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Puseraceniaiovce il R AR

Executive Summary

FOMNIMAIEERIEY BTSN

A baseline ecological risk assessment was conducted for the Eastern Michaud Flats
Superfund Site (EMF Site) in Pocatello, Idaho, to evaluate the potential for effects of -

| site-related contamination on the natural environment. The risk assessment was conducted by
Ecology & Environment, Inc., (E & E) in accordance with regulatory guidance of the United

- States Environmental Protection Agency (EPA). The findings of the ecological risk
assessment are presented in this report.

The EMF Site consists of two adjacent phosphate ore processing facilities. Both are
active oi)erating plants that have been in production since the 1940s. Important ecosystems
occurring in the vicinity of the site include the riverine, open-water, and mudflat habitats of
the Portneuf River and American Falls Reservoir. Extensive areas of native upland sagebrush
steppe ecosystems also occur in the foothills and river plains adjacent to the site.

Releases 6f contaminants and migration from the site occur via movement in air,
groundwater, and wastewater. Potential ecological risks of contamination in off-site surface

. soils, surface water, and sediment were addressed. Data collected during remedial
investigations conducted from 1992 1o 1994 were evaluated, and contaminaﬁts of potential
' concern (COPCs) were identified based on their potential toxicity to plants, wildlife, and
aquatic life. The primary COPCs are cadmium, fluoride, and zinc in soils, and cadmium in
river sediment. Because contaminated groundwater appears to be substantially diluted at the
Portneuf River and spring discharge points, levels of COPCs in surface water are generally
not of concern. Other inorganic contaminants were also identified as COPCs in soil and
sediment, but'only cadmium, fluoride, and zinc were subjected to detailed analysis to focus
the risk assessment on the most critical issues.

Detailed eoologiéal investigations of the EMF Site were conducted in September and
October of 1994 to prOyide site-specific, supp'lementa;y data for the ecological risk
assessment. Uptake of COPCs in terrestrial food chains was investigated by chemically

0227050 DaN®_EXEC, SUM-OT721 95-D1 1
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analyzing co-located samples of soil, sagebrush, grass (tllickspike wheatgrass), and small
mammals (deer mouse) in sagebrush-steppe habitats, and co-located samples of soil and shrubs
(Russian olive) in riparian habitats. The nature and extent of sediment contamination was
investigated in depositional areas of the Portneuf River delta at the American Falls Reservoir.
Samples were chemically analyzed for cadmium, fluoride, zinc and other constituents.
Laboratory toxicity testing was conducted with contaminated sediment collected from the
Portneuf R.iyér at a location farther upstream near a facility outfall. All sampling activities
were statistically designed to allow comparison of site-related contamination with unaffected
reference areas.

The results of the aquatic investigations demonstrate that cadmium is elevated
approximately 2.5 times background in depositional sediments of the Portneuf River delta.
However, the chemical analysis showed that the majority of cadmium is strongly bound to
sediments and, thus, is not in a bioavailable form. In additi'on, sediment from near thg
facility outfall was not toxic to laboratory test species of benthic invertebrates. Moreover, no
other contaminants were found in Portneuf River delta sediment at levels significantly above
background or levels of concern. Therefore, potential risks of adverse effects of sediment
contamination on benthic life are expected to be minimal.

The results of the terrestrial invwvigations demonstrate that cadmium, fluoride, and
zinc are elevated iﬁ riparian and upland scils and in plant tissue samples, and that cadmium

and fluoride are elevated in small mammal tissue samples collected near the site.

® Average cadmium levels ranged up to 40 times background in soils;
up to 7.3 times background in unwashed sagebrush foliage; up to 4.3
times background in grass stems and leaves; and up to 9.3 times
background in whole bodies of deer mice. Average cadmium levels
were 1.8 times background in Russian olive fruit.

®  Average fluoride levels ranged up to 4.9 times background in soils;
-up to 6.1 times background in unwashed sagebrush foliage; up to 5.1
times background in grass; up to 19 times background in whole
bodies of deer mice and up to 4.9 times background in femurs of
deer mice. Average fluoride levels in Russian olive fruit could not
be reliably determined, but all values were less than the method
detection limit.

® Average zinc levels ranged up to 4.7 times background in soils; up to
1.3 times background in unwashed sagebrush foliage; up to 1.4 times
background in grass; and were not distinguishable from background
in deer mice. Average zinc levels in Russian olive fruit were 1.4
times background.

-ZF3090_DATR_EXEC,_SUM-G7711/85-D1 _ 2
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¢ Washing removed 13% to 22% of cadmium and t5% to 17% of zinc
from sagebrush foliage. Fluoride levels in washed sagebrush foliage
could not be reliably determined because of elevated detection limits.

In general, the data confirm that the mobility of cationic metals such as cadmium and
zing is lumted by the arid, high-pH soils of the site vicinity. Hence, 'concentrations of
COPCs are much reduced in the terrestrial food cbain compared with their concentrations in
soil. In addition, it is likely that soil contamination at the site is confined to the surficial soil
horizon, where it is not .readily accessible to plant roots.

The potential site-related exposure of terrestrial plants and wildlife to COPCs was -
quantitatively estimated. Exposure of aquatic and semi-aquatic birds and niamma.ls to
cadmium in river delta sediment was also quantitatively estimated. The followmg receptors of

concern at the site were selected for evaluation:

* Sagebrush Steppe Habitat: shrubs (big sagebrush), grasses
- {thickspike wheatgrass), mammalian carmivores (coyote), smalil
mammals (deer mouse), large herbivorons mammals (mule deer),
upland game birds (sage grouse), raptors (red-tailed hawk), and
songbirds (homed lark).

¢ Riparian Habitat: shrubs (Russtan olive) and soogbirds (cedar
waxwing).

¢ River Delta Habitat: waterfowl (mallard), shorebirds (spotted
sandpiper), and semi-aquatic herbivorous mammals (muskrat).

Cumulative exposure estimates were derived based on sité-specific contaminant data
and exposure parameters published in literature, such as dietary composition, home range,
exposure duration, ingestion rate, and body weight. Both dietary exposure routes and
incidental ingestion of contaminated media were quantitatively assessed. Estimated ex.posurw
to COPCs wére greater for receptors at the EMF Site study areas compared to exposure for
receptors at background locations, The importance of soil ingestion versus food as a
percentage of total exposure varied with location, receptor, and COPC.

The potential toxic effects of COPCs wex.e'evaluated based on toxicity benchmarks
derived from literature. Conservative assumptions were used where necessary to account for
uncertainties of exu‘apoiation from literature studies. Toiicity reference values derived in this

manner are likely t0 encompass the broad range of wildiife sensitivity 0 COPCs.

@290 _D4709_EXEC_SUM0)72193-Di ) 3
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For each receptor, the potential -ecological risks of each COPC were estimated by
calculating a hazard qudtient (HQ), which is defined as the total estimated exposure received
through all relevant pathways divided by the appropriate toxicity reference value. An HQ
greater than | indicates a potential risk of adverse chronic effects resulting from exposure.

Potential risks of adverse effects of fluoride on resident plant and wildlife species of
the sagebrush steppe ecosystem were identified. Potential site-related risks were not identified
for cadmiuri or zinc in any of the habitats affected by the site. The estimated risks of
fluoride are only marginally above the threshold for toxic effects, and by inference the species
at risk may be marginally but not severely affected. Because the potential risks were
quantified for effects on individual orgénisms using conservative assumptions to account for‘
uncertainty, and because the uplémd species most likely to be impacted occur commonly
throughout the region, widespread.or significant ecological effects at the population and
community levels are not expected. |

Confidence in the results of the risk assessment is cénsidered to be high. Maximal
use was made of site-specific exposure data, thereby reducing a major source of uncertainty.
Exposure estimates for plants and wildlife were based on statistically designed sampling;

- hence, the modeled exposure éstlmat% have a high degree of reliability. Toxiéity testing and
chemical analysis of sediments provides adequat.e information to evaluate pot'ential'iﬁmpacts of
contaminants to the Portneuf River, which were judged to be mjnima].- In general, the risk
assessment is more likely to overestimate rather than underestimate the risks of adverse effects
of the site becguse of the conservative nature of the assumptions used.

Principal uncertainties and limitations of the risk assessment are r;lated to selection of
a limited number of COPCs and endpoint species for evaluation, deficiencies of the fluoride
analyses, assumptions used to derive exposure estimates and toxicity reference values, the
limited field verification of risks, and interpretation of the broader ecological significance of
the hazard guotients.

Given the ongoing air emissions and cumulative toxicity of fluoride, the potential for
impacts is expected to increase over time with continued air deposition. A reduction ‘m.
fluoride loadings could allow for a reduction in the potential for hmqﬁul effects on the

ecosystem in the future, as well as a reduction in current risks.

2:ZPX0%_D4H09_EXEC_SUM-O1/2145-DI 4
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1 . Introduction

: Ecology and Environment, Inc., (E & E) has been assigned by the United States
Enviropmental Protection Agency (EPA) to conduct a baseline ecological risk assessment for
the Eastern Michaud Flats Superfund Site (EMF Site) in Pocatello, Idaho. This section
provides an introduction to the ecological risk assessment. The remainder of the report
presents the findings of the ecological risk assessment and provides conclusions to guide

remedial planning at the site:

1.1 Statutory Framework

The ecological risk assessment for the EMF Site was conducted in accordance with _
the Comprehensive Environmental Response, Compensation, and Liabilliry Act of 1980 °
(CERCLA) as amended by the Suvperfund Amendments and Reauthorization Act of 1986
(SARA). ‘The statutory and technical requirements for ecological risk assessment are provided
in Risk Assessment Guidance for Superfund, Volume IlI: Environmental Evaluation Manual
(EPA 198%93a). Further discussion of the basic principles of ecological risk assessment ‘is
presented in Framework for Ecological Risk Assessment (EPA 1992a), field and laboratory
assessment methods are provided in Ecological Assessment of Hazardous Waste Sites, A Field .
and Laborasory Reference (EPA 1989h), and examples of risk assessments are provided in A4 '
Review of Ecological Assessment Case Studies from a Risk Assessment Perspecrive (EPA
1993). ’ '

1.2 Scope of the Ecological Risk Assessment
The EMF Site is a large, complex site (see Section 2). Remedial investi_gations
(Bechte! Environmental, Inc. [BEI] 1994a) and other studies have indicated that terrestrial and

'aquatic ecosystems in the vicinity of the site are contaminated with metals, trace elements, and
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radionuclides. Because of the variety of contaminants of potential concern (COPCs) and
-affected media, the complexity of contaminant behavior at the site, and uncertainties regarding
the spatial extent of contamination ih sensitive environments near the site, extensive planning
was required to provide the necessary data for this assessment.

