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1 Purpose

The purpose of this environmental calculation is to document the assumptions, equations, and meth

used to calculate the potential human health risks and hazards associated with exposure to contaminants
in the 100-BC-5 Groundwater Operable Unit (OU) for two Native American exposure scenarios.
Exposure is evaluated assuming a hypothetical failure of current administrative controls, such that tribal
use of 100-BC-5 OU groundwater becomes possible. Cancer risks and non-cancer hazards are calculated
based on current groundwater conditions for both radiological and nonradiological analytes. For purposes
of this calculation, any analyte detected at least once in groundwater at the 100-BC-5 OU is included in
the exposure and risk calculations. Cancer risks and noncancer hazards are calculated for ingestion,
inhalation, and dermal contact exposure routes from use of groundwater as a domestic drinking water
source and from use of groundwater as a source of steam in a sweat lodge. The results of all exposure
routes are summed to calculate total excess lifetime cancer risk (ELCR) and hazard index (HI). Risks and
hazards are calculated and presented using a composite dataset of 37 wells located in the 100-] -5
groundwater OU. This risk assessment supports DOE/RL-2010-96, Remedial Investigation/Feasibility
Study for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units.

2 Background

Several local and regional tribes have ancestral ties to the Hanford Reach of the Columbia Riv  and the
U.S. Department of Energy (DOE) has requested that each tribe provide an exposure scenario that reflects
their traditional activities. The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) and the
Yakama Nation have provided scenarios.

For purposes of this environmental calculation, adult and child members of the CTUIR and the Yakama
Nation are assumed to use groundwater from the 100-BC-5 OU as a drinking water source (i.e., domestic
supply) and to make steam in a sweat lodge (adult tribal members only) as a part of their traditional
lifeways.

Use of groundwater to irrigate crops and water livestock is not evaluated, because those expos

pathways, although potentially complete, are considered insignificant and secondary to the dri * ‘ng water
and sweat lodge exposure pathways. Such food-chain and leaching exposure pathways are eva....ted
separately in the PRG calculations provided in DOE/RL-2010-96, because the RESRAD model (ANL,
2014, RESRAD, Version 7.0) used to estimate exposures considers these pathways. Contact with
contaminated drill cuttings is not addressed; only the drinking water and sweat lodge exposure pathways
are relevant to the Native American exposure scenarios.

2.1 Carcinogenic Effects

The potential for carcinogenic effects is evaluated by estimating the incremental increase in the
probability of developing cancer over a lifetime (excess lifetime cancer risk [ELCR]), above the
background probability of developing cancer (that is, if no exposure to site contaminants occurs). Cancer
slope factors developed by the Environmental Protection Agency (EPA) are considered to be plausible
upper bound estimates of the cancer potencies of contaminants. Using these cancer slope factors in
calculating risks results in plausible, upper-bound estimates of risk; there is reasonable confidence that the
actual cancer risks will not exceed the estumnated risks and may actually be lower (EPA/540/1-89/002,
Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part Aj " iterim
Final). The following equations are used to estimate cancer risk for non-radionuclides and radionuclides:
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For nonradionuclides:

Risk = CDI x SF (N
where:
Risk = Excess lifetime cancer risk (unitless probability)
CDlI = Chronic daily intake averaged over a lifetime (mg/kg-day)
SF = Cancer slope factor (mg/kg-day)’!
For radionuclides:
Risk = Intake X SF (2)
where:
Risk = Excess lifetime cancer risk (unitless probability)
Intake = Activity (pCi)
SF = Cancer slope factor (pCi)!

For cases with high ELCR values, defined as an ELCR greater than 0.01, the following “one-hit” cancer
risk equation from EPA Risk Assessment Guidance for Superfund (RAGS) Part A guidance (EPA/540/1-
89/002) is used.

Risk =1 —exp(—CDI X SF) 3)
where:
Risk = Excess lifetime cancer risk (unitless probability)
CDhlI = Chronic daily intake, averaged over a lifetime (mg/kg-day) or (pCi)

SF

Cancer slope factor (mg/kg-day)™! or (pCi)’!

