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Page
A.  INTRODUCTION B-2
B.1 TARGET RISK LEVELS B-2
B2 QUANTITATIVE TOXICITY FACTORS B-2
B3 PHYSICAL AND CHEMICAL PROPERTIESOF THE COCs B-3
B4 EXPOSURE FACTORS B-3
B.5 FATE AND TRANSPORT PARAMETERS B-3
B.6 MATHEMATICAL MODELS B-4
B.7 RISK-BASED TARGET LEVELS B-4
B8 TARGET LEVELSFOR LEAD B-4
B9 TARGET LEVEL CALCULATION FOR LNAPL B-5

B.10 MODELSEQUATIONSFOR ESTIMATING DTLs, TIER 1 AND TIER
2TARGET LEVELSWITHIN THE MRBCA PROCESS B-7

TableB-1  Toxicological Properties and Parameters for Dermal Contact
Pathway

TableB-2 Physical and Chemical Propertiesof Chemicals of Concern

TableB-3 Exposure Factors

TableB-4 Fate and Transport Parameters

TableB-5  Saturated Soil Concentrations, Effective Saturated Soil
Concentrations, Effective Solubility, and Effective Saturated
Vapor Concentrations

| MRBCA Guidance Document Page B-1 January-1.20130ctober 17, 2GEbruary-24-2004




A. INTRODUCTION

The procedure used to calculate Tier 1 risk-baaegkt levels (RBTLs) and Tier 2 site-
specific target levels (SSTLs) is presented in #ppendix. This procedure requires
guantitative values of:

. Target risk levels,

. Chemical-specific toxicological factors,

. Physical and chemical properties of the chemicat®ncern (COCs),
. Receptor-specific exposure factors,

. Fate and transport parameters, and

. Mathematical models.

Each of these factors is discussed below. Additipnthis appendix discusses the (i)
target levels for lead (Section B.8), and (ii) estiion of target levels when LNAPL is
present on the groundwater surface (Section B.9).

For Tier 1 risk assessments, MDNR has calculate@lRBor each of the COCs (refer to

Section 5.3.3 and Table 5-1), the receptors (refeBection 6.1.2), and the commonly
encountered routes of exposure (refer to Secti@rBBusing conservative assumptions
applicable to most Missouri sites. The resultaet T RBTLs are presented in Tables 7-
1 through 7-6(c).

For Tier 2 and Tier 3 risk assessments, the rishuawor will calculate the SSTLs using
technically justifiable site-specific data and, fber 3, pathway-specific models. For
Tier 2 risk assessments, the models used for dawgjdhe Tier 1 RBTLs must be used.
A Tier 3 risk assessment may include different ndbough the model to be used must
be approved by MDNR.

B.1 TARGET RISK LEVELS

A risk-based decision making process requires pleeication of a target risk levels for
both carcinogenic and non-carcinogenic adversdtheéfects. For carcinogenic effects,
MDNR will use anindividual excess lifetime cancer risk (IELCR) of 1 x 10° as the
target risk for both current and future receptorBor non-carcinogenic effects, the
acceptable level is a hazard quotient of one (Lxfwrent and future receptors. Due to
the limited number of COCs, additivity of risk istrconsidered.

For evaluating the ingestion of groundwater andtgqmtion of groundwater resource
pathways, Maximum Contaminant Levels (MCLs) or, reh®CLs are not available,
health advisories were used as the target contenisaat the point of exposure. For
chemicals that do not have such levels, the targetentration at the point of exposure
(POE) was estimated assuming ingestion of grouretlwamhalation of vapors from
indoor water use, and dermal contact with watereunesidential conditions.
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Potential impacts to streams and other surfacerwaddies from a release must be
evaluated and surface water quality protected aslpeCSR 20-7.031. Allowable
concentrations in surface water for COCs are pteddn Table 6-1.

B.2 QUANTITATIVETOXICITY FACTORS

Toxicity values for the COCs are presented in T&blk MDNR may update the data in
Table B-1 as new information becomes available.

