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DISCLAIMER

This report, Evaluation of Environmental Hazards at Stes with Contaminated Soil and Groundwater
(Summer 2008), is atechnica guidance document prepared for the Guam Environmenta Protection
Agency (Guam EPA). The guidance and associated models represent an update to a similar, 2005
guidance document prepared under the direction of the Commonwesalth of the Northern Mariana
Idands (CNMI). Similar guidance documents have been prepared for the State of California and
State of Hawai‘i by the same author (Dr. Roger Brewer). This version of the guidance, referred to as
the Pacific Basin edition, adheres most grictly to USEPA standards and publications and is
considered to be the most widely applicable of the three.

The document provides guidance for identification and evaluation of environmenta hazards
associated with contaminated soil and groundwater. The Environmental Screening Levels (ESLS)
presented in this document and the accompanying text are specifically not intended to serve as. 1) a
stand-alone decision making tool, 2) guidance for the preparation of basdine environmenta risk
assessments, 3) aruleto determineif awaste is hazardous under the state or federal regulations, or 4)
a rule to determine when the release of hazardous substances must be reported to the overseeing

regulatory agency.

The information presented in this document is not final action. The overseeing regulatory agency
reserves the right to change thisinformation at any time without public notice. This document will
be periodically updated. Please send comments, edits, etc. in writing to the above contacts. The
overseeing regulatory agency should be contacted prior to use of this document in order to ensure
that the document is gpplicable to the site under investigation and that the user has the most up-to-
date version available. This document isnot copyrighted. Copies may be freely made and
distributed. It is cautioned, however, that reference to the screening levels presented in this
document without adequate review of the accompanying narrative could result in misinterpretation
and misuse of the information.
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TABLES
TABLE 1-1. ENVIRONMENTAL CONCERNS CONSIDERED IN LOOKUP TABLES

A-1. SHALLOW SOIL SCREENING LEVELS (<3M BGS) RESIDENTIAL LAND USE (POTENTIALLY
IMPACTED GROUNDWATER IS A CURRENT OR POTENTIAL DRINKING WATER RESOURCE)

A-2. SHALLOW SOIL SCREENING LEVELS (<3M BGS) COMMERCIAL / INDUSTRIAL LAND USE
(POTENTIALLY IMPACTED GROUNDWATER ISA CURRENT OR POTENTIAL DRINKING WATER
RESOURCE)

B-1. SHALLOW SOIL SCREENING LEVELS (<3M BGS) RESIDENTIAL LAND USE (POTENTIALLY
IMPACTED GROUNDWATER IS NOT A CURRENT OR POTENTIAL DRINKING WATER RESOURCE)

B-2. SHALLOW SOIL SCREENING LEVELS (<3M BGS) COMMERCIAL / INDUSTRIAL LAND USE
(POTENTIALLY IMPACTED GROUNDWATER ISNOT A CURRENT OR POTENTIAL DRINKING
WATER RESOURCE)

C-1. DEEP SOIL SCREENING LEVELS (>3M BGS) RESIDENTIAL LAND USE (POTENTIALLY IMPACTED
GROUNDWATER ISA CURRENT OR POTENTIAL DRINKING WATER RESOURCE)

C-2. DEEP SOIL SCREENING LEVELS (>3M BGS) COMMERCIAL / INDUSTRIAL LAND USE
(POTENTIALLY IMPACTED GROUNDWATER ISA CURRENT OR POTENTIAL DRINKING WATER
RESOURCE)

D-1. DEEP SOIL SCREENING LEVELS (>3M BGS) RESIDENTIAL LAND USE (POTENTIALLY IMPACTED
GROUNDWATER ISNOT A CURRENT OR POTENTIAL DRINKING WATER RESOURCE)

D-2. DEEP SOIL SCREENING LEVELS (>3M BGS) COMMERCIAL / INDUSTRIAL LAND USE
(POTENTIALLY IMPACTED GROUNDWATER ISNOT A CURRENT OR POTENTIAL DRINKING
WATER RESOURCE)

E-1A. GROUNDWATER SCREENING LEVELS FOR EVALUATION OF POTENTIAL VAPOR INTRUSION
CONCERNS (VOLATILE CHEMICALS ONLY)

E-1B. SOIL SCREENING LEVELS FOR EVALUATION OF POTENTIAL VAPOR INTRUSION CONCERNS
(VOLATILE CHEMICALSONLY)

E-2. SHALLOW SOIL GAS SCREENING LEVELS FOR EVALUATION OF POTENTIAL VAPOR INTRUSION
CONCERNS (VOLATILE CHEMICALS ONLY)

E-3. INDOOR AIR SCREENING LEVELS

F-1A. GROUNDWATER SCREENING LEVELS (GROUNDWATER ISA CURRENT OR POTENTIAL
DRINKING WATER RESOURCE)

F-1B. GROUNDWATER SCREENING LEVELS (GROUNDWATER ISNOT A CURRENT OR POTENTIAL
DRINKING WATER RESOURCE)

F-2A. SURFACE WATER SCREENING LEVELS FRESH WATER HABITATS

F-2B. SURFACE WATER SCREENING LEVELS MARINE HABITATS

F-2C. SURFACE WATER SCREENING LEVELS ESTUARY HABITATS

F-3A. FINAL DRINKING WATER SCREENING LEVELS FOR HUMAN TOXICITY

F-3B. RISK-BASED ACTION LEVELS FOR TAPWATER

F-4A. SUMMARY OF AQUATIC HABITAT GOALS

F-4B. SUMMARY OF SELECTED CHRONIC AQUATIC HABITAT GOALS

F-4C. SUMMARY OF SELECTED ACUTE AQUATIC HABITAT GOALS

F4D SUMMARY OF GUAM EPA CHRONIC AND ACUTE SURFACE WATER (AQUATIC HABITAT)
STANDARDS

F-4E. SUMMARY OF USEPA AND OTHER PUBLISHED AQUATIC HABITAT GOALS

F-4F. SURFACE WATER QUALITY STANDARDS FOR BIOACCUMULATION AND HUMAN
CONSUMPTION OF AQUATIC ORGANISMS

F-5. AGRICULTURAL WATER QUALITY GOALS

F-6. TOXICITY-BASED DRINKING WATER GOALS

G-1. SOIL SCREENING LEVELS FOR LEACHING CONCERNS

H-1. CRITERIA FOR ASSIGNMENT OF SOIL GROSS CONTAMINATION CEILING LEVELS
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H-2. COMPONENTS FOR SHALLOW SOIL GROSS CONTAMINATION CEILING LEVELS
H-3. COMPONENTS FOR DEEP SOIL GROSS CONTAMINATION CEILING LEVELS

I-1.  GROUNDWATER CEILING LEVELS (GROUNDWATER ISA CURRENT OR POTENTIAL SOURCE OF
DRINKING WATER)

12, GROUNDWATER GROSS CONTAMINATION CEILING LEVELS (GROUNDWATER ISNOT A
CURRENT OR POTENTIAL SOURCE OF DRINKING WATER)

