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PREFACE

Thisdocument provides guidance for parties using deterministic risk assessment to evaluate the
potential health threat that may be posed by any property or site. The guidance essentially
summarizes and streamlinesrisk assessment guidance developed by the United States
Environmental Protection Agency (USEPA).

Therisk assessment approach recommended hereismodeled after USEPA guidanceissued by the
agency in 1989 in a document entitled Risk Assessment Guidance for Superfund, Volume |, Human
Health Evaluation Manual (Part A). This document also incor por ates recent studies from the
scientific risk assessment literature and supplemental USEPA guidance.

This document has not been sanctioned for use by the USEPA or the Arizona Department of
Environmental Quality (ADEQ). However, the concepts, equations, assumptions and narrative are
consistent with USEPA risk assessment guidance, and ar e generally accepted in the scientific
community as a reasonable approach in evaluating environmental health risks.

The Arizona Department of Health Services (ADHS) recognizesthat alter native risk assessment
methods that use Monte Carlo and other analytical methods may be used to more accurately
quantify and evaluate health risks. The deter ministic approach used in this guidance document is
not intended to imply that the deter ministic approach isthe only acceptable method for evaluate
human health risks from environmental contamination. Rather, it isintended to provide guidance
for those who wish to use a deter ministic approach to evaluate health risks.

PART A

SITE-SPECIFIC REMEDIATION LEVELS
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1.0INTRODUCTION

Thisdocument provides guidance for parties using risk assessment to develop site-specific
health-based cleanup levels. The approach outlined in Part A uses smplified default equations
while still allowing the flexibility to consider site-specific conditions at the site. The approach usesa
summary document that describesthe methodology used to calculate the standar ds, but does not
requirethe development of a complete human health risk assessment.

1.1 Overview

Site-specific remediation levels may be developed using the equationsin this document by
substituting site soil propertiesfor the default soil parametersin the standardized SRL equations
(ADHS, 1997) and/or by using more complex equationsthat consider mass limits and finite sour ces.
Site-specific remediation levels may also be developed by eliminating incomplete exposur e pathways
iIf the Conceptual Site Model (CSM) supports such a decision.

1.2 Requirements

A party developing site-specific remediation levels should develop a backup document that presents
the methodology used to develop the alter native standards. The document should include the
following elements:

« A CSM that identifiesthe sour ces of contamination, the types and concentrations of chemicals
detected in various media, chemicals of concern, potential exposur e pathways and exposure
points;

« An exposure component that quantifies the magnitude of exposure from each complete
pathway and route;
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« A toxicity component that discussesthe dose-response valuesfor car cinogenicity and systemic
toxicity, and discusses the USEPA Weight of Evidence (WoE) classification for carcinogens;
and

« A summary that displaysthe formulas, assumptions, calculations, and final proposed
site-specific remediation levels.

2.0 CONCEPTUAL SITE MODEL DEVELOPMENT

A CSM should be completed before developing site-specific remediation levels. The CSM isa
representation of the connections between contaminant sour ces, r elease mechanisms, exposur e
pathways, and receptors. The complexity of the CSM should be consistent with the complexity of
the specific site and available infor mation.

A CSM isdeveloped by conducting an extensive recor d sear ch and site visit, and by compiling all of
the existing data including site sampling data, historical records, aerial photographs, hydr ogeologic
information and population locations. Once thisinfor mation is organized, therisk assessment team
identifies the sour ces of contamination, the types and concentrations of chemicals detected in
various media, potential exposure pathways and exposur e points. The CSM links contaminant

sour ces, release mechanisms, exposur e pathways and routes, and receptors.

The development of a CSM isusually interactive. Model development should begin asearly in the
siteinvestigation process as possible. It is developed to identify data gaps and deter mine data needs.
The preliminary model should be revised following additional data collection effortsto refinethe
potential sources, transport media, exposur e pathways, and receptorsidentified. The ASTM
Standard E 1689-95: Guide for Developing Conceptual Site Models for Contaminated Sites (ASTM
1995) provides additional information to develop a CSM.

3.0 EXPOSURE ASSESSMENT

Site-specific remediation levels may be developed using a combination of site-specific factors and
standard default exposur e assumptions and equations. | n addition, more complex models for
estimating inhalation exposure may be used. When applicable, incomplete exposur e pathways may
be eliminated from the exposur e equations.
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3.1 Site Specific Factors

Site-specific remediation levels may be developed using the equationsin this document by
substituting soil propertiesat the site for the default parameters and/or by using alter native models
for evaluating inhalation. Site-specific remediation levels may also eliminate incomplete exposure
pathwaysif the CSM supports such a decision. However, engineering controls may not be used to
eliminate exposur e pathways for sitesthat have potential future residential uses. The optionsthat
may be consider ed when evaluating exposureinclude:

« Modifying the default exposur e equationsto eliminate incomplete exposur e pathways,

« Substituting site-specific soil propertiesin the default Arizona SRL equationsto obtain
alter native exposur e estimates,

« Using a mass-limit equation and site-specific characteristicsto calculate alter native exposure
estimates,

« Using more complicated finite source modelsto develop site-specific exposur e estimates.

3.1.1 Incomplete Exposur e Pathways

If theresults of the CSM suggest that an exposur e pathway isnot complete (ie. ingestion, inhalation,
dermal contact), then the default equations may be modified by eliminating the applicable exposure
component in the denominator of Equations 1 through 4. Thereport should provide documentation
that supportsthe conclusion to eliminate any exposur e pathway.

3.1.2 Alternatives for Quantifying I nhalation Exposure Concentrations

Alter native approachesfor evaluating inhalation exposur e will include the development of
site-specific volatilization factors (VFs) for volatiles and particulate emission factors (PEFs) for
nonvolatiles. Volatile constituents ar e defined as chemicalsthat meet all of the following volatility
criteria: 1) aHenry'sLaw constant greater than 10> (atm-m3/mol), 2) a molecular weight of less
than 200 g/mole, and 3) a melting point of lessthan 25°C.
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Thereisarange of acceptable methods for quantifying inhalation exposure. Thefirst isto substitute
site-specific soil characteristicsfor the default parameter s using the default equations (Equations 5
and 7). The second approach for volatiles uses Equation 8 to account for mass-limits of
contaminants at the site. The third approach for volatiles applies a more complicated finite sour ce
model (Equation 9). All of the VF models ar e applicable when the contaminant concentration in soil
isat or below saturation (i.e., thereisno NAPL present). Equation 6 displays the formula for

deter mining site-specific saturation limits.

Default Equations

Site-specific remediation levels may be developed by substituting measur ed soil and physical
properties at the site for default assumptionsin the standard VF and PEF equations. Equation 5
displays the default equation for volatiles. Site soil propertiesfor porosity, bulk density, and organic
carbon content may be substituted for the default assumptions. Theresulting site-specific VF may
then be substituted for the default VF in Equations 1 through 4.

Equation 7 displays the default equation for non-volatiles. Site-specific propertiesfor vegetative
cover and average windspeed may be substituted for the default assumptions. Theresulting
site-specific PEF may then be substituted for the default PEF in Equations 1 through 4.

Mass-limit Equation for Volatiles

The USEPA hasidentified Equation 8 as a suitable method for deter mining minimum values for VF
under site-specific conditions (USEPA 1996a,b). The formula used in the default model (Equation 5)
assumes that contamination at the site extends from the surface to an infinite depth. Equation 8
provides a method for testing whether this assumption violates mass-limitations at the site. The
mass-limit equation is applicable when contamination extends from the surface for a known fixed
thicknessin the soil column. Thus, application of the model requires site-specific infor mation about
the thickness of the contamination and contaminant concentrations.

If the VF calculated using Equation 5 for a contaminant islessthan the VF calculated using
Equation 8, then the assumption that the contamination extends from the surface to an infinite
depth may be too conservative, and the site-specific VF from Equation 8 may be substituted for the
default VF in Equations 1 through 4.

Finite Source Models for Volatiles
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The USEPA hasidentified Equation 9 as a suitable model for addressing finite contaminant sour ces
(USEPA 1996a). The model isbased on a flux model developed by Jury (Jury et al.1990) that
estimates flux of a contaminant from a finite source. The model is applicable when contamination
extends from the surface for a known fixed thicknessin the soil column. The model requires
site-specific information about the thickness of the contamination and contaminant concentrations.

Application of the model to determine a VF valuerequires an aver age flux over the exposure
period. To estimate the aver age contaminant flux over 30 years, the time-dependent contaminant
flux must be solved for varioustimes and theresults averaged. A smple computer program or
spreadsheet can be used to calculate the instantaneous flux of contaminants at set intervals and
numerically integrate the resultsto estimate the aver age contaminant flux. Thetime-step interval
must be small enough (e.g., 1-day intervals) to ensurethat the cumulative loss through volatilization
iIslessthan thetotal initial mass. |nadequate time steps can lead to mass-balance violations (USEPA
1996a).

Alternatively, the EM SOFT computer program developed by the USEPA Office of Research and
Development National Center for Environmental Assessment (NCEA) may be used to estimate
aver age flux. The computer program provides an aver age emission flux over time by using an
analytical solution to theintegral, thereby eliminating the problem of establishing adequate time
stepsfor numerical integration. EM SOFT isavailable through the NCEA in Washington, D.C.

When using the finite sour ce model, the risk assessor should recognize the uncertaintiesinherent in
site-specific estimates of subsurface contaminant distributions and use conser vative estimates of
sour ce size and concentrationsto allow for such uncertainties.

