,3- 

c,d)pyrene) exceeded either ASTM Tier 1 risk-based screening levels or risk-based 

ASTM screening levels adjusted for the DTSC slope factor in At Grade Section soil 

Although the maximum detected concentrations of' these PNAs in At Grade Section soil 

exceeded their respective ASTM residential risk-based screening levels, these chemicals 

do not pose significant risk to utility wo~kers under 1-880 Corridor site exposure 

conditions. As presented in Table 5-3, theoretical lifetime cancer risks due to a utility 

worker's exposure to these five PNAs are well below the target lifetime cancer risk of' 1 x 

lo-! 

5.3.1.2 Ground Water 

ASTM has de~ived Tier 1 ~isk-based screening levels for chemicals detected in ground 

water f o ~  three diffe~ent exposwe scenruios for both residential and indushial exposure 

conditions. These scenarios are: inhalation of chemicals volatilizing from ground water 

through soils to the outdoor air., ingestion of chemicals in ground water md; inhalation of' 

vapor-phase chemicals released from shallow p u n d  water that have migrated into a 

buildmg Of' these exposure scenarios, only inhalation of' chemicals volatilizing kom 

ground water to outdoor air was applicable to the 1-880 Corridor site. The Tier 1 risk- 

based residential exposure scenario values for the scenario are compared to maximum 

detected concentrations of' petroleum hydxocarbon indicator chemicals of' Elevated 

Sections shallow sound water in Table 5-9 and in At Grade Section shallow ground 

water in Table 5-10, 

Maximum detected concenhations of petroleum hydrocarbon indicator chemicals 

detected in shallow ground water in the Elevated Sections (benzene, ethylbenzene, 

toluene, xylenes, and naphthalene) did not exceed ASTM Tier 1 risk-based screening 



levels. Maximum detected concenbations of benzene, ethylbenzene, toluene, xylenes, 

benzo(a)pyrene, indeno(l,2,3-cd)pyrene and naphthalene in At Grade Section also did not 

exceed ASTM Tier 1 risk-based screening levels 

This comparison indicates that these chemicals would be unlikely to pose unacceptable 

health risk even unda residential exposwe conditions Thus, these chemicals would not 

pose unacceptable health risks for a child at play in the Elevated Sections of'the 1-880 

Corridor since the child would have less exposure than under residential exposure 

conditions 

5.3.2 API DSS Risk Model 

As reviewed in Section 44, the API DSS risk assessment model may be used to calculate 

risks posed by chemicals that are considered to be common indicator chemicals for 

petroleum mixtures. Along with the model, the API supplies physical, chemical, and 

toxicological data concerning 25 chemicals considered to be indicators of petroleum 

contamination in the envisonment The API model includes fate and transpo~t models for 

ground water, soil, and air so that the user can calculate exposure point concentrations for 

the indicator chemicals in these media While it includes emission of volatile components 

of fuels from soil to air; the API DSS model does not consider exposure to volatiles 

released from ground water (as in an excavation) into outdoor air; this pathway was 

considered in Sections 5 1  and 5..2 of'this assessment,, 

API DSS fate and transpo~t modeling was required only for calculating air concentrations 

ofthe indicator chemicals The Thibodeaux-Hwang vapor emissions model was used for 

this purpose This model is presented in a modified form in the Superfund Exposure 

Assessment Manual (USEPA, 1988b). Other applicable fate and transpo~t models 

available in the API DSS model for calculating emissions of'volatiles from soil include 

Farmer's model, the Jury model, and SESOIL,. The Thibodeaux-Hwang model was 

selected to calculate emissions of volatiles &om soil because it requires relatively little 

site-specific data, is less complicated than the Jury or SESOIL models, and does not 

require the user to assume that the affected soil is covered by a clean soil cover (as in 

Farmer's model) 

The API DSS model also allows the user to input site-specific exposure assumptions into 

the model The same exposure assumptions listed in Table 3-3 were used to calculate 



exposure to API indicator chemicals in soil Maximum detected concenttations of the 

indicator chemicals in soil were used as exposure point concenhations Default USEPA 

slope factors and ~eference doses available in the API DSS model were used to calculate 

risks All exposure assumptions, calculated volatile concentrations in air, and API DSS 

risk model inputs are summaized in Attachments E and F for the child at play and the 

utility worker, respectively 

Tables 5-11, 5-12, and 5-13 summarize noncarcinogenic and carcinogenic risk 

calculations for the API indicator chemicals detected at the 1-880 Corridor site Note that 

the API has not included benzo(k)fluoranthene, and indeno(l,2,3-c,d) pyrwe as indicator 

chemicals for petroleum hydrocarbon mixtwes, however, benzo(k)fluoranthene did not 

exceed Region IX residential PRGs and indeno(l,2,.3-cd)pyr.ene only slightly exceeded its 

residential PRG. Given the difference in exposure between a residential scenario and the 

exposure conditions at the 1-880 Co~ridor site (i..e.., recreationaUindusttia1 scenario), the 

lack of inclusion of' these two PNAs as indicator chemicals in the API DSS model should 

not underestimate risk. 

Using the API DSS model, the total hazard index for the child at play exposed to the API 

indicator chemicals in Elevated Sections surface soil was 0,000022 (Table 5-11). This 

value is well below one, indicating that exposure to these chemicals in surface soil is 

unlikely to be associated with noncarcinogenic adverse health effects. The theoretical 

lifetime cancer risks calculated for the child at play in Elevated Sections surface soil were 

1 E-06 (Table 5-1 1). 

For the utility worker exposed to the API indicator chemicals in surface/subsu~face soils 

in the Elevated Sections, the total hazard index (0 028) is less than 1, indicating that it is 

unlikely that exposure to these chemicals would be associated with noncaxinogenic 

adverse health effects (Table 5-12) Calculated theoretical lifetime cancer risk resulting 

from exposure to these chemicals in soil was 2 E-07 (Table 5-12) 

For the utility worker exposed to the API indicator chemicals in soils in the At Grade 

Section, the total hazard index (0,027) is less than 1, indicating that it is unlikely that 

exposure to these chemicals would be associated with noncarcinogenic adverse health 

effects (Table 5-13), Calculated theoretical lifetime cancer risk resulting &om exposure to 

these chemicals in soil was 1 E-06 (Table 5-13) 



In summary, for the child at play and the utility worker, the API DSS ~ i s k  model indicates 

that exposure to petroleum indicator chemicals in soils at the 1-880 Cor~idor site would 

not be associated with noncarcinogenic adverse health effects or theoretical lifetime 

cancer xisks higher than 1 E-06 

5.3.3 MDEP Risk Method 

The MDEP risk method is a health-based altexnative to the use of the TPH (total 

petroleum hydrocarbon) parameter in the evaluation of' human health risks posed by 

petroleum hydrocarbons in water and soil As discussed in Section 4.4 of this repod, the 

MDEP scheme requires analysis of'petroleum hydrocarbons to detect the quantity of' C5 

to C8, C9 to C18, and C19 to C32 alkanes/cycloalkanes and C9 to C.32 aromatics/alkenes 

in soil or water. These hydrocarbon-specific data are unavailable for the 1-880 Corridor 

site 

While GC and GCMS analyses of' soil samples at the 1-880 Coxridor site indicate that the 

majority of detected hydrocarbons are in the high-boiling (motor. oil) range of' petroleum 

hydrocarbons, these data do not supply the charactexization necessary to identify whether 

detected hydrocarbons are alkanes, alkenes, or aromatic compounds Thus, the MDEP 

method cannot be fully implemented at the 1-880 Coxridor site., 

Despite the above-described shoxtcomings in the chemical charactexization of petroleum 

hydracarbons detected at the site, the MDEP method may be applied to pe~form a "worst 

case" analysis if' it is conservatively assumed that the detected petroleum hydrocarbons 

are the most toxic MDEP petroleum hydrocarbon &action. For example, if' it is assumed 

that all TPH-diesel and TPH-gasoline detected at the 1-880 Conidor site are comprised of' 

the most toxic pekoleum fraction (C9 to C32 aromatic/alkenes), the lowest reference dose 

applied by the MDEP (i.e., 003 mgkglday) can be used to evaluate the noncarcinogenic 

risk associated with these petroleum hydrocarbons in soil at the site., 

It should be noted that the MDEP method discusses only the use of' chronic reference 

doses in assessing risks posed by petroleum hydrocarbons in soil or water. how eve^; 

pyrene, the reference chemical used by the MDEP to represent the most toxic 

hydrocarbon fkaction, also has a USEPA-dexived subchronic reference dose of' 0..3 

mg/kg/day A subchronic reference dose is more appropriately applied to the subchronic 

exposure (less than 7 years) calculated for a utility worker Thus, in calculating the risks 



posed by a child's chronic exposure to petroleum hydiacarbons in soil, a chronic 

reference dose of' 003 mglkglday is used For the subchronic soil exposure experienced 

by a utility worker, a subchronic reference dose of 0 3 mgikglday is used, 

Noncarcinogenic risks posed by petroleum hydrocarbons in soil may be calculated by 

using the average daily intakes of' petroleum hydrocarbons for the child at play in the 

Elevated Sections and the utility worker in the Elevated Sections and the At Grade 

Section presented in Tables 3-5, 3-6, and 3-7, respectively. The average daily intakes 

were calculated using the maximum detected concentration of' the petroleum 

hydrocarbons in soil,, 

The hazard quotients associated with ingestion, skin contact, and inhalation of the 

petroleum hydrocarbon mixtures are presented in Tables 5-14, 5-15, and 5-16 for the 

child at play and the conshuction worker, respectively. The overall hazard indices for the 

child at play (Elevated Sections) and the utility worker (Elevated Sections and At Grade 

Section) are 0.022, 0.016 and 0,0073, respectively These calculations indicate that the 

child at play and the utility worker are unlikely to expe~ience noncarcinogenic health 

effects as a result of'exposure to petroleum hydrocarbons in soil at the 1-880 Co~~idor  site,, 

The ~ i s k  calculations discussed above may be considered overly consemative for TPH- 

motor oil if' the typical composition of' motor oil is considered. For example, gasoline and 

diesel fuel consist primarily of'C4 - C12 and C9 - C20 range hydrocarbons, respectively, 

whereas motor oil consists primarily of'C15 to C50 range hydrocarbons (MDEP, 1994),, 

Gosselin (1984) indicates that motor oils are 75% to 100% composed of' mineral oil., 

Mineral oil is widely recognized as having low toxicity (ATSDR, 1994; MDEP, 1994)., 

Ellenhorn and Barceloux (1988) classify a child's consumption of' 5 ml and less of' 

lubricating oils, mineral oil, and motor oils as a "nontoxic ingestion". At a concentration 

of' 4800 mgkg of' motor oil in soil (the maximum detected concentration in Elevated 

Sections suface soil at the 1-880 site), a child would have to ingest 1 kg (2.2 pounds) of' 

soil to equal a 5 ml ingestion ofmotor oil 



5.4 Evaluation of Risk Assessment Uncertainties 

Several areas of' uncertainty were associated with the estimation of' chemical intakes from 

exposure to soil and air and the characterization of' risk. For ease of' discussion, 

uncertainties are discussed as they relate to either the estimation of' exposure or the 

evaluation of' chemical toxicity. 

5.4.1 Uncertainties Related to Estimation of Exposure 

Uncertainties associated with estimation of' exposure to the chemicals of' concern in soil 

or shallow p u n d  water primarily relate to: 

. chemical analysis of' volatile organic chemicals in soil; 

. chemical analysis of petroleum hydrocarbons as "total petroleum hydrocarbons"; 

the selected ffequencies of human contact with chemicals in soil and shallow 

graund wateI; 

e the selection of'exposure variables to estimate oral, dermal, and inhalation intakes 

of'the chemicals of' concern in soil and ground water and; 

. estimation of' chemical release from soil and ground water and the resulting air 
concentrations at receptor locations. 

These areas of uncertainty are discussed below 

Several chemicals detected in the Elevated Section and At-aade Section soils are 

considered volatile. USEPA indicates that analysis of' volatile chemicals is a source of' 

considerable unce~tainty that may affect confidence in sampling results (USEPA, 1992c) 

In particular, concentrations of volatile chemicals such as acetone, benzene, 1,2- 

dibromoethane, 1,2-dichlo~.oethane, ethylbenzene, methylene chloride, methyl ethyl 

ketone, tetrachioroethene, toluene, trichloroethene, and xylenes may be underestimated if' 

precautions are not taken to minimize loss of' chemicals from soil during sample 



handling However; because this risk assessment assumes that exposure to volatile 

chemicals in soil may be as long as months to years, the loss of volatile chemicals that 

may occur during sample handling is probably offset by the assumed duration of' 

exposure to volatile chemicals in soil For example, if' loss of' volatile organic chemicals 

from soil occurs during sample handling, similar. losses of' volatile chemicals from soil 

would also be expected to occur as a result oftrenching or excavation of' affected soils 

Recent publications have questioned the usefulness of' gravimetric ("oil and grease") and 

USEPA Method 418 1 ("total recoverable petroleum hydrocarbons") methods for 

analyzing petroleum hydrocarbons in soil and water and in particular, their usefulness for 

risk assessment purposes (Block et al,, 1991; Douglas et al., 1992; MDEP, 1994),, 

Principal concerns regarding the "oil and grease" analysis include the fact that: the 

method of' extraction leads to removal of petroleum hydrocarbons with the extraction 

solvent; the method has high detection limits and; the method cannot discriminate 

between simple classes of' petroleum hydrocarbons As stated by MDEP, the gravimetric 

procedure "represents the most basic level of' analysis and is not recommended for health 

risk assessment purposes" Due to these obvious shortcomings, "oil and grease" analyses 

of soils from the 1-880 Cor~idor site were not used in this risk assessment Rather than 

provide worthwhile data, use of the "oil and grease" analysis for soils at the 1-880 

Corridor. site would introduce even greater uncertainty to the ~ i s k  assessment., 

Similarly, the results of USEPA Method 418 1 analyses are not useful for risk 

assessments For example, Method 418 1 has been criticized because it leads to the loss 

of volatile organic chemicals fcom the soil sample during the extraction, it has a poor 

extraction efficiency fox high molecular weight hydrocarbons, it may remove 5- and 6- 

ring alkylated aromatics during the silica cleanup procedure, and it measures naturally 

occur~ing hydrocarbons Technical problems such as these have lead the MDEP to 

conclude that "[Method 418 11 does not provide product identification if it is performed 

as outlined in the EPA method" and that it is "not ~ecommended for generating data used 

in health risk assessments" (MDEP, 1994) Thus, "total ~ecove~able petroleum 

hy&ocarbon" (Method 418 1) analyses were not used in the ~ i s k  assessment for the 1-880 

Corridor site 



The gas chromatography (GC) and GCImass spectrometry techniques used to detect 

TPH-gasoline, TPH-diesel, and TPH-motor oil provide little information to characterize 

the classes of' petroleum hydrocarbons present in soils at the 1-880 Corridor site. 

However; given the conservative MDEP assumptions used in evaluating the toxicity of' 

these detected petroleum hydrocarbons (Sections 5 3  3), it is unlikely that the use of'these 

data has resulted in underestimation of' human health risks posed by petroleum 

hydrocarbons in soil at the 1-880 Corridor site, 

Determining the fiequency of a child's contact with the 1-880 Conidor site is clearly 

dependent on site-specific factors, several of which remain uncertain These factors 

include whether or not the areas under the freeway will be fenced or paved, the 

availability of recreation areas near the raised portion of the fieeway, and others The 

conservatism of the exposure assumptions used to calculate exposure to chemicals for the 

child at play is discussed below 

It was assumed that a child at play would be exposed to surface soils unde~neath the 

fxeeway 36 days per year for 7 years This fiequency of' exposure was derived &om 

guidance provided in the "Supplemental Guidance for Human Health Multimedia Risk 

Assessments of' Hazardous Waste Sites and Permitted Facilities (DTSC, 1992) In that 

guidance document, the DTSC calculated that a six year old child would spend time 

equivalent to 43.7 days of' exposure (a soil "exposure day" was considered to be 

equivalent of' 13 waking hours) at a community park In addition, the DTSC calculated 

that a 7 to 17 year old child would spend time equivalent of 390.5 days of' exposure (an 

"exposure day" for the 7 to 17 year old child was considered to be 16 waking hours) at a 

community park over an 11 year period. If' these days of' exposure are summed and 

divided by the 12 y e a  exposure period, an average of' 36 days per year is calculated for 

the amount of' exposure days that a child may spend at a community park 

From the results of' a recent study by Si1ve1.s et a1 (1994), the assumption of' 36 days of' 

exposure to chemicals in soil can be considered conservative. Silvers et al, surveyed 1000 

households in six states (including California) to determine the activity patterns of' 

children between the ages of' 5 to 12 years A total of' 182 households were surveyed in 

California. The time children participated in various activities (sleeping, attending school, 

eating meals, etc ) was recorded In addition, the amount of' time spent in outdoor and 



indoor play at home and away from home was also recorded. The results of'the California 

suIvey are presented below,, 

Activities of California Children 5- to IZ-Years of'Age 

Mean Standard 
Location by site and activity (hours per day) Deviation 

Indoors at home 
Indoors away from home 
Indoors, unknown site 
Outdoors at home 
Outdoors away from home 
Outdoors, unknown site 
At home, unknown location 
Away from home, unknown location 
Unknown location and site 

Total over location by site 24 00 

Total hows indoors 
Total hours outdoors 

From Silvers et a1 (1994) 

F~.om these data, Califo~nia children spend over 90% of'their day indoors The statistic 

most applicable to an estimate of' a child's exposure to soil away from home ("outdoors 

away kom hone") indicates that veIy little time is spent outside away from the home 

(mean = 096 hours per day; standard deviation, 1.73) The calculated 95% upper 

confidence S i t  on the aithmetic mean of time spent outside away fiom home is 

calculated to be 1 17 bows per day Given that the mean numbe~ of waking hours in a 5- 

to 12-yea old child's day is 13 5 (Silve~s et al ,  1994), app~oximately 8 7% of a 

California child's waking hours a e  spent outside away from home It should be noted that 

the Silvers et a1 study did not differentiate time spent outside while away at school 01 

while on vacation kom the time recorded as being spent "outdoors away from home". 

Thus, the mean amount of' time spent in outdoor activities away kom home determined 

by Silvers et al. (1994) would tend to overestimate the time spent outdoors away from 

home in areas in a child's neighborhood Based on the results of'theu study, Silvers et a]., 

concluded that: 

"Children between 5 and 12 years of age spend much more time indoors than outdoors 
The average time spent indoors by chldren in New York, New Jersey, Pennsylvania, 
Washington, and Oregon du~ing Fall and Winter is almost 22 8 h per day The children in 
California are not far behind, at about 22 7 h per day spent inside The California Air 



Resources Board obtained nearly identical results for California children: 22 0 h inside 
Children also spend a great deal of time at home Ihese results alone have great impo~t 
for exposure and risk assessments of children; they indicate that attention should be 
focused on indoox, on-site hazards " 

Thus, the estimated frequency of exposure to soils underneath the fieeway (36 days per 

year for 7 years) is likely to overestimate any actual soil exposure that a child may 

experience,, 

The assumption of60 days of' exposure for a utility worker may be evaluated in terms of' 

time required to excavate a trench across the sections of the 1-880 Corridor site. For 

example, calculations performed using data in Means Building Construction Cost Data, 

53rd Annual Edition (Means, 1995), indicate that it would require approximately 9 

person-days to dig a trench 68 meters long by 1.75 meters deep by 1.25 meters wide and 

haul the excavated soil away from the site.. This estimate was based on use of' a one-half' 

cubic yard backhoe to excavate soils, the time required to install steel sheet piling into the 

trench, perform daily dewatering of' the trench, and load and haul away the excavated 

soils From these calculations, the assumed 60 days of' exposure for a utility worker can 

be considered quite conservative,, 

Selection of' Exvosure Variables 

In addition to the frequencies of' exposure assumed for soil at the site, the degree of' 

exposure to these media is also somewhat uncertain Estimates of' exposure to these media 

depend on the assumed amount of' air inhaled, the amount of' soil ingested, the amount of 

skin surface soiled, and the amount of'a chemical absorbed through the skin from soil and 

p u n d  water. 

In keeping with the USEPA default assumption, utility workers were assumed to ingest 

480 mg of' soil per day. A review of'the USEPA source for this assumption leads to the 

speculation of'Hawley (1985). Hawley calculated that with an assumed soil adherence of' 

.3.5 mg/cmz to the surface ofthe hands, an adult would ingest (presumably by licking or 

mouthing) half' of'the soil present on the inside of'the surfaces of'the thumb and fingers of' 

both hands twice daily. However; it is noteworthy that if' the EPA recommended upper 

bound soil adherence value is used (1 mg/cmz; as cited in USEPA, 1992c) is substituted 

into Hawley's equation, a soil ingestion rate of' 137 mg/day is calculated. Thus, the 480 

mglday soil ingestion rate that the USEPA states "may be used" is unsuppo~ted by any 



empirical observation or study and is likely to overestimate soil ingestion in a utility 

worker. 

Uncertainties associated with dermal exposure estimates for chemicals in soil are 

primarily associated with the lack of chemical-specific data concerning the rate or amount 

of' chemical which is absorbed through the skin The fractions of' dermal absorption of' 

chemicals from soil were 0.10 for 1,2-dibromoethane, 0 15 for PNAs, and 0.10 for 

petroleum hydrocarbons as presented in the California Preliminary Endangerment 

Assessment Manual (DTSC, 1994) 

In addition, the amount of' soil adhering to the skin is an important but somewhat 

uncertain factor in estimating the amount of'a chemical that will be absorbed through the 

skin This report uses the USEPA recommended upper bound value of' 1 mgl cm2 as a soil 

adherence value for a child at play and a utility worker. It should be noted that these 

values are derived from studies that examined the adherence of' soil to the hands and for 

this reason, the selected soil adherence values probably overestimate adherence of' soil to 

skin for other areas of'the body. For example, EPA states that: 

"However, these studies [Que Hee et a l  (1989) and D ~ i v e ~  et al. (198911 were 
conducted under laboratory conditions and examined adherence to hands only 
after intimate contact with soil -f' 
f l  
will likelv have lower values." [Emphasis added] 

and 

"Thus, the lowe1 end of this range (0 2) may be the best value to represent an 
average over all exposed skin and 1 mg may be a reasonable upper value " 
(pages 8-16 and 8-1 7, USEPA, 1992d) 

It is also noteworthy that the DTSC has used a soil adherence factor o f 0  5 mg/cm2 when 

assessing exposure to DDT in soil (DTSC, 1992). Thus, the soil adherence values 

selected are 1,easonably consetvative estimates of soil exposure for the child at play and 

the utility worker 

Chemicals of' concern with low volatility PNAs and petroleum hydrocarbons) were 

assessed by assuming that the dust concentration in air was 0.05 mg/m3 for the child at 



play and 1 mg/m3 f o ~  the utility worker The 0 05 mg/m3 level is the same value assumed 

for use in the California Preliminary Endangerment Assessment Guidance Manual The 1 

mg/m3 dust concentration assumed for the utility worker is intended to account for 

increased dust concenhations associated with excavation of soil These values are 

reasonably conse~vative given p~evious obse~vations of dust concentrations around 

conshuction areas 

For example, dust concentrations measu~ed in a general construction a e a  ranged fIom 

0 094 mg/m3 to 0 593 mg/ m3 with a median concentration of 0 280 mg/ m3 (Cowherd et 

a1 , 1974) Thus, a 1 mg/m3 airborne dust concentration is likely to ~epresent the upper 

bound of conditions likely to exist at a construction site 

Additionally, all dust particles present in air were assumed to be respirable and that all 

dust in air was assumed to be made up of' site soil. It was also assumed that the wind 

blows in the direction of'the receptors 100% of'the time. These assumptions would also 

tend to result in overestimation of' chemical exposure fkom inhalation ofparticulates.. 

The risk assessment for the 1-880 Corridor. site also conse~vatively assumes that chemical 

concentrations in soil and shallow ground water will remain constant over the exposure 

periods considered. Further, soils and shallow ground water were assumed to be affected 

by the maximum concentrations or 95% UCL concentrations of'the chemicals of' concern. 

The use of' these assumptions leads to the overestimation of exposures to chemicals 

detected in soil and shallow ground water. 

5.4.2 Uncertainties Related to Estimation of'Risk 

Uncertainties associated with characte~ization of' risks associated with the chemicals of' 

concern primarily relate to the characterization of' carcinogenic ~ i s k  While assessment of' 

risk kom petroleum hydrocarbons may also be considered somewhat uncertain, these 

uncertainties are conse~vatively addressed using the ASTM, API, and MDEP methods 

desc~ibed in Section 4 4  of'this report. 

Perhaps the greatest uncertainty associated with the risk assessment process is the 

evaluation of' carcinogenic risk due to chemical exposure. The fundamental principles 

underlying risk assessment for carcinogenic chemicals remain arguable, including the 

tenet that every potential carcinogen is associated with some degree of' carcinogenic risk, 



no matter how small the dose The belief that chemically induced cancer 1s a non- 

theshold process is a conservative default policy which the EPA assumes to ensure the 

ptotection of human health However, there is little biological basis to support the 

widespread application of this policy to all potential carcinogens 

The EPA default policy for potential chemical carcinogens mandates that results fiom 

high-dose animal studies be extrapolated to exposures in humans which are thousands of' 

times lower. The EPA uses a mathematical model known as the linearized multistage 

model to extrapolate from high doses to vety low doses. As applied by the EPA, the 

linearized multistage model leads to quantitative estimates of' cancer risk which are 

conservative, upper bound approximations of' lifetime cancer risk. The EPA expressed 

the following uncertainty in using the linearized multistage model to dete~mine 

carcinogenic risks in humans: 

'tlt should be emphasized that the linearized multistage procedure leads to 
a plausible upper limit to the risk that is consistent with some proposed 
mechanisms of carcinogenesis . Such an estimate, however, does not 
necessarily give a realistic prediction ofthe risk The true value of risk is 
unknown, and may be as low as zero The range of risks, defined by the 
upper limit given by the cho,sen model and the lower limit which may be 
stated as low as zero, should be explicitly stated" (51 Federal Register 
,33998) 

Thus, according to the EPA commentiuy cited above, carcinogenic risks estimated using 

the linearized multistage procedure lead to conservative but not necessarily realistic 

estimates of'tisk. The National Research Council has also commented conce~ning use of 

the linearized multistage model, stating: 

"The linearized multistage model is widely used to estimate cancer risks 
associated with envzronmental exposures (EPA, 1987) and is said to 
provide an upper-limit estzmate of low-dose response To some degree, 
the model's wide use rejects its mathematical flexibility However, 
biologic support for the assumption of linearity at low doses remains 
largely inferential and probably wrong in a high proportion of cases 
(emphasis added) (Bailar et a l ,  1988) (NRC, 1989) 

For these reasons, it is likely that the risks calculated in this report will substantially 

overestimate the actual risks which may be associated with exposure to the chemicals of' 

concern in soil and shallow ground water As discussed in Section 4.2 of' this report, 



proposed USEPA caxcinogenic risk assessment guidance indicates that caxinogenic 

potencies for non-genotoxic cacinogens may be considerably overestimated by cunent 

cancex risk assessment methods 



Table 5-1 
Child at Play-Elevated Sections 

Noncarcinogenic and Carcinogenic Risks Associated with Exposure to Chemicals in Surface Soils 

Benzo(a)anthracene 
Benzo[a]pyrene 

Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo[k]fluoranthene 
Chrysene 
Indeno[l,2,3-cdlpyrene 

Petroleum hydrocarbons 
TPH-Diesel* 
TPH-Gasoline* 
TPH-Motor oil/Journal box oil* 

eference dose (-) Hamd auotlent could not be calculated due to lack of 
\ ,  

a r, 
*There 1s no USEPA reference dose for petroleum hydrocarbons. The reference dose used is from 
Massachussetts Dept. of Environmental Protection 

na - not applicable; chenncal is not a potenha1 carclnogen 



Table 5-2 
Utility Worker-Elevated Sections 

Noncarc~nogenic and Carcinogenic Risks Associated with Exposure to Chenncals In Surface and Subsurface Soils 

mla t i le  organic chenncals 
I ~ t h ~ l e n e  dibromide 

Polynuclear aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo[a]pyrene 
Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo[k]fluoranthene 
Chrysene 
Indeno[l,2,3-cdlpyrene 
Naphthalene 

Petroleum hydrocarbons 
TPH-Diesel* 
TPH-Gasoline* 
TPH-Motor oil/Joumal box oil* 

Lead see Attachment D 
. , , .  .. . ,  . . .  . . , . : ~ , . ,  . . , . .  , + .  ; .  