Although synergistic or antagonistic interactions might occur between cancer-causing contaminants and
other contaminants, information is generally lacking in the toxicological literature to predict
quantitatively the effects of these potential interactions. Therefore, in this assessment, cancer risks are
treated as independent, and additive within an exposure route. This is consistent with the EPA guidelines
on chemical mixtures presented in EPA/630/P-03/001F, Guidelines for Carcinogen Risk Assessment.

2.2 Noncarcinogenic Effects

For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by
comparing the predicted level of exposure for a particular contaminant with the highest level of exposure
that is considered protective (that is, its reference dose [RfD]). The ratio of the chronic daily intake (CDI)
divided by the R{D is termed the hazard quotient (HQ):

Chemical Intake (—3—)

HQ =

4

R ey

When the HQ for a contaminant exceeds 1 (that is, exposure exceeds the RfD), there is a concern for
potential noncancer health effects. To assess the potential for noncancer effects posed by exposure to
multiple contaminants, a hazard index (HI) approach is used, in accordance with EPA guidance

(EPA/540/1-89/002). This approach assumes that the noncancer hazards associated with exposure to
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multiple contaminants are simply additive; synergistic or antagonistic interactions between cor n’ ,
which are largely unknown, are not accounted for.

2.3 Exposure Routes

Potentially complete exposure routes for adult and child tribal members associated with using
groundwater as a domestic drinking water supply are:

e Ingestion of water,

¢ Inhalation of volatiles when showering or bathing and using drinking water for other domestic
purposes, and

e Dermal contact with water while showering or bathing and using drinking water for other domestic
purposes (e.g., washing dishes).

Potentially complete exposure routes for adult tribal members associated with using groundwater in a
sweat lodge are:

¢ Inhalation of volatiles, semi-volatiles, and aerosolized non-volatiles, while spending time in a sweat
lodge, and

¢ Dermal contact with vapors and condensed liquid, while spending time in a sweat lodge.

2.4 References

For the drinking water exposure pathway, contaminant intake is quantified using standard EPA equations
and procedures as specified in the following references:

o EPA/540/1-89/002, Risk Assessment Guidance for Superfund: Volume 1—Human Health Evaluation
Manual, Part A, Interim Final,

o EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I — Human Health Evaluation
Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim;

o EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final;

e EPA-540-R-070-002, Risk Assessment Guidance for Superfund: Volume 1: Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment), Final.

e ORNL, 2016, The Risk Assessment Information System (RAIS) (http://rais.ornl.gov/)

- r's Guide
For the sweat lodge exposure pathway, contaminant intake is quantified based on standard EPA methods,

coupled with the sweat lodge steam model provided 1n:

e Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
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The CTUIR and Yakama Nation provided many of the exposure factors necessary to quantify
contaminant intake in the following references. Those values are used preferentially, rather than EPA
residential default values. Where tribal-specific factors are not provided, EPA defaults are used
(EPA/540/R-92/003).

e Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways;

e Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk
Assessments, and

e Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

3 Methodology

This section provides the equations (and their bases) used to calculate the cancer risks and noncancer
hazards associated with exposure to analytes detected in the 100-BC-5 groundwater OU via the exposure
routes associated with the drinking water and sweat lodge exposure pathways.

3.1 Drinking Water Exposure Pathways

Definitions of the variables and input values for the drinking water exposure pathway equations are
provided in Table 3-1 for the CTUIR exposure scenario and in Table 3-2 for the Yakama Nation exposure
scenario.