Typically, the toxicity values in Table B-1 willsd be used for Tier 3 risk assessments,
although alternate values may be used at Tier 8 wttequate justification and the
approval of MDNR. Current toxicity values were aibed from theDepartmental
Missouri Risk-Based Corrective Action Technical damce(MDNR, April 2006) which
were extracted from the hierarchy of sources as'peman Health Toxicity Values in
Superfund Risk Assessments,” OSWER directive 9835.December 5, 2003.
Specifically it included:

1. Tier 1: Integrated Risk Information System (IRIS),
2. Tier 2: Provisional Peer Reviewed Toxicity ValuB®RTVS),
3. Tier 3: Miscellaneous Sources:
(1) National Center for Environmental Assessment (NCE#\)isted in USEPA'’s
Region IX Preliminary Remediation Goal (PRG) Table,
(i) California Office of Environmental Health Hazards&ssments (OEHHAS)
chemical database,
(i)  Health Effects Assessment Summary Tables (HEASTi3t&sl in USEPA’s
Region IX PRG tables, and
(iv)  Table for Texas Risk Reduction Program.

Dermal toxicity values are not available in the \abaources; therefore the dermal
toxicity values were calculated. The assumptiodentying the calculation of dermal

toxicity values is that the dermal toxicity of tbkemical is the same as the oral toxicity
values, except that a semi-permeable barrier (ki@ affects absorption. Using oral

toxicity values to calculate dermal toxicity values based on sound toxicological
principles, and in the absence of direct measuremiedermal toxicity, considered an

acceptable alternative by the USEPA. HoweverctHieulation is complicated due to the
fact that different chemicals pass through the skith different efficiencies. These

differing efficiencies are factored into the forrmelfor dermal toxicity as the term “oral

absorption factorsRAR,).”

The formulae for calculation of slope fact@H;) and reference dos®fDy) for dermal
exposure are as below:
SF

SF, =—0 1
" = RAF 1)
RfD, = RfD, x RAF, )

where,

| MRBCA Guidance Document Page B-3 January-1.20130ctober 17, 2GEbruary-24-2004




Sk = Slope factor for oral exposure (mg/kg-day)
RiD, = Reference dose for oral exposure (mg/kg-dagind
RAR, = Oral absorption factor (dimensionless).

The oral absorption factors are not readily avédalConservatively, a value of 1.0 was
assigned for all chemicals.

The dermal absorption factors were obtained fromRisk Assessment Guidance for
Superfund (RAGS), Volume 1. Human Health Evaluation Manual, Part E
Supplemental Guidance for Dermal Risk Assessment (USEPA, 2004). However, this
guidance does not have any recommendations fotileoteganic compounds (VOCs), or
inorganic compounds. For these compounds, theriiieo factors were obtained from
the USEPA Region Il and RAGS, Volume 1, Part A.

The parameters used for dermal contact pathwayshosvn in Table B-1 and are
discussed below:

Permeability Coefficient

For organic chemicals, the chemical-specific pebi#ya coefficients in water were
obtained from Exhibit B-3 of thRAGS Volume |, Part BJSEPA, 2004). For chemicals
not listed in Exhibit B-3, the permeability congtalk, (cm/hr), was estimated using the
following equation as per tHRAGS Volume |, Part BRJISEPA, 2004):

logK,=-2.80 + 0.66(lodK,w) — 0.0056AW 3)
where,
Kow = Octanol-water partition coefficient (dimensicsgg and
MW = Molecular weight (g/mole).

Note theMW andK,,, are presented in Table B-3.

For metals and inorganics, the permeability coeffits were obtained from Exhibit B-4
of theRAGS Volume I, Part BJSEPA, 2004). If no value is available, the peafnility
coefficient of 1 x 1G cm/hr is recommended as default value (USEPA, 2004

Relative Contribution of Permeability Coefficient

The relative contribution of permeability coeffiote for the chemicals was obtained
from Exhibit B-3 of theRAGS Volume |, Part BUSEPA, 2004). For chemicals not
listed in Exhibit B-3, the relative contribution permeability coefficientB (unitless),
was estimated using the following equation as peRAGS Volume |, Part RJSEPA,
2004):
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B=K, (4)

Lag Time

The lag times for the chemicalgyeni(hr/event), were obtained from Exhibit B-3 of the
RAGS Volume |, Part BJSEPA, 2004).

