
































sensitivity analysis will be performed, based on the lead arsenate-specific bioaccessibility data listed above, to
quantify the influence that varying assumed bioavailability in ingested soil has on total estimated exposure. This
sensitivity analysis will be included in the uncertainty section of the ERA and may serve as the basis for site-specific
bioaccessibility analysis that could be performed as part of the Feasibility Study (FS).

3.3 Tissue-based Exposure Modeling

Lead concentrations in tissue are diagnostic of effects to birds and mammals (Franson and Pain 2011, Ma
2011). Soil-blood, kidney, and liver models have been developed and applied as part of the Coeur d’Alene
ERA (USEPA 2001) and more recent work (Sample 2014). These models may be used to estimate tissue-lead
concentrations for birds and mammals at the Hanford site, which can then be compared to literature-based
effect thresholds for tissue. This analysis provides an independent line of evidence of lead exposure and risk
for birds and mammals. Data from lead arsenate treated orchards for development of soil-kidney and liver
models are available from at least 2 publications representing 2 species (Haschek et al. 1979, Elving et

al. 1978). Preliminary, statistically significant models have been developed that may be used as an additional
line of evidence for small mammals. Searches have been conducted for studies providing data for birds, but
none have been located.

Tissue-based models for arsenic are not available.

3.4 Probabilistic Exposure Estimation

All initial estimates of exposure will be generated deterministically; that is, values for all parameters used in the
models will be represented as single values or point estimates. These initial exposure estimates do not take into
account the variation and uncertainty underlying the model parameters. As a consequence, point estimates of
exposure may not accurately represent exposure, and depending upon the conservatism associated with the selected
values used, may overestimate exposure. Additionally, calculating the models using point estimates produces a point
estimate of exposure. This exposure estimate provides no information concerning the distribution of exposures or the
likelihood that individual receptors residing at the 100-OL-1 OU will experience potentially hazardous exposures.

To incorporate the variation in exposure parameters and to improve resolution of exposure estimated to be
experienced by bird and mammal receptors at the 100-OL-1 OU, dietary and tissue-based exposure estimates will be
recalculated for selected species and analyzed probabilistically. Species and analytes retained for probabilistic
analysis will be limited to those taxa—analyte combinations where deterministic exposure calculations suggest
potential unacceptable risk (i.e., ED2o or LOEC exceedances). "

Probabilistic exposure estimation will rely on the same food web and tissue-based models used for deterministic
exposure estimates and will consist of assigning distributions to key parameters within the exposure models. The
models will then be recalculated iteratively with values for the key parameters randomly selected from within the
assigned distributions. The result will be a distribution of estimated exposure that expresses the variability and
uncertainty associated with the key input parameters for which distributions were assigned. This exposure
distribution will be compared to one or more TRVs to quantify the likelihood and magnitude of potential effects to
exposed receptors.

Probabilistic analyses will be performed using Oracle Crystal Ball software (release 11.1.2.4.6). Model runs will be
performed based on at least 10,000 iterations with samples from each input distribution selected using Latin
hypercube sampling, which divides each input into a specified number of bins (in this case, 500) and then pulls a
uniform number of samples from each bin. This sampling approach results in a more uniform and representative
representation of the input distribution. Goodness-of-fit analyses will be performed on measured concentrations of
lead and arsenic in soil using ProUCL (Version 5.0).or Crystal Ball software to identify appropriate distributions and
associated parameters for probabilistic analyses. Distributions for additional model parameters necessary to apply the
models will be developed and discussed with Ecology prior to performing probabilistic analyses.

4. Effects Assessment

The effects assessment summarizes available toxicity or other effects information that can be used to evaluate the
exposures to COPECs and adverse effects in ecological receptors. Data that can be used include literature-derived or
site-specific single-chemical toxicity data, site-specific ambient-media toxicity tests, and site-specific field surveys
(Suter et al. 2000). Effects data that will be available for the 100-OL-1 OU consist of site-specific ambient-media
toxicity tests and single-chemical toxicity data from literature sources.




4.1 Evaluation of Terrestrial Plants and Soil Invertébrates

Effects from lead and arsenic in 100-OL-1 OU soil will be evaluated based on both site-specific plant and soil
invertebrate bioassay results from both Ecology (2011) and CHPRC (2014c), Additional analyses will be performed
using literature-derived effects data for studies conducted using lead and arsenic from lead arsenate. Toxicity data
based on other forms of lead or arsenic will only be used when appropriate data for lead arsenate are not available.

4.2 Birds and Mammals

Evaluation of dietary exposure estimates for birds and mammals requires effects thresholds or TRVs expressed as
dietary doses. TRVs used in the Tier 1 and Tier 2 PRGs (CHPRC 2014a and CHPRC 2014b) consisted of NOAELSs
and LOAELSs extracted from published literature. NOAELs and LOAELS, however, are poor representations of
toxicity thresholds, as noted by Ecology in their comments on DOE/RL-2016-54, Draft A. Toxicity is best
represented by EDx values (X% effective dose values; e.g., Beasley et al. 2015;
http://onlinelibrary.wiley.com/doi/10.1002/etc.3086/pdf) derived by fitting dose-response relationships to the toxicity
data. As an example, such analyses have been applied by USEPA as part of the Coeur d’Alene ERA (USEPA 2001)
and were used in the recent recommended revision of the TRV for the avian lead Eco-SSL (Sample et al. 2019).