. . ,  
pathway Risk 6.z'&03 ,, 7.6 &j ... 

. . 7.4'~:03' 
,. >. . . .  , , ' , , ..: I' - , , . .  . .  , , .  ., . . y1 E&* . . . ,  . . . 

~ L k f o r ~ 1 1  ~ a t h ~ y a y s  ..' . i  . . ' ' . . :' ;, 

(-) Hazard Ouotlcnt could not be calculated due to lack of a reference dose . . 
'There 1s no USEPA reference dose for petroleum hydrocarbons. The reference dose used is from 
Massachussetts Dept. of Envrronmental Protection 

na - not applicable; chenncal is not a potentla1 carcinogen 



Table 5-3 
Utility Worker-At-Grade Section 

Noncarcinogenic and Carcinogenic Risks Associated with Exposure to Chemicals in Surface and Subsurface Soils 

lPolvnuclear aromatic hvdrocarbons 
Benzo(a)anthracene 
Benzo[a]pyrene 
Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo[k]fluoranthene 
Chrysene 
Dibenz[a,h]anthracene 
Indeno[l,2,3-cdlpyrene 

Petroleum hydrocarbons 
TPH-Diesel* 
Journal box oil* 

(-)Hazard quotlent could not be calculated due to lack of a ret ice dose Rrer 
*There 1s no USEPA reference dose for petroleum nydrocarbons. The reference dose used is from 
Massachussens Dept. of Environmental Protection 

na - not applicable; chemlcal is not a potenhal carcinogen 



Table 5 4  
Child a t  Play 

Noncarcinogenic and Carcinogenic Risks Associated witb Inhalation 
of' Chemicals Volatilizing from Shallow Groundwater through Soil - 

Elevated Sections 

Butylbenzene (sec) 
Butylbenzene (tert) 
1,2-Dibromo-3-chloropropane (DBCP) 
1,2-Dibromoethane (EDB) 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
Ethylbenzene 
Isopropylbenzene 
n-Propyl benzene 
Styrene 
Toluene 
1,2,4-Txichlorobenzene 
1,2,4-Trimethylbenzene 
1,3,5-Rimethylbenzene 
Xylene (m & p ) 
Xylene (0) 

Polynnclear aromatic hydrocarbons 
Acenaphthene 
Naphthalene 

. . 
na- not applicable; chemical is not considered to be a potential carcinogen 



Table 5-5 
Utility Worker 

Noncarcinogenic and Carcinogenic Risks Associated with Inhalation 

Inhalation of Chemicals Volatilizing from Shallow Groundwater in Trenches- Elevated Sections 

Butylbenzene (sec) 
Butylbenzene (tat) 
1,2-Dibromo-3-chloropropane @BCP) 
1,2-Dibromoethane (EDB) 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
Ethylbenzene 
Isopropylbenzene 
n-Propyl benzene 
Styrene 
Toluene 
1,2,4-T~ichlorobenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Xylene (m & p ) 
Xylene (0) 

Polynuclear aromatic hydrocarbons 
Acenaphthene 
Naphthalene 
Phenanthrene 



Table 5-6 
Utility Worker 

Noncarcinogenic and Carcinogenic Risks Associated with Inhalation 
of Chemicals Volatilizing from Shallow Groundwater in Trenches 

At-Grade 

Acetone 
Benzene 
1,l-Dichloroethane 
1,l-Dichloroethene 
cis-l,2-Dichloroethene 
Ethylbenzene 
Tetrachloroethylene 
Toluene 
l,l,l-Trichloroethane 
Trichloroethene 
Vinyl chloride 
Xylenes 

Polynuclear. aromatic hydrocarbons 
Acenaphthylene 
Naphthalene 

na - not applicable; chemical 1s not considered to be a potential carcinogen 



Table 5-7 Comparison to ASTM Risk Based Screening Levels- 
Elevated Seetiom Surface and Subsurface Soils 

Benzene 
Ethylbenzene 
Toluene 
Xylenes (total) 

Polynuclear aromatic hydrocarbons 
Benzo(a)anihracene 
Benzo(a)pyrene 
Benzo@)fluorantheue 
Benzo(g,h,i)perylene 
Benzo(!@uomnthene 
Chrysene 
Indeno(liZ,3-cd)pyrene 

Table 5-8 Comaarlson to ASTM Risk Based Screentng Levels- 
At Graae Section Surface and Subsurface Soils 

Polynuclear aromatic hydrocarbons 
Benzo(a)asithracene 
Benzo(a)pyrene 
Benzo@)fluoranthene 
Benzo(g,h,i)peryiene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Inaeno(l,2,3-cdlpyrene 
*ASTM risk-based screenmg levels were calculated usmg DTSC slope factois 
(-)no risk based screening level available 

1 .lOE+OO 
2.OOE+OO 
1.30E+00 
1.00E+00 
7.40E-01 
4.4OE+OO 
8.30E-01 
1.4OE+OO 

1.30E-01 
7.91E-01 
7.91E-02 
7.91E-01 

7.91E-01 
7.91E+00 
7.30E-02 
7.91E-01 

-Yes- 
-Yes- 
-Yes- 

no 
no 
no 

-Yes.. 
-Yes'. 



Table 5-9 
Compar~son of ASTM Tier 1 Risk-Based Screening Levels to 

Maximum Detected Concentrations of Petroleum Hydrocarbon Indicator Chemicals 
in Elevated Sections Shallow Ground Water 

. 
Benzene 
Ethylbenzene 
Toluene 
Xylenes 

Polynuclear aromatic hydrocarbons 
Naphthalene 

Table 5-10 
Comparison of ASTM Tier 1 Risk-Based Screening Levels to 

Maximum Detected Concentrations of Petroleum Hydrocarbon Indicator Chemicals 
m At-Grade Section Shallow Ground Water 

Benzene 
Ethylbenzene 
Toluene 
Xylenes 

Polynuclear aromatic hydrocarbons 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 

*ASTM risk-based screening levels were calculated nslng DTSC slope fa 
(-)no risk-based screemng level available 

**Calculated screening level exceeds solubility limlt m water; water solub~lity limlt 1s listed. 



Table 5-11 
API DSS Model Risk Calculations 
Child at Play-Elevated Sections 

Noncarcinogenic and Carcinogenic Risks Associated with Exposure to Chemicals in Surface Soils 

Benzene 
Toluene 
Xylene 

Polynuclear aromatic hydrocarbons 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Chrysene 

. . 

na - not applicable; chem~cal is not a potential carcmogen 



Table 5-12 
API DSS Model Risk Calculations 
Utility Worker-Elevated Sections 

Noncarc~nogenrc and Carclnogenlc Risks Assoc~ated with Exposure to Chemicals m Surface and Subsurface Soils 

IVolatile organic chemicals 
Benzene 
Ethylbenzene 
1,2-Dibromoethane 
1,2-Dichloroethene 
Toluene 
Xylenes 

Polynuclear aromatic hydrocarbons 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,b,i)perylene 
Benzo(k)fluoranthene 
Dibenz(a,h)anthracene 
Fluoranthene 
Indeno(l,2,3-c,d)pyrene 
Naphthalene 
Phenanthrene 

(-) Hazard quotlent could not be calculated dut lack of a reference dose . . 
na - not applicable; ch~nncal is not a potential carcinogen 

Lietime Cancer Risks . , . , - ' Ingestion, . . '  ,. . ' .:~e&nal . . 
. .  . . . . Inhalation , .. . ' . , , ,  - , . . < . . ' . '  .. ' ' , 

, . .  ., , . 

nc - not calculated; the API DSS Model does not Include the chemical as an indicator chemlcal 



Table 5-13 
API DSS Model Risk Calculations 
Utility Worker-At-Grade Section 

Noncarcinogenic and Carcinogenic Risks Associated with Exposure to Chemicals m Surface and Subsurface Soils 

IVolatile organic chemicals 
Benzene 
Ethylbenzene 
Toluene 
Xylenes 

Polynuclear aromatic hydrocarbons 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenda.h)anthracene 

(-) Hazard quotient could not be calculated due to lack of a reference dose 
na - not applicable; chenucal is not a potentlal carcinogen 

nc - not calculated: the API DSS Model does not include the ChenuCal as an tnd~cator cnemlcal 



Iable 5-14 
Child at Play-Elevated Sections 

MDEP Noncarcinogenic Risks Associated witb Exposure to Petroleum Hydrocarbons 
in Surface Soil 

Table 5-15 
Utility Worker-Elevated Sections 

MDEP Noncarcinogenic Risks Associated with Exposure to Petroleum Hydrocarbons 
in Surface and Subsurface Soils 

Table 5-16 
Utility Worker-At-GI ade Sections 

MDEP Noncarcinogenic Risks Associated witb Exposure to Petroleum Hydrocarbons 
in Surface and Subsurface Soils 

Massachussetts Dept of Environmental hotection 



6.0 SUMMARY AND CONCLUSIONS 

The objectives of'the risk assessment for the 1-880 Corridor site were to evaluate possible 

human health risks that may be associated with chemicals detected in soil and shallow 

ground water after the new 1-880 fleeway is constructed. Soil and ground water in 

elevated areas of' the future 1-880 Corridor ("Elevated Sections") were given separate 

consideration h m  the at grade section ("At Grade Section") because of the different 

potential for human exposures to chemicals in soil and ground water in these areas The 

Elevated Sections of'the fleeway (North and South Elevated Sections) are separated by an 

At Grade Section of'the freeway,, 

Chemicals of concern in soils of the Elevated and At Grade Sections of' the 1-880 

Coxridor site were conservatively selected by comparison of' the maximum detected 

concentration of' each chemical to USEPA Region IX residential PRGs Surface soil (0 to 

1 foot depths) and surface/subsurface soils (0 to 5 feet depths) were given separate 

consideration due to differences in the potential for human contact with surface and 

subswface soils.. Maximum detected soil concentrations of the following chemicals in I- 

880 Corridor soils exceeded their respective xesidential PRG concentrations: 

Chemicals of Concern-Elevated Section Soils 

Volatile organic chemicals Polynuclear aromatic hydrocarbons Metals 
1,2-Dib~omoethane (subsurface soils Benzo(a)pyrene Lead 
only) Benzo@)fluoranthene 

Indeno(l,2,3-cd)pyrene 

Chemicals of Concern-At Grade Section Soils 

Polynuclear aromatic hydrocarbons 
Benzo(a)anthxacene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

Metals 
Lead 

In addition to the above chemicals that exceeded residential PRGs, TPH detected in soil 

and characterized as gasoline (low boiling hydrocaxbon fraction simiIar to gasoline; TPH- 

gasoline), diesel fuel (mid-boiling hydrocarbon fraction similar to diesel; TPH-diesel), 



and motor oil or jouxnal box oil (high-boiling hydrocarbon fiaction similar to motor oil or 

journal box oil; TPH-motor oil orjournal box oil) were identified for further evaluation in 

the risk assessment, 

Shallow ground water at the 1-880 Corridor site is not likely potable Thus, ingestion of 

chemicals detected in ground water was not evaluated However, volatilization of' 

chemicals fiom shallow ground water was considered to be a possible route of' exposure,, 

Thus, all volatile chemicals (chemicals with Henry's Law constants of' 1 x lo-' or greater 

and a vapor pressure of'0.001 mm Hg or greater) were considered for further evaluation 

in the risk assessment, 

Possible pathways of'the human exposure to the chemicals of' concern in soil and shallow 

ground water in the future 1-880 Corridor were evaluated under conditions that will exist 

after the fieeway is built. The Elevated Sections of' the fieeway were considered 

separately fiom the At Grade Section of'the fieeway since possible human exposure could 

occur to surface soils in the Elevated Sections. Casual human exposure to su~face soil in 

the At Grade Section of'the freeway will be prevented by pavement. 

For Elevated Sections of'the freeway, two possible receptors were identified that may be 

exposed to chemicals present in soil and shallow ground water. A child at play was 

considered to be potentially exposed to the chemicals of' concexn in Elevated Section 

surface soil (0-1' depth) via ingestion, skin contact, and inhalation of affected dusts and 

vapors In addition, inhalation of' the chemicals of' concern volatilizing fiom shallow 

ground water through vadose zone soils was also assessed for a child at play in the 

Elevated Sections of'the 1-880 Conidor site The child at play was assumed to be exposed 

to the chemicals of' concern in surface soil and shallow ground water for 36 days per y e a  

for 7 years In addition, a utility worker was also assumed to be exposed to the chemicals 

of' concern in surface/subsuIface soils (0-5') by the ingestion, skin contact, and inhalation 

mutes of' exposure in the Elevated Sections of' the fieeway. Due to the possibility that 

shallow ground water may pool in excavated trenches, utility worker inhalation of' 

chemicals volatilizing fiom shallow ground water in the Elevated Sections was also 

assessed. The utility worker was assumed to be exposed to the chemicals of' concern in 

soil and shallow ground water for 60 days (5 days per week for 12 weeks),, 

Secondly, utility worker exposure to the chemicals of concern in surface/subsurface soils 

in the At Grade Section of' the 1-880 Corridor site by the ingestion, skin contact, and 



inhalation mutes of exposure were also assessed Utility workers were assumed to have 

contact with surfacelsubsu~face soils in the At Grade Section as a result of road repair, 

excavation of' utility trenches, or from other ground intrusive activities Like the utility 

worker in the Elevated Sections ofthe freeway, the utility worker in the At Grade Section 

was assumed to inhale chemicals volatilizing h m  shallow graund water: Like the utility 

worker in the Elevated Section exposure scenario, the utility worker in the At Grade 

Section was assumed to be exposed to soil and shallow graund water for 60 days. 

The child at play and the utility worker were assumed to be exposed to the chemicals of' 

concern in soils and shallow gound water in the absence of any measures designed to 

protect against exposure (such as paving to prevent contact with soil or the use of 

respirators or protective clothing by utility workers)., 

Conservative DTSC and USEPA exposure assumptions were used to assess a child's and 

utility worker's exposure to the chemicals of' concern in soil and shallow ground water,, 

The 95% upper confidence limit (UCL) on the arithmetic mean concentration was used as 

the exposure point concentration for chemicals in soil in the Elevated and At Grade 

Sections Because the Elevated Sections are separated into North and South Sections, the 

higher of the 95% UCLs calculated for the North and South Sections was used as the 

exposure point concentration for Elevated Section soils Maximum detected 

concentrations of the volatile chemicals of concern in shallow ground wata were used to 

assess exposure and risk for the child at play and the utility worker 

USEPA reference doses and DTSC and USEPA slope factors were used to assess 

potential noncarcinogenic and carcinogenic effects associated with chemical exposure. 

Calculated noncancer and theoretical lifetime cancer risks associated with exposure to the 

chemicals of' concern in soil and shallow graund water at the 1-880 Conidor site are 

summarized in Table 6-1 As dete~mined by calculating hazard indices and theoretical 

lifetime cancer risks, a child at play and a utility worker are unlikely to experience 

noncarcinogenic adverse health effects or theoretical lifetime cancer risks geater than 

one in one million (1E-06) fiom inhalation, ingestion, or dermal contact with Elevated 

Section or At Grade Section soils or inhalation of' chemicals volatilizing from shallow 

ground water in Elevated or At Grade Sections,, 



Elevated Section Soil 

Even when hazard indices for the ingestion, skin contact, and inhalation pathways are 

combined, the overall hazard indices for the child (0,022) and utility worker (0 021) 

assumed to be exposed to Elevated Section soils were less than or equal to 1, indicating 

that soil exposure is unlikely to be associated with noncarcinogenic adverse health 

effects,, 

Calculated carcinogenic risks for the child at play and the utility worker exposed to 

Elevated Section soils were at or. below 1 5 0 6  (one in one million). The 1E-06 

theoretical lifetime cancer risk is the most conservative of'the 1E-04 (one in ten thousand) 

to 1E-06 range of' risks considered by the USEPA to be safe and protective of' public 

health. The overall theoretical lifetime cancer risk calculated for the child at play exposed 

to the chemicals of'conce~n in surface soil was 1 E-06 for the ingestion, skin contact, and 

inhalation routes of' exposure Ingestion, skin contact, and inhalation of' soils containing 

the maximum detected concenbation of'benzo(a)pyrene (054 mglkg) accounted for 85% 

of'theoretical lifetime cancer risk for the child at play. 

Calculated theoretical lifetime cancer risks for the utility worker exposed to Elevated 

Sections soils was 5E-07. This risk is below even the most conservative of' theoretical 

lifetime cancer risks considered by the USEPA to be safe and protective of' public health. 

Noncancer risk and theo~.etical lifetime cancer risk calculated for the utility worker 

exposed to At Grade Section soils were also acceptably low. The hazard index for 

ingestion, skin contact, and inhalation of' At Grade soils was 0..0073. This value is well 

below the value of' 1, indicating that a utility worker's exposure to the chemicals of' 

concern in At Gxade soils is unlikely to be associated with noncarcinogenic adverse 

health effects 

Calculated theoretical lifetime cancer risks for the utility worker exposed to At Grade 

Section soils was 4E-07 Like the theoretical lifetime cancer risk calculated for the utility 

worker exposed to Elevated Section soils, this risk is below the range of' theoretical 

lifetime cancer risks considered by the USEPA to be safe and protective of' public health 

(1E-04 to 1E-06),, 



Ground Water 

Risks posed by volatile chemicals in shallow gound water in Elevated and At Grade 

Sections are also summarized in Table 6 -1  Hazard indices calculated for the child at play 

in the Elevated Sections (0.0022) and utility worker in the Elevated Sections and At 

Grade Section (0331 and 0,000049, respectively) were much lower than 1, indicating that 

adverse noncancer health effects would not result from exposure to these chemicals in 

shallow ground water. Theoretical lifetime cancer ~isks  calculated for the child at play in 

the Elevated Sections (2E-09) and the utility worker in Elevated and At Grade Sections 

(1E-07 and 3E-08, respectively) were also below the most conservative ofthe range of 

theoretical lifetime cancer risks considered by the USEPA to be safe and protective of 

public health (1E-04 to 1E-06) 

Risk posed by exposure to lead in soil was evaluated using the DTSC's lead exposure 

model For the child at play, the higher of'the 95% UCL on the arithmetic mean of'the 

soil lead concentration of' the North and South Elevated Sections (605 mglkg; South 

Elevated Section) was used to perform the lead exposure calculation. Using the higher of 

the 95% UCL of'the two sections was considered to be a more conservative approach to 

assessing risk to a child. The calculated blood lead concentrations associated with a 

child's exposure to 605 mg/kg lead in soil for 3 days per week were 3.4, 5 .3,6.0, 69,  and 

7 6  pg/dL for the 50th, 90th, 95th, 98th, and 99th percentile values, respectively These 

concentrations are all below the DTSC's blood lead concentration of concern of 10 pg/dL, 

indicating that a child's exposure to surface soil in the Elevated Sections of the 1-880 

Corridor is unlikely to result in overexposure to lead 

Using the DTSC leadspread model, the calculated 50th, 90th, 95th, 98th, and 99th 

percentile blood lead concentrations for a utility worker exposed to surface and 

subsuface soils containing an average of 361 mgkg lead @ghe~ 95% UCL value for 

suface and subsurface soils from Elevated vs At Grade Sections) were 2 6 , 4  0 , 4  5, 5 2 

and 5 8 pg/dL, ~espectively Based on these calculations, utility worker exposue to lead 

in surface and subsuface soils is unlikely to result in a blood lead concentration that 

would exceed 10 pg/dLor a blood lead standard (40 pg/dL) or health protection goal (30 

pg/dL) in CCR Title 8 5 1532 1, the State of California Lead in Construction standard 



c 
a 
There are no universally accepted procedures established for assessing the risks posed by 

petroleum hydrocarbons in soil or ground water. As recommended by DTSC, risks posed 

by petroleum hykocarbon mixtures and indicator chemicals of' petroleum hydrocarbons 

(such as benzene, ethylbenzene, toluene, xylenes, and PNAs) were assessed using three 

different methods. These methods are the American Society for Testing and Materials 

method (ASTM method), the American Petroleum Institute Risk&xposure Assessment 

Decision Support System method (API DSS method), and the Massachusetts Deparbnent 

of Environmental Protection Development of' a Health-Based Alternative to the Total 

Petroleum Hydrocarbon (TPH) Parameter method (MDEP method) The ASTM and API 

DSS method deal specifically with selected indicator chemicals of' petroleum 

hydrocarbons. The MDEP method evaluates the risks posed by petroleum hydrocarbons 

by identifying a chemical surrogate for the different subfiactions of' petroleum 

hykocarbons present in gasoline, diesel fuel, and oil (motor oil and journal box oil) 

The ASTM has calculated risk-based soil screening levels fox benzene, ethylbenzene, 

toluene, xylenes, and the PNAs benzo(a)pyrene and naphthalene in soil and ground water 

for residential exposure conditions Because residential exposure conditions are generally 

recognized as providing the lowest risk-based soil and ground water concentrations for 

these indicator chemicals, comparison of maximum detected concentrations of these 

chemicals in soil and ground water at the 1-880 site to the ASTM risk-based levels is 

highly conservative The ASTM risk-based soil screening levels for benzene and 

benzo(a)pyrene were also recalculated to reflect DTSC slope factors Further, risk-based 

values were also calculated for potentially cacinogenic PNAs other than benzo(a)pyene 

The results of' the comparison of maximum detected soil concentrations of' indicator 

chemicals to ASTM residential screening level concentrations indicated that in Elevated 

Section soils, benzo(a)pyrene and indeno(l,2,3-cd) pyrene exceeded their respective 

residential soil screening levels. In At Grade Section soils, benzo(a)anthracene, 

benzo(a)pyrene benzo(b)fluoranthene, dibenz(a,h)anacene and indeno(l,2,3-cd)pyrene 

exceeded their respective residential screening level concentration No chemical detected 

in shallow ground water in either the Elevated or At Grade Sections exceeded the 

applicable ASTM residential ~isk-based screening level for indicator chemicals. As 

discussed in Section 551, although the maximum detected concentrations of' some 

petroleum indicator chemicals in Elevated Sections soil and At Grade Section soil 



exceeded their respective ASTM residential risk-based screening levels, these chemicals 

were not expected to pose significant risk under 1-880 Corxidor site exposure conditions 

( i  e ,  rccreationalhndustrial) 

The API DSS model was used to assess the risks of chemicals in soil detected at the 1-880 

Corridor site that are conside~ed indicator chemicals for petroleum hydrocabon mixtures 

Calculated overall haza~d indices f o ~  exposure to these indicato~ chemicals in soils for the 

ingestion, skin contact, and inhalation routes of exposure were 0 000022 and 0 028 for 

the child and utility wo~ker, ~espectively, in the Elevated Sections and C 027 and for the 

utility worker in the At Grade Section These hazard indices are well below 1, indicating 

that exposure to API DSS indicator chemicals at the 1-880 Corridor site is unlikely to be 

associated with noncarcinogenic adverse health effects 

Theoretical lifetime cancer risks calculated for API DSS indicator chemicals were 1 E-06 

and 2 E-07 for the child at play and the utility worker, respectively, in the Elevated 

Sections and 1E-06 for the utility worker in the At Gnde Section These risks are at or 

below the lower end oftheoretical lifetime cancer risk range considered by the USEPA to 

be safe and protective of'public health (1E-04 to 1E-06),, 

The MDEP method was used to evaluate possible health risks associated with exposure to 

TPH-gasoline, TPH-diesel, and TPH-motor oil concentrations detected in surface and 

subsurface soils for the child at play and the utility worker. In the absence of' hydrocarbon 

analyses specified by the MDEP, certain assumptions must be made with regard to the 

types of'hy&ocarbons present in soils at the site in order to apply the MDEP method For 

example, the reference dose established for the most toxic hydrocarbon kaction (0.03 

mg/kg/day for the C9 to C:32 aromaticlalkene fraction) was used to assess the risks posed 

by chronic exposure to TPH-gasoline, TPH-diesel, and TPH-motor oil in soil for the child 

at play,, 

Because exposure was assumed to occur over a subchronic period of time (less than 7 

years), a subchronic reference dose of' 0.3 rngkglday was used to assess the 

noncarcinogenic risks posed by petroleum hydrocarbons in soil for the utility worker. 

Overall hazard indices calculated for the child at play and the utility worker in the 

Elevated Sections weIe 0 022 and 0 016, respectively, and for the utility worker in the At 

Grade Section was 0 0073 These hazard indices indicate that exposure to TPH-gasoline, 



TPH-diesel, TPH.-motor oil, and journal box oil in soils is unlikely to be associated with 

noncarcinogenic adverse health effects, particularly since the maximum detected 

concentrations of these petroleum hy&ocarbons were used in calculating exposures 

Summary 

In summary, assessment of'potential health risks resulting kom exposure to chemicals in 

soil and shallow ground water at the 1-880 Conidor site indicates that: 

A child at play and a utility worker exposed to chemicals in soil or shallow ground 
water is unlikely to expe~ience noncarcinogenic adverse health effects as a result of' 
calculated levels of'exposure 

Overall theoretical lifetime cancer risks associated with soil exposure at the 1-880 site 
were 1 E-06 for the child at play and 5 E-07 for the utility worker in the Elevated 
Sections and 4 E-07 for the utility worke~ in the At Grade Section These theoretical 
lifetime cancer ~isks  are at or below the ~ i s k  range considered by the USEPA to be 
safe and protective of'public health (1E-04 to 1E-06) Theoretical lifetime cancer ~isks  
posed by calculated levels of' exposure to chemicals detected in soils at the 1-880 site 
are primarily associated with PNAs 

Calculated blood lead concentrations for the child at play exposed to lead in su~face 
soil are below the 10 pg/dL level of' concern for children. For the unprotected utility 
worker exposed to lead in su~face and subsurface soil, blood lead concentxations are 
unlikely to exceed the 10 pg/dL. This blood lead concentration is much less than the 
30 pg/dL recommended limit and the blood lead concentrations of' 40 to 49 pg/dL 
that bigger medical monito~ing and employee notification in the Califo~nia Title 8, $ 
1532 Lead in Constwction standard, 

Exposwe to petroleum hy&ocarbons or indicator chemicals of' petroleum 
hydrocarbons is unlikely to result in noncarcinogenic health effects or theoretical 
lifetime cancer risks above 1 E-06 for. the child at play or the utility worker, 



Table 6-1 
Risk Summary Table 

Risk Posed by Chemicals of Concern 
Potentially Exposed Source and Route of' Exposure Hazard Theoretical lifetime - 
Population Index Cancer Risk 
Child at Play 

Surface Soil-Elevated Sections 
Incidental ingestion of surface soils 00051 2 E-07 

Dermal contact with surface soils 0017 1 E-06 

Inhalation of' chemicals volatilizing from 0000013 2 E-10 
soil and chemicals released from surface soil 
as fugitive dusts 

Shallow Ground Water-Elevated Sections 
Inhalation of chemicals volatilizing fiom 0.0022 
shallow gronnd water through vadose zone 
soils 

Utility Worker Surface/Subsnrface soil -Elevated 
Sections 

Incidental ingestion of site soils 00062 

De~mal contact with site soils 0 0076 

Inhalation of' chemicals volatilizing from 0 0074 
soil and chemicals released from soil as 
fugitive dusts 

Soil -At  Gr ade Section 
Incidental ingestion of' site soils 

De~mal contact with site soils 00039 

Inhalation of' chemicals volatilizing from 0 00014 
soil and chemicals released from soil as 
fugitive dusts 

Shallow Ground Water - 
Elevated Sections 

Inhalation of chemicals volatilizing from 0 33 
shallow g~ound wake1 though vadose zone 
soils 

Shallow Ground Water - 
At Grade Section 

Inhalation of chemicals volatilizing from 4 9 E-05 4 E-08 
shallow ground wateI through vadose zone 
soils 
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ATTACHMENT A 
Clarification of'Risk Assessment Responsibilities 

In Response to DTSC Comments 



Southern Pacific Lines 
Environmental Affairs Group 

Soulha  Pacific Buildmg One 4larka Ptaw , San Frrmckco. CnliTomia 94105 
G. F Shcphd (415) 541-2545 
D i e o r  Envimnrnotal P m j m  F*-K (415) 541-1325 

October 30, 1995 

Ms. Lynn Nakashima 
California Department Of Toxic Substances Control 
700 Heinz Ave Sui.te 200 
Berkeley, CA.. 9471.0 

SUBJECT: Cl.arification of Risk Assessment Responsibili.ties In 
Response To DTSC Comments, Draft Rernedi.al. Investigation 
And Baseline Risk Assessment Report, Former Bobo's 
Junkyard Operable Unit, 1.401. Third St, West Oakl.and, CA.. 