The objective of a baseline ecological risk assessment is to evaluate environmental '
samples for site-related contaminants and, in conjunction with evaluation of the results of
toxicity testing and other studies, to estimate potential risks these contaminants pose to the
natural environment. In accordance with EPA guidance, the ecological risk assessment for
the EMF Site was conducted in phases. During Phase 1 of the Remedial Investigation/
Feasibility Study (RI/FS), sampling data were obtained for portions of the terrestrial and
aquatic énvirourﬁents within a 3-mile radius of the site, and a site-survey of potentially
impacted ecological resources was conducted. Based on a review of these data (E & E
1993a), EPA recommended that ecological studies be included in the RI/'FS to further define
the nature and extent of contamination and to provide site-specific ecological data for use in

“the risk assessment. Technical plans for these investigations were developed through the joint
efforts of the Potentially Responsible Parties (PRPs), the EPA, and their respective consul-
tants. Comments and recommendations of natural resource trustees, including the State of
Idaho, the Shoshone-Bannock tribe, and the Uhited States Fish and Wildlife Service

. (USFWS), also were considered in the planning process.

The technical plans for the ecological investigations at the EMF Site are presented in
a Work Plan (E & E 1994a), Field Sampling Plan (E & E 1994b), and a Quality Assurance
Project Plan (E & E 1994c). The investigations were carried out in September and October
1994. In January 1995, the data from these investigations were provided to the EPA in a
series of data validation rep'orts'authored by BE! (BEI 1995a, 1995b, 1995¢).

This report provides an assessment of the data collected in the Phase 1 and Phase 2
RI/FS, including the ecological investigations described in the above-referenced documents
and relevanmt q'ata in previously published reports. |

Detailed agency guidance for calculating ecalogical risks of environmental
mnminmm at Superfund sites (analogdus to the guidance for human health evaluation) was

| largely unavailable at the time this report was prepared. Consequently, prof%sioqal
judgement was used to define the best state-of-the-science approach for the. EMF Site
consistent with available guidance. Care is taken in this document to present the assumptions, -

data sources, and uncertainties of the assessment.
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1.3 Organization of the Repdrt

Consistent with EPA guidance (EPA 1992a), this ecological risk assessment is divided 4
into five sections that correspond to thé major compdhents of the process: Problem
Formulation (Section 2), Ecological Data Acquisition and Review (Section 3), Exposﬁre
Assessment (Section 4), Ecological Effects Assessment (Section 5), and Risk Characterization
(Section 6).

‘¢ Problem Formulation identifies and describes the information
evaluated during project scoping, including ecosystems and species of
concern, potential stressors and pathways, and ecological endpoints,
This section is largely based on E & E (1993a) as updated. In this
section, the contaminant data collected during the RI/FS at the EMF
Site are reviewed to select contaminants of potential concern. Based
on this information, an ecological conceptual site model is presented.

e Ecological Data Acquisition and Review summarizes and evaluates
the ecological data from the terrestrial and aquatic ecosystem studies
conducted in September and October 1994,

e Exposure Assessment first describes the release, transport, and fate
of contaminants in terrestrial and aquatic ecosystems. The exposure
scenarios and pathways to be evaluated are then discussed, followed
by derivation of quantitative estimates of exposure for selected
wildlife species. :

* Ecological Effects Assessment provides a review of the toxicity
testing conducted on sediment samples at the EMF Site. In addition,
toxicity benchmarks for the contaminants of concern are derived
from published literature,

e Risk Characterization combines the information from the exposure
assessment and the ecological effects assessment to obtain estimates
of potential ecological risks. The ecological significance of these
potential risks is discussed, and uncertainties of the risk assessment
are summarized.

Section 7 presents the conclusions of the ecological risk assessment, and references
are provided in Section 8. '

In addition, sarr{pl'mg results of the Phase 1 and Phase 2 Rls are summarized in
Appendix A; a summary of sample locations, analytical parameters, and the raw data 6f the
écblogical investigations is provided in Appendix B; the ‘statisticﬁl approach used to analyze
the data collected in the ecological investigations is; presented in Appendix C; correspondence

with state and federal agencies concerning endangered species in the site area is presented in
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Appendix D; ecosystems and species of concern are described in Appendix E; previous
studies of the site and areas near the site are discussed in Appendix F; Appendix G provides
an analysis and review of information concerning contaminant fate and transport at the site;
toxicity testing results are summarized in' Appendix H; and Appendix I provides a brief
toxicological summary of contaminants of concern.
The buman health risk assessment for the EMF Site is presented in a separate
volume. To avoid redundancy, reference is made (o the human health evaluation where

appropriate.
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2 | | Problem Formulation

As stated in EPA gﬁidance, “Problem formulation is the first phase of ecological risk
assessment and establishes the goals, breadth, and focus of the assessment” (EPA 1992a, page
9). Examples of how problem formulation is applied can bé fourid in EPA (1993). Problem
formulation involves a series of interrelated steps to identify potential stressors, pathways, and -
ecological effects. ,Ecolo-gical endpoints appropriate for the site are then derived, and a
conceptual model is articulated. The conceptual model is a set of working hypotheses
regarding the potential effects of site-related stressors on ecosystems of concern to regulatory

agencies.

2.1 Site Description 4
| The EMF Site consists of two adjacent phosphate ore processing facilities. One
~ facility is operated by FMC Corporation (FMC) and produces elemental phosphorus; the other -

facility is oper'atAed by J.R. Simplot Company (Simplot) and manufactures phosphate fertiliz-
ers. Both are active operating plants that havé been in production since the 1940s. The EMF
Site'includes approximately 2,600 acres of industrial land contained within the plant bound-'
aries and an unspecified area outside the plant property limits. Throughout this report, areas
of concern outside plant property are referred to as ‘off site” and areas on plant"property" are
referred to as ‘on site’.

The EMF Site is located in southeastern 1daho near the city of Pocatello (see Figure
2-1). The site is on the southern margin of the Eastern Michaud Flats at the base of the
foothills of the Bannock Range. The Michaud Flats are situated on the Snake River Plain and
are bqunded to the north bly the American Falls Reservoir, the largest of five major reservoirs.
on the upper Snake River. The ore processing facilities are within 1 mile of the Portheuf

River, a tributary of the Snake River that empties to the Fort Hall Bottoms area of the
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American Falls Reservoir approximately 4.5 miles from the site. Numerous springs occur in
the Eastern Michaud Flats as a result of grounﬁwater discharge, and groundwater seepage to
the Portneuf River provides a significant fraction of its flow. The FMC portion of the site
and much of the surrounding land are within the boundaries of the Fort Hall Indian Reserva-

tion.

2.2 Ecosystems and Species of Concern
A variety of ecosystems and species of concern occur in the vicinity of the EMF Site.
A complete discussion of ecosystem types and wildlife is provided in-Appendix E, which also
includes identification and discussion of listed species and designated wetlands.
~ . Native upland ecosystems characteristic of the semi-arid, temperate climate of
southeastern Idaho are prevalent in the site area. The high plateau of the Michaud Flats and
the foothills of the Bannock Range support sagebrush steppe communities dominated by
sagebrush (Artemisia spp.) and a variety of other shrubs and grasses. This community is
replaced with juniper woodlands and cliff/cave/canyon communities at higher elevations.
Extensive cultivated agricultural areas are also located near the site, comprising approximately
40% of the EMF Site area. “
Wildlife typical of sagebrush steppe are abundant in the site area and include small
mammals such as the deer mouse (Peromyscus maniculatus), large herbivores such as the
mule deer (Odocoileus hemionus), carnivores such as the coyote (Canis latrans), raptors such
as the red-tailed hawk (Buteo jamaicensis), gallinaceous game birds such as the sage grouse
(Cenﬁopercus urophasianus), and numerous species of sdngbirds. |
. Aquatic and wetland communities are well-developed in the site vicinity. According
to the National Wetland Inventory (NWI) maps of the United States Fish and Wildlife Service
. (USFWS), the Portneuf River channel, the river’s associated riparian corridor, and the Fort
Hall Bottoms are designated wetlands. Other wetlands include areas along Michaud Creek
and other locations (see Appendix E). The Portneuf River supports an extensive riparian
community dominated by willow (Salix spp.), red-osier dogwood (Cornus sericea), and other
scrub/shrub riparian vegetation. This riparian.zoine is an impértant source of food, cover, and
nesting sites for many wildlife species such as songbirds and piscivorous birds. The riverine,
open-Water, and mudflat habitats of the Portneuf River and 'Américan Falls Reservoir are
signi'ﬁcam nesting and wintering habitats for waterbirds. Thousands of individuals of

numerous migratory bird species use areas in and near the site, particularly the Fort Hall

wavem ponounmssr 2 ZP3090.11.0



EMF ERA

Section 2

Revision No. 1

July 1995
Bottoms. Common species of migratory birds include waterfowl such as ducks, geese, and
swans; colonial birds such as pelicans, herons, shorebirds, and gulls; and raptors.

Eleven species of concern listed as endangered, threatened, and rare are reported to
occur in the site area (see Appendix C for agency correspondence and Appendix E for
discussion). One species of concern—a wintering population. of bald eagle (Haligeetus
leucocephalus)—is listed by the State of Idaho and by the USFWS as endangered in Idaho.
The remaining species of concern are identified as State of Idaho Special Concern species
and/or are identified as federal Category 2 species, which indicates they are being considered

for listing as a threatened or endanpered species.

2.3 ldentification of Contaminants of Potential Concern

This section identifies chemical stressors for each of the sample media by systemati-
cally reviewing the Phase | and Phase 2 RI/FS sampling data and selecting contaminants of
potential concern (COPCs). A subset of thése COPCs, representing those of greatest potential
ecological significance, were identified and investigafed further in field studies (see Section 3
and Appendix B). ’

2.3.1 Data Collection

Groundwater, soil, surface water, and sediment sampling were conducted from 1992
to 1994. The objectives of the RI/FS were to (1) characterize the nature and extent of
contamination associated with the EMF Site and (2) to assess the topography, geology,
bydrogeology, climate, land use, and ecology of the site in order to identify and evaluate
potential migration and exposure pathways. The investigative activities performed to achieve
these objectives are des.cribed in the RI report (BEI 1994). Discussion of the RI data
collection also is provided in the Human Health Risk Assessment (HHRA) report (E & E
1955).