1-3.  SURFACE WATER CEILING LEVELS (SURFACE WATER ISA CURRENT OR POTENTIAL SOURCE
OF DRINKING WATER)

14, SURFACE WATER GROSS CONTAMINATION CEILING LEVELS (SURFACE WATER ISNOT A
CURRENT OR POTENTIAL SOURCE OF DRINKING WATER)

J. PHYSIO-CHEMICAL AND TOXICITY CONSTANTSUSED IN MODELS
K-1. DIRECT-EXPOSURE SCREENING LEVELS, RESIDENTIAL EXPOSURE SCENARIO

K-2. DIRECT-EXPOSURE SCREENING LEVELS, COMMERCIAL/INDUSTRIAL WORKER EXPOSURE
SCENARIO
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Development of Tier 1 Lookup Tables

1.1 Introduction

This guidance document represents an update to guidance prepared for the
Commonwealth of the Northern Mariana Islands in 2005 (CNMI 2005a). Compilation
and presentation of the environmental screening levels (ESLS) presented in this document
is modeled after similar documents published by the California Environmental Protection
Agency (RWQCBSFB 2005), the Hawai’i Department of Heath (HIDOH 2005), the
Ontario Ministry of Environment and Energy (MOEE 1996), the Massachusetts
Department of Environmental Protection (MADEP 1994) and the Netherlands (Vetger
1993). The document aso incorporates Preliminary Remediation Goals for soil and
tapwater prepared by USEPA Region IX (USEPA 2004). Screening levels for the
following environmental concerns are presented (refer also to Figure 1):

Groundwater:

= Protection of human health
= Current or potentid drinking water resource;
» Intrusion of subsurface vapors to building interiors;

= Protection of aquatic habitats (discharges to surface water);

=  Protection against gross contamination concerns (free product, odors, etc.) and
general resource degradation.

= Protection of human health

= Direct/indirect exposure with impacted soil (ingestion, dermal absorption,
inhalation of vapors and dust in outdoor air);

= Intrusion of subsurface vapors to building interiors;

= Protection of groundwater quality (Ieaching of chemicals from soil);

=  Protection of terrestrial (nonhuman) habitats;

=  Protection against gross contamination concerns (free product, odors, €tc.) and
general resource degradation.

Shallow Soil Gas:
=  Protection of human health
= [Intrusion of subsurface vaporsto building interiors.

Pacific Basin Edition 11 APPENDIX 1
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For use in this document, the term "sail" refers to any unconsolidated material found in
the subsurface, including actual soil, saprolite, sediment, fill material, etc. Screening
levels for each concern are organized as follows:

N 2LOCATION OF IMPACTED SOIL
BENEFICIAL USE OF

THREATENED Shallow Soil *Deep Soil
GROUNDWATER (<3m bgs) (>3m bgs)

Soil: TablesA-1, A-2
Soil Gas. Table E-3
Water: Table ~1a

Current or Potential Source
of Drinking Water

Soil: TablesC-1, C-2
Water: Table F-1a

Soil: TablesB-1, B-2
Soil Gas. Table E-2 Soil: TablesD-1, D-2
Water: Table F-2 Water: Table F-2

NOT a Current or Potential
Source of Drinking Water

bgs: below ground surface

1. Shallow-most saturated zone beneath the subject site and deeper zones as appropriate.

2. Depth to top of impacted soil from ground surface (3 meters = 10 feet).

3. Application of Deep Soil ESLsto soils <3m deep may require institutional controls (see text).

The A through D series tables summarize screening levels complied for soil under
residential/unrestricted (A-1, B-1, C-1, D-1) and commercial/industrial (A-2, B-2, C-2,
D-2) land use scenarios. The Table E series summarizes screening levels complied for
the potential intrusion of subsurface vapors into buildings. Screening levels for
groundwater and surface water are summarized in the Table F series. Tables G through L
provide supporting screening levels and other information for the earlier tables. An
electronic version of the lookup tables, the “ESL Surfer”, is also available from the Guam
Environmental Protection Agency (Guam EPA) and Commonwedth of the Northern
Mariana |slands Division of Environmental Quality (CNM| DEQ).

A discussion of screening levels compiled for surface water and groundwater is provided
in Chapter 2. Screening levels compiled for soil are discussed in Chapter 3. Chapter 4
discusses screening levels compiled for indoor air and related screening levels for
shalow soil gas. Screening levels developed for Tota Petroleum Hydrocarbon (TPH)
are discussed in Chapter 5. Other issues pertinent to the lookup tables are discussed in
Chapter 6.

1.2 Example Selection of Tier 1 ESLs for
Tetrachloroethylene (PCE)

Figure 2 illustrates the selection of final Tier 1 soil and groundwater ESLs for the
chemical tetrachloroethylene (PCE). The example assumes impacts to shallow soils (<3
meters below ground surface) under an unrestricted (e.g., residential) land-use scenario.
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Groundwater immediately underlying the site is assumed to be a potential source of
drinking water. This scenario places the site under Table A-1 of the Tier 1 lookup tables
(refer to Section 1.1).

The Tier 1 ESL for PCE in shalow soil is selected as the lowest of the individual
screening levels for Direct Exposure (0.56 mg/kg), Vapor Intrusion (0.07 mg/kg), Gross
Contamination (230 mg/kg) and Leaching and impacts to groundwater (0.63 mg/kg).
Screening levels are not available for Terrestrial Biota concerns. The final soil ESL for
PCE is the lowest of the individua screening levels, or 0.07 mg/kg, based on potential
vapor intrusion concerns for buildings overlying contaminated soil (see also Table A-1in
this appendix and Table A in Volume 1).

The process for selection of a Tier 1 PCE ESL in groundwater is similar (refer to Figure
2). Individua screening levels for Drinking Water (5.0 ug/L), Vapor Intrusion (140
ug/L), Discharge to Surface Water (120 ug/L) and Gross Contamination (170 ug/L)
concerns are compared and the lowest of these is selected for inclusion in the Volume 1
summary, Tier 1 lookup tables. In this example, the groundwater screening level for
drinking water concerns drives potential risks and is selected as the Tier 1 ESL (5.0

ug/L).

Selection of ESLs for PCE in deep soils is similar. For deep soils, however, potential
impacts to terrestrial biota are not considered, the direct-exposure screening leve is
modified to reflect aless stringent, construction/trench worker exposure scenario, and the
ceiling level for gross contamination concerns is generally somewhat less stringent.  Soil
screening levels for leaching and groundwater protection concerns remain the same.