3.2 Default Exposure Assumptions

Default valuesfor exposur e frequency, exposure duration, ingestion or inhalation rates, skin surface
area, and bodyweight should be used for any complete exposur e pathway.

3.2.1 Residential Default Exposure Assumptions

Exposure Frequency, Exposure Duration, and Body Weight

Site-specific remediation levels should assume an exposur e frequency of 350 days/year. The
exposure duration for carcinogens should be assumed to be 30 years, with 6 of those years as a child
and 24 years as an adult. Since exposur e to contaminantsin soil may be different for children and
adults, carcinogenic risksduring thefirst 30 years of life should be calculated using age-adjusted
exposur e factors. These factorsintegrate exposur e from birth until age 30, combining contact rates,
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body weights, and exposur e durationsfor small children and adults. Default age-adjusted factors
areincluded in Table 1. Exposure doses are aver aged over alifetime (70 years) for carcinogens
(USEPA 1991b).

Site-specific remediation levels should be specifically protective of childhood exposurefor systemic
toxicity. Age-adjustment factor s should not be used in evaluating systemic toxicity. Exposure
assumptions should reflect childhood contact rates and body weight. The focus on childrenis
protective of the higher daily intake rates by children and their lower body weight. For systemic
toxicity, the exposur e duration should be assumed to be 350 days/year for 6 years. Exposur e doses
are averaged over the period of exposure (6 years) for systemic toxicity (USEPA 1996c).

For carcinogens, site-specific remediation levels should be the lesser of the soil concentration based
upon car cinogenicity using the age-adjusted factor s and the concentration based upon systemic
toxicity assuming childhood contact rates and body weight.

| ngestion Exposure

For carcinogens, residential site-specific remediation levels should use an age-adjusted soil ingestion
factor that integratesingestion rates, body weights, and exposur e duration for small children and
adults of 114 mgeyr/kgeday (USEPA 1996c).

An age-adjustment factor does not need to be used to evaluate systemic toxicity for site-specific
remediation levels. Ingestion exposur e should reflect a default childhood soil ingestion rate of 200
mg/day (USEPA 1991b).

I nhalation Exposure

Residential inhalation ratesfor carcinogens should use an age-adjusted inhalation factor that
integratesinhalation rates, body weight, and exposur e duration for small children and adultsof 11

m3eyr/kgeday (USEPA 1996c).

An age-adjustment factor does not need to be used to evaluate systemic toxicity for site-specific
remediation levels. Inhalation exposur e should reflect the default childhood inhalation rate of 10

m3/day and default body weight of 15 kg (USEPA 1989,1991a,b).

Dermal Contact

Site-specific remediation levels may assume standard default absor ption values of 1% for
inorganics and 10% for all other contaminants (Cal-EPA 1994). All exposur e scenarios should

assume a standard default skin adherence factor of 0.2 mg/cm?2 (USEPA 1992a).
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For site-specific residential remediation levels, estimates of dermal contact with car cinogens should
be quantified using an age-adjusted skin contact factor that integrates skin surface area, body
weight, and exposure duration for small children and adults of 503 mgeyr/kgeday (USEPA 1996¢).

Dermal contact with soils should be evaluated using a default childhood skin surface area of 2000
cm2/day and a default body weight of 15 kg (USEPA 1989,19923).

3.2.2 Non-residential Default Exposure Assumptions

Exposure Frequency, Exposure Duration, and Body Weight

Non-residential site-specific remediation levels should assume an exposur e frequency of 250
days/year, which representsthe typical number of workdaysin ayear. The exposure duration
should be assumed to be 25 years, which correspondswith the standard default number of yearsin
the workplace. Exposur e doses should be averaged over alifetime (70 years) for carcinogens.
Exposure should be averaged over the period of exposure (25 years) for systemic toxicity (USEPA
1991b).

| ngestion Rates

Site-specific non-residential remediation levels should assume a standard default occupational soil
ingestion rate of 50 mg/day (USEPA 1991b).

| nhalation Rates

Site-specific non-residential remediation levels should assume a standard default occupational
inhalation rate of 20 m3/workday (USEPA 1991b).

Dermal Contact

Site-specific remediation levels may assume standard default absor ption values of 1% for
inorganics and 10% for all other contaminants (Cal-EPA 1994). All exposur e scenarios should
assume a standard default skin adherence factor of 0.2 mg/cm2 (USEPA 1992).

Site-specific non-residential remediation levels should assume a standard default occupational adult
skin surface area of 5000 cm?/day (USEPA 1992).
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4.0 TOXICITY ASSESSMENT

Most site-specific remediation levels protect against toxic doses of systemic toxicants (a Hazard
Quotient 1), and limit excess lifetime cancer risk to one-in-one million (10-6) for known human
car cinogens, and to one-in-one-hundr ed-thousand (10-9) for possible and probable human

car cinogens.

4.1 Toxicity Values

Site-specific remediation levels should use USEPA noncar cinogenic r efer ence doses (RfD) and

car cinogenic slope factors (SF) from the USEPA Integrated Risk Information System (IRIYS),
USEPA Health Effects Assessment Summary Tables (HEAST), and the USEPA National Center for
Environmental Assessment (NCEA). The priority among sour ces of toxicological constantsis as
follows: (1) IRIS, (2) HEAST, (3) NCEA, and (4) withdrawn valuesfrom IRISor HEAST and
valuesunder review.

Route-to-route extrapolations should be used when no toxicity values are available for a given route
of exposure. For example, oral cancer slope factors and refer ence doses may be used for oral and
inhalation exposur e when or ganic compounds lack inhalation values. Inhalation slope factorsand
inhalation reference doses may be used for oral exposure for organic compoundsthat lack oral
values. In addition, oral toxicity values may be used to calculaterisk and hazard from dermal
exposur es (USEPA 1996c).

4.2 Weight of Evidence Classifications

The USEPA Carcinogen Advisory Group has grouped chemicals by weight-of-evidence (WoE) into
classesfrom A to E, which designate their potential as a cancer-causing agent. The WoE represents
the car cinogenicity evidence from human and animal studies and indicates the strength of the data.
The A classification signifiesthat the chemical isa proven human carcinogen. Probable human
carcinogens are designated either B1, showing that studiesin humans ar e strongly suggestive but
not conclusive, or B2 if the chemical has been conclusively carcinogenic in repeated animal studies
but not conclusive in human studies. A chemical may be classified C, a possible human car cinogen,
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if asingle high-quality animal study or several low-quality animal studies suggest car cinogenicity. | f
thereisinsufficient human and animal evidence to deter mine the car cinogenicity of the chemical, it
Isclassified as D. A chemical conclusively demonstrated to be non-car cinogenic to humansisin
group E.

Site-specific remediation levels usually limit excess lifetime cancer risk to one-in-one million (10-6)
for known human carcinogens (WoE = A), and to one-in-one-hundred-thousand (10-5) for possible
and probable human car cinogens (WoE = B, C).

5.0 SUMMARY

Site-specific remediation levels may be developed using the equationsin this document by
substituting soil propertiesat the sitefor the default parameters and/or by using alter native models
for evaluating inhalation. Site-specific remediation levels may also eliminate incomplete exposure
pathwaysif the CSM supports such a decision. The options that may be consider ed when evaluating
exposureinclude:

« Modifying the default exposur e equationsto eliminate incomplete exposur e pathways,

« Substituting site-specific soil propertiesin the default Arizona SRL equationsto obtain
alter native exposur e estimates,

« Using a mass-limit equation and site-specific characteristicsto calculate alter native exposure
estimates; and

« Using more complicated finite source models to develop site-specific exposur e estimates.

Equations 1 through 9 may be used to calculate site-specific cleanup standards by applying
exposur e and toxicity criteria, and atarget risk for carcinogenicity and a hazard quotient for
systemic toxicity. For carcinogens, site-specific remediation levels should be the lesser of the
concentration in soil based upon car cinogenicity or systemic toxicity.

Equation 1 displaysthe formula for calculating site-specific residential remediation levels based
upon car cinogenicity. Equation 2 displaysthe formula for calculating site-specific residential
remediation levels based upon systemic toxicity. Equation 3 displaysthe formula for calculating
site-specific non-residential remediation levels based upon car cinogenicity. Equation 4 displaysthe
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formulafor calculating non-residential site-specific remediation levels based upon systemic toxicity.
Table 1 displays the acceptable exposur e factors for each equation.

Equation 5 may be used to calculate site-specific VFsfor volatile contaminants by substituting
site-gpecific physical propertiesfor the default parameters. Equations 8 and 9 provide methods for
calculating VFsthat consider mass-limits and finite sour ces.

Inhalation of chemicals adsorbed to respirable particles (PM 1) may be assessed using a default

PEF equal to 1. 316 x 10°9 m3/kg that relates the contaminant concentration in soil with the
concentration of respirable particlesin theair from fugitive dust emissions. Alter natively, Equation
7 may be used to set site-specific PEFs.

Site-specific remediation levels should develop a backup document that presents the methodology
used to develop the alter native standar ds. The document nor mally includes the following elements:

A CSM that identifies the sources of contamination, the types and concentrations of chemicals
detected in various media, chemicals of concern, potential exposure pathways and exposure
points;

« An exposure component that quantifies the magnitude of exposure from each complete
pathway and route;

« A toxicity component that discussesthe dose-response valuesfor carcinogenicity and systemic
toxicity, and discusses the USEPA WoE classification for carcinogens,; and

« A summary that displaysthe formulas, assumptions, calculations, and final proposed
site-specific remediation levels.