Dear Ms.. Nakashima: 

Please refer to t.he California Department of Toxic Substances 
Control (DTSC) 1.etter dated September 28, 1.995 containing comments 
to the Draft Remedial Investigation and Ri.sk Assessment Report for 
the Former Bobols Junkyard site.. The first comment of the DTSC1s 
letter requests clear documentation and supporti.ng evidence 
demonstrating the division of responsibiSity between Caltrans and 
Southern Pacific regarding risk assessment functions. In 
particular, the DTSC requests clarification as to responsibili.ty 
for any risk assessments required for the subject property before, 
during and after the freeway i s  constructed.. 

The purpose of this 1.etter is to provide the requested 
documentation and associated explanation of the divis.i.on of 
responsibili.ty.. It should be understood that there is no single 
document that addresses the specifi.~ subject of risk assessment 
responsibi..lities, however the attached Ri.ght of Possession and Use 
Agreement does contain language that delineates certain 
responsibil.iti.es concerning soils and groundwater contamination 
that may exist at the site.. It should be further understood that 
SPTCo through the performance of an RI/FS has already assumed the 
responsibility of assessing risk posed. by this site in i.ts current 
state and for its future use as a freeway. Therefore, the only 
question to be answered is who i.s responsi.bl.e for assessing the 
risk posed by actual construction of the freeway.. 

The key questi.on that needs to be answered to determine who has the 
responsibility for assessing risks associated with freeway 
construction is who is responsible for actual. excavation (emphasis 
added) of materi.als that may be contaminated.. Review of the 
attached Right of Possession and Use Agre-dent defines this 
responsibi.li.ty as Cal.trans in Sections 1, 3 and 1.1 . . .  



- 
Page Three 
October 30, 1.995 

In 1.i.ght of the above, and with respect to risk assessment 
responsibi.1i.ti.e~ at Bobols Junkyard, SPTCo has the responsi.bi.l.ity 
for performing a risk assessment based on the RI data and 
establishing appropriate long term cl.eanup standards for the site 
for freeway use.. If the risk assessment estab1,ishes that a cleanup 
at the site is required for freeway use, then SPTCo is  required to 
remediate the site.. The RI and risk assessment at Bobo's i.ndicate 
that the site does not pose a risk in its current state or its 
future use as a freeway.. The on1.y risk that may exist would be 
associated with excavati.on acti.viti.es for which Cal trans is 
responsib1.e.. Caltrans has accepted this responsi.bili.ty and is 
currently performing the appropriate risk assessment. 

Sincerely, && 
Greg SVhepherd 



paragraph 11 below) to be held in escrow pursuant to 
the Escrow Agreement (as defined below). Neither 
State, its contractors, agents, nor any other party 
shall take possession unti.1. and unless said sums are 
paid to Owner and Escrow Agent, and Owner shall 
retain the right of possession of the New Corridor 
until said sum is pai,d. 

(b) In connection with the excavation work to be 
performed by State on the New Corridor, State will. 
incur an additional out-of-pocket cost (which the 
parties have agree is $4.00 per cubic yard of soil. 
excavated and refer to herein as *Additional 
Excavation Cost") for the excavation of certain 
portions of the New Corridor containing hazardous 
wastes and/or contaminated materials in excess of 
Legal Standards (as described more ful.ly in 
subparagraph ll(a) below). The parties agree that 
$89,079.00 shall, be retained by State from the amount 
of State's estimate of probable just compensation to 
reimburse State for its actual Additional Excavation 
Cost. The parties acknowledge that this retention 
amount is an estimate based on the anticipated volume 
of contaminated soil to be excavated of 22,2'70 cubic 
yards ("Estimated Volume"). The parties agree that 
(i) if the Estimated Vol.ume exceeds the actual total 
volume of such contaminated excavated soil, upon 
completion of its excavation on the New Corridor, 
State will tender to Owner an amount equal to $4.00 
times the amount of such excess volume, and (ii) if 
the actual total volume of contaminated excavated 
soil exceeds the Estimated Volume, Owner shall. 
reimburse State in an amount equal to $4.00 times the 
amount of such excess volume upon delivery to Owner 
by State of its request for reimbursement and 
reasonable evidence of the actual volume sf 
contaminated soil excavated. 

In addition, the State will incur additional out-of- 
pocket costs for air monitoring equipment and a 
mobile 1,aboratory used' for environmental testing 
during its excavation and constructi.on on the New 
Corridor. The parties agree that $221,11.0 shall be 
further retained by State from the amount of State's 
estimate of probable just compensation to pay for 
such equipment and laboratory. Owner shall not be 
obligated to reimburse State for any additional 
expenses related to air monitoring or laboratory .- 

expenses. 



date hereof. Simultaneously with State's payments to 
Owner and Escrow Agent under paragraph 1 above, Owner 
will convey to State a deed of trust (the "State Deed 
of Trust") on the New Corridor, securing Owner's 
obl.igati.ons to convey title to the New Corri.dor as 
described herein. The State Deed of Trust will 
create.a first mortgage lien on the New Corridor 
subject only to real property taxes, assessments or 
I.iens, building and zoning regulations and those 
items listed in paragraph 13 below. Upon settlement 
or entry of a final order of condemnation as 
described in paragraph 6 below, the State Deed of 
Trust will be cancelled. 

As a condition precedent to the Statels obligation to 
make the payment under paragraph 1 hereof, Owner 
shall provide State with evidence reasonably 
satisfactory to State that Fidelity National. Title 
Insurance Company has received from Bank of America 
du1.y executed partial reconveyances conveying title 
to the New Corridor to Owner ("Partial 
Reconveyancesl') , and that upon payment of 
$4 ,'789,204.00 to Owner's account at Bank of Ameri.ca, 
Fidelity National. Title Insurance Company will (a) 
record in the real property records of Alameda 
County, California the Partial Reconveyances, and a 
copy of this Agreement and, (b) issue a binder of 
title insurance to state in the amount of 
$26,368,616.001..which binder will show the lien of 
the State Deed of Trust and additionally any and al.1. 
ownership interest eventua1l.y obtained by the State 
in the New Corridor subject to real property taxes, 
assessments or' liens, building and zoning regulations 
and those items listed in paragraph 13 below, saving 
and excepting, however, the deeds of trust in favor 
of Bank of America National Trust and Savings 
Association and the Bankers Trust Mortgage. The State 
shall receive a credit against its estimate of 
probable just compensation paid hereunder to Owner 
equal. to the cost of any endorsement to the title 
insurance policy necessary to insure over the Bankers 

- Trust Mortgage. 

5. Owner agrees to pay when due all taxes, including 
prorated taxes for the current year, and special 
assessments due on the date State takes possession of 
the New Corridor as provided for by 55086 of the 
California Revenue and Taxation Code. After such - 
date, State shall be responsible for paying all taxes 
and assessments for the periods thereafter. 



hereby waives itsright to appear and be heard on the 
matters referred to in Section 1240.030 of the Code 
of Civil Procedure, as quoted above with respect to 
the New Corridor. Owner agrees that State can 
establish the truth of the above-quoted matters, and 
Owner will not contest the adoption of a resol.ution 
of necessity by the California Transportation 
Commission. Therefore, because Section 1245.250 of 
the Code of Civi.1 Procedure states that the adoption 
of a resol.ution of necessity by the California 
Transportation Commission conclusively establishes 
the matters quoted. above, it is understood that the 
issues which will be determined in any subsequent 
eminent domain proceeding will be limited to those of 
just compensation as they relate to the property 
covered by this Agreement and no issues will be 
raised therein or in preliminary proceedings thereto 
challenging the public use or necessity of the 
project, or the uti.lization therefor of the property 
covered by thi.s Right of Entry. 

8. Owner agrees that in the event the ultimate amount of 
any settlement, award, or verdict is less than the 
total of the sums paid by State to Owner under this 
Agreement, the Owner shall refund the difference 
including interest at the rate set forth in paragraph 
10 to the State. 

9. In the event State files an action in eminent domaim 
it is understood and agreed that the payment by State 
of the above sum of $26,368,616.00, based on State's 
estimate of probable just compensation, shall. be 
deemed to be a deposit, notice of deposit, and 
withdrawal of probable just compensation pursuant to 
Code of Civil. Procedure §§1255.010, 1255.020, and 
1255.260 for all purposes under eminent domain law. 

10. In addition to the amount of compensation to be paid 
Owner as set forth in paragraph 1 above, whether it 
be determined by negotiati.on or court award, State 
shall. pay to Owner interest on any additional amount 
of compensation for each Section over that receiyed 
by Owner for such Section ,(as allocated to such 
Section under the State's estimate of probable just 
compensation) pursuant to paragraph 1 above, 
commencing upon the date Owner has delivered 
exclusive possession of such Section to State and 
terminating si.xty (60) days after receipt by Owner of .. 
a mutual.1~ satisfactory right of way contract, or 
terminating on the date judgment i.s entered and the 



p a r t i e s  hereto  but does no t  c rea te  du t i e s  and 
obl igat ions . .wi th  respec t  t o  non-,party governmental 
agenci.es over and above d u t i e s  and obl.igations 
created under Federal, S t a t e  and loca l  laws. 

The p a r t i e s  here to  acknowledge and agree t h a t  t h e  
process of p re tes t ing ,  excavation, hauling and 
del ivery t o  Owner f o r  remedi.ation of excavated 
hazardous wastes and/or contaminated mater ia ls  w i l l  
r equi re  t h e  cooperation of both parti .es.  Owner 
agrees t o  prepare and submit t o  S ta te ,  f o r  S t a t e ' s  
reasonable concurrence, within 45 days a f t e r  t h e  
execution of t h i s  Agreement a proposed plan which 
w i l l  include among o the r  th ings  spec i f i c  procedures 
and guidelines f o r  p re tes t ing ,  stock-piling, 
excavation, hauling and del ivery (including 
al.lowances f o r  Owner t o  seek appropriate governmental. 
exemptions) of such wastes and materia1.s. S t a t e  
s h a l l  have 30 days after r e c e i p t  of such plan t o  
review, comment on, request  reasonable modificat ions 
t o  and concur with such plan. Such f ina l i zed  p lan  
shal.1 govern t h e  process of p re tes t ing ,  excavation, 
hauling and deli.very of such wastes and mater ia ls .  

I n  connection wi.th Owner's obl igat ions  hereunder, t h e  
sum of $2,1.12,407 s h a l l  be deducted from t h e  amount 
due t o  Owner under paragraph 1 hereof and deposi ted 
with F i d e 1 i . t ~  National. T i t l e  Insurance Company 
("Escrow Agent") t o  be held i n  escrow pursuant t o  an 
Escrow Agreement i n  t h e  form of Exhibit  E ( t h e  
"Escrow Agreement"). A s  Owner removes and/or 
remediates hazardous wastes and/or contaminated 
mater ia l s  from the  New Corridor hereunder, O w n e r  may 
withdraw funds from such escrow t o  pay f o r  o r  
reimburse Owner f o r  its out-of-pocket expenses 
incurred i n  removing and/or remediating such wastes 
and/or mater ia ls .  I n  no event shall. S t a t e  be 
obl igated t o  deposi t  any addi t ional  funds i n  escrow 
hereunder o r  reimburse O w n e r  f o r  any addi t iona l  out- 
of-pocket expenses i n  connection with such 
remediation. 

Except a s  set f o r t h  i n  subparagraph l l ( b )  hereof: 
(i) with respect  t o  t h e  port ions of t h e  New Corridor 
t o  be obtained by S t a t e  i n  f e e  t i t l e ,  any and a l l .  
I . i a b i l i t y ,  expenses and c o s t s  fo r  remediating o r  
removing hazardous wastes and/or contaminated 
materia1.s i n  excess of t h e  Legal Standards ( i n  e f f e c t  '- 

a s  of t h e  d a t e  of excavation by S ta t e  on t h e  New 
Corridor and the  da te  of remediation of such 



State's obligation to remediate such contaminated 
groundwater is based upon the understanding that the 
New Corridor will be used for construction and 
operation of a transportation corridor. and for no 
other purpose and State shall not be required to 
remediate such contaminated groundwater to levels 
below Legal Standards which are required for such 
use. Without limiting the generality of the 
foregoing, State shall not be required to remediate 
any contaminated groundwater under the New Corridor 
to Legal Standards required for its use by the public 
as a park or other recreation area or for use for 
residential, or commercial. purposes. 

(c) Owner's obligation to remove and/or remediate 
hazardous wastes and/or contaminated materials from 
the New Corridor is based upon the understanding that 
the New Corridor will be used for the construction 
and operation of a transpor.tation corridor and for no 
other purpose, and except as set forth below, Owner 
shall not be required to remove or remediate 
hazardous wastes and/or contaminated materials to 
levels below Legal Standards (in effect as of the 
applicable dates described in subparagraph ll.(a) 
above) which are required for such use. Without 
limiting the generality of the foregoing and except 
as set forth in next sentence, Owner shall not be 
required to remediate any portion of the New Corridor 
to Legal Standards required for use by the public as 
a park or other recreation area or for use for 
residential or commercial purposes. Notwithstanding 
the foregoing, Owner shall be required to clean the 
sites listed on Exhibit D as required by the 
governmental. agenci.es having jurisdiction over such 
sites (provided Owner shall have the right to contest 
such agenciesr requixements and seek excemptions 
therefrom) as set forth in paragraph ll(a) above. 

(d) Except for amounts to be retained by State as 
described in paragraph l.(b) above, Owner shall not be 
liable for (i) any environmental investigation or 
testing performed by State, -or (i.i) any delay charges 
or. similar charges which may be incurred by State due 
to any contractor or subcontractor of State 
encountering any hazardous wastes and/or contaminated 
materials other than delays caused direct1:y by 
Owner's default of, breach or failure to perform i.ts 
obligations hereunder. 



to vacate the applicable property, but only upon the 
express written request of State. The State hereby 
agrees to indemnify, defend and hold Owner harmless 
from any liability, costs, expenses and damages 
whatsoever that Owner may incur or be subject to as a 
result of any and al.1 actions taken or omi.ssions by 
State under the power of attorney or as a result of 
Owner taking the actions requested by State 
hereunder. Owner hereby hdemnifies, defends and 
holds State harmless from any liability, costs, 
expenses or damages imputed or attempted to be 
imputed to State arising from Owner's status as a 
1.andlord or 1.icensor of any such tenant and/or 
licensee except for liability, costs, expenses or 
damages caused or resulting from any action or 
omission by State under the power of attorney or from 
any action taken by Owner hereunder as requested by 
State. 

In order to complete the rel.ocation of its 
facilities, Owner must obtain the right of possession 
and thereafter title to the three parcels of property 
listed on Exhibit C attached hereto. State hereby 
agrees to acquire and provide full, and exclusive 
rights of possession to such parcels to Owner on or 
before the Availability Date set forth on Exhibi.t C. 
State hereby agrees to acquire fee title and convey 
to Owner such parcels as soon as practicable 
thereafter (Owner hereby acknowledges that State may 
find i.t necessary to obtain such title by eminent 
domain procedures, the timing and length of which may 
not be under its control). Upon conveyance of fee 
title to Owner, State shall be entitled to a credit 
against the purchase price of the'New Corridor based 
upon the fair market value of such parcels (however, 
any credit for the fair market value of any 
improvements located thereon will take into account 
the provisions and rationale of the Construction and 
Maintenance Agreement). The fair market value of 
such parcels shall be determined assumi.ng that they 
are delivered to Owner free and clear of hazardous 
wastes and/or contaminated materials. It i.s 
recognized that such parce.1~ may not be free of such 
waste and/or materials at this time and State has the 
obl.igation to take all action to remove or remediate 
all hazardous wastes and/or contaminated materials in 
excess of Legal Standards (as of the date of delivery 
of possession to Owner and based on those parcels 
being used for the same purposes as the Owner's 
facilities to be re1,ocated thereon are currently 



determining the time during which such work shall be 
completed. 

This Agreement shall. also extend to and bind the 
heirs, devisees, executors, administrators, legal 
representatives, successor's and assigns of the 
parties. 

State shall record a memorandum of this Agreement. 

IN WITNESS WHEREOF, the parties have executed this 
Agreement the day and year first above written. 

SOUTHERN PACIFIC TRANSPORTATION 
COMPANY M P 

Attachment 

ACCEPTED THIS - DAY OF OCTOBER, 1992, ON BEHALF OF 
THE STATE OF CALIFORNIA, ACTING BY AND THROUGH ITS DEPARTMENT 
OF TRANSPORTATION. 

STATE OF CALIFORNIA 
DEPARTMENT OF TRANSPORTATION 

By: 



Exhibit "A",  
'' ' Parcel 50036-,I 

COMMENCING at a point on the northwesterly line of that parcel of land 
described in the Deed from Crocker Estate Company to Western Pacific Railway 
Company, dated September 26,'1905, recorded October 3, 1905, in Book 1083, Page 
339, Alameda County Records, distant thereon S. 33'26'14" W., 95.66 feetfromthe 
southerly line of 5th Street, as said street is shown on the "Map No. 2 of the 
Briggs Tract", filed January 7, 1876, in Book 2 of Maps, Page 19, in the office 
of the County Recorder of Alameda County; thence along said northwesterly line 
5. 33O26'14" W:, 412.92 feet to the northerly line of 3rd Street, as said street 
is shown on sa~d map; thence continuing along the southwesterly prolongation of 
said northwesterly line S. 3:3"26'14" W., 116.69 feet; thence from a tangent that 
bears S. 78"46'57" W., along a curve to the right with a radius of 948.75 feet, 
through an angle of 04"41t35", an arc length of 77.71 feet; thence S. 83'28'32" 
W., 196.70 feet; thence along a tangent curve to the right with a radius of 
2535.00 feet, through an angle of 13"10'37", on arc length of 583.00 feet; thence 
S. 88"47'25" W., 138.66 feet; thence from a tangent that bears N. 86O58'16.7" W . ,  
along a curve to the right with a radius of 2541.00 feet, through an angle of 
20°33'53", an arc length of 912.02 feet to a point of compound curvature, said 
point being distant 5. 26"06'19" W., 119.70 feet from CENTERLINE Station 
212+68.15 shown on the Department of Transportation survey for the State freeway 
in Alameda County, Road 4-Ala-880; thence along a tangent curve to the right with 
a radius of 711.00 feet, through an angle of 08"59'22", an arc length of 111.55 
feet; thence N. 57O25'02" W., 118.04 feet; thence N. 56O55'03" W., 336.53 feet; 
thence N. 56O24'55" W., 120.01 feet; thence from a tangent that bears N. 
55"24'28" W., along a curve to the right with a radius of 2271.87 feet, through 
an angle of 25"51125", an arc length of 1025.27 feet; thence N. 29O33'03" W . ,  
153.23 feet; thence along a tangent curve to the right with a radius of 2035.52 
feet, through an angle of 3"46'39", an arc length of 134.20 feet to the southerly 
line of Atlantic Street; thence along last said southerly line S. 73"21'33" E., 
84.99 feet to the westerly line of Pine Street; thence along last said westerly 
line S .  16O39'54" W., 66.46 feet to the northerly property line of the Central 
Pacific Railway Company, as said northerly property line is shown on "Record of 
Survey", portion of the northerly property line of the Central Pacific Railway 
Company, located in the City of Oakland, Alameda County, California, filed 
February 7, 1952 in Record of Survey Book 3, Page 25, in the office of the County 
Recorder of the County of Alameda, State of California, under Recorder's Series 
No. AG-10973 of Official Records of said County of Alameda; thence along said 
northerly property line 5. 56"34'4ln E., 1489.13 feet to the easterly line of 
Peralta Street; as said Atlantic Street, Pine Street and Peralta Street are shown 
on said "Record of Survey"; thence along said easterly line of Peralta Street N. 
33O27'02" E., 8.97 feet to the southerly line of 3rd Street; thence along last 
said southerly line S. 72O53'28" E., 272.00 feet to the westerly line of Lewis 
Street; thence along last said westerly line S. 17°06t32" W., 88.95 feet; thence 
S. 56":34'4lU E., 62.51 feet to the easter,ly line of Lewis Street; thence along 
last said easterly line N. 17O06'32" E., 6.51'feet to the southerly line of Lot 
1, in Block J of Bay View Homestead, according to the map thereof, filed April 
15, 1869, in Map Book 4, at Page 5, in the office of the County Recorder of 
Alameda County; thence along last said southerly line and the southerly line of 
Lots 2 through 10 in said Block J, S. 72'53'28" E., 250.04 feet to the westerly ,- 

1 ine of Henry Street; thence along last said westerly line S. 17°06'32" W., 79.69 
feet; thence S. 56":34'4lU E., 62.51 feet to the easterly line of Henry Street; 
thence along last said easterly line N. 17O06'32" E., 97.25 feet to the southerly 
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Parcel 500:38-1 

COMMENCING at the intersection of the easterly line of Bay Street with the 
northerly line of 7th Street (Oakland Avenue), as said streets are shown on the 
"Map of Land on Oakland Point, (Railroad Ferry Landing), City of Oakland, Tract 
406", filed May 24, 1864, Map Book 5, Page 33, Alameda County Records; thence 
along the prolongation of said easterly line of Bay Street, S. 16O39'54" W., 
30.00 feet; thence parallel with the northerly line of said 7th Street, N. 
73"20106" W., 106.80 feet to the Point of Beginning; thence continuing parallel 
with Past said northerly line N. 73"20106" W., 178.18 feet; thence S. 16'39'54" 
W., 54.09 feet; thence S. 81°57'06" E., 106.71 feet; thence S. 87"19'29" E., 
74.89 feet to the Point of Beginning. 

Parcel 50034-7 

AN AERIAL EASEMENT upon, over and across the following described parcel: 

COMMENCING at a point on the northerly line of 7th Street, distant thereon 
along said northerly line N. 73"19'53" W . ,  40.52 feet from the intersection of 
the westerly line of Cedar Street with the northerly line of 7th Street (Oakland 
Avenue) as said streets are shown on the "Map of Land on Oakland Point (Railroad 
Ferry Landing), City of Oakland, Tract 406, filed May 24, 1864, Map Book 5, Page 
33, Alameda County Records; thence along said northerly line of 7th Street N. 
73"1g155" W., 117.19 feet; thence N. 03"13'59" W., 121.16 feet; thence S. 
87"19'06" E., 24.05 feet; thence along a tangent curve to the right with a radius 
of 789.00 feet, through an angle of 06"15'17", an arc length of 86.13 feet to a 
point distant S. 87°,33'07" W., 200.50 feet from Engineer's Station 238i58.10 on 
the "A" Line of the Department of Transportation's survey for the State Freeway 
in Alameda County, Road 04-Ala-880- 30.1; thence S. 03"43'24" E., 145.05 feet to 
the point of commencement. 

Parcel 50034-6 

COMMENCING at a point on the northerly line of 7th Street, distant thereon 
along said northerly line N. 73"19'53" W., 117.19 feet from the northwesterly 
terminus of the course described in PARCEL (50034-1) below as "N. 73"19'53" W.,  
40.52 feet"; thence along said northerly line of 7th Street N. 73"19'53" W., 
143.59 feet and N. 73O20'06" W., 425.40 feet; thence S. 79O06'27" E., 86.51 feet; 
thence from a tangent that bears S. 80°58'11" E., along a curve to the left with 
a radius of 761.00 feet, through an angle of 06°21'18", an arc length of 84.41 
feet; thence S. 87°19'29" E., 170.60 feet; thence N. 49"05'51" E., 85.59 feet; 
thence N. 02"40'31" E., 43.78 feet; thence N. 00°45'30" W., 100.18 feet; thence 
N. 02"40131" E., 6.45 feet; thence along a tangent curve to the left with a 
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feet; thence (7) S. 01°53'44" E., 53.26 feet; thence (8) S. 56O25'46" E., 64.68 
feet; t.hence (9) S. 33O26'33" Wb, 25.82 feet to the centerline of 10th Street; 
thence along last said line~(10) N. 56-33'27" W., 77.99 feet to the point of 
commencement. 

Parcel 50031-.2 

AN AERIAL EASEMENT upon, over and across the following described parcel: 

COMMENCING at a point on the common line, now or formerly, of 
Southern Pacific Transportation Company, a Delaware Corporation, and of the 
United States of America, distant thereon S. 44'38'35" W., 167.14 feet from the 
intersection of said common property line, with the southwesterly line of West 
Grand Avenue, formerly 22nd Street, as said street is shown on the map entitled 
"Map of the Hougham Tract", filed June 10, 1875, in Book 4 of Maps, Page 8, 
Alameda County Records; thence from a tangent that bears S. 08"23'18" E., along 
a curve to the right with a radius of 1236.00 feet, through an angle of 
12'48'56", an arc length of 276.46 feet; thence S. 59":39'16" W., 123.75 feet; 
thence from a tangent that bears S. 44"31149" W., along a curve to the right with 
a radius of 3839.76 feet, through an angle of 04"11'15", an arc length of 280.64 
feet; thence S. 48'43'04" W., 199.97 feet; thence along a tangent curve to the 
left with a radius of 3799.67 feet, through an angle of 04'11'16", an arc length 
of 277.72 feet; thence S. 44"31148" W., 467.93 feet; thence N. 40°36'04" E., 
100.26 feet, N. 43'37'22" E., 638.78 feet; thence along a tangent curve to the 
left with a radius of 926.00 feet, through an angle of 09'30151", an arc length 
of 153.77 feet; thence N. 57°54'10" W., 45.43 feet; thence N. :32"05'49" E., 65.00 
feet; thence S. 57"54'1OU E., 45.43 feet; thence from a tangent that bears N. 
30'05'09" E., along a curve to the left with a radius of 926.00 feet, through an 
angle of 14"38'01", an arc length of 236.50 feet to above said common property 
line; thence along last said line N. 44'38'35" E., 360.46 feet to the point of 
commencement. 

