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1.0 EXECUTIVE SUMMARY

Erler & Kalinowski, Inc. has performed a human health risk assessment (‘RA”) for the
4200 Alameda Avenue property (‘Site”), Oakland, California (Figure 1) to assess the
potential human health risks associated with future uses of the Site after it is redeveloped.
The objective of this RA is to provide upper-bound, health-conservative estimates of the
risks to all future on-site populations.

The Site is fenced and completely covered with asphalt paving. The Site currently
presents no significant human health risk because there are no potentially exposed
populations. The primary chemicals of concern (‘COCs™) at the Site are constituents of
petroleum hydrocarbon mixtures (e.g., waste oils) and volatile organic compounds that
may have become commingled with such mixtures.

This risk assessment contemplates that the Site will be redeveloped for commercial uses.
Such uses may include but are not limited to restaurants, convenience stores, or retail
outlets. It is assumed that the entire Site will be covered with buildings, asphalt parking
lots, or planter strips with imported soil. The two future potentially exposed populations
consist of commercial building occupants and future maintenance personnel.

The estimated risks for these populations are within the risk range determined to be
acceptable by U.S. EPA. The total non-carcinogenic hazard index for exposure to COCs
in soil and groundwater is 0.03 for future commercial building occupants and 0.02 for
future maintenance workers. Both of these values are significantly below the threshold at
which non-carcinogenic effects may occur (i.e., one). The total estimated lifetime
incremental carcinogenic risk for exposure to COCs in soil and groundwater is 9 x 10 for
future commercial building occupants and 2 x 10 for future maintenance workers, which
is within the acceptable range of incremental carcinogenic risks of 10 to 10 specified by
U.S. EPA.

Kalinowski, Inc.
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Erler & Kalinowski, Inc. (‘EKI™ has performed a human health risk assessment (‘RA”)
for the 4200 Alameda Avenue property (‘Site”), California (Figure 1) to assess the
potential human health risks associated with future uses of the Site after it is redeveloped.
The objective of this RA is to provide upper-bound, health-conservative estimates of the
risks to all future on-site populations.

Soil and groundwater investigations have been performed at the Site as well as removal
actions consisting of the demolition of above grade buildings and tanks and below grade
structures (e.g., pipe lines, an oil/water separator, sumps). These investigative and
removal actions are discussed in detail in the following reports:

e EKI, Demolition and Excavation Report, Former Oil Recycling Site, 4200
Alameda Avenue, Qakland, California, 12 August 1996.

e EKI, Groundwater Sampling Results for June 1996, 4200 Alameda Avenue,
Qakland, California, 12 August 1996.

e EKI, Preliminary Investigation Report, Former Oil Recycling Site, 4200 Alameda
Avenue, Oakland, California, September 1995.

Presented below are a brief site description and the discussion of the objectives and
approach of the RA.

2.1 SITE DESCRIPTION

As shown on Figure 1, the site is located at 4200 Alameda Avenue in Oakland, California.
Qil recycling took place on the site from approximately 1925 to 1981. It has been known
by various names including ‘Bonus International, Inc.”, ‘Bayside Oil Company”, ‘Fabian
0Oil Refining Company”, ‘Economy Refining & Service Company”, ‘“Economy Byproducts
& Economy Service Company”, and ‘Ekotek Lube, Inc.” No activities have occurred on
the site since oil recycling was discontinued. Waste oil received by the facility primarily
consisted of oils from automobiles, railroad locomotives, aircraft, and electrical
transformers.  Stoddard solvent was also reportedly recycled at the facility until
approximately 1978,

The site is a small, triangular-shaped property that encompasses less than 35,000 ¥ or 0.8
acres. The site is bounded by Alameda Avenue along its western side, East 8th Street
along its east-southeastern side, and the former American National Can Company
(“ANCC”) site along its northern side. The Site is fenced and completely covered with
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asphalt paving. The Site currently presents no significant human health risk because there
are no potentially exposed populations or compiete exposure pathways.

22  HUMAN HEALTH RISK ASSESSMENT OBJECTIVES AND APPROACH

The objectives of this human health risk assessment are to provide quantitative estimates
of the potential human health impacts attributable to the chemicals detected in soil and
groundwater (based upon available site-specific data) and in the air (based upon the results
of volatilization from soil or groundwater). The RA utilizes the following risk assessment
guidelines published by the State of California Environmental Protection Agency (‘Cal-
EPA”) Department of Toxic Substances and Control ('DTSC”), the United States

Environmental Protection Agency (‘U.S. EPA”), and the American Society for Testing

and Materials (“ASTM™):

¢ Cal-EPA, DTSC. Preliminary Endangerment Assessment Guidance Manual.
January 1994

e US. EPA. Risk Assessment Guidance for Superfund, Volume 1, Human Health
Evaluation Manual (Part A). December 1989,

e ASTM. Standard Guide for Risk-Based Corrective Action Applied at Petroleum
Release Sites (“RBCA"). 1995,

Although all three guidances were relied upon to perform this RA, exposure point
concentrations (‘EPCs™) and attendant potential risks are estimated primarily through the
use of transport models and risk equations provided in RBCA. A copy of RBCA is
included as Appendix B, Potential risks posed by lead in soil at the Site were assessed
through application of Cal-EPA, DTSC Lead Spreadsheet Version 6.0.
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3.0 EVALUATION OF SOIL AND GROUNDWATER ANALYTICAL DATA

This section identifies the chemicals of concern (“COCs™) at the Site based on analytical
data obtained during previous soil and groundwater investigations at the Site. Soil and
groundwater data compiled for the Site are presented in tables included as Appendix A.
Soil and groundwater sampling locations at the Site are shown on Figure 2.

Because historical operations consisted of the recycling of waste motor and other
lubricating oils, the primary COCs at the Site are constituents of petroleum hydrocarbons
mixtures and volatile organic compounds (“VOCs™} that may have been commingled with

such mixtures. Besides VOCs, polychlorinated biphenyls (‘PCBs” and metals such as

lead, total chromium, and zinc have been identified in petroleum hydrocarbons released at
the Site.

31 SUMMARY OF ANALYTICAL DATA

Available data indicate that petroleum hydrocarbons are present in soil and groundwater at
the Site. Halogenated VOCs, benzene, toluene, ethyl benzene, total xylenes (‘BTEX"),

and semivolatile organic compounds (“SVOCs”) were detected only at low concentrations

in soil. Detected concentrations of halogenated VOCs and BTEX in groundwater are
believed to be associated with free-phase petroleum hydrocarbons as opposed to being
dissolved in groundwater itself. No appreciable migration of these compounds, and only
minimal migration of petroleum hydrocarbons, have been observed in groundwater from
the Site.

Petroleum hydrocarbons in soil and groundwater at the Site are characteristic of motor oil
and are predominantly high molecular weight (with carbon chain lengths between Cys and
Css). ASTM (1995) states that petroleum hydrocarbons of this type are ‘felatively viscous
and insoluble in groundwater and relatively immobile in the subsurface.” This statement is
supported by available data that shows a lack of petroleum hydrocarbon migration in
groundwater at the Site.

Metals detected in soil or groundwater at the Site include arsenic, total chromium, lead,
cadmium, nickel, and zinc. Representative concentrations (‘RCs”) of total chromium,
lead, nickel, and zinc appear to be above background concentrations reported for soil in
the San Francisco Bay Area (Scott, 1995). Arsenic and cadmium were retained in the RA
despite the fact that their RCs appear to be within the range of background levels reported
for these metals. The following table presents the RCs for metals at Site and their
respective background concentrations.
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Site Representative San Francisco Bay

Concentration Background Level
Metal (mg/kg) (mg/kg); (a)
Arsenic 5.1 0.2-5.5
Cadmium 1.6 (b)
Total Chromium 75 30.5-72
Lead 89 6.8-16.1
Nickel 110 46.4-101
Zinc 450 47.7-82.8
Notes:

(a) Background metal concentrations obtained from C. M. Scott, 1995. Range is based
on the mean plus and minus one standard deviation, or a 68 percent confidence

interval.

(b) Statistical data for this metal are not available.

32  REPRESENTATIVE CONCENTRATIONS OF CHEMICALS OF CONCERN

Summarized in Tables 1A and 1B are the RCs of COCs in soil and groundwater at the
Site. RCs of potential COCs were established as the lesser of the maximum concentration
detected or the 95% upper confidence limit (“UCL™ of the average concentration,
assuming a lognormal distribution (U.S. EPA, 1992; DTSC, 1992).

assumed to be lognormally distributed.

The concentrations of petroleum hydrocarbons in some samples caused the laboratory
reporting limits for specific compounds (e.g., VOCs) to be raised. Consistent with U.S.
EPA guidance (1989), such samples were excluded when estimating RCs if the raised
reporting limits were greater than the maximum detected chemical concentrations and the

raised reporting limits significantly biased the RCs of chemicals at the Site.

The data were
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4.0 HUMAN HEALTH RISK ASSESSMENT

This section presents toxicity information for each of the potential COCs, the assumptions
used in the risk screening evaluation, and the results of the risk screening evaluation. This
RA uses a reasonable maximum exposure (‘RME”) methodology as recommended by Cal-
EPA and U.S. EPA (Cal-EPA, 1992; U.S. EPA, 1989a). The RME scenario provides a
health-conservative methodology for developing RCs that tends to overestimate
environmental concentrations of the detected chemicals for chronic exposures. Using
RCs, exposure point concentrations (‘EPCs™), chronic daily intakes (‘CDIs”), and
risk/hazard index estimates are derived for the RME scenarios.

4.1 TOXICITY CRITERIA

The toxicity criteria section provides quantitative estimates of the toxic effects associated
with the potential COCs included in the RA. The two broad categories of adverse human
health effects recognized in the assessment of health risks are non-carcinogenic and
carcinogenic effects. Health criteria for each of these effects are presented separately,
where data allow.

The toxicity criteria developed by both the California Environmental Protection Agency
(“Cal-EPA”) and U.S. EPA are derived primarily for two exposure routes, ingestion and

inhalation. Toxicity criteria typically are not derived for dermal absorption exposures.
Following U.S. EPA recommendations, the health risk estimates via dermal absorption of
soil-bound chemicals are estimated using toxicity criteria developed for the ingestion
exposure route (U.S. EPA, 1989), following estimates of the likelihood of absorption.

41.1 Non-Carcinogenic Toxicity Criteria

Non-carcinogenic effects encompass adverse, chronic human health effects that do not
result in the production of tumors, but which include both developmental and reproductive
effects. When the chemical dose levels for non-carcinogens exceed the chemical-specific
threshold doses, the potentially exposed populations may exhibit adverse health effects.
Dose levels less than the threshold level are assumed not to produce adverse health effects
in exposed individuals.

Threshold levels for non-carcinogenic effects are expressed as reference doses ('RfDs”).

An RiD, published in units of mg/kg-day, reflects the maximum chemical dose level that
must be exceeded before adverse effects would be expected to occur, but generally
incorporates a safety or uncertdinty factor of two or more orders of magnitude. A low
RfD indicates a low threshold dose level, and therefore a high chemical toxicity.
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Conversely, a chemical with a higher RfD value is less toxic than chemicals with lower
RiDs.

The following hierarchy for selecting RfD values is used in the risk screening evaluation.
The preferred source for reference doses is the Integrated Risk Information System
(‘IRIS™) database (U.S. EPA, 1995a). The toxicity values available in IRIS are updated
monthly and have undergone agency review and verification by work groups comprising
staff from several U.S. EPA program offices. In the absence of toxicity data from IRIS,
the FY-1995 edition of U.S. EPA's Health Effects Assessment Summary Tables
(‘HEAST") is used (U.S. EPA, 1995b). These tables are updated annually and contain
work group-verified or interim toxicity values based on the toxicological literature. The
final source of toxicity information is the U.S. EPA Environmental Criteria Assessment
Office (‘ECAQ") in Cincinnati, Ohio. The values obtained from ECAQ are based on a
variety of U.S. EPA reports and the toxicological literature, but are not work group
verified.

As recommended in agency guidelines, the non-carcinogenic effects of the potential human
carcinogens are also considered in the risk screening evaluation, where data allow (U.S.
EPA, 1989; DTSC, 1992, 1994). This strategy provides for a more thorough evaluation
of the potential non-carcinogenic effects posed by the potential COCs.

Inhalation and ingestion toxicity information for potential COCs in soil and groundwater is
summarized in Tables 2 and 3, respectively,

412 Carcinogenic Toxicity Criteria

The toxicity criteria that indicate the potential carcinogenicity of chemicals are called slope
factors (‘“SFs™). U.S. EPA defines an SF as the ‘plausible upper-bound estimates of the
probability of a carcinogenic response per unit of chemical intake over a lifetime” (U.S.
EPA, 1989). SFs are developed using mathematical models and are expressed in
reciprocal units of exposure, (mg/kg-day)”’. Chemicals having a higher SF are believed to
be inherently more carcinogenic, i.e., potent, than those with a lower SF.

The International Agency for Research on Carcinogenic (‘1ARC”) and U.S. EPA have
also developed systems to categorize chemicals that are potentially carcinogenic according
to the strength of the existing experimental evidence (human and animal studies). The
U.S. EPA Human Health Assessment Group ranks chemicals from Group A (known
human carcinogen) to Group E (evidence of non-carcinogenicity for humans). Group A
designation is assigned to those chemicals known to be carcinogenic to humans as
substantiated by positive epidemiological evidence. Chemicals not known to be human
carcinogens are classified into other categories based on the strength of the available
human and animal toxicological data. The U.S. EPA carcinogen ranking classification is
presented for each potential human carcinogen included in the risk screening evaluation.
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DTSC's recommended hierarchy is used to select health criteria for the carcinogens
included in the risk screening evaluation (DTSC, 1994). The preferred source for
carcinogenic slope factors is the list of SFs published by the Cal-EPA Standards and
Criteria Work Group, dated 1 November 1994 (Office of Environmental Health Hazard
Assessment, 1994). The secondary source of SFs is the IRIS database (U.S. EPA,
1995a). The third source of SFs is the FY-1995 edition of the U.S. EPA's HEAST (U.S.
EPA, 1995b).

Inhalation and ingestion toxicity information for carcinogenic COCs in soil is summarized
in Tables 2 and 3, respectively.

413 Compounds with No Toxicity Criteria

COCs identified at the Site that lack U.S. EPA or DTSC-derived health criteria are
petroleum hydrocarbons, n-butylbenzene, sec-butylbenzene, isopropylbenzene, p-
isopropyltoluene, n-propylbenzene, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, and 2-
methylnaphthalene. Regarding quantitation of petroleum hydrocarbons, ASTM (1995)
states:

Various chemical analysis methods commonly referred to as total
petroleum hydrocarbons (TPHs) are often used in site assessments. These
methods usually determine the total amount of hydrocarbons present as a
single number and given no information on the types of hydrocarbons
present. The TPHs should not be used for risk assessment because the
general measure of TPH provides insufficient information about the
amounts of individual chemical(s) of concern present.

Consequently, EKI followed the ‘individual constituent” approach advocated in RBCA to

assess the potential risks associated with petroleum hydrocarbons. In this approach, the
toxicity of each individual constituent is separately assessed and the toxicity of the mixture
is assumed to be the sum of the individual toxicity using a hazard index approach.
Individual constituents in petroleum hydrocarbons at the Site were identified by analyzing
soil and groundwater samples for VOCs, SVOCs, PCBs, and selected metals.

Toxicity values were assigned to n-butylbenzene, sec-butylbenzene, isopropylbenzene, p-
isopropyltoluene, n-propylbenzene, 1,2 4-trimethylbenzene, 1,3,5-trimethylbenzene, and 2-
methylnaphthalene by assuming their toxicity would be equivalent to compounds with
similar chemical structures for which toxicity criteria are available. Toxicity criteria for n-
butylbenzene, sec-butylbenzene, isopropylbenzene, and n-propylbenzene are assumed to
be equivalent to ethylbenzene.  Toxicity criteria for p-isopropyltoluene, 1248
trimethylbenzene, 1,3,5-trimethylbenzene are assumed to be equivalent to total xylenes.
Toxicity criteria for 2-methylnaphthalene are assumed to be equivalent to naphthalene.

- Kalinowski, Inc.
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42  EXPOSURE ASSESSMENT

The exposure assessment provides estimates of the levels of chemical exposures in
hypothetical on-site populations that may come in contact with the potential COCs. This
exposure assessment follows the RBCA Guidance,

421 Identification of Potentially Exposed Populations

This risk assessment contemplates that the Site will be redeveloped for commercial uses.
Such uses may include but are not limited to restaurants, convenience stores, or retail
outlets, It is assumed that the entire Site will be covered with buildings, asphalt parking
lots, or planter strips with imported soil. People working at the Site can be divided into
two main populations:

o Future commercial building occupants
¢ Future maintenance personnel
Table 4 summarizes the potentially exposed populations and their relevant exposure

pathways. Any future customers would have exposures significantly lower than workers
because they would spend significantly less time at the Site.

422 Identification of Relevant Exposure Pathways

Exposure pathways by which future populations may be exposed to COCs are discussed
below.

4.2.2.1 Future Commercial Building Occupants

Since the Site will be covered with buildings, concrete, asphalt, and clean soil upon
redevelopment of the Site, the only potential risk for future commercial building occupants
is inhalation of volatilized chemicals from soil or groundwater into indoor air through
floor cracks.

4.2.2.2 Future Maintenance Personnel

Future maintenance personnel include populations who may be exposed to contaminated
soil while installing new utility hookups for tenants or repairing broken utility lines. The
potential exposure pathways consist of the following:

¢ Incidental ingestion of soil

» Dermal contact with soil
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s Inhalation of fugitive dust containing non-volatile COCs

 Inhalation of volatilized VOCs from either groundwater or soil exposed during
digging at the Site

423 Estimation of Exposure Point Concentrations

Exposure point concentrations (‘EPCs™) are the chemical concentrations at the specific
points of potential human contact. The RA provides estimated EPCs for each media that
coincide with the RME scenarios.

42.3.1 Soil EPCs

Analytical results of the soil samples collected on the Site are used to estimate the soil
EPCs. Soil EPCs for both commercial building occupants and maintenance personnel are
based on the RCs presented in Table 1A

4.2.3.2 Air EPCs

Exposures to COCs in air are estimated for volatilization of chemicals from both soil and
groundwater into the breathing zone. Volatilized chemicals have the potential to move
upward through interconnected air-filled soil pores in the unsaturated zone and impact the
breathing zone of individuals standing outdoors on paved surfaces or within buildings
constructed on top of such soils.

Emission fluxes of chemicals volatilizing from soil and groundwater were estimated from
transport models in RBCA. Emission fluxes from soil and groundwater were not added
because this would result in overestimation of overall emission fluxes into the breathing
zone. For example, when considering emission fluxes from groundwater, it is assumed
that the unsaturated soil is not contaminated. In actuality, the soil does contain chemicals
and emission fluxes from soil would serve to lower emission fluxes from groundwater by
reducing the concentration gradient or driving force in the air-filled soil pores.

In conducting the RA, EKI estimated and compared the EPCs for each COC arising from
volatilization from soil only and groundwater only. The greater of these two EPCs was
retained for each COC. This approach will provide upper-bound estimates of exposure
and potential human health risk for individuals who may occupy the Site in the future.

42.4 Exposure Assumptions

Exposure assumptions are based on (1) default assumptions recommended by the U.s.
EPA (U.S. EPA, 1989, 1991, 1992) and the DTSC (DTSC, 1992) and (2) best

10
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professional judgment for conditions unique to the Site. Exposure assumptions for each
exposure pathway are summarized in Table 5. Soil parameters are based on measured
values for the ANCC site (SOMA, 1994). Table 6 lists soil parameters taken from the
ANCC site and other assumptions used in RBCA exposure models. Tables 7A and 7B list
physical and chemical properties for COCs in soil and groundwater, respectively.

43  RISK CHARACTERIZATION

For each hypothetical future population, risk estimates for each exposure medium (i.e.,
soil, groundwater, or air) are calculated for each potential COC and are added to derive
the estimated hypothetical risk for each exposure medium. The risk estimates are added to
obtain the total estimated lifetime risk for all complete exposure pathways affecting the
potentially exposed populations.

Results of the risk screening evaluation are presented in Tables 8 through 10 and are
discussed in more detail below.

431 Carcinogenic Effects

Risk characterization for carcinogens includes estimating the incremental probability of
developing carcinogenic over a lifetime of 70 years due to a 30-year exposure to the
potential human carcinogens. Except for those chemicals for which scientific information
supporting a carcinogenic threshold exists, a carcinogen is considered to be a non-
threshold agent, such that any exposure to a carcinogen is expected to increase the
probability of developing carcinogenic over an individual's lifetime. Incremental
carcinogenic risk is calculated as the product of the estimated dose from exposure to the
potentials COCs and the carcinogenic slope factor. The PEA Guidance considers risks
greater than 10°° to be potentially significant, whereas the U.S. EPA’s acceptable range of
incremental carcinogenic risk is 10 to 10 (U.S. EPA, 1989).

The incremental lifetime carcinogenic risk via each complete exposure pathway is
calculated by adding the risk estimates from all of the chemicals impacting that pathway.

Risk across each pathway are then added to derive the total estimated incremental lifetime

carcinogenic risk for the potentially exposed population. Such summation is a health-
conservative screening step because it does not differentiate between target organs, i.e.,
chemical-specific carcinogenic health effects are not all the same.

Estimated incremental lifetime carcinogenic risks for all exposed populations and all
applicable exposure pathways are included in Tables 8 and 9. The total lifetime
incremental carcinogenic risks for each hypothetically exposed population are summarized
in Table 10.

11
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As summarized in Table 10, the total estimated incremental lifetime carcinogenic risks for
the potentially exposed populations are as follows:

o 9x 10° for future commercial building occupants;

e 2x 10 for future maintenance personnel.

U.S. EPA specifies an acceptable range of incremental carcinogenic risks of 10 to 107,

432 Non-Carcinggenic Effects

The non-carcinogenic risk characterization represents the relationship between the
chemical doses estimated for the populations of concern and the toxicity of the individual
non-carcinogenic COCs, including possible non-carcinogenic end points for carcinogenic
chemicals where data allow. The calculated Hazard Index (‘HI") is a ratio of the
estimated dose from exposure to the potentials COCs and the RfD, which represents the
‘gafe” dosage level. If an HI exceeds unity (one), the intake of the COC is greater than
the ‘safe” dosage level represented by the RfD, and therefore adverse health effects may
occur in the potentially exposed population. When the HI is less than unity, adverse health
effects are not expected to occur in the exposed population.

Calculated HI values for all exposed populations and all applicable exposure pathways are
included in Tables 8 and 9. The total non-carcinogenic HI for each hypothetically exposed

population is summarized in Table 10.

As summarized in Table 10, the total non-carcinogenic HI values for the potentially
exposed populations are as follows:

e 0.03 for future building occupants;
e (.02 for future maintenance personnel.

Both of these values are significantly below the threshold at which non-carcinogenic
effects may occur (i.e., one).

433 Risks Due to Lead Exposure

Adverse effects due to lead exposure are assessed in terms of the lead concentration in
blood, rather than in terms of non-carcinogenic and carcinogenic risks. Therefore, the
risks due to lead exposure are discussed here separately from other COCs.

The concentration of concern for lead in the blood is 10 micrograms per deciliter ("ug/dl’)
at the 95th percentile (DTSC, 1992). Lead concentration in the blood was calculated

12
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using the DTSC Lead Spreadsheet Version 6.0, the equations for which are described in
DTSC, 1992. The blood lead concentrations calculated as the sum of exposure to: (1)
background levels of lead in air, (2) background levels of lead in drinking water, (3)
background levels of lead in food, and (4) lead in soil at the Site. The representative
concentration of lead in soil was 89 mg/kg (Table 1A). Potential risks posed by lead are
discussed in the sections below for the future populations.

43.3.1 Future Commercial Building Occupants

No potential risk has been identified for future commercial building occupants due to lead-
containing soil. The absence of risk results from the fact that a complete exposure
pathway to lead-containing soil has not been identified for this population. As discussed
earlier, the soil will be capped with buildings, concrete, asphalt, and clean cover upon
redevelopment of the Site. Buildings and cover (e.g., asphalt parking lots, planter strips)
materials over the Site will render conventional exposure pathways (1.e., ingestion of soil,
inhalation of fugitive dust, dermal contact with soil ) incomplete.

4.3.3.2 Future Maintenance Personnel

The risk due to exposure to lead-containing soil was evaluated for hypothetical future
maintenance personnel and was below the level above which adverse effects due to lead
exposure are believed to occur.

The exposure assumptions for the hypothetical future maintenance personnel are based on
(1) default assumptions recommended by U.S. EPA (U.S. EPA 1989, 1991, 1992) and the
DTSC (DTSC, 1992), and (2) best professional judgment for conditions unique to the
Site. The assumptions used are summarized in Table 11. The source of each exposure
assumption is referenced in Table 11.

The calculated lead concentration in blood for hypothetical future maintenance personnel
is 3.9 ug/dl at the 99th percentile, which is significantly less than the level of concern of 10
ug/dl. Most of the calculated blood lead concentration for the hypothetical future
maintenance personnel is due to background levels of lead in air, water, and food. Lead in
soil at the Site only accounts for 0.1 percent of the blood lead concentration. Therefore,
exposure of hypothetical future maintenance personnel to lead-containing soil at the Site
should not result in blood lead concentrations in excess of the level of concern.

13
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5.0. UNCERTAINTY ASSOCIATED WITH THE RISK ASSESSMENT

The hypothetical risks calculated and presented in Sections 4.3.1 and 4.3.2 are upper-
bound, health-conservative estimates of risks for RME pathways.

Factors that contribute to the uncertainty or conservatism in this RA include the following:

e Chemical data for soil was retained in the risk screening evaluation, regardless of
the soil sampling depth, which implies that hypothetical exposure to surface soil is
the same as that from depth (e.g., 5 feet below ground surface).

e Risks from COCs in soil and groundwater were estimated without considering the
effects of petroleum hydrocarbons on the volatilization of COCs. The volatility of
halogenated VOCs and BTEX is likely to be reduced due to the enhanced
solubility of these compounds in waste oil. Accordingly, EPCs are likely to be less
than those assumed in this RA.

Potential risks may be significantly lower than those presented in Tables 7 through 9 if the
RA were to account for the above factors.

14
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DRAFT
Table 1A
Representative Concentrations of Chemicals of Concern Detected in Soil
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
Frequency of Detection Summary of Detected Concentration {mg/kg)
Number of . . 95% Upper Representative
Compound Ti:;stb::::tt.e d Analyses Minimum (a) | Maximum (b) Al\fll::?cgc Confidence Limit; Concentration
Performed {lognormal); (d) {mg/kg) (e)

TPHg () 34 40 2 4,100 600 () 4,100
TPHd (g) . 40 40 1.5 11,000 1,800 (i) 11,000
TPHm (h) 38 40 21 15,000 3,500 () 15,000
Benzene 9 36 0.018 1.5 0.14 1.2 1.2
Chiorobenzene 5 32 0.0072 0.5 0.093 0.37 0,37
2-chlorotoluene 4 10 0.53 22 4.5 (i) 22
1.2-Dichlorobenzene 17 40 0.0058 11 0.66 88 8.3
1,1-Dichloroethane 2 17 0.012 0.023 0.0047 (i) 0.023
1,2-Dichlorocthane 2 17 0.018 0.028 0.0054 )] 0.028
cis-1,2-Dichloroethene 5 40 0014 85 0.48 4.2 42
trans-1,2-Dichloroethene 1 17 0.033 0.033 0.0047 (] 0.033
Ethylbenzene 31 40 0.007 345 35 (i) 345
Freonl13 1 25 0.83 0.83 0.073 0.61 0.61
n-Butylbenzene 8 10 0.58 19 53 () 19
sec-Butylbenzene 4 7 0.66 34 1.0 (i) 34
Isopropylbenzene 3 7 0.53 32 0.87 @) 32
p-Isopropyltoluene 8 10 0.5 84 26 ) 84
n-Propylbenzene 8 10 0.65 19 58 i} 19
Tetrachlorocthene 4 40 0.0062 7.6 0.61 7.0 7.0
Toluene 27 40 0.02 91 6.0 55 55
1,2,4-Trimethylbenzene 9 10 1.5 140 47 (i) 140
1,3,5-Trimethylbenzene 10 10 0.56 43 15 (i) 43
Trichlorocthene 7 37 0.0063 2.4 0.17 (i) 24
Vinyl Chloride 2 17 0.049 0.05 0.011 §)] 0.05
Total Xylenes 36 40 0.007 195 21 i) 195
2-Methylnaphthalene 4 15 22 76 18 (i) 76
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DRAFT
Table 1A
Representative Concentrations of Chernicals of Concern Detected in Soil
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
Frequency of Detection Summary of Detected Concentration (mg/kg)
- .
Number of Number of N - Arithmetic 95% Uppe}' . Representathlve
Compound Times Detectod Analyses Mipimum (a) | Maximum (b) Mean () Confidence Limit] Concentration
Performed {lognormal); (d) (mg/kp) ()

Naphthalene 9 15 0.51 615 12 (i) 615
1,2,4-Trichlorobenzene 4 10 58 9.8 33 (i) 0.8
PCB-1242 3 38 0.045 11 0.085 (.28 0.28
PCB-1254 5 39 0.021 34 0.18 0.41 041
PCB-1260 24 40 0.021 27 1.2 4.7 4.7
Arsenic 4 30 6.8 28 4.4 5.1 5.1
Total Chromium 40 40 18 110 65 75 75
Lead 32 40 51 660 52 89 89
Cadmium 3 10 0.53 37 0.73 1.6 L.e6
Nickel 10 10 38 170 85 110 110
Zing 10 10 31 560 148 450 450
Notes:

{a) Minimum represents the lowest concentration detected.
(b) Maximum represents the highest concentration detected.

(©) The arithmetic mean was calculated assuming that for samples where chemicals were not reported to be present above the analytical method
detection limit, the concentration of each of these chemicals is one-half of the reported detection limit. Samples were not included in the dataset to
calculate the mean and 95% UCL if the detection limit exceeded the maximum detected concentration.

{d) The 95% upper confidence limit (UCL) was calculated from the arithmetic mean of the transformed lognormal data sel. Samples were not included in
the dataset to calculate the mean and 95% UCL if the detection limit exceeded the maximum detected concentration.

(¢) Representative concentration is the lesser of the maximum detected value or the 95% UCL.

(f) TPHg - total petroleum hydrocarbons as gasoline

(g) TPHd - total petroleum hydrocarbons as diesel

(h) TPHm - total petroleum hydrocarbons as motor oil

(i) Variability in data results in a 95% UCL that is greater than the maximum reporied concentration.
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Table 1B
Representative Concentrations of Chemicals of Concern Detected in Groundwater
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
Frequency of Detection Summary of Detected Concentration (ug/L)
Number of . . 95% Upper Representative
Compound Ti::?3:£ ed Analyses Minimum (a)} | Maximum (b) A;ilet:nm::;c Confidence Concentration
Performed Limit (d) (ug/L); (e)
TPHg () 16 16 57 160,000 15,000 () 160,000
TPHd (g) 16 16 4,900 850,000 170,000 i) 850,000
TPHm (h) 4 4 67,000 800,000 370,000 {1) 200,000
Benzene 16 16 6.2 630 180 ) 630
Chlorobenzene 5 15 7.3 160 32 @) 160
Chloroethane 7 15 1 130 37 i 130
1,2-Dichlorobenzene 7 16 1.6 300 54 (i} 300
1,3-Dichlorobenzene 4 16 1.5 1,600 130 (i) 1,600
1,4-Dichlorobenzene 5 16 44 2,700 200 (i) 2,700
1, 1-Dichioroethane 8 15 4.8 160 54 (1) 160
1,2-Dichloroethanc 1 7 17 17 3.2 () 17
cis-1,2-Dichloroethene 10 16 84 6,600 1,600 @ 6,600
trans-1,2-Dichloroethene 7 15 4.1 170 53 {i) 170
1,2-Dichloropropane 1 6 4.9 49 1.3 (1) 4.9
Ethylbenzene 13 16 28 700 120 @) 700
Toluene 12 16 12 2,500 410 (i) 2,500
Trichloroethene 1 6 38 38 1.1 i) 38
Vinyl Chloride 10 16 4.1 5,200 2,000 (i) 5,200
Total Xylenes 13 16 49 3,400 550 ()] 3,400
2 4-Drimethylpheno} 1 6 3,400 3,400 590 i) 3,400
2-Methylnaphthalene 1 3 11 11 53 i) 11
2-Methylphenci 1 6 330 330 81 (i) 330
4-Methylphenol 2 6 9.9 550 120 () 550
Naphthalene 2 5 63 160 51 6] 160
lof2
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Table 1B
Representative Concentrations of Chemicals of Concern Detected in Groundwater
4200 Alameda Avenne
Qakland, California
{EKI 930040.05)
Frequency of Detection Summary of Detected Concentration (ug/L)
Number of . . 95% Upper Representative
f .. . .
Compound TiE:;nIl))z :e(:: ed Analyses Minimum (a) | Maximum (b) A;;l;;m(agc Confidence Concentration
Performed Limit {d) {ug/L); (&)
Phenol 1 5 230 230 53 () 230
PCB-1260 1 6 31 31 79 {1) 31
Arsenic 8 8 13 93 40 . 85 85
Chrominm 3 8 21 89 22 70 70
Lead 4 10 5 6,600 920 i 6,600
Notes:

(a) Minimum represents the lowest concentration detected.
(b) Maximum represents the highest concentration detected.

(c) The arithmetic mean was calculated assuming that for samples where chemicals were not reported 1o be present above the analytical method
detection Jimit, the concentration of each of these chemicals is one-half of the reported detection limit. Samples were not included in the dataset to
calculate the mean and 95% UCL if the detection limit exceeded the maximum detected concentration,

(d) The 95% upper confidence limit (UCL) was calculated from the arithmetic mean of the transformed Jognormal data set. Samples were not included in
the dataset to calculate the mean and 95% UCL if the detection limit exceeded the maximum detected concentration.

(¢) Representative concentration is the lesser of the maximum detected value or the 95% UCL.

(f) TPHg - total petroleum hydrocarbons as gasoline

(g) TPHA - total petroleum hydrocarbons as diesel

(h) TPHm - total petroleum hydrocarbons as motor oil

(i) Variability in data results in a 95% UCL that is greater than the maximum reported concentration.
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Table 2
Summary of Inhalation Toxicity Information for Potential Chemicals of Concern in Soil and Groundwater
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
Non-Carcinogenic Toxicity Information Carcinogenic Toxicity Information
Chronic Reference Slope Weight-of-
Dose (RIDi) Factor (SF) Evidence
Compound (mg/kg-day) Source (a) (mg/kg-day)" Classification (b) Source (c)
Benzene -{d) - 0.1 A Cal Potency
Chlorobenzene 0.02 () IRIS - D -
Chloroethane 2.86 IRIS - - -
2-Chlorotoluene 0.02 (&) IRIS - - -
1,2-Dichlorobenzene 0.09 (e) IRIS - D -
1,3-Dichlorobenzene - - - D -
1,4-Dichlorobenzene 0.23 IRIS 0.04 B2 Cal Potency
1,1-Dichloroethane 0.1 HEAST 0.0057 C Cal Potency
1,2-Dichlorocthane - - 0.07 B2 Cal Potency
cig-1,2-Dichloroethene 0.01 (e HEAST - D -
trans-1,2-Dichloroethene .02 (e) IRIS - D -
1,2-Dichloropropane 0.0011 IRIS 0.063 B2 Cal Potency
Ethylbenzene 0.29 IRIS - D -
Freonl13 30 () IRIS - - -
n-Butylbenzene (f) .29 IRIS - D -
sec-Butylbenzene (f) 0.29 IRIS - D -
Isopropylbenzene (f) 0.29 IRIS - D -
p-Isopropyltoluene (g) 2 IRIS - D -
n-Propylbenzene (f) 0.29 IRIS - D -
Tetrachlorocthene 0.01 (e) IRIS 0.021 under review Cal Potency
Toluene 0.11 IRIS - D -
1,2,4-Trimethylbenzene {g) 2 IRIS - D -
1,3,5-Trimethylbenzene (g) 2 IRIS - D -
Trichloroethene - - 0.01 under review Cal Potency
Vinyl Chloride - - 0.27 A Cal Potency
Total xylenes 2 (&) IRIS - D -
2 4-Dimethylphenol 0.02 (e) IRIS - - -
2-Methylnaphthalene (h) 0.04 ECAO - D -
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DRAFT
Table 2
Summary of Inhalation Toxicity Information for Potential Chemicals of Concern in Soil and Groundwater
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
Non-Carcinogenic Toxicity Information Carcinogenic Toxicity Information
Compound Chronic Reference Source Slope Weight-of- Source

Dose (RfDi) (a) Factor (SF) Evidence (©

{mg/kg-day) (mg/kg-day)’ Classification (b)
2-Methylphenol 0.05 (e) IRIS - C -
4-Methylphenol 0.005 (e) HEAST - C -
Naphthalene 0.04 ECAO - D -
Phenol 0.6 (e) IRIS - D -
1,2,4-Trichlorobenzene 0.01 (&) IRIS - D -
PCB-1242 0.00002 (i) IRIS 7.7 B2 Cal Potency
PCB-1254 0.00002 {e) IRIS 7.7 B2 Cal Potency
PCB-1260 0.00002 (i) IRIS 7.7 B2 Cal Potency
Arsenic 0.0003 (e) IRIS 12 A Cal Potency
Cadmium 0.0005 (e) IRIS 15 B1 Cal Potency
Total Chromium (j) 1.0 IRIS - D -
Nickel - - 0.91 A Cal Potency
Zinc 0.3 (e) IRIS - D -
Notes:

(a) Chronic reference doses obtained from U.S. EPA's Integrated Risk Information System (IRIS) or U.5. EPA's Health Effects Assessment
Summary Tables (HEAST), dated March 1995, or U.S. EPA's Environmental Criteria and Assessment Office, OH (ECAO), in this order of priority.

(b) U.S. EPA weight-of-evidence classification is as follows:
A= Human Carcinogen
Bl or B2 = Probable Human Carcinogen; B1 indicates that limited human data are available; B2 indicates that
there is sufficient evidence in animals and inadequate or no evidence in humans.

C= Possible Human Carcinogen
D= Not Classifiable as to Human Carcinogenicity
E= Evidence of Non-Carcinogenicity for Humans

Weight-of-evidence information obtained from IRIS or HEAST.
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Table 2
Summary of Inhalation Toxicity Information for Potential Chemicals of Concern in Seil and Groundwater
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
Notes:

(c) Cancer siope factors obtained from California Cancer Potency Factors Updated Memorandum for the Office of Environmental Health
Hazard Assessment (1 November 1994) or IR1S, in this order of priority. :

(d) Hyphen ("-") symbol indicates a respective reference dose or cancer slope factor is not available for this compound.

{¢) In the absence of an inhalation chronic reference dose or an inhalation carcinogenic slope factor, the respective oral value was used.

(f) Health criteria for n-butyibenzene, sec-butylbenzene, isopropylbenzene, and n-propylbenzene assumed to be equilvalent to ethylbenzene.
(g) Health criteria for p-isopropyltoluene, 1,2,4-trimethylbenzene, and 1,3,5-trimethylbenzene assumed to be equilvalent to total xylenes.
(h) Health criteria for 2-methylnaphthalene assumed to be equilvalent to naphthalene.

(i) The chronic reference dose for PCB-1242 and PCB-1260 assumed to be the same as that for PCB-1254.

(§) The toxicity information for total chromium is assumed to be the same as that for chromium(III).
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Table 3
Summary of Ingestion Toxicity Information for Potential Chemicals of Concern in Soil and Groundwater
4200 Alameda Avenue
QOakland, California
(EKI 930040.05)
Non-Carcinogenic Toxicity Information Carcinogenic Toxicity Information
Compound Chronic Reference Slope Weight-of-

Dose (RfDo) Source Factor (SF) Evidence Source

(mg/kg-day) @ (mg/kg-day)” Classification (b) ©
Benzene -(d) - 0.1 A Cal Potency
Chlorobenzene 0.02 IRIS - D -
Chioroethane 2.86 (&) IRIS - - -
2-Chlorotoluene 0.02 IRIS - - -
1,2-Dichlorobenzene 0.09 IRIS - D -
1,3-Dichlorobenzene under review IRIS - D -
1,4-Dichlorobenzene 023 () IRIS 0.04 B2 Cal Potency
1,1-Dichloroethane 0.1 (e) HEAST 0.0057 C Cal Potency
1,2-Dichloroethane - - 0.07 B2 Cal Potency
cis-1,2-Dichloroethene ' 0.01 HEAST - D -
trans-1,2-Dichloroethene 0.02 IRIS - D -
1,2-Dichloropropane 0.0011 (¢) ' IRIS 0.063 B2 Cal Potency
Ethylbenzene 0.1 TRIS - D -
Freonl13 30 IRIS - - -
n-Butylbenzene (f) 0.1 IRIS - D -
sec-Butylbenzene (f) 0.1 IRIS - D -
Isopropylbenzene (f) 0.1 IRIS - D -
p-Isopropyltoluene (g) 2 IRIS - D -
n-Propylbenzene (f) 0.1 IRIS - D -
Tetrachloroethene 0.01 IRIS 0.051 under review Cal Potency
Toluene 0.2 IRIS - D -
1,2, 4-Trimethylbenzene (g) 2 IRIS - D -
1,3,5-Trimethylbenzene (g) 2 IRIS - D -
Trichloroethene - - 0.015 under review Cal Potency
Vinyl Chloride - - 0.27 A Cal Potency
Total xylenes 2 IRIS - D -
2,4-Dimethylphenol 0.02 IRIS - - -
2-Methylnaphthalene 0.04 (h) ECAO - D -
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DRAFT
Table 3
Summary of Ingestion Toxicity Information for Potential Chemicals of Concern in Soil and Groundwater
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
Non-Carcinogenic Toxicity Information Carcinogenic Toxicity Information
Componnd Chronic Reference Slope Weight-of-

Dose (RfDo) Source Factor (SF) Evidence Source

(mg/kg-day) (a) (mg/kg-day)’ Classification (b) (©)
2-Methylphenol 0.05 IRIS - c -
4-Methylphenol 0.005 HEAST - C -
Naphthalene 0.04 ECAO - D -
Fhenol 0.6 IRIS - D -
1,2,4-Trichlorobenzene 0.01 IRIS - D -
PCB-1242 0.00002 (i) RIS 1.7 B2 Cal Potency
PCB-1254 0.00002 . RIS 7.7 B2 Cal Potency
PCB-1260 0.00002 (i) IRIS 7.7 B2 Cal Potency
Arsenic 0.0003 IRIS 1.75 A Cal Potency
Cadmium 0.0005 IRIS 15 (e) B1 Cal Potency
Total Chromium (j) 1.0 IRIS - D -
Nickel - - 0.91(e) A Cal Potency
Zing 0.3 IRIS - D -
Notes:

(a) Chronic reference doses obtained from U.S. EPA's Integrated Risk Information System (IRIS), U.S. EPA's Health Effects Assessment
Summary Tables (HEAST), dated March 1995, or U.S. EPA’s Environmental Criteria and Assessment Office, OH (ECAQ), in this order of priority.

() U.S. EPA weight-of-evidence classification is as follows:
A= Human Carcinogen
Bl orB2= Probable Human Carcinogen; Bl indicates that limited human data are available; B2 indicates that
there is sufficient evidence in animals and inadequate or no evidence in humans.

C= Possible Human Carcinogen
D= Not Classifiable as to Humnan Carcinogenicity
E= Evidence of Non-Carcinogenicity for Humans

Weight-of-evidence information obtained from IRIS or HEAST.
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Table 3
Summary of Ingestion Toxicity Information for Potential Chemicals of Concern in Soil and Groundwater
4200 Alameda Avenue
Qakland, California
(EK1930040.05)
Notes:

(©) Cancer slope factors obtained from California Cancer Potency Factors Updated Memorandum for the Office of Environmental Health Hazard
Assessment (1 November 1994) or IRIS, in this order of priority.

(d) Hyphen ("-") symbol indicates a respective reference dose or cancer slope factor is not available for this compound.

(¢) In the absence of an ingestion chronic reference dose or an ingestion carcinogenic slope factor, the respective inhalation value was used.
() Health criteria for n-butylbenzene, sec-butylbenzene, isopropylbenzene, and n-propylbenzene assumed to be equilvalent to ethylbenzene.
(g) Health criteria for p-isopropyltoluene, 1,2,4-trimethyibenzene, and 1,3,5-trimethylbenzene assumed to be equilvalent to total xylenes.
(h) Health criteria for 2-methylnaphthalene assumed to be equilvalent to naphthalene.

(i) The chronic reference dose for PCB-1242 and PCB-1260 assumed to be the same as that for PCB-1254.

(j) The toxicity information for total chromium is assumed to be the same as that for chromium(lil).
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Table 4

Summary of Potential Exposure Pathways for Future On-site Populations

. 4200 Alameda Avenue

QOakland, California
(EKI1 930040.05)

Future On-site Population

Exposure Pathway

® Commercial Building Occupants

® Inhalation of vapors from soil
or groundwater to indoor air

® Maintenance Personnel

@ Soil Ingestion
@ Dermal contact with soil
® Dust inhalation of non-volatiles from soil

@ Inhalation of vapors from soil
or groundwater to outdoor air

FACTORS.XLSTable4
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Table 5
Exposure Assumptions Used in the Human Health Risk Assessment
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
Future On-Site Population | , Exposur¢ Parameter (a) Reference
® Commercial Building Occupants :
EF  Exposure Frequency 250 daysfyear U.S.EPA (1989a, 1991); Cal-EPA (1992)
ED  Exposure Duration 25 years U.S.EPA (1989a, 1991}, Cal-EPA (1992)
BW Body Weight 70 kg U.S.EPA (1989a, 1991); Cal-EPA (1992)
AT  Averaging Time 6250 days; 25,550 days Cal-EPA (1992)
Air
IRa Inhzlation Rate of Air 20 m3lday U.S.EPA (1989a, 1991), Cal-EPA (1992)
® Maintenance Personnel

EF  Exposure Frequency 2 daysfyear (b) Best Professional Judgment
ED  Exposure Duration 25 years U.S.EPA (1989a, 1991), Cal-EPA (1992)
BW  Body Weight T0kg U.8.EPA (1989a, 1991); Cal-EPA (1992)
AT Averaging Time 50 days; 25,550 days (¢) U.S. EPA (1989a); Cal-FPA (1992)
Soil
SAs Skin Surface Area Available for Contact with Soil 3,160 cm® U.S. EPA (1992a)
IRs Incidental Soil Ingestion Rate 480 mg/day U.S. EPA (1991)
AF  Seil to Skin Adherence Factor 1 mgfem?® U.8. EPA (1992a); Cal-EPA (1992)
Air
IRa Inhalation Rate of Air 20 m*/day U.5.EPA (1989a, 1991}, Cal-EPA (1592)
RDC Respirable Dust Concentration 1 mg/m3 (d) Best Professional Judgment
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Table 5
Exposure Assumptions Used in the Human Health Risk Assessment
4200 Alameda Avenue
Oakland, California
(EK1 930040.05)
Notes:

{a) Exposure assumptions are compiled from:

& Cal-EPA (State of California, Environmental Protection Agency), January 1994, Preliminary Endangerment Assessment Guidance Manual , Department of Toxic
Substances Control (DTSC).