Table1: STANDARD DEFAULT FACTORS

Symbol Definition (units) Default Reference

CSFo Cancer dopefactor oral (mg/kg-d)-1-- IRIS, HEAST, or NCEA
CSFi Cancer dopefactor inhaled (mg/kg-d)-1 -- IRIS, HEAST, or NCEA
RfDo Reference dose oral (mg/kg-d) -- IRIS, HEAST, or NCEA

RfDi Reference dose inhaled (mg/kg-d) -- IRIS, HEAST, or NCEA
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TR, Target cancer risk (WoE = A)2 106 --
TRg ¢ Target cancer risk (WoE = B1, B2, C)P 10-5--

THQ Target hazard quotient 1 --

BWa Body weight, adult (kg) 70 RAGS (Part A), USEPA 1989 (EPA/540/1-89/002)
BWc Body weight, child (kg) 15 Exposure Factors USEPA 1991b (OSWER No. 9285.6-03)

ATc Averaging time - carcinogens (days) 25550 RAGS(Part A), USEPA 1989 (EPA/540/1-89/002)

ATn Averaging time - noncar cinogens (days) ED* 365

SAa 25% Surface area, adult (cm?/day) 5000 Der mal Assessment, USEPA
1992(EPA/600/8-91/011B)

SAc 25% Surface area, child (cm2/day) 2000 Der mal Assessment, USEPA 1992a (EPA/
600/8-9/011B)

AF Adherence factor (mg/cm?) 0.2 Der mal Assessment, USEPA 1992a (EPA/600/8-9/011B)
ABS Skin absor ption (unitless):

-- organics 0.1 Cal-EPA 1994

--Inorganics 0.01 Cal-EPA 1994

IRAa Inhalation rate - adult (m3/day) 20 Exposure Factors, USEPA 1991b (OSWER No. 9285.6-03)
IRAc Inhalation rate - child (m3/day) 10 RAGS (Part A), USEPA 1989 (EPA/540/1-89/002)

|RSa Soil ingestion - adult (mg/day) 100 Exposure Factors, USEPA 1991b (OSWER No. 9285.6-03)
| RSc Soil ingestion - child (mg/day), 200 Exposure Factors, USEPA 1991b (OSWER No. 9285.6-03)

|RSo Soil ingestion - occupational (mg/day) 50 Exposure Factors, USEPA 1991b (OSWER No.
9285.6-03)
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EFr Exposurefrequency - residential (d/y) 350 Exposure Factors, USEPA 1991b (OSWER No.
9285.6-03)

EFo Exposure frequency - occupational (d/y) 250 Exposure Factors, USEPA 1991b (OSWER No.
9285.6-03)

EDr Exposureduration - residential (years) 30¢ Exposure Factors, USEPA 1991b (OSWER No.
9285.6-03)

EDc Exposureduration - child (years) 6 Exposure Factors, USEPA 1991b (OSWER No. 9285.6-03)

EDo Exposure duration - occupational (years) 25 Exposure Factors, USEPA 1991b (OSWER No.
9285.6-03)

Age-adjusted factorsfor carcinogens:

| FSad]j Ingestion factor, soils ([mgyr]/[kgd]) 114 RAGS(Part B) , USEPA 1991a (OSWER No.
9285.7-01B)

SFSad) Skin contact factor, soils ([mgyr]/[kgd]) 503 By analogy to RAGS (Part B)
InhFadj Inhalation factor ([m3yr]/[kgd]) 11 By analogy to RAGS (Part B)

PEF Particulate emission factor (m3/kg) 1.396 x 10*9 Soil Screening Guidance (USEPA 1996a,b)

VFsVolatilization factor for soil (m3/kg) Chem. Specific Soil Screening Guidance (USEPA 1996a,b)
sat Soil saturation concentration (mg/kg) Chem. Specific Soil Screening Guidance (USEPA 1996a,b)

Footnotes:

a USEPA Carcinogenic Weight of Evidence (WoE) Classification for Known Human Car cinogens
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b USEPA Carcinogenic Weight of Evidence (WoE) Classification for Probable Human Car cinogens

(WoE = B1 or B2) and Possible Human Carcinogens (WoE = C)

C Exposureduration for lifetimeresidentsis assumed to be 30 years. For carcinogens, exposuresare

integrated for childhood (6 years) and adulthood (24 years).

Equations

Equation 1: Combined Exposuresto Carcinogenic Contaminantsin Residential Soil (USEPA 1996c)

Equation 2:
Combined
Exposuresto
Noncar cinogenic

Contaminantsin

Residential Soil (USEPA 1996¢)

Equation 3:
Combined
Exposuresto
Carcinogenic
Contaminantsin
Non-residential

Soil (USEPA 1996¢)

Equation 4:
Combined
Exposuresto
Noncar cinogenic
Contaminantsin
Non-residential
Soil (USEPA

1996¢)

Footnote:

aVolatilization Factor (VFg) isused for VOCs. Particulate Emission Factor (PEF) isused for

semi-volatile and non-volatile constituents.

Equation 5: Derivation of the Volatilization Factor (USEPA 1996c)

file:///G|/GROUPS/OEH/EHSS/@TASKS/ADHSFY97/97ADHS10/final.htm (20 of 59) [26-12-2000 12:53:07 PM]



wher e

Parameter Definition (units) Default

VF, Volatilization factor (m3/kg) --

D, Apparent diffusivity (cm?2/s) --

Q/C Inverse of the mean conc. at the center of a

0.5-acre squar e sour ce (g/m2-s per kg/m3) 68.81

T Exposureinterval (s) 9.5x 108

b Dry soil bulk density (g/cm3) 1.5 (or site-specific)

a Air filled soil porosity (L 4 /L ;) 0.28 (or site-specific)

n Total soil porosity (L pore/L sil) 0-43 (or site-specific)

w Water-filled soil porosity (L yater/L soij) 0-15 (or site-specific)

s Soil particle density (g/cm3) 2.65 (or site-specific)

Di Diffusivity in air (cm?2/s) Chemical-specific

H Henry's L aw constant (atm-m3/mol) Chemical-specific

H' DimensionlessHenry's Law constant H x 41 (USEPA 1991a)

Dy Diffusivity in water (cm?2/s) Chemical-specific

K 4 Soil-water partition coefficient (cm3/g) = K ,.f,c Chemical-specific
K oc Soil organic carbon-water partition coefficient Chemical-specific (cm3/g)

foc Fraction organic carbon in soil (g/g) 0.006 (or site-specific)
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Equation 6: Derivation of the Soil Saturation Limit (USEPA 1996c)

Parameter
Definition (units)

Default

sat Soil saturation concentration (mg/kg) --

S Solubility in water (mg/L -water) Chemical-specific

p Dry soil bulk density (kg/L) 1.5 (or site-specific)

n Total soil porosity (L pore/L si1) 0.43 (0r site-specific)

s Soil particle density (kg/L) 2.65 (or site-specific)

K4 Soil-water partition coefficient (L/kg) K. X foc (chemical-specific)
Koc Soil organic carbon/water Chemical-specific

partition coefficient (L/kg)

foc Fraction organic carbon content of soil (g/g) 0.006 (or site-specific)
w Water-filled soil porosity (Lyater/L soij) 0-15 (or site-specific)

a Air filled soil porosity (L 4 /L ;) 0.28 (or site-specific)

w Average soil moisture content) 0.1 (or site-specific)

(KGwater/K9soil OF L water/K9soi

H Henry's Law constant (atm-m3/mol) Chemical-specific

H' DimensionlessHenry's Law constant H x 41, where 41 isa units

conversion factor

Equation 7: Derivation of the Particulate Emission Factor (USEPA 1996¢)
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Parameter Definition (units) Default

PEF Particulate emission factor (m3/kg) 1. 316 x 109

Q/C Inverse of the mean concentration at the center 90.80

of a 0.5-acre-squar e sour ce (g/m2-s per kg/m3)

V Fraction of vegetative cover (unitless) 0.5 (or site-specific)

U, Mean annual windspeed (m/s) 4.69 (or site-specific)

U; Equivalent threshold value of windspeed at 7 m (m/s) 11.32 (or site-specific)
F(x) Function dependent on U,,/U; derived using 0.194

Cowherd (1985) (unitless)

Equation 8: Mass-Limit M odel of the Inhalation of Volatiles (USEPA 1996a)

VF = (Q/C) x [(T x 3.15E+7 slyr)/(, x dsx 1E+6 g/M g)]

wher e

Parameter Definition (units) Default

VF Volatilization factor (m3/kg) --

Q/C Inverse of the mean conc. at the center of a
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0.5-acre sour ce (g/m2-s per kg/m3) 68.81
T Exposureinterval (yr) 30
p Dry soil bulk density (kg/L) 1.5 (or site-specific)

ds Thickness of the contaminated soil (m) site-specific

Equation 9: Finite Source Model of the Inhalation of Volatiles (USEPA 1996a, Jury et al. 1990)
VF = (Q/C) x (Cy/p) x (1/I2V€) x 104 m2/cm?
where:

Parameter Definition (units) Default

VF, volatilization factor (m3/kg) --

Q/C inverse of the mean conc. at the center of a

0.5-acr e squar e sour ce (g/m2-s per kg/m3) 68.81

C,, uniform contaminant concentration at =0 (g/cm3) site-specific
p Soil dry bulk density (g/cm3) 1.5 (or site-specific)

Jave average contaminant flux at ground surface (g/cm?2-s) Equation 12
where:

Js= C(Da/)V2 [1-exp(-ds2/4Dp)]

and where:

Da =[(1%3 Dj H + 193 Dy)/nZ/(5 K+ + 2 H)

where:

Parameter Definition (units) Default

J e aver age contaminant flux over exposure period (g/cm?2-s) --

C, uniform contaminant concentration at =0 (g/cm3) Site-specific
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D, apparent diffusivity (cm2/s) Equation 13

Pi 3.14

time(s) solve daily from =0to 30 years

ds depth from the soil surface to the base of site-specific
contamination at = 0 (cm)

a air-filled soil porosity (L /L &) =N -, 0.28 (or site-specific)

n total soil porosity (Lpore/Lsoil =1 - (p/g) 0.43 (or site-specific)

w Water-filled soil porosity (L yater/L sil) =W p/yy 0.15 (or site-specific)
p Soil dry bulk density (g/cm3) 1.5 (or site-specific)

s Soil particle density (g/cm3) 2.65 (or site-specific)

D; diffusivity in air (cm?2/s) chemical-specific

H dimensionless Henry'slaw constant = 41 x H chemical-specific

H Henry'slaw constant (atm-m3/mol) chemical-specific

Dy diffusivity in water (cm?2/s) chemical-specific

K 4 soil-water partition coefficient (cm3/g) = K o f, chemical-specific
K oc S0il organic carbon partition coefficient (cm3/g) chemical-specific

foc Organic carbon content of soil (g/g) 0.006 (or site-specific)

PART B

DETERMINISTIC RISK ASSESSMENT GUIDANCE

1.0 INTRODUCTION
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This section provides guidance for partiesusing a complete risk assessment to develop site-specific
cleanup standards. The approach outlined in Part B provides mor e flexibility in characterizing
risks and setting site-specific remediation levelsthan the options availablein Part A.

1.1 Organization

Risk assessments should use the standard USEPA approach (USEPA 1989). The organizational
format should be asfollows:

Chapter 1 Introduction- overview of the site, objectives of therisk assessment, site background,
scope, conceptual site model, and study design;

Chapter 2 Site Assessment- sample design, sample locations, number, and media, analytical
methods, quality assurance methods, contaminant boundaries;

Chapter 3 Identification of Chemicals of Concern (COCs)- data evaluation and presentation,
selection methodology, identification of COCs, data uncertainties;

Chapter 4 Exposure Assessment- | dentification of complete exposur e pathways and quantification of
current and potential futureintakes;

Chapter 5 Toxicity Assessment- Identification of hazard and dose response data for the constituents
selected as COCs;

Chapter 6 Risk Characterization- Presentation and discussion of actual and potential human health
risks and discussion of uncertainties.
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1.2 Overview and Objectives

1.2.1 Overview of the Site

Present an overview of the site including a summary of the investigations and remedial activity that
has been conducted at the site. The discussion should include a description of the general problem
at the site.

1.2.2 Risk Assessment Objectives

Therisk assessment objectives should be clearly stated and should indicate the specific ar eas,
media, and contaminantsthat will be addr essed.

The objective of most risk assessmentsisto deter mine whether residual chemical levelsare
protective of human health, and to provide a basisfor comparing the potential health impacts of
variousremedial alter natives.

1.3 Site Background

Present information on the known or potential sour ce areas, and concentrations of hazar dous
substances involved in therelease. Discuss other relevant records such asinspection data,
photographs, and any removal actions conducted at the site. Describe the basic char acteristics of the
contamination in air, soil, soil gas and water at the site. The document should establish potential
exposur e pathways.

1.3.1 Site Description

The site should be described in detail. The general location of the site, the proximity to populated
areas, and the possible routes of contaminant migration should be stated. Land usesin the
surrounding area should be discussed.
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1.3.2 Maps

A map that showsthe site boundaries and surface topography with features such as fences, ponds,
and structures should beincluded. The map should display the current layout of the siteincluding
the geographical relationship between potential receptorsand the site.

1.3.3 History

Discuss the history of specific chemical use at the site including the methods by which chemicals
wer e used and disposed. This section should include a chronology of land use, including the types of
chemicals used at the site and operations at the site that may have resulted in the presence of
residual contamination. The nature of the past uses of the site should help deter mine the types of
contamination and impacted areas.

The natur e of the contamination should be documented and linked to prior ownership and use, and
specific site ar eas, where known. This section should also discuss the magnitude of the scoping
activitiesundertaken to identify all potential site-related contaminants and how the results
influenced the sampling plan.

1.4 Conceptual Site M odel

A conceptual site model (CSM) is developed by conducting an extensive records sear ch and site
visit, and by compiling all of the existing data including site sampling data, historical records, aerial
photographs, hydrogeologic infor mation and population locations. Once thisinfor mation is

or ganized, therisk assessment team developsa CSM that identifies the sour ces of contamination,
the types and concentrations of chemicals detected in various media, potential exposur e pathways
and exposur e points. The CSM links contaminant sour ces, r elease mechanisms, exposur e pathways
and routes, and receptors.

The development of a CSM isusually interactive. Model development should begin asearly in the
siteinvestigation process as possible. It is developed to identify data gaps and deter mine data needs.
The preliminary model should berevised following additional data collection effortsto refine the
potential sources, transport media, exposur e pathways, and receptor sidentified. The pathways and
receptorsin thefinal model will be those evaluated throughout the remainder of therisk
assessment. The ASTM Standard E 1689-95: Guide for Developing Conceptual Site M odels for
Contaminated Sites provides additional information to develop a CSM (ASTM 1995).
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1.5 Scope and Design of the Risk Assessment

Present the scope of thereport and a summary of the study design.

1.5.1 Scope

Discuss the scope and complexity of therisk assessment. Include whether the assessment isintended
to apply to a small area on site, the entire facility, or the area around the facility including
surrounding residential or nonresidential properties. Discuss the complexity of the report. For
example, the assessment may use screening level assumptions or may use an approach that ismore
complex. Therationale for the selection of the approach should be discussed.

1.5.2 Study Design

Present an overview of the risk assessment methodology and study design. The discussion should
include the sour ces of contamination, potentially complete exposur e pathways, and potential
receptors. Specific elementsthat influence the study design include:

« Thesample collection and analytical resultsincluding the selection of target compounds of
concern and an evaluation of the confidence that all potential chemicals of concern have been
identified;

« Thedegreeof confidencethat all locations that may be contaminated have been identified;

« An exposure evaluation including physical and chemical characteristics at the site including
contaminant fate and transport;

« Thetypesand numbersof potential receptorsthat may potentially be exposed to
contaminants at the site.
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20SITE ASSESSMENT

Data collection efforts conducted at the site should beidentified in this section. The discussion
should include therationale for the sample design, a description of sample locations and media, the
analytical methods used, the quality control procedures used, and a definition of the boundaries of
the contamination.

2.1 Detailed Rationale for Sampling Design

Statetherationale for the sampling design and include topics such as sample size and location, types
of samples, choice of analytical methods, temporal and meteor ological factors, and field screening
analyses. Discuss how sample sizes and location wer e chosen, including the number of ar eas of
concern investigated, the statistical methods used, and statistical performance standards (i.e. degree
of confidencethat thetrue mean islessthan the mean from the sample data set). The sampling
strategy should be adequate to characterize the site. The number of samplesthat need to be
analyzed will depend upon site-specific conditions.

2.2 Sample L ocations, Number, and Media

| dentify the media sampled and provide infor mation regar ding sampling locations.

2.3 Definition of Modeling Parameters

Site-specific characteristics that may need to be quantified for usein fate/transport modelsinclude
air filled and total porosity of the soil, soil bulk density, soil moisture, soil organic carbon content
and average wind speed and direction. This section should include a discussion and a deter mination
of the necessary parameters.
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2.4 Analytical Methodsfor Sampling and Analysis

The proceduresfor sample collection, preservation, handling, and transport, and the laboratory
analytical methods used should be discussed. The method detection limitsfor the contaminants for
which analyses ar e conducted should be lower than the applicable SRL (ie. residential or
non-residential) or an alter native site-specific risk-based concentration.

2.5 Quality Assurance/Quality Control (QA/QC) Methods

Discussthe data quality objectives, sampling methods, sampling devices, QC samples, collection
procedures, and sample preservation methods. QC samplesinclude field blanks, trip blanks,
duplicates, and split samples. Collection procedures should not alter the samples which should be
preserved to prevent any changein concentration. An appendix should contain the laboratory
resultsfor all QA/QC resultsincluding percent recovery of spike samples and results of sample
blanks. The QA/QC results should be used to conclude whether the data quality objectivesfor the
site have been satisfied. The USEPA has published a guidance document entitled " Guidance for
Data Useability in Risk Assessment”" (USEPA 1990a) which outlines proper procedures,

2.6 Definition of Contaminant Boundaries

In order to accurately evaluate risks, the horizontal and vertical extent of the contamination should
be determined. The boundaries of the contamination should be identified or referenced in this
section. The characterization should be adequate to estimate exposur e concentrations at the site.

3.0IDENTIFICATION OF CHEMICALS OF CONCERN
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This section identifies the chemicals of concern (COCs) in each media. This section summarizesthe
criteriarecommended for selecting COCs.