Parcel 50031-1 

COMMENCING at a point on the southwesterly line of West Grand Avenue, 80.00 
feet wide (formerly 22nd Street) distant thereon N. 56'29'58" W., 173.13 feet 
from the point of intersection thereof with the northwesterly line of Wood 
Street, as said streets are shown on the map of Hougham Tract, filed July 10, 
1875, Map Book 4, Page 8, Alameda County Records; thence continuing along said 
southwesterly line N. 56'29'58" W., 316.49 feet; thence from a tangent that bears 
S. 43"00152" W., along a curve to the right with a radius of 4963.00 feet, 
through an angle of 0Z049'04", an arc length of 244.07 feet; thence S. 45'49'56" 
W., 152.54 feet to a point distant N. 44°10'04U W., 37.00 feet from the Station 
86i21.12 on the "C" Line of the State Department of Transportation's Survey in 
Alameda County; 04-Ala-880-34.1; thence S. 59'39'16" W., 123.75 feet; thence from 
a tangent that bears S. 44"31149" W., along a curve to the right with a radius 
of 3839.76 feet, through an angle of 04°11'15n, ,an arc length of 280.64 feet; 
thence S. 48O43'04" W., 199.97 feet; thence along a tangent curve to the left 
with a radius of 3799.67 feet, through an angle of 04'11'16", an arc length of 
277.72 feet; thence S. 44"31148" W., 1172.26 feet; thence S. 40°03'24" W., 34.48 
feet to the northerly line of 14th Street; thence along last said line S. 
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feet, through an angle of 0°55'36", an arc length of 64.45 feet to a point of 
compound curvature, along a tangent curve to the right with a radius of 4595.36 
feet, through an angle of O017'23", an arc length of 23.24 feet, S. 5"48'3lU E., 
45.22 feet, S. 25°12'55" W., 15.00 feet, from a tangent that bears S. 35"00'2lU 
W., along a curve to the left with a radius of 655.70 feet, through an angle of 
11°26,46", an arc length of 131.00 feet to a point of reverse curvature, along 
a tangent curve to the right with a radius of 4600.36 feet, through an angle of 
1°52'06", an arc length of 150.02 feet, S. 25"2S141" W . ,  326.23 feet, S. 
18O54'56" W., 58.50 feet and S. 22"13'56" W., 199.17 feet to the point of 
commencement. 

Parcel 50026-2 

AN AERIAL EASEMENT upon, over and across the following described parcel: 

Beginning for reference at the inter,section of the nor,theasterly line of 
West Grand Street, formerly 22nd Street, with the northwesterly line of Wood 
Street; as said streets are shown on the map entitled "Map of the Hougham Tract", 
filed June 10, 1875, in Book 4 of Maps, Page 8, Alameda County Records; thence 
along said northeasterly line of Nest Grand Avenue, N. 56O29'58" W., 476.80 feet; 
thence from a tangent that bears N. 42"04'45.8" E., along a curve to the left 
with a radius of 4963 feet, thr.ough an angle of 7"18'25.2", an arc length of 
632.94 feet to the TRUE POINT OF COMMENCEME,NT', said true point being measured 
radially N. 55O13'39" W., 37.00 feet from Highway Engineer's Station 97+.38.82 of 
the "C" line of the Department of Transportation's Survey for the State Freeway 
in Alameda County, Road 04-Ala-880; thence N. 12"1'3'11" E., 382.58 feet; thence 
along a tangent curve to the right with a radius of 899.00 feet, through an angle 
of 29"56'19", an arc length of 469.75 feet; thence N. 42"09'31" E., 164.97 feet; 
thence along a tangent curve to the right with a radius of 319.00 feet, through 
an angle of 6"4.3'21", an arc length of 37.43 feet to a point of reverse 
curvature; thence along a tangent curve to the left with a radius of 289..00 feet, 
through an angle of l2"52'Mn, an arc length of 64.95 feet to a point of compound 
curvature; thence along a tangent curve to the left with a radius of 953.00 feet, 
through an angle of 3"32'47", an arc length of 58.99 feet to the line common to 
the properties, now or formerly, of Southern Pacific Transportation Company, a 
Delaware Corporation, and of the Atchison, Topeka and Santa Fe Railway Company, 
a corporation; thence along said common property line from a tangent that bears 
S. 14"49'08" W., along a curve to the right with a radius of 8758.53 feet, 
through an angle of 1°23'06", an arc length of 211.74 feet and S. 31"10L50" W . ,  
19.53 feet; thence N. 65"21132" W., 36.00 feet; thence S. 42"09'3lU W., 107.22 
feet; thence along a tangent curve to the left with a radius of 837.00 feet, 
through an angle of 29"56'19", an arc length of 437.36 feet; thence S. 12°13'11" 
W., 225.82 feet; thence from a tangent that bears S. 3Z049'34" W., along a curve 
to the right with a radius of 4963.00 feet, through an angle of 01°56'46", an arc 
length of 168..58 feet to the true point of commencement. 



EXHIBIT B 

Staqe 

Section D 

Sect ion A 

Sect ion B 

Section C 

Section F 

Section G 

AVAILABILITY DATES, 

Available for  Construc 

August 31, 1993 

January 31., 1994 

Januaxy 31, 1994 

November 30, 1993 

November 30, 1993 

November 30. 1993 

[See map attached hereto for  Section references] 



EXHIBIT C 

PARCELS TO BE CONVEYED BY STATE 

State's Parcel* PossessionJ&g 

5011.1. July 1, 1993 
Atkins Propel.ler Co. 

5011.2 December 31, 1992 
R.J. Bugatto, et al. 

50113 
Macor, Inc. 

December 31, 1.992 

* As shown on the State's Appraisal Map No. A-1095.'7. 



ESCROW AGREEMENT 

THIS ESCROW AGREEMENT (the "Agreement"), dated 
October 28, 1992 is by and among SOUTHERN PACIFIC 
TRANSPORTATION COMPANY, a Delaware corporation ("Owner"), 
STATE OF CALIFORNIA, DEPARTMENT OF TMSPORTATION ('CState") 
and FIDELITY NATIONAL TITLE INSURANCE COMPANY, as escrow agent 
("Escrow Agentu) . 

RECITALS, 

A. Owner and State have entered into the State of 
Cali.fornia Department of Transportation Agreement for 
Possession and Use (the W s e  Agreement"), dated October 28, 
1992 relating to certain real property more particularly 
described therein and located in ~lameda County, Cali.fornia 
(the "New Corridor"). 

B. Pursuant to Section 11 of the Use Agreement, 
Owner and State have agreed to escrow certain funds for the 
purpose of paying for or reimbursing Owner for its out-of- 
pocket costs and expenses incurred in connection with Owner's 
obligations to remove and remediate hazardous wastes and/or 
contaminated materials existing at the New Corridor, as more 
parti.cularly described in Section 11 therein (the "Cleanup 
Costs") . 

C. Owner and State desire to set forth the terms 
and conditions of such escrow below. 

AGREEMENT 

NOW THEREFORE FOR GOOD AND VALUABLE CONSIDERATION, 
the receipt and sufficiency of which are hereby acknowledged, 
Owner, State and Escrow Agent hereby agree as follows: 

1. Simultaneously with the execution of this 
Agreement by State, State shall deposit with Escrow Agent the 

- sum of $2,112,407.00 (which sum together with all interest or 
income earned thereon i.s herein referred to as the "Holdback 
Amount"), which shall be deposited by Escrow Agent in an 
interest-bearing escrow account (the "Accountn) with Bank of 
America National Trust and Savings Association, San Francisco 
branch, to be disbursed in accordancq with the terms and 
conditions hereof. - 



(a) Written evidence by State that Owner has 
failed to cure a default, fai.lure to perform or breach of its 
obligations under Section I,l  of the Use Agreement and State 
has performed such obligations; and 

(b) Written hvoices, bills or statements . 
evidencing the Cleanup Costs to be reimbursed or paid for from 
the Account. 

4 .  This Agreement shall. terminate on the earlier 
of: (a) fifteen business days after Owner's delivery to Escrow 
Agent and State of reasonably satisfactory evidence that 
Owner's remediation obligations under Section 11 of the Use 
Agreement have been completed (unless within such fifteen day 
period State reasonably objects to such termination in writing 
delivered to Escrow Agent and Owner describing such objection, 
in which event such dispute shall be resolved by arbitration 
pursuant to Section 9 hereof), (b) the date on which no 
undisbursed Hol.dback Amount remains in the Account, or (c) the 
sixth anniversary of the date of this Agreement. If any 
undisbursed Holdback Amount remains in the Account upon 
termination of this Agreement pursuant to this Section 4 ,  such 
amounts shall be tendered by Escrow Agent to Owner 
immediately. State shall in no event be obligated to deposit 
any additional funds i n  the Account if the Cleanup Costs 
exceed the Holdback Amount. 

5. This Agreement shall not alter or otherwise 
modify the respective liabilities and ob1,igations of Owner and 
State with respect to the ownership or remediation of 
hazardous wastes and/or contaminants as set forth in the Use 
Agreement. 

6. Owner and State shall each pay one-half of the 
reasonable fees and expenses of Escrow Agent for administering 
the Account. 

'7. Owner and State acknowledge that Escrow Agent is 
acting solely as a stakeholder at their request and for their 
convenience. Escrow Agent shall. not be deemed- to be the agent 
of either party and both Owner and State waive any conflict 
arising from this situation. ... 

8 .  The duties and obligations of Escrow Agent with 
respect to the matters set forth herein shall, 0nl.y be as 
specifically provided hereunder and Escrow Agent shall. incur 
no liability for any act it may do or: fail to do hereunder 
while acting in good faith and in the exercise of i.ts own best 
judgement. 



I f  t o  S t a t e :  

S t a t e  of ~ a 1 i f o r n i . a ~  Department o f  T ranspo r t a t i on  
11.1 Grand Avenue 
Oakland , Cal i fornia  94623 
Attn: Richard Murphy 

Deputy District Di rec to r  

I f  t o  Escrow Agent: 

F i .de l i ty  National T i t l e  Insurance  Company 
5925 Stoneridge Drive 
Pleasanton, Cal i fornia  94588 
Attn: R. Jonathan Pena, A s s i s t a n t  V.P. 

11. This Agreement may be amended o r  modified on ly  
by w r i t t e n  agreement signed by a l l  t h e  p a r t i e s  he re to .  

1 2 .  This  Agreement s h a l l  be  b ind ing  on and s h a l l  
i n u r e  t o  t h e  b e n e f i t  of each pa r ty  h e r e t o  and i ts  r e s p e c t i v e  
successors  and ass igns .  

13. Time is of t he  essence hereof  w i t h  r e s p e c t  t o  
t h e  d a t e s ,  t i m e s ,  terms and condi t ions  o f  t h i s  Agreement. 

1.4. Thi.s Agreement may be executed  i n  coun t e rpa r t s ,  
each of which when combined shal.1 c o n s t i . t u t e  a n  o r i g i n a l .  

I N  WITNESS WHEREOF, Owner, S t a t e  and Escrow Agent have 
executed t h i s  Agreement on t h e  day and y e a r  f i r s t  above 
w r i t t e n  .. 

OWNER : 

SOUTHERN PACIFIC 
TRANSPORTATION CORPOR&TION, 
a Delaware corpora t ion  

By: 
Rober t  F. S t a r z e l  
V i c e  Chairman 



ESCROW AGREEMENT 

THIS ESCROW AGREEMENT (the "Agreement") , dated 
October 28, 1992 is by and among SOUTHERN PACIFIC 
TRANSPORTATION COMPANY, a Delaware corporation (NOwner"), 
STATE OF CALIFORNIA, DEPARTMENT OF TRANSPORTATION ("StateJ1) 
and FIDELITY NATIONAL TITLE INSURANCE COMPANY, as escrow agent 
("Escrow Agent") . 

RECITALS 

A. Owner and State have entered into the State of 
California Department of Transportation Agreement for 
Possessi.on and Use (the "Use Agreement"), dated October 28, 
1992 relating to certain real property more particularly 
described therein and located in Alameda County, Ca1i.forni.a 
(the "New Corridor"). 

B. Pursuant to Section 11. of the Use Agreement, 
Owner and State have agreed to escrow certain funds for the 
purpose of paying for or reimbursing Owner for its out-of- 
pocket costs and expenses incurred in connection with Owner's 
obligations to remove and remediate hazardous wastes and/or 
contaminated materials existing at the New Corridor, as more 
particularly descri.bed in Section 11 therein (the "Cleanup 
Costs"). 

C. Owner and State desire to set forth the terms 
and conditions of such escrow below. 

AGREEMENT 

NOW THEREFORE FOR GOOD AND VALUABLE CONSIDERATION, 
the receipt and sufficiency of which are hereby acknowledsed, 
Owner, state and Escrow  gent hereby agree as foll.ows: 

1. Simultaneously with the execution of this 
Agreement by State, State shall deposit with Escrow Agent the 
sum of $2,11.2,40'7.00 (which sum together with all interest or 
income earned thereon is herei.n referred to as the nHoldback 
Amounttt), which shall. be deposited by Escrow Agent in an 
interest-bearing escrow account (the "AccountJ') with Bank of 
America National Trust and Savings Association, San Francisco 
branch, to be disbursed in accordance with the terms and 
condi.tions hereof. 



(a) Written evidence by State that Owner has 
failed to cure a default, failure to perform or breach of its 
obligations under SectPon 11 of the Use Agreement and State 
has performed such obligations; and 

(b) Written invoices, bills or statements 
evidencing the Cleanup Costs to be reimbursed or pai.d for from 
the Account. 

4 .  This Agreement shall terminate on the earlier 
of: (a) fifteen business days after Owner's delivery to Escrow 
Agent and State of reasonably satisfactory evidence that 
Owner's remediation obligations under Section 1.1. of the Use 
Agreement have been compl.eted (unless within such fifteen day 
period State reasonably objects to such termination in writing 
delivered to Escrow Agent and Owner describing such objection, 
in which event such dispute shall be resolved by arbitration 
pursuant to Secti.on 9 hereof), (b) the date on which no 
undisbursed Holdback Amount remains in the Account, or (c) the 
si.xth anniversary of the date of this Agreement. If any 
undisbursed Holdback Amount remains in the Account upon 
termination of this Agreement pursuant to this Section 4, such 
amounts shall be tendered by Escrow Agent to Owner 
immediately. State shall in no event be obligated to deposit 
any additional funds in the Account if the Cleanup Costs 
exceed the Holdback Amount. 

5. This Agreement shall not alter or otherwise 
modify the respective liabilities and obligations of Owner and 
State with respect to the ownership or remediation of 
hazardous wastes and/or contaminants as set forth in the Use 
Agreement. 

6. Owner and State shall each pay one-half of the 
reasonable fees and expenses of Escrow Agent for administering 
the Account. 

7. Owner. and State acknowledge that Escrow Agent is 
acting solely as a stakeholder at their request and for' their 
convenience. Escrow Agent shall not be deemed to be the agent 
of either party and both Owner and State waive any conflict 
arising from this situation. 

8 .  The duties and obligations of Escrow Agent with 
respect to the matters set forth herein shal.1. only be as 
specifical1.y provided hereunder and Escrow Agent shal.1. incur 
no liability for any act it may do or fail to do hereunder 
while acting in good faith and in the"exercise of its own best 
judgement. 



If to State:, 

State of California, Department of Transportation 
111 Grand Avenue 
Oakland , California 94623 
Attn: Richard Murphy 

Deputy District Director 

If to Escrow Agent: 

Fidelity National Title Insurance Company 
5925 Stoneridge Drive 
Pleasanton, Ca1iforni.a 94588 
Attn: R. Jonathan Pena, Assistant V.P. 

11. This Agreement may be amended or modified on1.y 
by written agreement signed by all the parties hereto. 

12. This Agreement shall be binding on and shall 
inure to the benefit of each party hereto and its respective 
successors and assigns. 

13. Time is of the essence hereof with respect to 
the dates, times, terms and conditions of this Agreement. 

14. This Agreement may be executed in counterparts, 
each of which when combined shall constitute an original. 

IN WITNESS WHEREOF, Owner, State and Escrow Agent have 
executed this Agreement on the day and year first above 
written. 

OWNER: 

SOUTHERN PACIFIC 
TWSPORTATION CORPORATION, 

Vice Chairman 



ATTACHMENT B 
Calculation of'  Volatile Chemical Emissions 

from Shallow Ground Water into Air 

Attachment B-1 



The conceptual model for the transport of chemicals from ground water to ambient air is 

depicted in ASTM, 1994. In the ASTM model, volatile organic chemicals are assumed to 

volatilize from ground water, diffuse through capillary fiinge soils and vadose zone soils, 

and be released to the air. 

The volatilization of chemicals fiom ground watel to outdoor ambient air involves the 

following assumptions 

A constant dissolved chemical concenhation in ground water 

Linear equilibrium partitioning between dissolved chemicals in ground water and 

chemical vapors at the ground water table 

Steady-state vapor-phase diffusion through the capillary fiinge and vadose zones to 

ground surface 

No loss of'chemical as it diffuses towards ground surface (i.e, no biodegradation), and 

Steady well-mixed atmosphe~ic dispersion of' the emanating vapors within the 

breathing zone 

The volatilization of' chemicals from shallow ground water to ambient outdoor air. can be 

calculated using the following se~ies of' equations. The results of' these calculations are 

presented at the end ofthis attachment,, 

where: 

vFwamb = the volatilization factor for chemicals volatilizing from graundwate~ 
to air 

H = Henry's law constant, cm3-H,O/ cm3-air 

Uair = Wind speed, cmls 

Mixing zone height, cm 
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D;: = the effective diffusion coefficient between ground water. and soil surface 

where: 

heap = thickness of' capillary fringe 

h, = thickness of vadose zone 

D zff' = the effective diffusion coefficient in soil based on vapor-phase 

concentration 

e3 33 03 33 
eff rcm2 1 air as, + wat 1 ws 

D~ L ~ J = ~  H 

0: 9: 

lien cap =the effective diffusion through capillary fringe 

03.33 03.33 
1 wcap air acaP + wat 
H 0; 

Da"= diffksion coefficient in ai: 
DWa' = difhsion coefficient in water 

0, = air content in vadose zone 

Ow, =water content in vadose zone 

€3 I = total soil porosity 

@ acap = air content in capillary fringe 
BWcap =water content in capillary fringe 
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ATTACHMENT C 
Calculation of Volatile Chemical Emissions 

from Pooled Ground Water in Trenches 

Attachment C-1 



Exposure Scenario 

Ground water in the 1-880 Co~ridor is present at a depth of about 4 5  to 5 feet below 

ground surface @gs). As a result, shallow ground water may collect in trenches excavated 

for utility lines or other puposes. Utility workers in the area may be exposed to 

chemicals volatilizing from ground water in these trenches The following assumptions 

were used to estimate volatile emissions fiom ground water in trenches excavated for 

utility lines 

Assumptions 

The trench was assumed to be 68 meteIs long by 1 22 meters wide by 2 3 meters deep 

The 68 meter length is the square root of an area approximately one acre in size The 

width and depth of'the trench were based on best professional judgment., 

Water was assumed to pool in the trench over the entire length of' the trench to a depth of' 

1 mete* Thus, the volume of'water in the trench is equal to 68 m x 1.22 m x 1 m = 83 m3,, 

Chemicals of' concern in pooled ground water 

All volatile chemicals (Volatile chemicals were defined as having a Henry's law constant 

of' 1 x 1W5 and greater and a vapor pressue greater than 0,001 mm Hg) detected in the 

trench were considered chemicals of concern The maximum detected concentrations of 

VOCs in shallow ground water were conservatively assumed to be present over the entire 

length of'the trench. 

s x  
The rate of' emission of' a volatile organic chemical (VOC) fiom water is dete~mined by 

the solubility, molecular weight, the vapor presswe of the chemical and the air-water 

interface though which the chemical must pass (Lyman, 1990) As a simplifying 

assumption, it was conservatively assumed that all the VOCs present in pooled ground 

water would be emitted over a 24 how period One of'the most volatile of'the chemicals 

detected in shallow ground water; vinyl chloride, has estimated volatilization half' lives of 

4.3, 8.7 and :35 hours for a typical pond, river, or lake, respectively (ATSDR, 1993~). If' 

the most rapid volatilization emission rate (8 7 hours) is considered, approximately 85% 

of' vinyl chlo~ide in a liver will volatilize over a 24 how period Thus, this assumption 
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would tend to overestimate the emission rate of' the less volatile chemicals in shallow 

graund wate~. 

Calculations 

Using vinyl chloride as an example, the rate of'volatilization of'the VOCs fkom shallow 

ground water in the trench would be calculated in the following manner.: 

Maximum concentration of vinyl chloride in At-Grade section ground water = 0 045 mgll. 

Amount of' vinyl chloride in water = 83 m3 x 0 045 mg/L x 1000 L/m3 = 3 735 mg 

Emission rate in mgh over 1 day (24 hours) = 3 735 mg 86,400 slday = 0 0 043 mgls 

The air concentration of vinyl chloride resulting from emission £tom gound water in the 

trench is calculated using the box model formula presented below (DTSC, 1994): 

where: 

C,, = Concentration in air; mg/m3 

E =  Emission rate, mg/s 

L =  Length of side of' box, meters 

W =  Wind speed, metersls 

H =  Height of'box, meters 

C,, = (0 043 mg per s)/(68 m x 2 25 m peI s x 2 m) = 0 00014 m g / d  

Fu~ther, it was conservatively assumed that ground water would pool in the trench to the 

same depth each day and that the concentration of' VOCs (the maximum detected 

concentration) in g~ound water would remain constant over the 12 week exposure pe~iod 

(60 exposure days; 5 days per week for 12 weeks). To approximate this scenario, it is 

necessary to assume that ground water depleted of'VOCs from the previous day would be 

pumped out of'the trench at the beginning of' each work day and that ground water would 

recharge the ditch to a depth of' 1 m over the pe~iod of'a day. From conversations with 
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Geomatrix personnel, it is possible that ground water could recharge to a depth of' 1 m 
over a 24 hour period, 

All utility worker exposure assumptions are listed in Table 3-4 ofthe report. Note that the 

utility worker was assumed to inhale 20 m3 of' air containing the VOCs per work day, 
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ATTACHMENT D 
Lead Exposure Calculations 
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Unlike other chemicals for which human exposure is calculated in terms of chemical 

intake (intake in milligrams of' chemical per kilogram of' body weight per day, 

mgkglday), exposure and iisks associated with exposure to lead are based on an 

estimated blood lead concentration. Due to the existence of' a growing database relating 

blood lead concentration (typically expressed in terms of'micragrams of' lead per deciliter 

of' blood, pg/dL) and human toxicity, blood lead concentration is the most direct means 

by which the toxic effects of'lead in humans can be assessed,, 

The State of'  Califo~nia DTSC, United States Environmental Protection Agency (EPA), 

and others have developed lead exposure models for evaluating blood lead concentrations 

associated with intake of' lead from food, water, ai~; and soil The California DTSC lead 

exposure model (DTSC, 1992) was used in this Risk Assessment to evaluate lead 

exposures for the child at play and a utility worker assumed to be exposed to lead in soil., 

The model was used to predict blood lead increases associated with exposure to lead in 

Elevated and At Grade soils as well as lead kom background sources including air, food, 

and water The lead exposure model inherently assumes that all soil exposure on that day 

comes from the freeway source on days when the child at play or the utility worker is 

exposed to freeway corridor soil., 

The DTSC uses a 10 pg/dL blood lead concentration as its "concentration of concern" in 

both chilben and adults This level is consistent with USEPAis guidance regarding lead 

exposure in children However, this level is not consistent with the State of Californiais 

guidance with regaxd to utility worke~s CCR (California Code of Regulations) Title 8 5 
1532 1 ~ e q ~ e s  that a utility worker be ~emoved for medical reasons if any blood lead test 

on the worker yields a blood lead concentration that is at or above 50 pg/dL A blood lead 

concentration of 40 pg/dL to 49 pg/dL triggers several employee notification 

requirements. Appendix A to $ 15321 indicates that maintaining a blood lead 

concentration below 30 pg/dL is a "health protection goal". 