® Cal-EPA, July 1992, Supplemental Guidance for Human Health Multimedia Risk Assessments for Hazardous Waste Sites and Permitted Facilities, DTSC,
‘The Office of the Science Advisor.

® 1.8, EPA (U.S. Environmental Protection Agency), January 1992a, Dermal Exposure Assessment: Principles and Applications, fnterim Report, Office of Research
and Development, EPA/600/8-21/011B.

® 1.S. EPA, March 1991, Risk Assessment Guidance for Superfund - Volume I: Human Health Evaluation Manual, Supplemental Guidance, "Standard
Default Exposure Factors” , Interim Final, OSWER Directive: 9285.6-03.

® U.S. EPA, December 1989a, Risk Assessment Guidance for Superfund. Volume I - Human Health Evaluation Manual (Part 4) , OERR, EPA/540/12-89/002.

(1) The values are based on the following assumptions:
1i is assumed that 1 maintenance event in which contaminated soil is exposed occurs every 2 years. Each maintenance event is assumed to take 4 working days.
Therefore, the exposure frequency for maintenance personnel is 4 days every 2 years, or 2 days/year. The exposure duration (ED) of 25 years for maintenance personnel
assumes thal same person performs the work over a 25 year period.

(c) Averaging time for non-carcinogenic effects, which equals the petiod of exposure in units of days, is listed first. Averaging time for carcinogenic effects, which equals
a 70 vear lifetime in units of days, is listed second.

(d) A respirable dust concentration (concentration of dust with particles less than 10 micrometers in dizmeter) of 1 mg/m3 corresponds to the presence of visible dust clouds,
Because it is unlikely that maintenance personnel will be working in visible dust clouds 8 hours/day, a respirable dust concentration of 1.0 mg/m3 is conservative.
For comparison, the permissible exposure limit (PEL) for respirable dust is 3 mg/m3 (CCR, Title 8, Section 5153, Table AC-1).

FACTORS.X1.8Table5 20of2
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l Table &
Assumptions Used in Risk Based Corrective Action ("RBCA") Transport Models
l 4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
l Parameter Definition Units Commercial
d Lower depth of surficial soil zone m 100
ER Enclosed-space air exchange rate /s 0.00023
' T Fraction of organic carbon g-C/g-soil 0.00038 (a)
Neap thickness of capillary fringe cm 5
hy, thickness of vadose zone om Lgw - hcap
l i Soil-water sorption coefficient cm3-water/g-C foc * kec
Le Enclosed-space volume/infiltration area ratio cm 300
Lerack Enclosed-space foundation or wall thickness cm 15
l Lew Depth to groundwater cm 300
Ls Depth to subsurface soil sources cm 30 (b)
B, Particulate emission rate g/em®s 69 x 10"
l U Wind speed above ground surface in ambient mixing zone cin/s 340 {c)
Uew Ground water Darcy velocity cm/year 2500
W Width of source area parallel to wind, or ground water flow cm 3000 (d)
direction
Sair Ambient air mixing zone height cm 200
Byw Groundwater mixing zone thickness cm 200
l 1 Areal fraction of cracks in foundations/walls om”-cracks/cm®-total area 0.001 (¢)
Qacap Volumetric air content in capillary fiinge soils cm>-air/em’-so0il 0.038
O aomck Volumetric air content in foundation/wall cracks cnn’-airfem’-total velume 0.063 (a)
l B Volumetric air content in vadose zone soils o -ait/cm’-soil 0.063 (a)
Br Total soil porosity o’ fem®-s0il 0.39 (a)
Bueap Volumetric water content in capillary fringe soils om’-watet/em’-soil 0.352
l Bmcrack Volumetric water content in foundation/wall cracks o’ -water/om’-soil 0.327 (a)
O Volumetric water content in vadose zone soils om’-water/em®-soil 0.327 (a)
O Soil bulk density g-soil/em’-soil 1.62(a)
l T Averaging time for vapor Sux 5 788 x 10°
Notes:
' {a} Site-specific soil properties were obtained from vadose zone soils at American National Can Company site locatoed
adjacent to 4200 Alameda Averme.(SOMA Environmental Engineering, Inc. "Baseline Health Risk Assessment
American National Can Company, Oakdand, California Facility", 31 January, 1994),
l () Depth to subsurface soil sources is aesumed to be 1foot (30 cm), which is approximately the depth where the soit was detected of
chemicals of concemn.
l (¢} The average wind speed of 340 cmv/sec (7.5 mpkh) was obtained from the wind rose for Oakland Airport (National Weather Service,
Redwood City, CA).
(d) Width of source area parallel 1o wind, or ground water flow direction for the Site is assumed to be approximately 3000 em
l (90 feet), which is more appropriate for the Site.
{e) Areal fraction of cracks in foundations/walls for commercial buildings was set to 0.001, which is appropriate for newly
I constructed commercial buildings (Daugherty, 1991}
' RBCAXLS iofl
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Table 7A
Physical and Chemical Properties for Chemicals of Concern in Soil
4200 Alameda Avenue
Qakland, California
(EKI 930040.00)
Henry's Law Diffusivity Diffusivity Organic Carbon
Compound Constant in Air in Water Partition Coeff.
H, (2) D (b) Darse ) Ko (@)
(L-H,0/L-air) (cm’/s) {cm?/s) (mL/g)

Benzene 2.2E-01 9.3E-02 1.1E-05 3.8E+01
Chlorobenzene 1,5E-01 7.2E-02 7.5E-06 1.6EH)2
2-Chiorotoluene 1.3E02 7.1E-02 7.2E-06 1.9E+02
1,2-Dichlorobenzene 5.0E-02 1.3E-01 7.3E-06 1.1E+03
1,1-Dichloroethane 1.8E-01 9.1E-02 9 2E-06 3.0E+01
1,2-Dichloroethane 4.1E-02 9.1E-02 9.2E-06 1.4E+01
cis-1,2-Dichloroethene 1.7E-01 9.1E-02 9.6E-06 4.9EH01
trans-1,2-Dichloroethene 2.7E-01 7.9E-02 9.6E-06 5.9E+01
Ethylbenzene 3.2E<01 7.6E-02 8.5E-06 9.5E+01
Freonl113 1.4E+01 7.2E-02 7.5E-06 3.9E+02
n-Butylbenzene 52E-01 6.2E-02 6.1E-06 2.5E+03
sec-Butylbenzene 4.7E-01 6.2E-02 6.1E-06 8.9E+02
Isopropylbenzene 6.1E-01 6.6E-02 6.6E-06 2.8E+03
p-Isopropyltoluene () 6.1E-01 6.2E-02 6.1E-06 2.8E+03
n-Propylbenzene 4.2E-01 6.6E-02 6.6E-06 7 4E+02
Tetrachloroethene 6.2E-01 7.2E-02 7.6E-06 6.6E+02
Toluene 2.6E-01 8 5E-02 9.4E-06 1.3E+02
1,2,4-Trimethylbenzene 2 4E-01 6.6E-02 6.6E-06 3.7E+03
1,3,5-Trimethylbenzene 1.6E-01 6.6E-02 6.6E-06 1.6E+03
Trichloroethene 3.8E-01 8.1E-02 8.5E-06 1.3EH)2
Vinyl Chloride 1L.1E+00 L1E-0}1 1.1IE-05 5.7E+01
Total xylenes 2,9E-01 7.2E-02 B.5E-06 2.4E+02
2-Methylnaphthalene 4.9E-02 () 6.4E-02 6.4E-06 7.9E+03
Naphthalene 4,9E-02 7.2E-02 9 4E-06 1.3E+03
Phenol 1.9E-05 8.4E-02 8 6E-06 1.4E+01
1,2,4-Trichlorobenzene 9.6E-02 6.6E-02 6.7E-06 9.2E+03
PCB-1242 2.4E-02 5.0E-02 4 9E-06 5.1E+03
PCB-1254 1.2E-02 4 8E-02 4,6E-06 4, 1E+04
PCB-1260 1.4E-02 4.6E-02 4.5E-06 2.6E+06
Arsenic NA (g) NA NA NA

Cadmium NA NA NA NA

Total Chromium NA NA NA NA

Nickel NA NA NA NA

Zing NA NA NA NA
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Table 7A .
Physical and Chemical Properties for Chemicals of Concern in Soil
4200 Alameda Avenue
Qakland, California
(EKI 930040.00)
Notes:

(a) Dimensionless Henry's constant at 20 degrees Celcius obtained from Montgomery and Welkom (1921).

(b) Diffusivity in air at 20 degrees Celcius estimated using Fuller's method (Lyman et al,, 1990) as directed by U.S. EPA Superfund
Exposure Assessment Manual (April 1988).

{c) Diffusivity in water at 20 degrees Celcius calculated using method of Hayduk and Laudie (Lyman et al,, 1990).

{d) Organic carbon partition coefficient (Koc) obtained from Montgomery and Welkom (1991). Where multiple values were available, the
log values were gveraged.

{¢) Physical and chemical properties for p-isopropyltoluene assumed to be equivalent 1o isopropylbenzene, a structurally similar compound.
() Because a Henry's constant was not available for 2-methylnaphthalene, the value for napthalene, a structurally similar compound, was used.

(g) "NA" indicates propertics not applicable for the compound.
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Table 7B
Physical and Chemical Properties for Chemicals of Concern in Groundwater
4200 Alameda Avenue
Oakland, California
(EK1 930040.00)
Henry's Law Diffusivity Diffusivity = Organic Carbon Solubility
Compound Constant in Air in Water Partition Coeff. in Water
H. (a) D, (b) Diater (€) Ko (d) S (e)
(L-H,O/L-air) (cm?/s) (cm?/s) (mL/g) (mg/L)
Benzene 2.2E-01 9.3E-02 1.1E-05 3.8E+01 1.8E+03
Chlorobenzene 1.5E-01 7.2E02 7.5E-06 1.6E+02 4.7E+02
Chloroethane 5.0E-01 1.0E-01 1.1E-05 3.2EH00 4,7E+03
1,2-Dichlorcbenzene 5.0E-02 1.3E-01 7.3E-06 1.1E+03 1.6E+02
1,3-Dichlorobenzene 1.5E-01 1.3E-01 7.3E-06 5.4E+H)2 1.2E+H02
1,4-Dichlorobenzene 1.2E-01 1.3E-01 7.3E-06 1.2E+03 8.7E+01
1,1-Dichloroethane 1.8E-01 9.1E-02 9.2E-06 3.0E+01 5.1E+03
1,2-Dichloroethane 4.1E-02 9.1E-02 9.2E-06 1.4E+01 8.5E+03
cis-1,2-Dichloroethene 1.7E-01 9.1E-02 9.6E-06 4 9E+01 3.5E+03
trans-1,2-Dichloroethene 2.7E-11 7.9E-02 9.6E-06 5.9E+01 6.3E+03
1,2-Dichloropropane 9.6E-02 8.0E-02 8.1E-06 3.7E+01 2.7EHO3
Ethylbenzene 3.2E-01 7.6E-02 8.5E-06 9.5E+01 1.6E+02
Toluene 2.6E-01 8.5E-02 T 94E06 1.3E+02 5.3E+0)2
Trichioroethene 3.8E-01 8.1E-02 8.5E-06 1.3E+02 1.1E-+03
Vinyl Chloride 1.1E+00 1.1E-01 1.1E-05 5.7E+01 4.2E+03
Total xylenes 29E-01 ) 7.2E-02 8.5E-06 2. 4EH12 2.0E+02
2 4-Dimethylphenol 2.7E-04 6.9E-02 6.9E-06 1.2E+02 4 2FE+03
2-Methylnaphthalene 4 9E-02 (f) 6.4E-02 6.4E-06 7.9E+03 2.5E+01
2-Methylphenol 5.1E-05 7.5E-02 7.6E-06 2.2E+01 2.58+04
4-Methylphenol 3.3E-05 7.5EB-02 7.6E-06 4.9E+031 2.3E+04
Naphthalene 4 9E-02 7.2E-02 9.4E-06 1.3E+03 3.2E+01
Phenol 1.9E-05 8.4E-02 8.6E-06 1.4E+01 9.3E+H04
PCB-1260 1.4E-02 4,6E-02 4 5E-06 2.6E+06 8.0E-02
Arsenic NA (g) NA NA NA NA
Total Chromium NA NA NA NA NA
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Table 7B
Physical and Chemical Properties for Chemicals of Concern in Groundwater
4200 Alameda Avenue
Oakland, California
(EKI 930040.00)
Notes:

() Dimensionless Henry's constant at 20 degrees Celeius obtained from Montgomery and Welkom (1591).

(b) Diffusivity in air at 20 degrees Celcius estimated using Fuller's method {Lyman et al., 1990} es directed by U.S. EPA Superfund
Exposure Assessment Manual (April 1988).

(c) Diffusivity in water at 20 degrees Celcius calculated using method of Hayduk and Landie (Lyman et &t., 1990).

{d) Organic carbon partition coefficient (Koc} obtained from Montgomery and Welkom (1991), Where multiple values were available, the
log values were averaged.

(2) Solubility in water (S) obtained from Montgomery and Welkom (1991). Where multiple values were available, the values were averaged.
(f) Because a Henry's constant was not available for 2-methylnaphthalene, the value for napthalens, 2 structurally similar compound, was used.

(g) "NA" indicates properties not applicable for the compound.
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Table 8
Characterization of Human Health Risks Due to Inhalation of Vapors Containing Chemicals of Concern
for Future Commercial Building Occupants
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
Indoor Indoor Assumed Non-Carcinogen Carcinogen Estimated
EPC from EPC from Indoor Chronic Daily Chronic Daily Non-Carcinogenic Carcinogenic Non- Lifetime
groundwater soil EPC " Intake Intake Inhalation RfD Inhalation SF Carcinogenic Incremental
Compound (ug/m™3): (@) | (ug/m™3); (a) | (ugm™3)(b) | (meke-day); (c) | (mgkg-day) (c) | (mgkgday)(d) | (meke-day)1;(e) || Hazard Index; (D | Cancer Risk; (g)

Benzene 9.1E-03 7.9E-02 7.9E-02 1.5E-05 5.5E-06 - 0.1 - 5.5E-07
Chlorobenzens 1.3E-03 1.1IE-02 1.1E-02 2.2E-06 7.7E-07 0.02 - 1.1E-04 -
Chloroethane 4.3E-03 - 4.3E-03 8.4E-07 3.0E-07 2.86 - 2.9E-07 -
2-Chlorotoluene - 1.4E-01 1.4E-01 2.7E-05 9.5E-06 0.02 - 1.3E-03 -
1,2-Dichlorobenzene 1.5E-03 7.2E-02 7.2E-02 1.4E-05 5.1E-06 0.09 - 1.6E-04 -
1,3-Dichlorobenzene 2.1E-02 - 2.1E-02 4.2E-06 1.5E-06 - - - -
1,4-Dichlorobenzene 2.9E-02 - 2.9E-02 5.7E-06 2.0E-06 0.23 0.04 2.5E-05 8.2E-08
1,1-Dichloroethane 1.9E-03 1.2E-03 1.9E-03 3.6E-07 1.3E-07 0.1 0.0057 3.6E-06 7 4E-10
1,2-Dichloreethane 6.3E-05 5.1E-04 5.1E-04 9 9E-08 3.5E-08 - 0.07 - 2.5E-09
cis-1,2-Dichloroethene 7.3E-02 2.1E-01 2.1E-01 4 1E-05 1.5E-05 0.01 - || 4.1E-03 -
trans-1,2-Dichlorocthene | 2.5E-03 2.1E-03 2.5E-03 4 9E-07 1.8E-07 0.02 - 2.5E-05 -
1,2-Dichioropropane 2.9E-05 - 2.9E05 5.8E-09 2.1E-09 0.0011 0.063 5.2E-06 1.3E-10
Ethylbenzene 1.2E-02 2.3EH00 2.3EH00 4 5E-04 1.6E-04 0.29 - 1.6E-03 -
Freonl13 - 44E-01 | 4.4E-0l 8.5E-05 3.0E-05 30 - 2.3E-06 -
n-Butylbenzene - 3.5E-01 3.5E-01 6.BE-05 2.4E-05 0.29 - 23E-04 -
sec-Butylbenzene - 1.2E-01 1.2E-01 2.3E-05 8.3E-06 0.29 - 8.1E-05 -
Isopropylbenzene - 6.6E-02 6.6E-02 1.3E-05 4 6E-06 0.29 - 4.5E-05 -
p-Isopropyhioluene - 1.6E-01 1.6E-01 3.2E-05 1.1E-05 2 - || 1.6E-05 -
n-Propylbenzene - 7.1E-01 7.1E-0} 1.4E-04 5.0E-05 0.29 - 4 8E-04 -
Tetrachloroethene - 4 3E-01 4,3E-01 8.5E-05 3.0E-05 0.01 0.021 8.5E-03 6.4E-07
Toluene 3.8E-02 3.2E+H00 3.2E+00 6.3E-04 2.3E-04 0.11 - 5.8E-03 -
1,2,4-Trimethylbenzene - 9.5E-01 9.5E-01 1.9E-04 6.6E-05 2 - 9.3E-05 -
1,3,5-Trimethylbenzene - 4 1E-01 4.1E-01 R.0E-05 2.9E-05 2 - 4 0E-05 -
Trichloroethene T78E-05 1.9E-01 1.9E-01 3.7E-05 1.3E-05 0.01 0.01 3.7E-03 1.3E-07
Vinyl Chloride 4.2E-01 1.5E-02 4 2E-01 8.1E-05 2.9E-05 - 0.27 - 7.8E-06
Total xylenes 4.9E-02 9 4E+00 9.4E+00 1.8E-03 6.5E-04 2 - I 9.2E-04 -
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DRAFT
| Table 8
| Characterization of Human Health Risks Due to Inhalation of Vapors Containing Chemicals of Concern
for Future Commercial Building Occupants
4200 Alameda Avenue
QOakland, California
(EKI 930040.05)
Indoor Indoor Assumed Non-Carcinogen Carcinogen Estimated
EPC from EPC from Indoor Chronic Daily Chronic Daily Non-Carcinogenic Carcinogenic Non- Lifetime
groundwater soil EPC Intake Intake Inhalation RfD) Inhalation SF Carcinogenic Incremental
Compound (ugm”3); (a) | (ug/m"3);(a) | (wg/m’3), (b) | (mgrkg-day), () | (mpkeday),(c) | (meke-day)(d) | (mgkegday)l;(e) || Hazard index; (f) | Cancer Risk; (g) |

2,4-Dimgthylphenol - - - - - 0.02 - - -
2-Methylnaphthalene 3.2E-05 7.0E-02 7.0E-02 14E-05 4.9E-06 0.04 - 34E-04 -
2-Methylphenol - - - - - 0.05 - - -
4-Methylphenol - - - - - 0.005 - - -
Naphthalene 5.8E-04 3.3E-01 3.3E-01 6.4E-05 23E-05 0.04 - 1.6E-03 -
Phenol - - - - - 6.6 - - -
1,2,4-Trichlorobenzene - 1.3E-02 1.3E-02 2.6E-06 9.3E-07 0.01 - 2.6E-04 -
PCB-1242 - 2.0E-04 2.0E-04 3.9E-08 1.4E-08 0.00002 7.7 1.9E-03 1.1E-07
PCB-1254 - 2.BE-05 2.8E-05 5.5E-09 2.0E-09 0.00002 7.7 2.8E-04 1.5E-08
PCB-1260 3.4E-05 5.2E-06 3.4E-05 6.6E-09 2.3E-09 0.00002 77 3.3E-04 1.8E-08
Arsenic - - - - - 0.0003 12 - -
Cadmium - - - - - 0.0005 15 - -
Total Chromium - - - - - i 510 - -
Nickel - - - - - - 0,91 - -
Zinc - - - - - 0.3 - - -
Total Risk Resulting from Inhalation of Vapors Containing Chemicals of Concern: 0.03 9E-06
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DRAFT

Table 8
Characterization of Human Health Risks Due to Inhalation of Vapors Containing Chemicals of Concern
for Future Commercial Building Occupants

4200 Alameda Avenne
Oakland, California
(EKI 9230040,05)

Notes:
(a) The exposure point concentration ("EPC") was calculated based on the volatilization models in the RBCA model (ASTM, 1995).

(b) The assumed indoor EPC for each compound is the greater of EPC from groundwater or from soil.
(c) Chronic Daily Intakes ("CDIs") were estimated using methodologies recommended by U.S. EPA or Cal-EPA. Refer to Table 5 for assumptions to calculate CDIs.

(d) Chronic reference doses ("RfDs") for non-carcinogenic effects were obtained from IRIS or HEAST, in this order of priority. Origin of respective RiDs is included in
Tables 2 and 3. Hyphen indicates that RfD is not available for the compound.

(e) Slope factors ("SFs)") for carcinogenic effects were obtained from Cal-EPA's California Cancer Potency Factor Memorandum (November 1994) or IRIS, in this order of priority.
Origin of respective SFs is included in Tables 2 and 3. Hyphen indicates that SF is not available for the compound.

(f) Non-carcinogenic hazard index ("HI") for compound i is defined as the CDIV/RDi. The non-carcinogenic HI, summed for all compounds and exposure pathways,
assumes that there is a level of exposure (i.e., RfTY) below which it is unlikely even for sensitive populations to experience adverse health effects (1.8, EPA, 1989a).
If the CDI exceeds this RfD threshold (i.e., HI greater than 1), there may be concern for potential nen-carcinogenic effects.

(g) Estimated lifetime incremental cancer risk for chemical i is defined as CDIi * 8Fi. The estimated incremental lifetime cancer risks to an individual
developing cancer due to COCs is given by the sum of incremental cancer risks for all chemicals and exposure pathways.
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DRAFT
Table 9A
Characterization of Human Health Risks Due to Ingestion of Soils Containing Chemicals of Concern
for Future Mainienance Personnel
4200 Alameda Avenue
Cakland, California
(EKI 930040.05)
Representative Non-Carcinogen Catcinogen || Estimated
Concentration Chronic Daily Chronic Daily Non-Carcinogenic Carcinogenic Non- Lifetime
in Soil Intake Intake Oral RID Oral SF Carcinogenic Incremental
Compound (mg/kg), (a) (mg/kg-day), (b) {mg/ka-day}, (b) (mg/kg-day), (c) {mg/kg-day)-1; (d) Hazard Index; (e) Cancer Risk; ()

Benzene 12 4 5E-08 1.6E-08 - 0.1 - 1.6E-09
Chlorobenzene 0.37 1.4E-08 5.0E-09 0.02 - 7.0E-07 -
2-Chlorotoluene 22 8.3E-07 3.0E-07 0.02 - 4 1E-05 -
1,2-Dichlorobenzene 88 3.3E-07 1.2E-07 0.09 - 3.7E-06 -
1,1-Dichloroethane 0.023 8.6E-10 3.1E-10 0.1 0.0057 8.6E-09 1.8E-12
1,2-Dichlorocthane 0.028 1.1E-09 3.8E-10 - 0.07 - 2.6E-11
cis-1,2-Dichloroethene 4.2 1.6E-07 5.6E-08 0.01 - 1.6E-05 -
trans-1,2-Dichloroethene 0.033 1.2E-09 4 4E-10 0.02 - 6.2E-08 -
Ethylbenzene 34.5 1.3E-06 4 6E-07 0.1 - || 1.3E-05 -
Freonl13 0.61 2.3E-08 8.2E-09 30 - 7.6E-10 -
n-Butylbenzene 19 7.1E-07 2.5E-07 0.1 - 7.1E-06 -
sec-Butylbenzene 3.4 1.3E-07 4.6E-08 0.1 - 1.3E-06 -
Isopropylbenzene 3.2 1.2E-07 4, 3E-08 0.1 - 1.2E-06 -
p-Isopropyltoluene 84 3.2E-07 1.1E-07 2 - 1.6E-07 -
n-Propylbenzene 19 7.1E-07 2.5E-07 0.1 - 7.1E-06 -
Tetrachloroethene 7 ~ 2.6E-07 9.4E-08 0.01 0.051 || 2.6E-05 4.8E-09
Toluene 55 2.1E-06 7TAE-07 02 - 1.0E-05 -
1,2,4-Trimethylbenzene 140 5.3E-06 1.9E-06 2 - 2.6E-06 -
1,3,5-Trimethylbenzene 43 1.6E-06 5.8E-07 2 - 8.1E-07 -
Trichloroethene 2.4 9.0E-08 3.2E-08 - 0.015 - 4 8E-10
Vinyl Chloride 0.05 1.9E-09 6.7E-10 - 027 - 1.8E-10
Total xylenes 195 7.3E-06 2.6E-06 2 - 3.7E-06 -
2-Methylnaphthalene 76 2.9E-06 1.0E-06 0.04 - 7.1E-05 -
Naphthalene 61.5 2.3E-06 8.3E-07 0.04 - “ 5.8E-05 ;
1,2,4-Trichlorobenzene 9.8 3.7E-07 1.3E-07 0.01 - 3.7E-05 -
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DRAFT
Table 9A
Characterization of Human Health Risks Due to Ingestion of Soils Containing Chemicals of Concern
for Future Maintenance Personnel
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
Representative Non-Carcinogen Carcinogen Estimated
Concentration Chronic Daily Chronic Daily Non-Catcinogenic Carcinogenic Non- Lifetime
in Boil Intake Intake Oral RiD» Oral SF Carcinogenic Incremental
Compound {mg/ke); (2) (mg/kg-day); (b) (mg/kg-day); (b) {me/kg-day); () (mg/kg-day)-1; (d) Hazard Index; (e) Cancer Risk; (f)
PCB-1242 ' 0.28 1.1E-08 3.8E-09 0.00002 73 5.3E-04 2.9E-08
PCB-1254 041 1.5E-08 5.5E-09 0.00002 7.7 7. 7E-04 4. 2E-08
PCB-1260 4.7 1.8E-07 6.3E-08 0.00002 1.7 8.8E-03 4 9E-07
Arsenic 5.1 1.9E-07 6.8E-08 0.0003 1.75 6.4E-04 1.2E-07
Cadmium 1.6 6.0E-08 2.1E-08 0.0005 15 1.2E-04 3.2E07
Total Chromium 75 2.8E-06 1.0E-06 1 - 2.8E-06 -
Nickel 110 4.1E-06 1.5E-06 - 0.91 - 1.3E-06
Zinc 450 1.7E-05 6.0E-06 0.3 - 5.6E-05 -
Total Risk Resulting from Ingestion of Soils Containing Chemicals of Concern: " 0.01 2E-06

Notes:
(a) Refer to Table 1A for compilation of representative concentrations ("RCs").
(b} Chronic Daily Intakes ("CDIs") were estimated nsing methodologies recommended by U.S. EPA or Cal-EPA. Refer to Table 5 for assumplions to calculate CDIs.

(¢} Chronic reference doses {"R{Ds") for non-carcinogenic effects were obtained from IRIS or HEAST, in this order of priority. Origin of respective RfDs is included in
Tables 2 and 3. Hyphen indicates that RfD is not available for the compound.

{d) Slope factors ("SFs)"} for carcinogenic effects were obtained from Cal-EPA's California Cancer Potency Factor Memorandum (November 1994) or IRIS, in this order of
priority. Origin of respective SFs is included in Tables 2 and 3. Hyphen indicates that SF is not available for the compound.

(&) Non-carcinogenic hazard index ("HI") for compound i is defined as the CDI/RIDi. The non-carcinogenic HI, summed for all compounds and exposure pathways,
assumes that there is a level of exposure (i.e., RID) below which it is unlikely even for sensitive populations to experience adverse health effects (U.8. EPA, 198%a),
If the CDI exceeds this R threshold (i.e., HI greater than 1), there may be concern for potential non-carcinogenic effects.

(f) Estimated lifetime incremental cancer risk for chemical i is defined as CDIi * SFi. The estimated incremental lifetime cancer risks to an individual
developing cancer due to COCs is given by the sum of incremental cancer risks for all chemicals and exposure pathways.
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Table 9B
Characterization of Human Health Risks Due o Dermal Contact With Soils Containing Chemicals of Concern
for Future Maintenance Personnel
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
Representative Non-Carcinogen Carcinogen Estirnated
Coneentration Chronic Daily Chronic Daily Non-Carcinogenic Carcinogenic Non- Lifetime
Compound in Soil Absorption Intake Intake Oral RED Oral SF Carcinogenic Incremental
(mg/kg) Factor, (b) (mg/kg-day}; (<) (mg/kg-day); (c) (mg/kg-day), (d) (mg/kg-day}-1; (e) Hazard Index, (f) Cancer Risk; (g)
Benzene 1.2 0.1 1.5E-08 5.3E-09 - 0.1 - 5.3E-10 i
Chlorobenzene 0.37 0.1 4 6E-09 1L6E-09 0.02 - 2.3E07 -
2-Chlorotoluene 22 0.1 2.7E07 9.7E-08 0.02 - 1.4E-05 -
1,2-Dichlorobenzene 8.8 0.1 1.1E-07 3.9E-08 0.09 - 1.2E-06 -
1,1-Dichloroethane 0.023 0.1 2.8E-10 1.0E-10 0.1 0.0057 2.8E-09 5.8E-13
1,2-Dichloroethane 0.028 0.1 3.5E-10 1.2E-10 - 0.07 - 8.7E-12
| cis-1,2-Dichloroethene 4.2 0.1 5.2E-08 1.9E-08 0,01 - 52E-06 -
trans-1,2-Dichloroethene 0.033 0.1 4 1E-10 1.5E-10 0.02 - 2.0E-08 -
Ethylbenzene 345 0.1 4 3E-07 1.5E-07 0.1 - 4.3E-06 -
Freonll3 0.61 0.1 7.5E-09 2.7E-09 30 - 2.5E-10 -
n-Butylbenzene 19 0.1 2.3E-07 8.4E-08 0.1 - " 2.3E-06 -
sec-Butylbenzene 34 0.1 4.2E-08 1.5E-08 0.1 - 4 2E-07 -
Isopropylbenzene 3.2 0.1 4.0E-08 14E-08 0.1 - 4.0E-07 -
p-Isopropyltoluene 84 0.1 1.0E-07 3.7E-08 2 - 5.2E-08 -
n-Propylbenzene 19 0.1 2.3E-07 8.4E-08 0.1 - 2.3E-06 -
Tetrachloroethene 7 0.1 8.7E-08 3.1E-08 0.01 0.051 8 7E-06 1.6E-09
Toluene 55 0.1 6.8E-07 24E-07 0.2 - 3.4E-06 -
1,2,4-Trimethylbenzene 140 0.1 1.7E-06 6.2E-07 2 - 3.7E-07 -
1,3,5-Trimethylbenzene 43 0.1 5.3E07 1.9E-07 2 - 2.7TE-07 -
Trichloroethene 24 0.1 3.0E-08 1.1E-08 - 0.015 - 1.6E-10
Vinyl Chlonide 0.05 0.1 6.2E-10 22E-10 - - 0.27 - 6.0E-11
Total xylenes 195 0.1 2.4E-06 8.6E-07 2 - 1.2E-06 -
2-Methylnaphthalene 76 0.15 1.4E-06 5.0E-07 0.04 - 3.5E-05 -
Naphthalene 61.5 0.15 1.1E-06 4.1E-07 0.04 - 2. 9E-05 -
1,2,4-Trichlorobenzene 9.8 0.1 1.2E-07 4 3E-08 0.01 - 1,2E-05 -
RISKIB.XLS lof2



DRAFT
Table 9B
Characterization of Human Health Risks Due to Dermal Contact With Soils Containing Chemicals of Concern
for Future Maintenance Personnel
4200 Alameda Avenue
QOakland, California
(EKI 930040.05)
Represertative Non-Carcinogen Carcinogen Estimated
Concentration Chronic Daily Chronic Daily Non-Carcinogenic Carcinogenic Non- Lifetime
Compound in Sail Absorption Intake Intake Oral RfD Oral 8F Carcinogenic Incremental
(mg/kg) Factor; (b) (mg/kg-day), (c) (mg/kg-day), (c) {mg/ke-day; (d) {mg/kg-day)1; (¢) Hazard Index; (f} Cancer Risk; (g)

PCB-1242 0.28 0.15 5.2E-09 1.9E-09 0.06002 779 2.6E-04 1.4E-08
PCB-1254 0.41 0.15 7.6E-09 27E-09 0.00002 7.7 3.8E-04 2.1E08
PCBE-1260 4.7 0.15 8.7E-08 3.1E-08 0.00002 7.7 4. 4E-03 2 4E-07
Arsenic 51 0.03 1.9E-08 6.8E-09 0.0003 1.75 6.3E-05 1.2E-08
Cadmium 1.6 0.001 2.0E-10 7.1E-11 0.0005 15 4.0E-07 1.1E-09
Total Chromium 75 0.01 9 3E-08 3.3E-08 1 - 9.3E-08 -
Nickel 110 0.01 1.4E-07 4 9E-08 - 0.91 - 4 4E-08
Zinc 450 0.01 5.6E-07 2.0E-07 0.3 - 1.9E-06 -
Total Risk Resulting from Dermal Contact with Soils Cantaining Chemicals of Potential Concern: “ 0.008 3E-07

Notes:

(a) Refer to Table 1A for compilation of representative concentrations ("RCs").

(b} The absorption factors were obtained from the Cal-EPA Preliminary Endangerment Assessment Guidance (DTSC, 1994).

(c) Chronic Daily Intakes ("CDIs") were estimated using methodologies recommended by U.S. EPA or Cal-EPA. Refer to Table 5 for assumptions to calculate CDIs.

{d) Chronic reference doses ("RfDs") for non-carcinogenic effects were obtained from IRIS or HEAST, in this order of priority. Origin of respective RfDs is included in
Tables 2 and 3. Hyphen indicates that RfDD is not available for the compound.

(e) Slope factors ("SFs)") for carcinogenic effects were obtained from Cal-EPA's California Cancer Potency Factor Memorandum (November 1994) or IRIS, in this order of
priority. Origin of respective SFs is included in Tables 2 and 3. Hyphen indicates that SF is not available for the compound.

(f) Non-carcinogenic hazard index ("HI") for compound i is defined as the CDI/RIDi. The non-carcinogenic HI, summed for all compounds and exposure pathways,
assumes that there is a level of exposure (i.e., RID) below which it is unlikely even for sensitive populations to experience adverse health effects (U1.S. EPA, 1989a),
If the CDI exceeds this RID threshold (i.e., HI greater than 1), there may be concern for potential non-carcinogenic effects.

(2) Estimated lifetime incremental cancer risk for chemical i is defined as CDIi * SFi. The estimated incremental lifetime cancer risks to an individual
developing cancer due to COCs is given by the sum of incremental cancer risks for all chemicals and exposure pathways.

RISKIB.XL3 : 20f2
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Table 9C
Characterization of Human Health Risks Due to Inhalation of Fugitive Dust Containing Non-Volatile Chemicals of Concern
for Future Maintenance Personnel
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
Representative Cair Non-Carcinogen Carcinogen Estimated
Concentration for non- Chronic Daily Chronic Daily Non-Carcinogenic Carcinogenic Non- Lifetime
in Soil volatiles Intake Intake Inhalation RfD> Inhalation SF Carcinogenic Incremental
Compound (mg'ke); (a) (mg/m')y; 0) | (mgkeday)(c) | (mgkg-day); (c) (mg/kp-day); (d) | (mgke-day)-1; () {| Hazard Index; (fy | Cancer Risk; (2)

Arsenic 5.1 5.1E-06 8.0E-09 2.9E-09 0.0003 12 2.7E-05 3.4E-08
Cadmium 1.6 1.6E-06 2.5E-09 8.9E-10 0.0005 15 5.0E-06 1.3E-08
Total Chromiuym 75 7.5E-05 1.2E-07 4 2E-08 1 - 1.2E-07 -
Nickel 110 1.1E-04 1.7E-07 6.2E-08 - 0.91 - 5.6E-08
Zing 450 4,5E-04 7.0E-07 2.5E-07 0.3 - 2.3E-06 -
Total Risk Resulting from Inhalation of Fugitive Dust Containing Non-Volatile Chemicals of Concern: 0.00003 1E-07

Notes:

{a) Refer to Table 1A for compilation of representative concentrations ("RCs").

(b) The concentration in air (Ca) is calculated using the following equation:
Ca=Cs * RDC * (10° kg/mg)

where Cs is the representative concentration of compound in soil, RDC is the respirable dust concentration,
see Table 5 for the assumption of RDC value.

(c) Chionic Daily Intakes ("CDIs") were estimated using methodologies recommended by U.S. EPA or Cal-EPA. Refer to Table 5 for assumptions to calculate CDIs.

(d) Chronic reference doses ("RfDs") for non-carcinogenic effects were obtained from IRIS or HEAST, in this order of priority. Origin of respective RfDs is included in
Tables 2 and 3. Hyphen indicates that RfD) is not available for the compound.

(e) Slope factors ("SFs)") for carcinogenic effects were obtained from Cal-EPA's California Cancer Potency Tactor Memorandum (November 1994) or IRIS, in this order of
priority. Origin of respective SFs is included in Tables 2 and 3. Hyphen indicates that SF is not available for the componnd.

(f) Non-carcinogenic hazard index ("HI") for compound i is defined as the CDI/RIDi. The non-carcinogenic HI, summed for all compounds and exposure pathways,
assumes that there is a level of exposure (i.¢., Rf1)) below which it is unlikely even for sensitive populations to experience adverse health cffects (U.S. EPA, 1989%a).
If the CDI exceeds this RED threshold (i.e., HI greater than 1}, there may be concern for potential non-carcinegenic effects.

(g) Estimated lifetime incremental cancer risk for chemical i is defined as CDIi * SFi. The estimated incremental lifetime cancer risks to an individual
developing cancer due to COCs is given by the sum of incremental cancer risks for all chemicals and exposure pathways.

RISKIB.XLS
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Table 9D
Characterization of Human Health Risks Due to Inhalation of Vapors Containing Chemicals of Concem
for Future Maintenance Personnel
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
Outdoor Outdoor Assumed Non-Carcinogen Carcinogen | Estimated
EPC from EPC from soil QOutdoor Chronic Daily Chronic Iraily | Non-Carcinogenic Carcinogenic Non- Lifetime
Compound groundwater | and parficulates EPC Intake Intake Inhalation RfD Inhalation SF Carcinogenic Incremental
(ug/m™3); (a) | (ug/m3);(a) | (ug/m"3); () | (me/kg-day); (c) | (mekgday); (c) | (mg/kg-day).(d) | (mpkgday)l;(e) || Hazard Index; (f) | Cancer Risk;(g) |

Benzene 1.4E-03 1.1E-02 1.1E02 1.7E-08 6.1E-09 - 0.1 - 6.1E-10
Chlorobenzene 1.9E-04 3.4E-03 3 4E-03 5.3E-09 1.9E-09 0.02 - 2.6E-07 -
Chloroethane 6.3E-04 - 6.3E-04 9.9E-10 3.5E-10 2.86 - 34E-10 -
2-Chlorotoluene - 1.3E-01 1.3E-01 2.0E-07 7.0E-08 0.02 - || 9 8E-06 -
1,2-Dichiorobenzene 2.3E-04 58E-02 5.8E-02 9.1E-08 3.2E-08 0.09 - 1.0E-06 -
1,3-Dichlorobenzene 3.2E03 - 3.2E03 5.0E-09 1.8E-09 - - - -
1,4-Dichlorobenzene 4 4E-03 - 4 4E-03 6.9E-09 2 4E-09 0.23 0.04 3.0E-08 9.8E-11
1,1-Dichloroethane 2.8E-04 2 1E-04 2. 8E-04 4 4E-10 1.6E-10 0.1 0.0057 4 4E-09 8.9E-13
1,2-Dichloroethane 9.7E-06 2.5E-04 2.5E-04 4.0E-10 1.4E-10 - 0.07 - 99E-12
¢is-1,2-Dichloroethene 1.1E-02 3.8E-02 3.8E-02 6.0E-08 2.1E08 0.01 - 6.0E-06 -
trans-1,2-Dichloroethene | 3.BE-04 3.0E-04 3.8E-04 5.9E-10 2.1E-10 0.02 - 2.9E-08 -
1,2-Dichloropropane 4.5E-06 - 4. 5E-06 7.0E-12 2.5E-12 0.0011 0.063 6.4E-0% 1.6E-13
Ethylbenzene 1.7E-03 3.1E-01 3.1E-01 4 9E-07 1.7E-07 0.29 - || 1.7E-06 -
Freonl13 - 5.5E03 5.5E-03 8.7E-09 3.1E-09 30 - 2.9E-10 -
n-Butylbenzene - 1.7E-01 1.7E-01 2.7E-07 9.6E-08 0.29 - 9.3E-07 -
sec-Butylbenzene - 3.1E-02 3.1E-02 4 8E-08 1.7E-08 0.29 - 1.7E-07 -
Isopropylbenzene - 2.9E-02 2.9E-02 4 5E-08 1.6E-08 0.29 - 1.6E-07 -
p-Isopropyltoluene - 7.6E-02 7.6E-02 1.2E-07 4,3E-08 2 - 6.0E-08 -
n-Propylbenzene - 1.7E-01 1.7E-01 2.7E-07 9.6E-08 0.29 - 9.3E-07 -
Tetrachloroethene - 6.3E-02 6.3E-02 9.9E-08 3.5E-08 0.01 0.021 9.9E-06 7.5E-10
Toluene 5.7E-03 5.0E-01 5.0E-01 7.8E-07 2.8E-07 0.11 - 7.1E-06 -
1,2 4-Trimethylbenzene - 8.4E-01 8.4E-01 1.3E-06 4 TE-07 2 - 6.6E-07 -
1,3,5-Trimethylbenzene - 3.1E01 3.1E-01 4 8E-07 1.7E-07 2 - 2A4E-07 -
Trichlorocthene 1.2E-05 2.2E-02 2.2E-02 3.4E-08 1.2E-08 0.01 0.01 3.4E-06 1.2E-10
Vinyl Chloride 6.1E-02 4.5E-04 6.1E-02 9.5E-08 3.4E-08 - 0.27 - 9.2E-(9
Total Xylenes 7.3E-03 1.8E+00 1.8E+00 2.8E-06 9.9E-07 2 - 1.4E-06 -
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DRAFT
Table 9D
Characterization of Human Health Risks Due to Inhalation of Vapors Containing Chemicals of Concern
for Future Maintenance Personnel
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
Outdoor Outdoor Assumed Non-Carcinogen Carcinogen Estimated
EPC from EPC from soil Outdoor Chronic Daily Chronic Daily | Non-Carcinogenic Carcinogenic Non- Lifetime
Compound groundwater | and particulates EPC Intake Intake Inhalation RfD Inhalation SF Carcinogenic Incremental
(ugmd) (@) | (gm3)@ | (ugm3), ) | (mgkg-day) (c) | (mgke-day) (c) | (mg/kg-dayy, (d) | (mgke-day)-l;(e) [| HazardIndex;(f) | Cancer Risk; (g) |

2,4-Dimethylphenol 5.6E-04 - 5.6E-04 8.7E-10 3.1E-10 0.02 - 4 4E-03 -
2-Methy!naphthalene - 2.3E-07 2.3E-07 3.6E-13 1.3E-13 0.04 - 2.1E-12 -
2-Methylphenol 5.9E-05 - 5.9E-05 9.3E-11 3.3E-11 0.05 - 1.9E-09 -
4-Methylphenol 9.8E-05 - 9.8E-05 1.5E-10 5.5E-11 0.005 - 3.1E08 -
Naphthalene 8.9E-05 3.3E-01 3.3E-01 5.1E-07 1 8E-07 0.04 - 1.3E-05 -
Phenol 4,6E-05 - 4,6E-05 7.3E-11 2.6E-11 0.6 - 1.2E-10 -
1,2,4-Trichlorobenzene - 2.6E-02 2.6E-02 4 1E-08 1.5E-08 0.01 - 4 1E-06 -
PCB-1242 - 5.4E-04 5.4E-04 8.5E-10 3.0E-10 0.00002 77 | 42805 2.3E-09
PCB-1254 - 2.5E-04 2.5E-04 3.9E-10 1.4E-10 0.00002 77 1.9E-05 1.1E-09
PCB-1260 5.2E-06 3.6E-04 3.6E-04 5.6E-10 2.0E-10 0.00002 7.7 2.8E-05 1.6E-09
Arsenic - - - - - 0.0003 12 - -
Cadmium - - - - - 0.0005 15 - -
Total Chromium - - - - - 1 - - -
Nickel - - - - - - 0.91 " - -
Zinc - - - - - 0.3 - - -
Total Risk Resulting from Inhalation of Vapors Containing Chemicals of Concern: _ “ 0.0002 2E-08
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DRAFT

Table 9D
Characterization of Human Health Risks Due to Inhalation of Vapors Containing Chemicals of Concern
for Future Maintenance Personnel

4200 Alameda Avenue
Qakland, California
(EKI 930040.05)

Notes:

(a) The exposure point concentration ("EPC"} was calculated based on the volatilization models in the RBCA model (ASTM, 1995).

(b) The assumed indoor EPC for each compound is the greater of EPC from groundwater or from soil.

(¢) Chronic Daily Intakes ("CDIs") were estimated using methodologies recommended by U.S. EPA or Cal-EPA. Refer to Table 5 for assumptions to calculate CDIs.

(d) Chronic reference doses ("RfDs") for non-carcinogenic effects were obtained from IRIS or HEAST, n this order of priority. Origin of respective RfDs is included in
Tables 2 and 3. Hyphen indicates that RfD is not available for the compound,

(e) Slope factors ("SFs)") for carcinogenic effects were obtained from Cal-EPA's California Cancer Potency Factor Memorandum (November 1994) or IRIS, in this order of priority.
Origin of respective SFs is included in Tables 2 and 3. Hyphen indicates that SF is not available for the compound.

" () Non-carcinogenic hazard index ("HI") for compound i is defined as the CDI/RDi. The non-carcinogenic HI, summed for all compounds and exposure pathways,
assumes that there is a level of exposure (i.e., RID) below which it is unlikely even for sensitive populations to experience adverse health effects (U.5. EPA, 198%a).
If the CDI exceeds this RfD threshold (i.e., HI greater than 1), there may be concern for potential non-carcinogenic effects.

(g) Estimated lifetime incremental cancer risk for chemical i is defined as CDI * SFi. The estimated incremental lifetime cancer risks to an individual
developing cancer due to COCs is given by the sum of incremental cancer risks for all chemicals and exposure pathways.
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Table 10
Summary of Estimated Hypothetical Human Health Risks
4200 Alameda Avenue
QOakland, California
(EKI 930040.05)
Estimated
Estimated Incremental
Non-Carcinogenic Lifetime
Future On-site Population Exposure Pathway Hazard Index Carcinogenic Risk

@ Commercial Building Occupants @ Inhalation of vapors from soil
or groundwater to indoor air 0.03 9x 107
Total Estimated Risk for Commercial Building Occupants 0.03 9 x 10°¢
@ Maintenance Personnel ® Soil Inpestion 0.01 2x10°
@® Demmal contact with soil 0.005 3x 107
® Dust inhalation of non-volatiles from soil 0.00003 1x 107

@ Inhalation of vapors from soil
or groundwater to outdoor air 0.0002 2x 10°®
Total Estimated Risk for Maintenance Personnel 0.02 2x10°®

Notes:

(a) Refer to Table 8 for individual exposure pathway risk calculations.
(b) Refer to Tables 9A through 9D for individual exposure pathway risk calculations.
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Tabie 11
Exposure Assumptions Used to Characterize Risks
to Future Maintenance Personnel from Lead-Containing Soil
4200 Alameda Avenue
Qakland, California

Parameter Parameter Assumption (a) Reference
Exposure Frequency 2 days/year Best Professional Judgment (b)
Exposure Duration . 25 years EPA (1991), DTSC (1992)
Body Weight T0kg EPA (1989, 1991); DTSC (1992)
Exposed Skin Surface 3,160 cm? (c) EPA (1992)
Ingestion Rate 240 mg/day EPA (1991)
Inhalation Rate 20 m3/day EPA (1989, 1991); DTSC (1992)
Dust Concentration 1 mg/m® Best Professional Judgment (b)
Notes:

(a) Exposure assumptions are compiled from:
DTSC, July, 1992, Supplemental Guidance for Human Health Multimedia Risk Assessments for Hazardous
Waste Sites and Permitted Facilities, Cal-EPA, the Office of the Science Advisor.