2.3.2 Data Evaluation

Issues regarding data validation, quantitation limits, data qualifiers, and data usability
for the Phase 1 and Phase 2 RI/FS are discussed in the HHRA report (Section 2). The
general methods of data evaluation described for the HHRA were followed for the ecological
risk assessment. Because surface water and sediment data were not evaluated for the HHRA,

however, a brief discussion is provided of the data evaluation specific to these media.
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2.3.2.1 Data Validation
A summary of the general approach to data validation is provided in the HHRA
report. A complete description of the database is found in the RI/FS Data Dictionary for the

EMF Site (BEI 1993).

2.3.2.2 Quantitation Limits

Target quantitation limits for surface water and sediment analytical parameters were
generally consistent with the contract-required quantitation limits (CRQLs) used in EPA’s
-Contract Laboratdry Program (CLP). Although the CRQLs are among the Jowest quantitation
limits that can reliably and reproducibly be obtained, concentrations of some chemicals below
the CRQL could still pose significant ecological risks. If these chemicals were present in
environmental media at concentrations below the media-specific quantitation limit but above
their risk-based concentrations, significant ecological risks.could exist that might be over-
looked in the risk assessment. T‘nerefore; it is important to compare the guantitation limits
that were obtained to ecological risk-based concentrations to evaluate the adequacy of the
guantitation limits. '

The adequacy of the quaniitation limits used in the RI/FS to analyze surface water
were evaluated by comparing the quantitation limits to EPA freshwater chronic Ambient
Water Quality Criteria (AWQC) or similar criteria derived from other sources. The adequacy
of the quantitation limits for sediment analyses were evaluated by comparing the quantitation
limits to Sediment Quality Guidelines of the Ontario Ministry of the Environment (OME).
These ecological criteria and guidelinés are discussed in more detail in Section 2.3.3. Tables
2-1 and 2-2 present the detection limits, criteria, and number of nondetects that exceeded
ecological risk-based concentrations (RBCs) for surface water and sediment, respectively.

As discussed below, the sample detection limits for antimony, mercury, and silver in
surface water exceeded EPA criteria (Table 2-1). The sample detection limits for PCBs
(A’roclors 1016, 1248, 1254, and 1260), cadmium, and silver in sediment exceeded OME
guidelines (Table 2-2).

Surface Water
Water guality criteria for antimony, mercury, and silver were exceeded in a number
of surface water samples for which the analytical results were nondetect. The antimony

freshwater chronic criterion of 0.03 mg/L and acute critecion of 0.088 mg/L are ‘proposed’
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criteria. According to EPA (1986), acute and chronic toxicity to freshwater aquatic life
occurs at concentrations as low as 610 ug/l. (0.610 mg/L). Since the maximum sample
detection limit of antimony in surface water (0.44 mg/L; see Table 2-1) was below the lowest
observed effect level (LOEL) reported by EPA (1986), from the information available it
would appear that the detection limit for antimony was adequate to assess potential toxicity to
aguatic life, despite being above the proposed criterion. v '

The EPA freshwater chronic criteria for mercury and silver are both less than | ug/L.
Because specialized ‘clean’ or ‘ultra-clean” methods of surface water sampling and analysis '
are réquired to reliably detect inorganic chemicals at these concentrations, and these methods
generally require greater sophistication than standard“CLP water sampling and z_malysis
methods, it is not surprising that the detection limits used in the RI/FS were inadequate to
evaluate the chronic toxicity of these chemicals. :

The freshwater acute criteria for meréury (0.0024 mg/L) and silver (0.0041 mg/L at
100 mg/L hardness) were not exceeded by the maximum sample detection limits for. mercury
(0.0001 mg/L) or silver {(0.004 mg/L), respectively. Therefore, the detection limits for
mercury and silver in surface water were adequate to assess acute (but not chronic) toxicity- to ;

aquatic life. -

Sediment '

The OME‘guideline’s for PCBs (Aroclors 1016, 1248, 1254, and 1260), cadmium,
and-silver in sediment were exceeded in a nui‘nber of samples for which the analytical résults
were nondetect. The OME guideline for cadmium (see Table 2-2) is the lowest effect level
(LEL) for effects on benthic life. The OME also provides an upper-bound threshold; called-
the Severe Effect Level (SEL). “The cadﬁxium SEL (10 mg/kg) was not exceeded by the

’ maximum detection limit (MDL) for cadmivm (0.94 mg/kg). . Therefore, the detection limits
for cadmium ir_l sediment were adequate to assess severe toxicity to benthic life. Ho’wevef,
the detection limits were inadequate to assess the lowest effect threshold toxicity to benthic
life in four out of 11 samples. | o

The OME guideline for silver (see Table 2-2) is a provincial Open Water Disposal-
Gui.deliné, not a toxicity-based LEL or SEL. Therefore, the toxicological significance of
exceedances of this 'guideliﬁe is uncertain. Hﬁwever, because OME considers the Opén Water
Disposal Guidelines to be equivalent to LELS in terms of management decisions, for thé

purposes of the ecological risk assessment the detection limit for silver in sediment was
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considered inadequate to evaluate the threshold toxicity of this chemical in seven out of 10
samples.

The guidelines for PCBs are ‘tentative’ guidelines, according to OME. SELs are also
provided for these chemicals, based on normalization of bulk sediment chemical concentra-
tions to organic carbon content of the sediment. In general, the PCBs detected at the EMF
Site did not exceed the OME organic-carbon normalized SELs (see Appendix A). Therefore,
the detection limits are considered inadequate to evaluate the lowest effect threshold tox1c1ty

of PCBs, but the detection limits appear to be adequate to evaluate severe effects.

2.3.2.3 Data Qualifiers and Data Usability

- A detailed discussion of the evaluation of data qualifiers and data usability is provided
in the HHRA report. Table 2-3 brovides a summary of the data qualifiers and their effect on
data use in the quantitative ecological risk assessment.

Because of blank contamination problems in mercury analyses from Phase 1 of the

RI/FS, the Portneuf River was resampled for mercury. The results were provided in a June
1994 Data Validation Report (BEI 19945). Problems encountered in Phase 1 surface water
analyses were also encountered in the Phase 2 resampling. For most samples, a total ‘mercury
concentration of 0.0001 mg/L wé.s reported, which is the MDL. Higher concemratiohs were
reported for some samples and rinsate blanks; therefore, the mercury surface water data are
considered unusable for evaluation of chronic toxicity due to the insensitivity of the method
(see Section 2.3.2.2) and the presence of blark contamination. However, the sediment
mercury sample detection fimits were adequate for risk assessment purposes (se¢ Table 2-2),

and blank contamination was not a significant problem in these samples.

2.3.2.4 Background Concentrations . ‘

The HHRA report provides a discussion of the soil, groundwater, and air samples
used to estimate natural background concentrations of inorganic chemicals and radionuclides.
For the pui‘posgs of the ecological risk assessment, the groundwater backgroﬁnd éoncentra-
tions were used to identify COPCs in surface water, since grouﬁdwater discharge provides the
majority of flow both for the springs and the Portneuf River channel downgradient from the
site. |

Surface water and sediment ‘background’ concentratlons were also obtained by taking

the maximum concentration of each chemical found in samples upstream from the site. These
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samples were taken from locations upgradient of and adjacent to the city of Pocatello. Hence,
they are likely to reflect local and regional anthropogenic impacts to the Portneuf River
watershed, as well as natural background concentrations. _

Background concentrations of chemicals and radionuclides could exceed risk-based

standards because of the possibility of anthropogenic influences or high naturally oocﬁn'ing
levels; therefore, each background data set was also evatuated bj comparing detected

concentrations to ecological risk-based criteria (see Appendix A).

2.3.3 Screening Criteria

COPCs were selected by comparing the chemical and radionuclide concentrations
found 'in soil, surface water, and sediment to background concentrations and 1o available or
derived risk-based standards and criteria. Background concentrations are discussed in S'fx:tion
2.3.2.4. This section identifies and describes the ecological concern levels and criteria used
to select COPCs from the Phase 1 and Phase 2 RI/FS data. It should be noted that the
ecological criteria are intended only for use in screening the data for selection of COPCs, and
are not meant to be indicative of clean up goals for remediation.

Certain on-site data were excluded from the screening process because of the low -
likelihood of frequent exposure for ecological receptoré. On-site soils, surface water from the
industrial waste water ('WW) ditch, and groundwatér (excepting the springs) were not
evaluated for COPCs. These data were examined, however, to identify the site as a potential
source of COPCs detécted in off-site media. In addition, the air data was not screened

because of the general unavailability of ecological criteria for air contaminants,

.2.3.3.1 Ecological Concern Leveis, Standards, and Criterla

With the exception of some chemicals in surface water and several organics in
" sediment, national (or State of Idaho) standards to protect plants, wildlife, and aquatic life are
unavailable. Therefore, for the purposes of this ecological risk assessment, a set of conserva-
tive, scientifically supportable ecological concern levels were obtained for screening chemicals
in soil, sediment, and surface water fof which national standards do not exist. The back;

ground and ecological risk-based screening criteria are summarized in Table 24.
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Soil
‘ The available international phytotoxicity standards (Kabata-Pendias and Pendias 1992)
were used to identify potential inorganic contaminants in soil. Plants are directly exposed to
contaminants in soils, have been well studied, and are sensitive to adverse effects of metals
contamination. The phytotoxicity values used cannot be assumed to be protective of all
terrestrial ecological receptors; however, they are generally below dietary No Observed
Adverse Effect Levels (NOAELs) for wildlife and are therefore likely to be protective of
wildlife as well as plants. Both a lower and an upper threshold concentration for phytoxicity

were used for screening, if available,

Sediment
EPA sediment quality criteria do not exist for any organic or inorganic COPCs at the

EMF Site. Agency guidance for evaluation of inorganic contaminants in sediments is being
developed and will likely be consistent with some of the approaches described in Section 3 of

. this report, such as calculation of the molar ratio of "simultaneously extractable meta.ls"’and
"acid volatile sulfide" (SEM/AVS), and toxicity testing of field-collected sediment. However,
SEM/AVS analysis and toxicity testing were not done in Phases 1 and 2 of the RI/FS prior to
the ecological investigations. Therefore, sediment quality criteria provided by the OME were
used to select COPCs at the EMF Site. These criteria are considered by E & E to be the
best, most comprehensive published screening concentrations for metals in freshwater

- sediments available, and their-use is consistent with a protective approach. For inorganic and
for some organié chemicals, the OME guidelines -provide an LEL, which is defined as the
level of contamination that has no effect on the fnajo'rity of sediment-~dwelling organisms, and
an SEL, which is the level likely to affect the health of most sedlment-dwellmg orgamsms
(Persaud et al. 1993). A

Surface Water

EPA freshwater chronic and acure AWQC for the protectlon of aquanc life (EPA _
1986, 1994) were used to identify COPCs in surface water. For chemicals without AWQC, a
criterion was derived using the available aquatic toxicology literature, coAnsistem;with EPA
methods (EPA 1985).
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Radionuclides
To screen concentrations of radionuclides in various media at the E:,MF«Site, an
approach was used based on information provided in recent documents (NCRP 1991; IAEA
1992). Risk-based concentrations (RBCs) calculated from human health exposure models
were used by NCRP and IAEA scientists to evaluate potential ecological risks of radionuclide
exposure to aquatic and terrestrial life. These human health risk-based concentrations were
shown by NCRP/IAEA to be equally protective of eéological receptors. The screening values
‘are presented as "derived criteria” for the radionuclides evaluated in Appendix A.