Thus, while the regulation does not establish a medical removal for a blood lead 

concentration level less than 40 pg/dL, it does recommend that worker blood lead levels 

be lower than 30 pg/dL. Thus, State of' California regulations allow for higher levels of 

worker exposure than the current DTSC point of departure of10 pg/dL, 
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Child at Play 

The site-specific exposure inputs used in the DTSC lead exposure model are presented in 

Table D-1. All other exposure inputs used in the DTSC lead exposure model were DTSC 

default values (DTSC, 1992) Calculated blood lead concentrations for the child at play 

exposed to 605 mgikg lead in Elevated Section soils are presented in the attached table 

As calculated using the DTSC lead exposure model, blood lead concentrations for the 

child at play are below the 99th percentile (Table D-2) 

Utility Worker 

With the exception of' the parameters listed in Table D-I, DTSC default exposure 

assumptions were used to calculate a utility workeris blood lead concentration (DTSC, 

1992). At the reasonable maximum exposure soil lead concentration of' :361 mglkg, a 

utility worke~is blood lead exposure did not exceed 10 pg/dL at the 99th percentile (Table 

D-3). 
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Table D-1 
Exposure Parameters for Lead Exposure Model 

Parameter Input SourcelComment 

General Parameters 
Frequency of soil contact 3 dayslweek (child at The child at play is assumed to be exposed to site soil 

play) 36 days per year The majority of'this exposure is 
expected to occur over 12 weeks of' summer vacation 
Ihis averages 3 days of'exposwe per week,, 

5 daydweek (utility 
worker) 

Soil Lead Concentration 605 pg/g (child at RME concentration of' lead in 0 to 1' depth soils at the - - 

play) South Elevated Section 

361 pgk RME concentration of lead in surface and subsurface 
(utility worker) depth soils at the At-Grade Section 

Drinking Water Lead 
Intake 
D~inking watex lead 
concentration 

Lead Intake Via 
Inhalation 
Background lead 
conceutration in air 

Dust concentration in air 

Soil Ingestion 

50 pg/m3 (child at play) 

500 &m3 (utility 
worker) 

240 mg (utility worker) 

Concentration of lead in water exceeded by 6% of' 
samples collected in California surface water and 
ground water supplies 
California Air Resources Board, 199.3 

January to June 1992 mean lead coucentmtiou in au 
for San Francisco and Richmond, Califomia 
California Air Resources Board, 1993 

Child at play- Default from Preliminary 
Endangelmeor Assessment Guidance Manual (DTSC, 
1994a) 

Utility worker - DTSC default 

DISC default 
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TABLE D-2 CHILD AT PLAY 

LEAD RISK ASSESSMENT SPREADSHEET 
CALIFORNIA DEPARTMENT OF TOXIC SUBSTANCES CONTROL 

INPUT I OUTPUT 

PATHWAYS. ADULTS 
I 

Pathway p 
SOIL CONTACT: I I I 
SOlL INGESTION: 
INHAI  A T I O N '  I I I 

PATHWAYS, CHILDREN 

Pathway 

605, uglg 
605 uglg 
0.05 uglinA3 

5 ugll 
9.5 ug Pblkg diet 

SOIL CONTACT: 
SOIL INGESTION: 
INHALATION: 
WATER INGESTION: 
FOOD INGESTION: 

Typical 1 

0.04 1% 
1.00 30% 
0.04 1% 
0.32 9% 
1.97 58% 

concentration 
in medium 

Blood Pb 
ugldl 

percent 
of total 



TABLE 0-3 UTILITY WORKER 
LEAD RiSK ASSESSMENT SPREADSHEET 

CALIFORNIA DEPARTMENT OF TOXIC SUBSTANCES CONTROL 

. - ,  
PLANT UPTAKE? I=YES O=NO 0 1 
RESPRA LE DUST (ug/mA3) 500 0 4.0 4 5 5.2 5 8 

1 INPUT I OUTPUT 

MEDIUM LEVEL percentiles 

EXPOSURE PARAMETERS 

LEAD IN AIR (uglmA3) 0.01 1 50th 90th 95th 98th 99th 
LEAD IN SOIL (uglg) 361.0 
LEAD IN WATER (uoll) 5 1 

units 
General 

l ~ a ~ s  per week I dayslwk 
Dermal Contact 
Skin area I cmA2 
Soil adherence mglmA2 
Route-specific constant ~(ug/dl)/(ug/day) 

PATHWAYS, ADULTS 

I I Construction Worker I 

Construction 
Worker 

5 

5800 
0.5 

0.0001 1 

Pathway 

SOIL CONTACT: 
SOIL INGESTION: 
INHALATION: 
WATER INGESTION: 
FOOD INGESTION: 

Soil ingestion 
Soil ingestion I mglday I I I 1 240 
Route-specific constant I(ug/dl)l(ug/day) I 0.0176 
Inhalation 
Breathing rate I mA3/day I I I I 20 
Route-specific constant I(ugldl)/(uglday) I 0.082 
Water ingestion 
Water ingestion I Ilday I I 1 1 1.4 
Route-specific constant I(ug/dl)l(uglday) I 0.04 
Food ingestion 

Blood Pb 
ugldl 

0.08 3% 
1.09 43% 
0.22 9% 
0.28 11% 
0.88 34% 

361 uglg 
361 uglg 

0.19 uglmA3 
5 ugll 

0.0 ug Pbkg diet 

2.2 
0.04 
10.0 

Food ingestion 
Route-specific constant 
Dietary concentration 
Lead in produce 

percent 
of total 

kglday 
(ugldl)/(uglday) 

u g h  
ug& 

Concentration 
in medium 
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Data Summary for Elevated Sections Surface Soil - Child Scenario 

Chemical Intake Analysis 

Carcinogenic Risk by Chemical for Each Route of Concern 

r Inhalation of Dermal Contact Soil 1 
Chemical Soil Emissions With Soil Ingestion Total 

Chrysene 4.68E-12 3.99E-09 8.07E-10 4.8OE-09 

Total 1.76E-10 8.68E-07 1.75E-07 1.04E-06 

Deternunistic Run 
ND =Not Detenmed because RfD or Slope Factor not entered 
NA = Not Applicable 



Data Summary far Elevated Sections Sudace Sail - Child Scenario 

Chemical Intake AnaIysis 
Dose by Chemid for=& ~ a u t e  of Concern (mfig-day) 

Inhalation of Soil Emissions 
I I 

Intake Value - 
Benr(a)anthracene a 

CDI 2 72E-10 
LADD 2 RE-11 

DI 
CDI 

LADD 
Benzo@)fluoranthMe DI 2 78E-08 

CDI 2 74E.W 
LADD 2 74E-10 I 

Benzo(kh,i)perylene DI 
CDI 

L ADD 
D1 

CDI 

I LADD 120E-10 

Dermal Contact With Soil 
I 

Value 

CDI 1 78E-07 
1 LADD 1 78E-08 

DI 
CDI 

LADD 5 59E-08 
~enzo@)fluosanthene DI 8 78E.06 

CDI 8 65E.07 
LADD 8 65E-08 

DI 
CDI 

1 LADD 2 m-07 
DI 

CDI 

I LADD 333E-08 

Soil Ingestion 

I 
Intake Value 

CDI 3 59E-08 

DI 
CDI 

I LADD 17SE-08 

I LADD 5.M)E-Oa 
Dl 

CDI 

I LADD 6.REd9 
Deterministic Run 
NA = Not Applicable 



Data Summary for Elevated Sections Surface Soil - Child Scenario 

Analysis for 
Receptor Point Concentration in Air 

Averagmg 
T i e *  Benz(a)anthracene Benzo(a)pyene Benzo(b)fluoranthene Benzo(g,h,i)perylene Chrysene 
[Years] tmg/m31 [mg/m31 [mg/m31 [mg/m31 [mg/m31 

5 2.43E-08 1.23E-08 2.453-07 3.02E-08 1.07E-07 
10 1.72E-08 8.67E-09 1.73E-07 2.14E-08 7.57E-08 
15 1.40E-08 7.08E-09 1.41E-07 1.75E-08 6.18E-08 
20 1.21E-08 6.13E-09 1.22E-07 1.51E-08 5.35E-08 
25 1.08E-08 5.48E-09 1.10E-07 1.35E-08 4.79E-08 
30 9.9OE-09 5.01E-09 9.998-08 1.23E-08 4.37E-08 
35 9.17E-09 4.63E-09 9.25E-08 1.14E-08 4.05E-3-08 
40 8.573-09 4.34E-09 8.65E-08 1.07E-08 3.79E-08 
45 8.0813-09 4.09E-09 8.16E-08 1.01E-08 3.57E-08 
50 7.6513-09 3.88E-09 7.74E-08 9.56E-09 3.39E-08 
55 7.31JX9 3.7OE-09 7.38E-08 9.11E-09 3.23E-08 
60 7.OOE-09 3.54E-09 7.07E-08 8.73E-09 3.09E-08 
65 6.73E-09 3.4OE-09 6.79E-08 8.38E-09 2.9%-08 
70 6.48E-09 3.28E-09 6.54E-08 8.08E-09 2.86E-08 
75 6.2633-09 3.1733-09 6.32E-08 7.8OE-09 2.77E-08 

*The maxunum RUNNING average concentration IS shown for these averagmg t i e s .  
For example, the m a m u m  5-year average concentration may not occur m the first five years. 
To find out when the maxunum RUNNING concentrations occured, mew the charts. 
Simulahon T i e  = 75 Years 



Data Summary for Elevated Sections Surface Soil - Child Scenario 

Analysis for 
Volatile Emissions 

Averapg 
Time* Benz(a)anthracene Benzo(a)pyrene Benzo@)fluoranthene Benzo(g,h,i)perylene Chrysene 
[Years] [kglyearl [kg/yearl Ikg/yearl [kg/yearl Ikglyearl 

5 1.73303 3.85E-04 7.69E-03 9.49E-04 7.62E-03 
10 1.22E-03 2.723-04 5.44E-03 6.71E-04 5.39E-03 
15 9.96E-04 2.22E-04 4.442-03 5.48E-04 4.40E-03 
20 8.63304 1.93E-04 3.84E-03 4.75E-04 3.81E-03 
25 7.72E-04 1.72E-04 3.44E-03 4.253-04 3.41E-03 
30 7.0413-04 1.57E-04 3.14E-03 3.88E-04 3.11E-03 
35 6.52E-04 1.463-04 2.9133-03 3.59E-04 2.88E-03 
40 6.1OE-04 1.36E-04 2.72E-03 3.36E-04 2.69E-03 
45 5.75E-04 1.28E-04 2.56E-03 3.16E-04 2.54E-03 
50 5.4633-04 1.ZE-04 2.43E-03 3.00E-04 2.41E-03 
55 5.20E-04 1.16E-04 2.32E-03 2.86E-04 2.30E-03 
60 4.98E-04 1.11E-04 2 D - 0 3  2.74E-04 2.2OE-03 
65 4.79E-04 1.07E-04 2.13E-03 2.63E-04 2.1l.E-03 
70 4.61E-04 1.03E-04 2.05E-03 2.54E-04 2.04E-03 
75 4.46E-04 9.94E-05 1.99E-03 2.45E-04 1.97~-03 

*The maxlmum RUNNING average concentration IS shown for these averagmg times. - 
For example, the maxhum 5-year average concentration may not occur in the first five years. 
To find out when the maximum RUNNING concentrations occured, view the charts. 
Simulation Time = 75 Years 



Data Summary for Elevated Sections Smface Soil - Child Scenario 

Chemical Intake Analysis 
Dose by Chemical for Each Route of Concern (mglkg-day) 

Inhalation of Soil Emissions 

Intake Value 

Benzene DI 3 58E-07 
CDI 3 53E-08 

LADD 3 53E-09 
Toluene Dl 2..29E-05 

CDI 226E-06 
LADD 2 26E-07 

Xylene DI 605E-07 
CDI 5.97E-08 

LADD 5.97E-09 

Dermal Contact With Soil 

Intake Value 
Benzene DI 9 75E-08 1 

CDI 9 62E-09 
LADD 9.62E-10 

Ioluene Dl 2.77E-06 
CDI 2.74E.07 

LADD 274E-08 
Xylene DI 1.65E-07 

CDI 1.63E-08 
LADD 1.63E-09 

Soil Ingestion 

Intake Value 
Benzene DI 295E-08 

CDI 2.91E.09 
LADD 2 91E-10 

Toluene DI 8.41E-07 
CDI 8,29E-08 

LADD 829E-09 
Kylene Dl 5(]OE-08 

CDI 4 93E-09 
LADD 4.93E-10 

Dete~ministic Run 
NA = Not Applicable 
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Data Summary for Elevated Sections Surface Soil - Child Scenario 

Analysis for 
Receptor Point Concentration in Air 

Averagmg 
T i e *  Benzene Toluene Xylene 
[Years] bg/m31 [mg/m31 Img/m31 

5 3.15E-06 2.01E-04 5.33E-06 
10 1.57E-06 1.01&04 2.66E-06 
15 1.05E-06 6.71E-05 1.78E-06 
20 7.87E-07 5.03E-05 1.33E-06 
25 6.3OE-07 4.03E-05 1.07E-06 
30 5.25E-07 3.3633-05 8.88E-07 
35 4.5OE-07 2.88E-05 7.61E-07 
40 3.94E-07 2.52E-05 6.66E-07 
45 3.5OE-07 2.24E-05 5.92E-07 
50 3.15E-07 2.01E-05 5.33E-07 
55 2.86E-07 1.83E-05 4.84E-07 
60 2.6223-07 1.68E-05 4.44E-07 
65 2.423-07 1.55E-05 4.1OE-07 
70 2.25E-07 1.44E-05 3.81E-07 
75 2.1OE-07 1.34E-05 3.55E-07 

'The m a x m m  RUNNING average concentratton IS shown for these averagmg bmes. 
For example, the m a x i m  5-year average concentrahon may not occur m the first five years. 
To find out when the mawnum RUNNING concentrations occured, vlew the charts. 
S iu lahon T i e  = 75 Years 



Data Summary for Elevated Sections Surface Soil - Child Scenario 

Analysis for 
Volatile Emissions 

Averagmg 
Time* Benzene Toluene Xylene 
[Years] [kgiyear] [k&year] 

For example, the maximum 5-year average concentration may not occur in the first five years. 
To find out when the maximum RUNNING concentrations occured, view the charts. 
Simulation Time = 75 Years 



API DSS Data Requirements D:'APIDSSU88O\CHILDNl.SAV 01/24/96 12:46 

The following chemicals were selected: 
Toluene 

'a for Fate and 'Transport Models 

Thibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 
Depth to top of cont soil [m] 
Depth to bottom of cont soil [m] 
Unsaturated zone porosity (-1 
Water content [-I 
Dry Wt Soil bulk density [g/cmA31 
Fraction Organic Carbon [-I 
Temperature [C] 

Thibideaux-Hwang Chemical Specific Parameters 
Toluene 

Hentys Constant [(mg/L)l(mgR) 2.84E-01 
Koc [ug/gOC/ug/mll 300 
Diffusion in Air [cmA2/sec] 0.078 
Vapor Pressure [mmHg] 28.1 
Total Concentration in Soil [mglkg] 0.37 

Box Dispersion Model - Deterministic 
Wind Speed [m/s] 3.89 
Height of Box [ml 2 
Width of Box [m] 2 

data for Risk Assessment 

Body Weight and Lifetime - Deterministic 
Average Weight (kg) 44 
Lifetime (yrs) 70 

Inhalation of Soil Emissions 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Inhalation Rate [mA3/hr] 
Time Outdoors [hourslday] 

Inhalation of Soil Emissions Chemical Specific Parameters 
Toluene 

Bioavailability [fraction] 1 

Dermal Contact with Soil 
Exposure Frequency [daysly] 
Exposure Duration [years] 
Skin Surface Area [cmA2] 
Adherence Factor [mglcmA2] 

Dermal Contact Chemical Specific Parameters 
Toluene 

Dermal Absorption Factors [fraction] 0.1 

Ingestion of Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Ingestion Rate [mglday] 
Fraction Soil Contaminated [-] 



Ingestion of Soil Chemical Specific Parameters 
Toluene 

Bioavailability [fraction] 1 

Oral Dose 
tene 
.lope Factor [ Il(mglkg-day) ] N A 

Reference Dose [mgikgday] 0 2 

Dermal Dose 
Toluene 

Slope Factor [ l/(mg/kg-day) ] N A 
Reference Dose [mgikgday] 0 2 

Inhalation Dose 
Toluene 

Slope Factor [ l/(mg/kgday)] N A 
Reference Dose [mgkgday] 1 ..I 4E-1 

Receptor Point Concentration Distributions 

Soil Concentrations 
Toluene 

Soil [mglkg] 



~missions/Dispersion Model Output 

Analysis for .. 

analyses Performed: 
- - - - - - - - - - - - - - - - -  

,.~ibodeaux-Hwang volatile emissions 
Box Model used for. dispersion 

*** PARAMETERS ***  

Deterministic Run 

PARAMETER NAME UNITS VALUE 

Area m-2 
Depth to Top of Cont. Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cmA3/cm^3 
Water Content cmA3/cm^3 
Soil Bulk Density g/cma3 
Fractional Organic Carbon 919 
Temperature C 
Wind Speed m/s 
Box Height m 
BOX Width m 

Henrys const (mg/L) / (mg/L) .. 284E+OO 
organic Carbon Part Coef f cme3/g .. 300Ei.03 
Molecular Weight g/mol .920E+02 
 iffu us ion Coefficient in Air cme2/s .780E-01 
Vapor Pressure mmHg .. 281.Ei-02 
Total Soil Concentration mg/kg .. 370Ec00 
OUTPUTS 

Time to depletion (yr) for Toluene 

Averaging Time, yr = 5 
Toluene .. 143Ec02 .. 000Ec00 

Averaging Time, yr = 1.0 
Toluene .. 716E+.01 .. 000Ec00 

veraging Time, yr = 15 
.luene .. 477Ec01 .000E+00 .. 6713-04 

Averaging Time, yr = 2 0 
Toluene .. 358Ec01 ., 000E+00 



Averaging Time, yr = 
Toluene .. 286E+01 

Averaging Time, yr = 
Toluene .. 239E+01 

reraging Time, yr = 
Toluene .. 205Ec01 

Averaging Time, yr = 
Toluene .. 179E+01 

Averaging Time, yr = 
Toluene .. 159E+01 

Averaghg Time, yr = 
Toluene .. 143E+01 

Averaging Time, yr = 
Toluene .. 13OE+01. 

Averaging Time, yr = 
Toluene .. 119E+01 

Averaging Time, yr = 
Tol.uene .. llOE+01 

Averaging Time, yr = 
Toluene .. 102E+01 

Averaging Time, yr = 
luene 955E+OO 



API DSS Data Requirements D:\APIDSSU88O\CHILDNSl.SAV 01124196 1256 

The following chemicals were selected: 
Benzene 
Xylene 

.ta for Fate and 'Transport Models 

Thibideaux.-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 
Depth to top of cont soil [m] 
Depth to bottom of cont soil [m] 
Unsaturated zone porosity [-I 
Water content [-I 
Dry Wt Soil bulk density [g/cmA3] 
Fraction Organic Carbon [-] 
Temperature [C] 

Thibideaux-Hwang Chemical Specific Parameters 
Benzene 

Henrys Constant [(mgR)l(mglL) 2.49E-01 
Koc [uglgOClugIml] 83 
Diffusion in Air [cmA2/sec] 0.087 
Vapor Pressure [mmHg] 95.2 
Total Concentration in Soil [mglkg] 0..013 

Xylene 
Heniys Constant [(mgR)l(mgR) 3.15E-01 
Koc [uglgOCIuglml] 240 
Diffusion in Air [cmA2/5ec] 0.072 
Vapor Pressure [mmHg] 10 
Total Concentration in Soil [mglkg] 0 022 

Box Dispersion Model - Deterministic 
Wind Speed [mls] 389 
Height of Box [m] 2 
Width of Box [m] 2 

Data for Risk Assessment 

Body Weight and Lifetime - Deterministic 
Average Weight (kg) 44 
Lifetime (yrs) 70 

Inhalation of Soil Emissions 
Exposure Frequency [daysly] 
Exposure Duration [years] 
Inhalation Rate [mA3/hr] 
Time Outdoors [hourslday] 

lnhalation of Soil Emissions Chemical Specific Parameters 
Benzene 

Bioavailability [fraction] 1 
~ ~ 

Xylene 
Bioavailability [fraction] 

ermal Contact with Soil 
cxposure Frequency [dayslyr] 
Exposure Duration [years] 
Skin Surface Area [cmA2] 
Adherence Factor [mg/cmY] 



Dermal Contact Chemical Specific Parameters 
Benzene 

Dermal Absorption Factors [fraction] 0 1 
Xylene 

Dermal Absorption Factors [fraction] 0 1 

,estion of Soil 
Exposure Frequency [days/yr] 
Exposure Duration [years] 
Ingestion Rate [mglday] 
Fraction Soil Contaminated [-I 

lngestion of Soil Chemical Specific Parameters 
Benzene 

Bioavailability [fraction] 1 
~ - 

Xylene 
Bioavailability [fraction] 

Oral Dose 
Benzene 

Slope Factor [ Il(rng/kgday) 1 
Reference Dose [mglkgday] 

Xylene 
Slope Factor [ l/(mglkgday)] 
Reference Dose [rngkgday] 

Dermal Dose 
Benzene 

Slope Factor [ l/(mg/kgday) ] 
Reference Dose [mglkgday] 

Xylene 
Slope Factor [ Il(mgkgday) ] 
Reference Dose [rngkgday] 

Inhalation Dose 
Benzene 

Slope Factor I Il(rng1kgday) ] 0 1 
Reference Dose [mgkgday] NO 

Xylene 
Slope Factor [ l/(mg/kgday) ] N A 
Reference Dose [mglkgday] 0 2 

Receptor Point Concentration Distributions 

Soil Concentrations 
Benzene 

Soil [rngkg] 
Xylene 

Soil [mgkg] 



Emissions/Dispersion Model Output 

Analysis for 

Analyses Performed: 
- - - - - . - - - - - - - - - - - 

-,iibodeaux-Hwang volatile emissions 
Box Model used for dispersion 

***  PARAMETERS ***  

Deterministic Run 

Area m-2 
Depth to Top of Cont. Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cm^3/cm^3 
Water Content cm-3 /cmA3 
Soil Bulk Density g/cmA3 
Fractional Organic Carbon g/g 
Temperature C 
Wind Speed m/ s 
Box Height m 
Box Width m 

Henrys const (mg/L) / (mg/L) .. 249E+OO 
Organic Carbon Part Coeff cmA3/g .830Et02 
Molecular Weight g/mol .. 780E+02 
 iffu us ion Coefficient in Air crnA2/s .870E.-01 
Vapor Pressure mmHg .952Et02 
Total Soil Concentration mg/kg .. 130E-01 

Henrys const (mg/L) / (rng/L) .315E+00 
Organic , Carbon Part Coef f cm^3/g .240E+03 
~olecular Weight g/mol .. 106E+03 
Diffusion Coefficient in Air. cme2/s ..720E-01 
Vapor Pressure mmHg .. 100Et02 
Total Soi.1 Concentration mg/kg .220E-01 

OUTPUTS 

Time to depletion (yr) for Benzene 
-ime to depletion (yr) for Xylene 

Volatile Particulate Air 
Emissions Emissions Concentration 
(kg/yr.) (kg/yr) (mg/mA3) 

- - - - .- - - .- - - - - - - - - - - - - - - ,- - - - - - - - - - - - - - - .. - ,- - - - - - - - - - - -. - - .- - - - - - - - - - - - - 



Averaging Time, yr = 
3enzene .. 9893-01 
Xylene .. 167E+00 

.reraging Time, yr. = 

.~zene ..494E-01 
Xylene .. 836E-01 

Averaging Time, yr. = 

3enzene ,330E-01 
Xylene .558E-01 

Averaging Time, yr. = 

3enzene .. 2473-01 
Xyl.ene .. 418E-01 

Averagi.ng Time, yr = 

Benzene ,198E-01 
Xylene .. 3353-01 

~veraging Time, yr. = 
Benzene .. 165E-01 
Xylene .. 2793-01 

Averaging Ti.me, yr = 
Benzene .. 1413-01. 
Xylene .. 2393-01 

Averaging Time, yr = 
Benzene 124E-01 
lene .209E-01 

Averaging Time, ys. = 
Benzene . llOE-01 
Xylene .. 186E-01 

Averaging Time, yr = 
Benzene .. 9893-02 
xylene .. 167E-01 

.. OOOEtOO 

.. 000E+00 

Averaging Time, yr = 
Benzene .. 8993-02 
Xylene .. 152E-01 

Averaging Time, yr = 
Benzene .. 8243-02 
Xylene .. 139E-01 

Averaging Time, yr = 
Benzene .. 7603-02 
Xylene .. 129E-01 

Averaging Time, yr = 
Benzene "'7063-02 
Xylene .. 119E-01 

veraging Time, yr = 
~enzene .. 6593-02 
Xylene .112E-01 



&PI DSS Data Requirements D:\APIDSSU880\CHILDNS2,,SAV 01/24/96 13:05 

The following chemicals were selected: 
Benz(a)anthracene 
Chrysene 

,dta for Fate and T'ranspott Models 

T'hibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contammated soil [mA2J 84000 
Depth to top of cont soil [m] 0 
Depth to bottom of cont soil [m] 1 52 
Unsaturated zone porosity [-I 0 3 
Water content [-I 0 1 
Dry Wt Soil bulk density [g/cmA3] 1 8  
Fraction Organic Carbon [-I 0.01 
Temperature [C] 25 

'Thibideaux,-Hwang Chemical Specific Parameters 
Benz(a)anthracene 

Henrys Constant [(mg/L)/(mgll) 
Koc [ug/gOC/ug/ml] 
Diffusion in Air [cmA2/sec] 
Vapor Pressure [mmHg] 
Total Concentration in Soil [mglkg] 

Chrysene 
Henrys Constant [(mglL)/(mgR) 
Koc [ug/gOC/ug/mll 
Diffusion in Air [cmA2/sec] 
Vapor Pressure [mmHg] 
Total Concentration in Soil [mgkg] 

Box Dispersion Model - Deterministic 
Wind Speed [mls] 
Height of Box [m] 
W~dth of Box [m] 

Data for Risk Assessment 

Body Weight and Lifetime .- Deterministic 
Average Weight (kg) 
Lifetime (yrs) 

lnhalation of Soil Emissions 
Exposure Frequency [dayslyrl 
Exposure Duration [years] 
Inhalation Rate [mA3/hrl 
Time Outdoors [hoursldayl 

Inhalation of Soil Emissions Chemical Specific Parameters 
Benz(a)anthracene 

Bioavailability [fraction] 1 
Chrysene 

Bioavailability [fraction] 

Dermal Contact with Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Skin Surface Area [cmA2] 
Adherence Factor [mg/cmA2] 



Dermal Contact Chemical Specific Parameters 
Benz(a)anthracene 

Dermal Absorption Factors [fraction] 0 I 5  
rysene 
Jermal Absorption Factors [fraction] 0 15 

Ingestion of Soil 
Exposure Frequency [daystyr] 
Exposure Duration [years] 
Ingestion Rate [mgJday] 
Fraction Soil Contaminated [-I 

Ingestion of Soil Chemical Specific Parameters 
Benz(a)anthracene 

Bioavailability [fraction] 1 
Chrysene 

Bioavailability [fraction] 

Oral Dose 
Benz(a)anthracene 

Slope Factor [ l/(mglkgday) I 1 .2 
Reference Dose [mgkgday] ND 

Chrysene 
Slope Factor [ l/(mglkgday) I 0.12 
Reference Dose [mglkgday] ND 

Dermal Dose 
Benz(a)anthracene 

Slope Factor [ l/(mglkgday)] 
Reference Dose [mgikgday] 

Chrysene 
Slope Factor [ l/(mglkgday) 1 
Reference Dose (mglkgday] 

Inhalation Dose 
Benz(a)anthracene 

Slope Factor [ ll(mgikgday) I 0.39 
Reference Dose [mgikgdayj ND 

Chrysene 
Slope Factor [ lt(mgkg4ay) I 0.039 
Reference Dose [mgikgday] ND 

Receptor Point Concentration Distributions 

Soil Concentrations 
Benz(a)anthracene 

Soil [rngkgl 
Chrysene 

Soil [mgkgl 



~missions/Dispersion Model Output 

Analysis for .. .. .. 