3.11 Intake and Risk Equations for Water Ingestion

The bases for the equations used to calculate intake, risk, and hazard associated with the water ingestion
exposure route are summarized in Table 3-3. Equations are provided in the following subsections.
3.1.1.1  Drinking Water Ingestion—Carcinogenic Effects

For ingestion of carcinogens, the chronic daily intake (CDI) is calculated using the following equations:

CywXIRW g4 iXEF
CDl = = o (5)
ATsqnXCFI

where:

ED_~IRW, n (ED,—ED/)xIRW,

IRWoq; =" o (©)
Cancer risk is calculated using the following equation:
Risk = CDI x CSF, (7)
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3.1.3.1 Drinking Water Dermal Absorption— Carcinogenic Effects

For dermal exposure to carcinogens, the CDI is calculated using the following equations:

DA XSAqqi¥EF
CDI — event aaj (20)
ATeqnXxCF1
where:
ED.XSAXEV  (EDy—ED/)XSAgXEV
SAadj — c [ + T c a Q1
BW, BW,

Cancer risk is calculated using the following equation:

. CSF,
Risk = CDI x i (22)
GIABS
3.1.3.2 Drinking Water Dermal Absorption— Noncarcinogenic Effects
For dermal exposure to noncarcinogens, the CDI is calculated using the following equation:
DA e XSAXEFXED-XEV
CDI =- - — (23)
BWXAlpXCF1
Noncancer hazard is calculated using the following equation:
CDI
= — 2
HQ RfD,XGIABS 24

3.1.3.3 Drinking Water Dermal Absorption— Event Time (Carcinogenic Effects and
Noncarcinogenic Effects)

The event time used in the risk calculations is health effect-dependent. For noncarcinogens, the event time
is not age-adjusted (ET = ET.). For carcinogens, an age-adjusted event time is calculated using the
following equation:

__ (EDXET:)+([EDy—~EDIXET,)
o ED,

ET

(25)

3.1.3.4 Drinking Water De I / ~on—D  llyAb: oedD (¢ Jenic E |
Noncarcinogenic Effects)

For organics, the following equations are used to calculate the dermally absorbed dose per event (DAcvent),
using the child exposure time for noncarcinogenic effects and the age-adjusted exposure time (as
calculated above) for carcinogenic effects and:

If ET <t*, then the following nonsteady-state equation is used:

DAeyent = 2 X FA X K, X C,, X CF3 X f@ (26)

14
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If ET > t*, then the following pseudosteady-state equation is used:

ET 3B+3B?
DAgyent = FAX K, X €y, X CF3 X [1+—B+ 2 XTX (—1%—;%;—)] (27)

Where ET = ET. or ET.q;, for noncarcinogenic and carcinogenic effects, respectively.

For inorganics, the following steady-state equation is used to estimate DAcvent:

DAgyent = K X €, X ET X CF3 (28)

Where ET = ET, or ET,4, for noncarcinogenic and carcinogenic effects, respectively.

3.1.3.5 Drinking Water Dermal Exposure— Radionuclides

Dermal exposure to radionuclides in drinking water is not evaluated. Although EPA publishes equations
and cancer slope factors to estimate exposure from immersion in water, this exposure route is not
evaluated in the Native American risk assessment because it is not described or defined in either of the
Native American exposure scenarios provided.

3.2 Sweat Lodge Exposure Pathways

Exposure factors used to quantify contaminant intake from the sweat lodge exposure pathways are
provided in Table 3-6 for the CTUIR exposure scenario and in Table 3-7 for the Yakama Nation exposure
scenario. Sweat lodge exposure is evaluated (for adults only) based on an exposure frequency of 365
days/yr over a 68-year exposure duration (first 2 years of life excluded)! for the CTUIR scenario and a
70-year exposure duration for the Yakama Nation scenario (although the provided exposure scenarios
indicate that childhood sweats occur, exposure assumptions are made for adults only).

isure assumptions were not provided for the purpose of evaluating exposure through sweat lodge use;
therefore, an adult exposure duration was assumed to be 68 years for the CTUIR scenario and 70 years for the
Yakama Nation scenario.

15
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3.24.5 Sweat Lodge Dermal Exposure to Nonvolatile  loncarcinogenic Effects

For noncarcinogens, the noncancer hazard is calculated using the following equation:

1
= — X \
HQ RfD,XGIABS Id,total (46)

3.24.6 Sweat Lodge Dermal Exposure to Nonvolatiles—Radionuclides

Dermal exposure to radionuclides in a sweat lodge is not evaluated. Although EPA publishes equations
and cancer slope factors to estimate exposure from immersion in water, the exposure route is not
evaluated in the Native American risk assessment because it is not described or defined in either of the
Native American exposure scenarios provided.