The process described above was carried out for each of the 100+ chemicals included in
the Tier 1 lookup tables under each combination of groundwater beneficial use, soil depth
and land use. The results are summarized in Tables A through D (soil) and Table F
(groundwater) of this appendix. As can be seen from a review of these tables, the
selection of final, Tier 1 ESLs for highly mobile or highly toxic chemicals is typically
driven by groundwater protection or vapor intrusion concerns (e.g., see selection process
for benzene or vinyl chloride ESLs in Table A-1). Final ESLs for chemicals that are
relatively immobile in soils but highly toxic are typically driven by direct-exposure
concerns (e.g., see selection process for PCBs in Table A-1). In contrast, selection of
ESLs for heavy metds that are relatively non-toxic to humans is typically driven by
ecological concerns or ceiling levels for genera resource degradation (e.g., see selection
process for copper ESL in Table A-1). For chemicals that have particularly strong odors,
selection of ESLs may be driven in part by gross contamination concerns (“ceiling
levels', eg., see Tota Petroleum Hydrocarbons (TPH) ESLs in Table B-1). The
consideration of gross contamination becomes especially important in the selection of
ESLsfor relatively immobile chemicals in isolated, deep soils (e.g., refer to Table C-1).
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1.3 Toxicity Factors and Physiochemical Constants

Toxicity factors and physiochemical constants used in the soil, tapwater and vapor
intrusion models for risk to human health are taken directly from the May 2008
USEPA Regional Screening Levels (RSLs) guidance except as noted below
(USEPA 2008c). The USEPA Region IX Preliminary Remediation Goals (PRGS)
used route-to-route extrapolation to develop interim inhalation toxicity factors for
chemical where studies specific to this pathway were not available or inadequate
to develop toxicity factors (USEPA 2004). This approach is excluded in the 2008
USEPA RSLs. The guidance instead calls for a case-by-case review of this issue
by local toxicologists. For the purposes this guidance document and in keeping
with past USEPA Region IX (USEPA 2004) and Hawai‘i DOH (HDOH 2008)
guidance, the use of route-to-route extrapolation to estimate interim toxicity
factors for chemicals where published factors are lacking is considered
appropriate. Chemicals where this approach was used are noted in the footnotes
of Table J (primarily volatile chemicals that lack inhalation-based toxicity factors
in the USEPA RSL guidance).

The USEPA defaults to cancer slope factors published by the California EPA to
develop RSLs for trichlorethylene (TCE; USEPA 2008c). The Cdifornia EPA
cancer slope factors for TCE are retained develop the soil, groundwater and
indoor-air screening levels for TCE presented in this document, using a target
excess cancer risk of 10° (refer to Table J).

Several contaminants included in the Guam ESLs are not listed in the USEPA
RSLs. In these cases dternative sources were referred to for compilation of
toxicity factors and physiochemical constants. Chemicals that fall in this category
and references used to compile toxicity factors and constants are discussed in the
footnotes of Table J.

1.4 Cumulative Risk

Additive risk due to the potential presence of multiple chemicals with similar target
health effects is addressed under Tier 1 through use of conservative exposure
assumptions (exposure frequency and duration, ingestion and inhalation rates, etc.) and
target risk levels. Exposure assumptions used to develop direct-exposure and indoor-air
screening levels primarily reflect parameter values presented in USEPA risk assessment
guidance for Superfund sites (refer to USEPA 2004). Alternative, and in some cases less
conservative, exposure assumptions are presented in the USEPA technical document
Exposure Factors Handbook (USEPA 1997), among other examples. For example,
recommended inhalation rates for residents are 11.3 m3/day for women and 15.2 m®/day
for men, in comparison to the value of 20 m*/day used to develop the direct-exposure
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screening levels presented in this appendix (Section 3.2). The average time (50th
percentile) spent at one residence is aso stated to be 9.0 years, in contrast to the more
conservative exposure duration used of 30 years. The average occupational tenure is
similarly stated to be 6.6 years, in contrast to the occupational exposure duration used of
25 years. While the more conservative exposure assumptions are still generally
recommended for use in site-specific risk assessments, the variance in the assumptions
helps to demonstrate the overall conservative nature of the models referenced in this
document.

For carcinogens, the risk-based screening levels for residential and commercial/industrial
exposure scenarios are in general based on a target excess cancer risk of 10° This
represents the upper end (most stringent) of the potentially acceptable range of 10 to
10 recommended by the USEPA (USEPA 1989a,b). Remediation or risk management
is amost always warranted at sites where the estimated cancer risk exceeds 10“. For
sites where the estimated risk is between 10 and 10°, the need for active remediation or
risk management is evaluated on a site-specific basis (i.e., risks within this range are
"potentially acceptable", depending on site-specific considerations).

An aternative target excess cancer risk of 10°was used to generate soil screening levels
for polynuclear aromatic hydrocarbons (PAHSs) and polychlorinated biphenyls (PCBs),
due to their near ubiquitous presence at trace levels in urban areas (from auto exhaust,
asphalt, etc., refer also to Section 3.2.1). A target excess cancer risk of 10° was used to
generate both soil and indoor air screening levels for trichloroethylene. This was donein
order to reflect the inclusion of provisiond, stringent cancer slope factors in the direct-
exposure models and the need to identify and prioritize higher risk sites contaminated by
this chemical.

The use of aternative exposure assumptions in a more "site-specific" risk assessment
could result in an increase of direct-exposure screening levels by afactor of three or more
while still meeting the noted target excess cancer risks. Based on above discussion and
the conservative nature of the human exposure models in general, the direct-exposure
screening levels presented in this appendix and the soil ESLs in general are considered to
be adequate for use at sites where up to three carcinogenic chemicals of concern have
been identified. Additional evaluation may be required for sites where more than three
carcinogens are identified.

A cumulative, target Hazard Index of 1.0 is typically used in human health risk
assessments for evaluation of noncarcinogenic risks. The USEPA Preliminary
Remediation Goals (PRGs) for soil were developed based on a chemical-specific, target
Hazard Quotient of 1.0. To account for potentia cumulative effects, the PRGs were
adjusted to atarget Hazard Quotient of 0.2 for use in the ESL lookup tables (see Section
3.2 and Tables K-1 and K-2). This adjustment reflects an assumption that up to five
chemicals with the same chronic health effects may be present at a given site. A similar
target Hazard Quotient was used by the Massachusetts DEP (MADEP 1994) and Ontario
MOEE (MOEE 1996) to develop screening levels for direct-exposure concerns.
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Additional evaluation may be required for sites where more than five chemicals with
similar noncarcinogenic hedth effects are present. For reference, a compilation of
chronic health effects for the chemicals listed in the ESLs is provided in Table L of this
appendix.

As one exception, a Hazard Quotient of 0.5 was used for calculation of health-based
screening levels for Total Petroleum Hydrocarbons (TPH, see Appendix 2). The TPH
parameter incorporates a multiple of chemicals within specified carbon ranges. In effect,
this partially addresses potential cumulative risk concerns and a less stringent target
Hazard Quotient is considered justified. The need to calculate cumulative risks in more
detail should be evaluated on a site-by-site basis.