As per theRAGS Volume |, Part EUSEPA, 2004), the equation to estimai@:is
derived as below:

D
l sC — 10 £ 286- 00056MW ) (5)

sc

|2
T = sc
event
6xD,,

(6)

where,
Dse = Effective diffusion coefficient for chemical trsfier through the
stratum corneum (cfthr), and
lsc = Apparent thickness of stratum corneum (cm).

The lag time is dependent on the effective diffnsaefficient for chemical transfer
through the stratum corneum and the apparent tegkiof stratum corneum. Assuming
sc= 10% cm as a default value for the thickness of thatstn corneumzeyenecomes:

Toper = 010510 @MW " =247 (6)

event —

If B> 0.6,

=67, -2 -7 (7)

whereb andc are correlation coefficient which have been fittedhe data from Flynn,
G.L. (1990) and are expressed as below:

2 2
c:1+3I3+3B andbzzxw—c.

3(1+ B) T
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Fraction Absorbed

The fraction absorbed for the chemicals consideveck obtained from Exhibit B-3 of
the RAGS Volume I, Part BJSEPA, 2004). For chemicals not listed in Exh&i8, the
fraction absorbed wateEA (unitless), was estimated from Exhibit A-5 of tRAGS
Volume |, Part HUSEPA, 2004).

B.3 PHYSICAL AND CHEMICAL PROPERTIES OF THE COCs

Physical and chemical properties of the COCs atediin Table B-2. These values must
be used for all MRBCA evaluations unless therejaséfiable reasons to modify these
values and MDNR concurs. The use of different @alwould be allowed only under a
Tier 3 risk assessment.

B.4 EXPOSURE FACTORS

A list of the exposure factors and their valueg thare used to develop the Tier 1 RBTL
values is presented in Table B-3. The exposur@rfaare typically estimated based on
literature rather than site-specific measuremernitfie values listed in Table B-3 are
conservative values that are exceeded by about f5#teopopulation, i.e. they are the
upper 98' percentile values. For a Tier 3 risk assessnsitet;specific exposure factor
values may be used with thorough justification 8idNR approval.

A source of exposure factor information is U.S. EPExposure Factors Handbook
Volume 1 — General Factors (August 1990ther sources of exposure factor data may
be used for Tier 3 risk assessment with approvBMBNR.

B.5 FATE AND TRANSPORT PARAMETERS

Fate and transport parameters are necessary toagstihe target levels for the indirect
routes of exposure. These factors characterizghlgsical site properties such as depth
to groundwater, soil porosity, and infiltrationeat

For a Tier 2 risk assessment, a combination ofspeific and default fate and transport
values may be used. However, the value of eacdmpeter used, whether site-specific or
default, must be justified based on site-specifanditions. Where site- specific
conditions are significantly different from the Ti& assumptions, site-specific values
should be used.

For a Tier 3 risk assessment, the specific fate @ansport parameters required to
calculate the target levels will depend on the rhaded.
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B6 MATHEMATICAL MODELS

The input parameters mentioned above are usedadnyes of models, or equations, to
calculate the risk-based target levels. Theseharéi) uptake equations and (ii) fate and
transport models. For Tier 1 and Tier 2 risk assents, MDNR has selected the models
and equations included in this appendix. Theseefsodave been programmed in the
MRBCA Computational Software and were used to dgvéhe Tier 1 RBTLs presented
in Section 7.0.

For Tier 2 risk assessments, the same equationmaddls must be used. With the prior
approval of MDNR through the submittal of a Tiew8rk plan, a different set of models
may be used for Tier 3 risk assessments.

The equations and models used for estimating Ti&BILs and Tier 2 SSTLs are
presented in Section B.10.

B.7 RISK-BASED TARGET LEVELS

The input parameters and models mentioned abovesacto calculate RBTLs for each
COC and each route of exposure. For certain C@téstarget levels developed for
groundwater may exceed the solubility of the CA@.such cases, the values shown in
Tables 7-1 through 7-6(c) are the actual calculai@des, annotated with an asterisk
indicating that the calculated values exceed shiybiSimilarly, for certain COCs and
pathways, soil target levels may exceed levels laithwthe soil is saturated by the
chemical. As with the groundwater values, in soabe, the values shown in Tables 7-1
through 7-6(c) represent the actual calculatedesaiinnotated with an asterisk indicating
that the calculated value exceeds the soil saturatialue. The saturated soil
concentrations, effective soil concentrations, @fe solubility, and effective soil vapor
concentrations are presented in Table B-5.