Pnalyses Performed: 
- - - - - - - - - - - - - - - - -  

Lrlibodeaux-Hwang volatile emissions 
Box Model used for dispersion 

*** PARAMETERS *** 

Deterministic Run 

Area m-2 
Depth to Top of Cont.. Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cmA3/cmA3 
Water Content cm-3/cmA3 
Soil Bulk Density g/cmA3 
Fractional Organic Carbon 9/57 
Temperature C 
Wind Speed 4 s  
Box Height m 
Box Width m 

Henrys const (mg/L) / (mg/L) .. 5173-04 
Organic Carbon Part Coeff cmA3/g .. 138E-t.07 
Molecular Weight g/mol .228E+03 
Diffusion Coefficient i.n Air cmA2/s .510E-01 
Vapor Pressure mmHg ..22OE-07 
Total Soil Concentration mg/kg . 1.60E+00 

Henrys const (mg/L) / (mg/L) ..469E-04 
Organic,Carbon Part Coeff cmA3/g .200E+06 
Molecular Weight g/mol .. 228E+03 
Diffusion Coefficient in Air cmA2/s ..452E.-01 
Vapor Pressure mmHg .. 6303.-08 
Total Soil Concentration mg/kg .300E+00 

OUTPUTS 

Time to depletion (yr) for Benz (a) anthracene = ..6443+08 
?e to depletion (yr) for Chrysene = ..116E+08 

Volatile Particulate Air 
Emissions Emissions Concentration 
(kg/yr) (kg/yr) (mg/m̂ 3 

- - - - - - - - - - - - - .- - - - - - - - - - - - - - - - - - - - - - .- - - - - - - ,- - - - - - - - - - - - .- - - - - .- - - - .- .- .- 



~veraging Time, yr = 
Benz (a) anthr 1733-02 
rysene "7623-02 

Averaging Time, yr = 
Benz (a) anthr ,1223-02 
Chrysene .. 539E-02 

Averaging Time, yr = 
Benz (a) anthr ., 9963-03 
Chrysene ,4403-02 

Averaging Time, yr = 
Benz (a) anthr .. 8633-03 
Chrysene .. 3813-02 

Averaging Time, yr = 
Benz (a) anthr ,7723-03 
Chrysene ,3413-02 

Averaging Time, yr = 
Benz (a) anthr .. 704E-03 
Chrysene "311E-02 

Averaging Time, yr = 
Benz (a) anthr -6523-03 
Chrysene .288E-02 

Averaging Time, yr = 
Benz (a) anthr 610E-03 
Chrysene ,2693-02 

Averaging Time, yr = 
Benz (a) anthr .. 5753-03 
Chrysene ,2543-02 

Averaging Time, yr = 
Benz (a) anthr .. 5463-03 
Chrysene .. 2413-02 

Averaging Time, yr = 
Benz (a) anthr .. 5203-03 
Chrysene "2303,-02 

~veraging Time, yr = 
Benz (a) anthr ..4983-03 
Chrysene .. 2203-02 

Averaging Time, yr = 
Benz (a) anthr .. 4783-03 
Chrysene .. 2113-02 

~veraging Time, yr = 
Benz (a) anthr .. 4613-03 
Chrysene ., 2043-02 

Averaging Time, yr = 
Benz (a) anthr ..445E-03 
Chrysene .. 1973-02 



API DSS Data Requirements D:\APIDSSU880\CHILDS2.,SAV 01/24/96 13:12 

The following chemicals were selected: 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

?zo(g,h,i)perylene 

Data for Fate and Transport Models 

Thibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 16500 
Depth to top of cont soil [m] 0 
Depth to bottom of cont soil [rn] 1 52 
Unsaturated zone porosity [-I 0 3 
Water content [-] 0 1 
Dry Wt Soil bulk density [glcmA3] 1 8  
Fraction Organic Carbon [-I 0.01 
Temperature [Cl 25 

Thibideaux'-Hwang Chemical Specific Parameters 
Benzo(a)pyrene 

Henrys Constant [(mgR)l(rngR) 
Koc [ug/gOC/ug/ml] 
Diffusion in Air [cmA2/sec] 
Vapor Pressure [rnmHg] 
'Total Concentration in Soil [mglkg] 

Benzo(b)fluoranthene 
Henrys Constant [(mgR)l(mgR) 
Koc [ugIgOCluglml] 
Diffusion in Air IcrnA2/secl 
Vapor pressure [rnrn~g] ' 5 OOE-07 
Total Concentration in Soil [mglkg] 0 78 

Benzo@,h.i)perylene 
Henrys Constant [(rngR)l(rngR) 2.39E-06 
Koc [ug/gOC/ug/ml] 1600000 
Diffusion in Air [cmA2/sec] 0 0411 
Vapor Pressure [mmHg] 1 03E-10 
Total Concentration in Soil [mglkg] 2 5 

Box Dispersion Model ... Deterministic 
Wind Speed [mls] 3.89 
Height of Box [m] 2 
Width of Box [m] 2 

Data for Risk Assessment 

Body weight and Lifetime .- Deterministic 
Average Weight (kg) 44 
Lifetime (yrs) 70 

Inhalation of Soil Emissions 
Exposure Frequency [daysbr] 
Exposure Duration [years] 
Inhalation Rate [mA3/hr] 
Time Outdoors Fourstday] 

~nhalation of Soil Emissions Chemical Specific Parameters 
Benzo(a)pyrene 

Bioavailabilii [fraction] I 
Benzo(b)fluoranthene 

Bioavailability [fraction] 1 



Benzo(g,h,i)perylene 
Bioavailability [fraction] 

Dermal Contact with Soil 
Exposure Frequency [dayslyr] 
'"posure Duration [years] 

,n Surface Area [cmA2] 
Adherence Factor [mglcmA2] 

Dermal Contact Chemical Specific Parameters 
Benzo(a)pyrene 

Dermal Absorption Factors [fraction] 0 15 
Benzo(b)fluoranthene 

Dermal Absorption Factors [fraction] 0 15 
Benzo(g.h,i)perylene 

Dermal Absorption Factors [fraction] 0 15 

Ingestion of Soil 
Exposure Frequency [dayslyrf 
Exposure Duration [years] 
Ingestion Rate [mglday] 
Fraction Soil Contaminated [-I 

Ingestion of Soil Chemical Specific Parameters 
Benzo(a)pyrene 

Bioavailability [fraction] 1 
Benzo(b)fluoranthene 

Bioavailabilii [fraction] 1 
Benzo@,h,i)perylene 

BioavailabiSty [fraction] 1 

Oral Dose 
' vzo(a)pyrene 

Slope Factor [ l/(mglkgday) ] 12 
Reference Dose [mgkgday] ND 

Benzo(b)fluoranthene 
Slope Factor [ ll(mg1kgday) ] 1 2  
Reference Dose [mglkgday] ND 

Benzo(g,h,i)perylene 
Slope Factor [ l/(mg/kgday) ] 0.071 
Reference Dose [mglkgday] ND 

Dermal Dose 
Benzo(a)pyrene 

Slope Factor [I/(mg/kg-day) 1 12 
Reference Dose [mgkg.day] ND 

Benzo(b)fluoranthene 
Slope Factor [ Il(mg1kgday) ] 1.2 
Reference Dose [mglkgday] ND 

Benzo(g,h,i)perylene 
Slope Factor [ l/(mgkgday) ] 0..071 
Reference Dose [mglkgday] ND 

Inhalation Dose 
Benzo(a)pyrene 

Slope Factor [ l/(mgkgday)] 3..9 
Reference Dose [mgkgday] ND 

Benzo(b)fluoranthene 
Slope Factor [ ll(mg1kgday) ] 0..39 
Reference Dose [mglkg-day] ND 

enzo(g,h.i)perylene 
Slope Factor [ l/(mg/kgday) ] 0,010 
Reference Dose [mglkgday] ND 

Receptor Point Concentration Distributions 



Soil Concentrations 
Benzo(a)pyrene 

Soil [rngkg] 
Benzo(b)fluoranthene 

Soil Irngkg] 
P-,?zo(g.h,i)perylene 

oil [rngkg] 



~missions/Dispersion Model Output 

Analysis for . .. .. 

Analyses Performed: 
- - - - - - - - - - .. - - - - - - - - 
libodeaux-Hwang volatile emissions 

-ox Model used for dispersion 

* * *  PARAMETERS *** 

Deterministic Run 

PARAMETER NAME UNITS VALUE 

Area m-2 
Depth to Top of Cont. Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cm^3/cmA3 
Water Content cm^3/cm^3 
Soil Bulk Density g/cmA3 
Fractional 0rgani.c Carbon g/g 
Temperature C 
Wind Speed m/s 
Box Height m 
Box Width m 

Benzo (a) pyrene 
- .- - - - - .- - - .- - - - 
'*'RAMETER NAME UNITS VALUE 

. -. - - - - - . - - - - - -. .- -. .- - - - - - - - - .- - - - - - .- - - - - - - - - - - - 

Henrys const (mg/L) / (mg/L) .. 2773-04 
Organic Carbon Part Coeff cm^3/g .550E+07 
Molecular Weight g/mol .2523+03 
Diffusion Coefficient in Air cmA2/s ..430E-01 
Vapor Pressure mmHg .. 5603-08 
Total Soil Concentration mg/kg .540E+00 

Benzo (b) f luoranthene 
- - - - - , - - - - - - - - 
PARAMETER NAME UNITS VALUE 
. - - -. - - -, - - - - - - - -. - -. - - - - - - .- - .- .- .- - - - - - - - - .- - - - - - - - - 

Henrys const (mg/L) / (mg/L) .529E-03 
Organic Carbon Part Coeff cmA3/g .5503+06 
Molecular Weight g/mol. .2523+03 
Diffusion Coefficient in Air cmA2/s ..430E-01 
Vapor Pressure mmHg .. 500E-06 
Total Soil Concentration mg/kg .780Ei.00 

Benzo (g, h, i) perylene 
-. - - - - - - -. - - - - - 
PARAMETER NAME UNITS VALUE 

nrys const (mg/L) / (mg/L) ..239E-05 
Organic Carbon Part Coeff cmA3/g .160E+07 
Molecular Weight g/mol ..276E+03 
Diffusion Coefficient i.n Air cmA2/s ..411E-01 



Vapor Pressure mmHg , 1033 -09  
Total Soil Concentration mg/kg .. 250Et.01 

OUTPUTS 

~e to depletion (yr) for Benzo(a)pyrene = ..569E+09 
.ne to depletion (yr) for Benzo(b) fluoranthene = .298E+07 

Time to depletion (yr) for Benzo(g, h, i)perylene = .. 2013+10 

Averaging Time, yr = 5 
Benzo (a) pyre ., 3853-03 .000E+OO 
Benzo (b) f luo .769E-02 .. 000E+00 
Benzo (g, h, i) .. 9493-03 ,, 00OEt.00 

Averaging Time, yr = 1 0  
Benzo (a) pyre .. 2723-03 .000E+00 .. 867E-08 
Benzo (b) f luo .. 5443-02 .. 000E+00 ., 173E-06 
Benzo (g, h, i) .. 6713-03 .. 0 0 0 ~ t . 0 0  .. 2 1 4 ~ - 0 7  

Averaging Time, yr = 1 5  
Benzo (a) pyre .. 2223-03  .. O O O E + O O  .. 7083-08 
Benzo (b) f xu0 ..444E.-02 .. 000E+00 .. 141E-06 
Benzo (g, h, i) .. 5483-03  .. 000E+00 . 1743-  0'7 

~veraging Time, yr = 20  
Renzo (a) pyre .. 1933-03  .. 000E+00 .. 6133-08 
nzo (b) f luo .384E-02 .. 000E+00 .. 1223-06 

~enzo ( g ,  h, i) .475E-03 .. O O O E + O O  . ,I~I.E.-07 

~veraging Time, yr = 25  
Benzo (a) pyre .172E-03 .000Et.00 .. 5483-08 
Benzo (b) f luo .. 3443-02 .. 000E+00 .109E-06 
Benzo(g,h, i) .. 4243-03  .. 00OEtOO .. 1353-07 

~veraging Time, yr = 3 0  
Benzo (a) pyre .. 1573-03  .000E+00 .. 501E-08 
Benzo (b) f luo .314E-02 .. 000Et.00 .999E-07 
Benzo (g, h, i) .. 3873-03 .. 000E+00 .123E-07 

Averaging Time, yr = 3 5  
Benzo (a) pyre .. 146E-03 .. 0003+00 "4633-08 
Benzo (b) f luo ..291E-02 .000E+00 .. 9253-07 
Benzo . (g,fi, . i) .. 3593-03  .. 000E+00 .. 114E-07 

Averaging Time, yr = 40 
Benzo (a) pyre .. 1363-03  .. 00OEt~OO ..434E-08 
Benzo (b) f luo . .272E-02 .000E+00 .. 8653-07 
Benzo ( g ,  h, i) . .336E-03 .. O O O E + ~ ~  . .107E-07 

Averaging Time, yr = 4 5 
Benzo (a) pyre .. 1283-03  .. 000E+00 ..409E-08 
senzo (b) f luo .. 2563-02 .. 000E+00 .. 8163-07 
enzo(g,h,i) , 3 1 6 3 - 0 3  .. 000Et00 .. 101E-07 

Averaging Time, yr = 5 0 
Benzo (a) pyre , 1 2 2 3 - 0 3  .. 000E+00 
Benzo (b) f luo .. 2433-02 .. 000E+00 



Averaging Time, yr = 
Benzo (a) pyre ,1163-03 
Benzo (b) f luo 2323-02 
P-?zo (g, h, i) 2863-03 

Averaging Time, yr. = 
Benzo (a) pyre . 1113-03 
Benzo (b) f luo ,2223-02 
Benzo (g, h, i) ,2743-03 

Averaging Time, yr = 
Benzo (a) pyre .. 1073-03 
Benzo (b) f luo .. 2133-02 
Benzo (g, h, i) 2533-03 

Averaging Time, yr. = 
Benzo (a) pyre .. 1033-03 
Benzo (b) flu0 .. 2053-02 
Benzo (g ,  h, i) .. 2543-03 

Averaging Time, yr = 
Benzo (a) pyre .. 9943-04 
Benzo (b) f luo .. 1983-02 
Benzo (g, h, i) ,2453-03 



ATTACHMENT F 
API DSS Exposure and Risk Calculations 

Utility Worker 



Data Summary for Elevated Sections Surfh., and Subsurface Soil -Worker Scenario 

Chemical Intake Analysis 

Carcinogenic Risk by Chemical for Each Route of Concem 

Inhalation of Dermal Contact Soil 
Chemical Soil Emksions With Soil Ingestion Total 

Benz(a)anthracene 6.35E-12 5.6OE-09 3.093-09 8.7OE-09 

Benzo(a)pyrene 3.21E-11 1.89Fr07 1.04E-07 2.93E-07 

Benzo(b)fluoranthene 6.40E-11 2.7311-08 1.51E-08 4.25E-08 

Benzo(g,h,i)perylene 2.03E13 5.18E-09 2.86E-09 8.04E-09 

Chrysene 2.8OE-12 1.05E-09 5.80E-10 1.63E-09 

Naphthalene ND ND ND O.OOE+OC 

Total 1.05E-10 2.2813-07 1.26E-07 3.54E-07 

Hazard Index by Chemical for Each Route of Concem 

Inhalation of Dermal Contact Soil 
Chemical Soil Emissions With Soil Ingestion Total 

Benz(a)anthracene ND ND ND O.OOE+OO 

Benzo(a)pyrene ND ND ND 0.00Ei00 

Benzo(b)fluoranthene ND ND ND 0.00E+00 

Benzo(g,h,i)perylene ND ND ND 0.00E+00 

Chrysene ND ND ND O.OOE+OO 

Naphthalene ND 2.50E-04 1.38E-04 3.88E-04 

Total 0.00E+00 2.5OE-04 1.38E-04 3.88E-04 

Determlnlstic Run 
ND = Not Detemuned because RfD or Slope Factor not entered 
NA = Not Applicable 



Data Summary far Elevated Sections Sudilce and Subsurface Sail - Worker Seenuio 

Chemical Intake Analpis 
Dme by Chemical for Each Route of Concern (mgikgday) 

Inhalation of Sail Emiuians 
I 

Intake Vdue 
Bau(a)anthrame Dl 6 938-54 

CDI 114E49 
I LADD 163E-11 

LADD 
Dl 

CDI 
IADD 

Dl 
CDI 

LADD 
Dl 

CDI 
IADD 

LADD l.cQE-06 - 

Dermal Contact With Soil 
I 

Intake Value 
Benr(a)Mthracene DI 199E-06 

CDI 3 27E47 
LADD 

DI 
CDI 

LADD 
DI 

CDI 
LADD 

Dl 
CDI 

LADD 
Dl 

CDI 
LADD 8 76E-W 

Naphthalem Dl 6 (19E45 
CDI 1.COE05 

LADD 1.43E-07 

SOU Ingestion 
I I 

CDI 1.80E-07 
LAUD 258E-W 

DI 3 70E-M 
CDI 609E-07 

LADD 8 70E-W 

I LADD 
Dl 

CDI 

Naphthalene 
CDI 

LADD 

Deterministic Run 
NA = Not AppLioble 



Data Summary for Elevated Sections Su&-7 and Subsurface Soil - Worker bcenano 

Chemical Intake Analysis 

Carcinogenic Risk by Chemical for Each Route of Concem 

Inhalation of Demal  Contact Soil 1 
Chemical Soil Emissions With Soil Ingestion Total 

Benzene 2.92510 3.5OE-11 2.9OE-11 3.56310 

Ethylbenzene ND ND ND 0.00E+00 

Ethylene Dibromide 1.14E-09 1.96509 1.62E-09 4.72E-09 

Ethylene Dichloride 2.27E-09 2.72E-10 2.25E-10 2.77E-09 

Toluene ND ND ND 0.00E+00 
Xylene ND ND ND 0.00E+00 

Total 3.70E09 2.27E-09 1.87EG09 7.84E-09 

Hazard Index by Chern~cal for Each Route of Concem 

I Inhalation of Dermal Contact Soil 
Chemical Soil Emissions With Soil Ingestion Total 

Benzene ND ND ND O.OOE+OO 

Ethylbenzene 2.46506 4.49E-07 3.72507 3.28E-06 

Ethylene Dibromide ND ND ND 0.00E+00 

Ethylene Dichloride ND ND ND 0.00E+00 

Toluene 8.29E-05 2.52E-06 2.09E-06 8.75E-05 

Xylene 4.04E-06 4.84E-08 4.00E-08 4.13E-06 

Total 8.94E-05 3.02E-06 2.5OE-06 9.49E-05 

Determuustic Run 
ND = Not Deternuned because RFD or Slope Factor not entered 
NA = Not Applicable 



Wulrtionof Soil Emirsi~ins 

CDI Z4SU)8 
LADD 3ME-10 

Dl 273E07 
CDI 4 49E08 

LADD 6 . a - 1 0  
Dl 2 3 m  

CDI 381- 
LADD 5.4SE-10 

504E-07 
7 mEd9 

X y l m  5 88E-07 
CDI 9 67E48 
LADU 138E-W 

I Ethylene LXLmmide 

Dl 
CDI 

LADD 

LADD 
Dl 

W I  
IADD 

DI 
W I  

LADD 

CDI 
LADD 

Deterministic Run 
NA = Not Applicable 



Data Summary for Elevated Sections Suri. and Subsurface Soil - Worker Scenario 

Analysis for 
Volatile Emissions 

~ v e r a p n g  
T i e *  Benzene Ethylbenzene Ethylene Dibromide Ethylene Dichloride Toluene Xylene 
[Years] [kg/year] [kg/year] [kg/yearl &/year1 [kg/ye=I Ikg/yearl 

75 9.13E-03 8.52E-02 1.4213-02 1.01E-01 9.55E-01 3.60E-02 
T h e  m a x i u m  RUNNING average concentration IS shown for these averagmg times. 
For example, the maxunum 5-year average concentration may not occur m the first five years. 
To find out when the m a m u m  RUNNING concentrations occured, view the charts. 
S i a t i o n  T i e  = 75 Years 



Data Summary for Elevated Sections Suri. and Subsurface Soil - Worker Scenario 

Analysis for 
Volatile Emissions 

Averagmg 
Time* Benz(a)anthracene Benzo(a)pyrene Benzo@)fluoranthene Benzo(g,h,i)peryIene Chrysene Naphthalene 

75 4.46E-04 9.94E-05 1.99E-03 2.45E-04 1.9733-03 7.25E+00 
The m a x i u m  RUNNING average concentration is shown for these averagmg times. 

For example, the maxmum 5-year average concentration may not occur m the first five years. 
To find out when the maximum RUNNING concentrations occured, view the charts. 
Simulation T i e  = 75 Years 



Data Summary for Elevated Sections Surl. . and Subsurface Soil - Worker Scenario 

Analysis for 
Receptor Point Concentration in Air 

Averagmg 
T i e *  Benz(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene Benzo(g,h,i)perylene Chrysene Naphthalenf 
[Years] [mgim31 [mg/m31 [mgim31 [mg/m31 [mg/m31 [mg/m31 

5 2.43E-08 1.23E-08 2.45E-07 3.02E-08 1.07E-07 1.53E-03 
10 1.72E-08 8.67E-09 1.73E-07 2.14E-08 7.57E-08 7.64E-04 
15 1.40E-08 7.08B09 1.41E-07 1.75E-08 6.18E-08 5.09E-04 
20 1.21E-08 6.13E-09 1.22E-07 1.51E-08 5.35E-08 3.82E-04 
25 1.08E-08 5.48E-09 l.lOE-07 1.35E-08 4.79E-08 3.06E-04 
30 9.90E-09 5.01E-09 9.99B08 1.23E-08 4.3773-08 2.55E-04 
35 9.17E-09 4.63&09 9.25E-08 1.14E-08 4.05E-08 2.18E-04 
40 8.57E-09 4.34E-09 8.65E-08 1.0%-08 3.79E-08 1.91E-04 
45 8.08E-09 4.09E-09 8.1613-08 1.01E-08 3.57E-08 1.70E-04 
50 7.6%-09 3.88E-09 7.74E-08 9.56E-09 3.39E-08 1.53E-04 
55 7.31E-09 3.7OE-09 7.38E-08 9.11E-09 3.23E-08 1.39E-04 
60 7.00E-09 3.545-09 7.07E-08 8.73E-09 3.09E-08 1.27E-04 
65 6.733-09 3.4OE-09 6.79E-08 8.38E-09 2.97E-08 1.18E-04 
70 6.48E-09 3.28E-09 6.5413-08 8.08E-09 2.86E-08 1.09E-04 
75 6.26E-09 3.1%-09 6.32E-08 7.80E-09 2.77E-08 1.02E-04 

*The m a x i u m  RUNNING average concentration IS shown for these averagmg times. 
Por example, the m a m u m  5-year average concentration may not occur m the first five years. 
To find out when the m a m u m  RUNNING concentrations occured, view the charts. 
Simulation T i e  = 75 Years 



Data Summary for Elevated Sections Surface and Subsurface Soil - Worker Scenario 

Analysis for 
Receptor Po~nt Concentration in Air 

Averagmg 
Time* Benzene Ethylbenzene Ethylene Dibromide Ethylene Dichloride Toluene Xylene 

75 2.91E-07 1.20E06 4.52E-07 3.23E-06 1.34E-05 1.15E-06 
The m a m u m  RUNNING average concentration IS shown for these averagmg times. - - - 

For example, the m m u m  5-year average concentration may not occur m the first five years. 
To find out when the m a m u m  RUNNING concentrations occured, view the charts. 
Simulation Time = 75 Years 



Data Summary for At Grade Sections Surface and Subsurface Soil - Worker Scenario 

Chemiol In&e Analysis 
Dme by Chemical for Each Route oEConcern (m@g-day) 

Inhalation of Soil Emissions 
I 

Intake Value 
DI 6 88E08 

CDI 113E08 
[ADD 16ZE-10 

&uo(a)pyrene Dl 4 21Ed8 
CDI 6 93E-09 

LADD 9 9OE-11 
Eema(b)fluoranlhene DI 3 79E07 

CDI 6ZZE08 
IADD 8 89E 10 

DI 
CDI 

LADD 
DI 5.46E-07 

CDI 8 98E-08 
1 ADD 128E-09 

DI 
CDI 

LADD 1.78E-11 

Dermal Contact With SoiI 
I 

CDI 2 25E-M 
IADD 3 21E-08 

W t a ) p w  DI 2 4980s 
CDI 4 WE06 

LADD 5 84E-08 
&uo@)fluoranthene DI 1 62E-05 

CDI 266E-06 
IADD 3 79E08 

DI 
CDI 

LADD 2 92E08 
D1 5 47E-05 

CDI 8 99E-06 
LADD 128E47 

Cii(a,h)~thracene DI I ME45 
CDI 1 70E-M 

LADD 242E-03 

Soil Ingestion 
I 

Intake Value 
DI 759E-M 

CDI 1 24E-M 
LADD 1 77E-08 

DI 
CDI 

L ADD 
DI 

CDI 
ZADD 2 WE-08 

~ . cph i )per~1ene  DI 686E06 
CDI 113Ed6 

IADD 161E08 
chrvsene DI 3 m  

CDI 496E66 
LADD 7 WE08 

Ci&(a,h)anthracene DI 5 6 9 E G  
CDI 9 36E47 

LADD 134E08 

Deterministic Run 
NA =Not Applicable 



Data Summary for At Grade Sections Surface and Subsurface Soil - Worker Scenario 

Analysis for 
Volatile Emissions 

Averagmg 
T i e *  Toluene Benz(a)anthracene Benzo(a)pyrene Benzo@)fluoranthene Benzo(g,h,i)perylene Chrysene Dibenz(a,h)anthracene 
[Years] tkg/yearl [kg/yearl [kg/yearl [kg/yearl [kg/yearl [kg/yearl [kg/yearl 

5 2.42E-01 2.473-02 1.51E-02 1.36E-01 4.03E-03 1.96E-01 2.72E-03 
10 1.21E-01 1.75E-02 1.0%-02 9.61E-02 2.8533-03 1.39E-01 1.92E-03 
15 8.07E-02 1.43E-02 8.73E-03 7.84E-02 2.33E-03 1.13E-01 1.57E-03 
20 6.05E-02 1.245-02 7.56E-03 6.79E-02 2.01E-03 9.81E-02 1.36E-03 
25 4.84E-02 LllE-02 6.77E-03 6.08E-02 1.80E-03 8.77E-02 1.22E-03 
30 4.03E-02 1.01E-02 6.1813-03 5.55E-02 1.64E-03 8.01E-02 1.11E-03 
35 3.46E-02 9.34E-03 5.72E-03 5.14E-02 1.52E-03 7.41E-02 1.03E-03 
40 3.02E-02 8.74E-03 5.35E-03 4.80E-02 1.42E-03 6.93E-02 9.61E-04 
45 2.69E-02 8.24E-03 5.04E-03 4.53E-02 1.34E-03 6.54B-02 9.06E-04 
50 2.42E-02 7.813-03 4.78E-03 4.3OE-02 1.273-03 6.2OE-02 8.60E-04 
55 2.20E-02 7.45E-03 4.56E-03 4.10E02 1.21E-03 5.91E-02 8.20E-04 
60 2.02E-02 7.13E-03 4.37E-03 3.92E-02 1.16E-03 5.66E-02 7.85E-04 
65 1.86E-02 6.85E-03 4.20E-03 3.77E-02 1.12E-03 5.44E-02 7.54E-04 
70 1.73E-02 6.6OE-03 4.04E-03 3.63E-02 1.08E-03 5.24E-02 7.27E-04 
75 1.61E-02 6.38E-03 3.91E-03 3.51E-02 1.04E-03 5.06E-02 7.02E-04 

The m a m u m  RUNNING average concentration is shown for these averagmg t i e s .  
For example, the maximum 5-year average concentration may not occur in the f is t  five years. 
To find out when the m a m u m  RUNNING concentrations occured, vlew the charts. 
Simulation Time = 75 Years 



Data Summary for At Grade Sections Surface and Subsurface Soil - Worker Scenario 

Analysis for 
Receptor Point Concentration In Air 

Averaging 
Time* Toluene Benz(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene Benzo(g,h,i)perylene Chrysene Dibenz(a,h)anthracene 
[Years] [mg/m31 lmg/m31 Img/m31 Img/m31 [mg/m31 [mg/m31 [mg/m31 

5 2.36E-06 2.418-07 1.48E-07 1.33E-06 3.93E-08 1.91E-06 2.65E-08 
10 1.18E-06 1.70E-07 1.04E-07 9.37E-07 2.78E-08 1.35E-06 1.88E-08 
15 7.868-07 1.39E-07 8.52E-08 7.65E-07 2.27E-08 l.lOE-06 1.53E-08 
20 5.90E-07 1.21E-07 7.372108 6.62E-07 1.96E-08 9.56E-07 1.33E-08 
25 4.72E-07 1.08E-07 6.60E-08 5.93E-07 1.76E-08 8.55E-07 1.19E-08 
30 3.931307 9.84E-08 6.0233-08 5.41E-07 1.60E-08 7.81E-07 1.08E-08 
35 3.37E-07 9.11E-08 5.58E-08 5.01E-07 1.48E-08 7.23E-07 1.00E-08 
40 2.95E-07 8.52E-08 5.22E-08 4.68E-07 1.39E-08 6.76E-07 9.37E-09 
45 2.62E-07 8.03E-08 4.92E-08 4.42E-07 1.31E-08 6.37E-07 8.84E-09 
50 2.368-07 7.62E-08 4.66E-08 4.19E-07 1.24E-08 6.05E-07 8.38E-09 
55 2.15E-07 7.27E-08 4.45E-08 3.99E-07 l.lBE-08 5.77E-07 7.99E-09 
60 1.97E-07 6.96E-08 4.26E-08 3.82E-07 1.13E-08 5.52E-07 7.658-09 
65 1.82E-07 6.68E-08 4.09E-08 3.67E-07 1.09E-08 5.30E-07 7.35E-09 
70 1.69E-07 6.44E-08 3.94E-Ll8 3.54E-07 1.05E-08 5.11E-07 7.09E-09 

I 75 1.57E-07 6.22E-08 3.81308 3.42E-07 1.01E-08 4.94E-07 6.85E-09 
T h e  maxunum RUNNING average concentration IS shown for these ave r apg  hmes. 
For example, the maxunum 5-year average concentration may not occur rn the first five years. 
To find out when the maxunum RUNNING concentrations occured, view the charts. 
Simulation Time = 75 Years 



Data Summary for At Grade Sections Su~face and Subsurface Soil - Worker Scenario 

Chemical Intake Analysis 
Dose by Chemical for Each Route of Concern (mglkg-day) 

Inhalation of Soil Emissions 

Intake Value 

Toluene DI 6 74E-07 

CDI l.llE-07 
LADD 1.58E-09 

De~mal Contact With Soil 

Intake Value - 
Toluene DI 249E-08 

CDI 4 09E-09 
LADD 5.84E-11 

Soil Ingestion 

Intake Value 

Toluene DI 2 06E-08 

CDI 3 38E-09 
LADD 4.83E-13-11 

Dete~ministic Run 
NA =Not Applicable 



API DSS Data Requirements D:\APIDSSU880\WORKAGI.SAV 01124196 1320 

The following chemicals were selected: 
Toluene 

ta for Fate and Transport Models 

Thibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 
Depth to top of cont soil [m] 
Depth to bottom of cont soil [m] 
Unsaturated zone porosity [-] 
Water content [-I 
Dry Wt Soil bulk density [g/cmA3] 
Fraction Organic Carbon [-I 
Temperature [C] 