The direct-exposure screening levels not address potential synergistic effects (e.g.,
1+1=3). Synergistic effects are primarily of concern for exposure to multiple chemicals
at concentrations significantly higher than those expressed in the direct-exposure ESLs.
Conservative target risk goals and exposure assumptions used to develop the screening
levels further reduce this concern. Methods to quantitatively assess synergistic effects
have not been devel oped.
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Groundwater And Surface Water

Screening Levels

2.1 Introduction

Screening levels for groundwater and surface water are summarized in the "F" series of
tables at the end of this appendix. A discuss of individua concerns considered in the
screening levelsis provided in this Chapter and summarized below.

For the purpose of developing Tier 1 screening levels, it is assumed that all groundwater
could at some point in time potentially discharge to a body of surface water and impact
an aguatic habitat. Discharge could occur through natural processes (e.g., natura
discharge of groundwater to a stream, river, lake, wetland, bay, etc. via springs) or
through human activities (e.g., pumping and discharge of groundwater at remediation or
congtruction dewatering projects). The final groundwater ESL for sites that threaten
drinking water resources reflects the lowest of a chemicals screening level for drinking
water toxicity, aguatic habitat protection, vapor intrusion concerns (volatile chemicals
only) and a "ceiling level" for tastes & odors or other nuisance concerns (Table F-1a).
The final groundwater ESL for sites that do not threaten drinking water resources (Table
F-1b) reflects the lowest of a chemicals screening level for the same set of environmental
concerns with the exception of the drinking water component and an aternative ceiling
level.

Screening levels for surface water were compiled in a similar manner with the exception
that impacts to indoor air were not considered. For freshwater surface water bodies, the
final ESL reflects the lowest of a chemicals screening level for drinking water toxicity,
aquatic habitat protection (discharges to surface water) and nuisance concerns (Table F-
2a). For marine surface water bodies, the final ESL reflects the lowest of a chemicas
screening level for aquatic habitat protection (discharges to surface water) and nuisance
concerns (Table F-2b). For estuarine systems, the lowest of the agquatic-habitat screening
levels for freshwater and marine surface water bodies were selected (Table F-2c).
Drinking water concerns were not considered.
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As discussed below, groundwater screening levels for potential discharges to aguatic
habitats are based on chronic surface water quality goals. For some chemicals, additional
aquatic habitat goas have been developed for the potentia bioaccumulation of
contaminants in aguatic organisms and subsequent consumption of the organisms by
humans. These goals apply primary to agquatic organisms living in the water column.
Use of the bioaccumulation goals is generally recommended for comparison to surface
water data only and not for screening of groundwater data.

2.2 Screening Levels for Drinking Water (Toxicity)

A summary of drinking water standards and guidelines used in this document is provided
in Table F-3. The Centra Valley Water Board technical document A Compilation of
Water Quality Goals (RWQCBCV 2007) was used as the primary reference. Screening
levels for drinking water intended to address human toxicity were generally selected
based on the following order of preference:

] USEPA and Guam EPA Primary Maximum Contaminant Level (MCL) or Action
Leve (AL);

] Hawai’i Department of Health Primary MCL (as referenced in HDOH 2008);
] Risk-based goal calculated using USEPA Region I X PRG Tapwater model.

Guam EPA and CNMI DEQ Primary drinking water MCLs and Action Levels are based
on standards published by the USEPA (GEPA 1997b, CNMI 2005b, USEPA 2006).
Primary MCLs and action levels are available for approximately half of the chemicals
listed in the lookup tables (refer to Table F-3). Although numerous factors are taken into
account in development of primary MCLs (toxicity, detection limits, attainability, etc.),
these standards are primarily intended to address toxicity to humans in drinking water
supplies and are used for this purpose in this document.

The USEPA Region I1X model for tapwater Preliminary Remediation Goals was used to
develop risk-based drinking water goals for chemicals that lack a promulgated Primary
MCLs (USEPA 2004, refer to Table F-3 and Equations 14 and 15 in Appendix 2). For
volatile chemicals, the tapwater goals take into account uptake via inhalation of vapors
during showering and other activities in addition to toxicity via normal ingestion of
drinking water. Goals for nonvolatile chemicals are based on ingestion only. Risk-based
goals for noncarcinogenic effects take precedence over goals for carcinogenic effects if
lower. Drinking water goals intended to address taste and odor concerns (e.g., Secondary
MCLs) take precedence over toxicity-based goals if lower (refer to Table F-la and
Section 2.5).
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2.3

Screening Levels for Aquatic Habitat Protection

2.3.1  Surface Water Aquatic Habitat Goals

A summary of aquatic habitat goals considered for use in this document is provided in
Tables F-4a through F-4c. Separate goas were compiled for freshwater, marine and
estuarine habitats. Tidally influenced portions of creeks, rivers and streams flowing into
marine habitats are considered to be estuarine. Final goas were selected based on the
following order of preference and availability:

. USEPA EPA and Guam EPA CCC;

] Lowest of USEPA Ecotox AWQC and FVC Threshold Vaue (or Tier 1l value if no
AWQC or FVC) or 50% USEPA Chronic LOEL ;

. USDOE Chronic PRG;

= 50% MOEE Chronic AWQC or LOEL;

»  10% USEPA ann Guam EPA CMC (or 10% Acute LOEL if no CMC);
. 10% MOEE Acute AWQC or LOEL;

] Other aguatic water quality criteria (e.g., 5% LC 50);

" Drinking water screening level.

abbreviations:

AWQC: Aquatic Water Quality Criteria

CCC: Criterion for Continuous Concentration

CCM: Criterion for Maximum Concentration

EPA: Environmental Protection Agency

FVC: Fina Chronic Value

LC50: Letha Concentration (50th percentile)

MOEE: Ontario Ministry of Environment and Energy
PRG: Preliminary Remediation Goals

USEPA: U.S. Environmenta Protection Agency
USDOE: U.S. Department of Energy (chronic values only)

Goals provided in each reference are generally based on dissolved-phase concentrations
of the chemicals in water. Goals for arsenic, selenium and chromium V1 are, however,
based on total concentrations.

Chronic freshwater goals were used as screening levels for saltwater ("marine") if chronic
goals for the latter were not available, and vise versa. Acute goals were substituted in a
similar manner. Other exceptions to the prioritization scheme include the use of
chemical-specific USDOE PRGs in place of USEPA chronic LOELs when the LOEL
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was developed for a genera group of compounds rather than a specific chemical (e.g.,
halomethanes).

Both Guam EPA and CNMI DEQ regulations incorporate USEPA surface water
standards by reference (GEPA 1997a, CNMI 2002). Promulgated “Criterion for
Continuous Concentration” surface water standards are not available for the majority of
chemicals listed in the ESL lookup tables, however. The Cdlifornia EPA technical
document A Compilation of Water Quality Goals was referred to as the primary source of
aguatic habitat goals (RWQCBCV 2007). Other sources referenced include: USEPA's
Ecotox Thresholds (USEPA 1996b), USEPA's National Recommended Water Quality
Criteria (USEPA 2002), U.S. Department of Energy's Preliminary Remediation Goals
for Ecological Endpoints (USDOE 1997), and Ontario MOEE's Rational For The
Development and Application of Generic Soil, Groundwater and Sediment Criteria
(MOEE 1996).