USEPA provides two tools that may be used to fit dose-response relationships to the toxicity data: the Benchmark
Dose Software (BMDS; https://www.epa.gov/bmds/benchmark-dose-software-bmds-version-30) and the Toxicity
Relationship Analysis Program (TRAP; https://archive.epa.gov/med/med_archive 03/web/html/trap.html). Dose-
based toxicity data for lead and arsenic will be extracted from published studies and the USEPA tools will be
employed to identify dose-response relationships. EDx values will then be extracted from these dose-response
relationships for birds and mammals for growth, reproduction, or survival. Toxicity data will be evaluated for lead
arsenate, lead acetate (or other lead salts), and sodium arsenate (or other arsenate salts) to provide insight into the
relative toxicity of the lead and arsenate moieties. The lower of the EDyo (dose resulting in a 20% effect) values for
growth, reproduction, or survival for birds and mammals will be selected as the TRV for each class for risk
characterization.

Tissue-based effect threshold data are more limited than are dietary effect data and are not sufficient to support dose-
response analyses. Tissue-based NOEC and LOEC values for lead and mammals and birds are reported in Ma (2011)
and Franson and Pain (2011), respectively. Availability and suitability of tissue-based thresholds for arsenic will be
investigated and reported to the extent that data are identified.

5. Risk Characterization.

In the risk characterization, exposure and effects data are integrated to draw conclusions concerning the presence,
nature, and magnitude of effects that may exist and the associated uncertainties with the analysis. Risk
characterization consists of two primary components: risk estimation and risk description (USEPA 1997). Risk is
defined as the likelihood of adverse effects. The risk estimation integrates exposure and effects data to define a final
estimate of potential adverse effects for each line of evidence. The risk description integrates each line of evidence in
a weight of evidence (WoE) process to draw final conclusions relative to potential adverse effects.

" 5.1 Deterministic Risk Estimation

Risk estimation for deterministic data will be presented as the ratio of exposure concentrations or doses to TRVs,
resulting in hazard quotients (HQs), and are described by the following equation:

HQ =C/TRVy, or ED/TRV4

where:
HQ = Ecological hazard quotient (unitless)
C = media concentration (mg/kg soil or tissue)
ED = Estimated chemical intake (dose) by wildlife receptor (ing/kg/day)
TRVm = Medium-based Toxicity Reference Value (mg/kg soil or tissue)
TRV4 = Dose-based Toxicity Reference Value (mg/kg/day)

Interpretation of the significance of the HQ will depend upon the nature of the TRV:




e HQ<I based on NOEC, NOAEL, or ED (dose associated with a 10% effect) TRVs indicate that adverse
effects associated with exposure to a given analyte are unlikely (EPA 1997). Analytes, receptors, samples, or
DUs for which HQs<1 for no-effect TRVs will be considered to present/be at no unacceptable risk.

e  When estimated exposure results in an HQ>1 based on a NOEC, NOAEL, or EDj and an HQ<1 based on a
LOEC, LOAEL, or EDy, the conclusion is that risks are possible (exposure exceeds no effect levels) but is
uncertain (exposure is less than levels at which significant effects are evident). If special-status species
which require a higher level of protection are present, HQ>1 based on a NOEC, NOAEL, or ED1o would be
considered an indication of unacceptable risk.

e HQ>1 based on a LOEC, LOAEL, or EDy indicate adverse effects are possible, the significance of which i
will require additional analysis (point by point summation or probabilistic analysis).

Evaluation of risks to terrestrial plants and invertebrates will be evaluated on a point by point basis, with presence
and severity of risk based on the frequency and magnitude of TRV exceedance. Risks to plants or invertebrates will
be concluded if 20% or more samples from a DU (or other area of spatial aggregation of samples) exceed a LOEC or
EDy based threshold.

5.2 Probabilistic Risk Estimation

Risk estimation for probabilistic exposure estimation will be presented by overlaying TRVs representing different
types and magnitudes of effects on the cumulative frequency distribution for estimated exposure. Unacceptable risks
will be concluded if greater than 20% of the estimated exposure distribution exceeds the lowest LOEC, LOAEL, or
ED3 TRV for growth, reproduction, or survival. For example, the figure below depicts risk because ~39% of the
estimated exposure distribution exceeds the LOAEL.
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5.3 Mixture Toxicity

Lead and arsenic are both toxic inorganic analytes. Both are present in soils in the 100-OL-1 OU and therefore,
ecological receptors in this OU will be exposed to both. Interactive or combined toxicity due to both lead and arsenic
is possible. Some analyses, such as the site-specific bioassays (Ecology 2011) directly measure this possible
interaction. The single-chemical exposure and effects analyses do not. Additional analyses are therefore required to
evaluate combined toxicity of lead and arsenic.