EPA, January 1992, Dermal Exposure Assessment: Priciniples and Applications , Interim Report,
Office of Research and Development, EPA/600/8-91/011B.

EPA, March 1991, Risk Assessment Guidance for Superfund - Volume I: Human Health Evaluation Manual ,
Supplemental Guidance, "Standard Default Exposure Factors" , Interim Final, OSWER Directive: 9285.6-03.

EPA, December 1989, Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation
Manual (Part 4), OERR, EPA/540/12-89/002.

(b) Refier to Table 5 for exposure assumptions for maintenance personnel.

(c) Exposed skin area assumes that future maintenance personnel wear short-sleeved shirts and long pants, and
thus ca dermally absorb soil-bound chemicals by direct contact with hands, forearms, and head only.

LEADEXP.XLS 1ofl
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TABLE A1
TOTAL PETROLEUM HYDROCARBON (TPH) ANALYTICAL RESULTS OF S0OIL SAMPLES
4200 Alameda Avenue
Qakland, California
(EKI930040.05)
TPH (as gasoline) Concentration TPH (as diesel) Concentration TPH (as motor oil) Concentration
Sample Depth Sample Description of Description of Description of
D (1, bgs) Date (mg/kg) Chromatogram Pattern (mg/kg) Chromatogram Paitern (mg/kg) Chromatogram Pattern
B-1 5560 i NV12/95 60 Pattern characteristic of weathered 330 Pattern characteristic of diesel 540 Pattern characteristic of motor oit
gasoline (Cg-C;o) and unidentified
hydrocarbons greater than C,
B-1 7075 | 712/95 1,200 Pattern characteristic of weathered 3,100 Unidentifiable pattern of hydrocarbons 4.600 Pattern characteristic of motor oil
gasoline (Cg-Cy3) in Co-Cq4 range
B-1 9.5-10.0 § 7/12/95 890 Pattern characteristic of weathered 2,200 Pattern characteristic of diesel 2,700 Unidentifiable pattern of hydrocarbons
gasoline (Cg-C o) and unidentified in C,4-Cag range
hydrocarbons greater than Cp
B-2 1.0-15 § 7/12/95 <10 (a) - A8 Unidentifiable pattern of hydrocarbons 33 Unidentifiable pattern of hydrocarbons
in Co-Co4 range in C5-Cs3s range
B-2 4,5-50 i 7/12/95 140 Unidentifiable pattern of hydrocarbons 1,200 Unidentifiable pattern of hydrocarbons 2,300 Pattern characteristic of motor oil
in Cg-C); range in Co-Cp4 range
B-2 7.5-80 § 71295 28 Pattern charactetistic of weathered 90 Unidentifiable pattern of hydrocarbons 180 Pattern characteristic of motor oil
gasoline (Cs-Cy0) and unidentified in Cg-Cy4 range
1l hydrocarbons greatcr than C 10
B-3 1520 i 714/95 4,100 Pattern characteristic of weathered 1,100 Unidentifiable pattern of hydrocarbons 1,600 Pattern characteristic of motor oil
gasaline (Cs-C3) in Cy-Cay range
B-3 30335 1/14/95 950 Pattern characteristic of weathered 140 Unidentifiable pattern of hydrocarbons 230 Pattern characteristic of motor oil
_ gasoline (C7-Cya) in Cg-Cyy range
B-3 8.59.0 i 7/14/95 22 Pattern characteristic of weathered 4,400 Pattern characteristic of diesel 4,800 Pattern characteristic of motor oil
gasolins (C‘;-C |2)

1of4



TABLE A-1
TOTAL PETROLEUM HYDROCARBON (TPH) ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
-~ TPH (as pasoline) Concentration TPH (as diesel) Concentration TPH (as motor oil) Concentration
Sample Depth Sample Description of Deseription of Description of
D (ft, bgs) Date {mg/kg) Chromatogram Pattern (mg/kg) Chromatogram Pattern (mg/kg) Chromatogram Pattern
" B4 1.0-1.5 | 7/13/95 490 Unidentifiable patiern of hydrocarbons 2,000 Unidentifiable pattern of hydrocarbons 5400  Unidentifiable pattern of hydrocarbons
in CrCu range in CoCaa Tange in Clé‘C36 range
B4 3.5-40 § T13/95 1,100 Unidentifiable patiermn of hydrocarbons 3,500 Pattern characteristic of diesel 9,000 Unidentifiable pattern of hydrocarbons
i CgC; range in Cy5-Cag range
B4 7.5-80 i 7/13/95 58 Pattern characteristic of weathered 200 Pattern characteristic of diesel 1,000 Unidentifiable pattern of hydrocarbons
gasoline (Cs-Cy2) in Cy6-C;s range
B-6 1.0-1.5 { 7/13/95 49 Unidentified hydrocarbons less than C; 500 Pattern characteristic of diesel 870 Pattern characteristic of motor oil
B-6 3.0-3.5 § 7/13/95 14 Unidentifiable pattern of hydrocarbons 730 Unidentifiable pattern of hydrocarbons 3,900 Unidentifiable paitern of hydrocarbons
in Cg-Cia range in C12-C24 range in Cy4-Cas range
B-6 7.5-80 ¢ 7/13/95 530 Unidentifiable pattern of hydrocarbons 770 Pattemn characteristic of diesel 1,200 Pattern characteristic of motor oil
in Cg-Cyz range
MW-1 4045 7/12/95 92 Pattern characteristic of weathered 200 Pattern charactenstic of diesel 300 Pattern characteristic of motor oil
gasoline (Cs-Ci2)
|
MW-1 4.5-50 F 7/12/95 32 Unidentified hydrocarbons greater than 310 Unidentifiable pattern of hydrocarbons 460 Pattern characteristic of motor oil
Cy in Co-Cy4 range
MW-1 6.5-7.0 : 7/12/95 51 Unidentifiable pattern of hydrocarbons 120 Pattern characteristic of diesel 200 Pattern characteristic of motor oil
in Cy-Cy2 range
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TABLE A-1
TOTAL PETROLEUM HYDROCARBON (TPH) ANALYTICAL RESULTS OF SOIL. SAMPLES

4200 Alameda Avenue
Qakland, California
(EKI930040.05)

TPH (as gasoline) Concentration

TPH (as diese'ﬁ-(-)-onoentration

TPH (as motor oil) Coneentration “

Sample Depth Sample Description of Description of Description of
m {ft, bgs) Date (mg/kg) Chromatogram Pattern (mg/kg) Chromatogram Pattern {mg’kg) Chromatogram Patiern
) g - 1!}
MW-2 1.520 § 7/13/95 <1.0 - 10 Unidentifiable pattern of hydrocarbons 53 Unidentifiable pattern of hydrocarbons
in C-Ca4 range in C5-Cs6 range
MW-2 3035 ¢ 713/95 290 Unidentifiable pattern of hydrocarbons 1100 Unidentifiable pattern of hydrocarbons 2,400 Unidentifiable pattern of hydrocarbons
in Cg-Cy; range in Co-Cy4 range in Cg-Csg range
MW-2 6.0-65 | 7/13/95 260 Pattern characteristic of weathered 490 Pattern characteristic of diesel 920 Pattern charactenstic of motor oil
gasoline (Cs-Cj2)
MW-3 2025 7/13/95 <1.0 - 59 Unidentifiable pattern of hydrocarbons 21 Unidentifiable pattern of hydrocarbons
in Cy-Cyy range in C15-Cas range
MW-3 4045 i 7/13/95 <1.0 - 21 Unidentifiable pattern of hydrocarbons <10 -
in Cy4-Cyq range
MW-3 8.0-8.5 7/13/95 <1.0 - 1.5 Unidentifiable pattern of hydrocarbons <10 -
n Cu—Cza range
I ™MW-4 2.0-25 § 7/13/95 <1.0 - 1,300 Unidentifiable pattern of hydrocarbons 8,600 Unidentifiable pattern of hydrocarbons
in Cy5-Cyq range in C5-Cag range
MW-4 3035 & 71395 2 Pattern characteristic of gasoline 540 Unidentifiable pattern of hydrocarbons 3,000 Unidentifiable pattern of hydrocarbons
in C,3-Cs,4 range in C5-Cs5 range
MW4 8.0-8.5 i 1395 270 Pattern characteristic of weathered 110 Pattern characteristic of diesel 210 Unidentifiable pattern of hydrocarbons
gasoline (Cg-Ci2) in C;5-Csg range
MW-5 2025 713/95 1,600 Pattern characteristic of weathered 2,300 Patiern characteristic of diesel 5,400 Unidentifiable pattern of hydrocarbons
gasoline (Cy-C12) in C4-Cjq range
MW-5 3.0-35 { 7/13/95 50 Unidentified hydrocarbons greater than 480 Unidentifiable pattern of hydrocarbons 1,000 Unidentifiable pattern of hydrocarbons
Cg in Cg-Cypy range in CgCsg range
MW.-5 R0-8.5 i N13/95 100 Unidentified hydrocarbons greater than 2,500 Unidentifiable pattern of hydrocarbons 4,800 Unidentifiable pattern of hydrocarbons

Cq

in Cg-C14 range
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TABLE A-1
TOTAL PETROLEUM HYDROCARBON (TPH) ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
QOakland, California
(EKI 930040.05)
TPH (as gasoling) Concentration TPH (as diescl) Concentration | TPH (as motor cil} Concentration
Sample Depth Sample Description of Deseription of Description of
D (ft, bgs) Date {mg/kg) Chromatogram Pattern (mg/kg) Chromatogram Pattern {mg/ke) Chromatogram Pattemn
— - — ]
T-1 4-45 4/3/96 4,000 Pattern characteristic of weathered 7,000 Pattern characteristic of weathered 6,100 Pattern characteristic of motor oil
gasoline less than Cg diesel and vnidentified hydrocarbons in
Co-Cyq range
T-2 5.5-6 4/3/96 2,700 Pattern characteristic of weathered 11,000 Pattern characteristic of diesel and 9,800 Pattern characteristic of motor oil
gasoline less than Cy unidentified hydrocarbons in Cy-Cyy
ange
T-3 55-6 4/3/96 1,700 Pattern characteristic of weathered 2,400 Unidentifiable pattemn of hydrocarbons 2,600 Unidentifiable pattern of hydrocarbons
pasoline less than Cg in Cg-Cyy range in C5-Css range
NWTANK 4-5 5/3/96 480 Unidentifiable pattern of hydrocarbons 1,800 Unijdentifiable pattern of hydrocarbons 5,000 Pattern characteristic of motor oil
in C¢-Cy; range in Cg-Cy, range
" CONCPITI 4-5 6/4/96 1,300 Pattern characteristic of gasoline with 3,600 Unidentiftable pattern of hydrocarbons 3,100 Pattern characteristic of motor oil
: hydrocarbons greater than Cy in Co-Cy4 range f
FIFS-1 2-3 4/18/96 600 Pattern characteristic of weathered 1,300 Unidentifiable pattern of hydrocarbons 2,600 Pattern characteristic of motor oil
| gasoline in Co-Cy4 range
FTFS-2 2-3 4/18/96 89 Pattern charactenstic of weathered 2,700 Patiern characterstic of weathered 7,000 Pattern charactenistic of weathered
gasoline diese] in C4-Cyy range diesel in Cy5-Cyg range
FTFS-3 2-3 4/18/96 330 Pattern characteristic of weathered 3,200 . Unidentifiable pattern of hydrocarbons 12,000  Patlern characteristic of moter oil
gasoline less than Cg in Cg-Cpq range
Tank-FTF 2-3 5/1/96 190 Unidentifiable pattern of hydrocarbons 3,700 Unidentifiable pattern of hydrocarbons 15,000  Pattern characteristic of motor oil
in Cg-Cya Tange in Co-Cy4 range
LigAreal 2-3 5/1/96 150 Pattern charactéristic of weathered 3,800 Pattern characteristic of weathered 9,400 Pattern characteristic of motor oil
gasoline in Cg-Cyp range diesel

Notes:

(&) Less than symbol ("<") denotes that compound was not present above the defection limit shown.
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TABLE A-2
BENZENE, TOLUENE, ETHYL BENZENE, TOTAL XYLENES (BTEX)
ANALYTICAL RESULTS OF SOIL SAMPLES

4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
[ BTEX Concentration (mg/kg) —
w
2 2 %
Sample Depth S 5 ) q
Sample ID (fi,bgs) | Sampie Date 2 & & B
B-1 5.5-6.0 7/12/95 <0.05 (a) .16 0.32 1.9
B-1 7.0-7.5 7/12/95 <0.5 0.77 5.2 31
B-1 9.5-10.0 7/12/95 <0.5 0.99 2.7 21
B-2 1.0-1.5 7712195 <0.005 <0.005 <0.005 0.007 "
B-2 4.5-5.0 7/12/95 <(0.10 0.26 0.11 0.54
B-2 7.5-80 7/12/95 <005 0.16 0.11 0.39
B-3 1.5:2.0 7/14/95 <6 <6 16 130
B-3 3.0-3.5 7/14/95 <0.5 11 4.6 33
B-3 8.5-9.0 7/14/95 0.073 0.29 0,22 1.7
B-4 1.0-1.5 7/13/95 <0.25 0.45 1.6 7.8
B-4 3540 7/13/95 <0.5 <0.5 8.7 11
B-4 7.5-8.0 7/13/95 <0050 <0.050 0.16 0.75
B-6 1.0-1.5 ' 7/13/95 <0.025 0.049 0,17 0.32
B-6 3.0-3.5 7/13/95 0.14 0.29 0.1 0.42
B-6 7.5-8.0 7/13/95 <0.25 0.28 0.8 3.8
MW-1 4.0-4.5 7/12/95 <0.10 <0.10 <0,10 0.21
MW-1 4.5-5.0 T7/12/95 <0.05 <0.05 <0.05 0.21
MW-1 6.5-7.0 7/12/95 <0.10 <0.10 <0, 10 0.26
MW-2 1.5-2.0 7/13/95 <0.005 <0.005 <0005 <0.005
MW-2 3.0-3.5 7/13/95 <0.25 <0.25 <0.25 0.94
MW-2 6.0-6.5 7/13/95 <(.12 <(.12 1.7 12
MW-3 2.0-2.5 7713195 <0.005 <0.005 <0.005 <(.005
MW-3 4.0-4.5 7/13/95 <0,005 <0.005 <0.005 <0.005
MW-3 8.0-8.5 7/13/95 <0,005 <0.005 <0.005 <0.005
MW-4 2025 7/13/95 0.018 0.02 0.0078 0.039
MW-4 3.0-35 7/13/95 0.058 0.04 0.007 0.062
MW-4 8.0-8.5 7/13/95 <(.12 0.17 0.65 1.9
MW-5 2.0-2.5 7113795 <0.5 1.3 5 . 42
MW-5 3.0-3.5 7/13/95 <0.05 0.13 0.11 0.45
MW-5 8.0-8.5 7/13/95 0.058 0.12 0.29 1.4
T-1 4-45 4/3/96 <10 86 30 190
T-2 55-6 4/3/96 <8.0 84 33 190
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TABLE A-2

BENZENE, TOLUENE, ETHYL BENZENE, TOTAL XYLENES (BTEX)

ANALYTICAL RESULTS OF SOIL SAMPLES

4200 Alameda Avenue
Oakiand, California
(EK1 930040.05)
| BTEX Concentration (mg/kg) [
[} ]
t | |
& @ = <
Sample Depth N K E S
Sample ID (ft, bgs) Sample Date A = 4] =
T-3 55-6 4/3/96 <25 14 5.6 58
NWTANK 4-5 5/3/96 <0.50 2.0 3.0 53
| concrITI 4-5 6/4/96 15 31 12 65
FTFS-1 2-3 4/18/96 <0.50 0.8 2.1 11
FTFS-2 2-3 4/18/96 <0.12 0.31 0.3 14
FTFS-3 2-3 4/18/96 0.22 0.46 1.8 7.7 “
Tank-FTF 2-3 5/1/9¢ 0.26 0.52 0.92 4.8
LigAreal 2-3 5/1/96 0.24 0.25 0.85 2.9 J
Notes:

(a) Less than symbol ("<") denotes that compound was not present above the detection limit shown.
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TABLE A-3
HALOGENATED VOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avettue
Oakland, California
{EKI 930040.05)
Halogenated Volatile Organic Compound Concentration (mg/kg) ~ [t
g
Y g 8 5 : g E g g “
RS AR AR RER U EANRE AR NE
- c S| ElE el E|E|Elsg3|%
Sunic =g 3|22 2 8|3 |22 2|3|%]|¢
AR IR AR AR AR AR AR AR AR AR R R AR
Sample ID | (R, bgsy| Date = — — LS —_ - - — —_ Q = = 5 &
B-1 5560 71295 <001{a) <0.005 <0005 00072 <0.005 <0005 <0.005 <0005 <0.005 <0.01 00062 <0005 <0.005 <0.005 NA(b)
B1 7.0-7.5  Ti2/95 <2 <] <] <1 <1 <1 <1 <1 <1 <2 <1 <1 <1 <1 NA
B-1 9.5-10.0 7/12/95 <l <().5 <0.5 <.5 <q).5 ~<0.5 <0.5 0.5 <{).5 <1 <0.5 <05 <0.5 <0.5 NA
B-2 1.0-1.5  7/12/95 <0.01 <005 <0.005 <0005 <0005 <0005 <0005 <0005 <0.005 <0.01 <0.005 <0.005 <0.005 <0.005 NA
B-2 4.5-50  712/95 <0.01 <0005 <0005 <0005 <0005 <0005 <0.005 <0.005 0.012 <0.01 <0.005 <0005 <0005 <0.005 NA ||
B-2 7.5-80 712195 <0.01 <0.005 <0005 <0005 00058 <0005 <0005 <0005 <0.005 <0.01 <0005 <0005 <0.005 <0.005 NA
B-3 1.5-20 7/14/95 <l <0.5 <0.5 0.5 1.6 <0.5 <0.5 <0.5 <0.5 <l <0.5 <0.5 <).5 .5 NA
" B3 3.0-3.5 7/14/95 <0.01 0.018 <0.005 0.014 0.13 <0005 <0.005 <0005 <0.005 <0.01 <0005 <0005 <0005 <0.005 NA
B-3 8.59.0 W14/95 0.83 <.2 <0.2 0.34 0.38 <0.2 <02 <0.2 <0.2 <0.4 0.95 0.42 0.4 <0.2 NA
B4 1.0-1.5  7/13/95 <0.4 <0.2 0.2 <0.2 <0.2 <0.2 <02 <0.2 <0.2 <04 <02 <0.2 <02 <02 NA
B4 3.54.0 713/95 <1 0.5 C <5 <5 <0.3 0.5 <0.5 <0.5 <0.5 <1 <05 <0.5 <0.5 <0.5 NA ||
B4 7.5-8.0 7/13/95 <1 <0.05 <0.05 <(,05 0.064 <0.05 <0.0% <0.05 <0.05 <0.1 <005 <0.05 <0.05 <0.05 NA
B-6 1.0-1.5  7/13/95 <0.02 0.028 <0.01 <0.01 0.021 <0.01 <0.01 <0.01 <0.01 <0.02 <0.01 0.12 <001 <0.01 NA
I B-6 3.0-3.5  713/95 <0.01 <005 <0005 <0005 <0005 <0005 <0.005 <0005 <0005 <0.01 <0.005  0.0067 0.014 <0.005 NA
B-6 7.58.0 713/95 <0.4 0.2 <0.2 <0.2 0.25 <0.2 <02 <(.2 <0.2 <0.4 <0.2 <).2 <02 <0.2 NA
MW-1 4045 TN2495 <0.02 <0.01 <0.01 <0.01 0.019 <0.01 <0.01 <0.01 <0.01 <0.02 <0.01 <(.01 <0.01 <0.01 NA ’l
MW-1 4.5-5.0 1295 <0.02 (.01 <0.0t <0.01 0.011 <0.01 <0.01 0.0 <0.01 <0.02 <0.01 <0.01 <0.01 <0.01 NA
L MW-1 6.5-70 /1295 <{).0t <0005 <0005 <0005 00065 <0005 <0.005 <0.005 <0005 <0.01 <0005 <0.005 <0.005 <0.005 NA_J
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TABLE A-3
HALOGENATED VOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF SOIL SAMPLES

4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
- — Halogenated Volatil;-ﬁrgardc Compound Concentration (mg/kg) II
) [ )
g 5 5
13| 3
2 5 2, 2 g 9 g
s
. = | 5| g | g | €| 5| 2| ¢g|;5|¢%
B i 5 g g 4 g 2 S g 2 &
Sample :E = 2 & ' ; o 2 B g E B 3
g E E B P B = a 53
Depth | Sample = E 8 ~, -+ vy g C:g e8] = = o '_E"h
Sample ID | (ft, bgs)| Date 2. & & o o ik = & 3 3 s g =
B-1 5560 V12195 NA NA NA NA NA NA NA NA NA NA NA NA <(.01
B-1 7.0-75 W12/95 NA NA NA NA NA NA NA NA NA NA NA NA <2
B-1 9.5-10.0 7/12/95 NA NA NA NA NA NA NA NA NA NA NA NA <l
B-2 1.0-1.5 712795 NA NA NA NA NA NA NA NA NA NA NA NA <0.01
B-2 45-50 1295 NA NA NA NA NA NA NA NA NA NA NA NA <(1.01
| B2 7580 71205 NA  NA NA NA NA NA ~NA ~NA ~NA  NA NA NA <00l
B-3 1.5-2.0 7/14/95 NA NA NA NA NA NA NA NA NA NA NA NA <1
B-3 3.0-3.5  714/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.01
B-3 8.5-9.0 7/14/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.4
B-4 1.0-1.5 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.4
B4 3.54.0 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA, <1
" B4 7.5-80 713/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.1
B-6 1.0-1.5 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.02
B-6 30-3.5 W13/95 NA NA NA NA NA NA NA NA NA NA NA NA <001
B-6 7.5-80 W13/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.4
MW-1 4.04.5 71295 NA NA NA NA NA NA NA NA NA NA NA NA <0.02
MW-1 4550 7295 NA NA NA NA NA NA NA NA NA NA NA NA <0.02
u MW-1 6.5-7.0 712195 NA NA NA NA NA NA NA NA NA NA NA NA <(1.01
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TABLE A-3
HALOGENATED VOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
Oakland, California
(EKI930040.05)
Halogenated Volatile Organic Compound Concentration (mg E)“ |
Q
v g
o
0 g 2 B g g 0 . 5 g o ||
2] e | S PR 2 Ele |25 ¢
g 3 g E g g S : g 2 g g 5 E
™ 8 5 g g g 8 = 5] & 2 = 3 z
Sample = 2 5 3 3 3 5 £ 4 2 g 5 3 3 g
Depth | Sample g g 3 s 3 3 3 = 7 k- g g % 4 2
Sample ID | (ft, bgs)| Date b o i 5 o i = o = 3 2 & 2 B &
‘ Mw-2 1.5-2.0  7/13/95 <0.01 <0005 <0.005 <0005 <0005 <0.005 <0.005 <0005 <0005 <0.01 <Q005 <0.005 <0005 <0.005 NA
; MWwW-2 3.035  7/13/95 <04 <0.2 <).2 <02 <0.2 <0.2 <0.2 0.2 <0.2 <0.4 <0.2 <02 <0.2 <072 NA
MW-2 6.0-6.5 7/13/95 <0.2 <).1 <0.1 <0.1 0.12 <0.1 <0.1 <0.1 <0.1 <02 <0.1 <0.1 =0.1 <0.1 NA
I Mw-3 2025 H1395 <0.01 <0.005 <0005 <0005 <0005 <0005 <0005 <0.005 <0005 <0.01 <0005 <0005 <0.005 <0.005 NA
MW-3 4045 71395 <0.01 <0005 <0005 <0005 <0005 <0.005 <0005 <0003 <0003 <0.01 <0005 <0005 <0005 <0.005 NA “
...... MW.-3 8.0-8.5 13/95 <0.01} D005 <0005 <0005 <0005 <0005 <0005 <0005 <0005 <0.01 Q005 <0005 <0005 <0.005 NA
MW-4 2025 7/13/95 <0.01 <0.005 <0005 <0005 <0005 <0.005 <0005 <0005 <0.005 <0.01 <0005 <0.005 <0005 <0.005 NA
MW-4 3.0-35  7/13/95 <0.01 <0.005 <0005 <0.005 <0005 <0.005 <0.005 <0005 <0.005 <0.01 <0005 0.0063 0.035 <0.005 NA
i MW-4 80-85 7/13/95 <2 <0.1 <0.1 <0.1 0.11 <0,1 <0.1 <0.1 <0.1 <0.2 <0.1 <0.1 <0.1 <0,1 NA
MW-5 2025 1395 <1.0 <0.5 <0.5 <0.5 1.1 <0.5 <0.5 <0.5 <0.5 <1.0 <0.5 0.5 <0.5 <0.5 NA
MW.-5 3.0-3.5 7N3/95 <0.02 <0.01 <001. <001 <0.01 <0.01 <0.01 <0.01 0.023 <0.02 <0.01 0.091 0.22 0.033 NA ||
MW-5 8.0-85 7/13/95 <0,1 <0.05 <0.05 <0.05 <0.05 <0.05 <005 <0.05 <0.05 <0.1 <0.03 <0.05 <0.05 <0.05 NA
T-1 4-45  4/3/96 NA <667  <6.67 NA <667 <667 <667 <667 <667 <667 <667 <667 <6.67 <6.67 8.4
T-2 55-6  4/3/96 NA <6.67 <6.67 NA 11 <6.67 <6.67 <6.07 <667 <6.67 7.6 <6.67 8.5 <6.67 6.8
T-3 55-6  4/3/96 NA <4 <4 NA <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4
FTFS-1 - 4/18/96 <04 <0667 <0.667  0.26 0.7 <0667 <0667 <0667 <0.667 <0.667 <0.667 <0.667 <0.667 <0.667 1
FTFS-2 - 4/18/96 0.1 <0.5 <0.5 <0.05 <0.5 0.058 <0.5 <0.5 <0.5 <0.5 <0.5 0.662 <0,5 <0.5 0.5
FTEFS-3 2- 4/18/96 <04 <0.5 <0.5 <02 034;0.6 0.68 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.87
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TABLE A-3
HALOGENATED VOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF SOIL SAMPLES

4200 Alameda Avenue
Onkland, California
(EKI 930040.05)
— Halogenated Volatile Organic Co:potmd Concentration (m%g) — "
g g 8
| S IR AR AR R RR RN AR R
Sample g B % ['E'.' [—‘E l'.‘ E‘ = ?;:“ g E g‘, 5 "
o il T - = S - - T T < - IO
Sample ID | (ft, bgs)| Date z & [~ — — - 3 & A m R >
MW.2 1520 713/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.01
MW-=2 3035 713/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.4
MW-2 6065 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.2
MW-3 2025 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.01
MW-3 4045 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA <0.01
MW-3 8085 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA <0,01 "
MW-4 2025 7/13/95  NA NA NA NA NA NA NA NA NA NA NA NA 0.05
| MW-4 3035 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA 0.049
______ MW-4  80-85 713/95 ~ NA NA NA NA NA NA NA NA NA NA NA NA <02
MW-5 2025 71395 NA NA NA NA NA NA NA NA NA NA NA NA <10
MW-5 3035 71395 NA NA NA NA NA NA NA NA NA NA NA NA <0.02
" MW.5 8085 7/13/95 NA NA NA NA NA NA NA NA NA NA NA NA 2.1
T-1  4-45 45309 67 17 61 9.6 130 42 160 18 <667 <667 2T <667 <667
....... T2 55-6 439 66 19 98 9.8 140 43 200 19 <667 22 36 <667  <6.67
T-3 55-6  413/96 29 <4 10 5.8 68 23 56 <4 <4 10 - 4 <4 <4
FTF8-1 2-3 4/18/96 6 1.9 <0.667 <0667 14 4.7 8.1 14 0.96 <(.667 1.6 <0667 <0667
| Frrs2 2.3 4nsme 1.1 065 <05 <05 3.4 0,69 2.1 058 <05 <05 058 <05  <D5

l FTFS-3 2-3 41896 4.3 1.6 <0.5 <0.5 9.2 2.5 1.3 1.1 0.66 530 <0.5 <0.5 <0.5 “
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TABLE A-3
HALOGENATED VOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
- Halogenated Volatile Organic Compound Concentration (mg/kg) Il
" g
:+]
& % E g g g g o -g 'g )
El s | 5|5 Bl e | B| | B
S S N N IEEEEERERE
o Q =] .
Sample =l 2|2 | 2122 |2]%|3 T I O = O
Dpih | Sample | g | % | F | & | 3 | 3|3 |z | 2| E|E |z | %] 4
Sample ID | (ft, bgs)| Date o —_ 3 3] i —_ —_ - - & = = g5 A,
Tank-FTF  2-3 5/1/96 NA <0.5 <Q.5 NA <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0,5
LigAreal 2-3 5/1/96 NA <0.5 <0.5 NA <0.5 <0).5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0,622
NWTANK.  4-3 5/3/96 NA <0.5 <0.5 NA <0.5 <(.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 1.9
CONCPITI  4-5 6/4/96 NA <2 <2 NA 3 <2 <2 <2 <2 <2 6.9 24 <2 <2 3.8
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TABLE A-3
HALOGENATED VOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
Qakland, Celifornia
(EKI 930040.05)
Halogenated Volatile Organic Compound Concentration (mg/kg) ]
2 o Q@
§ 8 g
] E E = " 8 o E
) = .
. el 5| | ¢ 51 2 e| 5| ¢
5 5 £ E 5 < E g 4 5
Sample s ls g |Eletej=® |22 E|2|%]|¢E]|
Depth | Sample 5, E g -+ =, v = c\% m = = =3 =
Sample ID | (ft, bgs)| Date Z = & i o o S & é 3 L‘g 2 E
TankFIF 2-3  &/1/9% 051 <05 <05 <05 <05 14 092 <05 <05 <05 <05 <05 <05
LigAreal 2-3  5/1/96  0.67 <05 <05 <05 45 056 18 064 <05 <05 <05 <05 <05
INnwTaNk 4.5 spms 1 33 087 <05 15 1.2 2 1.8 12 530 41 13 <05
||CONCPIT1 4-5 649 33 12 45 <2 95 2 110 8.7 34 8300 18 3.2 <2
Notes:

(a) Less than symbol ("<") denotes that compound was not present above the detection limit shown.
(b) "NA" indicates that compound was not analyzed.
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TABLE A4
SEMIVOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS QOF SOIL SAMPLES
4200 Alameda Avenue
Qakland, California
{EKI 930040.05)
— = — r———r—r— ]
Semivolatile Qrganic Compound Concentration (mg/kg)
o [ 1] ) g
e e 5 E & 5 g g |
8 8 = = g = B )
Sample = = 5 2 B = = g =
X . _g | | = =
Depth (R, 3 3 3 g 2 2 = g
Sample ID bgs) Sample Date — —_ - ~ 3 I ) Z a
B-1 - - - - - - . - - - -
B-2 - - - - - . . - - - -
B-3 . - - - - - - - - - -
> - ' ’ ' ' ‘ ' ' ' ]
MW-1 6.5-7.0 12/95 <0.25 (a) <0.25 <(.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
MW-2 6.0-6.5 7713195 <1.25 <1.25 <1.25 <1.25 <1.25 <1.25 <1.25 <1,25 <1.25
MW-3 B.0-8.5 T/13/93 <025 <0.25 <0.25 <0.25 <(.25 <025 <0,25 <0.25 <0.23
MwW-4 2.0-2.5 7/13/95 <12.5 <12.5 <]2.5 <12.5 <12.5 <12.5 <]2.5 <125 <125
MW-3 8.0-8.5 713795 <25 <2.5 <2.5 <25 <2.5 <2.5 <2.5 <25 <2.5
T-1 4-435 4/3/96 <30 <50 <50 <50 76 <50 <50 56 <50
T-2 55-6 4/3/96 <12.5 <12.5 <12.5 <125 22 <12.5 <12.5 18 <12.5
T-3 55-6 4/3/96 <25 <25 <25 <25 5 <25 <25 <23 <25
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TABLE A-4
SEMIVOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF SOIL SAMPLES

4200 Alameda Avenue
Qakland, California
(EK1 930040.05)
] Semivolatile Organic Compound Concentration (mg/kg) I
Q 4 o —_— g
2 2 g 5. = 2 2
g g 2 = g = 2 &
g g ] = g = = <
Sample = = = 2 = = = g
° o ] ‘S b= < = =
Depih IR N AR N . BN - S I SO
Sample ID bgs) Sample Date — - - e & o ~ z ¥
]

NWTANK 4-5 5/3/96 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <12.5 <]2.5
CONCPITI1 4-5 6/4{/96 <12.5 <12.5 <12.5 <]2.5 27 <12.5 <]2.5 17 <12.5
FTFS-1 2-3 4/18/96 <25 <25 <25 <25 <25 <25 <25 <25 <25
FTFS-2 2-3 4/18/96 <25 <25 <25 <25 <25 <25 <25 <25 <25

i
FTFS-3 2-3 4/18/96 <25 <25 <25 <25 <25 <25 <25 <23 <25
Tank-FTF 2-3 5/1/96 <20 <20 <20 <20 <20 <20 <20 <20 <20
LigAreal 2-3 5/1/96 <50 <50 <50 <50 <50 <50 <50 <50 <50

Notes:

(a) Less than symbol ("<") denotes that compound was not present above the detection limit shown.
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E A-
POLYCHLORINATED BIPHENYL (P(.lr]:;BA{JN ALYS'TICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
[r - ?B Arochlor Conoenl:aﬁcmfg_)-_
S 2 2
= a =
Sample Depth m o ;
Sample ID (fi, bes) Sample Date &3 E Q
B-1 5.5-6.0 7112195 <0.02 (a) <0,02 <0.02
B-1 7.0-7.5 7712195 <2.0 <20 6.6
B-1 9.5-10.0 7/12/95 <20 <20 27
B-2 1.0-1.5 7/12/95 <0.02 <0.02 <0.02
B-2 45-50 T7/12/95 <0.02 <0.02 <0.02 ||
B-2 7.5-8.0 7/12/93 <(,02 <0.02 0.085
B-3 1.5-2.0 7/14/95 <02 <0.2 0.7
B-3 3.0-3.5 7/14/95 <0.02 <0.02 0.021
B-3 8.5-9.0 7/14/95 <0,4 <0.4 2.7
B-4 1.0-1.5 7/13/95 <0.02 <(.02 <0.02
! B4 3.54.0 7/13/95 <0.1 <0.1 <0.1
B-4 7.5-8.0 7/13/95 0,045 <().02 0.058
B-6 1.0-1.5 7713795 <0.1 0.36 0.52
B-6 3.0-35 7/13/95 <0,02 0.021 0.024
B-6 7.5-8.0 7/13/95 <01 <0.1 0,48
MW-1 4.0-4.5 112195 <(0.02 <0.02 0.022
MW-1 4,5-5.0 7/12/93 <0.02 <0.02 <0.02
MW-1 6,5-7.0 7/12/935 <0.02 <0.02 <0.02 ||
MW-2 1.5-2.0 7/13/95 <0.02 <0,02 <0.02
MW-2 3.0-35 7/13/95 <0.2 <0.2 0.89
MW-2 6.0-6.5 7/13/95 <0.02 <0.02 0.039
MW-3 2.0-2.5 7/13/95 <0,02 <(.02 0.062
MW-3 4,0-4.5 7/13/95 <0,02 <0.02 <0.02
MW-3 8.0-8.5 7/13/95 <002 <0.02 <0.02
MW-4 2.0-2.5 T7/13/95 <0.02 <0,02 <0.02
MW-4 3.0-3.5 7/13/95 <0.02 <0,02 <0.02 ||
MW-4 8.0-8.5 7/13/95 <0.02 <(.02 <002
I MW-5 2.0-2.5 7/13/95 <l.0 34 <1.0
MW-5 3.0-3.5 7/13/95 <0,02 0.033 <0.02
MW-5 8.0-8.5 7/13/95 <0.1 0.58 <0.1
T-1 4-45 4/3/96 <100 <100 1,300
T-2 55-6 4/3/96 <100 <100 740
T-3 55-6 4/3/96 <100 <100 390 “
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TABLE A-5
POLYCHLORINATED BIPHENYL (PCB) ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
T PCB Arochlor Concentration (mg/kg)
g b 2
o o S
Sample Depth e} o) e
Sample ID (ft, bgs) Sample Date E E E
NWTANK 4-5 5/3/96 150 <100 110 ||
CONCPITI 4-5 6/4/96 <500 <500 2,400
FTFS-1 2-3 4/18/96 <100 <100 280
FTFS-2 2-3 4/18/9%6 <100 <100 260
FTFS-3 2-3 4/18/96 <100 <100 620
Tank-FTF 2-3 5/1/96 1,100 <200 980
LigAreal 2-3 5/1/96 <200 <200 510
g —
Notes:

(a) Less than symbol ("<") denotes that compound was not present above the
detection limit shown.
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TABLE A-6
METAL ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
— ==
Metal Concentration (mg/kg)
:
Sample Depth 5 ,g 'S 9 i g I
Sample ID (ft, bgs) Sample Date E &) & 3 Z, (S|
B-1 5.5-6.0 7/12/95 <10 (a) NA (b) 93 <10 NA NA
B-1 7.0-7.5 7/12/95 <5 NA 75 51 NA NA
B-1 9.5-10,0 7/12/95 10 NA 33 7.2 NA NA
B-2 1.0-1.5 7/12/95 <5 NA 20 14 NA NA
B-2 4.5-5,0 7/12/95 <10 NA 64 <10 NA NA
B-2 7.5-80 7/12/95 <5 NA 50 5.7 NA NA
B3 1.5:2.0 7/14/95 13 NA 58 97 NA NA
B-3 3.0-3.5 T114/95 <5 NA 84 15 NA NA
B-3 8.5-9.0 7/14/95 <5 NA 110 6.5 NA NA
B-4 1.0-1.5 7/13/95 <5 NA 23 <5 NA NA
B-4 3540 7/13/95 <5 NA 54 19 NA NA |
B-4 75-80 7/13/95 <5 NA 63 <5 NA NA
B-6 1.0-1.5 7/13/95 <5 NA 61 49 NA NA
B-6 3.0-3.5 7/13/95 <5 NA 90 24 NA NA
B-6 7.5-8.0. 7/13/95 <5 NA 91 5.3 NA NA
MW-1 4.0-4.5 7/12/95 <10 NA 94 <10 NA NA
MW-1 4.5-5.0 712195 <10 NA 82 <10 NA NA
MW-1 6.5-7.0 7/12/95 <5 NA 77 6.5 NA NA
MW-2 1.5-2.0 7/13/95 6.8 NA 18 18 NA NA
MW-2 3.0-3.5 7/13/95 <5 NA 66 38 NA NA li
MW-2 6.0-6.5 7/13/95 <5 NA 76 5.2 NA NA
MW-3 2.0-2.5 7/13/95 <5 NA =] | 31 NA NA
MW-3 4.0-4.5 7/13/95 <5 NA 56 5.2 NA NA
MW-3 8.0-8.5 7/13/95 <35 NA 52 <5 NA NA
MW-4 20235 7/13/93 28 NA 25 54 NA NA
MW-4 3.0-35 7/13/95 <5 NA 61 97 NA NA
MW-4 8.0-85 7/13/95 <5 NA 83 3.5 NA NA
MW-5 2.0-2.5 7/13/95 <3 NA 53 150 NA NA
MW-5 3.0-3.5 7/13/95 <5 NA 71 <5 NA NA
MW-5 8.D0-8.5 7/13/95 <5 NA 51 26 NA NA
T-1 4-45 4/3/96 NA <0.50 80 90 130 100
lof2



TABLE A-6
METAL ANALYTICAL RESULTS OF SOIL SAMPLES
4200 Alameda Avenue
Oakland, California
(EKI 930040.05)
~ Metal Concentration (mg/kg) “
=
2
E
z 2
g 2 & —_
Sample Depth g .E = = % g
Sample ID (ft, bgs) Samptle Date < S e 3 Z N
T-2 55-6 4/3/96 NA 1.3 110 230 83 560
T-3 55-6 4/3/96 NA 0.53 48 100 61 95
NWTANK 4-5 5/3/96 NA <0.50 31 190 38 130
CONCPIT1 4-5 . 6/4/96 NA <0.50 <0,50 <50 <2.5 2.2
FTFS-1 2-3 4/18/96 NA <0.50 37 11 74 31
FTFS-2 2-3 4/18/96 NA <0.50 54 40 74 44
FTFS-3 2-3 4/18/96 NA <0.50 56 18 78 43
Tank-FTF 2-3 5/1/96 NA 3.7 60 660 74 410
LigAreal 2-3 5/1/96 NA <0.50 57 7.8 68 31
| —— e — —— —
Noies:
(a) Less than symbotl ("<") denotes that compound was not present above the detection
limit shown.
(b) "NA" indicates that compound was not anatyzed.
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TABLE A-7
TOTAL PETROLEUM HYDROCARBON (TPH) ANALYTICAL RESULTS OF GROUNDWATER SAMPLES
4200 Alameda Avenue
Qaskland, California
(K1 930040.05)
TPH (as gasoline) Concentration (a) TPH (as diesel) Concentration (a) - TPH (as motor oil) Concentration (a) “
Sample Sample Deseription of Description of Deseription of
I Date (ug/L) Chromatogram Pattern (ug/L) Chromatogram Patiern (ug/L) Chromatogram Pattern
B-1 7/12/95 24,000 Pattern characteristic of gasoline 150,000  Unidentifiable pattern of 160,000  Unidentifiable pattern of hydrocarbons ||
hydrocarbons in Co-Cyy range in Cy4-Cig range
B-2 Ti112/95 7,000 Pattern characteristic of gasoline 30,000 Unidentifiable pattern of 67,000 Unidentifiable pattern of hydrocarbons
hydrocarbons in Co-Ca4 range in C,-C;ys range
B4 7/13/95 160,000  Paitern characteristic of gasoline 400,000  Unidentifiable pattern of 800,000  Unidentifiable pattern of hydrocarbons
hydrocarbons in Cy-Csy range in Cy6-Ciag range
B-6 T/13/95 3,100 Pattern characteristic of gasoline 330,000  Unidentifiable pattern of 450,000  Unidentifiable pattern of hydrocarbons
hydrocarbons in Cy-Cy4 range in C15-Csg range
MW-1 7/26/95 11,000 Pattern charactenistic of gasoline 29,000 Unidentifiable pattern of - -
i hydrocarbons in Co-Cap range
6/24/96 7.800 Pattern charactenstic of gasoline 39,000 Pattern characteristic of diesel in the - . -
CoCys range
|
MW-2 7/26/95 3,600 Pattern characteristic of gasoline 22,000 Unidentifiable pattern of - -
hydrocarbons in Cs-Csy range
6/24/96 2,700 Pattern characteristic of gasoline 12,000  Unidentifiable pattern of - - -
hydrocarbons in Co-Css range
i MW-3 7/25/95 200 Pattern characteristic of gasoline and 5,600 Unidentifiable pattern of - -
unidentified hydrocarbons greater than hydrocarbons in Cs-Css range
Cs
7/25/95 dup 180 Pattern characieristic of gasoline and 7,000 Unidentifiable pattern of - -
unidentified hydrocarbons greater than hydrocarbons in Co-Csg range
Cio
6/24/96 57 Pattern characteristic of gasoline 4,900 Unidentifiable pattern of - -
L hydrocarbons in Co-Cjg range
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TABLE A-7
TOTAL PETROCLEUM HYDROCARBON (TPH) ANALYTICAL RESULTS OF GROUNDWATER SAMPLES
4200 Alameda Avenue
Oakland, Califomnia
(EKI930040.05)
TPH (as gasoline) Concentration (a) TPH (as diesel) Concentration (35- TPH (as motor oil) Concentration (a} “
Sample Sample Description of Description of Description of
JtB) Date {ug/L}) Chromatogram Pattern (ug/L) Chromatogram Pattern {ug/L) Chromatogram Pattern
MW-4 7/25/95 1,400 Pattern characteristic of gasoline 24,000 Pattern charactenstic of crude oil - - ]
6/24/96 5,560 Pattern charactenistic of gasoline and 850,000  Unidentifiable pattern of - -
unidentified hydrocarbons greater than hydrocarbons in Co-Cyg range
C] 1
MW-5 T126/95 4,800 Patiern characteristic of gasoline and 7,500 Unidentifiable pattern of - -
unidentified hydrocarbons greater than hydrocarbons in Cg-Cay range
Cro
6/24/96 2,000 Pattern characteristic of gasoline 520,000  Unidentifiable pattern of - -
hydrocarbons in Ce-Cag range
6/24/96 dup 2,200 Pattern characteristic of gasoline 350,000  Unidentifiable pattern of - -
hydrocarbons in Cs-Cyp range

Notes:

(a) Immiscible hydrocasbons present in groundwater samples. Measured constituents likely include quantitation of constituents in both immiseible and soluble phases.
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BENZENE, TOLUENE, ETHYL BENZENE, TOTAL XYLENES (BTEX}
ANALYTICAL RESULTS OF GROUNDWATER SAMPLES

TABLE A-8

4200 Alameda Avenuc
Oakland, California

(EKI 930040.05)

T

BTEX Concentration {ug/L}; (b)

i

L
; :
= 2
8 g & 3
5 2 T 3
Sample ID Sample Date & & 5 =
B-1 7/12/95 320 670 260 1,400
B-2 7/12/95 350 610 110 370
B4 7/13/95 180 2,500 700 3400
I B-6 7/13/95 380 19 61 130
MW-1 7126195 630 1,300 140 870
6/24/96 530 1,000 130 860
MW-2 7126195 36 37 130 660 |
6/24/96 19 <10 (a) 170 340
MW-3 7/25/95 6.2 <0.5 <0.5 <0.5
7/25/95 dup 6.2 <05 <0.5 <0.5
6/24/96 6.3 <(.5 <0.5 <0.5
MW-4 7/25/95 64 12 28 49
6/24/96 140 13 87 150
1l
MW-5 T/26/95 T8 160 56 190
6/24/96 97 160 48 150
6/24/96 dup 95 150 50 160
Notes:

(a) Less than symbol ("<") denotes that compound was not present above the
detection limit shown.