For chemicals where chronic, No Adverse Effect Level goals or the equivaent were not
available, dternative goals were selected and modified as noted (refer dso to Table F-
4a). Modification factors in genera followed recommendations and methods provided in
the USEPA Great Lakes water quality initiative guidance (USEPA 1995). USEPA
surface water standards for potential bioaccumulation of chemicals in aguatic organisms
and subsequent human consumption of these organisms are presented in Table F-4c
(incorporated by reference in Guam EPA and CNMI DEQ regulations). These standards
should be applied to surface water data only.

2.3.2  Groundwater Screening Levels for Aquatic Habitat Impacts

For the purposes of this document, it is assumed that groundwater could discharge into an
estuary environment. As such, goas for aquatic habitat protection are based on the
lowest of the goas for marine versus freshwater environments. Target surface water
goals and correlative groundwater goals can be adjusted on a site-specific basis in areas
where thisis not appropriate.

Dilution of groundwater upon discharge to surface water was not considered in the
selection of groundwater screening levels for aguatic habitat protection. Benthic
organisms were assumed to be exposed to the full concentration of chemicalsin impacted
groundwater prior to mixing of the groundwater with surface water. Potential dilution of
groundwater upon discharge to surface water or in groundwater "mixing zones' adjacent
to shorelines areas was therefore not appropriate for development of conservative
screening levels. Adjustment of the final groundwater screening levels with respect to
potential dilution may, however, be appropriate on a site-specific basis (e.g., no
significant benthic habitat present, see Volume 1, Section 3.0).

The USEPA Ecotox goal for barium (3.9 ug/L) was not considered as a screening level
for groundwater due to low confidence in the goal and comparison to typical, natural
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background concentrations of this metal in groundwater (up to >100 ug/L). Background
concentrations of boron, copper, lead, mercury, selenium, thallium and zinc may also be
present in excess of the groundwater screening levels presented in Tables F-1a and F-1b.
This issue should be evaluated on a site-by-site basis as needed.

2.4 Groundwater Screening Levels for Potential Vapor
Intrusion Concerns

2.4.1  Vapor Intrusion Model Parameters

Groundwater screening levels intended to address the intrusion of vapors into buildings
and subsequent impact on indoor-air quality are summarized in Table E-1a and included
in Tables F-1a and F-1b. Correlative soil gas screening levels and indoor air screening
levels are presented in Tables E-2 and E-3, respectively, and discussed in Chapter 4.

The screening levels were generated using a computer spreadsheet model published by
the U.S Environmental Protection Agency (available online, USEPA 20033a). The
spreadsheet is based on a model presented in the document Heuristic Model for
Predicting the Intrusion Rate of Contaminant Vapors Into Buildings (Johnson and
Ettinger, 1991). The model considers both diffusive and convective flow of subsurface
vapors into buildings. Summary text from the guidance document accompanying the
spreadsheet is provided in Appendix 3, as is a sensitivity evaluati on of the Johnson and
Ettinger model. Example printouts of the model as used to calculate screening levels for
this document are included in Appendix 4. Input parameter values used in the models are
noted in the examples (front pages). Default parameters vaues presented in the
spreadsheet technical document were generally selected for use.

Human exposure assumptions were set equal to assumptions used in the USEPA Region
IX PRGs. Default, USEPA toxicity factors included in the original spreadsheet were
replaced with California EPA factors as available (see Appendix 4, last page of first
example). Screening levels were calculated using a target risk of 10 for chemicals with
carcinogenic hedth effects and a target hazard quotient of 0.2 for chemicas with
noncarcinogenic heath effects (0.5 for TPH). An exception is TCE, where a target risk
of 10° was used (refer to Section 1.3). For consistency purposes, default physio-
chemica constants included in the spreadsheet were replaced with constants used in the
USEPA PRGs modelsif different.

All groundwater was assumed to potentially flow offsite and pass under residential aress.
Final screening levels are therefore based on a residential land use exposure scenario.
Groundwater screening levels for commercial/industrial areas are included in Table E-1a
for reference but were not carried on for use in subsequent lookup tables.

Default building characteristics presented in the spreadsheet guidance were used in the
models. The thickness of the building floor was assumed to be 15 cm. For both
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residential land use and commercial/industria exposure scenarios, the models assume a
small (9.6m x 9.6m sguare), one-story building situated on mono-dab concrete base.
This may be overly conservative for commercial/industrial sites with existing, larger
buildings but is considered to be protective of future redevelopment of such sites. A
default value of 1mm was used for the assumed perimeter crack width. For screening
level evaluation of larger buildings, an assumed crack spacing of 10m is recommended.
A default ceiling height of 2.44 meters was retained for use in the ESL models.

The modd aso assumes that potential convective flow from the subsurface into buildings
(i.e., flow driven by air pressures that are lower inside the building than in the vadose
zone) is not short circuited by open crawl spaces or other building designs that negate
differences between indoor and subsurface air pressures. Default indoor-air exchange
rates of onetime per hour for residences and two-times per hour for
commercia/industrial buildings are based on a comparison of risk assessment guidance
published by the City of Oakland (Oakland 2000) and comments received during a 2003
peer review of the December 2001 edition of the CAEPA ESL document (RWQCBSF
2003).

The vapor intrusion model is highly sensitive to the permeability of vadose-zone soil
immediately beneath the floor of the building. This is because the permeability of this
zone controls the volume of air (and soil gas) that can be convectively pulled up through
the floor and into the buiding. The soil beneath most buildings is engineered fill with
moderate to high permeability. Thisisincorportated into the models by included a 15 cm
thick layer of highly permeable sand in the vapor intrusion model, as described below.
(Note that it is critical to include this layer in all site-specific, vapor intrusion
models.)

For the purposes of this document, the vadose-zone soil profile is modeled as one meter
of coarse-grained, dry, sandy soil (S) overlying two meters of somewhat more moist
clayey loam (CL, 1/3 sand, 1/3 silt, 1/3 clay). Thisis considered to be representative of
fill material commonly placed beneath the slabs of new buildings. "Sand" is defined as
material that is equal to or greater than 0.075 mm in diameter (i.e., will not pass through a
U.S. Standard 200 mesh sieve). Silt and clay are defined as materia that is less than
0.075 mm in diameter (i.e., will pass through a U.S. Standard 200 mesh sieve). These
definitions are consistent with default parameter values for soil types presented in the
USEPA model (USEPA 2003a). The depth to from the ground surface to the top of
impacted groundwater in both sets of models was assumed to be 3.0 meters. Thisisjust
above the minimum thickness alowed for modeling of vapor transport through a low to
moderate permeability vadose-zone soil profile, due to capillary fringe height constraints.