2.3.3.2 Use of Screening Criteria in Selecting COPCs

Consistent with EPA Region 10 guidance (EPA 1989), the idenﬁﬁcation of COPCs
for ecological receptors was based on the following considerations, For each of the affected
media, the concentrations of chemicals detected at the site were compared to local background
concentrations. Chemicals exceeding background were also compared with ecological risk-
based criteria or concern levels. Chemicals not detected above these background or risk-

. based criteria were removed from consideration as COPCs. In addition, a low frequency of
occurrence in environmental media, limited areal extent of contamination, and the absence of
plausible exposﬁre pathways were also considered to be reasons for eliminating chemicals
from consideration as COPCs. To qualify as a potential COPC, chemicals generally met the

following criteria:

® The substance was detected in at least 5% to 10% of the samples analyzed,

s . The substance exceeded its background concentration in at least 5% to 10% of
the samples;

® The substance exhibited a spatial distribution pattern consistent with site-related
source(s); and

® The substance exceeded its lower ecological risk-based criterion or concern level
in at least 10% to 20% of the samples and/or exceeded its hlgher criterion or
concern level in at least 2% to 5% of the samples. :

If a substance met all of these criteria, it was retained as a COPC. ‘However,
consideration was also given to the low potential Loxiéity and natural abundance of certain
elements. Hence, chemicals such as aluminum, calcium, iron, and magnesium were not

included as COPCs even if they met all of the criteria listed above.
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2.3.4 Preliminary Summary of COPCs

A brief discussion of the screening results for contaminants from Phases 1 and 2 of
the RI/FS is provided below. The data are summarized and complete results of screening for
COPCs are provided in Appendix A.

2.3.4.1 Surface Soil COPCs

Seven inorganic trace elements were selected as COPCs for off-site soil
locations—cadmium, chromium, fluoride, molybdenum, silver, vanadium,-and zin¢ (see Table
2-5). Of these, cadmium, fluoride, and zinc appear to have the widest off-site distribution in
-s0ils at levels significantly above background er ecological criteria. The isopleths for ‘
cadmium', fluoride, and zinc indicate contamination gradients similar to the air circulation
patterns in the area, suggesting airborne transport and deposition of contaminants (see HHRA
report). It is noteworthy that the air pattern for cadmium, fluoride, and zinc suggests a lobe
of downwind deposition along the Portneuf River; valley winds blowing from the upstream
direction are a likely cause of this pattern.

Native upland soils are relatively alkaline in the vicinity of the EMF Site. Soil pH
has an important effect on the potential mobility and bioavailability of trace elements such as
cadmium, From examination of soil pH levels, it is apparent that soil pH is markedly
reduced on site, but acidification of off-site soils is not evident. The uptake and mobility of
cadmium, fluoride, and zinc in off-site ecosystems were investigated in September 1994 (see
Section 3 and Appendix G). Further contaminant fate-and-transport analysis is provided in
Appendix G to evaluate the effects of pH and other soil attributes on mobility and

bioavailability of trace elements in EMF Site soils.

2.3.4.2 Sediment COPCs

Thirteen COPCs were identified in Portneuf River streafn and spring sediment
samples collected downgradient from the site—arsenic, beryllium, cadmiqm, chromium,
copper, fluoride, lead-210, mercury, selenium, silver, thallium, val‘ladium,“and zinc (see
Table 2-5). Most of the sediment COPCs exceeded criteria at lon-l~y one or a few locaticns.
The greatest number of exceedances occurred at Sample Station 17, near the FMC outfall of
the IWW ditch, indicating a probable link to the site for these sediment COPCs.

The contaminants of greatest concern in sediments appear to be cadmium, fluoride,

mercury, and selenium because of their potential toxicity to fish and wildlife and tendency to
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mobilize in the aquatic food chain. Sampling of the Portneuf River in the depositional areas
of the river delta in the Fort Hall Bottoms was conducted in the ecological investigations to
determine if contaminants from current or previous releases may have been transported to the
bottoms, which is an area of concern for wildlife. Based on the evaluation of Portneuf River
delta sediment data (see Section 3), only cadmium is selected as a sediment COPC for

guantitative risk assessment.

2.3.4.3 Surface Water

Four trace elements detected in surface water were selected as being of potential
concern to aquatic and semiaquatic biota—mercury, selenium, silver, and vanadium (see Table
2-5). Elevated levels of these COPCs were detected at various springs and Portneuf River
locations. The Ibocation and sampling date of each exceedance are shown in Table 2-6.

The four surface water COPCs were also elevated in groundwater. Discharge of
contaminated groundwater to surface water is a pbtentially important transport pathway at the
. EMF Site. In general; the concentrations of COPCs found in the on-site groundwater are
higher than the concentrations of trace elements downgradient from the site in the Portneuf
‘River and spring waters. Therefore, contaminated groundwater appears to be substantially
diluted at the Portneuf River and spring discharge points.

High concentrations of trace elements, including the four COPCS, were also detected
in at least one sarﬁpling round in the IWW ditch water, suggesting that runoff from on-s.ite
sources or resuspension of contaminated ditch sediments. are possible sources of contamination
to the Portneuf River.

Of the fﬂuf surface water COPCs, mercury and selenium are of greatest concern
because of historical information indicating bioaccumulation in fish and wildlife in the
Portneuf River and American Falls Reservoir (see Appendix F). Artifacts of sampling and
analytical methods may have influenced the levels of mercury reported in surface water.
Further discussion of mercury in site surface water is provided in Section 6, Risk Character-
ization.

Surface walers at the site have high alkalinity and hardness. The effects of hardness
on potenual toxicity of trace elements to aquatic biota are accounted for in adjustmems made
to the AWQC (see Appendlx A).
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2.3.4.4 Summary
COPCs at the EMF Site include radionuclides and inorganic elements:- seven COPCs
occur in surface soil, 13 COPCs occuf in sediment, and four COPCs occur in surface water.
Several of these COPCs exceed ecological criteria at only a few locations, or they exceeded
background but ecological criteria were not available to evaluate their potential toxicity to
ecological receptors.” E & EAd.oes not intend to quantitatively address the ecological r_isk.s of
these ‘minor’ COPCs; rather, they will be addressed through qualitative discussion of their
potential ecological significance. COPCs that are more widely distributed in the environment
were further investigated (see Section 3) and will be addressed quantitatively in the ecological
risk assessment. These COPCs in_ciude cadmium, fluoride, and z_inc in surface soil, and

cadmium in sediment.

2.4 Conceptual Site Model

2.4.1 Sources and Receiving Media _

Contaminant types released by the phosphate facilities include numerous trace
elements and radionuclides. However, based on the review of RI/FS and ecological data,
only cadmium, fluoride, and zinc will be quantitatively evaluated in the remainder of the
ecological risk assessment. These COPCs will be evaluz-ited in terrestrial ecosystems at the
EMF Site; only cadmium will be evaluated in aquatic ecosystems. |

Soi], sediment, surface water, groundwater, air, and the aquatic and terrestrial food
chains are all potentially affected media. Several ecologically relevant mig;ation pathways for
contaminants exist at the EMF Site. These f)athways are illustrated in Figure 2-2 and include

the following:

®  Air deposition of contaminants to surface water, soil, and vegetation; y

¢ Migration of contaminants in groundwater to discharge points at springs or within
the channel of the Portneuf River;

®  Surface water discharge to the Portneuf River at the IWW ditch outfall and from
surface runoff; and :

* Deposition of contaminants from surface water to sediments.

Upon their release to the environment, site contaminants are persistent and may be

transformed to more bioavailable forms and mobilized in the food chain. Mobilization of

Q2PN DCRP-O41 35D ‘ 2-12 ' ZP3090.11.0

\\.s)



EMF ERA

Section 2

Revision No. 0

April 1995
contaminants in the aquatic food chain could occur through (1) root uptake or absorption from
the water column by aquatic plants; (2) contact and absorption, incideatal ingestion, and
'feeding on contaminated foqd by benthic invertebrates and fish exposed in surface water and -
sediment; and (3) bioconcentration from sediment and water by organisms at the base of the
food .chain and subsequent_ bioaccumulation in some herbivores, omnivores, predators, and
piscivorous wildlife. - '

Mobilization in the terrestrial food chain also could occur. Plants in the vicinity of
the EMF Site coul& be exposed via air deposition through either foliar uptake or root uptake>
from contaminated soil. Soil invertebrates could be exposed to contaminants through contact
and absorption, incidental ingestion, and feeding on contaminated food. Terrestrial wildlife
could be exposed through iﬁha]mion, contact and adsorption, incidental ingestion of contami-
nated media, ingestion of contaminated drinking water, and from ingestion of contaminated
vegetation or animal prey.

Based on these pathways, the following general classes of ecological receptors might

be potentially exposed to contaminants at the EMF Site: .

¢ Aquatic and wetland biota in and near the Portneuf Rrver And American Falls
Reservoir; :

»  Semiaquatic wildlife and terrestrial wildlife that depend on thé aquatic and
wetland envlronments for a fraction of their food, drinking water, or habitat
needs; and

¢ Upland plants and terrestrial wildlife downwind from the facilities.