Thibideaux-Hwang Chemical Specific Parameters 
Toluene 

Henrys Constant [(mgll)l(mgR) 2.84E-01 
Koc [uglgOCIuglml] 300 
Diffusion in Air [cmA2/sec] 0.078 
Vapor Pressure [mmHg] 28.1 
Total Concentration in Soil [mglkg] 0003 

Box Dispersion Model - Deterministic 
Wind Speed [mls] 389 
Height of Box [m] 2 
Width of Box [m] 2 

data for Risk Assessment 

Body Weight and Lifetime - Deterministic 
Average Weight (kg) 70 
Lifetime (yrs) '70 

Inhalation of Soil Emissions 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Inhalation Rate [mA31hr] 
Time Outdoors [hourslday] 

Inhalation of Soil Emissions Chemical Specific Parameters 
Toluene 

Bioavailability [fraction] 1 

Dermal Contact with Soil 
Exposure Frequency [days/yr] 
Exposure Duration [years] 
Skin Surface Area [cmA2] 
Adherence Factor [mglcmA2] 

Dermal Contact Chemical Specific Parameters 
Toluene 

Dermal Absorption Factors [fraction] 0.1 

mgestion of Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Ingestion Rate [mglday] 
Fraction Soil Contaminated [-I 



Ingestion of Soil Chemical Specific Parameters 
Toluene 

Bioavailabili [fraction] 1 

Oral Dose 
lene 

 lope Factor [ l/(rngkgday) ] N A 
Reference Dose [rng/kgday] 0 2 

Dermal Dose 
Toluene 

Slope Factor [ l/(rngkgday) ] 
Reference Dose [rngkgday] 

Inhalation Dose 
Toluene 

Slope Factor [ Il(rnglkgday) ] N A 
Reference Dose [rnglkgday] 1,14E-1 

Receptor Point Concentration Distributions 

Soil Concentrations 
Toluene 

Soil [rngkg] 



~missions/Dispersion Model Output 

Analysis for ., 

Dnalyses Performed: 
,. - - - .- - .- -. .- - - - - - -. - - 

L,~ibodeaux-Hwang volatile emissions 
Box Model used for dispersion 

*** PARAMETERS *** 

~eterministi.~ Run 

wea mA2 
Depth to Top of Cont. Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cm-3/cmA3 
Water Content cm-3 /cmA3 
Soil Bulk Density g/cmA3 
Fractional Organic Carbon 9/g 
Temperature C 
Wind Speed m/s 
BOX Height m 
BOX Width m 

Henrys const (mg/L) / (mg/L) .2843+00 
Organic Carbon Part Coeff cmA3/g ..300E+03 
Molecular Weight g/mol .920E+02 
 iffu us ion Coeffi.cient in Air cmA2/s .780E.-01 
Vapor Pressure mmHg .281E+02 
Total Soil Concentration mg/kg ..300E-02 

OUTPUTS 

Time to depletion (yr) for Toluene = .172E+01 

Averaging Time, yr = 5 
Toluene .242Ei.00 .. 000E+00 ..236E-05 

Averaging Time, yr = 10 
Toluene .. 121E+00 .. 000E+00 .. 118E.-05 

reraging Time, yr = 15 
~uene .. 807E-01 .. 000E+00 

Averaging Time, yr = 20 
Toluene .. 605E-01 .. 000Et.00 .. 5903-06 



Averaging Time, yr = 
Toluene ., 4843-01 

Averaging Time, yr = 
Toluene .403E-01 

,veraging Time, yr = 
Toluene .. 3463-01 

Averaging Time, yr = 
Toluene .. 302E-01 

Averaging Time, yr = 
Toluene .. 269E-01 
Averaging Time, yr = 
Toluene .. 2423-01 

Averaging Time, yr = 
Toluene .. 220E-01 

Averagi.ng Time, yr = 
Toluene .. 202E-01 
Averaging Time, yr = 
Toluene .. 186E-01 
Averaging Time, yr' = 
Toluene .. 173E-01 

'veraging Time, yr = 
uene .161E-01 



API DSS Data Requirements D:\APIDSSU880\WORKAG2,,SAV 01124196 1398 

The following chemicals were selected: 
Benz(a)anthracene 
Benzo(a)pyrene 

,zo(b)fluoranthene 
. .rysene 
Dibenz(a,h)anthracene 

Data for Fate and Transport Models 

Thibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 
Depth to top of cont soil [m] 
Depth to boftom of cont soil [m] 
Unsaturated zone porosity [-] 
Water content [-I 
Dry Wt Soil bulk density [glcmA3] 
Fraction Organic Carbon [-] 
Temperature [C] 

Thibideaux-Hwang Chemical Specific Parameters 
Benz(a)anthracene 

Henrys Constant [(mgR)l(mgR) 5.17E-05 
Koc [uglgOC/ug/ml] 1380000 
Diffusion in Air [cmA2/sec] 0 051 
Vapor Pressure [mmHgl 2 20E-08 
Total Concentration in Soil [mgikg] 1 1  

Benzo(a)pyrene 
Henrys Constant [(mgR)l(mgR) 2.77E-05 
;oc [uglgOC/ug/ml] 5500000 
Diffusion in Air [cmA2/sec] 0 043 
Vapor Pressure [mmHg] 56E-09 
Total Concentration in Soil [mgikg] 2 

Benzo(b)fluoranthene 
Henrys Constant [(mg/L)/(mg/L) 
Koc [ug/gOC/uglml] 
Diffusion in Air [cmA2/secl 
Vapor Pressure [mmHg] 
T'otal Concentration in Soil [mglkg] 

Chrysene 
Henrys Constant [(mgR)l(mgR) 
Koc [uglgOCluglml] 
Diffusion in Air [cmA2~sec] 
Vapor Pressure [mmHg] 
Total Concentration in Soil [mgikg] 

Dibenz(a,h)anthracene 
Henrys Constant [(mgR)l(mgR) 
Koc [ug/gOClug/ml] 
Diffusion in Air [cmA2/sec] 
Vapor Pressure [mmHg] 
'Total Concentration in Soil [mglkg] 

Box Dispersion Model - Deterministic 
Wind Speed [mls] 3.89 
Height of Box [m] 2 
"Vdth of Box [m] 2 

Data for Risk Assessment 

Body Weight and L.ifetime .. Deterministic 
Average Weight (kg) 70 



Lifetime (yrs) 70 

Inhalation of Soil Emissions 
Exposure Frequency [daysiyr] 

?sure Duration [years] 
lation Rate [rnA31hr] 

Time Outdoors [hourslday] 

Inhalation of Soil Emissions Chemical Specific Parameters 
Benz(a)anthracene 

Bioavailabilii [fraction] 1 
Benzo(a)pyrene 

Bioavailability [fraction] 1 
Benzo(b)fluoranthene 

Bioavailability [fraction] 1 
Chrysene 

Bioavailabilii [fraction] 1 
Dibenz(a,h)anthracene 

Bioavailability [fraction] 1 

Dermal Contact with Soil 
Exposure Frequency [days@] 
Exposure Duration [years] 
Skin Surface Area [cmA2] 
Adherence Factor [mglcrnA2] 

Dermal Contact Chemical Specific Parameters 
Benz(a)anthracene 

Dermal Absorption Factors [fraction] 0 15 
Benzo(a)pyrene 

Dermal Absorption Factors [fraction] 0 15 
zo(b)fluoranthene 

Jermal Absorption Factors [fraction] 0 15 
Chrysene 

Dermal Absorption Factors [fraction] 0 15 
Dibenz(a,h)anthracene 

Dermal Absorption Factors [fraction] 0 15 

lngestion of Soil 
Exposure Frequency [daysiyr] 
Exposure Duration [years] 
Ingestion Rate [mglday] 
Fraction Soil Contaminated [-I 

lngestion of Soil Chemical Specific Parameters 
Benz(a)anthracene 

Bioavailability [fraction] 1 
Benzo(a)pyrene 

Bioavailability [fraction] 1 
Benzo(b)fluoranthene 

Bioavailability [fraction] 1 
Chrysene 

Bioavailabilii [fraction] 1 
Dibenz(a,h)anthracene 

Bioavailability [fraction] 1 

Oral Dose 
Renz(a)anthracene 

;lope Factor [ l/(mgkgday) ] 1 2  
rieference Dose [rngkgday] ND 

Benzo(a)pyrene 
Slope Factor [ I/(rng/kgday) ] 12 
Reference Dose [mgkgday] ND 

Benzo(b)fluoranthene 



Slope Factor [ ll(mglkgday) ] 
Reference Dose [mgkgday] 

Chrysene 
Slope Factor [ li(mg1kgday) ] 
Reference Dose [mgkgday] 
?enz(a.h)anthracene 
Aope Factor [ l/(mgkgday) ] 
Reference Dose [mgkgday] 

Dermal Dose 
Benz(a)anthracene 

Slope Factor [ Il(mgkgday) ] 
Reference Dose [rnglkgdayJ 

Benzo(a)pyrene 
Slope Factor [ ll(mgkgday)] 
Reference Dose [mgkgdayl 

Benzo(b)fluoranthene 
Slope Factor [ l/(mgkgday) ] 
Reference Dose [mgkgday] 

Chrysene 
Slope Factor [ Il(mgkgday) ] 
Reference Dose [mgkgday] 

Dibenz(a,h)anthracene 
Slope Factor [ ll(mgkg4ay) ] 
Reference Dose [mgkgday] 

Inhalation Dose 
Benz(a)anthracene 

Slope Factor [ l/(mgkgday) ] 
Reference Dose [mgkgday] 

Benzo(a)pyrene 
Slope Factor [ l/(mgkgday) ] 
Reference Dose [mgkgday] 
:nzo(b)fluoranthene 
Slope Factor [ Il(mgkgday) ] 
Reference Dose [mgkgday] 

Chrysene 
Slope Factor [ Il(mgkgday) ] 
Reference Dose [rnglkgday] 

Dibenz(a.h)anthracene 
Slope Factor [ l/(mgkgday) ] 
Reference Dose [mgkgday] 

Receptor Point Concentration Distributions 

Soil Concentrations 
Benz(a)anthracene 

Soil [mgkg] 
Benzo(a)pyrene 

Soil [mgkg] 
Benzo(b)fluoranthene 

Soil [mgikg] 
Chrysene 

Soil [mglkg] 
Dibenz(a,h)anthracene 

Soil [mgkg] 



Emissions/Dispersion Model Output 

Analysis for .. ., 

Analyses Performed: 
. - .- - - - - - - - .- - - - - - - ,- 
~ibodeaux-Hwang volatile emissions 
Box Model used for dispersion 

* * *  PARAMETERS ***  

Deterministic Run 

PARAMETER NAME UNITS VALUE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Area m-2 
Depth to Top of Cont.. Zonk m 
Depth to Bottom of Cont. Zone m 
Porosity cm-3 /cm"3 
Water Content cm-3 /cmA3 
Soil Bulk Density g/cmA3 
Fractional Organic Carbon 9/g 
Temperature C 
Wind Speed m/ s 
Box Height m 
Box Width m 

Benz (a) anthracene 
- - - - - - - - .- .- - - - 
WETER NAME UNITS VALUE 

. - - - - - - .- - - -. - - - - - - - .- - .- - - - - - - - - - - - - -. - - - - - - - - - 

Henrys const (mg/L) / (mg/L) .517E-04 
Organic Carbon Part Coeff cme3/g .1383+07 
Molecular Weight g/mol .2283+03 
Diffusion Coefficient in Air cmA2/s .510E-01 
Vapor Pressure mmHg .22OE-07 
Total Soil Concentration mg/kg .. 11OE+Ol 

Benzo (a) pyrene 
- - - - - .- - -. - - - - - 
PARAMETER NAME UNITS VALUE 

Henrys const (mg/L) / (mg/~) ..277~-04 
Organic Carbon Part Coeff cm^3/g .550E+.07 
Molecular Weight g/mol .252E+03 
Diffusion Coefficient in Air cmA2/s ..430E-01. 
Vapor Pressure mmHg .. 5603-.08 
Total. Soil Concentration mg/kg .. 200E+01 

Benzo (b) f luoranthene 
.- - - - - .- - - - - - - - 
PARAMETER NAME UNITS VALUE 
- .- - .- - - ,- - - -. - - - .- .- - - - - - - .- .- - - - - - .- - .- - - - .- - - - - - - - - .- 

nenrys const (mg/L) / (mg/L) .. 5293-03 
Organic Carbon Part Coeff cme3/g .550E+06 
Molecular Weight g/mol .252E+03 
Diffusion Coefficient in Air cmA2/s ..430E-01 



Vapor Pressure mmKg ..~OOE-06 
Total Soil Concentration mg/kg .130~+01 

Henrys const (mg/L) / (mg/L) ..469~-04 
Organic Carbon Part Coeff cme3/g .200E+06 
Molecular Weight g/mol .2283+03 
Di.ffusion Coefficient in Air cmA2/s ..452~-01 
Vapor Pressure mmHg .. 6303-08 
Total Soil Concentration mg/kg 4 4 0 ~ + 0 1  

Henrys const (mg/L) / (mg/~) .. 327~-05 
Organic Carbon Part Coeff cmA3/g ..33OEt07 
Molecular Weight g/mol .2783+03 
Diffusion Coefficient in Air. cmA2/s ..410E-01 
Vapor Pressure mmHg .. 100E-09 
Total Soil Concentration mg/kg .. 830E+00 

OUTPUTS 

Time to depletion (yr) for Benz (a) anthracene - - 
Time to depletion (yr) for Benzo (a) pyrene - - 

1e to depletion (yr) for Benzo (b) f luoranthene = 

..-me to depletion (yr) for Chrysene - - 
Time to depletion (yr) for. Dibenz (a, h) anthracen = 

Averaging Time, yr = 5 
Benz (a) anthr .247E-01. .000E+00 
Benzo (a) pyre .151E-01 .000E+00 
Benzo (b) f luo .136E+00 .000E+00 
Chrysene .196E+00 .000E+00 
Dibenz (a, h) a .272E-02 .000E+00 

Averaging Time, yr = 10 
Benz (a) anthr .. 175E-01 .. 000E+00 
Benzo (a) pyre .. 107E-01 .. 000E+00 
Benzo (b) fluo .. 961E-01 .. 000E+00 
Chrysene .139E+00 .. 000E+00 
Dibenz (a, h) a .1.92E.-02 .. 000E+00 

Averaging Time, yr = 15 
Benz (a) anthr .. 1.43E-01 .. OOOE-lOO 
Renzo (a) pyre .. 8733.-02 .000E+00 

nzo (b) f luo .. 7843-01 .. 000E+00 
~nrysene ., 113E+00 .. 000E+00 
Dibenz (a, h) a .. 1573-02 .. 000E+00 

Air 
Concentration 
(mg/mA3 

Averaging Time, yr = 2 0 





Averaging Time, yr = 
Benz (a) anthr .. 6853-02 
Benzo (a) pyre .. 4203-02 
Benzo (b) f luo ,3773-01 
Chrysene .. 5443-01 
.?en2 (a, h) a .. 7543-03 

Averaging Time, yr = 
Benz (a) anthr ,6603-02 
Benzo (a) pyre "4043-02 
Benzo (b) f luo ., 3633-01 
Chrysene .. 5243-01 
Dibenz (a, h) a ., 7276-03 

Averaging Time, yr = 
Benz (a) anthr .. 6383-02 
Benzo (a) pyre .. 3913-02 
Benzo (b) f luo .. 351E-01 
Chrysene .. 5063-01 
Dibenz (a, h) a .. 7023-03 



API DSS Data Requirements D:\APIDSS\1880\WORKAG3.SAV 01124l96 1 3 5 4  

The following chemicals were selected: 
Benzo(g.h,i)perylene 

3 for Fate and 'Transport Models 

Thibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 175000 
Depth to top of cont soil [m] 0 
Depth to bottom of cont soil [m] 1 52 
Unsaturated zone porosity [-] 0 3 
Water content [-] 0 1 
Dry Wt Soil bulk density [g/cmA3] 18 
Fraction Organic Carbon [-I 0.01 
Temperature [C] 25 

'Thibideaux.-Hwang Chemical Specific Parameters 
Benzo(g,h,i)perylene 

Henrys Constant [(mgR)l(mgiL) 
Koc [ug/gOC/ug/ml] 
Diffusion in Air [cmA2kec] 
Vapor Pressure [mmHg] 
Total Concentration in Soil [mgkgl 

Box Dispersion Model - Deterministic 
Wind Speed [mls] 
Height of Box [m] 
Width of Box [m] 

,ta for Risk Assessment 

Body Weight and Lifetime - Deterministic 
Average Weight (kg) 
Lifetime (yrs) 

lnhalation of Soil Emissions 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
lnhalation Rate [mA3/hr] 
Time Outdoors [hourslday] 

Inhalation of Soil Emissions Chemical Specific Parameters 
Benzo(g,h,i)perylene 

Bioavailabili [fraction] 1 

Dermal Contact with Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Skin Surface Area [cmA2] 
Adherence Factor [mglcmA2J 

Dermal Contact Chemical Specific Parameters 
Benzo(g,h,i)perylene 

Dermal Absorption Factors [fraction] 0 15 

.,,gestion of Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Ingestion Rate [mglday] 
Fraction Soil Contaminated [-] 



Ingestion of Soil Chemical Specific Parameters 
Benzo(g.h,i)perylene 

Bioavailability [fraction] 1 

Oral Dose 
.zo@,h,i)perylene 
lope Factor [ ll(mgkgday) ] 

Reference Dose [mgkgday] 

Dermal Dose 
Benzo(g,h.i)perylene 

Slope Factor [ ll(mgikg4ay) ] 0.071 
Reference Dose [mgikg-day] ND 

Inhalation Dose 
Benzo@,h.i)perylene 

Slope Factor [ Il(mgikg4ay) ] 0..010 
Reference Dose [mglkg-day] ND 

Receptor Point Concentration Distributions 

Soil Concentrations 
Benzo(g,h,i)perylene 

Soil [mgikg] 



~missions/Dispersion Model Output 

Analysis for 

Analyses Performed: 
- - - - - - - - - - - - - - - - - -  
libodeaux-Hwang volatile emissions 

Box Model used for dispersion 

***  PARAMETERS ***  

Deterministic Run 

PARAMETER NAME UNITS VALUE 
- -  

W e a  m-2 
Depth to Top of Cont. Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cmA3 /cmA3 
Water Content cm-3 /cmA3 
Soil Bulk Density g/cmA3 
Fractional 0rgani.c Carbon g/g 
Temperature C 
Wind Speed m/s 
Box Height m 
Box Width m 

Henrys const (mg/L) / (mg/L) .239E-05 
Organic Carbon Part Coef f cma3/g .. 160E+07 
Molecular Weight g/mol .. 276E+03 
Diffusion Coefficient in Air. cma2/s .41.1E-01 
Vapor Pressure mmHg ..103E-09 
Total. Soil Concentration mg/kg .. 1.00E+01 

OUTPUTS 

Time to depletion (yr) for Benzo(g,h,i)perylene = .201E+10 

Volatile Particulate Air 
Emissions Emissions Concentration 
(kg/yr) (kg/yr) (mg/m-3 ) - 

Averaging Time, yr = 5 
Benzo (g, h, i) ..403E-02 .. OOOEt.00 
Averaging Time, yr = 10 
Benzo (g, h, i) ..285E.-02 .. 000E-i.00 .. 2783-07 

Averaging Time, yr = 15 
~ z o  (g, h, i) .. 2323-02 .. OOOE+OO 

Averaging Time, yr = 20 
Benzo (g, h, i) .. 201E-02 .. 000E+00 



API DSS Data Requirements D:\APIDSS\1880\WORKNSI.SAV 01/24/36 10:40 

The following chemicals were selected: 
Ethylbenzene 
T4uene 

data for Fate and Transport Models 

Thibideaux,-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA21 
Depth to top of cont soil [m] 
Depth to bottom of cont soil [m] 
Unsaturated zone porosity [-I 
Water content [-I 
Dry Wt Soil bulk density [g/crnA3] 
Fraction Organic Carbon [-] 
Temperature [C] 

Thibideaux-Hwang Chemical Specific Parameters 
Ethylbenzene 

Henrys Constant [(mglL)l(mglL) 2 87E-01 
Koc [uglgOC/ug/ml] 1100 
Diffusion in Air [cmA2/sec] 0 066 
Vapor Pressure [mmHg] 7 
Total Concentration in Soil [mglkg] 0 033 

Toluene 
Henrys Constant [(mgR)l(mgR) 2.84E-01 
Koc [uglgOClug/ml] 300 
Diffusion in Air [cmA21sec] 0.078 
Vapor Pressure [mmHgj 28.1 
Total Concentration in Soil [mglkg] 0 37 

Box Dispersion Model - Deterministic 
Wind Speed [mls] 3.89 
Height of Box [m] 2 
Width of Box [m] 2 

Data for Risk Assessment 

Body Weight and Lifetime - Deterministic 
Average Weight (kg) '70 
Lifetime (yrs) 70 

Inhalation of Soil Emissions 
Exposure Frequency [days/yr] 
Exposure Duration [years] 
Inhalation Rate [mA3/hr] 
Time Outdoors [hourdday] 

lnhalation of Soil Emissions Chemical Specific Parameters 
Ethylbenzene 

Bioavailabili [fraction] 1 
Toluene 

Bioavailability [fraction] 1 

Jermal Contact with Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Skin Surface Area [cmA2] 
Adherence Factor [rnglcrnA2] 



Averaging Time, yr = 

Benzo (g, h, i) .. 180E-02 

Averaging Time, yr. = 
F ~ n z o  (g, h, i) .. 1643-02 

,<eraging Time, yr = 

Benzo (g, h, i) ,1523-02 

~veraging Time, yr = 
Benzo (g, h, i) .. 1423-02 

Averaging Time, yr = 

~enzo (g, h, i) .. 1343-02 

Averaging Time, yr = 
~enzo (g, h, i) .. 127E-02 

Averaging Time, yr = 
~enzo (g, h, i) .. 121E-02 

Averaging Time, yr = 
Benzo (g, h, i) .. 11.6E-02 
Averaging Time, yr. = 
Benzo (g, h, i) .112~.-02 

Averaging Time, yr = 
Benzo(g,h, i )  .. 108E-02 

"veraging Time, yr = 
~ ~ 

~ z o  (g,h, i) .. 104~-02 

.. OOOE+OO 

. OOOE+OO 

.. 000E+00 

.. 000E+.00 

.. 000E+00 

.. 000E+00 

.. 000E+00 

.. 000E+00 

.. 000E+00 

.. OOOEtOO 

.000E+00 



API DSS Data Requirements D:~PIDSSl1880lWORKNS3.SAV 01124196 11:16 

The following chemicals were selected: 
Benz(a)anthracene 
Chrysene 

lhthalene 

Data for Fate and 'Transport Models 

Thibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 
Depth to top of cont soil [m] 
Depth to bottom of cont soil [rn] 
Unsaturated zone porosity [-I 
Water content [-I 
Dry W t  Soil bulk density [g/cmA3] 
Fraction Organic Carbon [-I 
Temperature [C] 

Thibideaux-Hwang Chemical Specific Parameters 
Benz(a)anthracene 

Henrys Constant [(mgR)l(mgR) 
Koc [ugIgOCluglml] 
Diffusion in Air [cmA2/sec] 
Vapor Pressure [mrnHg] 
Total Concentration in Soil [mglkg] 

Chrysene 
Henrys Constant [(mglL)l(mgR) 
Koc [uglgOCIuglml] 
Diffusion in Air [cmA2/sec] 
lapor Pressure [mmHg] 
Total Concentration in Soil [mglkg] 

Naphthalene 
Henrys Constant [(mgR)l(mgR) 
Koc [uglgOClug/ml] 
Diffusion in Air [cmA2/sec] 
Vapor Pressure [mmHg] 
Total Concentration in Soil [mglkg] 

Box Dispersion Model - Deterministic 
Wind Speed [mls] 
Height of Box [m] 
Width of Box [m] 

Data for Risk Assessment 

Body Weight and L.ifetime - Deterministic 
Average Weight (kg) 
Lifetime (yrs) 

Inhalation of Soil Emissions 
Exposure Frequency [days&r] 
Exposure Duration [years] 
Inhalation Rate [mA3/hr] 
Time Outdoors [hourslday] 

mhalation of Soil Emissions Chemical Specific Parameters 
Benz(a)anthracene 

Bioavailability [fraction] 1 
Chrysene 

Bioavailability [fraction] 1 



Naphthalene 
Bioavailability [fraction] 

Dermal Contact with Soil 
Exposure Frequency [dayslyr] 

osure Duration [years] 
. ..n Surface Area [cmA2] 
Adherence Factor [mg/cmA2] 

Dermal Contact Chemical Specific Parameters 
Benz(a)anthracene 

Dermal Absorption Factors [fraction] 0 15 
Chrysene 

Dermal Absorption Factors [fraction] 0 15 
Naphthalene 

Dermal Absorption Factors [fraction] 0 15 

Ingestion of Soil 
Exposure Frequency [days&] 
Exposure Duration bears] 
Ingestion Rate [mglday] 
Fraction Soil Contaminated [-] 

lngestion of Soil Chemical Specific Parameters 
Benz(a)anthracene 

Bioavailability [fraction] 1 
Chrysene 

Bioavailability [fraction] 1 
Naphthalene 

Bioavailability [fraction] I 

nral Dose 
~z(a)anthracene 

Slope Factor [ ll(mg1kgday) 1 
Reference Dose [mglkgday] 

Chrysene 
Slope Factor [ I/(mgkgday) ] 
Reference Dose Imglkgday] 

Naphthalene 
Slope Factor [ l/(mgkgday)] 
Reference Dose [rngkgday] 

Dermal Dose 
Benz(a)anthracene 

Slope Factor [ l/(mgkgday) ] 1.2 
Reference Dose [mgkgday] ND 

Chrysene 
Slope Factor [ l/(mgkgday) ] 0 12 
Reference Dose [mgkgday] ND 

Naphthalene 
Slope Factor [ Il(mg1kgday) ] N A 
Reference Dose [mgkgday] 0.04 

Inhalation Dose 
Benz(a)anthracene 

Slope Factor [ l/(mg/kgday) ] 0 39 
Reference Dose [mgkg-day] ND 

Chrysene 
Slope Factor [ Il(mglkgday) ] 0 039 
ieference Dose [mgkgday] ND 

Naphthalene 
Slope Factor [ Il(mgkgday) ] N A 
Reference Dose [mgkgday] ND 

Receptor Point Concentration Distributions 



Soil Concentrations 
Benz(a)anthracene 

Soil [mgikgl 
Chrysene 

Soil [rngikg] 
>hthalene 
.oil [mgikgl 



Emissions/Dispersion Model Output 

Analysis for .. . ., 

analyses Performed: 
-, - - .- - - - - - - - - - - - - - 

,nibodeaux-Hwang volatile emissions 
Box Model used for dispersion 

***  PARAMETERS *** 

Deterministic Run 

PARWETER NAWE UNITS VALUE 
- - - - - - - - - - - - .- - - - - - - - - -. - - - - - - - - - .- - - - .- - - - - .- - .- - 

Area mA2 
Depth to Top of Cont Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cmA3 /cmA3 
Water Content cmA3/cmA3 
Soil Bulk Density g/cmA3 
Fractional Organic Carbon g/g 
Temperature C 
Wind Speed m/s 
Box Height m 
Box Width m 