{b) Immiscible hydrocarbons present in groundwater samples. Measured constituents likely

include quantitation of constituents in both immiscible and soluble phases.
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TABLE A-%
HALOGENATED VOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF GROUNDWATER SAMPLES

4200 Alameda Avenue
Oakland, California

(EKI930040.05)

Halogenated Volatile Organic Compound Concentration (ug/L); (b)

b
2 g
[} é‘ E % g o [ g g
g u E E g D g E 0 § B
SN T N AT S A AN SRS R A - A
- E B 5 5 & = & 8 g 3 c 9 S
= c % 4 E 3 | % 5 5 2 2 g Tl 218
Sample E 9 = g | G o = H B E ED —_ E "é,
Sample ID Date 2 o phs (3] 2 o = = = E = (E é >
B-1 7112/95 <100 {a) <50 <50 160 300 1,600 2,700 <50 <50 <50, (d) <50 <50 <50 <50 <100
B-2 7/12/95 <50 17 4.9 21 24 <2.5 4.4 <2.5 26 25 <2.5 <2.5 8.4 4.1 4.2
B-4 T/13/95 <500 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 6,600 <250 4,800
B-6 7113195 <10 <5 <5 10 15 5.6 13 <50 <5 130 <5.0 <5.0 <50 <5.0 <10
" MW-1 7126/95 <100 <50 <50 <50 <50 <50 <50 <50 130 <100 <50 <50 2,300 91 3,100
6/24/96 <50 <50 <50 <50 <50 <50 <50 <50 88 <100 <50 <50 2,800 110 3,100
MW-2 1126/95 <25 <13 <13 1.3 48 1.5 8 <1.3 4.8 5.8 <1.3 <1.3 <1.3 <13 <25
6/24/96  <2.5 <2.5 <25 7.4 88 4,0 18 <25 15 6.2 <25 38 20 <2.5 4.1
MW-3 7/25/95 <05 <0.5 0.5 <0.5 1.7 <0.5 <0.5 <0.5 <0.5 1.2 <0.5 <0.5 <05 <05 <0.5 "
/25/95du  <0.5 <0.5 <0.5 <0.5 L6 <0.5 <0.5 <0.5 <0.5 1.1 <0.5 <0.5 <0.5 <0.5 <0.5
|| 6/24/96  <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 1.0 <0.5 <0.5 <0.5 <0.5 <0.5
MW-4 72595 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 2,000 50 3,500
6/24/96 <100 <100 <100 <100 <100 <100 <10 <100 <100 <100 <100 <100 3,100 <100 4,200
MW-5 7/26/95 <200 <100 <100 <100 <100 <100 <100 <100 160 <200 <100 <100 3,700 130 5,200
6/24/96 <100 <100 <100 <100 <100 <100 <100 <100 150 <100 <100 <100 2,800 160 4,200
6/24/96 du <100 <100 <100 <100 <100 <100 <100 <100 140 <100 <100 <100 2,800 170 4,100
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TABLE A-9
HALOGENATED VOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF GROUNDWATER SAMFPLES

4200 Alameda Avenue
Qakland, California
(EKI 930040.05)

Notes:
(a) Less than symbol ("<") denoles that compound was not present above the detection limit shown.
(b) Immiscible hydrocarbons present in groundwater samples. Measured constituents likely include quantitation of constituents in both immiscible and soluble phases.
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- TABLE A-10
SEMIVOLATILE ORGANIC COMPOUND ANALYTICAL RESULTS OF GROUNDWATER SAMPLES

4200 Alameda Avenue
Oakland, California
(EK1 930040.05)
Semivolatile Organic Compound Concentration (ug/L); (c) —
¥
R R R B
4 =) 3
£ i f 5 £ E g 5
g 5] (=] =] = =" . 5
: : : : 5 = = 2 }
e 3 £ 3 5 g 3 g
Y ™ < <+ & = H & 2
Sample ID Sample Date —_ — - o o i3 <+ z bW
B-1 7/12/95 NA (a) NA NA NA NA NA NA NA NA
B-2 7/12/95 NA NA NA, NA NA NA NA NA NA
B-4 7/13/95 NA NA NA NA NA NA NA NA NA
B-6 7/13/85 NA NA NA NA NA NA NA NA NA
MW-1 T126/95 <100 (b) <100 <100 3,400 <100 330 350 160 230
6/24/96 NA NA NA NA NA NA NA NA NA "
MW-2 7126195 30 <5 5.4 <5 11 <5 9.9 63 - <5
6/24/96 NA NA NA NA NA NA NA NA NA
MW-3 7/25/95 <5 <5 <5 <5 <5 <5 . <5 <5 <5
7/25/95 dup <5 <5 <5 <5 <5 <5 <5 <5 <5
6/24/96 NA NA NA NA NA NA NA NA NA
MW-4 7/25/95 <50 <50 <50 <50 <50 <50 <50 <50 . <50
6/24/96 NA NA NA NA NA NA NA NA NA
MW-5 7/26/95 <250 <250 <250 <250 <250 <250 <250 <250 <250
6/24/96 NA NA NA NA NA NA NA NA NA
6/24/96 dup NA NA NA NA NA NA NA NA NA

Notes:

(a) "NA" indicates that compound was not analyzed.

{b) Less tha;1 symbol ("<") denotes that compound was not present above the detection limit shown.

(c) Emmiscible hydrocarbons present in groundwater samples. Measured constituents likely include quantitation of constituents in both immiscible and soluble phases.
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TABLE A-11
POLYCHLORINATED BIPHENYL (PCB) ANALYTICAL RESULTS OF GROUNDWATER SAMPLES
4200 Alameda Avenue
Qakland, California
(EKI 930040.05)
PCEB Atrochlor Concentration (ug/L); () t‘

ol -+ =]

-+ w =]

S S g

o o ol

Sample ID Sample Date %f E g
|| B-1 7/12/95 NA (a) NA NA
B-2 7/12/95 NA NA NA
B4 7113195 NA NA NA
B-6 7/13/95 NA NA NA

MW-1 2126195 <25 (b) <25 <25 "

MW-2 7/26/95 <25 <25 <25
MW-3 7/25/95 <2.5 <2.5 <25
MW3 DUP 7125195 <0.5 <0.5 <0.5
MW-4 7/25/95 <25 <25 ' <25
MW-5 7/26/95 <50 <10 31

Notes:

(a) "NA" indicates that compound was not analyzed.

(b) Less than symbol ("<") denotes that compound was not present above the
detection limit shown.

(c) Immiscible hydrocarbons present in groundwater samples. Measured constituents likely
include quantitation of constituents in both immiscible and soluble phases.
both immiscible and soluble phases.
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TABLE A-12
DISSOLVED ARSENIC, TOTAL CHROMIUM, AND LEAD
ANALYTICAL RESULTS OF GROUNDWATER SAMPLES

4200 Alameda Avenue
Qakland, California
{EKI 930040,05)
Dissolved Metal Concentration (mg/LY}; (<)
2
[=]
2 &
2 B -
|| Sampie ID Sample Date E = 3 ll
B-1 T/12/95 0.088 0.089 0.008
B-2 7712795 0.026 <0.020 <0.0050
B-4 T/13/95 <5.0 (a) <5.0 <50
B-6 7/13/95 <50 <(.5 6.6
MW-1 7126/95 0.093 <0.020 <0.0050
6/24/96 NA (b) NA NA
MW-2 T/126/95 0.025 <0.010 <0.0050
6/24/96 NA NA NA
MW-3 7125795 0.017 0.021 <0.0050
7/25/95 dup 0.013 0.024 0.005
6/24/96 NA NA NA
MW-4 7/25/95 0.028 <0.010 <0.0050
| 6/24/96 NA NA NA
MW-35 7/26/95 0.032 <0.020 - 012
6/24/96 NA NA NA
6/24/96 dup NA NA NA
Notes:

(a) Less than symbol ("<"} denotes that compound was not present above the
detection limit shown.

(b) "NA" indicates that compound was not analyzed.
(¢) Analyses were performed on groundwater samples filtered in the field.
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Risk-Based Corrective Action Applied at Petroleum Release

- Sites?

Ck This standard is issued under the fixed designation E 1739; the number immediately following the designation indicates the year of
; original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon {¢} indicates an editorial change since the iast revision or reapproval,

1. Scope

1.1 This is a guide to risk-based corrective action (RBCA),
which is a consistent decision-making process for the assess-
ment and response to a petroleum release, based on the
protection of human health and the environment. Sites with
petroleumn release vary greatly in terms of complexity,
physical and chemical characteristics, and in the risk that
they may pose to human health and the environment. The
RBCA process recognizes this diversity, and uses a tiered
approach where corrective action activities are tailored to
site-specific conditions and risks. While the RBCA process is
not limited to a particular class of compounds, this guide
emphasizes the application of RBCA to petroleum product
releases through the use of the examples. Ecological risk
assessment, as discussed in this guide, is a qualitative
evaluation of the actual or potential impacts to environ-
mental {(nonhuman) receptors. There may be circumstances
under which a more detailed ecological risk assessment is
necessary (see Ref (1).2

1.2 The decision process described in this guide integrates
risk and exposure assessment practices, as suggested by the
United States Environmental Protection Agency {(USEPA),
with site assessment activities and remedial measure selec-
tion to ensure that the chosen action is protective of human
health and the environment. The following general sequence
of events is prescribed in RBCA, once the process is triggered
by the suspicion or confirmation of petroleum release:

1.2.1 Performance of a site assessment;

1.2.2 Classification of the site by the urgency of initial
response;

1.2.3 Implementation of an initial response action appro-
priate for the selected site classification;

1.2.4 Comparnison of concentrations of chemical(s) of
concern at the site with Tier | Risk Based Screening Levels
(RBSLs) given in a look-up table;

1.2.5 Deciding whether further tier evaluation is war-
ranted, if implementation of interim remedial action is
warranted or if RBSLs may be applied as remediation target
levels;

1.2.6 Coilection of additional site-specific information as
necessary, if further tier evaluation is warranted;

1.2.7 Development of site-specific target levels (SSTLs)
and point(s) of compliance (Tier 2 evaluation);

' 'This guide is under the jurisdiction of ASTM Committce E-50 on Environ-
mental Assessment and is the direct responsibility of Subcommittes E50.01 on
Storage Tanks.

Current edition approved Sept. 10, 1995. Published November 1995. Originaily
published as ES 38 — 94, Last previous edition ES 38 - 94.

2 The boldface numbers in parenthescs refer to the list of references at the end
of this guide.

1.2.8 Comparison of the concentrations of chemical(s) of
concern at the site with the Tier 2 evaluation SSTL at the
determined point(s) of compliance or source area(s);

1.2.9 Deciding whether further tier evaluation is war-
ranted, if implementation of interim remedial action is
warranted, or if Tier 2 SSTLs may be applied as remediation
target levels;

1.2.10 Collection of additional site-specific information as
necessary, if further tier evaluation is warranted,;

1.2.11 Development of SSTL and peint(s) of compliance
(Tier 3 evaluation);

1.2.12 Comparison of the concentrations of chemical(s) of
concern at the site at the determined point(s) of compiiance
or source area(s) with the Tier 3 evaluation SSTL; and

1.2.13 Development of a remedial action plan to achieve
the SSTL, as applicable.

1.3 The guide is organized as follows:

1.3.1 Section 2 lists referenced documents,

1.3.2 Section 3 defines terminology used in this guide,

1.3.3 Section 4 describes the significance and use of this
guide,

1.3.4 Section 5 is a summary of the tiered approach,

1.3.5 Section 6 presents the RBCA procedures in a
step-by-step process,

1.3.6 Appendix X1 details physical/chemical and toxico-
logical characteristics of petroleum products,

1.3.7 Appendix X2 discusses the derivation of a Tier I
RBSL Look-Up Table and provides an example,

1.3.8 Appendix X3 describes the uses of predictive mod-
eling relative to the RBCA process,

1.3.9 Appendix X4 discusses considerations for institu-
tional coatrols, and

1.3.10 Appendix X3 provides examples of RBCA applica-
tions,

1.4 This guide describes an approach for RBCA. It is
intended to compliment but not supersede federal, state, and
local regulations. Federal, state, or local agency approval
may be required to implement the processes outlined in this
guide.

1.5 The values stated in either inch-pound or SI units are
to be regarded as the standard. The values given in paren-
theses are for information only.

1.6 This standard does not purport to address all of the
safety concerns, if any, associared with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standard:



0.

§ .
T S s o

i e,

E 1599 Guide for Comective Action for Petroleum

Releases®

2.2 NFPA Standard:

NFPA 329 Handling Underground Releases of Flammable
and Combustible Liquids*

3. Terminology

3.1 Descriptions of Terms Specific to This Standard:

3.1.1 active remediation—actions taken to reduce the
concentrations of chemical(s) of concern. Active remediation
could be impiemented when the no-further-action and
passive remediation courses of action are not appropriate.

3.1.2 artenuation—the reduction in concentrations of
chemical(s) of concern in the environment with distance and
time due to processes such as diffusion, dispersion, absorp-
tion, chemical degradation, biodegradation, and se forth.

3.1.3 chemical(s} of concerm—specific constituents that
are identified for evaluation in the risk assessment process.

3.1.4 corrective action—the sequence of actions that in-
clude site assessment, interim remedial action, remedial
action, operation and maintenance of equipment, moni-
toring of progress, and termination of the remedial action.

3.1.5 direct exposure pathways—an exposure pathway
where the point of exposure is at the source, without a release
to any other medium.

3.1.6 ecological assessmeni—a qualitative appraisal of the
actual or potential effects of chemical(s) of concern on plants
and animals other than people and domestic species.

3.1.7 engineering controls—modifications to a site or
facility (for example, slurry walls, capping, and point of use
water treatment) to reduce or eliminate the potential for
exposure to a chemical(s) of concern.

3.1.8 exposure—contact of an organism with chemical(s)
of concern at the exchange boundaries (for example, skin,
lungs, and liver) and available for absorption.

3.1.% exposure assessment—the determination or estima-
tion (qualitative or quantitative) of the magnitude, fre-
quency, duration, and route of exposure.

3.1.10 exposure pathway—the course a chemical(s) of
concern takes from the source area(s) to an exposed or-
ganism. An exposure pathway describes a unique mecha-
nism by which an individual or population is exposed to a
chemical(s) of concern originating from a site. Each exposure
pathway includes a source or release from a source, a point
of exposure, and an exposure route. If the exposure point
differs from the source, a transport/exposure medium (for
example, air) or media also is included.

3.1.11 exposure route—the manner in which a chemi-
cal(s) of concern comes in contact with an organism (for
example, ingestion, inhalation, and dermal contact).

3.1.12 facility—the property containing the source of the
chemical(s) of concern where a release has occurred.

3.1.13 hazard index—the sum of two or more hazard
quotients for multiple chemical(s) of concern or multiple
exposure pathways, or both.

3.1.14 hazard quotients—the ratio of the level of exposure
of a chemical(s) of concern over a specified time period to a

3 Annual Book of ASTM Standards, Vol 11.04.
4 Available from National Fire Protection Association, | Batterymarch Park,
P.O. Box 9101, Quincy, MA 02269.

_ reference dose for that chemical(s) of concern dertved for a

similar.exposure period.

3.1.15 incremental carcinogenic risk levels—the potential
for incremental carcinogenic human health effects due to
exposure to the chemical(s) of concern.

3.1.16 indirect exposure pathways—an exposure pathway
with at least one intermediate release to any media between
the source and the point(s) of exposure (for example,
chemicals of concern from soil through ground water to the
point(s} of exposure).

3.1.17 institutional controls—the restriction on use or
access (for example, fences, deed restrictions, restrictive
zoning) to a site or facility to eliminate or minimize potential
exposure to a chemical(s) of concern.

3.1.18 interim remedial action—the course of action to
mitigate fire and safety hazards and to prevent further migra-
tion of hydrocarbons in their vapor, dissolved, or liquid
phase.

3.1.19 maximum contaminant level (MCL}—a standard
for drinking water established by USEPA under the Safe
Drinking Water Act, which is the maximum permissible
level of chemical(s) of concern in water that is delivered to
any user of a public water supply.

3.1.20 Monte Carlo simulation—a procedure to estimate
the value and uncertainty of the resuit of a calculation when
the result depends on a number of factors, each of which is
also uncertain.

3.1.21 natural biodegradation—the reduction in concen-
tration of chemical(s) of concern through naturally occurring
microbial activity.

3.1.22 petroleum—including crude oil or amy fraction
thereof that is liquid at standard conditions of temperature
and pressure {(60°F and 14.7 1b/in.? absolute; (15.5°C and
10 335.6 kg/m?). The term includes petroleum-based sub-
stances comprised of a complex blend of hydrocarbons
derived from crude oil through processes of separation,
conversion, upgrading, and finishing, such as motor fuels, jet
oils, lubricants, petroleum solvents, and used oils.

3.1.23 point(s) of compliance—a location(s) selected be-
tween the source area(s) and the potential point(s) of
exposure where concentrations of chemical(s) of concern
must be at or below the determined target levels in media
{for example, ground water, soil, or air).

3.1.24 point(s) of exposure—-the point(s) at which an
individual or population may come in contact with a
chemical(s) of concern originating from a site.

3.1.25 qualitative risk analysis—a nonnumeric evaluation
of a site to determine potential exposure pathways and
receptors based on known or readily available information.

3.1.26 reasonable maximum exposure (RMEj}—the
highest exposure that is reasonably expected to occur at a
site. RMFEs are estimated for individual pathways or a
combination of exposure pathways.

3.1.27 reasonable potential exposure scenario—a situa-
tion with a credible chance of occurence where a receptor
may become directly or indirectly exposed to the chemical(s)
of concern without considering extreme or essentially impos-
sible circumstances.

3.1.28 reasonably anticipated future use—future use of a
site or facility that can be predicted with a high degree of
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certainty given current use, local government planning, and
zoning.

3.1.29 receptors—persons, structures, utilities, surface wa-
ters, and water supply wells that are or may be adversely
affected by a release.

3.1.30 reference dose—a preferred toxicity value for eval-
uating potential noncarcinogenic effects in humans resulting
from exposure to a chemical(s) of concern.

3.1.31 remediation/remedial action—activities conducted
to protect human health, safety, and the environment. These
activities include evaluating risk, making no-further-action
determinations, monitoring institutional controls, engi-
neering controls, and designing and operating cleanup equip-
ment.

3.1.32 risk assessment—an analysis of the potential for
adverse health effects caused by a chemical(s) of concern
from a site to determine the need for remedial action or the
development of target levels where remedial action is re-
quired.

3.1.33 risk reduction—the lowering or elimination of the
level of risk posed to human health or the environment
through interim remedial action, remedial action, or institu-
tional or engineering controls.

3.1.34 risk-based  screening  level/screening  levels
(RBSLs)—risk-based site-specific corrective action target
levels for chemical(s) of concern developed under the Tier !
evaluation.

3.1.35 site—the area(s) defined by the extent of migration
of the chemical(s) of concern.

3.1.36 site assessment—an evaluation of subsurface ge-
ology, hydrology, and surface characteristics to determine if a
release has occurred, the levels of the chemical(s) of concern,
and the extent of the migration of the chemical(s) of concern.
The site assessment collects data on ground water quality
and potential receptors and generates information to support
remedial action decisions.

3.1.37 site classification—a qualitative evaluation of a site
based on known or readily available information to identify
the need for interim remedial actions and further informa-
tion pathering. Site classification is intended to specifically
prioritize sites.

3.1.38 site-specific target level (SSTL)—risk-based reme-
dial action target level for chemical(s) of concern developed
for a particular site under the Tier 2 and Tier 3 evaluations.

3.1.39 site-specific—activities, information, and data
unique to a particular site.

3.1.40 source area(s)—either the location of liquid hydro-
carbons or the location of highest soil and ground water
concentrations of the chemical(s) of concern.

3.1.41 target levels—numeric values or other perfor-
mance criteria that are protective of human health, safety,
and the environment.

3.1.42 Tier ! evafuation—a risk-based analysis to develop
non-site-specific values for direct and indirect exposure
pathways utilizing conservative exposure factors and fate and
transport for potential pathways and various property use
categories (for example, residential, commercial, and indus-
trial uses). Values established under Tier | will apply to all
sites that fall into a particular category.

3.1.43 Tier 2 evaluation—a risk-based analysis applying
the direct exposure values established under a Tier | evalu-

ation at the point(s) of exposure developed for a specific site
and development of values for potential indirect exposure
pathways at the poini(s) of exposure based on site-specific
conditions.

1.1.44 Tier 3 evaluarion—a risk-based analysis to develop
values for potential direct and indirect exposure pathways at
the point(s} of exposure based on site-specific conditions.

3.1.45 user—an individual or group involved in the
RBCA process including owners, operators, regulators, un-
derground storage tank (UST) fund managers, attorneys,
consultants, legislators, and so forth.

4. Significance and Use

4.1 The allocation of limited resources {for example, time,
money, regulatory oversight, qualified professionals) to any
one petroleum release site necessarily influences corrective
action decisions at other sites. This has spurred the search for
innovative approaches to corrective action decision making,
which still ensures that human heaith and the environment
are protected.

4.2 The RBCA process presented in this guide is a
consistent, streamlined decision process for selecting correc-
tive actions at petroleum release sites. Advantages of the
RBCA approach are as follows:

4.2.1 Decisions are based on reducing the risk of adverse
human or environmental impacts,

4.2.2 Site assessment activities are focussed on collecting
only that information that is necessary to making risk-based
corrective action decisions,

4.2.3 Limited resources are focussed on those sites that
pose the greatest risk to human heaith and the environment
at any time,

4.2.4 The remedial action achieves an acceptable degree
of exposure and risk reduction,

4.2.5 Compliance can be evaluated relative to site-specific
standards applied at site-specific point(s) of compliance,

4.2.6 Higher quality, and in some cases faster, cleanups
than are currently realized, and

4.2.7 A documentation and demonstration that the reme-
dial action is protective of human health, safety, and the
environment.

4.3 Risk assessment is a developing science. The scientific
approach used to develop the RBSL and SSTL may vary by
state and user due to regulatory requirements and the use of
alternative scientifically based methods.

4.4 Activities described in this guide should be conducted
by a person familiar with current risk and exposure assess-
ment methodologies.

4.5 In order to properly apply the RBCA process, the user
should avoid the following:

4.5.1 Use of Tier 1 RBSLs as mandated remediation
standards rather than screening levels,

4.5.2 Restriction of the RBCA process to Tier | evalua-
tion only and not allowing Tier 2 or Tier 3 analyses,

4.5.3 Placing arbitrary time constraints on the corrective
action process; for example, requiring that Tiers 1, 2, and 3
be completed within 30-day time periods that do not reflect
the actual urgency of and risks posed by the site,

4.5.4 Use of the RBCA process only when active
remediation is not technically feasible, rather than a process
that is applicable during all phases of corrective action,



b E 1739

4.5.5 Requiring the user to achieve technology-based
remedial limits {for example, asymptotic levels) prior to
requesting the approval for the RBSL or $STL,

4,5.6 The use of predictive modelling that is not sup-
ported by available data or knowledge of site conditions,

4.,5.7 Dictating that corrective action goals can only be
achieved through source removal and treatment actions,
thereby restricting the use of exposure reduction options,
such as engineering and institutional controls,

4,5.8 The use of unjustified or inappropriate exposure
factors,

4,59 The use of unjustified or inappropriate toxicity
parameters,

4.5.10 Neglecting aesthetic and other criteria when deter-
mining RBSLs or SSTLs,

4.5.11 Not considering the effects of additivity when
screening multiple chemicals,

4.5.12 Not evaluating options for engineering or institu-
tional controls, exposure point(s), compliance point(s), and
carcinogenic risk levels before submitting remedial action
plans,

4.5.13 Not maintaining engineering or institutional con-
trols, and

4.5.14 Requiring continuing monitoring or remedial ac-
tion at sites that have achieved the RBSL or SSTL.

5. Tiered Approach to Risk-Based Corrective Action
{RBCA) at Petrolenm Release Sites

5.1 RBCA is the integration of site assessment, remedial
action selection, and monitoring with USEPA-recommended
risk and exposure assessment practices. This creates a process
by which corrective action decisions are made in a consistent
manner that is protective of human health and the environ-
ment.

5.2"The RBCA process is implemented in a tiered ap-
‘“proach, involving increasingly sophisticated levels of data
collection and analysis. The assumptions of earlier tiers are
replaced with site-specific data and information. Upon
evaluation of each tier, the user reviews the results and
recommmendations and decides whether more site-specific
analysis is warranted.

5.3 Site Assessment—The user is required to identify the
sources of the chemical(s) of concern, obvious environ-
mental impacts (if any), any potentially impacted humans
and environmental receptors (for example, workers, resi-
dents, water bodies, and so forth), and potentially significant
transport pathways (for example, ground water flow, utilities,
atmospheric dispersion, and so forth). The site assessment
will also include information collected from historical
records and a visual inspection of the site.

5.4 Site Classification—Sites are classified by the urgency
of need for initial response action, based on information
collected duning the site assessment. Associated with site
classifications are initial response actions that are to be
implemented simultaneously with the RBCA process. Sites
should be reclassified as actions are taken to resolve con-
cerns or as better information becomes available.

5.5 Tier 1 Evaluation—A look-up table containing
screening level concentrations is used to determine whether
site conditions satisfy the criteria for a quick regulatory
closure or warrant a more site-specific evaluation. Ground

water, soil, and vapor concentrations may be presented in
this table for a range of site descriptions and types of
petroleum products ((for example, gasoline, crude oil, and so
forth). The look-up table of RBSL 15 developed in Tier 1 or,
if a look-up table has been previously developed and
determined to be applicable to the site by the user, then the
existing RBSLs are used in the Tier | process. Tier | RBSLs
are typically derived for standard exposure scenarios using
current RME and toxicological parameters as recommended
by the USEPA, These values may change as new methodol-
ogies and parameters are developed. Tier | RBSLs may be
presented as a range of values, corresponding to a range of
risks or property uses.

5.6 Tier 2 Evaluation—Tier 2 provides the user with an
option to determine SSTLs and point(s) of compliance. It is
important to note that both Tier | RBSL and Tier 2 SSTLs
are based on achieving similar levels of protection of human
health and the environment (for example, 10™* to 107 risk
levels). However, in Tier 2 the non-site-specific assumptions
and point(s) of exposure used in Tier | are repiaced with
site-specific data and information. Additional site-
assessment data may be needed. For example, the Tier 2
SSTL can be derived from the same equations used to
calculate the Tier | RBSL, except that site-specific parame-
ters are used in the calculations. The additional site-specific
data may support alternate fate and transport analysis. At
other sites, the Tier 2 analysis may involve applying Tier 1
RBSLs at more probable poini(s) of exposure. Tier 2 SSTLs
are consistent with USEPA-recommended practices.

5.7 Tier 3 Evaluation—Tier 3 provides the user with an
option to determine SSTLs for both direct and indirect
pathways using site-specific parameters and point(s) of expo-
sure and compliance when it is judged that Tier 2 SSTLs
should not be used as target levels. Tier 3, in general, can be
a substantial incremental effort relative to Tiers | and 2, as
the evaluation is much more complex and may include
additional site assessment, probabilistic evaluations, and
sophisticated chemical fate/transport models.

5.8 Remedial Action—If the concentrations of chemical(s)
of concern at a site are above the RBSL or SSTL at the
point(s) of compliance or source area, or both, and the user
determines that the RBSL or SSTL should be used as
remedial action target levels, the user develops a remedial
action plan in order to reduce the potential for adverse
impacts. The user may use remediation processes to reduce
concentrations of the chemical(s) of concern to levels below
or equal to the target levels or to achieve exposure reduction
(or elimination) through institutional controls discussed in
Appendix X4, or through the use of engineering controls,
such as capping and hydraulic control.

6. Risk-Based Corrective Actien (RBCA) Procedures

6.1 The sequence of principal tasks and decisions associ-
ated with the RBCA process are outlined on the flowchart
shown in Fig. l. Each of these actions and decisions is
discussed as follows.

6.2 Site Assessment—Gather the information necessary
for site classification, initial response action, comparison to
the RBSL, and determining the SSTL. Site assessment may
be conducted in accordance with Guide E 1599. Each
successive tier will require additional site-specific data and
information that must be collected as the RBCA process
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proceeds. The user may generate site-specific data and
information or estimate reasonable values for key physical
characteristics using soil survey data and other readily
available information. The site characterization data should
be summarized in a clear and concise format,

6.2.1 The site assessment information for Tier | evalua-
tion may include the following:

6.2.1.1 A review of historical records of site activities and
past releases;

6.2.1.2 Identification of chemical(s) of concern;

6.2.1.3 Location of major sources of the chemical(s) of
concern;

6.2.1.4 Location of maximum concentrations of chemi-
cal(s) of concern in soil and ground water;

6.2.1.5 Location of humans and the environmental recep-
tors that could be impacted (point(s) of exposure);

6.2.1.6 Identification of potential significant transport
and exposure pathways (ground water transport, vapor
migration through soils and utilities, and so forth);

6.2.1.7 Determination of current or potential future use of
the site and surrounding land, ground water, surface water,
and sensitive habitats;

6.2.1.8 Determination of regional hydrogeologic and geo-
logic characteristics (for example, depth to ground water,
aquifer thickness, flow direction, gradient, description of
confining units, and ground water quality); and

6.2.19 A qualitative evaluation of impacts to environ-
mental receptors.

6.2.2 In addition to the information gathered in 6.2.1, the
site assessment information for Tier 2 evaluation may
include the following:

6.2.2.1 Determination of site-specific hyidrogeologic and
geologic characteristics (for example, depth to ground water,
aquifer thickness, flow direction, gradient, description of
confining units, and ground water quality);

6.2.2.2 Determination of extent of chemical(s) of concern
relative to the RBSL or SSTL, as appropriate;

6.2.2.3 Determination of changes in concentrations of
chemical(s) of concern over time (for example, stable,
increasing, and decreasing); and ‘

6.2.2.4 Determination of concentrations of chemical(s) of
concern measured at point(s) of exposure (for example,
dissolved concentrations in nearby drinking water wells or
vapor concentrations in nearby conduits or sewers).

6.2.3 In addition to the information gathered in 6.2.1 and
6.2.2, the site assessment information for Tier 3 evaluation
includes additional information that is required for site-
specific modeling efforts.

6.3 Site Classification and Initial Response Action—As
the user gathers data, site conditions should be evaluated and
an initial response action should be implemented, consistent
with site conditions. This process is repeated when new data
indicate a significant change in site conditions. Site urgency
classifications are presented in Table 1, along with example
classification scenarios and potential imitial responses. Note
that the initial response actions given in Table 1 may not be
applicable for all sites. The user should sefect an option that
best addresses the short-term health and safety concerns of
the site while implementing the RBCA process.

6.3.1 The classification and initial response action scheme
given in Table | is an example. It is based on the current and

projected degree of hazard to human health and the environ-
ment. This is a feature of the process that can be customized
by the user. “Classification 1™ sites are associated with
immediate threats to human health and the environment;
“Classification 2" sites are associated with short-term (0 to
2-year) threats to human health, safety, and the environ-
ment; “Classification 3" sites are associated with long-term
(greater than 2-year) threats to human health, safety, and the
environment; “Classification 4" sites are associated with no
reascnable potentiai threat to human health or to the
gnvironment.

6.3.2 Associated with each classification scenario in Table
1 is an initial response action; the initial response actions are
implemented in order to eliminate any potential immediate
impacts to human health and the environment as well as to
minimize the potential for future impacts that may occur as
the user proceeds with the RBCA process. Note that initial
response actions do not always require active remediation; in
many cases the initial response action is to monitor or
further assess site conditions to ensure that risks posed by the
site do not increase above acceptable levels over time, The
initial response actions given in Table | are examples, and
the-user is free to tmplement other aiternatives.

6.3.3 The need to reclassify the site should be evaluated
when additional site information is collected that indicates a
significant change in site conditions or when implementation
of an interim response action causes a significant change in
site conditions.

6.4 Development of a Tier 1 Look-Up Tuble of RBSL—If
a look-up table is not available, the user is responsible for
developing the look-up table. If a look-up table is available,
the user is responsible for determining that the RBSLs in the
lock-up table are based on currently acceptable methodolo-
gies and parameters. The look-up table is a tabulation for
potential exposure pathways, media (for example, soil, water,
and air), a range of incremental carcinogenic rsk levels
(10E-4 to 10E-6 are often evaluated as discussed in Appendix
X1} and hazard quotients equal to unity, and potential
exposure scemarios (for example, residential, commercial,
industrial, and agricultural) for each chemical(s) of concern.

6.4.1 The RBSLs are determined using typical. non-site-
specific values for exposure parameters and physical param-
eters for media. The RBSLs are calculated according to
methodology suggested by the USEPA. For each exposure
scenario, the RBSLs are based on current USEPA RME
parameters and current toxicological information given in
Refs (2, 3) or peer-reviewed source(s). Consequently, the
RBSL look-up table is updated when new methodologies and
parameters are developed. For indirect pathways, fate and
transport models can be used to predict RBSLs at a source

area that corresponds to exposure point concenirations. An.

example of the development of a Tier | Look-Up Table and
RBSL is given in Appendix X2. Figure 2 and Appendix X2
are presented solely for the purpose of providing an example
developmemt of the RBSL, and the values should not be
viewed as proposed RBSLs.

6.4.2 Appendix X2 is an exampie of an abbreviated Tier {
RBSL Look-Up Table for compounds of concern associated
with petroleum releases. The exposure scenarios selected in
the example case are for residential and industrial/commer-
cial scenarios characterized by USEPA RME parameters for
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TABLE 1 Example Site Classification and Initial Responsa Actions®

Criteria and Prescribed Scenarios

Example Initial Response Actions? ;

1. Immediate threat to human health, safety, or sensitive
environmental receptors

[ ] Explosive levels, or concentrations of vapors that could cause
acute heaith effects, are present in a residance or ather building.
[ ] Explosive levels of vapors are present in subsurface wutility

system(s}, but no building or residences are impacted.

[ ] Frae-product is present in significant quantities at ground surtace,
on surface water bodies, in utilities cther than water supply lines,
or in surface water runoff.

[ ] An active public water supply well, public water supply line, or
public surface water intake iz impacted or immediately
threatened.

[ ] Ambient vapor/particulate concentrations exceed concentrations of
concem from an acute exposure or safety viewpaint.

L A sensitive habitat or sensitive resources (sport fish, economically

important species, threatened and endangered species, and 5o
forth) are impacted and affected.
2. Shart-term (0 to 2 years) threat to human health, safety,
or sensitive environmental receptors

L] There is potential for explosive (evels, or concentrations of vapors
that could cause acute effects, to accumuiate in a residence or
other building.

L Shallow contaminated surface soils are open to publfic access, and

dweliings, parks, playgrounds, day-care canters, schools, or
simitar use facilities are within 500 ft (152 m) of those soils.

A non-potable water supply well is impacted or immediately
threatened.

Ground water is impacted, and a public or domeastic water supply
well producing from the impacted aquifer is located within
two-years projected ground water traved distance down gradient
of the known extent of chemicalis} concern.

[ ] Ground water is impacted, and a public or domestic water supply
well producing from a different interval is located within the
known extent of chemicais of concern,

[ ] Impacted surface water, storm water, or ground water discharges
within 500 ft (152 m) of a sensitlve habitat or surface water body
used for human drinking water or contact recreation.

3. Long-term (>2 years) threat to human health, safety, or sansitive
environmental receptors

[ Subsurface soils (>3 ft (0.9 m) BGS) are significantly impacted, and
the depth between impacted soils and the first potable aquifer is
less than 50 # (15 m).

® Ground water is impacted, and potable water supply wells
producing from the impacted interval are located >2 years
ground water travel lime from the dissolved piume.

[ ] Ground water is impacted, and non-potable water supply weils
producing from the impacted interval are located >2 years
ground water travel time fram the dissoived plume.

L Ground water is impacted, and non-potable water supply waeils that
do not produce from the impacted interval are jocated within the
known extent of chemical(s) of concern.

*® Impacted surface water, storm watar, or ground water discharges
within 1500 ft {457 m) of a sensitlve habitat or surface water
body used for human drinking water or contact recreation,

L Shallow contaminated surface soils are open to public access. ang,
dwellings, parks, playgrounds, day-care centers, schools, ar
similar use facifities are mare than 500 ft (152 m) of those soils.

4. No demonstrable long-term threat to human health or safety
or sensitive environmental receptors
Priority 4 scenarios encompass all other conditions not described in Priorities 1,
2, and 3 and that are consistent with the priority description given above.
Some examples are as follows:
L ] Non-potatle aquifer with no existing local use impacted.

® Impacted soils located mare than 3 ft (0.9 m) BGS and greater than
50 ft (15 m) above nearest aquifer.
® Graund water is impacted, and non-potable wells are located down

gradient outside the known extent of the chemicai(s) of concem,
and thay produce from a nonimpacted zone,

Motify appropriate authorities, property owners, and potentially affected partias,

and only evaluate the need to

® Evacuate occupants and beqgin abatement maasuras such as
subsurface ventilation or building pressurization.

L Evacuate immediate vicinity and begin abatement measures such
as vantiiation.

® Pravent further free-product migration Ly appropriate containment
measures, institute free-product recovery, and restrict area
accass.

® Natity usen(s), provide altermate water supply, hydraulically control
contaminated water, and treat water at point-of-use.

® install vapor basmier (capping, foams, and so forth), remove source,
or restrict access to affacted area.

® Minimize extent of impact by containment measures and implement
habitat management o minimize exposure,

Motify appropriate authorities, property owners, and potentially affected parties,
and only evaluate the need to
[ ] Assass the potential for vapor migration (through monitoring/
modsling} and remove source {if necessary), or instalt vapor
migration barrier.

L] Remove sails, cover soils, or restrict access.

L Naotify ownerjuser and evaluate the need to install point-of-use
watar treatment, hydraulic contrel, or alternate water supply.

® Institute monitoring and then svaluate if natural attenuation is

sufficient, or it hydraulic control is required.

[ ] Monitor ground water welt quality and evaluate if control is
necessary to prevent vertical migration to the supply well.

[ ] Institute containment measures, resirict access to areas near
discharge, ang evaluate the magnitude and impact of the

discharge.
Notify appropriate authorities, property owners, and potentially affected parties,
and only evaluate the need to
L Moniter ground water and determine the potential for futurg
migration of the chemical{s) concemns ta the aquifer.

L} Monitor the dissolved plume and evaluate the potential for natural
attenuation angd the need for hydraulic contreil.

[ Identify water usage of well, assess the affect of potential impact,
monitor the dissolved plume, and evaluate whether natural
attenuation or hydraulic control are appropriate control
measures.

[ ] Manitar the dissoived ptume, determine the potentiat for vertical
migration, notify the user, and determine i any impact is likely.

[ ] investigate current impact an sensitive habitat or surface water
body, restrict access to area of discharge (if necessary), and
evaluate the need for containment/control measures.

[ ] Restrict access to impact soils.

Notify appropriate authorities, property owners, and potentially affected parties,
and only evaluate the need ta

Moritor ground water and evaluate etfect of natural attenuation on
dissolved plume migration.

Monitor ground water and evaluate eftect of natural attenuation on
leachate migration,

Monitor ground water and evaluate effect of natural attenuation on
dissolved plume migratiorn,

A Johnson, D. C., DeVaul, G. E., Ettinger, R_ A., MacDanald, H. L. M., Stanley, C. C., Westby, T. 5., and Conner, J., “Risk-Based Corrective Action: Tler 1 Guidanca

Manual,” Shedl Oil Co., July 1993,

8 Nota that these are potential initial responsa actions that may not be appropriate for all sites. The user is encouraged to select options that best address the
short-tarm health and safety concerns of the site, while the RBCA process progregses.
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adult males. The assumptions and methodology used in
deriving the example are discussed in Appendix X2. Note
that not ail possible exposure pathways are considered in the
derivation of the example. The user should always review the
assumptions and methodology used to derive values in a
look-up table to make sure that thev are consistent with
reasonable exposure scenarios for the site being considered as
well as curremtly accepted methodologies. The value of
creating a look-up table is that users do not have to repeat
the exposure calculations for each site encountered. The

look-up table is only aitered when RME parameters, toxico- -

logical information, or recommended methodologies are
updated. Some states have compiled such tables for direct
exposure pathways that, for the most part, contain identical
values (as they are based on the same assumptions). Values
for the cross-media pathways (for example, volatilization and
leaching), when available, often differ because these involve
coupling exposure calculations with predictive equations for
the fate and transport of chemicals in the environment. As
yet, there is little agreement in the technical community
concerning non-site-spectfic values for the transport and fate
model parameters, or the choice of the models themselves.
Again, the reader should note that the example is presented
bere only as an abbreviated example of a Tier 1 RBSL
Look-Up Table for typical compounds of concern associated
with petroleum producis.

6.4.3 Use of Total Petroleum Hydrocarbon Measure-
menis—Various chemical analysis methods commonly re-
ferred to as total petroleum hydrocarbons (TPHs) are often
used in site assessments. These methods usually determine
the total amount of hydrocarbons present as a single number
and give no information on the types of hydrocarbon
present. The TPHs should not be used for risk assessment
because the general measure of TPH provides insufficient
information about the amounts of individual chemical(s) of
concern prasent.

6.3 Comparison of Site Conditions with Tier 1 Risk-Based
Screening Levels (RBSL)—In Tier 1, the point(s) of exposure
and point(s) of compliance are assumed to be located within
close proximity to the source area(s) or the area where the
highest concentrations of the chemical(s) of concern have
been identified. Concentrations of the chemical(s) of concern
measured at the source area(s) identified at the site should be
compared to the look-up table RBSL. If there is sufficient site
assessment data, the user may opt t0 compare RBSLs with
statistical limits (for example, upper confidence levels) rather
than maximum values detected. Background concentrations
should be considered when comparing the RBSLs, to the site
concentrations as the RBSLs may sometimes be less than
background concentrations. Note that additivity of risks is
not explicitly considered in the Tier | evaluation, as it is
expected that the RBSLs are typically for a limited number
of chemical(s) of concern considered at most sites. Additivity
may be addressed in Tier 2 and Tier 3 analyses. To
accomplish the Tier | comparison:

6.5.1 Select the potential exposure scenario(s) (if any) for
the site. Exposure scenarios are determined based on the site
assessment information described in 6.2;

6.5.2 Based on the impacted media identified, determine
the primary sources, secondary sources, transport mecha-
nisms, and exposure pathways;

6.5.3 Select the receptors (if any) based on current and
anticipated future use, Consider land use restrictions and
surrounding land use when making this selection.

6.5.4 Identify the exposure scenarios where the measured
concentrations of the chemical(s) of concern are above the
RBSL.

6.6 Exposure Evaluation Flowchart—Durning a Tier |
evaluation, the risk evaluation flowchart presented in Fig, 2
may be used as a tool to guide the user in selecting
appropriate exposure scenarios based on site assessment
information, This worksheet may also be used in the
evaluation of remedial action alternatives. To complete this
flowchart:

6.6.1 Characterize site sources and exposure pathways,
using the data summarized from Tier [ to customize the risk
evaluation flowchart for the site by checking the small
checkbox for every relevant source, transport mechanism,
and exposure pathway.

6.6.2 Identify receptors, and compare site conditions with
Tier | levels: For each exposure pathway selected, check the
receptor characterization (residential, commercial, and so
forth) where the concentrations of the chemical(s) of concern
are above the RBSL. Consider land use restrictions and
surrounding land use when making this selection. Do not
check any boxes if there are no receptors present, or likely to
be present, or if institutional controls prevent exposure from
occurring and are likely to stay in place.

6.6.3 Identify potential remedial action measures. Select
remedial action options to reduce or eliminate exposure to
the chemical(s) of concern.

6.6.4 The exposure evaluation flowchart (Fig. 2) can be
used to graphically portray the effect of the Tier | remedial
action. Select the Tier ! remedial action measure or mea-
sures {shown as valve symbols) that will break the lines
linking sources, transport mechanisms, and pathways leading
to the chemical{s) of concern above the RBSL. Adjust the
mix of remedial action measures until no potential receptors
have concentrations of chemical(s) of concerns above the
RBSL with the remedial action measures in place. Show the
most likely Tier I remedial action measure(s) selected for
this site by marking the appropriate vaive symbols on the
flowchart and recording a remedial action measure on the
right-hand-side of this figure.

6.7 Evaluation of Tier Results—At the conclusion of each
tier evaluation, the user compares the target levels (RBSLs or
SSTLs) to the concentrations of the chemtical(s) of concern at
the point(s) of compliance.

§.7.1 If the concentrations of the chemical(s) of concern
exceed the target levels at the point(s) of compliance, then
either remedial action, interim remedial action, or further
tier evaluation should be conducted. )

6.7.1.1 Remedial Action—A remedial action program is
designed and implemented. This program may include some
combination of source removal, treatment, and containment
technologies, as weil as engineering and institutional con-
trols. Examples of these include the following: soil venting,
bioventing, air sparging, pump and treat, and natural atten-
uation/passive remediation. When concentrations of chemi-
cal(s) of concern no longer exceed the target levels at the
point of compliance, then the user may elect to move to
6.7.3.
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6.7.1.2 Interim Remedial Action—If achieving the desired
risk reduction is impracticabie due to technology or resource
limitations, an intertm remedial action, such as removal or
treatment of “hot spots,” may be conducted to address the
most significant concerns, change the site classification, and
facilitate reassessment of the tier evaluation.

6.7.1.3 Further Tier Evaluation—If further tier evaluation
1s warranted, additional site assessment information may be
collected to develop SSTLs under a Tier 2 or Tier 3
evaluation. Further tier evaluation is warranted when:

(1) The basis for the RBSL values (for example, geology,
exposure parameters, point(s) of exposure, and so forth) are
not representative of the site-specific conditions; or

{2) The SSTL developed under further tier evaluation will
be significantly different from the Tier | RBSL or will
significantly modify the remedial action activities; or

(3) Cost of remedial action to RBSLs will likely be greater
than further tier evaluation and subsequent remedial action.

6.7.2 If the concentrations of chemicals of concern at the
point of compliance are less than the target levels, but the
user is not confident that data supports the conclusion that
concentrations will not exceed target levels in the future,
then the user institutes a monitoring plan to collect data
sufficient to confidently conclude that concentrations will
not exceed target levels in the future. When this data is
collected, the user moves to 6.7.3.

6.7.3 If the concentrations of chemicals of concern at the
point of compliance are less than target levels, and the user is
confident that data supports the conclusion that concentra-
tions will not exceed target levels in the future, then no
additional corrective action activities are necessary, and the
user has completed the RBCA process. In practice, this is
often accompanied by the issuing of a no-further-action
letter by the oversight regulatory agency.

6.8 Tier 2—Tier 2 provides the user with an option to
determine the site-specific point(s) of compliance and corre-
sponding SSTL for the chemicai(s} of concern applicabie at
the point(s) of compliance and source area(s). Additional site
assessment data may be required; however, the incremental
effort is typically minimal relative to Tier 1. If the user
completes a Tier 1 evaluation, in most cases, only a limited
number of pathways, exposure scenarios, and chemical(s) of
concern are considered in the Tier 2 evaluation since many
are eliminated from consideration during the Tier 1 evalua-
tion.

6.8.1 In Tier 2, the user:

6.8.1.1 Identifies the indirect exposure scenarios to be
addressed and the appropriate site-specific point(s) of com-
pliance. A combination of assessment data and predictive
modeling results are used to determine the SSTL at the
source area(s) or the point(s) of compliance, or both; or

6.8.1.2 Applies Tier | RBSL Look-Up Table values for
the direct exposure scenarios at reasonable point(s) of
exposure (as opposed to the source area(s) as is done in Tier
1). The SSTLs for source area(s) and point(s) of compliance
can be determined based on the demonstrated and predicted
attenuation (reduction in conceniration with distance) of
compounds that migrate away from the source area(s).