2.4.2 Ecological Endpoints

Ecologica! endpoints are receptors and their charactensncs that may ‘be adversely
affected by environmental stressors. Ecolog:ca] risk ass&csment guidance specifies two t;ypes'
of endpoints—assessment and measurement (EPA 1992a). Assessment endpoints are
qualitative or quantitative expr&siom of environmental values to be protected from site-
related stressors. The identification of assessment endpoints at any site is dependeni upon
several factors, including the species that are considered to be of concern and the stressors
that are present within the assessmeht area. Assessment endpoints Iink the écoldgica] risk
assessment pracess to the risk management pracess. Measurement endpoints are characteris-
tics df species or ecosystems that can be evaluated through eoologicél monitoring or other

sampling activities and can be quantitatively or qualitatively related to the assessment

y lgc”cllegvg%?er 2-13 . reelugy amd |-n\-irulZlP3090hl ) .0



EMF ERA
Section 2
Revision No. 0
April 1995
endpoints. The measurement endpoints are generally determined for indicator species likely
to inhabit the areas of contamination. The fol lowing sections describe the selection of the
assessment endpoints and identify the measurement endpoint species and measurement

endpoints for the EMF Site. .

2.4.2.1 Assessment Endpoints

Criteria used for the selection of assessment endpoints for site investigations include
(1) regulatory. and social significance, (2) ecclogical relevance, (3) amenability to measure-
ment or prediction, and (4) susceptibility to contaminants (EPA 1992a). Social significance
indicates that the assessment endpoint has value to the public or 10 regulatory agencies {(e.g.,
population abundanice of game animals, viability of endangered species, etc.). Ecological
relevance refers to the role of the assessment endpoint in the ecosystem or community.
Measurability indicates that some measurement exists 10 allow evaluation of the endpoint.
Suséeptibility to contaminants indicates the potential' for the assessment endpoint to be exposed
and adversely affected by the site contaminants.

Numerous characteristics of species, communities, and ecosystems at the EMF Site
could be considered as potential assessment endpoints. For example, species of regulatory or
social significance may occur at the areas of concern.. These species could be susceptible to
COPCs through ingestion of contaminated media or food items, and the COPCs could affect
their growth, survival, or reproduction. In terms of ecological relevance, functional groups
such as small mammals could also be considered, since these are important prey items for
higher trophic levels. These receptors would also be highly susceptible to COPCs in soils due
to their burrowing habits. The criterion of measurabillity is also an important consideration, -
since toxicological data for native plants and wildlife are limited, and assessment endpoints
must be carefully selected to allow evaluation. : P

' Taking these cansiderations into account, several representative categories of .
assessment endpoint species were selected for the terrestrial (Table 2-7) and aquatic (Table 2-
8) ecosystems of the site. Because of the large numbers of species and the comp]éxity of the
ecosystem, a systematic method was used to identify assessment endpoint species. First,
species likely to be found at the site were divided into major taxonomic groups. To reduce
the number of wildlife to Be considered as assessment endpoint species, the relative abundance
of each species [ikely; to occur at the site was evaluated. With the exception of the regulated

“species or other rare species identified as species of concern, only species known to be
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abundant or common at the site were considered for selection as assessment endpoint species.
Second, each taxonomic ‘group was then divided into functional groups by combining species
with similar potential for exposure to COPCs. This was done by defining the trophic level,
the feeding habitat, and the nonfeeding habitat of each wildlife species expected to occur at
the EMF Site. The trophic levels were generally defined as herbivore, insectivore, carnivore,
omnivore, and detritivore. The feeding habitat and nonfeeding habitat types were air,
terrestrial, terrestrial/aquatic interface, and aquatic. Each of the feeding and nonfeeding
habitats may be further subdivided to represent different niches. within each habitat. To limit
the number of functional groups for consideration, only those groups presented in Tables 2-7
and 2-8 were selected for further analysis. These groups represent nine terrestrial assessment
endpoint species groups—birds (raptors, upland game birds, and songbirds), mammals (small,
large herbivorous, and carnivorous), and plants (upland shrubs, grasses, and riparian shrubs).
For purposes of the risk assessment, each of the species in a functional group was considered
representative of others in the same group with regard to potential exposure to COPCs and
toxicological effects.

The selected assessment endpoint species are representative of concerns at the site,
both from a regulatbry point of view and from a broader ecological perspective. The
assessment endpoint species are presented as major functional groups (e.g., raptors, small
mammals), rather than as individual species. The assessment endpoints for these functional
groups could be the predicted or measured effects of COPCs on survival, growth, or
reproduction of individuals of important species within each group. However, with the:
exception of threatened or endangered species, adverse effects on populations or communities

of these organisms are considered as the assessment endpoints for the EMF Site.

2.4,.2.2 Measurament Endpoints

The assessment of all Speqies inhabiting a potentially contaminated area is rarely
feasible. Consequently, certain measurement endpoint species were selected to represent the
effects of site-related stressors on plants and wildlife. These species are consideréd indicators
of potential ecological risks to other specie,é within the same functional groups at the site.

Considerations for the selection of measurement endpoint species include (1)
relevance to and consistency with the assessment endpoints; (2) rapidity and low variability of
response, and sensitivity to area stressors; (3) diagnostic attributes of the response; and (4)
‘ease of measurement (EPA 1992a). In selecting particular measurement endpoint species
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from the functional groups listed in Tablés 2-7 and 2-8, emphasis was placed on the availabili-
ty of site-specific data and publishéd toxicological information that would allow evaluation of
exposure and effects. Other considerations for each of the ’meas.urement endpoint species
selected for evaluation are shown in Tables 2-9 and 2-10.

Measurement endpoints are measurable responses to contaminants of the selected
measurement endpoint species that can be relatéd to the assessment endpoints. Measurement
endpoints are derived from published values of chronmic and acute toxicity of COPCs in food,
environmental media, or tissues of measurement endpoint species or 'their surrogates. The
measurement endpoints vary but are generally selected to be indicative éf significant effects
on survival, reproduction, or growth of the measurement endpoint species. These endpoints
are expected to have a relationship to potential population-level effects on assessment endpoint
species.. However, the toxicological database is limited, and the actual measurement
endpoints are determined by available data. The endpoints used in the risk assessment are’
identified in Section 5.
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" Table 2-1. |
COMPARISON OF SURFACE WATER SAMPLE DETECTION LIMITS TO WATER QUALITY CRITERIA
’ (mg/L)
EPA Number of
Target Average Maximum Preshwater Non-Detects Total
Detection Detection Detection Chroaic Derived Exceeding Number of | Number of
Chemical Limit Limit Limit " Criteria® Criteria® Criteria Nondetects Samples
Aluminum, total 0.2 0.03893 0.12000 0.087 NA 2 39 -144
Antimony, total 0.06 0.078%4 0.44000 0.03 NA 109 109 144
Arsenic, dissolved 0.01 0.00182 0.00232 0.18 NA 0 21 144
Arsenie, total . 0.01 0.00175 0.00200 0.19 NA (1] .24 144
Barium, total 0.2 0.02300 0.05000 NA 1.62 0 18 144
Berylium, total - - 0.005 0.00125 '0.00700 0.0053 NA 3 118 144
Boron, total 0.1 0.24567 0.35000 NA 1 0 3 143
Cadmium, dissolved 0.005 0.00085 0.00100 0.002209 NA 0 123 144
Cadmium, lotal 0.005 i 0.00091 0.00100 6.002598 ' NA 0 80 144
Cﬂlor’xdc 0.5 1.00000 1.00000 230 NA 0 2 143
Chromium, dissolved 0.01 0.00081 0.00100 0.0105 NA 0 53 "140
Chromium, total 001 0,00080 |  0.00102 0.011 NA 0 36 144
Cobalt, total 0.05 0.00509 0.03100 NA 0.05 0 119 144
Copper, dissolved 0.025 '0.00368 0.00400 0.0248 NA 0 91 144

T O2ZP30_D4Te-04/139%5-D1)

Key at end of table.
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Table 2-1
COMPARISON OF SURFACE WATER SAMPLE DETECTION LIMITS TO WATER QUALITY CRITERIA
(mg/L)
EPA . MNumber of
Target Average Maximuom Freshwater Non-Detects Total
Detection Defection Detection Chronic Derived Exceeding -Wumber of | Number of
Chernical Limit Limit Limit Criteria® Criteria” Criteria | Nondetects | Samples
Copper, tolal ‘ 0.025 0.00365 0.00400 0.0291 NA 0 86 144
Fluoride 0.1 0.13750 0.20000 NA 2.63 0| 8 143
Iron, otal .1 0.04562 [ - 0.17800 ! NA 0 22 144
Lead, dissalved 0.003 0.00118 0.00280 0.003049 NA 0 103 144
Lead, towl 0.003 | 000112 |  0.00200 0.0122 NA 0| 0 0m 144
Manganese, total 0.015 0.00904 0.03300 NA 75 S0 46 144
Mercury, total " 0.0005 0.00010 0.00010 0.000012 “NA 49 49 181
Molybdenum, total 0.1 0.01928 0.08000 NA 0.043 10 123 L 144
Nickel, dissolved . 0.04 0.01475 0.04000 - 0.327 NA g (14 140
Nickel, total . | oos 0.01512 0.04600 0.0385  NA o 115 144
Selenium, dissolved 0.005 0.00128 0.00500 NA 0.002 | 2 61 144
Sclenium; total o005 | 000116 | 0.00290 0.005| . Na 0 67 149
Silver, total . 001 00031l 0.00400 0.00012 NA 95 95 144
Thallium, total 0.01 0.00167 |  0.00400 0.04 | NA 0 105 144

Key st end of table. » \
szron penmounsesDl _ - ‘ ZP3090.11 _ )



1aded pa|oA03:s

61-2

I IIRYUTERTRN VO TTT RS P TIR

EMF ERA

Section 2
Revision No. 0
April 1995
Page 3 of 3
Table 2-1
COMPARISON OF SURFACE WATER SAMPLE DETECI"ION LIMITS TO WATER QUALITY CRITERIA
- : (mg/L) ~
EPA ' Number of
Target Average Maximum Freshwater Non-Detects A Total
. Detection Detection Detection . Chronic Derived Exceeding Number of | Number of
Chemical Limit Limit Limit Criteria® Criteris® | - Criteria- | Noodetects |  Samples
Vanaaium, total ' 0.05 0.00479 0.01500 NA 0.033 0 62 144
Zinc, dissolved 0.02 0.01051 0.04000 0.220 NA ’ 0 35 144
Zinc, total 0.02 0.00907 0.02950 0.259 NA ‘ 0. 31 144

a From EPA 1986, 1994, Hardness-dependent water quality criteria calculated based on a water hardness of 287.4 (average hardness of Portneuf River
surface water samples). .
b See Section 2.3.3.