Input soil parameter values for total porosity, water-filled porosity and fraction organic
carbon for the upper portion of the soil profiles were set equal to values used by USEPA
Region IX in development of the PRGs (USEPA 2004). Soil moisture was assumed to be
somewhat higher for the lower soil units than the upper units, at 0.30 (vs 0.15), consistent
with the default recommended in the USEPA vapor intrusion guidance document.

Pacific Basin Edition 2-6 APPENDIX 1
(Guam EPA Summer 2008)



Default values presented in the spreadsheet were used for remaining soil properties. For
site-specific assessments, soil moisture data should be collected within five feet of the
groundwater surface and well above the capillary fringe zone.

Default soil vapor permeability values for the selected soil types were used in the models.
For site-specific estimation of this parameter, the use of rigorous, in-situ methods
intended for the design of soil vapor extraction systems is recommended. Secondary
porosity and permeability in fine-grained soils can be significantly enhanced by plant
roots, desiccation cracks, disturbance during redevelopment, faulting, etc. Reliance on a
small number of borings or laboratory analysis could significantly underestimate the
actual vapor permeability of the site and in turn underestimate the risk of potential
impacts to indoor air.

Note that when using the spreadsheet to back calculate a groundwater screening level
from an input target risk, the values appearing in the spreadsheet for "Csource"
(concentration in soil gas) and "Chbuilding" (concentration in indoor air) are based on a
theoretical initia soil concentration of 1E-06 g/g or 1,000 micrograms per kilogram and
are not directly related to the modeled screening level. The values presented do not
represent actual modeled concentrations and should be ignored.

2.4.2  Background and Use of USEPA Vapor Intrusion Model

2.4.2.1 Background

The Johnson and Ettinger model incorporated into the USEPA vapor intrusion
spreadsheets was originally developed to predict impacts to indoor air due to the
subsurface emission of naturally occurring radon gas (Johnson and Ettinger, 1991).
Pertinent sections of the guidance document published with the model are presented in
Appendix 4. Based on concerns over the conservativeness of the model and a lack of
field validation studies, the USEPA initially declined to promote use of the model to
develop generic screening levels (USEPA 1996a, 2002). They instead suggested that the
model should be used in conjunction with soil gas data to evaluate potentia indoor air
impacts. In 1997, however, the USEPA published a user's guide to the Johnson and
Ettinger model and included a spreadsheet. The 2003 updates to the vapor intrusion
spreadsheets devel oped by USEPA allowed direct input of soil gas data (USEPA 20033).

The USEPA version of the Johnson and Ettinger considers both diffusive and convective
flow of soil gasinto buildings. Diffusive flow occurs as soil gas migrates from areas of
higher concentration to areas of lower concentration. Wind effects and indoor heating
can cause adecrease in air pressure inside a building and lead to upward, convective flow
of subsurface vapors through cracks and gaps in the building floor. As described in the
USEPA guidance document, effective convective flow of subsurface vapors into
buildings is expected to be limited to deep soils within the "immediate” area of the
building.
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2.4.2.2 Adjustment of Screening Levels

Field studies at sites impacted by volatile chemicas have clearly documented impacts to
indoor air due to the intrusion of subsurface vapors, particularly for sites where soil or
groundwater has been impacted by chlorinated volatile organic compounds. One
example is the report An Evaluation of Vapor Intrusion Into Buildings Through A Study
of Fidd Data prepared by staff of the Massachusetts DEP (Fitzpatrick and Fitzgerald
1997). Results of the Massachusetts DEP study suggest that the vapor intrusion model
may over-predict the concentration of chlorinated, volatile chemicals in soil gas by an
order of magnitude or more with respect to the measured concentration of the chemical in
groundwater, athough in some cases the model appeared to be dightly under
conservative. More significantly, the Massachusetts DEP field study indicated that the
vapor intrusion model over-predicted the soil gas concentration of petroleum-based
volatile organic compounds (e.g., benzene) in the vadose zone by up to three or more
orders of magnitude. Thiswasinterpreted to reflect substantial, natural biodegradation of
the vapor-phase of these chemicals in the subsurface. This in turn causes the models to
over predict impacts to indoor air by severa orders of magnitude and makes use of the
model for this group of chemicals questionable, particularly in the absence of field-based
soil gas data.

To account for the potentially over conservative nature of the vapor intrusion mode! for
nonchlorinated volatile chemicals, screening levels generated by the model were adjusted
upwards by a factor of ten (refer to Table E-1a). As discussed below, the use of soil gas
data in combination with groundwater studies may be most appropriate for evauating
sites where a more detailed evauation of thisissue is warranted. Evaluation of thisissue
isongoing.

2.5 Water Ceiling Levels For Gross Contamination Concerns

Ceiling levels based on gross contamination concerns for surface water and groundwater
are summarized in the Table | series. Ceiling levels for surface water and groundwater
that is considered to be a current or potential source of drinking water are based on the
lowest of the chemicals taste and odor threshold (e.g., Secondary MCLSs), one-hdf the
solubility and a maximum of 50000 ug/L for any chemical based on general resource
degradation concerns (Tables 1-1 and -3, after MADEP 1994). Taste and odor
thresholds for drinking water were selected in the following order of preference and
availability:

] USEPA and Guam EPA Secondary MCLSs;

] California Department of Health Services Taste and Odor Action Levels;

] Taste and odor levels developed by Amoore and Hautala (as presented in
RWQCBCYV 2007);
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] Odor thresholds presented in Massachusetts DEP (MADEP 1994) and Ontario
MOEE (MOEE 1996) guidance documents.

Guam EPA and CNMI DEQ drinking water regulations reference USEPA Secondary
MCLs for ashort list of chemicals (GEPA 2007a, CNMI 2005b). With the exception of
the MADEP and MOEE odor thresholds, data for the noted alternative references are
summarized in the document A Compilation of Water Quality Goals (RWQCBCV 2007).

Ceiling levels for surface water and groundwater that is NOT considered to be a current
or potentia source of drinking water were selected in asimilar manner with the exception
that the drinking water taste and odor thresholds were replaced with general nuisance
thresholds and gross contamination concerns (Tables -2 and [-4). Nuisance thresholds
are intended to reflect the concentration at which a chemical in water poses unacceptable
odor problems. Thresholds presented in the Massachusetts DEP and Ontario MOEE
guidance documents were used as the primary sources of data. Taste and odor levels
developed by Amoore and Hautala (in RWQCBCV 2007) were referred to for chemicals
that lack odor thresholds in the Ontario guidance, although conservative considerations
for drinking water concerns could cause these criteria to be overly stringent. It is
apparent, however, that similar sources were used to develop both the Ontario MOEE and
the Amoore and Hautala databases (compare Tables I-1 and 1-2). In keeping with the
Ontario and Massachusetts guidance documents, a ten-fold dilution/attenuation of
chemica concentrations in groundwater upon discharge to surface water was assumed
(non-drinking water resources, gross contamination screening levels only). The nuisance
threshold for MTBE presented in Table I-2 is based on average, upper range at which
most subjects in a USEPA study could smell MTBE in water (180 ug/L), as summarized
in the public health goas document for MTBE prepared by Cal EPA (CalEPA 1999a).
This was selected as a nuisance screening level for MTBE in surface water. Assuming a
dilution factor of ten yields the odor threshold of 1,800 ug/L for groundwater.