6.8.1.3 An example of a Tier 2 application is illustrated in
Appendix X5,
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6.8.2 Tier 2 of the RBCA process involves the develop-
ment of SSTL based on the measured and predicted attenu-
ation of the chemical(s) of concern away from the source
area(s) using relatively simplistic mathematicai models. The
SSTLs for the source areals) are generally not equal to the

'SSTL for the point(s) of compliance. The predictive equa-

tions are characterized by the following:

6.8.2.1 The models are relatively simplistic and are often
algebraic or semianalytical expressions;

6.8.2.2 Model input is limited to practicably attainable
site-specific data or easily estimated quantittes (for example,
total porosity, soil bulk density); and

6.8.2.3 The models are based on descriptions of relevant
physical/chemical phenomena. Most mechanisms that are
neglected result in predicted concentrations that are greater
than those likely to occur (for example, assuming constant
concentrations in source area(s)). Appendix X3 discusses the
use of predictive models and presents models that might be
considered for Tier 2 evaluation.

6.8.3 Tier 2 Evaluarion—Identify the exposure scenarios
where the measured concentrations of the chemical(s) of
concern are above the SSTL at the point(s) of compiiance,
and evaluate the tier results in accordance with 6.7.

6.9 Tier 3—In a Tier 3 evaluation, SSTLs for the source
area(s) and the point(s) of compliance are developed on the
basis of more sophisticated statistical and contaminant fate
and transport analyses, using site-specific input parameters
for both direct and indirect exposure scenarios. Source
area(s) and the point(s) of compliance SSTLs are developed
to correspond to concentrations of chemical(s) of concern at
the point(s) of exposure that are protective of human health
and the environment. Tier 3 evaluations commonly involve
collection of significant additional site information and
completion of more extensive modeling efforts than is
required for either a Tier 1 or Tier 2 evaluation.

6.9.1 Examples of Tier 3 analyses include the following:

6.9.1.1 The use of numerical ground water modeling
codes that predict time-dependent dissolved contaminant
transport under conditions of spatially varying permeability
fields to predict exposure point(s) of concentrations;

6.9.1.2 The use of site-specific data, mathematical
models, and Monte Carlo analyses to predict a statistical
distribution of exposures and risks for a given site; and

6.9.1.3 The gathering of sufficient data to refine site-
specific parameter estimates (for example, biodegradation
rates) and improve model accuracy in order to minimize
future monitoring requirements.

6.9.2 Tier 3 Evaluation—Identify the exposure scenarios
where the measured concentrations of the chemical(s) of
concern are above the SSTL at the point(s) of compliance,
and evaluate the tier results in accordance with 6.7 except
that a tier upgrade (6.7.5) is not available.

6.10 Implementing the Selected Remedial Action Pro-
gram—When it is judged by the user that no further
assessment is necessary, or practicable, a remedial alterna-
tives evaluation should be conducted to confirm the most
cost-effective option for achieving the final remedial action
target levels (RBSLs or SSTLs, as appropriate). Detailed
design specifications may then be developed for instailation
and operation of the selected measure. The remedial action
must continue until such time as monitoring indicates that
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concentrations of the chemical(s) of concern are not above
the RBSL or SSTL, as appropriate, at the points of compli-
ance or source area(s), or both.

6.11 RBCA Report—After completion of the RBCA activ-
ities, a RBCA report should be prepared and submitted to
the regulatory agency. The RBCA report should, at a
minimum, include the following:

6.11.1 An executive summary;

6.11.2 A site description;

6.11.3 A summary of the site ownership and use;

6.11.4 A summary of past releases or potential source
areas;

6.11.5 A summary of the current and completed site
activities;

6.11.6 A description of regional hydrogeologic conditions;

6.11.7 A description of site-specific hydrogeologic condi-
tions;

6.11.8 A summary of beneficial use;

6.11.9 A summary and discussion of the risk assessment
{hazard identification, dose response assessment, exposure
assessment, and rnisk characterization), including the
methods and assumptions used to calculate the RBSL or
SSTL., or both;

6.11.10 A summary of the tier evaiuation;

6.11.11 A summary of the analvtical data and the appro-
priate RBSL or S8TL used;

6.11.12 A summary of the ecological assessment;

6.11.13 A site map of the location;

6.11.14 An extended site map to include local land use
and ground water supply wells; _

6.11.15 Site plan view showing location of structures,
aboveground storage tanks, underground storage tanks,
buried utilities and conduits, suspected/confirmed sources,
and so forth;

6.11.16 Site photos, if available;

6.11.17 A ground water elevation map;

_ 6.11.18 Geologic cross section(s); and

6.11.19 Dissolved plume map(s} of the chemical(s) of
concern,

6.12 Monitoring and Site Maintenance—In many cases,
monitoring is necessary to demonstrate the effectiveness of
implemented remedial action measures or to confirm that
current conditions persist or improve with time. Upon
completion of this monitoring effort (if required), no further
action is required. In addition, some measures (for example,
physical barriers such as capping, hydraulic control, and so
forth) require maintenance to ensure integrity and continued
performance.

6.13 No Further Action and Remedial Action Closure—
When RBCA RBSLs or SSTLs have been demonstrated to
be achieved at the point(s} of compliance or source area(s),
or both, as appropriate, and monitoring and site mainte-
nance are no longer required to ensure that conditions
persist, then no further action is necessary, except to ensure
that institutional controls (if any) remain in place.

APPENDIXES

{Nonmandatory Information)

X1. PETROLEUM PRODUCTS CHARACTERISTICS: COMPOSITION, PHYSICAL AND CHEMICAL
PROPERTIES, AND TOXICOLOGICAL ASSESSMENT SUMMARY

X1.1 Introduction.

X1.1.1 Petroleum products originating from crude oil are
complex mixtures of hundreds to thousands of chemicals;
however, practical limitations allow us to focus only on a
limited subset of key components when assessing the impact
of petroleum fuel releases to the environment. Thus, it is
important to have a basic understanding of petroleum
properties, compositions, and the physical, chemical, and
toxicological properties of some compounds most often
identified as the key chemicals or chemicals of concem.

X1.1.2 This appendix provides a basic introduction to the
physical, chemical, and toxicologicai characteristics of petro-
leum products (gasoline, diese! fuel, jet fuel, and so forth)’
and other products focussed primarily towards that informa-
tion which is most relevant to assessing potential impacts
due to releases of these products into the subsurface. Much
of the information presented is summarized from the refer-
ences listed at the end of this guide. For specific topics, the
reader is referred to the following sections of this appendix:

5~ Alternative produets.” or those products not based on petroleum hydrocar-
bons {or containing them in small amounts), such as methanol or M85, are beyond
the scope of the discussion in this appendix.
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X1.1.2.1 Composition of Petroleum Fuels—See X1.2.

X1.1.2.2 Physical, Chemical, and Toxicological Proper-
ties of Petroleum Fuels—See X1.3.

X1.1.2.3 Chemical of Concern—See X1.4.

X1.1.2.4 Toxicity of Petroleum Hydrocarbons—See X1.5.

X1.1.2.5 Profiles of Select Compounds—See X1.6.

X 1.2 Composition of Petroleum Products:

X1.2.1 Most petroleum products are derived from crude
oil by distillation, which is a process that separates com-
pounds by volatility. Crude oils are variable mixtures of
thousands of chemical compounds, primarily hydrocarbons;
consequently, the petroleurn products themselves are also
variable mixtures of large numbers of components. The
biggest variations in composition are from one type of
product to another (for example, gasoline to motor oil);
however, there are even significant variations within dif-
ferent samples of the same product type. For example,
samples of gasoline taken from the same fuel dispenser on
different days, or samples taken from different service
stations, will have different compositions. These variations
are the natural result of differing crude oil sources, refining
processes and conditions, and kinds and amount of additives
used.
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X1.2.2 Components of Petroleum Products—The compo-
nents of petroleum products can be generally classified as
either hydrocarbons (organic compounds composed of hy-
drogen and carbon only) or as non-hydrocarbons (com-
pounds containing other elements. such as oxygen, sulfur, or
nitrogen), Hyvdrocarbons make up the vast majority of the
composition of petroleum products. The non-hydrocarbon
compounds in petroleum products are mostly hydrocarbon-
like compounds containing minor amounts of oxygen,
suifur, or nitrogen. Most of the trace levels of metals found
in crude oil are removed by refining processes for the lighter
petroleum products.

X1.2.3 Descriptions and Physical Properties of Petroleum
Products—In order to simplify the description of various
petroleum products, beiling point ranges and carbon number
{(number of carbon atoms per molecule) ranges are com-
monly used to describe and compare the compositions of
various petroleum products. Table X1.1 summarizes these
characteristics for a range of petroleum products. Moving
down the list from gasoline, increases in carbon number
range and boiling range and decreases in volatility (denoted
by increasing flash point) indicate the transition to “heavier
products.” Additional descriptions of each of these petro-
leum products are provided as follows.

X1.2.4 Gasoline—Gasoline 15 composed of hydrocarbons
and “additives” that are blended with the fuel to improve
fuel performance and engine longevity. The hydrocarbons
fall primarily in the C4 to C12 range. The lightest of these are
highly volatile and rapidly evaporate from spilled gasoline.
The C4 and C5 aliphatic hydrocarbons rapidly evaporate
from spilled gasoline (hours to months, depending primarily
on the temperature and degree of contact with air), Substan-
tial portions of the C6 and heavier hydrocarbons also evap-
orate, but at lower rates than for the lighter hydrocarbons.

X1.2.4.1 Figure X1.] shows gas chromatograms of a fresh
gasoline and the same gasoline after simulated weathering;
air was bubbled through the gasoline until 60 % of its initial
volume was evaporated. In gas chromatography, the mixture
is separated into its components, with each peak representing
different compounds. Higher molecular weight components
appear further to the right along the x-axis. For reference,
positions of the n-aliphatic hydrocarbons are indicated in
Fig. X!I.1. The height of, and area under, each peak are
measures of how much of that component is present in the
mixture. As would be expected by their higher volatilities,
the lighter hydrocarbons (up to about C7) evaporate first and
are greatly reduced in the weathered gasoline. The gas
chromatogram of a fuel oil is also shown for comparnison.

X1.2.4.2 The aromatic hydrocarbons in gasoline are pri-
marily benzene (CyHg), toluene (C,Hy), ethylbenzene
(CsH p), and xylenes (CyH o); these are collectively referred
to as “BTEX.” Some heavier aromatics are present also,
including low amounts of polyaromatic hydrocarbons
(PAHs). Aromatics typically compnise about 10 to 40 % of
gasoline.

X1.2.4.3 Oxygenated compounds (“oxygenates™) such as
alcohols {for example. methanol or ethanol) and ethers (for
example, methyl tertiarybutyl ether—MTBE) are sometimes
added to gasoline as oactane boosters and to reduce carbon
monoxide exhaust emissions. Methyl tertiarbutyl ether has
been a common additive only since about {980.
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X1.2.4.4 Leaded gasoline, which was more common in
the past, contained lead compounds added as octane
boosters. Tetraethyl lead (TEL) is one lead compound that
was commonly used as a gasoline additive. Other similar
compounds were also used. Sometimes mixtures of several
such compounds were added. Because of concerns over
atmospheric emisstons of lead from vehicle exhaust, the EPA
has reduced the use of leaded gasolines. Leaded gasolines
were phased out of most markets by 1989.

X1.2.4.5 In order to reduce atmospheric emissions of
lead, lead “scavengers” were sometimes added to leaded
gasolines. Ethylene dibromide (EDB) and ecthylene
dichloride (EDC) were commonly used for this purpose.

X1.2.5 Kerosene and Jet Fuel—The hydrocarbons in
kerosene commonly fall into the CIl to C13 range, and
distill at approximately [50 1o 250°C. Special wide-cut (that
is, having broader boiling range) kerosenes and low-flash
kerosenes are also marketed. Both aliphatic and aromatic
hydrocarbons are present, including more multi-ing com-
pounds and kerosene.

X1.2.5.1 Commercial jet fuels JP-8 and Jet A have similar
compositions 10 kerosene. Jet fuels JP-4 and JP-5 are wider
cuts used by the military. They contain lighter distillates and
have some characteristics of both gasoline and kerosene,

X1.2.5.2 Aromatic hydrocarbons comprise about 10 to
20 % of kerosene and jet fuels.

X1.2.6 Diesel Fuel and Light Fuel Oils—Light fuel oils
include No. | and No. 2 fuel oils, and boil in the range from
160 to 400°C. Hydrocarbons in light fuel cils and diesel fuel
typically fall in the C10 to C20 range. Because of their higher
molecular weights, constituents in these products are less
volatile, less water soluble, and less mobile than gasoline- or
kerosene-range hydrocarbons.

X1.2.6.1 About 25 w0 35 % of No. 2 fuel oil is composed
of aromatic hydrocarbons, primarily alkylated benzenes and
naphthalenes. The BTEX concentrations are generally low.

X1.2.6.2 No. | fuel oil is typically a straight run distillate.

X1.2.6.3 No. 2 fuel oil can be either a straight run
distillate, or eise is produced by catalytic cracking (a process
in which larger molecules are broken down into smaller
ones). Straight run distillate No. 2 is commonly used for
home heating fuel, while the cracked product is often used
for industrial furnaces and boilers. Both No. | and No. 2 fuel
oils are sometimes used as blending components for jet fuel
or diesel fuel formulations.

X1.2.7 Heavy Fuel Oils—The heavy fuel oils include
Nos. 4, 35, and 6 fuel oils. They are sometimes referred to as
“gas oils” or “residual fuel oils.” These are composed of
hydrocarbons ranging from about C19 to C25 and have a
boiling range from about 315 to 340°C. They are dark in
color and considerably more viscous than water. They
typically contain 15 to 40 % aromatic hydrocarbons, domi-
nated by alkylated phenanthrenes and naphthalenes. Polar
compounds containing nitrogen, sulfur, or oxygen may
comprise 13 to 30 % of the oil.

X1.2.7.1 No. 6 fuel oil, also called “Bunker Fuel” or
“Bunker C,” is a gummy black product used in heavy
industrial applications where high temperatures are available
to fluidize the oil. Its density is greater than that of water,

X1.2.7.2 Nos. 4 and 5 fuel oils are commonly produced
by blending No. 6 fuel oil with lighter distillates.
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X1.2.8 Motor Qils and Other Lubricating Oils—Lubri-
cating olls and motor otls are predominately comprised of
compounds in the C20 to C45 range and boil at approxi-
mately 425 to 540°C. They are enriched in the most complex
molecular fractions found in crude oil, such as cycloparaffins
and PNAs having up to three rings or more. Aromatics may
make up 10 10 to 30 % of the oil. Molecules containing
nitrogen, suifur, or oxygen are also common. In addition,
used automative crankcase oils become enriched with PNAs
and certain metals.

X1.2.8.1 These oils are relatively viscous and insolubie in
ground water and relatively immobile in the subsurface.

X1.2.8.2 Waste oil compositions are even more difficult
to predict. Depending on how they are managed, waste oiis
may contain some portion of the lighter products in addition
to heavy oils. Used crankcase oil may contain wear metals
from engines. Degreasing solvents (gasoline, naphtha, or
light chlorinated solvents, or a combination thereof) may be
present in some wastes.

X1.3 Physical, Chemical, and Toxicological Characteris-
tics of Petroleum Products:

X1.3.1 Trends in Physical/Chemical Properties of Hydro-
carbons—In order to better understand the subsurface be-
havior of hydrocarbons it is helpful to be able to recognize
trends in important physical propertics with increasing
number of carbon atoms. These trends are most closely
followed by compounds with similar molecular structures,
such as the straight-chained, single-bonded aliphatic hydro-
carbons. In general, as the carbon number (or molecule size)
increases, the following trends are observed:

X1.3.1.1 Higher boiling points {(and melting points),

X1.3.1.2 Lower vapor pressure (volatility),

X1.3.1.3 Greater density,

X1.3.1.4 Lower water solubility, and

X1.3.1.5 Stronger adhesion to soils and less mobility in
the subsurface,

X1.3.2 Tabie X 1.2 lists physicat, chemical, and toxicolog-
ical properties for a number of hydrocarbons found in
petroleum products. In general:

X1.3.2.1 Aliphatic petroleum hydrocarbons with more
than ten carbon atoms are expected to be immobile in the
subsurface, except when dissolved in nonaqueous phase
liguids (NAPLs), due to their low water solubilities, low
vapor pressures, and strong tendency to adsorb to soil
surfaces.

X1.3.2.2 Aromatic hydrocarbons are more water soluble
and moebile in water than aliphatic hydrocarbons of similar
molecular weight.

X1.3.2.3 Oxygenates generally have much greater water
solubilities than hydrocarbons of simutar molecular weight,
and hence are likely to be the most mobile of petroleum fuel
constituents in leachate and ground water. The light
alcohols, inctuding methanol and ethanol, are completely
miscible with water in all proportions.

X1.3.3 Properties of Mixtures—It is important to note
that the partitioning behavior of individual compounds is
affected by the presence of other hydrocarbons in the
subsurface. The maximum dissolved and vapor concentra-
tions achieved in the subsurface are always less than that of
any pure compound, when it is present as one of many
constituents of a petroleum fuel. For example, dissolved
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benzene concentrations in ground water contacting gasoline-
impacted soils rarely exceed | to 3 % of the ~1800-mg/L
pure component solubility of benzene.

X1.3.4 Trends in Toxicological Properties of Hydrocar-
bons—A more detailed discussion of toxicological assess-
ment is given in X1.5 (see also Appendix X3), followed by
profiles for select chemicals found in petroleum products
given in X1.6. Of the large number of compounds present in
petroleum products, aromatic hydrocarbons (BTEX, PAHs,
and so forth) are the constituents that human and aquatic
organisms tend to be most sensitive to (relative to producing
adverse health impacts).

X1.4 Chemicals of Concern for Risk Assessments:

X1.4.1 It is not practicable to evaluate every compound
present in a petroleum product to assess the human health or
environmental risk from a spill of that product. For this
reason, risk management decisions are generally based on
assessing the potential impacts from a select group of
“indicator” compounds. It is inherently assumed in this®
approach that a significant fraction of the total potential
impact from all chemicals is due to the chemicals of concern.
The selection of chemicals of concern is based on the
consideration of exposure routes. concentrations, mobilities,
toxicological properties, and aesthetic characteristics (taste.
odor, and so forth). Historically, the relatively low toxicities
and dissolved-phase mobilities of aliphatic hydrocarbons
have made these chemicals of concern of less concern
relative to aromatic hydrocarbons. When additives are
present in significant quantities, consideration should also be
given to including these as chemicals of concern.

X1.4.2 Table X1.3 identifies chemicals of concern most
often considered when assessing impacts of petroleum prod-
ucts, based on knowledge of their concentration in the
specific fuel, as well as their toxicity, water solubility,
subsurface mobility, aesthetic characteristics, and the avail-
ability of sufficient information to conduct risk assessments.
The chemicals of concern are identified by an “X” in the
appropriate column.

X1.5 Toxicity of Petroleum Hydrocarbons:

X1.5.1 The following discussion gives a brief overview of
origin of the toxicity parameters (reference doses (RIDs)),
and slope factors (SFs), a justification for common choices of
chemicals of concern and then, in X1.6, a brief summary of
the toxicological, physical, and chemical parameters associ-
ated with these chemicals of concern.

X1.5.2 How Toxicity Is Assessed: Individual Chemicals
Versus Mixtures—The toxicity of an individual chemical is
typically established based on dose-response studies that
estimate the relationship between different dose levels and
the magnitude of their adverse effects (that is, toxicity). The
dose-response data is used to identify a “safe dose” or a toxic
level for a particular adverse effect. For a complex mixture of
chemicals, the same approach can be used. For example, to
evaluate the toxicity of gasoline, a “pure” reference gasoline
would be evaluated instead of the individual chemical. This,
“whole-product™ approach to toxicity assessment is strictly
applicable only to mixtures identical to the evaluated mix-
ture; gasolines with compositions different from the refer-
ence pasoline might have toxicities similar to the reference,
but some differences would be expected. In addition, as the
composition of gasoline released to the environment changes
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through natural processes (volatilization, leaching, biodegra-
dation), the toxicity of the remaining portion may change
also,

X1.5.3 An alternative to the “whole-product”™ approach
for assessing the toxicity of mixtures is the “individuai-
constituent” approach. In this approach, the toxicity of each
individual constituent (or a selected subset of the few most
toxic constituents, so-called chemicals of concern) is sepa-
rately assessed and the toxicity of the mixture 1s assumed to
be the sum of the individual toxicities using a hazard index
approach. This approach is often used by the USEPA;
however, it is inappropriate to sum hazard indices unless the
toxicological endpoints and mechanisms of action are the
same for the individual compounds. In addition, the com-
pounds to be assessed must be carefully selected based on
their concentrations in the mixture, thetr toxicities, how well
their toxicites are known, and how mobile they are in the
subsurface. Lack of sufficient toxicological information is
often an impediment to this procedure,

X1.5.4 Use of TPH Measurements in Risk Assessments—
Various chemical analysis methods commoniy referred 1o as
TPH are often used in site assessments, These methods
usually determine the total amount of hvdrocarbons present
as a single number, and give no information on the types of
hydrocarbon present. Such TPH methods may be useful for
risk assessments where the whole product toxicity approach
is appropriate. However in general, TPH should not be used
for “individual constituent” risk assessments because the
general measure of TPH provides insufficient information
about the amounts of individual compounds present.

X1.5.5 Toxicity Assessment Process—Dose-response data
are used to identify a “safe dose” or toxic level for a
particular observed adverse effect. Observed adverse effects
can include whole body effects (for example, weight loss,
neurological observations), effects on specific body organs,
including the central nervous system, teratogenic effects
{defined by the ability to produce birth defects), mutagenic
effects (defined by the ability to alter the genes of a cell), and
carcinogenic effects (defined by the ability to produce
malignant tumors in living tissues). Because of the great
concern over risk agents which may produce incremental
carcinogenic effects, the USEPA has developed weight-
of-evidence criteria for determining whether a risk agent
should be considered carcinogenic (see Table X1.2).

X1.5.6 Most estimates of a “safe dose™ or toxic level are
based on animal studies. In rare instances, human epidemi-
ological information is available on a chemical. Toxicity
studies can generally be broken into three categories based
on the number of exposures to the risk agent and the length
of time the study group was exposed to the risk agent. These
studies can be described as follows:

X1.5.6.1 Acute Studies—Acute studies typically use one
dose or multiple doses over a short time frame (24 h).
Symptoms are usually observed within a short time frame
and can vary from weight loss to death.

X1.5.6.2 Chronic Studies—Chronic studies use multiple
exposures over an extended period of time, or a significant

fraction of the animal’s (typically two years) or the individ- -

ual’s lifetime. The chronic effects of major concern are
carcinogenic, mutagenic, and teratogenic effects. Other

chronic health effects such as liver and kidney damage are
also important.

X1.5.6.3 Subchronic Studies—Subchronic studies use
multiple or continuous exposures over an extended period
(three months is the usual time frame in animal studies}.
Observed effects include those given for acute and chronic
studies.

X1.5.6.4 Ideally, safe or acceptable doses are calculated
from chronic studies, although, due to the frequent paucity
of chronic data, subchronic studies are used.

X1.5.6.5 For noncarcinogens, safe doses are based on no
observed adverse effect levels (NOAELs) or lowest observed
adverse effect levels (LOAELs) from the studies.

X1.5.6.6 Accepiable doses for carcinogens are determined
from mathematical models used to generate dose-response
curves in the low-dose region from experimentaily deter-
mined dose-response curves in the high-dose region.

X1.5.7 Data from the preceding studies are used to
generate reference doses (RfDs), reference concentrations
(RfCs), and slope factors (8Fs) and are also used in gener-
ating drinking water maximum concentration levels (MCLs)
and goals (MCLGs), health advisories (HAs), and water
quality criteria. These terms are defined in Table X 1.4 and
further discussed in X3.6.

X1.5.8 Selection of Chemicals of Concern—The impact
on human health and the environment in cases of gasoline
and middle distillate contamination of spils and ground
water can be assessed based on potential receptor (that is,
aquatic organisms, human) exposure to three groups of
materials: light aromatic hvdrocarbons, PAHs, and in older
spills, lead. Although not one of the primary contaminanis
previously described, EDB and EDC were used as lead
scavengers in some leaded gasolines and may be considered
chemicals of concern, when present,

X1.5.9 The light aromatics, benzene, toluene, xylenes,
and ethylbenzene have relatively high water solubility and
sorb poorly to soils. Thus, they have high mobility in the
environment, moving readily through the subsurface. When
released into surface bodies of water, these materials exhibit
moderate to high acute toxicity to aquatic organisms. Al-
though environmental media are rarely contaminated to the
extent that acute human toxicity is an issue, benzene is listed
by the USEPA as a Group A Carcinogen (known human
carcinogen) and, thus, exposure to even trace levels of this
material is considered significant.

TABLE X1.1 Generalized Chemical and Physical Characterization
of Patroleum Products
Fgﬂ‘:"ﬁ;t Bom‘n% élange. Flasholéoint, A
Range
Gasoling Cato C12 25t0 215 —44
Kerosene and Jat C11to C13 150 to 250 «<21,8 21 10 55,¢
Fuels >55°
Diesel Fuel and Light  C10 to C20 160 to 400 =35
Fuel Oils
Heavy Fuel Cils C19to C25 315 to 540 =50
Motor Qils and Qther €20 to C45 425 o 540 >175
Lubricating Qils

4 Typical values.

2 Jet-B, AVTAG and JP-4,

€ Kerosene, Jet A, Jat A-1, JP-8 and AVTUR.
& AVCAT and JP-5.
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FIG. X1.1 Gas Chromatograms of Some Petroleum Fuels

X1.5.10 Polycyclic aromatics can be broken into two
categories: naphthalenes and methylnaphthalenes (dia-
romatics) have moderate water solubility and soil sorption
potential and, thus, their movement through the subsurface
tends to be less than monoaromatics, but substantial move-
ment can still occur. When released into surface bodies of
water, these materials have moderate to high toxicity to
aquatic organisms. The PAHs with three or more condensed
rings have very low solubility (typically less than 1 mg/L)
and sorb strongly to soils. Thus, their movement in the
subsurface is minimal. Several members in the group of three
to six-ring PAHs are known or suspected carcinogens and,
thus, exposure to low concentrations in drinking water or
through the consumption of contaminated soil by children is
significant. In addition, materials containing four to six-ring
PAHs are poorly biodegradable and, coupled with the
potential to bioaccumulate in tissues of aquatic organisms,
these materials have the potential to bioconcentrate (be
found at levels in living tissue far higher than present in the
general surroundings) in the environment.

X1.5.11 Although almost totally eliminated from use in
gasolines in the United States, lead is found associated with
older spills. Lead was typicaily added to gasoline either as
tetraethyl or tetramethyl lead and may still be found in its
original form in areas containing free product. Typically
outside the free product zones, these materials have decom-
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posed into inorganic forms of lead. Lead is a neurotoxin and
lead in the blood of children has been associated with
reduced intellectual development. The ingestion by children
of lead-contaminated soils is an exposure route of great
concern, as is the consumption of lead-contaminated
drinking water. Ethylene dibromide and ethylene dichloride,
used as lead scavengers in gasolines, are of concern because
of their high toxicity (potential carcinogens) and their high
mobility in the environment.

X1.5.12 In summary, benzene and benzo{a)pyrene (and
in some cases EDB and EDC) are chemicals of concern
because of their carcinogenicity. Other PAHs may also be
grouped with B(a)P because of uncertainties in their carcino-
genicity and because they may accumulate (bioconcentrate)
in living tissue.

X1.5.13 Toxicity and Physical/Chemtical Properties for
Chemicals of Concern—A summary of health effects and
physical/chemical properties for a number of chemicals of
concern is provided in Table XI1.2. This table provides
toxicological data from a variety of sources, regardless of
data quality. A refined discussion for selected chemicals of
concern is given as follows. The reader is cautioned that this
information is only current as of the dates quoted, and the
sources quoted may have been updated, or more recent
information may be available in the peer-reviewed literature.
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TABLE X1.2 Chemical and Toxicological Properties of Selected Hydrocarbons
Qctanol/Water Qrganic Carbon

Wesght of

. Qrai RIDY Imhalation RIC, Oral Slope Factor,”  Drinking Water Solubility, 8 Partition Adsorption
Compounds E(‘;‘l‘;:;‘ie mg/kg-day mg/m?3 ma/kg-day~? MCL,* mg/L mgjfL Coefficient,? Coefficient, ®
’ 108 Kow 100 Koo

Berizeng A 3 £G Q.028¢ 0.005 1750 213 1.58
Taluene D 0.24 0.44 .. 1 535 2.85 213
Ethylbenzene D 0.14 14 ce a7 152 313 198
Xylenes ¥ 24 0.3cE v 10.0 198 3.26 238
n-Hexane £ 0.06%, 0.6° 0.2° e e 13- AR ...
MTBE Ce £ 3 Ce Ve 48 000™ 1.06~1.30% 1.08°
MEK D 0.64 1A - 4 268000 0.26 0.65
MIBK, - 0.05¢, .52 0.08¢.€, 0.8° ... e ...
Methanoi 0.54 £
Ethanol .- . . . ces 1 000 000 -0.032 0.34
Lead B2 0.0154
EDC B2 L. . 0.091 0.008 8520 1.48 1.15
EDB B2 .- £ 85 0.00008 4300 1.76 1.64
PNAs:
Pyrene D 0.034 . .. e 0.132 4.88 4.58
Benzo{ajpyrene B2 .- .- 7.3 0.0002% 0.00120 5.98 5.59
Anthracene D 0.34 . . . 0.0450 4.45 4,15
Phenanthrene D e - - - 1.00 4.46 415
Naphthalene - DE 0.004C, 0.04° - Co. . 31.0¢ 328t 311F
Chrysene B2 ... . 1.154 0.0002 0.00180 561 5.30
Benzofk)fiuoranthene B2 e - . - 0.0002% 0.430 6.06 574
Fluorene D D.044 e ... ... 1.69 4.20 3.86
Fluoranthens D 0.044 e e - 0.206 4.90 4.56
Benzafg,hijperylerne D e e Ca - 0.000700 6.51 6.20
Benza(b)fluoranthene B2 .. el ces 0.0002% 0.0140 6.06 574
Benz{g)anthracene B2 .- .- e 0.0002% 0.00670 5.60 6.14

A See Ref (2).

8 See Ref (4).

€ Chronic effect. See Ref (5).
© Subchronic effect. See Ref {5).
& The data is pending in the EPA-IRIS database.
F The data has been withdrawn in the EPA-IRIS database.
& The inhalation unit risk for benzene is 8.3 x 10~2 (mg/m3)~*. The drinking water unit is 8.3 x 10— (mg/L).
H See Ref {6). Health-based criteria for carcinogenic polycyclic aromatic compounds (PAHS) with the exception of ditenzofa hjanthracene are set at one tenth of the
level of benzo{a)pyrene due to their recognized lesser potency.
f Listed in the January 1991 Drinking Water Priority List and may be subject to future regulation (56 FR 1470, 01/14/91).
< USEPA. May 1993. Office of Drinking Water. 13 pg/L is an action level; standard for tap water.
¥ Propased standard.
L See Ref (7).
M See Raf (8).
N Spe Ref (9).
@ Estimation Equation (from {10)):
{1) log Koe = —0.55 log S + 3.64, where S = water solubility fmg/L)
) log Koo = 0.544 log P + 1.377
? Sea Ref (11).

X1.5.13.1 The RfD or SF values are generally obtained TABLE X1.3 Commonly Selected Chemicals of Concemn for
from a standard set of reference tables (for example, Inte- Petroleum Products
grated Risk Information System, IRIS (2), or the Health Uneaded  Lesded Kerosene/ D15V Hlf:;y
Effects Assessment Summary Tables, HEAST (3)). Except as Gasoiine  Gasoline Jet Fuels Fu"'e'ggt"s ol
noted, the toxicity evaluations that follow were taken from Fy— " X X
IRIS (2) because these are EPA-sanctioned evaluations. The Toluene X X X
information in IRIS (2), however, has typically only been  Ethyibenzene X X X
peer-reviewed within the EPA and may not always have :1%"5 TBA, wlfen w: en X
support from the external scientific community. The infor- MEK, MIBK, suspected”  suspected”
mation in IRIS may also be subject to error (as exampled by methanol, ethanal
recent revisions in the slope factor for B{a)P and RfC for :;:a:s.;c_nc. E08 o x ‘% % %
MTRBE).

- . A 3 m.. - m .
X1.5.13.2 HEAST (3) is a larger database than TRIS (2)  gaosts. meont ctertens s aor oront m ol gacoimee. - 1 e spied

and is often used as a source of health effects information. 8 A list of selected PNAS for consideration is presented in Table X1.2.
Whereas the information in IRIS (2) has been subject to data

quality review, however, the information in the HEAST (3)  tations of the data in HEAST (3). Thus, care should be
tables has not. The user is expected to consult the original  exercised in using the values in HEAST (3).

assessment documents to appreciate the strengths and limi- X1.5.13.3 References for the physical/chemical properties
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are provided in Table X1.2. All Henrv’s law constants
guoted 1n text are from Ref (11) except MTBE which is from
estimation: H = (V XMW)/760(S), where MW is the
molecular weight, ¥, = 414 mmHg at 100°F, and S = 48 000
mg/L.

X1.6 Profiles of Select Compounds:

X1.6.1 Benzene:

X1.6.1.1 Toxicitv Surmmary—Based on human epidemi-
ological studies, benzene has been found to be a human
carcinogen {classified as a Group A carcinogen, known
human carcinogen by the USEPA). An oral slope factor of
2.9 x 1072 (mg/ke/day)”! has been derived for benzene
based on the observance of leukemia from occupational
exposure by inhalation. The USEPA has set a drinking water
maximum contaminant level (MCL) at 5 ug/L. The max-
imum contaminant level goal (MCLG) for benzene is set at
Zero.

X1.6.1.2 Although the EPA does not usually set long-term
drinking water advisories for carcinogenic materials {no
exposure to carcinogens is considered acceptable), a ten-day
drinking water health advisory for a child has been set at
0.235 mg/L based on hematological impairment in animals.
The EPA is in the process of evaluating noncancer effects
and an oral RfD for benzene is pending.

X1.6.1.3 In situations in which both aquatic life and
water are consumed from a particular body of water, a
recommended EPA water quality criterion is set at (.66
pug/L. When only aquatic organisms are consumed, the
criterion is 40 pg/L. These criteria were established at the
one-in-one-million risk level (that is, the criteria represent a
one-in-one-million estimated incremental increase in cancer
risk over a lifetime).

X1.6.1.4 Physical/Chemical Parameter Summary—Ben-
zene 15 subject to rapid volatilization (Henry’s law constant
= 5.5 ¥ 1073 m?-atm/mol) under common above-ground
environmental conditions. Benzene will be mobile in soils
due to its high water solubility (2.75 x 10° pg/L) and
relatively low sorption to soil particles {log X, = 1.92) and,
thus, has the potential to leach into ground water. Benzene
has a relatively low log K, value (2.12) and is biodegradable.
Therefore, it is not expected to bioaccurnulate. In laboratory
tests, when a free gasoline phase was in equilibrium with
water, typical benzene concentrations in water ranged from
242 x 10%to 111 x 10° pug/l.

X1.6.2 Toluene:

X1.6.2.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for toluene at 0.2
mg/kg/day. In converting a NOAEL from an animai study,
in which the cntical effect observed was changes in liver and
kidney weights, an uncertainty factor of 1000 and a modi-
fying factor of | were used, The EPA has assigned an overall
medium level of confidence in the RfD because, although the
principal study was well performed, the length of the study
corresponded to only subchronic rather than a chronic
evaluation, and reproductive aspects were lacking. Based on
the RfD and assuming 20 % exposure from drinking water,
the EPA has set both drinking water MCL and MCLG of

1000 pg/L. Dnnking water health advisories range from 1 -

mg/L (lifetime equivalent to the RfD) to 20 mg/L (one-day
advisory for a chiid).
X1.6.2.2 In situations in which both aquatic life and
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water are consumed from a particular body of water, .the
recommended water quality criterion is set at (.43 x [0
ug/L. When only aquatic organisms are consumed, the
criterion is 4.24 x 10° pg/L.

X1.6.2.3 An inhalation RfC of 0.4 mg/m> was derived
based on neurological effects observed in a small worker
population. An uncertainty factor of 300 and a meodifying
factor of 1 were used to convert the lowest observed adverse
effect level (LOAEL) to the RFC. The overall confidence in
the RfC was established as medium because of the use of a
LOAEL and because of the paucity of exposure information.

X1.6.2.4 Physical/Chemical Parameter Summary—Tol-
uene is expected to volatilize rapidly, under common above-
ground environmental conditions, due to its relatively high
Henry’s law constant (6.6 X 107 m*-atm/mol). It will be
mobile in soils based on an aqueous sofubility of 5.35 x 103
ug/L and relatively poor sorption to soils (estimated log K.
= 2.48) and, hence, has a potential to leach into ground
water. Toluene has a relatively low log K, (2.73) and is
biodegradabie. Bioaccumulation of toluene is, therefore,
expected to be negligible. In laboratory tests, when a free
gasoline phase was in equilibrium with water, typical toluene
concentrations in water ranged from 3.48 % 10% to 8.30 x
10* pg/L.

X1.6.3 Xvlenes:

X1.6.3.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for xvienes at 2.0
me/kg/day. In converting a NOAEL from the animal study,
in which the critical effects observed were hyperactivity,
decreased body weight, and increased mortality (among male
rats), an uncertainty factor of 100 and a modifying factor of
| were used, The EPA has assigned an overall medium level
of confidence in the RfD because, although the principal
study was well designed and performed, supporting chem-
istry was not performed. A medium level of confidence was
also assigned to the database. Based on the RfD and
assuming 20 % exposure from drinking water, the EPA has
set both drinking water MCL and MCLG of 10000 g/L.
Drinking water health advisories of 10 mg/L (lifetime, adult)
and 40 mg/L {one-day, ten-day, and long-term child) are

-quoted by the EPA’s Office of Drinking Water. No USEPA

ambient water criteria are available for xylenes at this time.
Evaluation of an inhalation RfC is pending.

X1.6.3.2 Physical/Chemical Parameter  Summary—
Xylenes are expected to rapidly volatilize under common
above-ground environmental conditions based on their Hen-
ry’s law constants (for o-xylene, H = 5.1 x 107
m3-atm/mol). Xylenes have a moderate water solubility
(1.46 to 1.98 > 10° pg/L) (pure compound) as well as
moderate capacities to sorb to soils (estimated log K. 2.38 to
2.79) and, therefore, they will be mobile in soils and may
leach into ground water. Xylenes are biodegradable, and
with log K,,,, values in the range from 2.8 to 3.3, they are not
expected to bipaccumulate.

X1.6.4 Ethylbenzene:

X1.6.4.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for ethylbenzene at
0.1 mg/kg/day. In converting a NOAEL from the animal
study, in which the critical effects observed were liver and
kidney toxicity, an uncertainty factor of 1000 and a modi-
fying factor of 1 were used. The EPA has assigned an overall
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TABLE X1.4 Weight of Evidence Criteria for Carcinogens

Category Critenon

A Human carcinogen, with sufficient evidence from epidemicliogical
studies

B1 Probable human carcinogen, with liited evidence from epide-
miological studies

B2 Probable human carcinogen, with sufficient evidence from animal
studies and inadequate evidence or no data from epidemiciogical
studies

[ Possible human carcinpgen, with limited evidence from animat
studies in the absence of human data

o] Not classifiable as to human carcinogenicity, owing to inadequate
human and armal evidence

E Evidence of noncarcinogenicity for humans, with no evidence of

carcinogenicity in at least two adequate amimal tests in different
species, or in both adequate animal and epidemiological studies

low level of confidence in the RfD because the study was
poorly designed and confidence in the supporting database is
also low. Based on the RfD and assuming 20 % exposure
from drinking water, the EPA has set both drinking water
MCL and MCLG of 700 pg/L. Drinking water health
advisories range from 700 pg/L (lifetime equivalent to the
R{D) to 32 mg/L (one-day advisory for a child). In situations
in which both aquatic life and water are consumed from a
particular body of water, 2 recommended ambient water
criterion is set at 1400 pg/L. When only aquatic organisms
are consumed. the criterion is 3280 pg/L. An inhalation RfC
of { mg/m® was derived based on developmental toxicity
effects observed in rats and rabbits. An uncertaintyv factor of
300 and a modifying factor of 1 were used to convert the
NOAEL to the RfC. Both the study design and database were
rated low and, thus, the overall confidence in the RfC was
established as low,

X1.6.4.2 Physical/Chemical  Parameter  Summary—
Ethylbenzene has a relatively high Henry's law constant (8.7
x 107* m*-atm/mol) and, therefore, can rapidly volatilize
under common above-ground environmental conditions.
Based on its moderate water solubility (1.52 x 10® ug/L) and
moderate capacity to sorb to soils (estimated log X, = 3.04),
it will have moderate mobility in soil and may leach into
ground water. [n laboratory tests. when a free gasoline phase
was in equilibrium with water, typical combined ethylben-
zene and xylenes concentrations in water ranged {rom 1.08 x
10* t0 2.39 x 10* pg/L, due to partitioning effects. Ethyl-
benzene has a moderate low K, value (3.15) and is biode-
gradable. Therefore, it is not expected to bicaccumulate. In
laboratory tests, when a free pasoline phase was in equilib-
rium with water, typical combined ethyibenzene and xylenes

concentrations in water ranged from 1.08 x 10* to 2.39 x
104 ng/L.

X1.6.3 Naphthalenes:

X1.6.3.1 Toxicity Summary—In general, poisoning may
occur by ingestion of large doses, inhalation, or skin adsorp-
tion of naphthalene, It can cause nausea, headache,
diaphoresis, hematuria, fever, anemia, liver damage, vom-
iting, convulsions, and coma. Methylnaphthatenes are pre-
sumably less acutely toxic than naphthalene. Skin irritation
and skin photosensitization are the only effects reported in
man. Inhalation of the vapor may cause headache, confu-
sion, nausea, and sometimes vomiting. The environmental
concerns with naphthalenes are primarily attributed to
effects on aquatic organisms. As a consequence, the EPA has
not set any human health criteria for these materials (that is,
there is no RfD or RfC, no drinking water MCL or MCLG
or ambient water quality criteria). A nsk assessment to
define a RfD for these materials is presently under review by
the EPA. Drinking water health advisories range from 20

ug/L (lifetime, adult) to 500 pg/L (one-day adwvisory for a

child).

X1.6.5.2 Physical/Chemical Parameter Summary: Naph-
thalene—Naphthalene has a relatively high Henry's law
constant (1.15 x 107? ml.atm/mol) and, thus, has the
capacity to volatilize rapidly under common above-ground
environmental conditions. [t has a moderate water solubility
{3.10 x 10* pg/L) and tog K. (3.1 1} and has the potential to
leach to ground water. A moderate log X,,, value of 3.01 has
been reported, but because naphthalene is very biodegrad-
able, it is unlikely to bioconcentrate to a significant degree.

X1.6.5.3 Methylnaphthalenes—Henry's law constants
(2.60 x 10~% m3*-atm/mol and 5.18 x (0% m3-atm/mol for
1- and 2-methylnaphthalene, respectively) suggest that these
materials have the potential to volatilize under common
above-ground environmental conditions. 1-Methyl-
paphthalene exhibits a water solubility similar to naphtha-
lene (2.60 x 10* ng/L 10 2.8 x 10* pug/L). However, solubility
decreases with increasing alkylation (dimethylnaph-
thalenes: 2.0 x 10° pg/L to 1.1 x 10* ug/L, 1,4.5-
trimethylnaphthalene: 2.0 x 10° pg/L). These materials are,
therefore, expected to be slightly mobile to relatively immo-
bile in soil (for example, log K, is in the range from 2.86 to
3.93 for |- and 2-methylnaphthalenes), In aquatic systems,
methylnaphthalenes may partition from the water coiumn to

6 Office of Water. USEPA. Washington, DC,

TABLE X1.5 Definitions of Important Toxicological Characteristics

Reference Dose—A reference gdose is an estimate {with an uncertainty typically spanning an qrder of magnitude) of a daiy exposure (mg/kg/day) to tha general human
papulation {including sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime of exposure.

Reference Concentration—A reference concentration is an estimate (with an uncertainty spanning perhaps an order of magnitude) of a continuous exposure to the
human population (including sensitive subgroups) that is likely to be without appreciabie deleterious effects during a lifetime.

Siope Factor—The siope of the doseresponse curve in the low-dose region. Whan tow-dose linearity cannot be assumed, the slope factor is the slope of the straight
line trom zero dose to the dose at 1 % excess risk. An upper bound on this siope is usually used instead of the slope itself. The units of the slope factar are usually
expressed as (mg/kg/day).~" .

Orirking Water MCLs and MCLGs-—Maximum contaminant levels (MCLs) are drinking water standards established by the EPA that are protective of human health.
However, these standards take into account the technolegical capability of artaining these standards. The EPA has, therefore, also estahlished MCL goals (MCLGs)
which are based only on the protection of human heaith. The MCL standards are often used as clean-up criteria.

Drinking Water Heafth Advisories—The Qffice of Drinking Water provides health advisories {HAs) as technical guidance for the protection of human health. They are not
enforceable federal standards. The HA's are the concentration of a substance. in drinking water estimated to have negligible deleterious effects in humans, when
ingested for specified time periods.

Water Quality Criterla—These criteria are not rules and they do not have regulatory impact. Rather, these criteria present scientific data and guidance of the
environmental effects of poliutants which can be useful to derive regulatory requirements based an considerations of water quality impacts.
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organic matter contained in sediments and suspended solids.
Methylnaphthalenes have high log K, values (greater than
3.5) and have the potential to bioaccumulate, They do,
however, exhibit a moderate degree of biodegradation, which
typicallv decreases with increased alkylation.

X1.6.6 Three to Six-Ringed PAHs—The most significant
health effect for this class of compounds is their carcinoge-
nicity, which is structure-dependent. Anthracene and
phenanthrene have not been shown to cause cancer in
laboratory animals. The available data does not prove pyrene
to be carcinogenic to experimental animals. On the other
hand, benz[a]-anthracene, benzo[a]pyrene, dibenz[a,h]anth-
racene, and 7,12-dimethylbenz[al-anthracene have been
shown to be carcinogenic in laboratory animals. B(a)P and
pyrene are discussed in X 1.6.7 and X1.6.8 as representatives
of carcinogenic and noncarcinogenic effects of this class.

X1.6.7 Bernzofajpyrene (BaP): :

X1.6.7.1 Toxicity Summary—Based on animal data,
B(2)P has been classified as a probable human carcinogen
(B2 carcinogen) by the USEPA. A range of oral slope factors
from 4.5 to 11.7 (mg/kg/day)™! with a geometric mean of 7.3
(mg/kg/day)™' has been derived for B(a)P based on the
observance of tumors of the forestomach and squamous cell
carcinomas in mice. The data was considered less than
optimal but acceptable {(note that the carcinogemcity assess-
ment for B(a)P may change in the near future pending the
outcome of an on-going EPA review). The EPA has proposed
a drinking water MCL at 0.2 ug/L (based on the analytical
detection limits). The MCLG for B(a)P is set at zero. In
situations in which both aquatic life and water are consumed
from a particular body of water, a recommended EPA water
quality criterion is set at 2.8 x 1073 pg/L. When only aquatic
organisms are consumed, the criterion is 3.11 x 102 pg/L.