3.1 Evaluation of Chemical Data

Summarize the sampling results from each area of concern. The presentation should include both a
narrative summary, and tables of the analytical results. Separ ate tables should be included for each
media of concern. Each table should display the range and frequency of detection, and the mean
and upper 95% confidence limit (UCL).

Thedistribution of the data with respect to the layout of the site should beincluded. The text should
also mention whether the concentrations of chemicals wer e close to the detection limits, or whether
thereare areasthat contain hotspots. Any areasthat contain hotspots should be identified. Hotspots
are areas that have one or more samplesthat contain concentrations of contaminantsthat exceed
therelevant SRL by afactor of ten or more.

3.2 Identification of Chemicals of Potential Concern

The methodology used to select COCsin each media should be presented in this section. The
recommend the approach presented in this section.

3.2.1 Sail

All chemicals detected in at least one soil sample should be considered COCs unless one of the
following criteria are met:

« if thehighest detected concentration in soil islessthan the applicable SRL (i.e. residential or
nonresidential);

« if thecompound was detected in lessthan 5% of the soil samples and no hotspots exist;
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« if thecompound ispresent at similar levelsunder natural ambient conditionsin thearea (ie.
background), and the contaminant concentration has not been increased by anthropogenic
SOur Ces.

The USEPA document entitled Establishing Background Levels (USEPA 1995a) may be used to
deter mine background levels of naturally occurring contaminants.

3.2.2 Soil Gas

All chemicals detected in at |east one soil gas sample should be considered COCs unless one of the
following criteria are met:

« if the highest detected concentration islessthan the current USEPA Reference Concentration
(RfC) or the Unit Risk at the one-in-one-million risk level (1E-6) for carcinogenswith a WoE
classification of " A" or at the one-in-one-hundred-thousand risk level (1E-5) for carcinogens
with a WoE classification of " B or C". Detailsregarding thesecriteria areincluded in
Chapter 4.

« if thecompound was detected in lessthan 5% of the soil gas samples collected and no hotspots
exist.

3.2.3 Surface Water/Sediment

All chemicals detected in at |east one surface water/sediment sample should be considered COCs
unless one of the following criteria are met:

« if the highest detected value downstream of the siteislessthan the highest detected value
upstream of the site;

« if thehighest detected concentration islessthan the Aquifer Water Quality Standard.

3.2.4 Air
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All chemicals detected in at least one sample should be considered COCs unless one of the following
criteria are met:

« if thehighest detected value upwind of the siteislessthan the highest detected value
downwind of the site;

« if thehighest detected concentration islessthan the current USEPA Reference Concentration
(RfC) or the Unit Risk at the one-in-one-million risk level (1E-6) for carcinogens known
human car cinogens (WoE classification of " A") or at the one-in-one-hundred-thousand risk
level (1E-5) for probable and possible car cinogens (WoE classification of “ B or C").

3.2.5 Groundwater

All chemicals detected in at least one groundwater sample should be considered COCs unlessif the
highest detected concentration islessthan the Aquifer Water Quality Standard (AWQS). In some
cases, COCsshould remain in therisk assessment even if their maximum concentration is present at
lessthan the AWQS. For example, arsenic can significantly contribute to overall siterisk even if it is
present at lessthan the AWQS. A risk assessor should car efully evaluate site conditions before
eliminating COCsin groundwater.

3.3 Data Uncertainties

Uncertaintiesin the sampling and laboratory procedures should be summarized and discussed in a
gualitative and quantitative manner for each media. The discussion should include the uncertainties
that may exist if data from multiple investigations were used. The QA/QC procedures used should
be discussed including the results of sample blanks and spikes.

4.0 EXPOSURE ASSESSMENT
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The exposur e assessment expands upon and quantifies exposures discussed in the CSM. The CSM
initially identifies the sour ces of contamination, the concentrations of chemicals detected in various
media, potential exposur e pathways and exposur e points. The exposur e assessment quantifies
exposuresidentified in the CSM.

The exposur e assessment integrates information on chemical releases, environmental
measur ements, and human activity to estimate the type and magnitude of exposureto COCs
received. Thisisdone by characterizing the exposur e setting, exposur e pathways, exposed
populations (receptors), and by quantifying exposur e concentrations and intakes.

4.1 Characterization of Exposure Setting

4.1.1 Physical Setting

Therisk assessment should describe site-specific surface featuresthat may influence human
exposur e such as geologic setting, vegetation, and types and locations of structures at the site. The
following physical characteristics may influence exposure:

Geology and Soils-vegetation, underlying strata, air-filled and total porosity of the soil, sail
moisture, soil bulk density, organic carbon content, and the depth of the contaminants below the
ground surface

M eteorology- temper atur e, precipitation, and wind speed and dir ection

Hydrology- distance from the surface to groundwater, the direction of flow, surface hydrologic
features and potential surfacetransport of contaminants

4.1.2 Characterization of Potentially Exposed Populations

This section should describe the number and location of people who could be exposed to
contaminants at the site including those who reside or work at or near the site, and sensitive
subgroups such as children and elderly people. These sensitive receptors may be at higher risk due
to higher exposures or greater susceptibility tothe COCs.
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4.1.2.1 Populations Relativeto the Site

Using infor mation from a site visit, population surveys, and maps, establish the number of people
with potential exposure and their location relative to the site.

4.1.2.2 Current Land Use

Using zoning maps, census information, aerial photographs, and infor mation from a site visit,
characterizethe activities and activity patterns of potentially exposed populations. Potential current
land usesincluderesidential, commercial/industrial, agricultural and recreational. Sites may have
mor e than one land use. | dentify any land use controlsthat may bein effect.

Deter mine the human activity patterns at the site, estimate the number of hours spent in these
activities by the population and identify any site-specific characteristicsinfluencing exposure.
| mportant activity issues include the amount of time spent outdoor s ver susindoor s, seasonal
changesin activities, soil excavations, accessrestrictions, and paths showing activity trends.

4.1.2.3 Future Land Use

Therisk assessment should identify any for eseeable futur e land uses, and should include the
likelihood of each alternative future use. If futureland uses may be residential, then futureland
uses should be assumed to beresidential. Numer ous futur e land uses may be evaluated in therisk
assessment, however, the risk assessment team should keep in mind the objectives of therisk
assessment when selecting futur e use exposur e scenarios.

4.2 Exposur e Pathways and Routes of Exposure

Summarize the potentially complete exposur e pathways at the site. An exposur e pathway isthe
cour se a contaminant takes from its sour ce to a receptor or to a potential receptor, and consists of
four elements:
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a sour ce and mechanism of chemical release;
o aretention or transport medium;

a point of potential human contact with contaminated medium;

an exposur e route at the point of contact (inhalation, ingestion, dermal contact).

All potential migration pathways including natural pathways such asvolatilization of contaminants
through soil and man made pathways such as conduits should beidentified. All potential exposure
routes should be explored including ingestion of soil, dermal absor ption, and inhalation of vapors
and dust. Engineering and institutional controls may be consider ed when identifying complete
exposur e pathways.

4.2.1 Sour ce ldentification

This section should identify potential release mechanisms and recelving media at the site. In some
instances, the sour ce itself isthe exposure point. However, a contaminated medium from a past
release can be a contaminant sour ce for other media (e.g., contaminated surface soil contaminated
may be a sour ce to surface water or air).

4.2.2 Fate and Transport Evaluation

Exposure may be determined mor e precisely with a knowledge about the fate (i.e. behavior of a
contaminant when released into a specific media) and transport (i.e. bioconcentration, soil
adsor ption/mobility, and volatilization) of a contaminant. An analysis of the fate and transport is
conducted to identify media that may bereceiving site-related chemicals. Following release of a
chemical to the environment, it may be:

« transported (through soil, water, or air);

« physically transformed (volatilization, etc.);

« chemically transformed (photolysis, hydrolysis, oxidation, reduction);
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« biologically transformed (biodegradation);

e accumulated in one or more media.

The above fate and transport mechanisms may be affected by physical characteristics such as
moistur e content, organic carbon content, bulk density, and soil porosity. Site-specific
characteristics that may influence transport may include vapor barriersor other engineering
controls.

Use all available information to evaluate transport within and between media and retention or
accumulation within a single media. M onitoring data should be used to identify media that are
currently contaminated and the pathways that may lead to futur e contamination.

4.2.3 Exposur e Points and Routes

An exposure point isany location that serves asa potential contact to the contaminated medium.
Any contaminated media should be considered a potential exposure point if theareaiscurrently
being used, if the siteisnot restricted, or if futureland use suggests potential human contact to the
contaminant. In general, most complete exposur e points and routeswill occur on-site. However,
instances of off-site exposure may occur if contamination extends beyond the property boundaries
via atransport mechanism. All exposure points at the site should be identified and discussed in this
section. In addition, all potential exposure routes should be explored and discussed, including
ingestion of soil, dermal absor ption, and inhalation of vaporsand fugitive dust.

4.2.4 Synthesisinto Complete Exposur e Pathways

Based on the information identifying the sour ce, fate and transport of the COCs, and the exposure
points and routes, a complete exposur e pathway may be established. A summary of all complete
exposur e pathways, including the potentially exposed populations and the exposure media, points,
and routes, should beincluded in the quantitative risk assessment. Complete exposur e pathways
should be summarized for current and future land uses. Excluding pathways from quantification
should bejustified and supported by the CSM.