Key:
NA = Not available.
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Table 2-2
"COMPARISON OF SEDIMENT SAMPLE DETECTION LIMITS TO SEDIMENT QUALITY GUIDELINES (mg/kg)
. Ontario Ministry Number of : T
Target | Maximum of Environment | Non-Detects .
Detection Average Detection Sediment Quality Exceeding Number of Total Number
Chemical ‘Limit - Detection Limit Limit Guidelines® Criteria Noundetecis of Samples
Aroclor 1016 : NA 0.6268 0.65 0.007 27 28 33
Aroclor 1248 NA | 0.6268 0.65 0.03 27 28 "33
Aroclor 1254 NA 0.6284 | 0.65 0.06 29 30 33
Aroclor 1260 - NA 0.6291 0.65 0.005 30| 31 33
Arsenic, total - 2 0.204 0.61 6 0 3 45
Cadmium; total { 0.4835 0.94 0.6 4 1 a5
Chromium, total 2 0.00495 0.01 _ 26 0 4 45
Cobatt; total ERCEE 2.648 6 50 0 20 45
Copper, total 5 0.003667 0.004 16 0 3 45
Iron, total 20 : 0.0405 0.069 20,000 0, 2 42
Lead, total _ 0.6 1.4668 7.3 31 0 5 44
Manganese, total 3 0,003667 0.008 460 0 3 45
Mercury, total T 02 0.07 | . © 0.09 : 0.2 0 8 80
Nickel, total : 8 2.219 9.9 , T 16 0 8 45
Silver, total 1 0.624 1.9 0.5 7 10 45

Key at end of table.
ZP3090.11°_ )

LZF3050_Da 70904/ W575-D1



http:ZP3090.11

13ded pajoAd8)

12-2

(8}

[RIB T TTTTN TR PO TYPITIRY ZETPE

EMF ERA

Section 2
Revision No. 0
April 1995
Page 2 of 2
Table 2-2
COMPARISON OF SEDIMENT SAMPLE DETECTION LIMITS TO SEDIMENT QUALITY GUIDELINES (mg/kg)
. . Onotario Ministry Number of
Target Maximum of Environment | Non-Detects
Detection Average Detection Sedument Quality Exceeding Number of Total Number .
Chemical Limit Detection Limit Limit Guidelines® Criteria Nondetects of Samples
Zinc, total 4 0.00899 0.00899 120 0 i 44

3 From Persaud ef al. 1993,
Key:

NA = Not Available.
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Table 2-3
DATA VALIDATION QUALIFIERS AND THEIR EFFECT ON DATA USE
Include Data in
Uncertain Uncertain Quantitative Risk ||
Qualifier - Definition Identity? Concentration? Assessment?
Organic Chemical Data
B Analyte found in associated blank as | No Yes Yes®
well a8 in sample
E Concentration exceeds calibration No Yes Yes
range of GC/MS instrument
Inorganic and Orgenic Chemical Data
1 Value is estimsted, either for a TIC No for TCL Yes Yes
or when & compound is present chemicals, Yes
(spectral identification criteria are not | for T1Cs
met, but the value is <CRQL)
Uor < Compound was analyzed for, but not Yes Yes
detected
ue Compound was analyzed for, but Yes Yes No
detected in field blanks
U7 Compound was analyzed for, but Yes Yes No
detected in lab blanks
R Data are unusable (compound may or | Yes Yes No
may not be present). Resampling and
reanalysis arc necessary for
venfication.

A

2 Contaminant concentrations in site samples were considered as positive results only if the sample value was at least
five times the blank value (10 times for common laboratory contaminants),

Key:
? = Determined on sitc-specific basis.
CRQL = Contract Required Quantitation Limit.
GC/MS = Gas Chromatography/Mass Spcctmmctry
TCL = Target Compound List.

TIC = Tentatively identified compound.

Source: EPA 1992b; BEI 1993.
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Table 2-4

CONTAMINANTS OF POTENTIAL ECOLOGICAL CONCERN
SCREENING CRITERIA

Media Background Ecologlcal Concern Levels Source
Soil Off-site shallow gubsurface | Phytotoxicity guidelines Kabata-Pendias and
borings Pendias 1992
Surface water | Upstream surface water; EPA Ambient Water Quality Criteria | EPA 1986, 1994
upgradient groundwater
Derived criteria Various authors®
Sediment Upstream sediments Ontario Ministry of Environment Persaud e1 al. 1993
Sediment Quality Guidelines

CH T Y Engineering, Scicnce and Technology, Inc., 1993 for barium; Eisler 1990 for beron; Diamond et al. 1992
for cobalt; Camargo and Tarmzano 1991 for fluoride; Schweiger 1957 for manganese, EPA AQUIRE database
for molybdenum, sodium, vanadium; Peterson and Nebeker 1992 for dissolved selenium; [AEA 1992 and
NCRP 1991 for radionuclides.

X
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Table 2-5

SUMMARY OF ECOLOGICAL COPCs BY MEDIA

COPC sclected for investigiion in Portneul River della.

€ Chemical excoeds background, ecological screening eriterts not available
Mercury e convidered o COPC in surfsce water due o the insensitivity of the analytical muhnd (so0e Section
2.3.2.2) and the concemn with mercury contamination of the aquatic food chain, mised from previous studies

in American Falls Reservair (see Appendiz F).
Key

cm_t::: = Consminand of Potental Concern

=, = COPC sclected for quantitative nsk analysis
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Table 2-6
LOCATION OF SURFACE WATER EXCEEDANCES OF BACKGROUND AND CRITERIA®
Sample Date
Sample Sample
Number Type Sample Location July 1992 October 1992 February 1993 April 1993
SW-1 R Downstream niver mile 10 Vanadium MNone Silver - MNone
SW.2 S Twently Springs Antimony None None Neng
5W-3 R Downstream near Siphon Road Spring None None Silver MNone
SW4 § Siphon Road Spring Antimony None Amirnony None
SW.5 § Papoose Spring drainage Selenium (dissolved), | None None None
vanadium
SW-6 s Papoose Spring drainage Selenium (dissolved), None None None
vanadium
L SW-7 S Papoose Spring Selenium (dissblvod), Nane - None None
vanadium
SW-8 R Downstream near FMC park Selenium (dissolved), None Silver MNone
vanadium
SW.g 5 Spring-fed pond at FMC park Selenium (dissolved), MNone Mone None
vanadium
. 5
SW.10 R Downstream near Batisie Spring Mercury, selentum None None None
{dissolved), vanadium
Key at end of table. .
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Table 2-6
LOCATION OF SURFACE WATER EXCEEDANCES OF BACKGROUND AND CRITERIA®
‘ " Sample Date
Sample Sample
Number Type Semple Location July 1992 October 1592 February 1993 April 1993
SW-11 5 Batiste Spring drainage Vanadium None Nonre None
SW-12 R Downstream neat STP Vanadium None None None
SW-13 S Springs necar STP None None- Nane None
SW-14 S Batiste Spring Vanadium None None Seleniumn (lotal
: and dissolved)
SW-15 S Swanson Road Spring Vanadium ‘ None None Mone
SW-16 R Downstream near Swanson Road Spring | -Vanadium None None None
SW-17 R FMC outfall Yanadium None Selenium, silver None
SW-19 R Downstream of gypstack None None Silver (dissolved) None
SW-20 R Downstream of gypstack None None MNone None
3 All chemicals are listed for total concentrations exceeding criteria, unless otherwisc noted.
Key:
R = Portneuf River Channel.
§ = Springs.
OLIFER_DARR-0U1395-D) ZP3086.11.0
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Table 2-7

SAGEBRUSH STEPPE AND RIPARIAN HABITATS
ASSESSMENT ENDPOINT SPECIES

Assessment Endpoint
Spectes/Functional Group

Ecological Relevance

Regulatory or Social
Significance

Susceptibility to COPCs

Measurability or
Predictability

Native upland shrubs and
grasses

Provide nesting sites, food,
and cover for wildlife.

Potential importance as
rangeland for grazing
livestock. Habitat for game
animals and other wildlife.

Vulnerable to exposure
through root uptake and
foliar deposition.

Levels of COPCs in soil
and plant tissuc were
measured and can be related
to published toxicity
benchmarks for crops or
native plants,

Riparian shrubs

Provide nesting sites, food,
and cover for wildlife.

Habitat for game animals
and other wildlife.

Vulnerable 1o exposure
through root uptake and
foliar deposition.

Levels of COPCs in soil
and plant tissue were
measured and can be related
to published toxicity
benchmarks for crops or
native plants.

Small mammals

Base of food chain for
raptors and carnivores.
Occur in wide range of
habitats, including disturbed
areas.

Small mammals are
mmporiant as a communily
because of significance as a
food item for other species.
The pygmy rabbit is a
federal C2 species.

Susceptible to direct
exposure due to burrowing
habits, soil ingestion,
consumption of contaminated
food.

Levels of contaminanis in
soil and food items were
measured and can be related
to toxicity benchmarks
derived from the Iterature.

Upland game birds

Important breeding wildlife
in sagebrush sieppe.

Game animals.

May ingest contaminated soil
or food items.

Levels of contaminants in
soil and foed items were
measured and can be related
to toxicity benchmarks
derived from the literature.
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Table 2-7
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
ASSESSEMENT ENDPOINT SPECIES
Regnlatery or Social Measurabifity or
Eeologica! Refevance StgnHicance Suseeptibliity 1o COPCs Predictability

Large herbivorous memmale

Signifiean! consumers of
vegriation in terms of
bomass and sbundance.

Game animals.

May ingest contaminated ol
or formge.

Levels of eontaminants in
s0i) el food flerms were
measursd and can be related
lo tokieity benchmerks
derived from the e,

Rapiors

Top evian predator in
Lerremirial feod chain.

Of recreations) and scethetic
importance. Several specice
of raplom are siale spocics
of special concemn.
Federally protected under
the Migmstory Bind Tresty
Adi and Esgle Protechion
A, .

Coul be exposed through
cotsumplion of comaminated
food ftema.

Levels of contarminants in
goll and food flenne were
mcasvred and can be related
o Wwricily benchmarks
derivad from the hterature.

Mammeslian camivorcs

Top mammalian predator in
terrentrial feod chain.

Of recreational and nesthatic
mporiance, The wolverine
is @ federal 2 specica.

Could be exposed twough
comaumfion of conlaminaied
food itema,

Levels of contaminants
s0il and food Rems were
mcafured and can be related
to toxiclty benchmerks
derived from the litersture,

Songhirds

Comrman breeding wildlife
in riparian and upland
habiata.