X1.6.7.2 Physical/Chemical Parameter  Summary—
When released to water, PAHs are not subject to rapid
volatilization (Henry’s law constants are on the order of 1.0
X 10~* m3-atm/mol or less) under common environmental
conditions. They have low aquecus solubility values and
tend to sorb to soils and sediments and remain fixed in the
environment. Three ring members of this group such as
anthracene and phenanthrene have water solubilities on the
order of 1000 pg/L. The water solubilities decrease substan-
tally for larger molecules in the group, for exampie,
benzola]pyrene has a water solubility of 1.2 pg/L. The log
K. values for PAHs are on the order of 4.3 and greater,
which suggests that PAHs will be expected to adsorb very
strongly to soil. The PAHs with more than three rings
generally have high log X,,,. values {6.06 for benzo{a]pvrene),
have poor biodegradability characteristics and may bio-
accumulate.

X1.6.8 Pyrene:

X1.6.8.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an oral RfD for pyrene at 3 X
1072 mg/kg/day. In converting a NOAEL from the animal
study, in which the critical effects observed were kidney
toxicity, an uncertainty factor of 3000 and a modifying
factor of | were used. The EPA has assigned an overall low
level of confidence in the RfD because although the study
was well-designed, confidence in the supporting database is
low. No drinking water MCLs or health advisories have been
set. In situations in which both aquatic life and water are
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consumed from a particular bedy of water, a recommended
EPA water quality criterion is set at 2.8 x 1073 pg/1.. When
only aguatic organisms are consumed, the criterion is 3.11 X
1072 pg/L.

X1.6.8.2 Physical/Chemical Parameter Summary—Refer
to X1.6.7.2 for BaP. Also see Table X1.2.

X1.6.9 MTBE:

X1.6.9.1 Toxicity Summary—Using data from animal
studies, the USEPA has set an inhalation RfC for MTBE a1 3
mg/m>. In converting a NOAEL from the animal study, in
which the critical effects observed included increased liver
and kidney weight and increased severity of spontaneous
renal lesions (females), increased prostration {(females) and
swollen pericolar tissue, an uncertainty factor of 100 and a
modifying factor of 1 were used. The EPA has assigned an
overall medium level of confidence in the RfC because
although the study was well-designed, some information on
the chemistry was lacking. The confidence in the supporting
database is medium to high. No drinking water MCLs or
ambient water quality criteria have been set. However, a risk
assessment, which may define a RfD> for this matenal, is
presently under review by EPA. Drinking water health
advisories range from 40 pg/L (lifetime, adult) to 3000 pg/L
{one-day advisory for a child).®

X1.6.9.2 Physical/Chemical Parameter Summary—The
Henry's law constant for MTBE is estimated to be approxi-
mately 1.0 X 1073 m3-atm/mol. It is, therefore, expected to
have the potential to rapidly volatilize under common
above-ground environmental conditions. It is very water
soluble (water solubility is 4.8 x 107 pg/L), and with a
relatively low capacity to sorb to soils {estimated log K, =
1.08), MTBE will migrate at the same velocity as the water in
which it is dissolved in the subsurface. The log X, value has
been estimated to be between 1.06 and 1.30, indicating
MTBE’s low bigaccumulative potential. [t is expected to
have a low potential to biodegrade, but no definitive studies
are available.

X1.6.10 Lead:

X1.6.10.1 Toxicity Summary—(The following discussion
is for inorganic lead—not the organic forms of lead
{tetraethyllead, tetramethyllead) that were present in petro-
leum products.) A significant amount of toxicological infor-
mation is available on the health effects of lead. Lead
produces neurotoxic and behavioral effects particularly in
children. However, the EPA believes that it is inappropriate
to set an RID for lead and its inorganic compounds because
the agency believes that some of the effects may occur at
such low concentrations as to suggest no threshold. The EPA
has also determined that lead is a probable human carcin-
ogen (classified as B2). The agency has chosen not to set a
numeric slope factor at this time, however, because it is
believed that standard procedures for doing so may not be
appropriate for lead. At present, the EPA has set an MCLG
of zero but has set no drinking water (MCL) or health
advisories because of the observance of low-level effects, the
overall Agency goal of reducing total lead exposure and
because of its classification as a B2 carcinogen. An action of
level of 15 pg/L has been set for water distribution systems
(standard at the tap). The recommended EPA water quality
criterion for consumption of both aquatic life and water is set
at 50 ug/L.
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X1.6.10.2 Physical/Chemical Parameter Summary—Or-
ganic lead additive compounds are volatile (estimated Hen-
ry’s law constant for tetracthyl lead = 7.98 x 107
m*-atm/mol) and may also sorb to particulate matter in the
air. Tetraethyl lead has an aqueous solubility of 800 pg/L
and an estimated log X, of 3.69 and, therefore, should not
be very mobile in the soil. It decomposes to inorganic lead in
dilute aqueous solutions and in contact with other environ-
mental media. In free product (gasoline) plumes, however, it
may remain unchanged. Inorganic lead compounds tightly
bind to most soils with minimal leaching under natural
conditions. Aqueous solubility varies depending on the
species involved. The soil’s capacity to sorb lead is correlated
with soil pH, cation exchange capacity, and organic matter.
Lead does not appear to bioconcentrate significantly in fish

but does in some shellfish, such as mussels. Lead is not

biodegradable.

X1.7 Discussion of Acceptable Risk (12)—DBeginning in
the late 1970s and early !980s, regulatory agencies in the
United States and abroad frequently adopted a cancer risk
criteria of one-in-one-million as a negligible (that is, of no
concern) risk when fairly large populations might be exposed
to a suspect carcinogen. Unfortunately, theoretical increased
cancer risks of one-in-one-million are often incorrectly
portrayed as serious public health risks. As recently discussed
by Dr. Frank Young (13), the current commissioner of the
Food and Drug Administration (FDA), this was not the
intent of such estimates:

X1.7.1 In applying the de minimis concept and in setting
other safety standards, the FDA has been guided by the
figure of “one-in-one-miilion.” Other Federal agencies have
also used a one-in-one-million increased risk over a lifetime
as a reasonable criterion for separating high-risk problems
warranting agency attention from negligible nsk problems
that do not.

X1.7.2 The nisk level of one-in-one-million is often mis-
understood by the public and the media. It is not an actual
risk, that is, we do not expect one out of every million people
to get cancer if they drink decaffeinated coffee. Rather, itisa
mathematical risk based on scientific assumptions used in
risk assessment. The FDA uses a conservative estimate to
ensure that the risk is not understated. We interpret animal
test results conservatively, and we are extremely careful
when we extrapolate risks 1o humans. When the FDA uses
the risk level of one-in-one-million, it is confident that the
risk to humans is virtually nonexistent,

X1.7.3 In short, a “one-in-one-million™ ¢ancer sk esti-
mate, which is often tacitly assumed by some policy-makers
-to tepresent a trigger level for regulatory action, actually
represents a level of risk that is so small as to be of negligible
concern.

X1.7.4 Another misperception within the risk assessment
arena is that all occupational and environmental regulations
have as their goal a theoretical maximum cancer risk of | in
1 000 000. Travis, et al (14) recently conducted a retrospec-
tive examination of the level of risk that wriggered regulatory
action tn 132 decisions. Three variables were considered: (1)
individual risk (an upper-bound estimate of the probability
at the highest exposure), (2) population risk {an upper-limit
estimate of the number of additional incidences of cancer in
the exposed population), and (3) population size. The
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findings of Travis, et al (14) can be summanzed as follows:

X1.7.4.1 Every chemical with an individual lifetime risk
above 4 x 1077 received regulation. Those with values below
I % 107® remained unregulated.

X1.7.4.2 For smail populations, reguiatory action never
resulted for individual risks below 1 x 1073

X1.7.4.3 For potential effects resulting from exposures to
the entire United States population, a risk level below | x
10~° never triggered action; above 3 X 1074 always triggered
action.

X1.7.5 Rodricks, et al (15) also evaiuated regulatory
decisions and reached similar conclusions. In decisions
relating to promulgation of National Emission Standards for
Hazardous Air Poilutants (NESHAPS), the USEPA has
found the maximum individual risks and total population
risks from a number of radionuclide and benzene sources too
low to be judged significant. Maximum individual risks were
in the range from 3.6 x 10~ to 1.0 % 103, In view of the
risks deemed insignificant by USEPA, Rodricks, et al (15)
noted that 1 x 1073 (1 in 100 000) appears to be in the range
of what USEPA might consider an insignificant average
lifetime risk, at least where aggregate population risk is no
greater than a fraction of a cancer yearly.

X1.7.6 Recently, final revisions to the National Contin-
gency Plan (16) have set the acceptable risk range between
10-% and 10~% at hazardous waste sites regulated under
CERCLA. In the recently promulgated Hazardous Waste
Management System Toxicity Characteristics Revisions (17),
the USEPA has stated that:

“For drinking water contaminants, EPA sets a reference risk range for
carcinogens at 10~% excess individual cancer risk from lifetime exposure.
Most regulatory actions in a varety of EPA programs have generally
targeted this range using conservative models which are not likely to
underestimate the risk.”

X1.7.7 Interestingly, the USEPA has selected and promul-
gated a single risk level of [ in 100000 (I X 107%) in the
Hazardous Waste Management System Toxicity Character-
istics Revisions (17). In their justification, the USEPA cited
the following rationale:

The chosen risk level of 107 is at the midpoint of the reference risk
range for carcinogens {10 to 10~%)} generally used to evaluate CERCLA
actions. Furthermore, by setting the risk level at [0~* for TC carcino-
gens, EPA believes that this is the highest risk level that is likely to be
experienced, and most if not all nsks will be below this level due to the
generally conservative nature of the exposure scenario and the under-
lying health criteria. For these reasons, the Agency regards a 107 risk
level for Group A, B, and C carcinogens as adequate to delineate, under
the Toxicity Characteristics, wastes that clearly pose a hazard when
mismanaged.”

X1.7.8 When considering these limits it is interesting to
note that many common human activities entail annual risks
greatly in excess of one-in-one-million. These have been
discussed by Grover Wrenn, former director of Federal
Compliance and State Programs at QSHA, as follows:

X1.7.9 State regulatory agencies have not uniformly
adopted a one-in-one-million (1 x 107°) risk criterion in
making environmental and occupational decisions. The
states of Virginia, Maryland, Minnesota, Ohio, and
Wisconsin have employed or proposed to use the one-in-one-
hundred-thousand (1 % 1073) level of risk in their risk
management decisions (18). The State of Maine Department
of Human Services (DHS) uses a lifetime risk of one in one
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hondred thousand as a reference for non-threshold (carcino-
geaic) effects in its risk management decisions regarding
exposures 10 environmental contaminants (19). Similarly, a
lifetime incremental cancer risk of one in one hundred
thousand 15 used by the Commonwealth of Massachusetts as
a cancer risk limit for exposures to substances in more than
one medium at hazardous waste disposal sites (20). This risk
limit represents the total cancer risk at the site associated
with exposure to multiple chemicals in all contaminated
media. The State of California has also established a level of
risk of one in one hundred thousand for use in determining
levels of chemicals and exposures that pose no significant
risks of cancer under the Safe Drinking Water and Toxic
Enforcement Act of 1986 (Proposition 63) (21). Workplace
air standards developed by the Occupational Safety and
Health Administration (QOSHA) typically reflect theoretical
risks of one in one thousand (1 x 10~3) or greater (15).

X1.7.10 Ultimately, the selection of an acceptable and de
minimis risk level is a policy decision in which both costs
and benefits of anticipated courses of action should be
thoroughly evaluated. However, actuanial daia and risk
estimates of common human activities, regulatory prece-
dents, and the relationship between the magnitude and
variance of background and incremental risk estimates all
provide compelling support for the adoption of the de
minimis risk level of 1 x 107 for regulatory purposes.

X1.7.11 In summary, U.S. Federal and state regulatory
agencies have adopted a one-in-one-million cancer risk as
being of negligible concern in situations where large popula-
tions (for example, 200 million people) are involuntarily
exposed to suspect carcinogens (for example, food additives).
When smaller populations are exposed (for example, in
occupational settings), theoretical cancer risks of up to 10™*
{1 in 10 000) have been considered acceptable.

X2. DEVELOPMENT OF RISK-BASED SCREENING LEVELS (RBSLs) APPEARING IN SAMPLE LOOK-UP
TABLE X2.1

X2.1 Imtroduction:

X2.1.1 This appendix contains the equations and param-
eters used to construct the example “Look-Up” (Table
X2.1). This table was prepared solely for the purpose of
presenting an example Tier 1 matrix of RBSLs, and these
values should not be viewed, or misused, as proposed
remediation “standards.” The reader should note that not all
possible pathways have been considered and a number of
assumptions CONCErning exposure scenarios and parameter
values have been made., These should be reviewed for
appropriateness before using the listed RBSLs as Tier i
screening values.

X2.1.2 The approaches used to calculate RBSLs ap-
pearing in Table X2.1 are briefly discussed as follows for
exposure to vapors, ground water, surficial soils, and subsur-
face soils by means of the following pathways:

X2.1.2.1 Inhalation of vapars,

X2.1.2.2 Ingestion of ground water,

X2.1.2.3 Inhalation of outdoor vapors originating from
dissolved hydrocarbons in ground water,

X2.1.2.4 Inhalation of indoor vapors originating from
dissolved hydrocarbons in ground water,

X2.1.2.5 Ingestion of surficial soil, inhalation of outdoor
vapors and particulates emanating from surficial soils, and
dermal absorption resulting from surficial soil contact with
skin,

X2.1.2.6 Inhalation of outdoor vapors originating from
hydrocarbons in subsurface soils,

X2.1.2.7 Inhalation of indoor vapors ornginating from
subsurface hydrocarbons, and

X2.1.2.8 Ingestion of ground water impacted by leaching
of dissolved hydrocarbons from subsurface soils.

X2.1.3 For the pathways considered, approaches used in
this appendix are consistent with guidelines contained in Ref
(26).

X2.1.4 The development presented as follows focuses
only on human-health RBSLs for chronic (long-term) expo-
sures.

X2.1.4.1 In the case of compounds that have been classi-
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fied as carcinogens, the RBSLs are based on the general
equation:

risk = average lifetime intake [mg/kg-day]
X potency factor [mg/kg-day]™!

where the intake depends on exposure parameters {(ingestion
rate, exposure duration, and so forth), the source concentra-
tion, and transport rates between the source and receptor.
The potency factor is selected after reviewing a number of
sources, including the USEPA Integrated Risk Information
System (IRIS) (2) database, USEPA Health Effects Assess-
ment Summary Tables (HEAST) (3), and peer-reviewed
sources. The RBSL values appearing in Table X2.1 corre-
spond to probabilities of adverse health effects (“risks™) in
the range from 107% to 10~ resulting from the specified
exposure. Note that this risk value does not reflect the
probability for the specified exposure scenaric to occur.
Therefore, the actual potential risk to a population for these
RBSLs is lower than the {0~° to 10 range.

X2.1.4.2 In the case of compounds that have not been
classified as carcinogens, the RBSLs are based on the general
equation:
hazard quotient = average intake [mg/kg-dayl/

reference dose {mg/kg-day]

where the intake depends on exposure parameters (ingestion
rate, exposure duration, and so forth), the source concentra-
tion, and transport rates between the source and receptor.
The reference dose is selected after reviewing a number of
sources, including the USEPA Integrated Risk Information
System (IRIS) (2) database, USEPA Health Effects Assess-
ment Summary Tables (HEAST) (3), and peer-reviewed
sources. The RBSL values appearing in Table X2.1 corre-
spond to hazard quotients of unity resulting from the
specified exposure. Note that this hazard quotient value does
not reflect the probability for the specified exposure scenario
to occur. Therefore, the actual potential impact to a popula-
tion for these RBSLs is lower than a hazard quotient of
unity.

X2.1.5 Tables X2.2 through X2.7 summarize the equa-
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Exampie Tier 1 Risk-Based Screening Level (RBSL} Look-up Table?

NoTE—This table is presented here only s an exampie set of Tier 1 ABSLs. It is not a list of proposed standards. The user should review all assumptions prior tQ using
any values. Appendix X2 describes the basis of these values.

Epzﬁ‘:: gz;:gtrg Target Level Banzene Ethyibenzens Toluene mﬁnﬁ Napthalenes (a?::r::e
Air
Indoar air residential cancer risk = 1E-06 3.92E-01 1.86E-03
screening cancer risk = 1E-04 3.92E+01 1.86E-01
leveis for chronic HQ = 1 1.39E+03 5.56E+02 9.73E+03 1.95E+01
inhalation commarcial/ cancer risk = 1E-06 4.93E- 2.35e-03
exposure, industrial cancer risk = 1E-04 4.93E+01 2.35€-01
pjm3 chronic HQ = 1 1.46E+03 5.84E+02 1.02E+04 2.04E+01
Qutdoor residential cancer risk = 1E-06 2.94E-N . 1.40E-03
ar cancer risk = 1E-04 2.94E+01 1.40E-01
I-"“’:f“f'"g chronic HQ = 1 1.04E+03 4.17E+02 7.30E+03 1.46E+01
o aIZtig::\ commercialj  cancer risk = 1E-06 4.93E-01 235603
exposure, industrial cancer risk = 1E-04 4.93E+01 2 35E.01
g/m3 chronic HQ = 1 1.46E+03 5.84E+02 1.02E+04 2.048+0
OSHA TWA PEL, ug/m? 3.20E+03 4.35E+05 7.53E+05 4.35E+08 5.00E+04 2.00E+024
Mean odor detection threshold, ug/m353 1.85E+05 6.00E+03 8.70E+04 2.06E+02
National indoor background concentration range, ug/m3 < 325E+00t0 2.20E+00to  9.60E-01 to 4,85E+00 to
215E+01 9.70E+00 2.91E+01 4. 76E+01
Soil
ﬁ';ﬁ"zaﬁm residential cancer risk = 1E-06 2.72E-01 RES®
10 OUtdoor air cancer risk = 1E-04 2.73E+01 AES
K ' chronic HQ =t RES RES RES RES
mgjkg commercial cancer risk = 1E-06 4,57€-01 RES
industrial cancer risk = 1E-04 4.57E+01 RES
chranic HGQ = 1 RES RES RES RES
?JL;:JP:% residential cancer risk = 1E-06 5.37E-03 HES
soil o buidings cancer risk = 1E-04 5.37E-01 RES
X N chronic HQ = 1 4.27E+02 2.08E+01 RES 4.07E+01
mafka commercialj  cancer risk = 1E-06 1.08E-02 RES
industrial cancer risk = 1E-04 1.08E+00 RES
chronic HQ =1 1.10E+03 5.45E+01 RES 1.07E+02
Surficial soil residential cancer risk = 1E-06 5.82E+00 1.30E-01
{0to 3 fr) cancer risk = 1E-04 5.82E+02 1.30E+01
{0 t0 0.9 m} chronic HQ = 1 7 83E+03 1,336+04 1.45E+06 977E+02
:;‘3:“5:;;"’ commercial/.  cancer risk = 1E-08 1.00E+01 3.04E-04
inhalation, industriat  cancer risk = 1E-04 1.00E+03 3.04E+01
mgfkg chronic HQ = 1 1.15E+04 1.B7E+04 2.0BE+H15 1.90E+03
SailHeachate MCls 2.83E-02 1.10E+02 1.77E+01 3.05E+02 N/A 9.42E+00
to protect residential cancer nsk = 1E-06 1.72E-02 5.90E-01
ground water cancer risk = 1E-04 1.72E+00 RES
ingestion target chronic HQ =1 5.75E+02 1.29E+02 RES 2.29E+01
level, ma/kg commercial/ cancer risk = 1E-06 5.78E-02 1.85E+00
industriaf cancer risk = 1E-G4 5.78E+00 RES
chronic HQ = 1 1.61E+03 3.61E+02 RES 8.42E+(1
7 Ground Water
Ground water  residential cancer risk = 1E-06 1.10E+01 »SE
volatilization cancer risk = 1E-04 1,10E+03 >5
to outdoor chranic HQ = 1 >5 >5 >8 >5
air, mg/L commercial/ cancer risk = 1E-06 1.84E+01 >5
industriat cancsr risk = 1E-04 >8 >8
chranic HQ = 1 »>8 >8 >5 >5
Ground water MCLs 5.00E-03 7.00E-01 1.00E+00 1.00E+01 N/A 2.00E-04
ingestion, residential cancer risk = 1E-08 2.94E-03 1.17EQ5
mg/L cancer risk = 1E-04 2.94E-01 1.17E-03
chronic HQ = 1 3.65E+00 7.30E+00 7.30E+11 1.46E-01
commercial/ cancer risk = 1E-08 9.87E-03 392605
industrial cancer risk = 1E-04 9.87E-01 >8
chronic HQ =1 1.02E+01 2.04E+01 >8 4.09€-01
Ground residential cancer risk = 1E-06 2.38E-02 >5
water—vapor cancer risk = 1E-04 2.38E+0Q0 >8
intrusion from chranic HQ = 1 7.75E+01 3.28E+01 >8 4.74E+Q0
graund water  commercial/ cancer risk = 1E-06 7.39E-02 . >8
to buildings, industrial cancer risk = 1E-04 7.30E+00 >8
mg/L chromic HQ = 1 =8 8.50E+01 >5 1.23E+1

4 As benzena soluble coal tar pitch volatiles.

& Spe Ref (22).

C See Refs (23-25).

@ RES—Selected risk lavel is not exceeded for pure compound present at any concentration.

E >S—Selected risk level is not exceeded for all possible dissolved !evels (= pura companent solubility).
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tions and parameters used to prepare the example look-up
Table X2.1. The basis for each of these equations is discussed
in X2.2 through X2.10.

.X2.2 _Adir—Inhalation of Vapors (deoors(!ndoors}—ln

this case chemical intake results from the inhalation of
vapors. It is assumed that vapor concentrations remain
constant over the duration of exposure, and all inhaled
chemicals are absorbed. Equations appearing in Tables X2.2
and X2.3 for estimating RBSLs for vapor concentrations in
the breathing zone follow guidance given in Ref (26). Should
the calculated RBSL exceed the saturated vapor concentra-
tion for any individual component, “>#,,,” is entered in the
table to indicate that the selected risk level or hazard
quotient cannot be reached or exceeded for that compound

-and the specified exposure scenario.

W&Llngmmoﬂmwﬂwm—ln this
case chemical intake results from ingestion of ground water.
It is assumed that the dissolved hydrocarbon concentrations
remain constant over the duration of exposure. Equations
appearing in Tables X2.2 and X2.3 for estimating RBSLs for
drinking water concentrations follow guidance given in Ref
(26) for ingestion of chemicals in drinking water. Should the
calculated RBSL exceed the pure component solubility for
any individual component, “>S” is entered in the table to
indicate that the selected risk level or bazard quotient can-
‘not be reached or exceeded for that compound and the
specified exposure scenario (unless ﬁ'ee-phase pmduct ls
mixed with the ingested water), PR

TABLE X2.2 Equations Used to Develop Exampte Tier 1 Risk-Based Screening Level (RBSLs) Appeanng in Laok-Up” Tahla x2.1-

Larcinagenic Effects*
Note—See Tables X2.4 through X2.7 for definition of parameters. N
Medium Exposwe Route Risk-Based Screeninyg Lavel (ABSL)
da
v TR x BW X AT, % 365 0 x 108 22
Air inhalation® Rast,, [—3-]= years ™
i SF; X IRy, X EF X ED
i TRxSWxATchSSﬁ
Ground water  ingestion (potable ground water supply only)®  pagt ) years
L-H,0 8F, xR, x EF X ED
(' A4 )
= ) meste [ = ] .
Ground water®  enclosed-space (indoor) vapor inhalation?® [ m™ 1. 2] hp-s 8
L-H,0] [ ‘ g
Wi -
O™ pest, [_ﬂ_]
. \ . : mg 7 mair| mg.
Ground water®  ambient {outdoor) vapor inhalation® ABSL,, a X 10—% —
LH0] VF s 19
. |
g
i ABSL, [——' = ..
Ggsait legeat}
’ _ days
Suficatssi  ingestion of sofl, inhalation of vapors and TR X BW x AT, X 365 - e
particulates, and dermal contact®
FxED[(SFOx 1r3—k§x(rnwaAFa+SA xMxRAF,J)+(SF,—><{‘R—.x_(yF,,+VF,))]
For surficial and excavated sois (0 to 1 m) .
st [ Lo
Subsurface soil®  ambient (outdoor) vapor inhaiation® ks [—mg'] O} — . I,
kg-sod (7. - ng ' o
i : M B T
. . Subsuface soil®  enclosed space (indoor} vapor inhalation® nss:.,[ﬂ-]= x 10-3 22 ) A
e . i kg-soil w:’-.p ng i . PV reale.
™ S
- : ABst, [L—-I-'I,O] -,
Subsurface soil®  leaching to ground water® nssz.,{—""g—,], Lo AR e
kg-s0il o . e mpe

A Note that al RBSL values should ba compared with thermodynamic partitioning limits, Mummlwmmmmﬂm-ﬂﬂm“““L
axceeds the relevant partitioning mit, ﬂ'llSlsanmdicaﬂonmatmeselectednskorhazard!evelmnmmmmmhmwwmm

axposura Y s
'Samglevelsfaﬂwsemedlabasedonmmmdemums(forexamp!e aesthetic, background leveds, momnentalmsmruprmecﬁon W 90
dmvedwmmesaequationsbywbsutu’angmeselectedmrgetlevelforRBSL,,orHBSl,appeanngmmeseequaums. . CL TR

€ These equations are based on Ref (26).

© Thesa equations simply define the "cross-media partitioning factors,” VF, and LF,,.
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TABLE X2.1 FEquations Used to Develop Example Tier 1 Risk-Based Screening Level (RBSLs) Appearing in “Look-Up” Table X2.1—

" Nare—See Tables X2.4 through X2.7 for definition of parameters,
Medium Expesure Route Risk-Based Screening Levei (RBSL)
o : : maxnm,xsw:ur,xaasfls—x'wﬂﬁ
R - - kg years -
A © inhatation - : RBSL =
e g = AN EE
. . S o : momv,xaw:cﬂ,,xaasﬂ
Ground water ingestion (potabe ground water supply 8 RBSL, =
. -wa. . A ] .cmly)‘(‘ : . [0 IR, x EF x ED
i - - I et s m ot - H )
. . L . LTt B g/ﬁ L"'[;u.g_] i I"'
Ground water®  enclosed-space (indoor) vapor inhalation® - RBSL_ ' - x1ﬁ1$
) |L-H,0 | [ Cpg
- . RBSL.,[n:g]
Ground water®  ambient (outdoor) vapar inhalation® n‘!!EkSl’...,[-n.'i - o x TWE
: . B e VE et ng
[_“9_ -
kg5 ]
Surfical ok ingestion of sol, inhalation of vapors and par- THO x BW x AT, x 385 %
ticulates, and dermal contact® : years
(10-« Ex(mwaAF,+SAxMxRAF,)) B X VE.. . vE
EF x ED ™3 " 4+ B X VP + VF)
RID, R,
For surficial and excavated soils (D to 1 m)
nss:..,[i,] N
Subsurface soi®  amblent (outdoor} vapor inhatation® [—]- A < 10218
: kg-soil VF yama Hg
HY
B "'[nﬁ-afr] mg
Subsurtage soil  enclosed space (indoor) vapor inhalation® RBSL,[—mi_}- X 1073 — ‘ o
kg-soi VF o Hg
| s [ 2]
Subsurface soll®  leaching to ground water? HBSL,[i]__ 2
- kg-soif| = LF,,

“# Note that all RBSL vatues should be compared with thermodynamic partitioning fimits, such as solubility Jevels, maximum vapor concentrations, and so forth. f a RESL
exoeedsmereievampaniﬁomgﬁrm.misisanindicaﬂonﬁmmeseiecmdriskwhazardbvelwﬁneverbemachedmaxceededfwmmemimlandmselected

SXPOSUre scenarnio, -

2 Screening levels for these media based on other considerstions (for axample, sesthetic, background levels, eavironmental resource protection, and 5o forth) can be
dwvedmmmesaeqmﬁmsbywbsﬁmﬁrwgmesebcmdmrgabvdfuﬂBSL,aRBSL,ammginmeseequations.

€ Thesa squations are based on Ref (26).

2 These equations simply define the “cross-media partiticning factors,” VF, and LF,,,.

X2.4 Ground Warer—Inhalation of Quidoor Vapors:
X2.4.1 In this case chemical intake is a result of inhala-
tion of outdoor vapors which originate from dissolved

_ hydrocarbons in ground water located some distance below

ground surface. Here the goal is to determine the dissolved
hydrocarbon RBSL that corresponds to the target RBSL for
outdoor vapors in the breathing zone, as given in Tables
X2.3 and X2.4. If the selected target vapor concentration is
some value other than the RBSL for inhalation (that is, odor
threshold or ecological criterion), this value can be substi-
tuted for the RBSL,;, parameter appearing in the equations
given in Tables X2.2 and X2.3. ‘
X2.4.2 A conceptual model for the transport of chemicals
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from ground water to ambient air is depicted in Fig. X2.1.
For simplicity, the relationship between outdoor air and
dissolved ground water concentrations is represented in
Tables X2.2 and X2.3 by the “volatilization factor,” VF,,;
{(mg/m*-air)/(mg/1-H,0)], defined in Table X2.5. It is
based on the following assumptions:

X2.42.1 A constant dissolved chemical concentration in
ground water, - - C e

X2.4.2.2 Linear equilibrium partitioning between "dis-
solved chemicals in ground water and chemical vapors at the
ground water table, T

X2.4.2.3 Steady-state vapor- and liquid-phase diffusion
through the capillary fringe and vadose zones to ground
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TABLE X2.4 Exposure Parameters Appearing in Tables X2.2 and X2.3

Parameters Definitions, Units Residential Commercialfindustrial
AT, averaging time for carcinogens, years 70 years 70 years”
AT, averaging time for noncarcinogens, years 30 years 25 years”
aw adult bogy weight, kg 70 &g 70 kg*
ED exposure duration, years 30 years 25 years®
EF exposure frequency, days/years 350 days/year 250 days/year”
IR g0t soil ingestion rate, mg/day 100 mg/day 50 mg/day*
IA,,-indoor  daily indoor inhalation rate, m3fday 15 m3/day 20 mijday#
IR -outdoor  daily outdoor inhalation rate, m/day 20 m3/day 20 m?/day*
A, daily water ingestion rate, Lfday 2 L/day 1 Liday*
LF leaching factor, (ma/L-H,0)/(mg/kg-soill—ses Table X2.5 chemical-specific chemical-specific
M soil to skin adherence factor, mgjcm? 0.5 0.58
RAF, dermal refative absorption factor, volatiles/PAHs 0.5/0.05 0.5/0.058
RAF, oral relative abysorption factor 1.0 1.0
RASL, risk-based screening level for media i, mg/kg-sod, mg/L-H,Q, or chemical-, media-, and axposure chemical-, media-, and exposure

png/m3-air route-specific route-specific
AfD, inhalation chronic reference dose, mg/kg-day chemical-specific chemical-spacific
RfD, oral chronic reference dose, mg/kg-day chemical-specific chemical-specific
SA skin surface area, cm?/day 3160 31604
SF; inhalation cancer slope factor, {mg/kg-day)—' chemical-specific chemical-spectfic
SF, oral cancar siope factor, (mg/kg-dayy=' chemical-specific chemical-specific
THO target hazard quotient for individual constituents, unitiess 10 10
R target excess individual lifetime cancer risk, unitless for example, 10—° ar 10* for example, 10—2 or 10-4
VF, volatilization factor, {mg/m>-air)/(mg/kg-soil} or (mg/m3-air)/(mg/ chemical- and media-specific chemical- and media-specific

L-HoO)—see Table X2.5

A See Ref (27).
2 See Fef (28).

surface, through the capillary fringe. vadose zone, and foundation

X2.4.2.4 Noloss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.4.2.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box mode!” for air dispersion.

X2.4.3 Should the calculated RBSL,, exceed the pure
component solubility for any individual component, “>8" is
entered in the table to indicate that the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario.

X235 Ground Water—Inhalation of Enclosed-Space (In-
door) Vapors:

X2.5.1 In this case chemical intake results from the
inhalation of vapors in enclosed spaces. The chemical vapors
originate from dissolved hydrocarbons in ground water
located some distance below ground surface. Here the goal is
to determine the dissolved hydrocarbon RBSL that corre-
sponds to the target RBSL for vapors in the breathing zone,
as given in Tables X2.2 and X2.3. If the selected target vapor
concentration is some value other than the RBSL for
inhalation (that is, odor threshold or ecological criterion),
this value can be substituted for the RBSL,, parameter
appearing in the equations given in Tables X2.2 and X2.3.

X2.5.2 A conceptual model for the transport of chemicals
from ground water to indoor air is depicted in Fig. X2.2. For
simplicity, the relationship between enclosed-space air and
dissolved ground water concentrations is represented in
Tables X2.2 and X2.3 by the “volatilization factor” VF,,,
[(mg/m*-air)/{mg/L-H,0)] defined in Table X2.5. It is based
on the following assumptions:

X2.35.2.1 A constant dissolved chemical concentration in
ground water,

X2.5.2.2 Equilibrium partitioning between dissolved
chemicals in ground water and chemical vapors at the
ground water table,

X2.5.2.3 Steady-state vapor- and liquid-phase diffusion

25

cracks,

X2.5.2.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.5.2.5 Steady, well-mixed atmospheric dispersion of
the emanating vapors within the enclosed space, where the
convective transport into the building through foundation
cracks or openings is negligible in comparison with diffusive
transport.

%2.5.3 Should the calculated RBSL, exceed the pure
component solubility for any individuai component, *>87 is
entered in the table to indicate that the selected risk level or
hazard quotient camnot be reached or exceeded for that
compound and the specified exposure scenario.

X2.6 Surficial Soils—Ingestion, Dermal Contact, and
Vapor and Particulate Inhalation:

X2.6.1 In this case it is assumed that chemical intake
results from a combination of intake routes, including:
ingestion, dermal absorption, and inhalation of both partic-
ulates and vapors emanating from surficial soil.

X2.6.2 Equations used to estimate intake resulting from
ingestion follow guidance given in Ref (26) for ingestion of
chemicals in soil. For this route, it has been assumed that
surficial soil chemical concentrations and intake rates re-
main constant over the exposure duration.

X2.6.3 Equations used to estimate intake resuiting from
dermal absorption follow guidance given in Ref (26) for
dermal contact with chemicals in soil. For this route, it has
been assumned that surficial soil chemical concentrations and
absorption rates remain constant over the exposure duration.

X2.6.4 Equations used to estimate intake resulting from
the inhalation of particulates follow guidance given in Ref
(26) for inhalation of airborne chemicals. For this route, it
has been assumed that surficial soil chemical concentrations,
intake rates, and atmospheric particulate concentrations
remain constant over the exposure duration.

X2.6.5 Equations used to estimate intake resuiting from
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the inhalation of airborne chemicals resulting from the
volatilization of chemicals from surficial soils foilow guid-
ance given in Ref (26) for inhalation of airborne chemicais.
X2.6.6 A conceptual model for the volatilization of chem-
icals from surficial soils to outdoor air is depicted in Fig.
X2.3. For simplicity, the relauonsth between outdoor air
and surficial soil concentrations is represented in Tables

X2.2 and X2.3 by the “volatilization factor” VF,,
[(mgjm’-aur)f(mg/kg—soﬂ)] defined in Table X2.5. It is based
on the following assumpticns:

X2.6.6.1 Uniformly distributed chemical throughout the
depth 0—« {cm) below ground surface,

X2.6.6.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where

TABLE X2.5 Voiatilization Factars (VF), Lasching Factor (LF,. }» and Effective Diffusion Coefficients (D)

Symbol Cross-Media Route (or Definition) wnits chicked | Ecuation
fm3-air) # [DE:‘ La ]
Vo  Ground water — enciosed-space vapors - v VF [%Lﬁ,o)] DL
* [ =Tl [(Dm/’-a-urh]
, . - (masmiain)y H 03 L
VFpams  Ground watar — ambiertt {outdoor) vepors v [(rng{L H,O) e ur-aw m"
f =3l
e [(rrigfm’-wf) IWa, o"H x 108 XD
v (ﬂ"gfkg-mﬂ] Uedur ¥ 2y + by + HE Q> miyg
VFo Surficial soils — ambient air (vapors) o
VF,, [(mg/m-"-mr)] Weud x 108 amkg, ; whichever is lass?
{mo/kg-soil)| Upduer mig
N . . (mgjmiainy _ PW emikg
VF, Surficial soils — ambient air {particziates) _ vF, [ } x 103 £
g {makg-sail]  Unbu mg
. [(mgjm"-a;r}] Ha, % 108 arikg |
VF e Subsurface 50ils ~» ambient si v (margson] o L4 ( - U.eﬁ.\-f-s) m’g
orw
Ho, o iis
: ‘ ] i h (MGIMO) (B + o, + Hi] | ER Ly ] w 102 TG,
VF s Subsurface soil — mdosad-space vapors Vv [(rngﬂ(g—swn} 1 4 [P0k [ OFL, ] = mig
[ ERLg } [(Dg':.ﬂ-a-u)ﬂ
' ‘ g A [("‘9/‘-’”20)] Py « 100 TG 5
LF,., Subsurface soils — ground water - Y. {mg/kg-soif) (s + kg + HEL] ( 14 U,wﬁg-) Lg
. w
i . i ’ ) ) . . 1 423
o Eﬂecuvedfﬂusmcoetﬂuemmsaibasadmvapor-phasg o __:i paie B2 4 pwar 34
concentration : - : s H #
- e vy : . ‘ B8R 19833
DFier Eﬂecnved:rfusloncnemaemﬁvoughfomdabonaacks D&".,.[m—’z]so-'—ﬁ—+0“; o A
L8 Eﬂscﬁvacﬁffusinncoefﬁduﬂﬂlmnghmpiﬂmﬁhge C- [ D“'ﬂ-l-ﬂ"'%a:;

L. _‘Eﬂacﬂvediﬂusmmefﬁmbetwemgrwﬂwamrand
soif surface .

il

Soiconmnuaﬂmatwtﬁchdssdvadpae-mmd
veper phases becomne saturated

S Lg
= — X [Hiyy + By + Kyp,] X 100 —=F
[k ] (o + - cmkg

Py

~A See Ref (29). ‘

# Sae Ref (30). R . . -
. © Sea Ref (31). :

2 Based on mass balance.

¥ Ses Ref (32).

¥ Sea Raf (33).
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TABLE X2.5 Soil, Building, Surface, and Subsurface Parameters Used in Generating Exampie Tier 1 RBSLs

NoTE—See X2.10 for justification of parameter selection.

Parameters Definitions, Units Residential Commercial/industrial
d lower depth of surficial soil zone, cm 100 cm 100 cm
[ diffusion coefficient in air, cm2/s chemical-specific chemicabspecific
o= diffusion coefficent in water, cm</s chemical-specific chemical-specific
ER enclosed-spaca air exchange rafe@ ) ! /5 0.00014 s 0.00023 5=
fe fraction of organic carbon in soil, g-C/g-soil 0.0 Q.01
H henry's law constant, (em-H,Q)(cmd-air) chemicak-specific chemical-speciic
i - thickness af capillary fringe, cm S5cm 5cm
n, tickness of vadose zone, cm 295 em 295 om
! infitration rate of water through sail, cmyyears 30 cmyfyear 30 cmfyear
Koy carbon-water sorption coefficient, em3-H,0/g-C chemicai-spacific chemicai-specific
[A sol-water sorption coefficient, cm3-H,0/g-sol— Fo X Ko foag X Kop
[ enciosed-space volume/infitration area ratio, c;n = 200 am 200 cm
Lows  ONclosed-space foundation or wall thickness, cm 15cm 15 em——.
Low depth to ground water = h_, + h,, cm 300 cm 300em -
Lg depth to subsurface sgil sources, cm - 100ram 100 ¢m
P, particulate emission rate, g/em?-3 8.9 x 10~14 6.3 x10~'*
5 pure compenent solubility in water, mg/L-H,0 chemical-specific chemicak-specific
Unr wind speed abave ground surface in ambient mixing zone, cmys 225 cmys 225 emfs
U ground water Darcy velocity, cmjyear 2500 cmjfyear 2500 cmfyear
w width of source area paraltel to wing, or ground water flow direction, cm 1500 cm 1500 em
G Bmbient air mixing zone height, cm 200 cm 200 gm p.038
Tow  ground water mixing zone thickness, cm 200 cm 200 e
L] areat fraction of cracks in foundations/walls, em?-cracks/cm?-iotal area 170,01 emi-cracks/anl-total area 0.0 s/cmé-total arsa
4 - volumetric air content in capillary fringe soils, cm3-airfem?-sail 0.038 cm3-air/cm-soilt -airfer-soil
Opcracxe  VOIUMETriC air content in foundation/wail cracks, cm3-airfem? total valume 0.26 cmP-airfem? tatal volume 0.26 cm3-airferm?® total valume
e volumetric air content in vadose zone soiis, cm3-airfem?-sof 0.26 em3-airferr-soil 0.26 cm3-air/em3-sqil

8 _ totat sail porosity, cmfcrd-sail

0.38 erm®fem-soil

Ocag . VOlUmetric water content i capilary fringe soils, em®-H,0/cm?-sgil 0.342 cmd-H,0fem3-scil
Oworacx  VOIUMeEtric water content in foundation/wall cracks, am3-H,Ofcm? total volume 0,12 cm3-H,Ofem? total volume
. volumetric water content in vadosa zone soilg, emd-H,0/em3-soi 0.12 cmd-HyOfemd-soi
2y sodl btk density, g-soilfernd-sci 1.7 gjem?
T averaging time for vapor flux, 5 788 x 108 s

0.38 cmdfem-soil
.342 cm-H,0fcm3-sail
0.12 em?-H,0/em® total volume
0.12 cmd-H,0/amn-si
1.7 gfem®
788x 1085

the partitioning is a function of comnstant chemical- and
soil-specific parameters,

X2.6.6.3 Diffusion through the vadose zone,

X2.6.6.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.6.6.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X2.6.7 In the event that the time-averaged flux exceeds
that which would occur if all chemical initially present in the
surficial soil zone volatilized during the exposure period,

then the volatilization factor is determined from 2 mass

balance assuming that all chemical ipitially present in the

surficial soil zone volarilizes during the exposure period.
X2.7 Subsurface Soils—Inhatation of Cutdoor Vapors:

X2.7.1 In this case chemical

intake is a result of inhala-

tion of outdoor vapors which originate from hydrocarbons
contained in subsurface soils located some distance below
ground surface. Here the goal is to determine the RBSL for
subsurface soils that corresponds to the target RBSL for
outdoor vapors in the breathing zone, as given in X2.2. If the
selected target vapor concentration is some ;ralue other than

ron
TABLE X2.7 Chemical-Specific Properties Used in the Derivation Exampie Tier 1 RBSLs ;L ) g s
Chemical CAS Number M, ajmol H, L-H,Ofair D, cmlfs o, amifs logiK,e), Likg 10G(K el LKG
Benzene 71-43-2 784 0224 0.0934 1.1 % 10-%4 1.584 2134
Toiuvene 108-88-3 g24 0.264 0.0854 §.4 x 1090 2134 2.654
Ethyi berzene 100-41-4 1064 0.324 0.0784 8.5 x 1090 1.984 3.134
Mixed xylenes 1330-20-7 1064 0.294 0.0722 8.5 x 1080 2.384 3.264
Naphthalena 91-20-3 1284 0.0494 Q.072¢ 9.4 x 1084 3114 328
Benzo{g)pyrene 50-32-8 252¢ 58 x10-88 0.050¢ 5.8 x 10—%2 5.59F 5989
Chemical CAS Number SF,, kg-day/mg SF,, kg-day/mg AfD,, mg/kg-day RID,, ma/kg-day
Benzene 71-43.2 0.029% o1 ., 0.029F g (el e .-
Toluene 108-38-3 ies Ve 0.2 01tf
Ethyi benzene 100-414 01" 0.28¢
Mixed xylenes 1330-20-7 2.0F 2.0°
Naphthalena 91-20-3 ... ve- 0.004% 0.004¢
Benzo(a)pyrena 50-32-8 T.3F 1z 6.1 - .
A Seg Ref (34).
8 See Ref {35).
¢ Sea Ref (7).

O Diffusion coefficient calculated ysing the method of Fuller, Schetter, and Giddings, from Ref (11).
€ Calculgted from K, /K, corelation: log{i,.) = 0.937 tog{K_..} - 0.008, from Ref (1),

* See Ref (2).
Ses Ref (3).
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the RBSL for inhalation (that is, odor threshold or ecological
criterion), this value can be substituted for the RBSL,,
parameter appearing in the equations given in Tables X2.2
and X2.3. :

X2.7.2 A conceptual model for the transport of chemicais
from subsurface soils to ambient air is depicted in Fig. X2.4.
For simplicity, the relanonship between outdoor air and soil
concentrations is represented in Tables X2.2 and X2.3 by the
“yolatilization factor,” VF,,,,, [(mg/m3-air)/(kg-soil)], de-
fined in Tabie X2.5. Tt is based on the following assump-
tions:

X2.7.2.1 A constant chemical concentration in subsurface
sails,

X2.7.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where
the partitioning is a3 function of constant chemical- and
soil-specific parameters,

X2.7.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone to ground surface,

X2.7.2.4 No loss of chemnical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.7.2.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X2.7.3 Should the caiculated RBSL, exceed the value for
which the equilibrated vapor and dissolved pore-water
phases become saturated, C.* [mg/kg-soil] (see Table X2.5
for calculation of this value), “RES” is entered in the table to
indicate that the selected risk level or hazard quotient cannot
be reached or exceeded for that compound and the specified
exposure scenario {even if free-phase preduct or precipitate is
present in the soil).

X2.8 Subsurface Soils—Inhalation of Enclosed-Space (In-
door) Vapors:

X2.8.1 In this case chemical intake is a result of inhala-
tion of enclosed-space vapors which originate from hydrocar-
bons contained in subsurface soils located some distance
below ground surface. Here the goal is to determine the
RBSL for subsurface soils that corresponds to the target
RBSL for indoor vapors, as given in Tables X2.2 and X2.3.
If the selected target vapor concentration is some value other
than the RBSL for inhalation (that is, odor threshold or

vadose zong

)

e - -

capiliary zone

dissolved contaminants S

diffusing vapors

gr_ouh'dwater
- W ——

FIG. X2.1 Voiatilization from Ground Water to Ambient Air
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FIG. X2.2 Volatilization from Ground Water to Enclosed-Space
Air

ecological criterion), this value can be substituted for the
RBSL,;, parameter appearing in the equations given in
Tables X2.2 and X2.3.

X2.8.2 A conceptual model for the transport of chemicals
from subsurface soils to enclosed spaces is depicted in Fig.
X2.5. For simplicity, the relationship between indoor air and
soil concentrations is represented in Tables X2.2 and X2.3
by the “volatilization factor,” VF, [(mg/m3-air)/(kg-soil)],
defined in Tabie X2.5. It is based on the foilowing assump-
tions:

X2.8.2.1 A constant chemical concentration in subsurface
soils,

X2.8.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where
the partitioning is a function of constant,chemical- and
soil-specific parameters,

X2.8.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone and foundation cracks,
© X2.8.2.4 No loss of chemical as it diffuses towards grouad
surface (that is, no biodegradation), and

X2.8.2.5 Well-mixed atmospheric dispersion of the ema-
nating vapors within the enclosed space.