3.3 Cumulative Risl “ancer

For estimating the cancer risks from exposure to multiple carcinogens from a single exposure route, the
following equation is used. The basis for the equation is provided in EPA/540/1-89/002.

Risk; = YN Risk; (47)
where:
Riskt = Total cancer risk from route of exposure
Risk; = Cancer risk for the i™" chemical
N = Number of chemicals

3.4 Hazard Index—Noncancer

The HI is calculated using the following equation. The basis for the equation is provided in
EPA/540/1-89/002.

N CDI;
HI Y% R7D: (48)
where:
HI = hazard index
CDL, = chronic daily intake of the i chemical (mg/kg-day)
RfD; = reference dose of the i™ chemical (mg/kg-day)
N = number of chemicals

27
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4 Assumptions and Inputs

Assumptions and inputs associated with the exposure scenarios and human health toxicity values, along
with the groundwater analytes and associated exposure point concentrations (EPCs) used in the CTUIR
and Yakama Nation human health risk calculations, are described below.

4.1 Exposure Inputs and Assumptions

o Exposure inputs used to quantify intake from the drinking water exposure pathways are provided in
Tables 3-1 and 3-2 for the CTUIR and Yakama Nation exposure scenarios, respectively. Exposure
inputs used to quantify intake from the sweat lodge exposure pathway are provided in Tables 3-6 and
3-7 for the CTUIR and Yakama Nation exposure scenarios, respectively.

e Exposure routes evaluated for the drinking water exposure pathways for the CTUIR and Yakama
Nation exposure scenarios are ingestion, inhalation, and dermal absorption. Dermal exposure is
evaluated for nonradionuclides only.

o Exposure routes evaluated for the sweat lodge exposure pathways for the CTUIR and Yakama Nati
exposure scenarios are inhalation and dermal absorption. Dermal exposure is evaluated for
nonradionuclides only.

e For domestic use of groundwater as a drinking water supply, EPA considers the inhalation pathway
potentially complete only for volatile contaminants, because there is no mechanism for release of
nonvolatile chemicals into the air in significant concentrations (EPA/540/R-92/003). For the drinking
water exposure pathway, inhalation intake is quantified for volatile contaminants as defined by EPA,
2015b, Regional Screening Levels for Chemical Contaminants at Superfund Sites.

e Exposure times for dermal exposure to drinking water are assumed to be 0.71 hours for an adult and
0.54 hours for a child based on the EPA recommended values for showering/bathing under a
reasonable maximum exposure (RME) residential scenario (EPA/600/R-090/052F). Exposure times
for inhalation of volatiles in water is assumed to be 24 hours per day.

¢ The Yakama Nation exposure scenario (Ridolfi, 2007) did not provide intake equations for exposures
related to sweat lodge use; therefore, equations provided by Harris and Harper were used.

o The CTUIR exposure scenario (Harris and Harper 2004) provides a full set of factors needed to
quantify contaminant intake from sweat lodge use. The Yakama Nation exposure scenario (Ridolfi
2007) provides a partial set of the needed factors. The tribal-specific factors are used preferentially in
the sweat lodge calculations. Where tribal-specific factors are not provided, values consistent with
those used in the River Corridor Baseline Risk Assessment (RCBRA) (DOE/RL-2007-21, River
Corridor Baseline Risk Assessment, Volume II: Human Health Risk Assessment) are generally used.
Summaries of the key exposure assumptions used to quantify contaminant intake from sweat lodge
use for the CTUIR and Yakama Nation scenarios are provided in Table 4-1 and Table 4-2,
respectively.