Multiple reviews of approaches for evaluating toxicity of mixtures have been published (EC 2012, Kortenkamp et al.
2009, Vandenhove et al. 2012, Heys et al. 2016). The concentration addition (CA; also known as dose addition or
DA) model is one of the simplest, albeit more conservative, mixture toxicity models available. The CA model is
applicable if chemicals in a mixture have (or can be assumed to have) the same mode of action, differing only in their




relative potency (EC 2012, Kortenkamp et al. 2009, Vandenhove et al. 2012, Heys et al. 2016, ATSDR 2019)°. In
CA, all chemicals in the mixture are assumed to behave as if they are simple dilutions of one another. The dose-
response curves for each chemical in the mixture are parallel, and tolerance (or susceptibility) to the components is
completely positively correlated (the organisms most susceptible to chemical A also will be most susceptible to
chemical B). The response to the mixture can be predicted by summing the doses of the components after adjusting
for the differences in potencies. Concentration addition is considered most appropriate for mixtures with components
that affect the same endpoint by the same mode of action. The mixture dose/concentration (Dmix) is the sum of the

scaled doses/concentrations (—) of the individual chemicals (i):

Dpix = Xia——  (eq. 1)

=1 pCy;

The toxicity of a mixture of similarly acting chemicals is ‘equivalent to the effects of the sum of the potency- adjusted
doses/concentrations of each chemical. Each fraction (—) represents the concentration of a mixture chemical (C;)

scaled for its relative toxicity (ECxi) and is called the tox1c unit (TU) of that chemical. CA is therefore also known as
Toxic Unit Summation. The CA model relies on correctly grouping “similar” chemicals with comparable modes of
action. However, there currently is no general agreement on the scientifically best approach and grouping of
chemicals is most often done by expert judgement on a case-by-case basis (EC 2012).

The CA model has been recommended as the most suitable method for initial evaluation of contaminant mixtures by
several authors. ATDSR (2019) suggests the CA model to be a reasonable default model likely to produce mixture
toxicity estimates that range from appropriate to somewhat conservative, and would therefore be protective.
Kortenkamp et al. (2009) also recommends the use of the CA model as a default first tier approach for the assessment
of chemical mixtures due to its high predictive power over a considerable range of endpoints, organisms and
chemicals, and its general conservatism. Kienzler et al. (2016) notes that CA models are the most frequently applied
mixture model because they generally provide reliable estimates of combined effects, they can more easily be used
with existing toxicity data and are considered to be slightly more conservative than independent action (IA) models.
However, the results obtained by both CA and IA models are usually very similar and the difference between the
predictions rarely exceed a factor of five. The CA model was also recommended by Bopp et al. (2018) for use as an
initial, protective approach, that could be followed by more detailed analysis focused on chemical grouping based on
common target organs and/or common modes of action.

The CA model is therefore the proposed method for integrating the combined effects of lead and arsenic. The
recommended process for application of the CA model is as follows:

1. Identify the receptor group (i.e, birds or mammals) and effect endpoints (i.e., growth, reproduction, or
survival) of interest for evaluation of lead and arsenic mixture effects :

2. Identify lead and arsenic toxicity data for comparable test species within the selected receptor group and
effects endpoint. Note that the greater the similarity between toxicity test species and effect endpoints, the
lower the uncertainty will be for estimated mixture effects.

3. Develop dose-response relationships for the toxicity data for the selected receptor and effect endpoint for
both lead and arsenic. Identify a common effect level (e.g., ECx) for lead and arsenic.

4. Divide environmental concentrations, tissue concentrations, or dietary doses of lead and arsenic by the

’ common effect level (i.e develop a toxic unit) and then sum the dividends.

5. If the sum of toxic units is less than one, mixture effects at the selected effect level are unlikely. If the sum of
toxic units exceeds one, mixture effects are likely. The fractional contribution of lead and arsenic to
combined toxicity can be determined by tabulating the proportion of total toxic units attributable to each
analyte.

5.4 Weight of Evidence

The risk description (USEPA 1998) will employ a weight of evidence (WoE) approach to judge the relative quality
of different lines of evidence and to integrate these different lines of evidence into an overall risk conclusion. The

6 Note that the concentration addition model is quite similar to the derivation of hazard indices (HI) where HI=Y HQs. However,
while calculation of an HI may be conducted with HQs derived from TRVs representing different modes of action and levels of
effects, appropriate application of concentration addition requires that TR Vs represent the same effect (i.e., egg production) and
effect level (i.e., 20% reduction).




WOoE approach will be consistent with EPAs Weight of Evidence in Ecological Risk Assessment (USEPA 2016) The
application of WoE will be limited by the extent to which multiple lines of evidence are available for a given
assessment endpoint.

5.5 Uncertainties

Uncertainties are inherent in all risk assessments. The nature and magnitude of the uncertainties depend on the
amount and quality of data available, the degree of knowledge concerning site conditions, and the assumptions made
to perform the assessment. Uncertainties associated with the ERA will be summarized and how they may affect
conclusions will be described.
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