2.6 Other Groundwater Screening Levels

Additional screening levels for groundwater provided in the California EPA technica
document A Compilation of Water Quality Goals include USEPA and National Academy
of Sciences "Suggested No-Adverse-Response (SNARL)" goals for toxicity other than
cancer risk and "Agricultural Water Quality" goals developed by the United Nations
(RWQCBCYV 2007). The SNARL goals largely duplicate risk-based screening levels for
drinking water presented in Table F-3. Agricultural Water Quality goals for 12 metals
are provided in Table F-5. These goals were not considered in the final 1ookup tables but
may need to be considered on a site-specific basis. The agricultural goals are higher than
screening levels for both drinking water and surface water protection for seven of the 12
metals listed. Agricultural goals for copper, cobalt, selenium and zinc are higher than
goals for aquatic habitat protection but are lower than goals for drinking water (i.e.,
drinking water goals may not be adequately protective for irrigation use). The
agricultural goa for molybdenum is lower than both the drinking water goa and the
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surface water goal for this metal. The development of these goals was not reviewed for
preparation of the ESL document.
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Soil Screening Levels

3.1

Introduction - Shallow Versus Deep Soils

Residents and commercial or industrial workers may regularly be exposed to
contaminated, vadose-zone soils or dust derived from these soils (Regular exposure to
contaminated soils below the water table is not generaly considered except for
construction workers.) A depth of three meters (approximately 10 feet) is used to
delineate between shallow, "surface” soils where regular exposure to residents and/or
workers is assumed and deeper, "subsurface” soils where only periodic contact during
construction and utility maintenance work is assumed (refer also to Section 2.5 of
Volume 1). A depth of three metersis consistent with guidance presented in the Ca EPA
document Supplemental Guidance For Human Health Multimedia Risk Assessments of
Hazardous Waste Stes and Permitted Facilities (CalEPA 1996). Thisisregarded as the
maximum, likely depth that impacted soil could a some point in the future be excavated
and left exposed at the surface. The potential for deeper soils to be brought to the surface
during large-scal e redevelopment activities should be evaluated on a site-by-site basis.

Environmental concerns specifically considered for shallow versus deep soil ESLs are
summarized in Table 3-1. For shallow soils, the final ESL represents the lowest of a
chemicals screening level for ecotoxicity, human direct-exposure (residential and
commercia/industrial land use), vapor intrusion, leaching and the chemicals maximum
ceiling level (nuisance concerns etc.). For deep soils, the final ESL represents the lowest
of a chemicas screening level for human direct-exposure (trench/construction worker
exposure), vapor intrusion, leaching and an alternative ceiling level. Screening levels for
terrestria biota concerns are not considered for deep soils.

Final ESLs for relatively non-mobile chemicals are generally less stringent for deep soils
in comparison to shallow soils (e.g., compare final ESLs for polychlorinated biphenylsin
Tables A-1 and C-1). A few exceptions are noted in Section 3.2. For chemicals that are
highly mobile in the subsurface and easily leached from soil or emitted as vapors to the
ground surface, groundwater protection and vapor intrusion concerns usualy drive risk
regardless of the depth of the impacted soil (e.g., chlorinated solvents). Final shallow and
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3.2

deep soil ESLs for these chemicals are therefore identical (e.g., compare benzene and
vinyl chloride ESLsin Tables A-1 and C-1).

Soil Screening Levels for Direct-Exposure Concerns
3.2.1 Direct Exposure Models and Assumptions

Direct exposure soil screening levels for unrestricted land use (referred to in
previous editions as “residential”), commercial/industrial-only land use and
construction/trench worker exposure are presented in Tables K-1 through K-3,
respectively. A summary of the models and assumptions used to develop the
direct-exposure screening levels for soil is provided in Appendix 2. Screening
levels for the Unrestricted Land Use category are based on a standard, residential
exposure scenario (refer to Appendix 2). The screening levels are considered to
be adequate for residential housing, schools, day care and medical facilities, parks
and similar sites with sensitive land use. The screening levels are intended to be
protective of residents and workers who may be exposed to chemicals in exposed
soils on regular basis via incidental ingestion, dermal absorption, and inhalation
of vapors and particulate matter.

The direct-exposure screening levels closely follow the approach used to develop
the USEPA Regional Screening Levels, with the exceptions noted below (RSLs;
USEPA 2008c). Direct-exposure soil screening levels generated for the
Unrestricted Land Use category are consistently more stringent (lower) than
screening levels developed for the commercial/industrial and construction/trench
worker exposure scenarios. This is due to the longer, assumed exposure duration
(years) and frequency (days per year) as well as the presence of young children in
comparison to the latter two scenarios (see Appendix 2). Screennig levels for
construction and trench workers take precedence over screening levels based on
residential and/or commercial/industrial exposure scenarios if lower. This is the
casefor Cr Vi and cobalt (see Section 3.2.4 below).

Preliminary Remediation Goals (PRGS) previously published USEPA Region 1X
included a hybrid, direct-exposure screening level for total chromium in soil
based on an assumed 1.6 ratio of Cr VI (highly toxic) to Cr Il (minimally toxic)
(USEPA 20044). Thisis not included in the recently published, USEPA Regional
Screening Levels (USEPA 2008c) and is not included in the 2008 update to the
HDOH EALs. Background metals data for soil in Guam were not available
during preparation of this guidance document. For interim use in the ESL lookup
tables, the 2004 USEPA PRG for total chromium of 210 mg/kg was substituted as
a default, “background” screening level for total chromium (refer to Table M). If
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the reported concentration of total chromium in soil exceeds this screening level
then an evaluation of background chromium should be carried out and/or
chromium in the sample should be speciated into Cr Il and Cr VI and data
compared to screening levels for these compounds. Note that background
concentrations of total chromium in soils developed over limestone could be
lower than 210 mg/kg. If a release of chromium VI is suspected at a site then
chromium should be speciated and evauated, even if total chromium
concentrations do not exceed the default screening level.

[Note: The Tier 1 EALs were updated in October 2008 to incorporate updates to the
USEPA Region Screening Levels (USEPA 2008). Refer to Appendix 10 and the EAL
Surfer for details.]