A tablethat summarizesall current and potential future exposur e pathways should be provided.

4.3 Quantification of Exposure Concentrations
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Exposure concentrationsin the various media for each exposur e area should be calculated and
presented in this section. The analysis should include parameter s and assumptionsin the model and
backup documentation to defend the results.

Thelevel of effort used to estimate exposur e concentr ations depends on the kind of data available,
thelevel of detail in therisk assessment, the objectives of therisk assessment, and the resources
available for the project. Estimating exposur e concentrations will usually include a simple analysis
of the data and application of ssmple methods that assume steady-state conditions. This section
presents models consistent with this strategy. Alter native methods to estimate exposure
concentrations may be used if therisk assessment team believesthey are warranted. However,
alter native methods should be well documented and use peer reviewed literature sour ces.

4.3.1 Estimating Exposure Concentrations Under Current Conditions

Exposur e concentrationsin soil should be quantified by calculating the 95% UCL of the arithmetic
mean of the concentration of contaminantsin each exposure area and media where human activity
Isoccurring.

Surface Soils

The area over which human activity occurs and the spacial distribution of soil matrix dataisa
critical factor in determining exposur e concentrations for surface soil. In general, data from
random soil sampling programs or samples from evenly spaced grids can be considered
representative of human exposur e concentrations when contact with soil in all areas of the siteis
equally probable (USEPA 1989). At some sites, the contamination will not be evenly distributed and
the soilswill contain hotspots.

Data sets containing hotspots may be averaged if current contact with soil is spatially random.
However, aver aging contaminant concentrations from hotspotsover alarge areaisinappropriateif
human activity at the siteis not spatially random. If a hotspot isnear an areathat isfrequently
used, exposur e concentrations at the hotspot ar ea should be assessed separ ately.

Subsurface Soils

The dominant exposur e pathway when the primary contaminantsare VOCs in subsurface soilsis
usually vapor phase diffusion into indoor and outdoor air and subsequent inhalation of the
contaminants. Vapor phase migration of the COCsto the surface may be estimated using diffusion
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modeling. Examples of approachesfor estimating flux and outdoor air concentrations are presented
in the Appendix. A number of acceptable mathematical models are presented in the SEAM (USEPA
1988) and the Air/Superfund National Technical Guidance Study Series Document: Guideline for
Predictive Baseline Emissions Estimation for Superfund Sites (USEPA 1995b). Other models may be
acceptableif the approach has been published in the peer-reviewed literature. Any model that is
used should be validated by laboratory, pilot or field studies.

Diffuson modelsrequire an estimated or actual concentration of the contaminant in subsurface soil
or soil gas. Often, contamination in the subsurface will contain hotspots. The spacial distribution of
subsurface contamination may be a factor in evaluating monitoring data to estimate flux over an
exposure area. |f a hotspot isnear an area that currently contains an occupied structure, soil gas or
subsurface soil concentrations may be averaged over the area of the current structureto estimate
flux when evaluating current exposures. In general, for contamination where no current structure
exists, soil concentrations may be averaged over the area of current exposurein order to calculate
flux. Acceptable modelsfor calculating flux and air concentrations are provided in the Appendix.

4.3.2 Estimating Exposure Concentrations Under Future Conditions

Surface Soils

Data from random soil sampling programs or samplesfrom evenly spaced grids can be considered
representative of future human exposur e concentrationsif no hotspots were found. Similarly, data
from purposive sampling plans may be consider ed representative of future human exposure
concentrationsif hotspots do not exist. However, for sitesthat contain hotspots, aver aging hotspot
data over a maximum area the size of aresidential backyard (500 m2) may be the most appropriate
way of estimating futureresidential exposure concentrationsfor direct exposure pathways (USEPA
1989). In some circumstances, it may be necessary to estimate futur e exposur e concentr ations at
hotspots, without averaging any of the data, if the area may present a potential future non-cancer
hazard to children. If the future use of the property isnot residential, it may be appropriate to

aver age surface soil data over the area which human activity currently occursor over an area such
as 2,000m2 (0.5 acres).

Subsurface Soils

If a hotspot isnear an area that currently contains an occupied structure, soil gas or subsurface soil
concentrations may be averaged over the area of the current structureto estimate flux for future
exposuresif land uses are not anticipated to change. For contaminated ar eas where no current
structure exists, averaging the data to estimate flux from hotspots over an area of a potential future
house (200 m2) may be the best approach for estimating futureresidential exposures. For properties
with nonresidential land uses, it may be appropriate to aver age subsurface data over alarger area
(2,000m?2) when estimating flux. Acceptable models for calculating flux and air concentrationsare

file:///G|/GROUPS/OEH/EHSS/@TASKS/ADHSFY97/97ADHS10/final.htm (40 of 59) [26-12-2000 12:53:07 PM]



provided in the Appendix.

4.3.3 Statistical Procedures

The contaminant concentration that should be used to exposure concentrationsfor all mediaisthe
95 percent upper confidence limit (95% UCL) of the arithmetic mean concentration in each
exposure area. Using the 95% UCL providesreasonable confidence that the true site aver age will
not be underestimated. For data setswith limited sample numbers, the 95% UCL may be higher
than the maximum detected level in the data set. If this occurs, the maximum detected
concentration may be used asthe estimate of the exposur e concentration. Specific guidance
calculating appropriate exposur e concentration is provided in the Appendix.

4.4 Estimation of Chemical Intakesfor Each Exposure Pathway

Exposureisthe contact of areceptor with a chemical or physical agent. When exposureis
standardized for time and body weight, it isdesignated asintake and expressed as a chronic daily
intake (CDI) in mg of chemical per kg of body weight per day (mg/kgeday). The CDI isthe quantity
of a chemical, which isavailable for absor ption at the exchange boundary (e.g., skin, lungs,
gastrointestinal tract). It isdifferent from the absorbed dose, which represents the concentration of
the chemical in blood.

The reasonable maximum exposure (RME) isthe highest exposure (CDI) that may reasonably be
expected at a site, and appliesto both current and futureland use. The objective of an RME
estimateisto join the upper-bound and mid-range exposur e variablesinto an equation, resultingin
an intake level that isreasonable, protective, and not the wor se case. While central tendency
exposures may be evaluated in therisk assessment, risk management decisions will usually be made
using an RME estimate. Therefore, developing RME estimates will berequired for all risk
assessments, while developing an estimate of central tendency exposureis optional.

All potentially complete exposures should be quantified in this section. Residential exposur e should
be evaluated for adult and child receptors separately. The presentation should include wor ksheets
that identify the assumptions and parametersin the evaluation. This section provides guidance for
quantifying exposure.

4.4.1 Incidental Ingestion of Soils
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Theintake equation for incidental ingestion of soil issummarized in Table4.4.1. Information about
the site and professional judgement may be used to deter mine variable valuesfor current exposure.
Potential futureresidential exposures should incor porate the RME variablesidentified in Table
4.4.1. Potential future exposuresfor residential properties should includetheresidential childhood
scenario. The exposure assumptionsin the table are recommended for use by the USEPA (USEPA
1989,1991b).

Table 4.4.1 Formula Used to Calculate Intakes from Ingestion of Soilsfor Residential

and Non-Residential (Occupational) Exposure Scenarios.

CDI= (CS)(CF)(IR)(EF)(ED)
(BW)(AT)

Where:

CDI = Chronic Daily Intake (mg/kg-day)

CS = Chemical concentration in soil over exposure area (mg/kg)
CF = Conversion Factor (kg/106 mg)

IR = Ingestion rate (mg/day)

EF = Exposure frequency (days/year)

ED = Exposureduration (years)

BW = Body weight (kg)

AT = Averaging time (period over which exposureis aver aged-days)

Variable Values:

Occupational Residential Residential
Adult Child
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CS: 95% UCL (mg/kg) 95% UCL (mg/kg) 95% UCL (mg/kg)
IR: 50 (mg/day) 100 (mg/day) 200 (mg/day)

EF: 250 (days/year) 350 (days/year) 350 (days/year)

ED: 25 (years) 30 (years) 6 (years)

BW: 70 (kg) 70 (kg) 15 (kQ)

AT: (carc.) 25,550 (days) 25,550 (days) 25,550 (days)

AT: (non-carc.) 9,125 (days) 10,950 (days) 2,190 (days)

4.4.2 Inhalation of Vapors and Particulates

Theintake equationsfor inhalation of vaporsand particulatesare summarized in Tables4.4.2.1 and
4.4.2.2, respectively. Information about the site and professional judgement may be used to

determine variable valuesfor current exposure. Potential future exposures should incorporatethe
RME variablesidentified in the tables. The exposure assumptionsin the table are recommended for
use by the USEPA (USEPA 1989, 1991b).

Acceptable modelsfor estimating indoor and outdoor air concentrations are presented in the
Appendix.

Table4.4.2.1 - Formula Used to Calculate Intakes from Inhalation of Vaporsfor Residential

and Non-Residential (Occupational) Exposure Scenarios.