X2.8.3 Should the calculated RBSL, exceed the value
C;/% [mg/kg-soil] for which the equilibrated vapor and
dissolved pore-water phases become saturated (see Table
X2.5 for calculation of this value), “RES” is entered in the
table to indicate that the selected risk level or hazard
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quotient cannot be reached or exceeded for that compound
and the specified exposure scenario (even if free-phase
product or precipitate is present in the soil).
X2.9 Subsurface Soils—Leaching to Ground Water:
X2.9.1 In this case chemical intake is a result of chemicals

leaching from subsurface soils, followed by inhalation of

enclosed-space vapors, inhalation of outdoor vapors, or
ingestion of ground water as discussed in X2.1 through X2.3.
Here the goal is to determine the RBSL for subsurface soils
that corresponds to the target RBSLs for the inhalation or
ingestion routes. If the selected target ground water concen-
tration is some value other than an RBSL for ground water
(that is, odor threshold or ecological criterion), this value can

~ be substituted for the RBSL,, parameter appearing in the

equations given in Tables X2.2 and X2.3.

X2.9.2 A conceptual model for the leaching of chemicals
from subsurface soils to ground water is depicted in Fig.
X2.6. For simplicity, the relationship between ground water
and soil concentrations is represented in Tables X2.2 and
X2.3 by the “leaching factor,” LF,, [(mg/L-H,0)/ (mg/
kg-soil)], defined in Table X2.5. It is based on the following
assumptions:

X2.9.2.1 A constant chemical concentration in subsurface
soils,

X2.9.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissoived, and vapor phases, where
the partitioning is a function of constant chemical- and
soil-specific parameters,

X2.5.2.3 Steady-state leaching from the vadose zone to
ground water resuiting from the constant leaching rate I
[em/s],

X2.9.2.4 No loss of chemical as it leaches towards ground
water (that is, no biodegradation), and

X2.9.2.5 Steady well-mixed dispersion of the leachate
within a ground water “mixing zone.”

X2.9.3 Should the calculated RBSL, exceed the value for
which the equilibrated vapor and dissolved pore-water
phases become saturated (see Table X2.5 for calculation of
this value), “RES” is entered in the tabie to indicate that the
selected risk level or hazard quotient cannot be reached or
exceeded for that compound and the specified exposure
scenario {even if free-phase product or precipitate is present
in the soil).

X2.94 In some regulatory programs, “dilution attenua-
tion factors™ (DAFs) are currently being proposed based on
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fate and transport modeling results. A DAF is typically
defined as the ratio of a target ground water concentration
divided by the source leachate concentration, and is inher-
ently very similar to the leachate factor, LF,,,, discussed here.
The difference between these two terms is that LF,,, repre-
sents the ratio of the target ground water concentration
divided by the source area soil concentration. Should a
regulatory program already have a techmically defensible
DAF value, it can be equated to a leachate factor by the
following expression:

DAF %X p,

[Bws + kSpS + HBGJ]

x 10°

LF,,. =

where the parameters are defined in Table X2.6.

X2.10 Parameter Values:

X2.10.1 Table X2.4 lists exposure parameters used 10
calculate the RBSLs appearing in sample Look-Up Table
X2.1. All values given are based on adult exposures only.
With the exception of the dermal exposure parameters {SA,
M, and RAF,), the values given are reasonable maximum
exposure (RME) values presented in Ref (27) and are
regarded as upper bound estimates for each individual
exposure parameter.

X2.10.2 The skin surface area, SA = 3160 c¢cm?/day, is
based on the average surface area of the head, hands, and
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water
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forearms for adult males given in Ref (27). The soil-to-skin
adherence factor, M [mg/em?], and dermal relative absorp-
tion factor, RAF, [mg-absorbed/mg-applied], are based on
guidance issued by Ref (28).

X2.10.3 Soil properties are based on typical values for
sandy soils and are consistent with values given in Ref (30).

X2.10.4 Physical dimensions are conststent with the scale
of typical underground fuel tank releases.

X2.10.5 Particulate emission rates were estimated by the
approach presented by Cowherd, et al (32). It was assumed
that the mode of the surficial soil size distribution was 2 mm,
the erosion potential was unlimited, there was no vegetative
cover, and the mean average annual wind speed was 4 m/s.

X2.10.6 The chemical-specific parameters used are de-

fined in Table X2.7.

X2.10.7 In this development, surficial soils are defined as
those soils present within | m of ground surface. Subsurface
soil RBSLs are based on assumed source depths of 1 m.
Ground water is assumed to be located 3 m below ground
surface.

X2.10.8 Once again, the reader is reminded that the
parameter {and corresponding RBSL)} values are presented
here as examples only, and are not intended to be used as
standards. At best, the parameters presented are reasonable
values based on current information and professional judg-
ment. The reader should review and verify all assumptions
prior to using any of the example RBSLs as screening level
values.

X3. USE OF PREDICTIVE MODELING IN THE RISK-BASED CORRECTIVE ACTION PROCESS

X3.1 Scope:

X3.1.1 Predictive modeling is a valuable tool that can
provide information to the risk management process. In a
RBCA, modeling is used to predict the location and concen-
tration contaminants and to interpret, or extrapolate, site
characterization data, historical monitoring data, and toxico-
logical information. In addition, predictive modeling may be
used in evaluation of remedial alternatives and in evaluating
compliance targets in monitoring plans. This appendix
discusses the following:

X3.1.1.1 Significance and use of predictive modeling in
the RBCA process;

X3.1.1.2 Interpretation of predictive modeling results;

X3.1.1.3 Procedures for predictive migration modeis; and

X3.1.1.4 Procedures for exposure, risk, and dose-response
assessment.

X3.1.2 This appendix is not intended to be all inclusive.
Each predictive model is unique and may require additional
procedures in its development and application. All such
additional analyses shouid be documented in the RBCA
process.

X3.2 Referenced Documents:

X3.2.1 ASTM Standards:

D 653 Terminology Relating to Soil. Rock, and Contained
Fluids?

D 5447 Guide for Application of a Ground-Water Flow
Model to a Site-Specific Problem?®

D 5490 Guide for Comparing Ground-Water Flow Model
Simulations to Site-Specific Information®

E 943 Terminology Relating to Biological Effects and
Environmental Fate®

E 978 Practice for Evaluating Environmental Fate Models
of Chemicals?

D 5609 Guide for Defining Boundary Conditions in
Ground-Water Flow Modeling®

? Ananal Buok of ASTM Siandards, Yoi 04.08.
2 Annua! Book of ASTM Standards, Vol 04.08.
* Annual Book of ASTM Standards. Vol 11,04.
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D 3610 Guide for Defining Initial Conditions in Ground-
Water Flow Modeling®

D 5611 Guide for Conducting a Sensitivity Analysis for a
Ground-Water Flow Model Application®

X3.3 Terminology:

X3.3.1 Definitions—For definitions of terms used in this
appendix, see Terminologies D 653 and E 943.

X3.3.2 Descriptions of Terms Specific to This Appendix:

X3.3.2.1 analytical modei—a model that uses mathemat-
ical solutions to governing equations that are continuous in
space and time and applicable to the flow and transport
process.

X3.3.2.2 application verification—using the set of param-
eter values and boundary conditions from a calibrated model
t0 approximate acceptably a second set of field data mea-
sured under similar conditions.

DiscussioN—Application verification is to be distinguished from
code verification, which refers to software esting, comparison with
analytical solutions, and comparison with other similar codes o
demonstrate that the code represents its mathematical foundation.

X3.3.2.3 boundary condition—a mathematical expression
of a state of the physical system that constrains the equations
of the mathematical model.

X3.3.2.4 calibration (model applicationj—the process of
refining the model representation of the fluid and media
properties and boundary conditions to achieve a desired
degree of correspondence between the model simulation and
observations of the real system.

X3.3.2.5 code validation—the process of determining
how well a modeling code’s theoretical foundation and
computer implementation describe actual system behavior
in terms of the “degree of correlation” between calculated
and independently observed cause-and-effect responses of
the prototype fluid flow system (for example, research site or
laboratory experiment) for which the code has been devel-
oped.

X3.3.2.6 code verification—the procedure aimed at estab-
lishing the completeness, consistency, correctness, and accu-
racy of modeling software with respect to its design criteria
by evaluating the functionality and operational charactens-
tics of the code and testing embedded algorithms and data
transfers through execution of problems for which indepen-
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dent benchmarks are available.

X3.3.2.7 computer code (computer program)—ithe as-
sembly of numerical techniques, bookkeeping, and control
language that represents the model from acceptance of input

data and instructions to delivery of output.

X3.3.2.8 conceptual model—an interpretation or working
description of the charactenistics and dynamics of the phys-
ical system. '

TABLE X3.1 Example Screening Level Transport Models

Description Mathematical Approximation Parameters

Digsolved Phase Transport:

Maximum transpart rate u, .., [cm/day] K i Clx) = dissoclved hydrocarbon concentration along centerline (x, y =
of dissoived plume Uet,muax = TR 0, z = () of dissolved plume [g/cm3-H,0)

° Coource™ dissolved hydrocarbon concentration in dissolved plume
source area [gfem3-H,0]
i = ground water gradient [cm/em]
K, = saturated hydrauic conductivity [crm/day]

Minimum time 7, r., {d] for leading edge L K, = sorption coefficient [(g/g-soil}/{gfem3-H,0)]
of dissoived plume to travel distance, Fdmin = © L = distance downgradient {cm|
L [em] o R. = retardation factor = {1 + Kepe/8s]

S8, = source width (perpendicuiar o flow in the horizontal plane)
fem)

S, = source width {perpendicuiar to flow in the vertical plane)
[em]

Steady-stata attenuation Cix) | x dha, | u = gpecific discharge (cm/day]

[{g/erm®-H,0)(gfem3-H,0)] aiong the C._ P 2 [1 - 1+ T)] | Uy max = MEAXIMUM transport rate of dissolved plume [cm/day]4
centeriing (x, y =0,z =0)of a source o x = distance atong centerline from downgradient edge of
dissolved plume 5, 8, dissoived plume source zone [cm|
-(err [ ___D (erf[ _D ¥ = depth beiow water tabte [cm]
4o Ao z = lateral distance away from dissclved plume centertine [cm]
where: @, = longitudinal cispersivity [cm) = 0.10 x
u = K/, a, = transverse dispersivity [cmi = a,/3
a, = vertical dispersivity fcm)] = «,/20
A = first-order degradation constant [d)
A = volumetric water content of saturated zone
[em2-HzO/em?-s0i]
Pa = soil bulk density [g-soil/cm?-soil]
Tamn = MiMIMUM convective travel time of dissalved hydrocarbons
1o distance L [d]#
erfin} = ermor function evaluated for value n

Immiscible Phase Transport; Viow C,.s = total soil hydrocarbon concentration [g/g-soil]
Maximum depth O, [cm] of Drmae = P C,sq = equillbrium vapor concentration [gfem®-vapor]?
immiscible phase penetration AT st Coeo = equilibrium dissolved concentration [g/em3-HaOl*

Equilibrium Partitioning: Dpex = maximum depth of immiscible phase penetration [cm]4

Vapor Concentration: H = Herry's Law Constant f{g/cm3-vapar)/(g/cm®-H,0)

Cy o [gfcm-vapor] Ky = sorption coefficient [(g/g-soij{g/em3-H,ON

Maximum vapor concentration Croq = HCy g M, = molecular weight [g/mol]
above dissolved hydrocarbons P, = vapor pressure of compound i [atm]

Maximum vapor concentration when XPIM,, R = gas consfant = 82 cm?-atm/moiHK
immiscible hydrocarbon is presant veq = _HT R.ou = radial extent af hydrocarbon impact [cm}

3, = pure component solubility [g/cm3-H,0]
T = absolute temperature [K]

Maxtmum vapor concentrations in soil _ HC Py Vi = volume of hydrocarbon released fomd)

pores (no immiscible phase present) e m X = mal fraction of component i
w T Hafs b 8, = volumetric residual content of hydrocarban under drainage
conditions [cm3-hygrocarbon/cm?-soil]

Dissoived Concentration: #, = volumetric content of soit pore water [em3-H,0/cm?-soil]
Cov.ag [G/em3-HZ0) B, = volumetric content of soil vaper [crm3-vapor/em?-sail]

Maximum dissolved concentration whan Cuvog = %5, T = 31416
immiscible hydrocarben is present s = suil bulk density [g-soil/cm?-sgil]

Maximum dissolved concentration in sail Cooubs (Cson) = concentration at which immiscible phase forms in soil
pores {nq immiscible phase present) Cwon = m [afy-soil}*

Equilibrium Partioning: w T RaPa v D=r = pure component diffusion caetficient in air {em?/day)

Soil Concentrations [g/g-soil]: Do = effective diffusion coefficient for combined vapor and solute
Sail concentration [C,_,] [g/g-seil] at 5, transpart, expressed as a vapor phase diffusion coefficient
which immiscible hydrocarbon phase (Coom = = [y + Kypg + HE] {nc immiscible hydrocarbon present outside of source area)
forms in soil matrix 2 [em2jday]”

O~ = pure component diffusion coefficient in water [cm?/day]

Vapor Phase Transport: H = Hepry's Law Canstant {{g/cm?-vapar)/{g/cm3-Ha0)]

Effective poraus media diffusion o 833 1 6,23 . Ky = sorption coefficient [(g/g-soillfigfom3-H,0)]
coefficient D {cm?[day] for e = 2 * H 8 o K = permeability to vapor flow [cm?)
combined vapor and solute transport, r T L" = distance [cm]
expressed as a vapor phase diffusion . _— N
coefficient (no immiscible R, = porous media retardauon_ factor (ng immiscible
hydrocarbon present qutside of hydracarbon present outside of source area)
source area) 5 = pure component scubility [g/cm3-H,0]

Parous media “retardation” factor R, . - Uy max = Maximum convective transpart rate of vapors [emyday]*
(no immiscible hydrocarbon present A, = [ * H + 9v] VP = vapor phase pressure gradient [gfcm2-52)
outside of source area) 4, = volumetric content of soil pore water {cm?-H 0Ofcm3-50il]
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TABLE X3.1 Continued
Description Mathematical Approximation Parameters

Maximum convective fransport rate 1k, B, = volumetric content af soil vapor [cm3-vaporfem3-soi]

Uy may, [cmyday] of vapors Uy max = A n v #r = total volumetric content of pore spaca in soit matrix
v By [em®/cmd-soil]

Minimum time r, ..., (0] for vapors to L by = vapor viscosity [g/em-sf
travel a distance L {cmj from source Tomin = u Ps = soil bulk density [g-soiljem3-soil}
area by convection” i T = MiNiMum time for vapors to travet a distance L [om) by

convection [day[4

Minimum time r, .., [d] for vapors o Lz Tarmwe = MiNimum time for vapors to travel a distance L [om]) by
travet a distance L {cmi from source damin = oA, diffusion [day]®
area by diffusion v Caor = total soil hydrocarbon concentration [g/g-sail]

Vapor Emissions from Subsurface Vapor Cyeq = equilibrium vapor concentration {g/cm3-vapor]4
Sources to Open Surfaces: d = distance below ground surface to top of hydrocarbon vapor

sourca [cm]

Maximum diffusive vapor flux £, E:'.ﬂ D™ = effective diffusion coefficient for combined vapor and solute
[gfem?-day] from subsurface vapor Fenax = D d transport, expressed as a vapor phase diffusion coefficient
saurce located a distance d [em] {no immiscible hydracarbon present outside of source area)
betow ground surface (steady-state, [em?2/day]
constant source) R, = porous media ‘retardation” factor {no immiscible

hydracarbon present outside of source area)”

Maximum tims-averaged diffusive vapor PaCgcut 2C, 5o 0*'r | Yeman = maximum convective transport rate v, .., of vapors
fux <F > [g/ome-day] from P> == { ["2 ¥ _] % (cmycay]*
subsurface soils over period from hd ps = 30i bulk density [g-soilicm?-sail]
time = ( to ime& = ~, single- r = averaging time [s]
campaonent immiscible phase present Ag = total area of enclosed space exposed to vapor intrusion

(area af toundation) [em?}
Acraew = area of foundation through which vapors are transported
(area of cracks, open seams, and sa forth) [em?]

Maximum combined convective and C.or = total soil hydrocarbon concentration {g/g-soil]
diffusiva vapor flux F.,, [gfcm2-day] C,sq = equilibrium vapor concentration [g/em3-vapor]A
from subsurface vapor source located Frme = Py maxCoog — Rutty, maCyua = distance between foundation/walls and hydrocarbon vapor
a distance d [cm] below ground AT i, source [cm]
surface [‘ - e"ﬂ(— ] pe" = gffective diffusion coefficient through soil for combined vapor

o and salute transport, axpressed as a vapor phase diffusion
coefficient (rno immiscible hydrocarton present outside of
source areaj {cm?/day}*

Vapor Emissions from Surface Soils [Domck = effective diffusion coefficient through foundation cracks
ta Open Spaces: [cm2/day]*

Maximum time-averaged diffusive vapor 2C, o0 Lersox = thickness of foundationfwatt [em|
HUx, <F > [G/CAP—tay] from Frax™ = 2l sc v M,, = molecular weight of i [g/mal]
surface soils over period from time = Ao rsou® M, r = average moiecular weight of the hydrocarban mixture
0 to time = r, single~component [g/mal]
immiscible phase presant P¥ = vapor pressure of pure component j [atmj

0z = wvolumetric flow rate of air within enclosed space [cm3/s]
Quen = volumetric infiltration flow rate of soil gas into enclosed
space [cm?/s]

Maximum time-averaged diffusive vapor Dot R = gas constant = 82 atm-cm3/mel-K
X <<F g™ [G/cm2—dday] from Fra> = 20,00 Af o~ R, = porous media ‘retardation” factorA
surface soils over period from time = v T = absolute temperature [K}

0 to time = r, no immiscible phase * = mol fraction of companent i
present 8, = volumetric content of sail vapor {em3-vapor/fem3-sail]

Maximum time-averaged diffusive vapor XM, Ps = sail bulk density {g-soilfcm?-soil]
flux <F e [g/em2-day] from 20 (—R———-—) = 31418
surface sails over period from time = <Fopy > = T ¥ -

0 to time = r, volatile components T = averaging time [s]
gﬁ;“szlfi?—v:lxif:;n; Oglz::em#s:nble Jrar Cowg = equiiibsrium dLssolved concentration in leachate source area
gasoline) where: [grem3-HQ]
Ez = enclosed space air exchange rate [I/d]
o E.o = vapor emission rate into enclosed space [g/day]*
&= b F = vapor flux [g/cm2-day]4
b+ PATConuyi My 1) i = ground water gradient fem/em]
T o, K, = saturated hydrauiic conductivity [cm/day]
P L = downwind length of vapar emissions source area [cm]
M = ground water mixing zone thickness [em]
q; = water infiltration rate [cm/day]

X3.3.2.9 ground water flow model—application of a
mathematical model to represent a site-specific ground water

flow system.

X3.3.2.10 mathematical model—mathematical equations
expressing the physical system and including simplifying
assumptions. The representation of a physical system by
mathematical expressions from which the behavior of the
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systern can be deduced with known accuracy.
X3.3.2.11 migration model—application of a mathemat-
ical modetl to represent a site-specific fluid flow system.

X3.3.2.12 model—an assembly of concepts in the form of

mathematical equations that portray understanding of a
natural phenomenon.
X3.3.2.13 sensitivity {model application}—the degree to
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TABLE X3.1 Continued

Description Mathematical Approximation

Parameters

Vapor Emissions to Enclosed Spaces:
Maximum vapor emission rate £,
[gfecm2-d] to enclosed spaces from
subsurface vapor sources located a
distance d {cm) away from the

Qgd

DA Q ol
Emax = OsCuvog ( ") m(m—*—""". e )
'Crack,

enclosed spaces / exp(—-cl""‘—"“"')
DmAm
DA Q
N ( a) ( exp( saitbcracs
Gee® Fs il YN
Hydrocarban Vapor Dispersion:
Ambient hydrocarbon vapor FL
concentration resuiting from area Coudoor = i
vapor souree Coeer (G/CM?]
Enciosed space vapor concentration ¢ _ Emex
Cindoor [8/cm3] indoor = VaEs
Leachate Transport: qw
Leaching impact on Ground Water: source = Cw.aq —-'—
Ground water source area concentration KM + g W)

Cpounrce [G/em3-HZ0) resulting from
feaching through vadaose zone
hydrocarbon-impacted soils

Ground water source area concentraiton
Ciaurce [G/cm3-H,0] resulting from
hydrocarbon-impacted soils in direct
contact with ground water

Caource = Cw.oq

wind speed [cm/day]

volume of enclosed space [em?)
width of impacted soil zone {cm]
height af breathing zone [cm}

]

Uy
VB
w
[

)-1)

A Equation for this parameter given in this table.

TABLE X3.2 Reported Degradation Rates for Petroleum Hydrocarbons

Chermical Decay Rates {day™, [hal{-life days])

Reference Source Ethyk Benzo
of Data Benzene Tolene Bmz‘;ne Xylenes OXylene ~ MTBE  Napnthalene o
Barker, ot al* Boroen Aquifer, Canada 0.007 [99] 0.011 [63] 0.014 {50]
Kemblowski® Eastern Florida Aquifer (0.0085 (82} e e
Chiang, et al° Northem Michigan Aquiter  0.095 [7] .. .
Wilson, et al? Traverse City, Ml Aquifer 0,007 to 0.024  0.067 [10] 0.004 to 0.014
[99] to [29] [t79] to [50]
Howard, et ai€ Literatura 0.0009 [730]  0.025 (28] 0003 (228]  0.0018 [365) 0.0019 [365) 0.0027 [258] 0.0007 [1058]
10 0.060[10] o 0.089[7]  to0.116(6]  to 0.0495[14] to 0.0866 [8] to 0.0061 [114]

A See Ref (36),

8 See Ref (37).

C Ses Ref (38).

D See Raf (39).

£ See Ref (40).

which the model result is affected by changes in a selected
model input representing fluid and media properties and
boundary conditions.

X3.3.2.14 simulation—in migration modeling, one com-
plete execution of a fluid flow modeling computer program,
including input and output.

Discussion—for the purposes of this appendix, a simulation refers to
an individual modeling run. However, simulation is sometimes also
used broadly to refer to the process of modeling in general,

X3.4 Significance and Use:

X3.4.1 Predictive modeling is significant in many phases
of RBCA, including the following:

X3.4.1.1 Determining the potential urgency of response
based on estimated migration and attenuation rates of
compounds of concern,

X3.4.1.2 Determining the extent of corrective action
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based on estimated migration and attenuation rates of
compounds of concern,

TABLE X3.3 Results of Exponential Regression for
Concentration Versus Time#

Site Compound k, % per day

Camphbell, CA benzene 1.20
ethylbenzene 0.67

xyleng 1.12

benzene 0.42

Palo Alto, CA banzene 0.30
Virginia Beach, VA PCE Q.46
TCE 0.30

Montrose County, CO benzene 0.42
Provo, UT benzene 0.23
San Jose, CA benzens 0.16
- benzene 0.10
Chemical facility toluene 0.39
PCE 0.34

TCE 0.26

A Source: Ref (41).
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X3.4.1.3 Establishing relationships between administered
doses and adverse impacts to humans and sensitive environ-
mental receptors. and

X3.4.1.4 Determining RBSLs concentrations at points of
exposure.

X3.42 Examples of predictive modeling uses in the
RBCA process include the following:

X3.4.2.1 The prediction of contaminant concentration
distributtons for future times based on historical trend data,
as in the case of ground water transport modeling,

X3.4.2.2 The recommendation of sampling locations and
sampling frequency based on current interpretation and
future expectations of contaminant distributions, as in the
design of ground water monitoring networks,

X3.4.2.3 The design of comrective action rneasures, as in
the case of hydraulic control systems, and

X34.2.4 The calculation of site-specific exposure point
concentrations based on assumed exposure scenarios, as in
the case of direct exposure to surficial soils.

X3.4.3 Predictive modeling is not used in the RBCA
process as a substitute for validation of site-specific data.

X3.5 Imterpretation of Predictive Modeling Results:

X3.5.1 Predictive models are mathematical approxima-
tions of real processes, such as the movement of chemicals in
the subsurface, the ingestion of chemicals contained n
drinking water, and adverse impacts to human health and
environmental resources resulting from significant expo-
sures. One key step towards evaluating model results is to
assess the accuracy and uncertainty, and to verify the model
used.

X3.5.2 The accuracy of modeling-based predictions is
evaluated using a post audit and is dependent upon a
number of factors, including the foilowing:

X3.5.2.1 The approximations used when describing the
real system by mathematical expressions,

X3.5.2.2 The model setup, that is, the input parameters
{for example, boundary conditions) used to generate the
results, and

X3.5.2.3 The mathematical methods used to solve the
governing equations (for example, user selection of numer-
ical solution methods, expansion approximations, numerical
parameters, and so forth).

X3.5.3 Predictive modeling results are always subject to
some degree of uncertainty. It is important to guantify this
uncertainty to properly interpret the results. Many times this
is done with a sensitivity analysis in which the user identifies
those parameters that most significantly influence the results.
If most of all of the parameters do not produce “sensitivity,”
then the model may need to be reevaluated because it is
possible that the key parameters are missing from the model.

X3.5.4 A postaudit may be performed to determine the
accuracy of the predictions. While model calibration and
verification demonstrate that the model accurately simulates
past behavior of the system, the postaudit tests whether the
model can predict future system behavior. Postaudits are
normally performed several vears after the initial assessment
and corrective action.

X3.5.5 In the RBCA process, “conservative” is an impor-
tant criterion of predictive modeling. In the initial evalua-
tion, Tier I, the most conservative approach, is used, which
provides a worst case scenario for potential exposure and

34

risk. Models that, because of their simplicity, neglect factors
that vield conservative results are used. Input may include
conservative values such as the USEPA RME values, When a
more rigorous approach is warranted, such as in Tier 2 of the
RBCA process, conservative values are often used, but in
comjunction with a more reasonable case scenario. This level
requires more specific information about the site and may
involve the use of ecither simple or moderately complex
mathematicai models. It may involve the use of most likely
exposure scenario (that is, USEPA MLE values). This
information is used to set conservative corrective action
objectives that are still regarded as overly protective. At some
sites a comprehensive assessment is required (Tier 3) where
SSTLs are determined using a site-specific transport and
exposure model and, in some cases, parameter distributions.
Tier 3 provides the most realistic evaluation of potential
exposure and nsk.

X3.6 Types of Predictive Migration and Risk Assessment
Models:

X3.6.1 Predictive models typically used in the RBCA
process can be grouped into two broad categories:

X3.6.1.1 Migration models, and

X3.6.1.2 Exposure, risk, and dose-response assessment
models.

X3.6.2 The determination of Tier | RBSLs or Tiers 2 and
3 SSTLs generally involves the use of combinations of both
types of models. A more detailed description of each type of
model is given in X3.7 and X3.8.

X3.7 Procedures for Predictive Migration Models:

X3.7.1 Migration (fate and transport) models predict the
movement of a petroleum release through soil, ground water,
or air, or combination thereof, over time. Most models focus
on specific phenomena (for example, ground water trans-
port) and vary in complexity, depending on assumptions
made during model development. In RBCA, simplistic
screening-level migration models are utilized in Tiers 1 and
2, while more complex models are utilized in Tier 3.

X3.7.2 References to many sirnplistic models suitable for
screening-level evaluations for a number of pathways rele-
vant to hydrocarbon contaminant releases are listed in Table
X3.1. Most of the screening-level migration models have a
simple mathematical form and are based on multiple lim-
iting assumptions rather than on actual phenomena. For
example, a simple model is the use of estimated ground
water flow velocity to assess the travel time between the
leading edge of a dissolved hydrocarbon plume and a ground
water well. The travel time is approximated by the following:

[distance to well {ft)/flow velocity (ft/years)] = travel time {years)

X3.7.2.1 In the case of a relatively light compound such
as benzene dissolved in ground water, the flow velocity may
best be equated with the ground water flow velocity. Heavier
compounds such as naphthalene may be retarded so that a
flow velocity lower than the ground water velocity may be
used. If miscible liquids are present on the ground water
surface, such as gasoline, the liquid flow velocity may
actually exceed the ground water velocity.

X3.7.3 The use of more complex models is not precluded
in the RBCA process; however, given limited data and
assumptions that must be made, many compiex numerical
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models reduce to the analvtical expressions given in Tabie
X331

X3.7.4 Migration Model Data Requirements—Predictive
migration models require input of site-specific characteris-
tics. Those most commeoniy required for various simplistic
models include the following:

X3.7.4.1 Soil bulk density {for a typical soil: = 1.7 g/fcm?),

X3.7.42 Total soil porosity (for a typical soil: = 0.38
cm?/ecm?),

X3.7.4.3 Soil moisture content can be conservatively
estimated in many cases. It is approximately equal to the
total soil porosity beneath the water table, and typically
>{0.05 em?-H,O/cm>-s0il in the vadose zone; this can be a
critical input parameter in the case of diffusion models and
may require site-specific determinarion unless conservative
values are used,

X3.7.4.4 Fraction organic matter in soil particles (=0.00d
— (0.01: sandy soil is often conservatively assumed); this can
also be a critical parameter requiring site-specific determina-
tion unless conservative values are used),

X3.7.4.5 Hydraulic conductivity (generally site-specific
determination required),

X3.7.4.6 Ground water gradient and flow direction {re-
quires site-specific determination}, and

X3.7.4.7 First-order decay-rate (generally requires site-
specific calibration as models are very sensitive to this
parameter); see Tables X3.2 and X3.3 and Ref (41} for a
summary of measured values currently available from the
literature. The data in Table X3.3 include retardation and
dispersion as well as natural biodegradation in attenuation
rates measured. However, sensitivity studies indicate that
natural biodegradation is the dominant factor. The sensi-
tivity studies use Ref (42). According to these sensitivity
studies, an order of magnitude increase in natural biodegra-
dation rate is 3.5 times as effective as an order of magnitude
increase in retardation and 12 times as effective as an order
of magnitude increase in dispersion in attenuating concen-
tration over distance. Therefore, approximately 80 % of the
attenuation shown in the Ref (41) data can be attributed to
natural biodegradation.

X3.7.4.8 A similar analysis of the sensitivity of attenua-
tion parameters for the vapor transport pathway also indi-
cates that natural biodegradation is the predominant attenu-
ation mechanism (43). Soil geology is not considered an
attenuation mechanism directly, but is a stronger determi-
nant of how far contamination travels than even natural
biodegradation. Gasoline contamination does not travel very
far in clay (less than 30 ft (9 m)) according to the vapor
transport model (43).

X3.7.5 Depending on the models selected, other informa-
tion may be required, such as meteorological information
(wind speed, precipitation, temperature), soil particle size
distributions, and nearby building characteristics.

X3.7.6 In most cases, measurements of the attenuation
{decrease in concentrations) of compounds with distance
away from the contaminant source area will be required to
calibrate and verify the predictive capabilities of the selected
models. The amount of data required varies depending on
the following:

X3.7.6.1 The model code used,

35

X3.7.6.2 The model’s sensitivity to changes in input
parameters, and

X3.7.6.3 The contribution of the pathway of concern to
the total incremental exposure and risk.

X3.7.7 Generally, site-specific physical and chemical
properties for the most sensitive parameters are required for
migration models to obtain accurate results. However, in-
stead of site-specific data, conservative values selected from
the literature may be used with approprate caution.

3.7.8 Migration Modeling Procedure—The procedure for
appiying a migration model includes the following steps:
definition of study objectives, development of a conceptual
maodel, selection of a computer code or algorithm, construc-
tion of the model, calibration of the model and performance
of sensitivity analysis, making predictive simulations, docu-
mentation of the modeling process, and performing a
postaudit. These steps are generally followed in order;
however, there is substantial overlap between steps, and
previous Steps are often revisited as new concepts are
explored or as new data are obtained. The iterative modeling
approach may also require the reconceptualization of the
problem. The basic modeling steps are discussed as follows.

X3.7.8.1 Modeling Objectives—Modeling objectives must
first be identified (that is, the questions to be answered by the
model). The objectives aid in determining the level of detail
and accuracy required in the model simulation. Complete
and detailed objectives would ideaily be specified prior to
any modeling activities. Objectives may include interpreting
site characterization and monitoring darta, predicting future
migration, determining corrective action requirements, or
predicting the effect of proposed corrective action measures.

X3.7.8.2 Conceptual Model—A conceptual model of a
subsurface contaminant release, such as a2 hydrocarbon
release from an underground tank, i$ an interpretation or
working description of the characteristics and dynamics of
the physical system. The purpose of the conceptual model is
to consolidate site and regional data into a set of assumptions
and concepts that can be evaluated quantitatively. Develop-
ment of the conceptual model requires the collection and
analysis of physical data pertinent to the system under
investigation.

(1) The conceptual model identifies and describes impor-
tant aspects of the physical system, including the following:
geologic and hydrologic framework; media type (for ex-
ample, fractured or porous); physical and chemical pro-
cesses; and hydraulic, climatic, and vapor properties. The
conceptual model is described in more detail for ground
water flow systems in Guide D 5447.

(2) Provide an analysis of data deficiencies and potential
sources of error with the conceptual model. The conceptual
model usually contains areas of uncertainty due to the lack
of field data. Identify these areas and their significance to the
conceptual model evaluated with respect to project objec-
tives.

X3.7.8.3 Computer Code Selection—Computer code se-
lection is the process of choosing the appropnate software
algorithm, or other analysis technique, capable of simulating
the characteristics of the physical system. as identified in the
conceptual model. The types of codes generally used in the
RBCA process are analytical and numerical models. The
selected code should be appropriate to fit the available data
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and meet the modeling objectives. The computer code must
also be tested for the intended use and be well documented.

{1} Analytical models are generaily based on assumptions
of uniform properties and regular geometries. Advantages
inciude quick setup and execution. Disadvantages include, in
many cases, that analytical models are so simpilistic that
important aspects of a given system are neglected.

(2) Numerical medels allow for more complex heteroge-
neous systems with distributed properties and irregular
geometries. Advantages include the flexibility to simulate
more complex physical systems and natural parameter
variability. Disadvantages include that the approach is often
very time-intensive and may require much more data and
information to be collected.

(3) Other factors may also be considered in the decision-
making process, such as the model analyst’s experience and
those described as follows for model construction process;
factors such as dimensionality will determine the capabilities
of the computer code required for the model.

X3.7.8.4 Model Construction—Madel construction is the
process of transforming the conceptual model into a mathe-
matical form. The model typically consisis of two parts, the
data set and the computer code. The model construction
process includes building the data set used by the computer
code. Fundamental components of a migration model are
dimensionality, discretization, boundary and initial condi-
tions, contaminant, and media properties.

X3.7.8.5 Model Calibration—Calibration of a model is
the process of adjusting input for which data are not
available within reasonable ranges to obtain a match between
observed and simuliated values. The range over which modél
parameters and boundary conditions may be wvaried is
determined by data presented in the conceptual model. In
the case where parameters are well characterized by field
measurements, the range over which that parameter is varied
in the model should be consistent with the range observed in
the field, The degree of fit between model simulations and
field measurements can be quantified using statistical tech-
niques.

{I) In practice, model calibration is frequently accom-
plished through trial-and-error adjustment of the model's
input data to match field observations. The calibration
process continues uniil the degree of correspondence be-
tween the simulation and the physical system is consistent
with the objectives of the project.

{2} Calibration of a model is evaluated through anaiysis of
residuals. A residual is the difference between the observed
and simulated variable, Statisticai tests and illustrations
showing the distribution of residuals are described for ground
water flow models in Guide D 5490,

{3) Calibration of a2 model to a single set of field
measurements does not guarantee a2 unique solution. To
minimize the likelihood of nonuniqueness, the model should
be tested to a different set of boundary conditions or stresses.
This process is referred to as application verification. if there
is poor correspondence to a second set of field data, then
additional calibration or data collection are required. Suc-
cessful verification of an application results in a higher
degree of confidence in model predictions. A calibrated but
unverified model may still be used to perform predictive
stimulations when coupled with a sensitivity analysis.
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X3.7.8.6 Semsitivity Analysis—Sensitivity analysis is a
quantitative method of determining the effect of parameter
variation on model resuits. Two purposes of a sensitivity
analysis are (/) to quantify the uncertainty in the calibrated
model] caused by uncertainty in the estimates of parameters,
stresses, and boundary cenditions, and (2) to identify the
model inputs that have the most influence on model
calibration and predictions.

{1) Sensitivity of a model parameter is often expressed as
the relative rate of change of a selected model calculation
during calibration with respect to that parameter. If a small
change in the input parameter or boundary condition causes
a significant change in the output, the model is sensitive to
that parameter or boundary condition.

{2) Whether a given change in the model calibration is
considered significant or insignificant is a matter of judg-
ment. However, changes in the model’s conclusions are
usually able to be characterized objectively. For example, if a
model is used to determine whether a contaminant is
captured by a potable supply well, then the computed
concentration is either detectable or not at the location. If,
for some value of the input that is being varied, the model’s
conclusions are changed but the change in model calibration
is insignificant, then the model results may be invalid
because, over the range of that parameter in which the model
can be considered calibrated, the conclusions of the model
change. More information regarding conducting a sensitivity
analysis for a ground water flow model application is
presented in Guide D 5611.

X3.7.8.7 Model Predictions—Qnce these steps have been
conducted, the model is used to satisfy the modeling
objectives. Predictive simulations should be documented
with appropriate illustrations, as necessary, in the model
report.

X3.8 Procedures for Risk, Exposure, and Dose-Response
Assessment Models:

X3.8.1 “Exposure models” are used to estimate the chem-
ical uptake, or dose, while “risk assessment models™ are used
to relate human health or ecological impacts to the uptake of
a chemical. Risk and exposure assessment models are often
combined to calculate a target exposure point concentration
of a compound in air, water, or soil.

X3.8.1.1 In the case of compounds that have been classi-
fied as carcinogens, exposure and risk assessment models are
generally linked by the expression:
risk = average lifetime intake [mg/kg-day]

X slope factor [mg/kg-day]™?
where the intake depends on exposure parameters (ingestion
rate, exposure duration, and so forth) and the concentration
at point-of-exposure. The slope factor (sometimes called the
“potency factor™ is itself based on a model and set of
underlying assumptions, which are discussed as follows.

X3.8.1.2 In the case of compounds that have not been
classified as carcinogens, exposure and rsk assessment
models are generally linked by the expression:

hazard quotient =
average intake [mg/kg-day )/ reference dose [mg/kg-day]

where the intake depends on exposure parameters (ingestion
rate, exposure duration, and so forth) and the concentration
at point-of-exposure. The reference dose is itself based on a
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model and set of underlying assumptions, which are dis-
cussed as follows.

X3.8.2 Toxicity Assessment: Dose-Response Models—
Toxicity assessinenis use dose-estimates of a “safe dose” or
toxic level based on animal studies. In some instances,
human epidemiological information is available on a chem-
ical. Toxicologists generally make two assumptions about the
effects of risk agents at the low concentrations typical of
environmental exposures:

X3.8.2.1 Threshoids exist for most biological effects;
other words, for noncarcinogenic, nongenetic toxic effects,
there are doses below which no adverse effects are observed
in a population of exposed individuals, and

%3.8.2.2 No threshoids exist for genetic damage or incre-
mental carcinogenic effects. Any level of exposure to the
genotoxic or carcinogenic risk agent corresponds to some
non-zero increase in the hkelihood of inducing genotoxic or
incremental carcinogenic effects.

X3.8.3 The first assumption is widely accepted in the
scientific community and is supported by empirical evi-
dence. The threshold value for a chemical is often called the
NOAEL. Scientists usually estimate NOAELs from antmal
studies. An important value that typically results from a
NOAEL or LOAEL value is the RfD. A reference dose is an
estimate (with an uncertainty typically spanning an order of
magnitude) of a daily exposure (mg/kg/day) to the general
human population (including sensitive subgroups) that is
Likely to be without an appreciable risk of deleterious effects
during a lifetime of exposure. The RfD value is derived from
the NOAEL or LOAEL by application of uncertainty factors
{UF) that reflect various types of data used to estimate RfDs
and an additional modifying factor (MF), which is based on
a professional judgment of the guality of the entire database
of the chemical. The oral RfD, for example, is calculated
from the following equation:

NOAEL

RfD = 2
(UF x MF)

X3.8.4 The second assumption regarding no threshold
effects for genotoxic or carcinogenic agents is more contro-
versial but has been adopted by the USEPA. For genotoxic
and carcinogenic agents, extrapolations from high experi-
mental doses to low doses of environmental significance
require the use of mathematical models to general low
dose-response curves. It should be noted that although the
EPA uses the linear multi-state model to describe incre-
mental carcinogenic effect, there is no general agreement in
the scientific community that this is the appropriate model
to use.

X3.8.5 The critical factor determined from the dose-
response curve is the slope factor (SF), which is the slope of
the dose-response curve in the low-dose region. The units of
the slope factor are expressed as (mg/kg-day)™' and relate a
given environmental intake to the risk of additional inci-
dence of cancer above background.

X3.8.6 The RID or SF vaiues are generally obtained from
a standard set of reference tables (for example, Ref (2) or Ref
(3)). It is important to note that the information in IRIS has
typically only been peer-reviewed within the EPA and may
not always have support from the external scientific commu-
nity. Whereas the information in IRIS has been subject to
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agency-wide data quality review, the information in the
HEAST tables has not. The user is expected to consulit the
original assessment documents to appreciate the strengths
and limitations of the data in HEAST. Thus, care should be
exercised in using the values in HEAST. Some state and local
agencies have toxicity factors they have derived themselves
or preferences for factors to use if neither IRIS nor HEAST
lists a value. Values for a range of hydrocarbons typically of
interest are presented in Table X3.1.

X3.8.7 Tt is important to note that in extrapolating the
information obtained in animal studies to homans, a
number of conservative assumptions are made.

X3.8.7.1 For noncarcinogens, an arbitrary system of de-
fault safety and uncertainty factors, as discussed (in multiples
of ten), is used to convert observations, in animals to
estimates in humans.

X3.8.7.2 For carcinogens, some of the most important
assumptions include: (/) the results of the most sensitive
animal study are used to extrapolate to humans, (2) n
general, chemicals with any incremental carcinogenic ac-
tivity in animals are assumed to be potential human carcin-
ogens, and (3) no threshold exists for carcinogens.

X3.8.8 The uncertainty in the RfD and SF values are
often neglected in deference to single point values which are
then typically summarized in databases such as IRIS and
HEAST and assumptions described are risk management
policy decisions made by the USEPA. These assumptions are
not explicitly defined and further obscure the conservatism
in the safe dose estimate. Thus, care must be exercised in
interpreting resuits which have as a basis these conservative
toxicity evaluations.

X3.8.9 Exposure. Assessment Modeling—The goal of ex-
posure assessment modeling is to estimate the chemical
uptake that occurs when a receptor is exposed to compounds
present in their environment. In principal, the process for
developing and using migration models presented in X3.7 15
directly applicable to exposure assessment modeling. In this
case the user:

X3.8.9.1 Develops a conceptual model by identifying
significant exposure pathways and receptors,

X3.8.9.2 Selects a model to describe the contact rate and
subsequent uptake of the chemical(s),

X3.8.9.3 Performs a sensitivity analysis to identify critical
parameters,

X3.8.9.4 Selects appropriate
(breathing rates, and so forth),

X3.8.9.5 Generates estimates of exposure and uptake, and

X3.8.9.6 Assesses the uncertainty in the estimates.

X3.8.10 There are differences between the process out-
lined in X3.7 and that which can be practically applied to
exposure assessment modeling. For example, with the excep-
tion of exposures and impacts to environmental resources, it
is difficult to calibrate exposure assessment models unless
very expensive epidemiological studies are conducted.

X3.8.11 Typically, the models used to estimate uptake are
simplistic algebraic expressions, such as those contained in
Ref (27). Application of these equations is illustrated in
Appendix X2.

X3.8.12 In many cases, exposure parameter values are
available in Ref (27), but other more recent information is
also available in peer-reviewed publications, and all sources

exposure  parameters
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should be carefully reviewed. While point values are often
selected for simpiicity, statistical distributions for many of
the exposure parameters are readily available for Tier 3
analyses,

X3.8.13 It is common for USEPA RME values to be used
in exposure assessment calculation, as is done for the
example Tier 1 Look-Up Table discussed in Appendix X2.
The RME value is generally defined as a statistical upper
limit of available data {generally 85 to 90 % of all values are
less than the RME value), Therefore, by consistently se-
lecting and multiplying conservative RME values the user
models a scenario that is very improbable and always more

conservative than the “true™ RME exposure scenario. Thus,
great care must be exercised, when using combinations of
these default values in nisk assessments. to avoid a gross
overestimation of exposure for a specific site. '

X3.9 Report—The purpose of the model report is to com-
municate findings, to document the procedures and assump-
tions inherent in the study, and to provide detailed informa-
tion for peer review. The report should be a complete
document allowing reviewers and decision makers to formu-
late their own opinion as to the credibility of the model. The
report should describe all aspects of the modeling study
outlined in this appendix.

X4. INSTITUTIONAL CONTROLS

Xd.1 Iuroduction:

X4.1.1 The purpose of this appendix is to provide a
review of generally used institutional controls. For purposes
of this appendix, “institutionai controls™ are those coatrols
that can be used by responsible parties and regulatory
agencies in remedial programs where, as a part of the
program, certain concentrations of the chemical(s) of con-
cern will remain on site in soil or ground water, or both.
Referenced in this appendix are examples of programs from
California,  Connecticut, [llinois, Indiana, Iowa,
Massachusetts, Michigan, Missouri, and New Jersey. In
addition, federal programs, such as Superfund settlements
and RCRA closure plans have used the following technigues
described for some years as a mechanism to ensure that
exposure to remaining concentrations of chemical(s) of
concern is reduced to the degree necessary.

X4,1.2 The types of institutional controls discussed in this
appendix are as follows:

X4.1.2.1 Deed restrictions, or restrictive covenants,

X4.1.2.2 Use restrictions (including well restriction areas),

X4.1.2.3 Access controis,

X4.1.2.4 Notice, including record notice, actual notice,
and notice t0 government authorities,

X4.1.2.5 Registry act requirements,

X4.1.2.6 Transfer act requirements, and

X4.1.2.7 Contractual obligations.

X4.1.3 Institutional controls for environmental remedial
programs vary in both form and content. Agencies and
landowners can invoke various authorities and enforcement
mechanisms, both public and private, to implement any one
or a combination of the controis. For example, a state could
adopt a statutory mandate (see X4.2) requiring the use of
deed restrictions (see X4.3) as a2 way of enforcing use
restrictions (see X4.4) and posting signage (a type of access
control, see X4.5). Thus, the institutional controls listed as
follows are often used as overlapping strategies, and this blurs
the distinctions between them,

X4.2 Statwory Mandates—Some states’ emergency re-
sponse programs mandate post-remediation institutional
controls and impose civil penalties for noncompliance. The
schemes vary from state to state, but all impose obligations
on landowners to use one or more institutional controls
listed in this appendix.