For both the above cases, the results can be liategoto mean that the chemical and the
pathway do not need any further evaluation and tthatsite-specific concentrations are
protective of the pathway. Further, if concentias above the solubility level in
groundwater and above the soil saturation levehaasured in a sample, the implication
is that the sample had some free product in it.

B.8 TARGET LEVELSFOR LEAD

Lead has a number of toxic effects, but the maigetafor lead toxicity is the nervous
system. Young children are especially vulneralbenfthe standpoints of both exposure
and toxicity. Certain behaviors, such as crawkmgl playing on the floor or ground,
result in increased exposure, and the central mensystem of a young child is
particularly susceptible because it is still depalg. Chronic exposure to even low
levels of lead that are not overly toxic can regulmpaired mental development.

The U.S. EPA has developed the Integrated Expddptake Biokinetic [IEUBK] Model
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to predict the risk of elevated blood lead (PbBghiidren under the age of seven that are
exposed to environmental lead from various sourdds model predicts the probability
that a child exposed to lead concentrations inexifpd media will have a PbB level
greater than 10 micrograms per deciliter (ug/dhg, level associated with adverse health
effects (EPA, 1999).

Because of the greater vulnerability of childrenei@ad exposure and toxicity, the primary
concern in a residential setting is the risk leadgs to children. In the non-residential
scenario, children are not directly exposed, buutskes carried by female workers can be
exposed. The EPA has developed an adult lead ohathgy (ALM) to assess risk in this
scenario (EPA, 1996b). The methodology is limitedterms of exposure media
(soil/dust). Specifically, the methodology estisgmthe PbB concentrations in fetuses
carried by women exposed to lead contaminated. s&iissearch is ongoing to develop a
model capable of simulating multimedia exposuresr alve entire human lifetime. Until
this model is developed, MDNR will require the wdehe IEUBK model for residential
scenarios and ALM for non-residential scenarios.

At petroleum impacted sites, use of the IEUBK o\Ato assess lead risk and determine
cleanup goals is not necessary. Based on the athgeassion, MDNR will use the
following Tier 1 levels for lead (MDNR, 2001):

Residential land use soil (direct contact with)soil 260 mg/kg
Non-residential land use soil (direct contact veitfil) 660 mg/kg

The groundwater target level where domestic usgrafindwater is a complete pathway
is 0.015 mg/L.

B.9 TARGET LEVEL CALCULATION FOR LNAPL

As discussed in Section 6.8, the MRBCA processaallor the calculation of risk and
target levels when LNAPL is present. Under thi:dibon, the primary routes of
exposure are (i) indoor inhalation for a residdmirea non-residential receptor, and, if the
domestic use of groundwater pathway is completepatentially complete, (ii) the
protection of a current or potential future poihtaposure (POE) groundwater well. For
these pathways, the key step is the calculatiorthef vapor concentration and the
dissolved concentration emanating from the LNAPQnce these concentrations have
been estimated, risk and target levels can berdated using the procedures presented in
Section B.1 to B.7 above.

Soil Vapor Concentration: The soil vapor concerdgrain equilibrium with LNAPL is
the effective soil vapor concentration. This corication depends on (i) the chemical-
specific saturated soil vapor concentration, aijdfe mole fraction of the chemical in
the LNAPL for which the soil vapor concentration bging calculated. If the mole
fraction of a COC is not known, default mole fraas, calculated using the weight
fraction of a specific COC in the LNAPL (refer toafle 5-2), may be used.
Alternatively, the evaluator may sample the LNARL faboratory analysis to determine
site-specific values for the weight and mole fraies. The specific equations used to
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calculate the effective soil vapor or effectivestilyed concentrations are presented in
Section B.10.

In the forward model of risk assessment, the dffectsoil vapor and dissolved
concentrations can be used to calculate the risk@indoor inhalation or to estimate the
concentration in the POD and POE wells. In thekbvacd mode of risk assessment, the
Tier 1 RBTLs and Tier 2 and 3 SSTLs must be contgangth the effective
concentrations. The models and equations to ke argepresented in Section B.10.
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