3.2.2 Target Risks

Direct-exposure soil screening levels for contaminants that pose carcinogenic
health concerns are based on an excess cancer risk of 10° (one-in-amillion),
except as noted below. This follows the approach used in the USEPA RSLs.
Screening levels for contaminants that pose noncarcinogenic health concerns are
based on a target Hazard Quotient of 0.2. The USEPA RSLs for noncancer
concerns are in contrast based on a target Hazard Quotient of 1.0, with a
stipulation that cumulative health risks should be estimated at sites where multiple
contaminants with similar, chronic health effects are present. In redity this is
amost never done. A target Hazard Quotient of 0.2 is used in this guidance to
take into account upfront the potential presence of up to five contaminants with
the same chronic target health effects at a given site. The incorporation of
conservative, target health risks for both cancer and noncancer concerns the
direct-exposure screening levels relieves the need to calculate cumulative health
risks at the majority of sites where contaminated soil isidentified.

Due to the short, assumed exposure duration for construction/trench workers,
direct-exposure screening levels are based on a target excess cancer risk of 10
(see Appendix 2). Due to low confidence in the vapor emission model for this
scenario, however, an excess cancer risk of 10° was retained for carcinogenic
VOCs (see Table I-3, refer also to Section 1.6 in Volume 1). Other exceptions to
the default target risk of 10°° include direct-exposure screening levels for PAHs
and PCBs. Low levels of PAHs in soil are ubiquitous in urban environments due
to auto exhaust and the use of asphalt. In general, ambient concentrations of
PAHSs in soil fall within a target risk range of 10° and 10° or less. A target
excess cancer risk of 10> was therefore used to help screen out low-risk sites and
identify sites with potentially significant levels of PAHs above typical urban
background levels. Note that concentrations of PAHs in coa tar and older
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formulations of asphalt and can be orders of magnitude higher that direct-
exposure screening levels set at a target risk of 10° Since asphalt is likewise
ubiquitous in urban environments, cleanup of soil contaminated with small
particles of asphalt that was used in its intended manner is generally not
warranted. This exception would not apply to sites where asphalt, coal tar or
similar materials was manufactured or disposed of as waste.

A similar approach was taken for PCBs. Use of PCBs in transformers, capacitors
and other electrical equipment was widespread in the 1960s and 1970s. Although
less widespread than PAHs, ambient levels in soil often fall within a target risk
range of 10° and 10° In order to again help focus attention on sites where
significant releases of PCBs occurred, a target excess cancer risk of 10° was used
to develop direct-exposure screening levels for soil. A target hazard quotient of
0.2 for noncarcinogenic effects was retained. Note that noncarcinogenic effects
drives human health concerns for PCBs in soils under a residential exposure
scenario (refer to Table K-1).

A target Hazard Quotient of 0.5 was used to develop health-based screening
levels for TPH, since TPH analyses by their nature aready take into account
multiple chemicals. Incorporating a more conservative target Hazard Quotient in
the direct exposure screening levels reduces the need to calculate site-specific
Hazard Indices at sites with a smal number of chemicals of concern and
relatively moderate levels of contamination. Direct exposure screening levels
based a target Hazard Quotient of 1.0 are aso presented in the tables for
reference.

3.2.3 Exposed or Potentially Exposed Soils

Direct-exposure soil screening levels for unrestricted (“residential”) land use
(Table K-1) and commercial/industrial land use (Table K-2) are based on an
assumption that the soil is, or at some time in the future could be, exposed at the
ground surface where regular exposure of residents or workers could occur (refer
to Section 2.4 in Volume 1). Equations and exposure assumptions used in each
scenario are summarized in Appendix 2. For residential properties, it is assumed
that soil within three meters (approximately ten feet) of the ground surface could
be exposed at the ground surface a some time in the future.  For
commercial/industrial properties, it is assumed that soil within one meter of the
ground surface could be exposed. This should be reviewed on a site-by-site basis
and provisions for long-term management of deeper or otherwise isolated soil
made as necessary. As discussed in the next section, risk-based soil screening
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levels for construction/trench workers take precedence over screening levels for
unrestricted or commercial/industrial land useif lower (refer to next section).

3.2.4 Isolated Soils

By default, soils are assumed to be “isolated” if they are greater than three meters
below ground surface in a residential setting and one meter in a
commercial/industrial setting (refer to previous section and Section 2.4 of Volume
1). Direct-exposure screening levels for deep or otherwise isolated soils are based
on the potential exposure of construction and utility workers to contaminants in
soil (Table K-3). A summary of exposure assumptions used to generate the
screening levels is provided in Appendix 2. The exposure assumptions are based
on guidance presented in the USEPA Exposure Factor handbook (USEPA 1997),
trench-worker risk assessment guidance developed by the Massachusetts
Department of Environmental Protection (MADEP 1994), general direct-exposure
assumptions included in the USEPA RSL document, and professional judgment
(see Appendix 2, Table 1). As discussed above, screening levels were calculated
using a target risk of 1x10°° for chemicals with carcinogenic health effects and a
target Hazard Quotient of 0.2 for chemicals with noncarcinogenic health effects
(0.5 for TPH). A more detailed summary of exposure assumptions and selected
parameter valuesis included in Appendix 2.

As can been seen in Table K-2, soil screening levels for construction/trench
workers are lower than screening levels generated for commercial/industrial
exposure for chromium VI and cobalt under the construction and trench worker
scenario.  Screening levels for these chemicas are more stringent under the
congtruction/trench ~ worker ~ exposure  scenario  than  under  the
commercial/industrial exposure scenario (see Table K-2). This is due to the
combined high oral and/or inhalation toxicity of these chemicals and the assumed
higher soil ingestion rate and higher level of air-born dust under the
congtruction/trench worker exposure scenario.  As noted in Table K-2,
commercial/industrial land use direct-exposure screening levels for these
chemicals are replaced with construction/trench worker screening levels for use in
the lookup tables if less stringent.

3.2.5 Soil Saturation Levels

For chemicals that are liquids under ambient conditions, upper limits for soil
direct-exposure screening levels are set at the chemicals theoretical soil saturation
limit or “Csat” (refer to Appendix 2, 2008c). As discussed below, soil screening
levels for volatile chemicals are only valid if they are below the chemicals Csat
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concentration. Csat concentrations represent an upper limit to the applicability of
the soil screening level Volatilization Factor (VF) model because a basic principle
of the model (Henry’s law) does not apply when contaminants are present in free
phase (USEPA 1996a, 2002, 20044, 2008c). V F-based inhalation soil screening
levels are reliable only if they are at or below Csat. This is discussed in more
detail below.

The soil saturation limit represents the point at which additional contaminant
mass can no longer be sorbed to soil particles (primarily organic carbon but aso
clays) or dissolved into soil moisture. Above this concentration it is assumed that
free product (e.g., “LNAPL") will be present in the soil. This is critical for
volatile, organic compounds (VOCs). Above Csat, the USEPA direct-exposure
model is no longer technically viable for prediction of vapor emissions to outdoor
air and subsequent direct exposure risks posed by inhalation.

This is because vapor emissions are estimated based on the concentration of the
contaminant in soil moisture in the absence of free product (e.g., honagueous-
phase ligdui or “LNAPL”). The model first estimates the dissolved-phase
concentration of a contaminant in soil based on the input total soil concentration
and the contaminants estimated soil:water equilibrium pa