82PN DR, (AN

Federally protected under
the Migmtory Bird Treaty
Act. Songbirds are
classified B3 proircied
rongeme wildlife spocics
under [daho law.

May mgeal contaminaled
food or soil.

Levels of conlaminanis in
2ol and food items were
mesgured and can be relatod
to toxiciy benchmarks
derived fivm the litersture.
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Table 2-8

AQUATIC HABITATS

ASSESSMENT ENDPOINT SPECIES

Assessment Endpoint
Species/Funciional Group

Ecological Relevance

Regulatory or Social
Significance

Susceptibility to COPCs

Measurability or
Predictability

Semi-aquatic herbivorous
mammals

Imporiant herbivores. Base
of food chain for camivores
and raplors.

Fur-bearers.

Could be exposed through
consumplion of contaminated
food, sediment ingestion,
and direct contact with the
sediments.

Levels of conlaminants in

sediment werc measured
and can be relaled to
toricity benchmarks derived
from the literature,

_|

Aqualic invertebrates

Rase of the aquatic food
chain.

Water and sediment quality
criteria are (requently based
on toxicity tesiing of aquatic
invertebrates.

Sensitive indicators of
surface waler or sediment
contaminaticn.

Levels of contaminants in
sediment and aurface water
were measured and can be
related 10 toxicity
benchmarks derived from
the lilcrature or regulatory
eriteria.  Toxicily testing of
sediment at the TWW ditch
outfall also provides
measurement endpointa,

Waterfowl

Important breeding and
wintering wildlife in the
~Portncuf River delia.

Game animals. Waterfowl
are protecied under the
Migmtory Bird Treaty Act.

Could be exposed through
consumption of conlaminated
food and sediment wngestion.

Levels of contaminants in
sediment were measured
and can be related to
toxicity benchmarks derived
from the Ltcralure.
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Table 2-8

AQUATIC HABITATS

ASSESSMENT ENDPOINT SPECIES

Assessment Endpoint
Spectes/Functional Group

Ecological Relevance

Regulaiory or Social
Significance

Susceptibility to COPCs

Measurability or
Predictability

Shorebirds

important breeding wildlife
in the Portneuf River dela.

Shorebirds protested under
the Migmatory Bird Treaty
Act. The black tern is a
foderal C2 species. Several
species of shorchirds are
state species of special
coneern.

Could be exposed through
consumption of contaminated
food, sediment ingestion,
and direct contact with the
sediments

Levels of contaminants in
sediment were measured
and can be related to
toricity benchmarks derived
from the litecature.

TLZP3S D TR0/ 4 3/93-D1

ZP3090.11.0

"



1aded pa|dAda!l

1e-¢

[LERA PRI LIS TENIE AN TR ‘Hl!‘l!.).)

EMF ERA
Section 2
Revision No. 0
April 1995

Page 1 of 2

Table 2-9

SAGEBRUSH STEPPE AND RIPARIAN HABITATS
MEASUREMENT ENDPOINT SPECIES

Measurement Endpoint Species

Relevance to Assessment Endpoints

Respongiveness and Diagnostic
Attributes

East of Measurement

Thickspike wheaigrass, sagebrush

Dominant species of native shrubs
and grasses in the sagebrush steppe
habitat.

Rooting plants arc in direct contact
with contaminsted 50Ul and can be
sensitive indicators of toxic metal
contamination.

Published toxicological information
is available for similar species of
grasses and shrubs. Levels of
COPCs in tidsues were measured,

Russian olive

Common species of shrub in the
riparian habiat,

Rooting plants are in direct contact
with contaminated 301) and can be
sensitive indicators of toxic metal
contamination.

Published toxicological information
is available for similar species of
shrubs. Tisaue levels of COPCs
were measured.

Deer mouse Most common small mammal in Representative of exposure for small | Exlensive loxicological database
study area. mammals. Prolific breeding and available for related species of
shori life span allow for rapid rodents. Tissue levels of COPCs
response to COPCs., were measured.
Sage grousc Important upland game bird. Feeds mainly on sagebrush foliage. Can predict dictary intake from
. measured soil and plant tissue
concentrations.
Mule deer Common large herbivorous memmal. | Migratory animal winters in the Can predict dictary intake from

sagebrush steppe. Ungulates are
sensitive to the effects of fluoride,
possibly because of the long pericd
of time food is held in their digestive
tracts.

measured soil and plant tissue
concentrations.
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Table 2-9

SAGEBRUSH STEPPE AND RIPARIAN HABITATS
MEASUREMENT ENDPOINT SPECIES

Measurement Endpoint Species

Relevance (o Assessment Endpoints

Responsiveness and Diagnostic
Attributes

East of Messurement

Red-wailed hawk

Common raplor,

Consuemption of small vertebrates as
primary food item and year-round
presence in study ares arc
representiative of worsl-case exposure
for raptors.

Can predict dietary intake from
measured mouse tissue
concentrations,

Coyotc

Common carnivore.

Consumption of small vertebrates as
primary food item and year-round
presence in study area are
representative of worst-case exposure
for terrestrial camivores.

Cam predict dictary intake from
measurcd mouse tissue
concentration.

Cedar waxwing

Common songhird of the riparian

habitat,

Feeds mainly on fruits.

Can predict dietary intake from
measured soil and plant tissue
concentrations.

Homed lark

Common songbird of the sagebrush
steppe habitat.

Feeds mainly on seeds; present in
the study arca year-round,

Can predict dictary intake from
measured soil and plant tisgue
concentralions.

LZFREG_DaRR-04/ 1 393-D1

ZP3090.11__J


http:worst:.ca.se

iaded pa|aAaas

ge-2

[TFIPRTUFTINVRETTIITRES IETTRNN|

EMF ERA
Section 2
Revision No. 0
April 1995

Page | of |

Table 2-10

AQUATIC HABITATS
MEASUREMENT ENDPOINT SPECIES

Measurement
Endpoint Species

Relevance to Assessment Endpoints

Responsiveness and Diagoostic
Attributes

Ease of Measurement

Mallard

Common waterfowl species that utilizes
the Postneuf River delta during breeding
and migration; also over winlers,

Juvenites and cgg-laying females feed
pnmarily on benthic inventebrates; the
male and non-cgg producing females fead
primarnily on mecrophytes. Feeds by
dabbling and filtering through the
sediments,

Relalively cxtensive loxicological database
enists for mallards. Dictary intake can be
estimated using macrophyte and benthic

“invcriebrate dala from Low and Mullins

1990, or cstimated from scdiment data,

Spolied sandpiper

Coammeoen shosebird that utilizes the mud
flat habitat in the Partneuf River Delta.

Insectivare that focds mainly on benthic
inveriebrates. Ingests relatively large
amounl of sediment a5 a result of mud-
probing lecding habits.

Dictary intake can be eslimaled using
benthic invertchrric dats {rom Low &nd
Mullins 1990, or estimaled from sediment
data.

Chironomus tenians

macroinverebrate community.

with known sensilivity lo meials.

Muskral. Common mammalian species that utilizes Feed primanly on rools and basal portions | Dietary intake can be cstimated using
the Portneuf River. of aqualic vegelation. A major consumer | macrophyte data from Low and Mullins
of rqualjc vegctation, Also digs for food 1990, or cstimated from sediment dala.
on river bottoms. ,
Hyallela azieca, Representative of the benthie Baoth arc standard loxicily test ocganisms Measurement of growth and survival

following shott-term exposure to sediment
provides statistivally defensible effects
data.
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3 Ecological Data Acquisition and Review
WA AR

This section provides a summary and evaluation of the data collected as part of the
mloglcal investigations of the EMF Site conducted in September and October 1994. A
description of the sampling locations, media, and analytical parameters, and the complete

analytical results are presented in Appendix B.

3.1 Data Collection

The objectives of the ecological assessment investigations are described in the
Ecological Assessment Work Plan and Field Sampling Plan (E & E 1994a, 1994b). Field
investigations were conducted to obtain sufficient site-specific data to evaluate potential site-
related impacts to principal ecosystems in the vicinity of the site, including upland sagebrush
steppe habitats of the Michaud Flats and Bannock Hills, and riparian and aquatic habitats of
the Portneuf River, Végetation, small mammal, and soil samples were collected from
sagebrush steppe habitats, and vegetation and soil samples (but not small mammals) were
collected from the riparian zone bordering the Portneuf River. Sediment and benthos from
the Portneuf River and its delta at American Falls Reservoir were evaluated as indicators of
potential site-related impacts to aquatic habitats. These studies were not designed to
characterize the spatial extent of contamination of soils and plants. However, an objective of
the ecological assessment was 1o delineate the nature and spatial extent of inorganic contami-
nants in sediments of the Portneuf River delta and to estimate the threat of this contamination
to aquatic biota and wildlife.

The specific objectives of these studies were to collect data that allow site-specific
estimates of bioavailability, uptake, food-chain transfer, and media toxicity of COPCs. The

studies were designed to fill several data gaps, including:

recycled paper ) wnlogy 1 eivirn
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¢ Concentration, forms, and bioavailability of COPCs in soil and
sediment;

e COPC concentrations in vegetation and small mammals; and

e Toxicity to aquatic biota of sediment from the Portneuf River.

A variety of contaminant investigations were to be performed in the ecologica]
assessment. However, not all of the planned investigations were completed. Rather, a subset
of the planned studies were conducted, and the performance of the remainder of the planned
studies was contingent upon review of the initial findings. This modification of the sampling
plan was agreed to by the EPA. The following studies are pending: (1) the mineralogical
studies, which were intended to determine the mineral form and oxidation state of inorganic
chemicals in site soils; (2) additional studies of site-related contamination in the Portneuf
River delta, including sediment toxicity testing and chemical analysis of fish and benthic
macroinvertebrates; and (3) surface water sampling for mercury and selenium using
ultra-clean methods and low detection limits.

It should be noted that the review of initial ﬁndlings of the ecological investigations
was done concurrently with the preparation of this ecological risk assessment report.
Therefore, an additional objective of this ecological risk assessment report is to identify and
recommend if any of the pending Phase 2 ecological investigations are warranted based on the
findings of the field investigations conducted to date.

3.2 Data Evaluation

-This section discusses the adequacy of the data collected during the ecological
investigations for use in risk assessment. Because of the care taken in planning the ecological
field studies, nearly all data collected were usable for the ecological risk assessment. Minor

exceptions are noted below.

3.2.1 Data Validation
All data validation reports were reviewed for adequacy and found to be acceptable.
No discrepancies or inconsistencies were noted between the hard copy of the analytical results

found in the validation reports and the electronic copy supplied to E & E.