CHRONIC DAILY INTAKE: CDI= (AC)(IR)(EF)(ED)
(BW)(AT)
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wher e

AC = Chemical concentration in air (indoor or outdoor) (mg/m3)
IR = Inhalation rate (m3/day or workday)

EF = Exposure frequency (days/year)

ED = Exposureduration (years)

BW = Body weight (kilograms)

AT = Averaging time (days)

Variable Values:

Occupational Residential Residential

Adult Child

AC: 95% UCL (mg/m3) 95% UCL (mg/m3) 95% UCL (mg/m3)
|R: 20 (m3/workday) 20 (m3/day) 15 (m3/day)

EF: 250 (wor kdays/year) 350 (days/year) 350 (days/year)

ED: 25 (years) 30 (years) 6 (years)

BW: 70 (kg) 70 (kg) 15 (kQ)

AT: (carc.) 25,550 (days) 25,550 (days) 25,550 (days)

AT: (non-carc.) 9,125 (days) 10,950 (days) 2,190 (days)

Table4.4.2.2 - Formula Used to Calculate I ntakes from Inhalation of Particulatesfor Residential
and Non-Residential (Occupational) Exposur e Scenarios
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CDI = (CS)(PEF)(IR)(EF)(ED)
(BW)(AT)

wher e

CDI = Chronic daily intake (mg/kg-day)

CS = Chemical concentration in surface soil (mg/kg)
PEF = Particulate Emission Factor (kg/m3)

IR = Inhalation rate (m3/day)

EF = Exposure frequency (days/year)

ED = Exposureduration (years)

BW = Body weight (kQ)

AT = Averaging time (period over which exposureis aver aged-days)

Variable Values:

Occupational Residential Residential
Adult Child

CS: 95% UCL (mg/kg) 95% UCL (mg/kg) 95% UCL (mg/kg)
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PEF: 7.16E-10 (kg/m3) 7.16E-10 (kg/m3) 7.16E-10 (kg/m3)
IR: 20 (m3/workday) 20 (m3/day) 15 (m3/day)

EF: 250 (days/year) 350 (days/year) 350 (days/year)

ED: 25 (years) 30 (years) 6 (years)

BW: 70 (kg) 70 (kg) 15 (kg)

AT: (carc.) 25,550 (days) 25,550 (days) 25,550 (days)

AT: (non-carc.) 9,125 (days) 10,950 (days) 2,190 (days)

4.4.3 Dermal Exposure Estimation M ethods

Many inorganic chemicals ar e poorly absorbed through dermal contact and not all risk assessments
will require a quantitative evaluation of intake via dermal absor ption. However, for compounds
such as pesticides, der mal absor ption may significantly contribute to total exposure. Therefore,
dermal contact and absor ption may be evaluated on a case by case basis. All sites should at least
qualitatively evaluate the potential for dermal exposure. At siteswhere dermal contact may
significantly contribute to exposure, dermal exposur e should be quantitatively evaluated. Table
4.4.3 provides guidance for quantifying dermal exposure at siteswherethisisappropriate.

Variablesused in the formula are taken from RAGS (USEPA 1989) and the USEPA Der mal
Assessment (USEPA 1992a). Skin surface area (SA) available for contact was usually assumed to be

5,000 cm2/day, which is 25% of the surface area of an average adult (USEPA 1992a). The surface
area for childhood exposure here assumes an exposed surface area of 2,000 cm?/day (USEPA
1992a). The soil adherence factor (AF) was assumed to be 0.2 mg/cm?2 (USEPA 1992a).

Table4.4.3 - Formula Used to Calculate Transient and Occupational CDI From Dermal Absor ption
of Contaminantsin Soil

CDI= (CS)(CF)(SA)(AF)(ABS)(EF)(ED)
(BW)(AT)

wher e;
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CDI = Chronic Daily Intake (mg/kg-day)
CS=Chemical Concentration in Soil (mg/kg)

CF = Conversion Factor (1E-6 kg/mg)

SA = Skin Surface Available for Contact (cm2/day)
AF = Soil to Skin Adherence Factor (mg/cm?)
ABS = Absor ption Factor (unitless)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

BW = Body Weight (kg)

AT = Averaging Time (period over which exposureis aver aged-days)

Variable Values:

Occupational Residential Residential

Adult Child

CS: 95% UCL (mg/kg) 95% UCL (mg/kg) 95% UCL (mg/kg)
SA: 5,000 (cm?/day) 5,000 (cm?2/day) 2,000 (cm?2/day)

AF: 0.2 (mg/cm2) 0.2 (mg/cm2) 0.2 (mg/cm?2)

ABS: chemical specific chemical specific chemical specific
EF: 250 (days/year) 350 (days/year) 350 (days/year)

ED: 25 (years) 30 (years) 6 (years)
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BW: 70 (kg) 70 (kg) 70 (kQ)
AT: (carc.) 25,550 (days) 25,550 (days) 25,550 (days)
AT: (non-carc) 9,125 (days) 10,950 (days) 2,190 (days)

4.5 |dentification of Uncertainties

This section should discuss the major assumptions of the exposur e assessment, the uncertainties
associated with each assumption, and how these uncertaintiesinfluence the exposur e estimates.

4.6 Summary of the Exposure Assessment

A summary of the exposur e assessment should be presented in tabular form. Thetable presents
guantitative estimates of exposur e from each pathway. The information should be separated into
current and potential future exposures. The summary of potential future exposures should include
exposuresunder a" no action alternative' but may also include exposuresthat may occur following
potential remedial alter natives such asinstallation of a vapor barrier or other engineering controls.

S5.0TOXICITY ASSESSMENT

Thetoxicity assessment providesinformation about the potential for contaminantsto cause adver se
health effectsin exposed individuals and an estimate of the relationship between exposure and the
increased likelihood of adver se effects.

5.1 Information for Noncar cinogenic Effects

Toxicity information about noncar cinogenic effects for each chemical of concern at the site should
be summarized and presented in this section. | nformation that should be provided includesthe
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following:

o Current chronic reference doses (RfDs) and refer ence concentrations (RfCs) for each
chemical of concern. The uncertainty and modifying factors used in the deter mination of the
toxicity value also should be included.

« Thedatabase from which thetoxicity valuewastaken (IRISor HEAST)

In general, it isinappropriateto adjust an RfD to account for absor ption (ie. bioavailability) unless
it isexpressed as an absorbed dose. However, dermal exposures ar e expressed as the amount of the
substance absor bed per day, and it will often be appropriate to derive an absor bed dose RfD from
an administered dose value for usein calculating non-cancer hazard. Occasionally, it may be
appropriateto adjust for relative absor ption efficiencies for other pathways such asingestion if the
RfD isbased upon a medium of exposure (i.e., soil matrix vs. water or corn oil) that does not exist at
the site. However, any such adjustments should be well referenced, and should only be done by a
qualified toxicologist (USEPA 1989).

5.2 Information for Carcinogenic Effects

The USEPA has developed car cinogenicity weight of evidence (WoE) classifications for many
chemicals. The WoE represents the car cinogenicity evidence from human and animal studies, and
indicatesthe strength of the data. An A classification signifiesthat the chemical isa known human
car cinogen. Probable human carcinogens are designated either B1, showing that studiesin humans
ar e strongly suggestive but not conclusive, or B2 if the chemical has been conclusively car cinogenic
in repeated animal studies but not conclusivein human studies. A chemical may be classified C, a
possible human car cinogen, if a single high-quality animal study or several low-quality animal
studies suggest carcinogenicity. If thereisinsufficient human and animal evidenceto determinethe
car cinogenicity of the chemical, it isclassified asD. A chemical conclusively shown to be

non-car cinogenic to humansisin group E.

The WOoE classification for each of the COCs should beidentified. These designationswill beused in
the Risk Characterization to separate risks presented by known human car cinogens and the
possible and probable human carcinogens.

Toxicity information about carcinogenic effects for each chemical of concern at the site should be
summarized and presented in this section. I nformation that should be provided includesthe
following:

o Current dopefactors (SF) and WoE for all carcinogensfor oral and inhalation exposures
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« Thedatabase from which the slope factor wastaken (IRISor HEAST)

The chemicals of concern at most siteswill generally have toxicity values available. If a site has
chemicals of concern without toxicity values, the ADHS should be contacted regarding the use of
substitute toxicity values.

In general, it isinappropriateto adjust a SF to account for absorption (i.e., bioavailability) unless
the SF isexpressed as an absorbed dose. However, der mal exposur es ar e expressed as the amount of
the substance absorbed per day, and it will often be appropriate to derive an absor bed dose SF
from an administered dose value for usein calculating risk. Occasionally, it may be appropriate to
adjust for relative absor ption efficiencies for other pathways such asingestion if the SF is based
upon a medium of exposure (i.e., soil matrix vs. water or corn oil) that does not exist at the site.
However, any such adjustments should be very well referenced, and should only be done by a
qualified toxicologist (USEPA 1989).

5.3 Summary of Toxicity Information

A short description of thetoxic effects of each chemical of concern should beincluded in thetext in
this section. The summary of toxic effects of a COC should highlight any toxic effect which may be
important at the site. For example, is sensitive groups ar e present, the toxicity for that group should
beincluded in the summary. It should also be noted that most toxicity studies are conducted for
acute or subchronic exposure, while chronic exposureisusually being evaluated in risk assessments
of thistype. If alarge number of COCs have been identified, toxicological profiles may beincluded
in an appendix.

5.4 Uncertainties Related to Toxicity | nformation

Theuncertaintiesinherent in developing RfDs and Slope Factor s should be briefly presented in this
section. Many of these uncertainties areidentified in RAGS.