e Harris and Harper, 2004, Appendix 4, indicates that the water concentration (Cgw) is “dissolved
surface water concentration of the contaminant of potential concern (COPC) (mg/L.); calculated
according to EPA 1998a, Appendix B.” However, for this assessment, the groundwater EPCs were
used for Cayw; the EPCs are calculated based on total concentrations (not dissolved concentrations) in
groundwater. Total concentrations are typically higher than dissolved concentrations.
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e For the sweat lodge scenario, an exposure time of 1 hour/event is used for the CTUIR based on Harris
and Harper, 2004. For the Yakama Nation, an exposure time of 7 hours/event is used based on
Ridolfi, 2007. Seven hours/day is the recommended sweat lodge exposure time based on the
maximum value reported in a tribal survey (Ridolfi, 2007).

e The sweat lodge scenario assumes 4 liters of groundwater are poured over hot rocks to make steam in
a hemispherical sweat lodge with a radius of 1 m (Harris and Harper, 2004). The interr re
of the sweat lodge is assumed to be maintained at a constant 150 degrees Fahrenheit (F
Harper, 20C . This scenario creates a unique environment where volatile, semi-volatil
nonvolatile analytes could potentially be present in the air and available for inhalation and dermat
exposure. Harris and Harper, 2004 describes a method for calculating a vaporizatic  factor Hr the
sweat lodge scenario. The vaporization factor is applied to the groundwater concentration to estimate
analyte concentrations in sweat lodge steam. Ridolfi (2007) does not specify a method for estimating
analyte concentrations in sweat lodge steam; therefore, the Harri¢ 1 Harper steam model is used for
both the CTUIR and Yakama Nation intake calculations.

e Harris and Harper recommend different methods for calculating vaporization factors for volatile and
semi-volatile analytes, versus nonvolatile analytes. For volatile and semi-volatile analytes, the model
assumes 100 percent volatilization throughout the sweat; hence, dermal exposure to volatiles and
nonvolatiles in condensed water is considered an incomplete pathway. Therefore, volatile and semi-
volatile analytes (including tritium) are evaluated for intake via inhalation and dermal absorption only
from the vapor phase.

e For nonvolatile analytes, the model assumes that the analytes become ome as an aerosol and that,
once airborne, the analytes can deposit onto the skin surface as aqueous condensate. Nonv  tile
analyte intake is assumed to occur via inhalation from the vapor phase and dermal absorption from
both the vapor and liquid phases. The Harris and Harper model assumes the concentration of
nonvolatiles in condensed water is equal to the concentration in the water used to create the steam.

4.2 Groundwater Analytes and Exposure Point Concentrations

The analytes assessed in this environmental calculation were identified from the analytical data set for the
100-BC-5 Groundwater OU in the Hanford Environmental information System (HEIS) database. The data
set was first processed and reduced as described in ECF-100BC5-0016, Calculation of Exposure Point
Concentrations for the 100-BC-5 Groundwater Operable Unit.

Following the data processing and reduction steps, any analyte in the (processed) data set with at least one
reported detection and available toxicity values was assessed in the Native American risk calculations for
the 100-BC-5 Groundwater OU.

The EPCs used for the Native American risk ¢ :ulations are the analyte—specific 95UCL or ProUCL
values calculated from a combined analytical data set of 37 wells located in the 100-BC-5 Groundwater
OU, as described in ECF-100BC5-0016. The identified analytes and their EPCs are presented in

Table 4-3.
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4.3 Toxicity Values

The toxicity criteria used for the Native American human health risk calculations are provided in
Table 4-4. The sources for these criteria are discussed below.

431 Toxicity Values for Nonradionuclides

For nonradionuclides, the analyte-specific toxicity values shown in Table 4-4 are determined using the
recommended reference hierarchy as described in Cook, 2003, *Human Health Toxicity Values in
Superfund Risk Assessments.” The hierarchy is summarized below.

e Tier 1 — The EPA Integrated Risk Information System (IRIS)
e Tier 2 — The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs)

e Tier 3 — Other Toxicity Values

Tier 1-IRIS

The preferred source of toxicity data is the EPA IRIS database (http://www.epa.gov/iris/index.html).
Expert toxicologists at the EPA have derived the values in this database and most values have undergone
a thorough review and validation both within and outside = EPA. If a toxicity value is available in IRIS,
that value is used in preference to any other value.