X4.3 Deed Restrictions:
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X4.3.1 Deed restrictions place limits and conditions on
the use and conveyance of land. They serve-two purposes: (1)
informing prospective owners and tenants of the environ-
mental status of the property and (Z) ensuring long-term
compliance with the institutional controls that are necessary
to maintain the integrity of the remedial action over time.
Restraining the way someone can use their land runs counter
to the basic assumptions of real estate law, so certain legal
rules must be satisfied in order to make a deed restriction
binding and enforceable.

X4.3.2 There are four requirements for a promise in a
deed restriction (also called a “restrictive covenant™) to he
held against current and subsequent landowners: (7) a
writing, (2) intention by both original parties that particular
restrictions be placed on the land in perpetwity, (3) “privity
of estate™ and (4) that the restrictions “touch and concern
the land.”

X4.3.2.1 The first requirement is that of a writing. Itis a
rule of law that conveyances of land must be documented in
a writing. The same rule holds for deed restrictions affecting
land, Ideally, a deed restriction used as an institutional
control would be written down with particularity and then
recorded in the local land records office, in much the same
fashion as the documentation and recordation of a sale of
land. Parties may also encounter the requirement that the
deed restriction be executed “under seal,” a legal formatity
that has been abandoned in most states.

X4.3.2.2 The second requirement is that the deed restric-
tion should precisely reflect what the parties’ intentions are
in regard to the scope and the duration of the restrictions.
Explicitly stating in the deed restriction that the parties
intend the restriction to “run with the land™ (that is, last
forever and bind subsequent owners) is strongly recom-
mended.

X4.3.2.3 The third requirement, privity of estate, arises
from a concern that only persons with a certain relationship
to the land should be able to enforce a deed restriction. Nor-
mally, deed restrictions are promises between the buyer and
the seller or between neighbors: therefore, the state or a third
party may not enforce a deed restriction. However, even in
states that require privity of estate, this concern is addressed
if the landowner took the land with knowledge that the
restrictions existed and might be enforced by these third
parties. Thus, it is also strongly recommended that the deed
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restriction explicitly state that the state environmental au-
thortty may enforce the restriction. Recording of the deed
restriction serves as notice to anyone who later purchases or
acquires an interest in the land. Therefore, privity of estate
should not be a barmer to state enforcement of the deed
restriction if the proper steps are taken.

X4.3.2.4 Finally, a deed restriction is only enforceable if
the promise “touches and concerns the land.” A rough rule
of thumb to decide this point is whether the landowner’s
legal interest in the land is decreased in value due to the deed
restriction. If the land is devalued in this way, then the
restriction could be said to “touch and concern the land.”
Note that the focus of the inguiry is on the land itself;
promises that are personal in nature and merely concern
human activities that happen to take place on the land are
least likely to be enforceable. Thus, any deed restriction used
as an institutional control should be written so that it centers
on the land and the use of the land.

X4.3.3 Due to the potential enforcement hurdles encoun-
tered by a governmental agency in enforcing a deed restric-
tion, it may be appropriate for an individual state to seek
statutory and regulatory amendments to ensure that such
authority exits in regard to all deed restrictions for environ-
mental purposes.

X4.3.4 Remedies for noncompliance with deed restric-
tions comes in two forms: (/) persons or agencies may sue to
obtain a court order (injunction) requiring compliance or (2)
if the state statute allows for it, the state’s attorney general
can seek enforcement of civil penalties, such as fines, for
noncompliance.

X4.3.5 A state program can require a landowner to
continug monitoring activities and to allow state environ-
mental officials access to the site to monitor compliance with
institutional controls. These arrangements may have to be
put in a deed restriction in order to run with the land from
owner to owner, but responsible parties can also be required
to sign a contract making these promises. Of course, almost
every state has authority to issue administrative orders to
accompiish some or all of these arrangements.

X4.3.6 The preceding arrangements can also set out
procedures that will be followed if some emergency requires
that the remediation site be disturbed. If, for example,
underground utility lines must be repaired, the landowner
would follow this protocol for handling the soil and alerting
the state authority,

X4.4 Use Restrictions:

X4.4.1 Use restrictions are usually the heart of what is in
a deed restriction. Use restrictions describe appropriate and
inappropriate uses of the property in an effort to perpetuate
the benefits of the remedial action and ensure property use
that is consistent with the applicable cleanup standard. Such
techniques also prohibit any person from making any use of
the site in a manner that creates an unacceptable risk of
human or environmental exposure to the residual concentra-
tions of chemical(s) of concern.

X4.4.2 Use restrictions address uses that may disturb a
containment cap or any unremediated soils under the surface
or below a building. A prohibition on drinking on-site (or
off-site by means of well restriction areas discussed as
follows) ground water may also be appropnate.

X4.4.3 As an example, a program may allow a restriction
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of record to include one or more of the following:

X4.4.3.1 Restriction on property use;

X4.4.3.2 Conditioning the change of use from  nonresi-
dential on compliance with all applicable cleanup standards
for a residential property;

X4.4.3.3 Restricting access; or

X4.4.3.4 Restricting disturbance of department-approved
remedial effects.

X4.4.4 Well restriction areas can be a form of institu-
tional control by providing notice of the existence of
chemical(s) of concern in ground water, and by prohibiting
or conditioning the construction of wells in that area.

X4.4.4.1 This technique preserves the imtegrity of any
ground water remedial action by prohibiting or conditioning
the placement and use of any or all types of wells within the
area.

X4.4.4.2 Well restrictions of this nature would be subject
to agency approval and public notice, and may include the
restriction on constructing or locating any wells within a
particular designated area. Notice of the well restriction is
recorded on the land records and with various health officials
and municipal officials. The restrictions can only be released
upon a showing that the concentrations of the chemical(s) of
concern in the well restriction area is remediated in accor-
dance with state standards.

Xd4.5 dccess Controls:

X4.5.1 Another subset of institutional controls is the
control of access to any particular site. The state uses the
following criteria to determine the appropriate level and
means of access control:

X4.5.1.1 Whether the site is located in a residential or
mixed use neighborhood:

X4.5.1.2 Proximity to sensitive land-use areas including
day-care centers. playgrounds, and schools; and

X4.5.1.3 Whether the site is frequently traversed by
neighbors,

X4.5.2 Access can be controlled by any of the following:
fencing and gates, security, or postings or warnings.

X4.6 Notice—Regulations of this type generally provide
notice of specific location of chemical(s) of concern on the
site. and disclose any restrictions on access, use, and devel-
opment of part or all of the contaminated site to preserve the
integrity of the remedial action.

X4.6.2 Record Notice:

X4.6.2.1 Some states require that sites having releases of
hazardous waste file a notice on the land records providing to
any subsequent purchaser of the property information re-
garding the past or current activities on the site.

X4.6.2.2 The record unotice requirement may be broad:
the program may require any property subject o a response
action to obtain a professional opinion and then prepare and
record a Grant of Environmental Restriction that is sup-
ported by that opinion.

X4.6.2.3 The record notice requirement can be ancillary
to a transfer act (see X4.8), in which case recording of an
environmental statement is only required in conjunction
with a land transaction.

X4.6.3 Actual Notice:

X4.6.3.1 States may require direct notice of environ-
mental information to other parties to a land transaction.
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These laws protect potential buvers and tenants, and they
also help ensure that use restrictions and other institutional
controls are perpetuated.

X4.6.3.2 Actual notice of an environmental defect or
faillure to provide notice may give a party the nght to cancel
the transaction and result in civil penalties. For example,
landlords and sellers who do not give notice as required by
the state may be liable for actual damages plus fines.
Nonresidential tenants who fail to notify landowners of
suspected or actual hazardous substance releases can have
their leases canceled and are subject to fines.

X4.6.4 Notice 10 Govermment Authorities—Parties to a
land transaction may also be required to file the environ-
mental staternent with various environmental authortties.
Notice to the government may be required before the
transaction takes place.

X4.7 Regisiry Act Requiremenis:

X4.7.1 Some states have registry act programs that pro-
vide for the maintenance of a registry of hazardous waste
disposal sites and the restriction of the use and transfer of
listed sites.

X4,7.2 A typical registry act provides that the state
environmental agency establish and maintain a registry of all
real property which has been used for hazardous substance
disposal either illegaily or before regulation of hazardous
waste disposal began in that state.

X4.7.3 The state agency is responsible for investigating
potential sites for inclusion on the registry. The registry
includes the location of the site and a listing of the hazardous
wastes on the property, and may also include a classification
of the level of health or environmental danger presented by
the conditions on the property. The state agency may be
required to perform detailed inspections of the site to
determine its priority relative to other registered sites,

X4.7.4 Owners of sites proposed for inclusion on the
registry have rights of hearing and appeal, and owners of sites
on the registry have rights to modify or terminate their
listing. In some cases, the owner of a site proposed for
inclusion on the registry may obtain the withdrawal of the
proposed registration by entering into a consent agreement
with the state. Such a consent agreement establishes a
timetable and responsibility for remedial action.,

X4.7.5 When a site appears on the state registry, the
owner must comply with regulatory requirements in regard
to use and transfer of the site. The use of a site listed on the
registry may not be changed without permission of the state
agency. In negotiations for a conveyance of a registered site,
the owner may be obligated to disclose the registration early
in the process, and permission of the state agency may be
required to convey a registered property. Under other
schemes, permission to convey is not required, but the seller
must notify the state agency of the transaction.

X4.7.6 Finally, registry acts require that the listing of a
property on a hazardous materials site registry be recorded in
the records of the appropriate locality so that the registration
will appear in the chain of title,

X4.8 Transfer Act Requirements:

X4.8.1 Some states have transfer act programs that re-

“quire fuil evaluation of all environmental issues before or

after the transfer occurs. It may be that within such program,
institutional controis can be established by way of consent
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order, administrative order, or some other technique that
establishes implementation and continued responsibility for
institutional controls. :

X4.8.2 A typical transfer act imposes obiigations and
confers rights on parties to a land transaction arising out of
the environmental status of the property to be conveyed.
Transfer acts impose information obligations on the seller or
lessor of a property (see X4.6.3). That party must disclose
general information about strict liabnlity for cleanup costs as
weil as property-specific information, such as presence of
hazardous substances, permitting requirements and status,
releases, and enforcement actions and vanances,

X4.8.3 Compliance with transfer act obligations in the
manner prescribed is crucial for ensuring a successful con-
veyance. Sometimes the transfer act operates to render a
transaction voidable before the transfer occurs. Failure to
give notice in the required form and within the time period
required or the revelation of an environmental violation or
unremediated condition will relieve the transferée and the
lender of any obligation to close the transaction, even if a
contract has already been exccuted. Moreover, violation of
the transfer act can be the basis for a lawsuit to recover
consequential damages.

X4.9 Contractual Obligations:

X4.9.1 One system for ensuring the future restriction on
use of a site, or the obligation to remediate a site. is to require
private parties to restrict use by contract. While this method
is often negotiated among private parties, it will be difficult,
if not impossibie, to institutionalize some control over that
process without interfering with the abilities and rights of
private parties to freely negotiate these liabilities.

X4.9.2 Another avenue is for the landowner or respon-
sible party to obligate itself io the state by contract. The state
may require a contractual commitment from the party to
provide long-term monitoring of the site. use restrictions,
and means of continued funding for remediation,

X4.10 Continued Financial Responsibility—Another as-
pect of institutional controls is the establishment of financial
mechanisms by which a responsible party ensures continued
funding of remediation measures and assurance to the
satisfaction of the state.

X4.11 References:

X4.11.1 The following references serve as examples and
are current as of the fourth quarter of 1993;

X4.11.1.1 References for Deed Restrictions:

24 New Jemey Regulations 400 {1992} (New Jersey Administration Code §

7.26D-8.2 (e} (2))

24 New Jersey Regulations 400-02 ((992) (New Jersey Administration Code §§
7.26D-8.1-8.4)

24 New Jersey Regulations 401 (1992) {New Jersey Administration Code §
7.26D Appendix A. Model Document. Declaration of Environmental
Restrictions and Grant of Ease ment. ltem §)

Hllinois Responsible Property Transfer Act § 7(c) (1983)

Massachusetts Regulations Code Title §40.1071 (2) (I} & (k)

Massachusetts Regulations Code, Title §40.107t(4)

Michigan Administration Code 299.5719 (33 {e) (19%0)
Michigan Rules 2995719 (2). (1) {d)

X4.11.1.2 References for Use Restrictions:

24 New Jersey Regulations 400 (New Jersey Administration Code § 7.26D-8.2

dy)
Michigan Admunistration Code 299.571% (3) {a). {b). (g)
New Jersey Regulation 7.26D-8.4

X4.11.1.3 References for Access Controls:
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Towa Administration Code r. 133.4 {2) (b}
Michigan Rule 299.4719 {3} (D
New Jersey Regulations § 7.26D-8.2

X4.11.1.4 References for Notice:

California Heaith and Safety Code § 25359.7 (1981)

Illinois Responsible Property Transfer Act (1985)

Indiana Code §§13-7-22.5-1-22 (1989 (*Indiana Enviconmenial Hazardous
Dhisclosure and Responsible Party Transfer Law™)

Massachusetts Regulations Code Title §§ 40.1071-1090 (1993)

Michigan Rule 299.5719 (3) (¢}

X4.11.1.5 References for Registry Act Regquirements:

lowa Code Ann, 8§ 455B.426-455B.432, 455B.411 (1) {1950}
Missouri Code Regulations Title 10, §§ 25-10.080, 25-3.260 (1993)

X4.11.1.6 References for Transfer Act Requirements:

Connecticut General Stat. §22a-134 ¢ seg

[llinois Responsible Property Transfer Act (1985)

[ndiana Code §§ 13-7-22.5-1-22 (1989} (“Indiana Environmental Hazardous
Disclosure and Responsible Pary Transfer Law™)

New Jersey Senaie Bill No. 1070. the Industrial Site Recovery Act, amending
the environmental cleanup Responsibility Act, N.J.S.A. 13:1K-6 ef seg

Mew Jersev Spill Compensation and Control Act. N.LS.A. 58:10-23.11 er seg

X4.11.1.7 Reference for Contractual Obligations:
Michigan Rule 299.3719 (2)

X4.11.1.8 Reference for Continued Financial Responsi-
bility:
Michigan Rule 299.5719 (2)

X5. EXAMPLE APPLICATIONS OF RISK-BASED CORRECTIVE ACTION

X5.1 Imtroduction—The foilowing examples illustrate the
use of RBCA at petroleum release sites. The exampies are
hypothetical and have been simplified in order to illustrate
that RBCA leads to reasonable and protective decisions;
nevertheless, they do reflect conditions commonly encoun-
tered in practice.

X5.2 Example !|—Corrective Action Based om Tier |
Risk-Based Screening Levels:

X5.2.1 Scenario—A release from the underground
storage tank (UST), piping, and dispenser system at a service
station is discovered during a real estate divestment assess-
ment. It is known that there are petroleum-impacted surficial
soils in the area of the tank fill ports; however, the extent to
which the soils are impacted is unknown. In the past, both
gasoline and diesel have been sold at the facility. The new
owner plans to continue operating the service station facility.

X5.2.2 Site Assessment—The responsible party completes
an inittal site assessment focussed on potential source areas
(for example, tanks, lines, dispensers) and receptors. Based
on historical knowledge that gasoline and diesel have been
dispensed at this facility, chemical analyses of soil and
ground water are limited to benzene, toluene, ethylbenzene,
xylenes, and naphthalene. Site assessment results are sum-
marized as follows:

X5.2.2.1 Field screening instruments and laboratory anal-
yses indicate that the extent of petroleum-impacted sails is
confined to the vicinity of the fill ports for the tanks. A tank
and line test reveals no leaks; therefore, evidence suggests
that soils are impacted due to spills and overfills associated
with filling the storage tank,

X5.2.2.2 The current tanks and piping were installed five
years ago,

X5.2.2.3 The concrete driveway is highly fractured,

X5.2.2.4 No other sources are present,

X5.2.2.5 The site is underlain by layers of fine to silty
sands,

X5.2.2.6 Ground water, which is first encountered at 32 ft
(9.7 m) below ground surface, is not impacted,

X5.2.2.7 Maximum depth at which hydrocarbons are
detected is 13 ft (3.9 m). Maximum detected soil concentra-
tions are as follows:

Depth Concentration,
Compound Below Ground Surface, me/kg
fr (m)
Benzene § (29 10
Ethylbenzene 4 (LY 4
Toluene 6.5(1.9) 55
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35(L0D 38
0.6) 17

Xyienes
Maphthalene 2
X5.2.2.8 A receptor survey indicates that two domestic
water wells are located within 900 ft (273.6 m) of the source
area, One well is located 500 ft (152.4 m)} hydraulicaily
down-gradient from the impacted soil zone, the other well is
hydraulically up-gradient. Both wells produce water from the
first encountered ground water zone.

X5.2.3 Site Classification and Initial Response Action—
Based on classification scenarios given in Table |, this site is
classified as a Class 3 site because conditions are such that, at
worst, it is a long-term threat to human health and environ-
mental tesources. The appropriate initial response is to
evaluate the need for a ground water monitoring program.
At most, this would consist of a single well located immedi-
ately down-gradient of the impacted petroleum soils. The
responsible party recommends deferring the decision to
install a ground water monitoring system until the Tier [
evaluation is complete, and justifies this recommendation
based on no detected ground water impact, the limited
extent of impacted soils, and the separation between im-
pacted soils and first-encountered ground water, The regula-
tory agency concurs with this decision.

X5.2.4 Development of Tier 1 Look-Up Table of Risk-
Based Screening Level (RBSL)—Assumptions used to derive
example Tier 1 RBSL Look-Up Table X2.1 in Appendix X2
are reviewed and presumed valid for this site. A comparison
of RBSLs for both pathways of concern indicates that RBSLs
associated with the leaching pathway are the most restrictive
of the two. As this aquifer is currently being used as a
drinking water supply, RBSL values based on meeting
drinking water MCLs are selected. In the case of naphtha-
lene, for which there is no MCL, the RBSL value corre-
sponding to a residential scenario and a hazard quotient of
unity is used.

X5.2.5 Exposure Pathway Evaluation—Based on current
and projected future use, the only two potential complete
exposure pathways at this site are: (/) the inhalation of
ambient vapors by on-site workers, or (2) the leaching to
ground water, ground water transport to the down-gradient
drinking-water well, and ingestion of ground water {see Fig.
X5.1).

X5.2.6 Comparison of Site Conditions With Tier 1
RBSLs—Based on the data given in X5.2.3.7 and the RBSLs
given in Look-Up Table X2.1 in Appendix X2, exceedences
of Tier 1 RBSLs are noted only for benzene and toluene.
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X5.2.7 Evaluation of Tier | Results—The responsible
party decides to devise a corrective action plan to meet Tier
1 standards after considering the following factors:

X35.2.7.1 The shallow aquifer is not vet affected,

X5.2.7.2 Quick (relative to rate of chemical migration)
removal of the source will eliminate the need for ground
water monitoring,

X5.2.7.3 The new owner plans to install new tanks within
six months,

X5.2.7.4 Limited excavation of soils to meet Tier 1
criteria could be performed quickly and inexpensively when
the tanks are removed, relative to the cost of proceeding to a
Tier 2 analysis, and

X5.2.7.5 An excavation proposal will facilitate the real
estate deal.

X5.2.8 Tier ! Remedial Action Evaluation—Excavate all
impacted soils with concentrations above the Tier 1 RBSLs
when the current tanks are replaced. Subsequently resurface
the area with new concrete pavement to reduce future
infiltration and leaching potential through any remaining
impacted soils. It is agreed that ground water monitoring is
not necessary and the governing regulatory agency agrees to
issue a No Further Action and Closure letter following
implementation of the corrective action plan.

X5.3 Example 2—RBCA Based on Tier 2 Evaluation:

X5.3.1 Scenario—During the installation of new double-
contained product transfer lines, petroleum-impacted soils
are discovered in the vicinity of a gasoline dispenser at a
service station located close to downtown Metropolis. In the
past, both gasoline and diesel have been sold at this facility,
which has been operating as a service station for more than
twenty years.

X5.3.2 Site Assessment—The owner completes an initial
site assessment focussed on potential source areas (for
example, tanks, lines, dispensers) and receptors. Based on
historical knowledge that pasoline and diesel have been
dispensed at this facility, chemical analyses of soil and
ground water are limited to benzene, toluene, ethyibenzene,
xylenes, and naphthalene. Results of the site investigation are
as follows:

X5.3.2.1 The extent of petroleum-impacted soils is con-
fined to the vicinity of the tanks and dispensers. A recent
tank and line test revealed no leaks; therefore, evidence
suggests that the releases occurred sometime in the past,

X5.3.2.2 The current tanks, lines, and dispensers were
installed three years ago,

X5.3.2.3 The asphalt driveway is competent and not
cracked,

X5.3.2.4 Another service station is located hydraulically
down gradient, diagonally across the intersection,

X5.3.2.5 The site is underlain by silty sands with a few
thin discontinuous clay layers,

X5.3.2.6 Ground water, which is first encountered at 32 ft
(9.7 m) below ground surface, is impacted, with highest
dissolved concentrations observed beneath the suspected
source areas. Dissolved concentrations decrease in all direc-
tions away from the source areas, and ground water samples
taken hydraulically down gradient from a well located in the
center divider of the street (about 100 ft (30.4 m) from the
source area) do not contain any detectable levels of dissolved
hydrocarbons,
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X5.3.2.7 Ground water flow gradient 1s very shallow, and
ground water flow velocities are at most tens of feet per year,

X5.3.2.8 Ground water yield from this aquifer. is esti-
mated to be in excess of 5 gal/min (18.9 L/min), and total
dissoived solids levels are less than 700 mg/L. Based on this
information, this aquifer is considered to be a potential
drinking water supply,

X5.329 A shaliow soil gas survey indicates that no
detectable levels of hydrocarbon vapors are found in the
utility easement running along the southern border of the
property, or in soils surrounding the service station kiosk,

X5.3.2.10 Impacted soils extend down to the first encoun-
tered ground water. Maximum concentrations detected in
soil and ground water are as follows:

Compound Soil, mg/kg Ground water, mg/L
Benzene 20 2
Ethylbenzene 4 05
Toluene 120 5
Xylenes 100 5.0
Napthalene 2 0.05

X5.3.2.11 A receptor survey indicates that no domestic
water wells are located within one-half mile of the site:
however, there is an older residential neighborhood located
1200 ft (365.7 m) hydraulically down gradient of the site.
Land use in the immediate vicinity is light commercial (for
example, strip malls). The site is bordered by two streets and
a strip mall parking lot.

X5.3.3 Site Classification and Initial Response Action—
Based on classification scenarios given in Table 1, this site is
classified as a Class 3 site because conditions are such that, at
worst, it is a long-term threat to human heaith and environ-
mental resources. The appropriate initial response is to
evaluate the need for a ground water monitoring program.
The owner proposes that the ground water monitoring well
located hydranlically down gradient in the street divider be
used as a sentinel well, and be sampled yearly. The regula-
tory agency concurs, provided that the well be sampled every
six months.

X5.3.4 Development of Tier 1 Look-Up Table of Risk-
Based Screening Level (RBSL) Selection—Assumptions used
to derive example Tier 1 RBSL Look-Up Table X2.1 in
Appendix X2 are reviewed and presumed valid for this site.
Due to the very low probability of the exposure pathway
actually being completed in the future, MCLs are not used
and the site owner is able to negotiate Tier 1 RBSLs based on
a 10~5 risk to human health for carcinogens and hazard
quotients equal to unity for the noncarcinogens (based on
ground water ingestion).

X5.3.5 Exposure Pathway Evaluation—Based on current
and projected future use, and the soil gas survey results, there
are no potential complete exposure pathways at this site. The
down gradient residential neighborhood is connected to a
public water supply system, and there is no local use of the
impacted aquifer. However, being concerned about future
uncontrolled use of the aquifer, the regulatory agency
requests that the owner evaluate the ground water transport
to residential drinking water ingestion pathway, recognizing
that there is a low potential for this to occur (see Fig. X5.2).

X5.3.6 Comparison of Site Conditions With Tier 1 RBSLs
—Based on the data given in X5.3.2.10 and the RBSLs
given in example Look-Up Table X2.1 in Appendix X2,
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exceedences of Tier 1 soil and ground water RBSLs are noted
only for benzene.

X5.3.7 Evaluation of Tier 1 Resulis—The responsible
party decides to proceed to a Tier 2 evaluation for benzene
and the pathway of concern, rather than devise a corrective
action plan to meet Tier | standards after considering the
following factors:

X5.3.7.1 The shallow aquifer is impacted, but the dis-
solved plume appears to be stable and ground water move-
ment is very slow,

X5.3.7.2 Excavation of soils to meet Tier | criteria would
be expensive, due to the depth of impacted soils. Excavation
would shut down the facility, and require all tanks and new
lines to be removed and reinstalled,

X5.3.7.3 Costs for application of other conventional treat-
ment methods, such as vapor extraction and pump and treat,
are estimated to exceed $300000 over the life of the
remediation, and

X5.3.7.4 A tier 2 analysis for this site is estimated to
require minimal additional data, and is anticipated to result
in equally protective, but less costly corrective action.

X5.3.8 Tier 2 Evaluation—The owner collects additional
ground water monitoring data and verifies that:

X5.3.8.1 No mobile free-phase product is present,

X5.3.8.2 The dissolved plume is stable and ground water
concentrations appear to be decreasing with time,

X5.3.8.3 Extent of the dissolved piume is limited to
within 50 ft (15.2 m) of the property boundaries,

X5.3.8.4 Dissolved oxygen concentrations are higher out-
side of the dissolved plume, indicating some level of aerobic
bicdegradation,

X35.3.8.5 Ground water movement is less than 50 ft/year
(15.2 m), and

X5.3.8.6 Simple ground water transport modeling indi-
cates that observations are consistent with expectations for
the site conditions.

X5.3.9 Remedial Action Evaluation—Based on the dem-
onstration of dissolved plume attenuation with distance, the
owner negotiates a corrective action plan based on the
following: (/) compliance with the Tier 1 RBSLs at the
monitoring well located in the street center divider, provided
that deed restrictions are enacted to prevent the use of
ground water within that zone until dissolved levels decrease
below drinking water MCLs, (2) deed restrictions are enacted
to ensure that site land use will not change significantly, (3)
continued sampling of the sentinel/compliance ground water
monitoring well on a yearly basis, (4) should levels exceed
Tier 1 RBSLs at that point for any time in the future, the
corrective action plan will have to be revised, and (5) closure
will be granted if dissolved conditions remain stable or
decrease for the next two years.

X5.4 Example 3—RBCA With Emergency Response and
In Situ Remediation:

X5.4.1 Scenario—A 5 000-gal (18 925-L) release of super
unleaded gasoline occurs from a single-walled tank after
repeated manual gaging with a gage stick. Soils are sandy at
this site, ground water is shallow, and free-product is
observed in a nearby monitoring well within 24 h. The site is
located next to an apartment building that has a basement
where coin-operated washers and dryers are located for use
by the tenants.
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X5.4.2 Site Assessment—-In this case the initial site assess-
ment is conducted rapidly and is focussed towards identi-
fying if immediately hazardous conditions exist. It is known
from local geological assessments that the first encountered
ground water is not potable, as it is only about 2 ft (0.6 m)
thick and is perched on a clay aquitard. Ground water
monitoring wells in the area (from previous assessment
work) are periodically inspected for the appearance of
floating product, and vapor concentrations in the on-site
utility corridors are analyzed with an explosimeter. While
this flurty of activity begins, a tenant of the apartment
building next door informs the station operator that her
laundry room/basement has a strong gasoline odor.
Explosimeter readings indicate vapor concentrations are stiil
lower than explosive levels, but the investigation team notes
that “strong gasoline odors” are present.

X5.4.3 Site Classification and Initial Response Action—
This limited information is sufficient to classify this site as a
Class 2 site (strong potential for conditions to escalate to
immediately hazardous conditions in the short term), based
on the observed vapor concentrations, size of the release, and
geological conditions. The initial response implemented is as
follows:

X5.4.3.1 Periodic monitoring of the apartment basement
begins to ensure that levels do not increase to the point
where evacuation is necessary (either due to explosion or
acute health effects). In addition, the fire marshall is notified
and building tenants are informed of the activities at the site,
potential hazards, and abatement measures being imple-
mented,

X5.432 A free-product recovery/hydranlic control
system is installed to prevent further migration of the mobile
liquid gasoline, and

X5.4.3.3 A subsurface vapor extraction system is instailed
to prevent vapor intrusion to the building.

X5.4.4 Developmen: of Tier 1 Look-Up Table of Risk-
Based Screening Level (RBSL) Selection—Assumptions used
to derive example Tier 1| RBSL Look-Up Table X2.1 in
Appendix X2 are reviewed and presumed valid for this site.
Target soil and ground water concentrations are determined
based on the vapor intrusion scenario. After considering
health-based, OSHA PEL, national ambient background,
and aesthetic vapor concentrations, target soil levels are
based on achieving a 10™* chronic inhalation risk for
benzene, and hazard quotients of unity for all other com-
pounds. The agency agrees to base compliance on the
volatile monoaromatic compounds in gasoline (benzene,
toluene, xylenes, and ethylbenzene), but reserves the right to
alter the target levels if aesthetic effects persist in the building
basement at the negotiated levels.

X5.4.5 Exposure Pathway Evaluation—Given that: (1)
there is a very low potential for ground water usage, {2)a 20-
ft (6.1-m) thick aquitard separates the upper perched water
from any potential drinking water supplies, and (3) the close
proximity of the apartment building, the owner proposes
focusing on the vapor intrusion—residential inhalation sce-
nario (see Fig. X5.3). The agency concurs, but in order to
eliminate potential ground water users as receptors of
concern, requests that a down-gradient piezometer be in-
stalled in the lower aquifer. The owner concurs.

X5.4.6 Comparison of Site Conditions With Tier 1
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RBSLs—While a complete initial site investigation has yet to
be conducted, all parties agree that currently the RBSLs are
likely to be exceeded.

X5.4.7 Evaluation of Tier I Results—The owner decides
to implement an interim corrective action plan based on Tier
1 RBSLs, but reserves the rght to propose a Tier 2
evaluation in the future.

X5.4.8 Tier ! Remedial Action Evaluation—The owner
proposes expanding the vapor extraction system to remediate
source area soils. In addition he proposes continuing to
operate the free-product recovery/hydraulic control system
until product recovery ceases. Monitoring of the piezometer
placed in the lower aquifer will continue, as well as periodic
monitoring of the apartment building basement. Additional
assessments will be conducted to ensure that building vapors
are not the result of other sources. After some period of
operation, when hydrocarbon removal rates decline, a soil
and ground water assessment plan will be instituted to collect
data to support a Tier 2 evaluation.

X5.5 Example 4—RBCA Based on Use of a Tier 2 Table
Evaluation—In circumstances where site-specific data are
similar among several sites, a table of Tier 2 SSTL values can
be created. The following example uses such a table.

X5.5.1 Scenario—Petroleum-impacted ground water is
discovered in meonitoring wells at a former service station.
The underground tanks and piping were removed, and the
site is now occupied by an auto repair shop.

X5.5.2 Site Assessment—The responsible party completes
an initial site assessment to determine the extent of hydro-
carbon-impacted soil and ground water. Because gasoline
was the only fuel dispensed at the site, the assessment
focussed on benzene, toluene, ethylene benzene, and xylenes
(BTEX) as the chemicals of concern. Site assessment results
are summarized as follows:

X5.5.2.1 The area of hydrocarbon-impacted soil is ap-
proximately 18 000 ft? (1672 m?) and the depth of soil
impaction is less than 5 ft (1.5 m); The plume is off site,

X5.5.2.2 The site is covered by asphalt or concrete,

X5.5.2.3 The site is underlain by clay,

X5.5.2.4 Hydrocarbon-impacted perched ground water is
encountered at 1 to 3 ft (0.3 to 0.9 m) below grade. This
water is non-potable. The first potable aquifer is located over

100 ft (30 m) below grade and is not impacted. There is no
free product,

X5.5.2.5 Maximum detected concentrations are as fol-
lows:

Compound Soid, Ground water,
ma/ke mgy/L
Benzene 39 1.8
Toluene 15 4.0
Ethylbenzene 12 0.5
Xylenes 140 9.0

X5.5.2.6 Ground water velocity is 0.008 ft/day (0.0024
m/day) based on slug tests and ground water elevation
survey and assumed soil porosity of 50 %,

X5.5.2.7 A receptor survey indicates that the nearest
down gradient water well is greater than 1.0 mile (1.6 km)
away and the nearest surface water body is 0.5 miles (0.8
km). The distance to the nearest sensitive habitat is greater
than 1.0 mile; however, there is a forest preserve frequented
by day hikers and picnickers next to the site. The nearest
home is 1000 ft {305 m) away. The commercial building on
site is 25 ft (7.6 m) from the area of hydrocarbon-impacted
soil.

X5.5.3 Site Classification and Initial Response Action—
Based on the classification scenarios given in Tabie 1, this
site is classified as a Class 4 site, with no demonstrabie
long-term threat to human health, safety, or sensitive envi-
ronmental receptors, because the hydrocarbon-impacted
soils are covered by asphalt or concrete and cannot be
contacted, only non-potable perched water with no existing
local use is impacted, and there is no potential for explosive
levels or concentrations that could cause acute effects in
nearby buildings. The appropriate initial response is to
evaluate the need for a ground water monitoring program.

X5.5.4 Development of Tier I Look-Up Table of Risked-
Based Screening Level (RBSL)—The assumptions used to
derive the example Tier 1 RBSL Look-Up Table are pre-
sumed valid for this site.

X5.5.5 Exposure Pathway Evaluation—The complete
pathways are ground water and soil volatilization to enclosed
spaces and to ambient air, and direct exposure to impacted
soil or ground water by construction workers. A comparison
of RBSLs for these pathways of concern indicates that

TABLE X5.1 Example 1—Site Classification and Initiai Response Actions

Criteria and Prescribed Scenarios

Example Initial Response Actions

3. Long-term (>2 years) tiveat to human heaith, safety, or sensitive
environmental recaptors
® Subsurtace sails (>3 ft (0.9 m) BGS) are significantly impacted, and
the depth between impacted soiis and the first potable aquifer is
less than 50 ft (15 m).

Notity appropriate authorities, property cwners, and potentially affected parties,

[ ] Ground water is impactad, and potable water supply wells producing

from the impacted interval are located >2 years ground water
travel time from the dissolved plume.
[ ] Ground water is impacted, and non-potable water supply wells

producing from the impacted interval are located >2 years ground

water travel tima from the dissoived plume.

L) Ground water is impacted, and non-potable water supply weés that
da nat produce from the impacted interval are located within the
knawn extent of chemical(s) of concam.

[ ] Impacted surface water, storm water, of ground water discharges

within 1500 ft (457 m) of a sensitive habitat or surface water body

used for human drinking water or contact recraation,

[ ] Shallow cantaminated surface soils are apen to public access, and
dwallings, parks, playgrounds, day-care centers, schools, or
similar-use facilities are mare than 500 ft {152 m) of those sails.

and evaluate the need to
[ ) Monitor ground water and determine the potential for future
migration of the chermicaks) of concem to the aquifer.

[ ] Monitor the dissalved plume and evaluate the potential for natural
attenuation and the need for hydraulic control.

[ ] \dentify water usage of well, assess the effect of potential impact,
monitor the dissolved plume, and evaluate whether natural
attenuation or hydraulic control are appropriate control measures.

L] Monitor the dissoived plume, daterming tha potential for vertical
migration, notify the user, and determine if any impact is likely.

L] Investigate current impact on sensitive habitat or surface water
body, restrict access to area of discharge (if necessary}, and
evaiuate tha need for containment/control measures.

[ ] Restrict access to impact sois.
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TABLE X5.2 Example 2-—Site Classification and Initiai Aesponse Actions
Criteria and Prescribed Scenarios Exampla initial Response Actions
3. Long-term (:>2 years) threat to human health, safety, or sensitive environmental  Notify appropriate authorities. property owners, and potentially affected parties,
receptors and evaluate the need to

L} Subsurface soils (=3 ft (0.9 m) BGS; are significantly impacted, and [ ] Monitor ground water angt determine the potential for future
the depth between impacted soils angd the first potable aquifer is contaminant migration to the aquifer.
lass than S0 % (15 m).

L Ground water is impacted, and potable water supply weils producing ] Monitor the dissolved plume and avaluate the potential for natural
from the impacted interval are iocated >2 years ground water attenuation and the need for hydrauiic control.
travel time from the dissolved plume,

L ] Ground water is impacted, and non-potable water supply wells L Identify water usage of well, assess the effect of potential impact,

: producing from the impacted interval are located >2 years ground monitor the dissolved plume, and evaluate whether natural
: water travel time from the dissoived plume. attenuation or hydraulic control are appropriate control measures.
| Ground water is impacted, and non-potable water supply wetls that [ ] Monitor the dissolved plume, determine the potential for vertical
do not produce from the impacted interval are located within the migration, notify the user, and determine if any impact is likedy.
known extent of chemical(s) of concem.

L] Impacted surface water, storm water, or ground water discharges [ ] Investigate current impact on sansitive habitat or surface water
within 1500 ft (457 m) of a sensitive habitat or surface water body body, restrict access to area of discharge (if necessary), and
used for human drinking water or contact recreation. evaluate the need for containment,/controd measures.,

[ ] Shallow contaminated surface sails are open to public access, and [ ] Restrict access to impact soils.

dwellings, parks, playgrounds, day-care centers, schoals, or
| similar-use facilites are more than 500 ft (152 m) of those soils,

TABLE X5.3 Example 3—Site Clagsification and Initial Response Actions

Criteria and Prescribed Scenarios Exampie Initial Response Actions
2. Short-term (0 to 2 years) threat to human heaith, safety, or sensitive Notify appropriate authorities, property owners, and potentially affected parties,
environmental receptars and evaluate the need to
L Thera is potential for explosive levels, or concentrations of vapors ® Assess the patential far vapor migration (through monitoring/
that could cause acute effects, to accumulate in a residence or modeting) and remove source (if necessary), or install vapor
' other building. migration barrier.
L ] Shallow contaminated surface soils are open to public access, and ® Remove soils, cover soils, or restrict access,

dweillings, parks, playgrounds, day-care centers, schools, or
similar use facilities are within 500 ft (152 mj of those soils.

[ A non-potable water supply weil is impacted or immediately ® Notify ownerfuser ang evaluate the need to install point-of-use water
threatened. treatment, hydraulic controd, or alternate water supply.

[ ] Ground water is impacted, and a public or domaestic water supply ® Ingtitute moenitaring and then evaluate if natural attenuation ig
weil producing from the impacted aquiter is located within sufficient, ar if hydraulic control is required.

twoeyears projected ground water travel distance down gradient
of the knawn axtent of chamicalls) of concem.

[ ] Ground water is impacted, and a public or domestic water supply L Monitar ground water well quality and evaluate if control is
weil producing from a differant intarval is located within the known necessary to prevent vertical migration to the supply wed.
extent of chamicals of concemn.

[ ] Impacted surface watet, storm water, or ground water discharges L] institute containment measures, restrict access to areas near
within 300 ft {152 m) of a sensitive habitat or surface water body discharge, and evaluate the rnagnitude and impact of the
used for human drinking water ar contact recreation. discharge.

RBSLs associated with soil volatifization to an enclosed  additional data and is expected to be an equally protective
space arc the most restrictive RBSLs. but less costly corrective action.
X5.5.6 Comparison of Site Conditions with Tier I X5.5.8 Development of a Tier 2 Table of Site-Specific
i RBSLs—Based on the data given in X5.5.2 and the RBSLs  Targer Levels (SSTLs)—The Tier 2 table is similar to the
= given in Table X2.1, exceedances of Tier i RBSLs are noted  Tier 1 Look-Up Table with the exception that SSTLs for the
i for benzene in soil and ground water and toluene for ground  pathways of concern are presented as functions of both the
water, distance from the source to the receptor and the soil type.
X3.3.7 Evaluation of Tier 1 Results—The responsible X5.5.8.1 For the pathways considered, approaches for the
party decided to proceed to a Tier 2 evaluation for the  Tier 2 table are consistent with guidelines contained in Ref
pathways of concern rather than develop a corrective action  (26).

plan for the following reasons: X5.5.8.2 The equations, assumptions, and parameters
X5.5.7.1 Only shallow perched water is impacted, and the  used to construct the Tier | Look-Up Table and Tier 2 table

dissolved plume is moving very slowly in tight clay, are similar, except as noted as follows:
' X5.5.7.2 Excavation of soils to meet Tier | criteria would (1) Ground Water: Ingestion of Ground Water—A one-

be expensive and would disrupt activities of the on-sitt  dimensional analytical mass balance equation with attenua-
business. Off-site excavation would be impractical and may  tion mechanisms of retardation, dispersivity, and first-order
not be able to clean up ground water to Tier 1 criteria, biclogical decay (in sandy soil only) was applied in conjunc-
X5.5.7.3 Other conventional treatment methods, such as  tion with the equations in Tables X2.2 and X2.3 to calculate
pump and treat and vapor extraction, would be relatively  SSTLs. The analytical model is limited to steady-state
ineffective in the heavy clay, and conditions and longitudinal dispersion. The analytical solu-
X5.5.7.4 A Tier 2 evaluation for this site requires no  tion to the mass balance equation is presented in Ref (44).

43




.

]

-

fih € 1739

TABLE X5.4 Example Tier 2 Site-Specific Target Level (SSTL) Table—Soil and Ground Water

$S5TLs at Source Sandy Sail, Natural Biodegradation

SSTLs at Source Clay Soil, No Natural Biodegradation

Exposure Receptor  Distance to i ic Risk = ] = i i = ~5 =
Pathway Scenario  Sourca, It (m) Carcinogenic Risk =1 x 10, Ha = 1 Carcinogenic Aisk = Tx 107, Hd=1
Benzene FEthylbenzene Toluene Xylene Benzens Ethylbenzene  Toluene Xylena
Sol Soil vapor  residential 10(3) 0.052 18 18 450 17 570 300 9500
intrusion fram 25 (7.6) 0.47 160 160 1.74 65 114 104 RES®
soil to 100 (30) 314 RES RES RES RES RES RES RES
builgings, commerciall 10 (3) 0.13 39 24 980 4.3 1200 850 204
mg/kg industrial 25 (7.6) 1.2 340 340 364 950 244 22.54 RES
100 {30) B.0A RES RES RES RES RES RES RES
Surficial soil  residential 22 5100 5400 280 22 5100 5400 280
'c"‘.?r::f" and commercial 120 9600 1.74 1500 17 9600 174 1500
mayka industrial
Soil lechate  residential )] 017 47 130 2200 0.17 47 130 2200
to protect 100 (30) 0.32 88 250 4200 0.20 130 760 RES
ground water 500 (152) 40 1200 6300 RES RES RES RES RES
ingestion commercial/ 0 {0) 0.58 130 350 8200 0.58 130 350 6200
target lovel,  industrial 100 (30 1.1 250 670 1.24 0.70 380 2100 AES
-mg/kg 500 (152} 13 3300 1.754 RES RES RES AES RES
Ground Ground residential 0 0.029 36 7.3 73 0.028 36 7.3 73
Water  water 100 0.054 LY 14 140 0.035 10 43 >5¢
ingestien, 500 088 90 350 >5 >S5 =8 >5 >3
ma/L commerciall 0 0.099 10 20 200 0.099 10 20 200
industrial 100 0185 19 38 >8 0.12 29 120 >8
500 23 250 >5 >3 >3 >8 >S5 >8
Ground . .
water vapar residential 10 C.11 32 17 510 5.0 >5 >8 >S5
intrusion from 25 a72 210 180 >8 1200 >S5 >8 >5
ground watar 100 >8 >S5 >5 >5 >3 >5 5 =5
‘o buidings commercial/ 10 0.28 70 36 >8 13 >5 5 >5
" industrial 25 1.9 >S5 350 >5 >3 >S5 >8 >S5
mg/L 100 >8 -8 >3 >3 >§ >S5 >8 >8
A Weight percent.

B {ES—Selectad risk level is not exceeded for pure compound present at any concentration.

¢ »S—Salected risk lavel is not exceeded for ali possible dissolved levels.

(2) Ground Water: Inhalation of Outdoor Vapors—This
pathway was not considered because exposure concentra-
tions were very low.

(3) Ground Water: Inhalation of Enclosed-Space (Indoor}
Vapors—A one-dimensional mass balance equation fol-
lowing Jury, et al (31) has been used to model vapor
transport (43). This model was used in conjunction with the
equations in Table X2.2 and X2.3 to calculate SSTLs. The
model includes concentration attenuation between the
source and the building by partitioning into immobile pore
water, adsorption onto soil, and biological degradation (in
sandy soil only).

(4) Subsurface Soils: Inhalation of Outdoor Vapors—This
pathway was not considered because exposure concentra-
tions were very low.

(5) Subsurface Soils: Inhalation of Enclosed-Space
(Indoor) Vapors—The SSTLs were calculated using the Jury
model (31) as discussed in Paragraph (3) of X5.5.8.2.

(6) Subsurface Soils: Leaching to Ground Water—The
SSTLs were calculated using the one-dimensional mass-
balance equation described in Paragraph (1) of X5.5.8.2, in
conjunction with the lechate factor, LFgy, as discussed in
X2.94.1.

(7) All exposure parameter values listed in Table X2.4,
soil, building surface, and subsurface parameter values listed
in Tabie X2.6, and chemical-specific properties listed in
Table X2.7 have not been changed.

(8) First-order decay rates in sandy soil were assumed t0 be
0.2 % per day for all BTEX compounds. These rates are
considered conservative. Chiang, et al (38) determined that a
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DO of 2.0 mg/L is required for rapid and complete biodeg-
radation of benzene, Chiang, et al (38) measured a biodegra-
dation rate of 0.95% per day, and Barker, et al (36)
measured a biodegradation rate of 0.6 % per day for ben-
zene. In general, published biodegradation rates range from
0.6 to 1.25 % per day. Chiang, et al (38) also determined that
biodegradation rates may be slower and incomplete at DO
concentrations below 2.0 mg/L. This is a conservative value
since aerobic biodegradation continues at DO concentrations
as low as 0.7 mg/L (44).

{(9) Clay properties are as follows:

Total soil porosity, cm?/cm? 0.05
Volumetric water content, cm?/cm? 6.4
Ground water Darcy velocity, cm/s 25

X5.5.8.3 Assumptions used to derive the example Tier 2
SSTL table are reviewed and presumed valid for this site.
Due to the very conservative assumptions used to calculate
exposure and the small number of people potentially ex-
posed, the Tier 2 SSTLs are based on a 103 risk to human
health for carcinogens and hazard quotients equal to unity
for noncarcinogens.

X5.5.9 Comparison of Site Conditions with Tier 2 Table
SSTLs—Based on the data given in X5.5.2 and the SSTLs
given in the example table, no exceedances of Tier 2 soil or
ground water SSTLs are noted.

X5.5.10 Tier 2 Remedial Action Evaluation—Based on
the fact that Tier 2 soil or ground water SSTLs are not
exceeded, the responsible party negotiates a corrective action
plan based on the following:

X5.5.10.1 Annual compliance monitoring of ground
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water at down gradient monitoring wells will be performed  action plan will be reevaluated, and

to demonstrate decreasing concentrations,
X5.5.10.2 Should levels exceed Tier 2 SSTLs at any of
these monitoring points at any future time, the corrective

X5.5.10.3 Closure will be granted if dissolved concentra-
tions remain stable or decrease for the next two years.’
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