Benz (a) anthracene 
- - - - - .- - .- - .- - 
WETER NAME UNITS VALUE 

Henrys const (mg/L) / (mg/L) .. 517E-04 
Organic Carbon Part Coeff cmA3/g .138E+07 
Molecular Weight g/mol .2283+03 
Diffusion Coefficient in Air cmA2/s ..510E-01 
Vapor Pressure mmHg ..22OE-07 
Total Soil Concentration mg/kg .. 160E+00 

Henrys c~nst (mg/L) / (mg/L) ..469E-04 
Organic Carbon Part Coeff cmA3/g .200E+06 
Molecular Weight g/mol .. 228E.tO3 
Diffusion Coefficient in Air cmA2/s ..452E-01. 
Vapor Pressure mmHg .630E-08 
Total. Soil Concentration mg/kg ..300E+00 

Naphthalene 
- - - - .- - - - - - - - - 
PARAMETER NAME UNITS VALUE 

- - . - - - - - - - .- .- - - - - - - - - - - - - - - - - - - -. - .- - - - .- - - .- - - - 

Henrys const (mg/L) / (mg/L) .. 5783-01 
Organic Carbon Part Coeff cmA3/g .000E+00 
Molecular Weight g/mol .. 128E+03 
Diffusion Coefficient in Air. cmA2/s ..590E-01 



Vapor Pressure mmHg .. 2303+00 
Total Soil Concentration mg/kg .4903+01 

OUTPUTS 

2 to depletion (yr) for Benz (a) anthracene = ,,6443+08 
?,.,le to depletion (yr) for Chrysene = ,116E-i.08 
Time to depletion (yr) for Naphthalene = ..224E+OO 

Averaging Time, yr = 5 
Benz (a) anthr .. 1733-02 
Chrysene .. 7623-02 
Naphthalene .. 109E+03 

Averaging Time, yr = 10 
Benz (a) anthr .. 1223-02 
Chrysene .. 5393-02 
Naphtha1 ene .5443+02 

Averaging Time, yr = 15 
Benz (a) anthr .. 9963-03 
Chr ysene .. 4403-02 
Naphthalene .. 362E-i.02 

Averaging Time, yr = 20 
p-qz (a) anthr .8633-03 

ysene .. 3813-02 
Naphthalene .. 272E+02 

Averaging Time, yr = 2 5 
Benz (a) anthr .. '7723-03 
Chrysene .. 3413-02 
Naphthalene .. 2173+02 

Averaging Time, yr = 30 
Benz (a) anthr .. 7043-03 
Chrysene .. 311E-02 
Naphthalene ..1813+02 

Averaging Time, yr = 35 
Benz (a) anthr .. 6523-03 
Chrysene .288E-02 
Naphthalene .. 1553+02 

Averaging Time, yr = 4 0 
Benz (a) anthr .. 6103-03 
Chrysene .. 2693-02 
Naphthalene .. 136E-i.02 

Averaging Time, yr = 45 
Benz (a) anthr .. 5753-03 
c. 7ysene .. 2543-02 
,~hthalene .. 121E.tO2 

Averaging Time, yr = 50 
Benz (a) anthr .5463-03 
Chrysene .. 2413-02 



Naphthalene .. 109Ec02 
Averaging Time, yr = 
Benz (a) anthr .. 5203-03 
Chrysene .. 2303-02 

hthalene .. 988Et.01 

Averaging Time, yr = 
Benz (a) anthr ..4983-03 
Chrysene .. 2203-02 
Naphthalene .9063+01 

Averaging Time, yr = 

Benz (a) anthr .. 4783-03 
Chrysene .. 211E-02 
Naphthalene .. 836Et.01 

Averaging Time, yr = 
Benz (a) anthr .. 4613-03 
Chrysene .. 2043-02 
Naphthalene .. 776Et.01 

Averaging Time, yr = 
Benz (a) anthr .445E-03 
Chrysene .. 1973-02 
Naphthalene .725E+01 



4PI DSS Data Requirements D:WPIDSS\1880\WORKSl.SAV 01/24/96 11:03 

The following chemicals were selected: 
Benzene 
Ethylene Dibromide 

rlene Dichloride 
, m e  

Data for Fate and 'Transport Models 

Thibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 
Depth to top of cont soil [m] 
Depth to bottom of cont soil [m] 
Unsaturated zone porosity [-I 
Water content 1-1 
Dry Wt Soil bulk density [g/cmA3] 
Fraction Organic Carbon (-1 
Temperature [C] 

Thibideaux-Hwang Chemical Specific Paramc 
Benzene 

Henrys Constant [(mgR)l(mgR) 
Koc [uglgOC/ug/rnl] 
Diffusion in Air [cmA2/sec] 
Vapor Pressure [mmHg] 
Total Concentration in Soil [mglkg] 

Ethylene Dibromide 
Henrys Constant [(mglL)l(mgR) 
Koc [ug/gOClug/ml] 
Xffusion in Air [cmA2/sec] 

\lapor Pressure [mmHg] 
Total Concentration in Soil [mglkg] 

Ethylene Dichloride 
Henrys Constant [(mgR)l(mglL) 
Koc [ug/gOC/ug/ml] 
Diffusion in Air [crnA2kec] 
Vapor Pressure [mmHg] 
Total Concentration in Soil [mgkg] 

Xylene 
Henrys Constant [(mg/L)/(mg/L) 
Koc [ug/gOC/ug/ml] 
Diffusion in Air [cmA2/sec] 
Vapor Pressure [rnmHg] 
Total Concentration in Soil [mglkg] 

Box Dispersion Model - Deterministic 
Wind Speed [mls] 
Height of Box [m] 
Width of Box [m] 

Data for Risk Assessment 

Body Weight and 1,ifetime .- Deterministic 
Average Weight (kg) 

ifetime (yrs) 

Inhalation of Soil Emissions 
Exposure Frequency [dayer] 
Exposure Duration [years] 
Inhalation Rate [rnA3/hr] 



Time Outdoors [hourslday] 8 

Inhalation of Soil Emissions Chemical Specific Parameters 
Benzene 

Bioavailability [fraction] 1 
iylene Dibromide 
aioavailability [fraction] I 

Ethylene Dichloride 
Bioavailability [fraction] 1 

Xylene 
Bioavailability [fraction] 1 

Dermal Contact with Soil 
Exposure Frequency [dayslyr] 60 
Exposure Duration [years] 1 
Skin Surface Area [cmA2] 5800 
Adherence Factor [mglcmA2] 1 

Dermal Contact Chemical Specific Parameters 
Benzene 

Dermal Absorption Factors [fraction] 0 1 
Ethylene Dibromide 

Dermal Absorption Factors [fraction] 0.1 
Ethylene Dichloride 

Dermal Absorption Factors [fraction] 0 1 
Xylene 

Dermal Absorption Factors [fraction] 0 1 

lngestion of Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
lngestion Rate [mglday] 

action Soil Contaminated [-] 

Ingestion of Soil Chemical Specific Parameters 
Benzene 

Bioavailability [fraction] 1 
Ethylene Dibromide 

Bioavailabiiii [fraction] 1 
Ethylene Dichloride 

Bioavailability [fraction] 1 
Xylene 

Bioavailability [fraction] 1 

Oral Dose 
Benzene 

Slope Factor [ l/(mg/kgday) ] 0..1 
Reference Dose [mgkgdayI ND 

Ethylene Dihromide 
Slope Factor [ l/(mg/kgday) ] 3..6 
Reference Dose [mgkgday] ND 

Ethylene Dichloride 
Slope Factor [ l/(mgkgday) ] 0.07 
Reference Dose [mgkgday] ND 

Xylene 
Slope Factor [ l/(mg/kgday) ] N A 
Reference Dose [mglkgday] 2 

rlermal Dose 
mzene 
Slope Factor [ l/(mgkg-day) ] 
Reference Dose [mglkgday] 

Ethylene Dibromide 
Slope Factor [ ll(mgkgday) ] 
Reference Dose [mgkg-day] 



Ethylene Dichloride 
Slope Factor [ Il(mgkgday) ] 
Reference Dose [mgkg-day] 

Xylene 
qlope Factor [ l/(mgkgday) ] 

ference Dose [mgkgday] 

Inhalation Dose 
Benzene 

Slope Factor I ll(mgkgday) ] 
Reference Dose [mglkgday] 

Ethylene Dibromide 
Slope Factor [ l/(mgkgday) ] 
~eference Dose [mgkgday] 

Ethylene Dichloride 
Slope Factor [ ll(mglkg4ay) 1 
Reference Dose [mgkg-day] 

Xylene 
Slope Factor [ lI(mgkgday) ] 
Reference Dose [mgkgday] 

Receptor Point Concentration Distributions 

Soil Concentrations 
Benzene 

Soil fmg/kg) 
Ethylene Dibromide 

Soil [mgkg] 
Ethylene Dichloride 

Soil [mgkg] 
Xylene 

Soil [mgkgl 



~missions/Dispersion Model Output 

Analysis for 

Analyses Performed: 
- - - - - - - - - - - - - - - - -  

-..,ibodeaux-Hwang volatile emissions 
Box Model used for dispersion 

***  PARAMETERS *** 

Deterministic Run 

.Qea m*2 
Depth to Top of Cont. Zone m 
Depth to Bottom of Cont.. Zone m 
Porosity cmA3/cmA3 
Water Content cmA3/cmA3 
Soil Bulk Density g/cmA3 
Fractional Organic Carbon g/g 
Temperature C 
Wind Speed m/ s 
Box Height m 
BOX Width m 

Benzene 
- - - - - - - - - .- - .- - 

AMETER NAME UNITS VALUE 
,- - - - - - - - - - - - - - - - .- - - - - - - - - - - - - - - .- - - - .- - - - - - - 

Henrys const (mg/L) / (mg/L) .. 2493+00 
Organic Carbon Part Coeff cmA3/g .830E+02 
Molecular Weight g/mol .780Ei,02 
Diffusion Coefficient in Air cmA2/s .870E-01. 
Vapor Pressure mmHg .952E.t02 
Total Soil Concentration mg/kg .180E-01 

Ethylene Dibromide 
-. . - - - - - - - - -. - - - 
PARAMETER NAME UNITS V a U E  
- - - - - - - - - .- - - - .- - - - - - - - - - - - - .- .- - .- - - - - - - - - - .- - - .- .- 

Henrys const (mg/L) / (mg/L) ..301E-,01 
Organic Carbon Part Coeff cmA3/g .440E+02 
Molecular Weight g/mol .. 1.88E+03 
Diffusion Coefficient in Air cmA2/s ..498E-01 
Vapor Pressure mmHg ..117E+02 
Total Soil. Concentration mg/kg .. 280E-01 

Ethylene Dichloride 
- .- - - - - - - - - - - - 
PARAMETER NAME UNITS VALUE 

- - - .- - .- .- - - - - - - - .- - - - - - .- - - .- - - - - - - - - - - - - - - - - - - 

Henrys const (mg/L) / (mg/L) ..408E-01 
Organic Carbon Part Coeff cmA3/g ., 000E+00 
Molecular Weight g/mol .. 990E+02 
Diffusion Coef f ici.ent in Air cmA2/s .. 104Et.00 



Vapor Pressure mmHg .. 610Et.02 
rota1 Soi.1 Concentration mg/kg .200E+00 

Henrys const (mg/L) / (mg/L) .315E+00 
Srganic Carbon Part Coef f cmA3/g .. 240E+03 
Molecular Weight g/mol .106~+03 
Diffusion Coefficient in Air cmA2/s ..720E-01. 
Vapor Pressure mmHg .. 100E+02 
Total Soil Concentration mg/kg .~IOE-01 

OUTPUTS 

Time to depletion (yr) for Benzene = ..519E+00 
Time to depletion (yr) for Ethylene Dibromi.de = .410E+01 
rime to depletion (yr) for Ethylene Dichloride = .174E+00 
rime to depletion (yr) for Xylene 

Averaging Time, yr = 5 
Benzene 137E400 
Ethylene Dib 213E+00 
PL'lylene Dic 152Ec01 

ene .540Et00 

Averaging Time, yr = 10 
Benzene .. 6843-01 
Ethylene Dib .. 106E+00 
Ethylene Dic .760E+00 
Xylene .270E+00 

Averaging Time, yr = 15 
Benzene .. 456~.-01 
Ethylene Dib .. 710E-01 
Ethylene Dic ., 507Et.00 
Xy.lene .180E+00 

Averaging Time, yr = 2 0 
Benzene 342E.-01. 
Ethylene Dib .. 5323-01 
Ethylene Dic .380E+00 
Xylene .. 135E+00 

Averaging Time, yr = 2 5 
Benzene .. 2743-01 
Ethylene Dib .. 4263-01 
Ethylene Dic .. 304E+00 
Xylene .. 108Et.00 

~eraging Time, yr = 3 0 
Benzene ,2283-01 
Ethylene Dib ,3553-01 
Ethylene Di.c .. 253Et.00 
Xylene .. 900E-01 

.. 000E+00 ., 109E-05 

.. 000Et.00 .. 1693-05 

.. 000Et.00 ,. 121E-04 

.. OOOEtOO ..43OE-05 



Averaging Time, yr = 
Benzene 196E-01 
Ethylene Dib 304E-01 
Fthylene Dic 217E+00 

ene 771E-01. 

Averaging Time, yr = 
Benzene ,171E-01 
Ethylene Dib .. 266E-01 
Ethylene Dic .. 190E+00 
Xylene .. 6753-01 

Averaging Time, yr = 
Benzene .. 152E-01 
Ethylene Dib .. 2373-01 
Ethylene Dic .. 169E+00 
Xylene .. 600E-01 

Averaging Time, yr = 
Benzene .137E-01 
Ethylene Dib .. 213E-01 
Ethylene Dic .152E+00 
Xylene .. 540E-01 

Averaging Time, 
Benzene 
Ethylene Dib 
Ethylene Dic 
Xylene 

eraging Time, 
Benzene 
Ethylene Dib 
Ethylene Dic 
Xylene 

Averaging Time, yr = 
Benzene .. 105E-01 
Ethylene Dib .. 164E-01 
Ethylene Dic .. 11.7Et.00 
Xylene .. 415E-01 

Averaging Time, yr = 
Benzene .. 9783-02 
Ethylene Dib .. 152E-01 
Ethylene Dic .. 109E+00 
Xylene .. 3863-01 
Averaging Time, yr = 
Benzene .. 9123-02 
Ethylene Dib .. 142E-01 
Ethylene Dic .101E+00 
Xylene .. 360E-01 



API DSS Data Requirements D:blPIDSSU880\WORKNS2,,SAV 01/24/96 11 :07 

The following chemicals were selected: 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

ro(g.h.i)perylene 

Data for Fate and 'Transport Models 

Thibideaux-Hwang Model - Deterministic 

Define Media Specific Parameters 
Area of contaminated soil [mA2] 
Depth to top of cont, soil [m] 
Depth to bottom of cont soil [m] 
Unsaturated zone porosiiy [-I 
Water content [-] 
Dry Wt.. Soil bulk density [g/cmA3] 
Fraction Organic Carbon [-] 
Temperature [C] 

Thibideaux-Hwang Chemical Specific Parameters 
Benzo(a)pyrene 

Henrys Constant [(rngR)/(mgR) 
Koc [ug/gOC/ug/ml] 
Diffusion in Air [crnA2/sec] 
Vapor Pressure [rnmHg] 
Total Concentration in Soil [mgkg] 

Benzo(b)fluoranthene 
Henlys Constant [(rng/L)/(mg/L) 
Koc [ug/gOC/ug/ml] 
Diffusion in Air [cmA2/sec] 

apor Pressure [mmHg] . otal Concentration in Soil [mglkg] 
Benzo@,h,i)perylene 

Henrys Constant [(mgR)l(mgR) 
Koc [ug/gOC/ug/mlJ 
Diffusion in Air [crnA2/sec] 
Vapor Pressure [mmHg] 
Total Concentration in Soil [mgikg] 

Box Dispersion Model - Deterministic 
Wind Speed [m/s] 
Height of Box [m] 
Width of Box [rn] 

Data for Risk Assessment 

Body Weight and L.ifetime - Deterministic 
Average Weight (kg) 
Lifetime (yrs) 

Inhalation of Soil Emissions 
Exposure Frequency [daydyr] 
Exposure Duration [years] 
Inhalation Rate [mA3/hr] 
Tiwe Outdoors [hourslday] 

rm,alation of Soil Emissions Chemical Specific Parameters 
Benzo(a)pyrene 

Bioavailability [fraction] 1 
Benzo(b)fluoranthene 

Bioavailability [fraction] 1 



Benzo(g,h,i)perylene 
Bioavailability [fraction] 

Dermal Contact with Soil 
Exposure Frequency [daysiyr] 

qsure Duration [years] 
,I Surface Area [cmA2] 

Adherence Factor [mglcmA2] 

Dermal Contact Chemical Specific Parameters 
Benzo(a)pyrene 

Dermal Absorption Factors [fraction] 0 15 
Benzo(b)fluoranthene 

Dermal Absorption Factors [fraction] 0 15 
Benzo(g,h,i)perylene 

Dermal Absorption Factors [fraction] 0 15 

lngestion of Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
Ingestion Rate [mglday] 
Fraction Soil Contaminated [-] 

lngestion of Soil Chemical Specific Parameters 
Benzo(a)pyrene 

Bioavailabilii [fraction] 1 
Benzo(b)fluoranthene 

Bioavailability [fraction] 1 
Benzo(g,h,i)perylene 

Bioavailability [fraction] 1 

Oral Dose 
zo(a)pyrene 

dope Factor [ ;l(mg/kgday) ] 
Reference Dose [mglkgday] 

Benzo(b)fluoranthene 
Slope Factor [ lI(mgkg-day) ] 
Reference Dose Img/kgday] 

Benzo@,h.i)perylene 
Slope Factor [ l/(mg/kgday) ] 
Reference Dose [mgkgday] 

Dermal Dose 
Benzo(a)pyrene 

Slope Factor [ ll(mgkg4ay) ] 
Reference Dose [mg/kgdayJ 

Benzo(b)fluoranthene 
Slope Factor [ l/(mglkgday) ] 
Reference Dose Img/kgdayJ 

Benzo(g,h.i)perylene 
Slope Factor [ ll(mg/kgday) ] 
Reference Dose [mglkgday] 

Inhalation Dose 
Benzo(a)pyrene 

Slope Factor [ ll(mglkgday) ] 3.9 
Reference Dose [mglkgday] ND 

Benzo(b)fluoranthene 
Slope Factor [ ll(mglkg4ay) ] 0..39 
ieference Dose [mgkgday] ND 

t=enzo(g,h,i)perylene 
Slope Factor [ ll(mg1kgday) ] 0.010 
Reference Dose [mgkgday] ND 

Receptor Point Concentration Distributions 



Soil Concentrations 
Benzo(a)pyrene 

Soil [mgikg] 
Benzo(b)fluoranthene 

Soil [mglkg] 
- vo(g,h,i)perylene 

oil [mglkg] 



Emissions/Dispersion Model Output 

Analysis for 

Analyses Performed: 
- - - - - - - - - - - - - - - - -  
Lbodeaux-Hwang volatile emissions 

Box Model used for dispersion 

***  PARAMETERS ***  

Deterministic Run 

PARAMETER NAME UNITS VALUE 
- - - - - - -. - - - .- - -. - - - - - - - - - - - .. - .. - - - - - - - - - - - - - - - - ,. 

Area m-2 
Depth to Top of Cont. Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cmA3/cm-3 
Water Content cmA3/cmA3 
Soil Bulk Density g/cmA3 
Fractional Organic Carbon 919 
Temperature C 
Wi.nd Speed m/s 
Box Height m 
Box Width m 

Benzo (a) pyrene 
-. - .- .- - -. -. -. - - -, - - 

AMETER NAME UNITS VALUE 
- ~ 

Henrys const (mg/L) / (mg/L) .. 2773,-04 
0rgani.c Carbon Part Coeff cmA3/g .550E+07 
Molecular Weight g/mol .252E+03 
Diffusion Coefficient in Air cme2/s .430E-01 
Vapor Pressure mmHg .. 5603-08 
Total Soil Concentration mg/kg .. 540Ei.00 
Benzo (b) f luoranthene - - - - .- - - - - - -. ,- - 
PARAMETER NAME UNITS VALUE 
- - - - - - .- -. - - - - - - - - - - - - .- - - - - - -. - - - - - - .- .- - - - - - - - - - 

Henrys const (mg/~) / (mg/L) .. 5293-03 
Organic. carbon Part Coef f cme3/g .. 550E+06 
Molecular Weight g/mol .2523+03 
Diffusion Coefficient in Air cmA2/s ..430E-01 
Vapor Pressure mmHg .. 500E-06 
Total Soil Concentration mg/kg .780E+00 

Benzo (g, h, i) perylene 
- - - - - .- - - - .- - - - 
PARAMETER NAME UNITS VALUE 
- -. .- - - - - - - . - .- - - .- - .- - - - - - - - - - .. - - - .- - - - - - - - - - - - - 

henrys const (mg/L) /(mg/L) .239E-05 
Organic Carbon Part Coeff cmA3/g .160E+07 
Molecular Weight g/mol -2 763+03 
Diffusion Coefficient in Air cmA2/s ..411E-01 



Vapor Pressure mmHg .. 103~-09 
Total Soil Concentration mg/kg ..2503+01 

OUTPUTS 

ie to depletion (yr) for Benzo(a)pyrene - - 
le to depletion (yr) for Benzo(b) fluoranthene = 

Time to depletion (yr) for Benzo(g,h, i)perylene = 

Volatile Particulate 
Emissions Emissions 
(kg/yr) (kg/yr) - - - - - - - -  

Averaging Time, yr = 
Benzo (a) pyre ,3853-03 
Benzo (b) f luo ,7693-02 
Benzo (g, h, i) .. 9493-03 

Averaging Time, yr = 
Benzo (a) pyre .2723-03 
Benzo (b) f luo .544E-02 
Benzo (g, h, il .6713-03 

Averaging Time, yr = 
Benzo (a) pyre .. 2226-03 
Benzo (b) f l.uo .. 4443-02 
Benzo (g, h, i) .. 5483-03 

Averaging Time, yr = 
Benzo (a) pyre .. 1933-03 
120 (b) f ~ U O  ,3843-02 

L-nzo (g, h, i) .. 4753-03 

Averaging Time, yr = 
Benzo (a) pyre .. 1723-03 
Benzo (b) fluo .. 3443-02 
Benzo (g, h, i) .. 4243-03 

Averaging Time, yr = 
Benzo (a) pyre .157E-03 
Benzo (b) f luo ..3143-02 
Benzo (g, h, i.) ..387E-03 

Averaging Time, yr = 
Benzo (a) pyre .146~-03 
Benzo (b) f luo .. 2913-02 
Benzo (g, h, i) .. 3593-03 
Averaging Time, yr = 
Benzo (a) pyre ,1363-03 
Benzo (b) flu0 .. 2723-02 
Benzo (g, h, i) .. 3363-03 

Averaging Time, yr = 
Benzo (a) pyre .. 1283-03 
Wnzo (b) fluo .. 2563-02 

~ z o  (g, h, i) .. 3163-03 

Averaging Time, yr = 
Benzo (a) pyre .. 1223-03 
Benzo (b) f luo .. 2433-02 





Dermal Contact Chemical Specific Parameters 
Ethylbenzene 

Dermal Absorption Factors [fraction] 0 1  
Toluene 

Dermal Absorption Factors [fraction] 0 1 

Jestion of Soil 
Exposure Frequency [dayslyr] 
Exposure Duration [years] 
lngestion Rate [mglday] 
Fraction Soil Contaminated [-I 

Ingestion of Soil Chemical Specific Parameters 
Ethylbenzene 

Bioavailability [fraction] 1 
Toluene 

Bioavailability [fraction] 1 

Oral Dose 
Ethylbenzene 

Slope Factor [ ll(mg1kgday) I N A 
Reference Dose [mgikgday] 0.1 

Toluene 
Slope Factor [ Il(mgikgday) ] N A 
Reference Dose [mgikgday] 0.2 

Dermal Dose 
Ethylbenzene 

Slope Factor [ Il(mgkgday) ] N A 
Reference Dose [mgikgday] 0 1 

Toluene 
Slope Factor [ ll(mgikg4ay) ] N A 
7eference Dose [mgikgdayl 0 2 

Inhalation Dose 
Ethylbenzene 

Slope Factor [ l/(mg/kgday) ] N A 
Reference Dose [mgikgday] 2 86E-1 

Toluene 
Slope Factor [ ll(mg1kgday) ] N A 
Reference Dose [mgkgday] 1 14E-1 

Receptor Point Concentration Distributions 

Soil Concentrations 
Ethylbenzene 

Soil [mgkg] 
Toluene 

Soil [mgikg] 



~missions/Dispersion Model Output 

Analysis for 

ibodeaux-Hwang volatile emissions 
Box Model used for dispersion 

***  PARAMETERS ***  

Deterministic Run 

Area mA2 
Depth to Top of Cont. Zone m 
Depth to Bottom of Cont. Zone m 
Porosity cmA3/cm^3 
Water Content cm^3/cmA3 
Soil Bulk Density g/cmA3 
Fractional Organic Carbon 9/g 
Temperature C 
Wind Speed m/s 
Box Height m 
Box Width m 

Henrys const (mg/L) / (mg/L) .. 287E.tOO 
Organic Carbon Part Coef f cmA3/g .. llOE+04 
Molecular Weight g/mol .106E+03 
Diffusion Coefficient in Air cmA2/s .660E-01. 
Vapor Pressure mmHg .700E+01 
Total Soil. Concentration mg/kg .330E-01 

Henrys const (mg/L) / (mg/L) .2843+00 
Organic Carbon Part Coeff cmA3/g .. 300E+.03 
~olecular Weight g/mol , ,  9203+02 
Diffusion Coefficient in Air cmA2/s .780E-01 
Vapor Pressure mmHg .. 2 8 1E.t 0 2 
Total Soil Concentration mg/kg .. 370E+00 
OUTPUTS 

Time to depletion (yr) for Ethylbenzene = ..721E+01 
Time to depletion (yr) for Toluene = .172E+01 

Volatile Particulate Air 
Emissions Emissions Concentration 
(kg/yr) (kg/yr) (mg/mA3) 



Averaging Time, yr = 5 
Ethylbenzene .. 106E+01 
Toluene .. 1433+02 

--reraging Time, yr = 10 
~ylbenzene 639EcOO 

Toluene .716E+01 

Averaging Time, yr = 15 
Ethylbenzene .. 426E+OO 
Toluene .. 477E+01 

Averaging Time, yr = 20 
Ethylbenzene ., 319Ec00 
Toluene .358E+01 

Averaging Time, yr = 25 
Ethylbenzene .. 255E+OO 
Toluene .. 2863+01 

Averaging Time, yr = 30 
Ethylbenzene .. 213E+00 
Toluene .. 239E+01 
Averaging Time, yr = 35 
Ethylbenzene .. 182E+00 
Toluene .. 205E+01 

Averaging Time, yr = 40 
Ethylbenzene .. 160E+00 

l uene .. 179E+01 

Averaging Time, yr = 45 
Ethylbenzene .. 142E.tO0 
Toluene .. 159Ec01 

Averagi.ng Time, yr = 50 
Ethylbenzene .. 1.28Ei.00 
roluene .. 143Et01 

Averaging Time, yr = 5 5 
Ethylbenzene .. 116E+00 
Toluene .. 130E+01 
Averaging Time, yr = 60 
Ethylbenzene .. 106E+00 
Toluene .. 119E+01 

Averaging Time, yr = 6 5 
Ethylbenzene .. 983E-01 
Toluene .. llOEc01 
Averaging Time, yr = 7 0 
Ethylbenzene .. 912E-01 
Toluene .. 102Ec01 

reraging Time, yr = 75 
L,hylbenzene .. 8523-01 
Toluene .. 955E+OO 