Tier 2- PPRTVs

If a toxicity value is not available in IRIS, the next source is the EPA PPRTVs. This source includes
toxicity values that have been developed by the Office of Research and Development/National Center for
Environmental Assessment/Superfund Health Risk Technical Support Center (STSC). This database is
not available to the general public, but is accessible to EPA risk assessors via the EPA intranet. These
values are also published at the EPA Regional Screening Levels website (EPA, 2015b).

Tier 3 - Other Toxicity Values
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including:

e The California EPA (CalEPA)’s Toxicity Criteria Database contains toxicity values that are peer
reviewed and address both cancer and non-cancer effects.

o T Agency for Toxic Substances and Disease Registry (ATSDR)’s Minimal Risk Levels (MRLs) for
Hazard Substances are peer-review  es es«  ~ daily human ysure to hazardous substances
that is likely to be without appreciable risk ot ad aon-cancer health effects over a spe  ied
duration of exposure.

o Toxicity values in EPA/540-R-97-036, Health Effects Assessment Summary Tables (HEAST).

When Tier 1, Tier 2, and Tier 3 toxicity values are not available for an analyte, the toxicity values from
the National Center for Environmental Assessment (NCEA) are used. NCEA values can be fo  lin
RAIS (ORNL, 2016).

For this environmental calculation, two toxicity values required conversion to a different concentration
basis: nitrate and nitrite.

e Nitrate. A derived RfD for nitrate (NO3’) was calculated from the RfD reported in IRIS, which is
given as 1.6 mg/kg-day for nitrate as nitrogen (NO3 as N). Conversion from nitrate as nitrogen to
nitrate was made using the mass fraction of nitrogen in nitrate. The mass fraction of nitrogen in
nitrate = mol wt N/mol wt NOs = (14 g/mol)/(62 g/mol) = 0.226. The derived RfD for nitrate = (1.6
mg NO; as N/kg-day) x (1 mg NO17/0.226 mg NOs as N) = 7.1 mg NOs/kg-day.
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e Nitrite. A derived RfD for nitrate (NO) was calculated from the RfD reported in IRIS, which is
given as 0.1 mg/kg-day for nitrite as nitrogen (NO2 as N). Conversion from nitrite as nitrogen to
nitrite was made using the mass fraction of nitrogen in nitrite. The mass fraction of nitrogen in nitrite
= mol wt N/mol wt NO» = (14 g/mol)/(46 g/mol) = 0.304. The derived RfD for nitrite = (0.1 mg NOy
as N/kg-day) x (1 mg NO,7/0.304 mg NO>" as N) = 0.3 mg NO>/kg-day.

For the following nonradionuclide analytes, the toxicity value used was obtained from a different source
than recommended by the EPA Superfund hierarchy (Cook 2003). The differences in toxicity values are
summarized below.

e For hexavalent chromium, this assessment considers cancer effects only for inhalation exposures. An
oral cancer slope factor has recently been published by the New Jersey Department of Environmental
Protection (NJDEP). The oral cancer slope factor derived by NJDEP is 0.5 (mg/kg-day)’' as
presented in NJIDEP, 2009, Derivation of an Ingestion-Based Soil Remediation Criterion for Cr+6
Based on the NTP Chronic Bioassay Data for Sodium Dichromate Dilydrate. Assessing only
inhalation cancer effects from hexavalent chromium has the potential to under-estimate cancer risk.

4.3.2 Toxicity Values for Radionuclides

The cancer slope factors for radionuclides in Table 4-4 were obtained from thePRG Download Area

de i ', da love 2014, available online from EPA. 2015a. “Prelim  ry
Remediation orR nuc! ’RG)” For each
radionuclide listed, slope factors correspond to the risks per unit intake or exposure tor that radionuclide
only, except when marked with a "+D" to indicate that the risks from associated short-lived radioactive
daughter products (i.e., those daughter products with radioactive half-lives less than or equal to 6 months)
are also included. The intention of this designation is to make realistic risk estimates by including the
contributions from their short-lived daughter products, assuming equal activity concentrations (i.e.,
secular equilibrium) with the principal or parent nuclide in the environment.”