6.0 RISK CHARACTERIZATION
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Current and potential futurerisks should be characterized in this chapter using the exposure and
toxicology information in therisk assessment. Therisk characterization should be presented in a
guantitative and qualitative format. Calculations should include risks from all chemicals of concern
for each identifies exposureroute and for all exposure routes combined.

The RME isthe highest exposur e that may reasonably be expected at a site, and appliesto both
current and futureland use. While central tendency exposures and risk may be evaluated in the
risk assessment, risk management decisions will usually be made using an RM E estimate.
Therefore, developing RME estimatesisrequired for all risk assessments, while developing an
estimate of central tendency exposureisoptional.

In most cases, both excesslifetime carcinogenic risk (EL CR) and non-car cinogenic hazard quotients
(HQ) should be assumed to be additive when mor e than one chemical of concern is present. Values
for individual chemical specific values are summed to obtain an estimate of ELCR. Hazard
Quotientsfor most chemicals should be summed to develop the Hazard Index (HI). In some cases, it
may be appropriate to develop one or more HIsif thetoxic endpoint of theindividual constituents
differ. Detailson this procedure are provided in Section 6.1.2.

6.1 Current Land Use and Exposures

6.1.1 Excess Lifetime Cancer Risk Under Current Conditions

This section of therisk assessment should provide a narrative discussion of the methodology and
exposur e assumptions used to develop the cancer risk estimates. Following this discussion, therisk
assessment should present the quantitativeresults. Therisk assessment should then provide
explanatory text that interpretsand qualifiesthe results.

Carcinogenicrisk iscalculated asthe incremental probability of an individual developing cancer
over alifetime (70 years) dueto exposureto a car cinogenic compound. Thisisalso called ELCR and
representstheincreased risk of developing cancer above the background rate, estimated at 30%.
Total ELCR isexpressed as a probability.

Carcinogenic risks are based on calculations developed in the following order. | nformation on
exposur e pathways, exposur e concentrations, and toxicology are assembled or calculated. CDIsare
then calculated using assumptions from the exposur e and toxicity values. Chemical specific

car cinogenic slope factors (SF) are used to convert estimated CDI, averaged over alifetime, to
incremental risk. The EL CR for each exposure pathway isthen summed to estimate total EL CR.
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The dose-response relationship is considered linear under the low dose conditions usually
encountered in environmental exposures. In consider ation of this assumption, the SF isa constant
and risk isdirectly related to intake. The linear low-dose cancer risk equation is:

ELCR =CDI x SF

wher e;

EL CR = aunitless excess probability of an individual developing cancer;
CDI = Chronic Daily Intake averaged over 70 years (mg/kg-day);
SF = Slope Factor, expressed in (mg/kg-day)-1.

Theresulting ELCR estimatesfor current land uses should be summarized and presented in a table.
The following tables should be presented in the text:

« TheELCR for multiple substancesfor each currently complete exposur e pathway. ELCR
estimatesfor known human car cinogens (WoE = A) should be displayed separ ately.

o Thesum of the ELCR estimatesfor all currently complete exposur e pathways. Thetotal
EL CR estimates should be expressed using one significant figure. ELCR contributed by
known human car cinogens should be specifically discussed.

6.1.2 Systemic (Noncar cinogenic) Effects Under Current Conditions

This section of therisk assessment should provide a narrative discussion of the methodology and
exposur e assumptions used to develop the noncar cinogenic health effect results. Following this
discussion, the risk assessment should present the quantitative results. Therisk assessment should
then provide explanatory text that inter prets and qualifiesthe results.

Noncar cinogenic or systemic health effects may include neur otoxic, hepatotoxic, nephrotoxic,
teratogenic, reproductive reactions, and any other non-cancer related systemic toxic responses. The
potential for an individual to suffer a noncar cinogenic effect is not expressed as a probability, but as
aratioor quotient. Theratio isdetermined by comparing the CDI to the chemical specific RfD
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which isnot expected to produce toxic effects. The HQ istheratio of an exposure level over a
specified period (CDI) to the experimentally deter mined toxicity of the chemical RfD. The screening
Hazard Index (HI) isthe sum of all HQs for each pathway and chemical.

TheHQ iscalculated asfollows:

Non-cancer Hazard Quotient (HQ) = CDI/RfD

wher e

CDI = Daily Intake (dose) in mg/kg-day;
RfD = Reference Dose in mg/kg-day.

The screening HI isthe sum of all HQs for multiple substances and pathways. This approach
assumes that simultaneous subthreshold exposuresto several chemicals could result in an adverse
health effect. A limitation to thisapproach isthat the assumption of dose additivity is most properly
applied to compounds that induce the same effect by the same mechanism of action. Therefore,
application of the hazard index equation to substances that do not act by the same mechanism could
overestimate the potential for health effects. If theinitial screening level HI exceeds 1, it may be
appropriate to segregate the compounds by effect and mechanism of action to derive separate HIs
for each group. However, the process of segregating HIs by mechanism and effect is complex, and
such an analysis should only be done by a qualified toxicologist (USEPA 1989).

Theresulting HIsfor current land uses should be summarized in tables. The following tables should
be presented in thetext for current land use:

« Chronic Hazard Quotientsor Indicesfor all substancesfor each current exposure pathway;

o Chronic Hazard Index for all current exposure pathways.
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Hazard Quotients and I ndices should be expressed using one significant figure.

6.2 Potential Future Land Use and Exposures

6.2.1 Excess Lifetime Cancer Risk Under Potential Future Conditions

This section of therisk assessment should provide a narrative discussion of the methodology and
exposure assumptions used to develop the cancer risk estimates. Following this discussion, therisk
assessment should present the quantitativeresults. Therisk assessment should then provide
explanatory text that interprets and qualifiestheresults.

The methodology for developing potential futurerisk estimates areidentical to that of developing
current risk estimates except that land uses and exposur es may change in the future, resulting in
different risk estimates. Therisk analysis should include potential futurerisk under a" no action
alternative" but may also include exposuresthat may occur following potential remedial
alternatives such asinstallation of a cap or other actionsthat reduce potential future exposures.

Futureland uses other than residential and commer cial/industrial may be evaluated in therisk
assessment, however, residential and/or commer cial/industrial uses should always be included in the
risk assessment.

6.2.2 Systemic (Noncar cinogenic) Effects Under Potential Future Conditions

This section of therisk assessment should provide a narrative discussion of the methodology and
exposur e assumptions used to develop the noncar cinogenic health effect results. Following this
discussion, therisk assessment should present the quantitative results. The risk assessment should
then provide explanatory text that interprets and qualifiesthe results.

The methodology for developing a potential future non-cancer hazard isidentical to that of
developing current risk estimates except that land uses and exposures may changein the future
resulting in different hazard indices. Therisk analysis should include potential future non-cancer
hazard under a" no action alternative" but may also include exposur esthat may occur following
potential remedial alter natives such asinstallation of a cap or other actionsthat reduce potential
future exposures.

Futureland uses other than residential and commer cial/industrial may be evaluated in therisk
assessment, however, residential and/or commer cial/industrial uses should always be included in the
risk assessment.
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6.3 Uncertainties

This section addresses the uncertaintiesin therisk assessment. Possible sour ces of uncertainty
include site-specific uncertainty errors, errorsin estimating exposur es, and uncertaintiesin the
toxicity evaluation of chemicals.

Risk estimates are based upon a number of assumptionsregarding contaminant concentrations, fate
and transport, exposur es, doses and toxicity information. The uncertainty at each of these stages
should berecognized and discussed in a qualitative and quantitative manner. An analysis of risk
factorsand COCsasthey relate to the contribution of total risk can simplify the uncertainty
discussion and help identify meaningful risk assessment refinement strategies.

Uncertaintiesin the exposur e assessment include most of the site-specific uncertaintiesinherent in
risk characterization. Elementsthat need to be addressed are:

« Definition of the physical setting, including the likelihood of exposur e pathways and land uses
actually occurring, and the possible presence of chemicals or degradation productsthat were
not included in the risk assessment;

« Uncertaintiesin the diffusion model applicability and assumptions,

o Uncertaintiesin thefate, transport and exposur e parameter values.

Include a summary of the uncertainty in the toxicity valuesfor the durations of exposur e assessed
for substancesthat contribute to estimates of cancer risk and non-cancer hazard indices. Refer to
Chapter 8in RAGSfor a checklist of uncertaintiesthat apply to toxicity assessments.

6.4 Summary Discussion and Tabulation of the Risk Characterization

Summarizetherisk characterization results. Theresults of therisk assessment should not be taken
as acharacterization of absoluterisk. An important use of therisk and hazard index estimateisto
highlight potential sourcesof risk at a site so that it may be dealt with effectively in the remedial
process. The discussion of therisk characterization resultsisa key component of thischapter. The
discussion of risk should include:
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o Discussion of confidencein site char acterization, identification of all site-related
contaminants, and contaminant concentrations and distributions;

« Level of confidencein the quantitative toxicity information used to estimate risks;

« Level of confidencein the exposur e estimates, pathways and exposur e par ameter
assumptions;

« Themagnitude of the cancer risks and non-cancer hazard indices,

« Themajor factorsdriving the siterisks such as chemicals, pathways, and pathway
combinations,

« Themajor factorsreducing the certainty in theresults and their significance.

A tabular summary of the cancer risks and non-cancer hazard indices should be displayed for all
identified exposur e pathways and current and potential futureland usesfor all substancescarried
through therisk assessment. The tables should be accompanied by text, and should not stand alone
astheentirerisk characterization.
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