4.3.3 Toxicity Values for Sweat Lodge Equations

EPA has published guidance to address chemical inhalation exposures in EPA-540-R-070-002. A
methodology is provided to use the toxicity values that are currently provided in IRIS as concentrations
(reference concentrations [RfC] for non-cancer effects and inhalation unit risk values [IUR] for cancer
endpoints). These values now supersede the intake-based approach specified in EPA/540/1-89/002.

The method described in Harris and Harper, 2004 for inhalation of nonradionuclide analytes in sweat
lodge vapor follows the former EPA/540/1-89/002 approach of quantifying intake. Therefore, in the sweat
lodge posure pathway calculations, - X and RfC values from the EPA toxicity tables (EPA, 2015b)
were con'  ed to CSF; and RfD; values, following the protocol given in EPA/540/1-89/002. The
following equations were used, based on an assumed breathing rate of 20 m*/day and an assumed body
weight of 70 kg.

CSF; (kg-day/mg) = IUR (m*/ug) x 1/20 (m*/day) x 70 (kg) x 1000 ( ) (49)
RfD; (mg/kg-day) = RfC (mg/m?) x 20 (m*/day) x 1/70 (kg) (50)

The CSF; and RfD; values are used to calculate inhalation cancer risks and inhalation non-cancer hazards,
respectively. For inhalation of radionuclides in sweat lodge vapor, no toxicity factor conversions are
necessary. Sweat lodge radiological risk is calculated by quantifying inhalation intake (pCi) and then
multiplying by the EPA inhalation slope factor (risk/pCi).
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5 Software Applications

All calculations for this Environmental Calculation were performed on electronic spreadsheets using
Microsoft Excel®. The organization of the workbooks containing the spreadsheets is presented in
Section 6.

6 Calculation

Potential human health risks to members of the CTUIR and the Yakama Nation are calculated using the
methodology, analytes, EPCs, and toxicity factors documented in Sections 3 and 4 of this environmental
calculation. The calculation spreadsheets were validated by comparison with the hand calculations
presented in Figure 6-1.

6.1 Drinking Water Exposure Worksheets

The drinking water exposure calculations for the CTUIR exposure scenario are prov  d in an Excel
workbook, organized by worksheet as listed in Table 6-1. The drinking water exposure calculations for
the Yakama Nation exposure scenario are provided in an Excel workbook, organized by worksheet as
listed in Table 6-2. The Excel workbook files have been archived under this ECF number in the
Environmental Risk Management Archive (ERMA).

Table 6-1. Excel Worksheets for the CTUIR Drinking Water Exposure Calculations

A-1: Results Summary — CTUIR

A-2: Ingestion of Nonradiological Analytes in Drinking Water — CTUIR

A-3: Dermal Absorption of Nonradiological Analytes in Drinking Water — CTUIR

A-4: Inhalation of Volatile Nonradiological Analytes in Drinking Water — CTUIR

A-5: Ingestion of Radiological Analytes in Drinking Water — CTUIR

A-6: Inhalation of Volatile Radiological Analytes in Drinking Water — CTUIR

Table 6-2. Excel Worksheets for the Yakama Nation Drinking Water  posure (  ulations

B-1I: Results Summary — Yakama Nation

B-2: Ingestion of Nonradiological Analytes in Drinking Water — Yakama Nation

B-3: Dermal Absorption of Nonradiological Analytes in Drinking Water — Yakama Nation

B-4: Inhalation of Volatile Nonradiological Analytes in Drinking Water — Yakama Nation

B-5: Ingestion of Radiological Analytes in Drinking Water — Yakama Nation

B-6: Inhalation of Volatile Radiological Analytes in Drinking Water — Yakama Nation

® Microsoft Excel is a registered product of the Microsoft Corporation.
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