TLZPIR_DARSOUI ¥95- D1 3-2 'ZP3090.11.0
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3.2.2 Quantitation Limits

During development of the Field Sampling Plan (FSP) (E & E 1994b), target
quantitation limits were selected that were less than the expected analyte concentrations in the
sediment, soil, vegetation, and deer mice that were collected for the ecological assessment.
Analytical methods were then chosen that could attain these limits. The target quantitation
limits and analytical methods were presented in the FSP and Quality Assurance Project Plan
(QAPjP) (E & E 1994¢) for the EMF ecological assessment. The analytical work was
performed by EA Engineering, Science and Technology, Inc., a contract laboratory selected
by FMC and Simplot. With two exceptions, the laboratory's MDLs were found to be ade-
quate, i.e., the MDLs were less than or equal to the requested quantitation limits and/or were -
less than contaminant levels in the samples.

The two exceptions were for analysis of fluoride in Russian olive fruit and washed
sagebrush foliage. The laboratory's MDL was approximately five times greater than the
requested quantitation limit of 10 mg/kg for both sample types, and fluoride was reported as
not detected in the samples. Consequently, it was not possible to determine the fraction of
fluoride removed from sagebrush foliage by washing, or to determine if fluoride was elevated
in Russian olive fruit collected near the facilities. The maximum concentrations reported as
not detected were 174 mg/kg in washed sagebrush foliage and 24.9 mg/kg in Russian olive
fruit, respectively.

3.2.3 Data Qualifiers and Data Usability

The usability of the data for risk assessment was determined using established EPA
guidelines (EPA 1992b). Several types of data qualifiers were associated with the analytical
data collected for the ecological assessment, as shown in Table 2-3 and Appendix B. All data
for the ecological assessment and any associated qualifiers are tabulated in Appendix B. The
most common qualifiers are briefly discussed below,

If a sample fell outside the QC limits for an analysis as defined in the QAPJP (E & E
1994¢), the reported concentration was described as "estimated” or biased and was "J-
flagged” in the database. Guidance on data usability for risk assessment recommends that
estimated values be included in the risk assessment: although they may not be as reliable as
data meeting all QA/QC criteria, they represent the best available estimate of the analyte’s
concentration in the sample. Therefore, J-flagged values in the ecological assessment database
were used in the risk assessment, However, it should be noted that nearly all fluoride values

OL:ZP3050_D4T09-07721 94- D} 3-3 ZP3090.11.0
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in the database were J-flapged, often as a result of low matrix spike recovery or poor
performance on the laboratory control sample. :

Whes a chemical was not detected in 8 sample, the |aboratory’'s MDL was reported in
the database accompanied by a U-flag to indicate that the chemical was sot detected at th.;clt
conceatration. When nondetect (U-flagged) results were used in statistical calculations or to
calculate exposure-point concentrations, a value equal to one-half the MDL was used.

Several analytes that were detected at low levels in site samples also were detected in
the associated blanks. In accordance with EPA guidance, contaminant concentrations in site
samples were considered as positive results only if the sample value was at least five times the
blank value (10 times for common laboratory contaminants). Analytical values less than five
or ten times the blank value wese indicated with a U-flag and a qualiﬁer code of 6 or 7 in the
database and were not used in the ecological risk assessment.

Analytical values rejected in the data validation process (R-flagged valucxj also were
not used for the ecological risk assessment. _

3.2.4 Background Concentrations

‘Ihe; inorganic analytes investigated as part of the eoologiéal assessment also are
natural constituents of sedimeni. soil, and organisms, Therefore, it was necessary to
determine background (or reference) concentrations in order to determine whether conceatra-
tions in samples were consistent with background or were the result of contamination. In
addition to the collection of samples from locations near the facilities, the aquatic and
terrestrial ecological investigations included the collection of samples from distant locations,
which were used to determine background concentrations (see Appendix B). Samples from
locations near the facilities were compared with those from the designated reference sites 10
ideﬁtify contamination resulting from site activities. The comparisons were made following

the statistical approach described in Appendix C.

3.3 Evaluation of Contaminants of Patential Concern

This section compares levels of suspected contaminants in physical and biological
media with background concentrations to evaluate levels of COPCs in terrestrial food chains,
and to finalize selection of COPCs in Portneuf River sediment. For the terrestrial ecological
nvestigations, cadmium, fluoride, and zinc were identified as COPCs in soil from the Phase |
RUFS data (see Section 2.3.4.1). The purpose of the terrestrial ecological investigations was

022050 DTO07/28 B8 DY 34 . ZP3090.11.0
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to evaluate levels of these contaminants in vegetation and small mammals for use in the
quantitative ecological risk assessment. For the aquatic investigations, sediment samples from
the Portmeuf River delta had not previously been sampled in the RI/FS. Therefore, the

primary purpose of these investigations was to identify COPCs in the delta sediments.

3.3.1 Terrastrial Investigations
The results of the terrestrial ecological investigations of sagebrush steppe and riparian
areas at the EMF Site are discussed below.

3.3.1.1 Surface Sall

Cadmium, fluoride, and zinc levels in surface soil from the three sagebrush steppe
and two riparian sample locations are shown on Figure 3-1, and statistical comparisons are
summarized in Table 3-1. For both habitat types, the difference in soil contaminant levels
between the potentially impacted sites and reference site are statistically significant. The three
~ terrestrial sample locations close to the facilities (Bannock Hills SW sagebrush steppe,
Michaud Flats sagebrush steppe, and Portnenf River riparian) had elevated levels of cadmium,
fluoride, and zinc cdmpared with the two reference sites (Ferry Butte sagebrush steppe and
Snake River riparian). This is not surprising since, based on the RI data, these sites are
located in areas believed to be affected by the facilities. As shown in Figure 3-1, cadmium,
fluoride, and zinc levels in soil also were ynore variable at the impacted sites compared with

the reference sites.

3.3.1.2 Vegetation

Cadmium, fluoride, and zinc levels in washed and unwashed sagebrush foliage from
the two potentially impacted sagebrush steppe sites (Bannock Hills SW and Michaud Flats)
and one reference site (Ferry Butte) are shown on Figure 3-2, and statistical comparisons
between the sites are surnmarized in Table 3-2. Cadmium and fluoride levels in unwashed
sagebrush foliage were elevated at the Bannock Hills SW and Michaud Flats sites compared
with the reference site. Zinc levels in washed and unwashed sagebrush foliage were elevated
at the Michaud Flats site, but not at the Bannock Hills site, compared with the reference site.

Washing resulted in a decrease in the measured levels of cadmium and zinc in sage-
brush foliage; the average decrease was 22% for cadmium and 17% for zinc at the Bannock
Hills SW site, and 13% for cadmium and 15% for zinc at the Michaud Flats site. This result

WZPON_DATOR2198-D1 3-5 ZP3090.11.0
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suggests that COPCs were largely assimilated into the sagebrush foliage and were not
predominantly surface contaminants. The fraction of fluoride removed by washing could not
be accurately quantified because of the high fluoride detection limit for washed samples (see
Section 3.2.2 and Appendix B).

Cadmium, fluoride, and zinc levels in stems and leaves of thickspike wheatgrass from
the two potentially impacted sagebrush steppe sites (Bannock Hills SW and Michaud Flats)
and one reference site (Ferry Butte) are shown on Figure 3-3, and statistical comparisons are
summarized in Table 3-2. Cadmium, fluoride, and zinc levels in grass were elevated at the
Bannock Hills SW and Michaud Flats sites compared with the reference site.

Cadmium and zinc levels in Russian olive fruit from the Portneuf and Snake River
riparian sites are shown on Figure 34, and statistical comparisons are summarized in Table
3-2. Cadmium and zinc levels in Russian clive fruit were elevated at the potentially impacted
Portneuf River riparian site compared with the Snake River reference site. The single
cadmium value of 0.66 mg/kg detected in Russian olive fruit at the Snake River riparian
location (Figure 3-4a) was judged to be an outlier and was excluded from the statistical
comparison between the sites. A meaningful statistical comparison between the two riparian
sites for fluoride could not be made because all reported values from both locations were less
than the MDL. |

3.3.1.3 Small Mammals

Cadmium, fluoride, and zinc levels in whole deer mice, and fluoride in deer mouse
femurs, at the three sagebrush steppe sites are shown on Figure 3-5, and statistical compari-
sons are summarized in Table 3-3. Cadmium and fluoride levels (\:vhole body and femur) in
deer mice collected from the two sites near the facilities (Bannock Hills SW and Michaud
Flats) were elevated compared with the Ferry Butte reference site. Zinc levels in deer mice

were similar between the three locations.

3.3.1.4 Summary

Table 34 summarizes the comparisons between the potentially impacted locations and
the reference location for cadmium, fluoride, and zinc levels for all terrestrial sample types.
All three COPCs were elevated in soils at the potentially impacted sites compared with

background. However, exposure of raptors and carnivores to zinc through consumption of

QLPION_DARSLI 186D 36 ZP3090.11.0
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small mammals is not of concern at the site, because zinc levels were not elevated in deer

mouse tissues.

3.3.2 Portneuf River Delta Sediment Investigation

This section summarizes data on suspected contaminants (arsenic, cadmium, mercury,
selenium, zinc, and fluoride) and other parameters in sediment collected from the Portneuf
River and Snake River deltas during the October 1994 Portneuf River delta study. The
complete data set for the study is presented in Appendix B. The data were evaluated to
identify COPCs and/or the need for Phase 2 studies. Briefly, the evaluation consisted of the |

following:

®* Comparison of contaminant levels in Portneuf River delta sediment to
background (i.e., Snake River delta, Pormeuf River upstream from
the facilities, and regional background [if available]);

e [Evaluation of results of SEM/AVS analyses;

¢ Comparison of contaminant levels in Pormeuf River delta sediment to
available ecological concern levels;

e (Consideration of additional relevant factors, such as the tendency of
some site contaminants to be biomagnified in aquatic food chains;
- and

®  An approach for integrating this information into a weight-of-
evidence judgement to identify COPCs.

Table 3-5 summarizes the weight-of-evidence approach for the six suspected contami-
nants. Based on this evaluation, only cadmium was designated as a COPC in the Portmeuf
River delta.

3.3.2.1 Comparison to Background

The first and most important step in the weight-of-evidence approach is the compari-
son to background. Cadmium, fluoride, and zinc bad higher average (and median) concen-
trations in Portneuf River delta sediment compared with Snake River delta sediment (see '
Table 3-6 and Figures 3-6b through 3-6f). For every chemical except cadmium, however, the
differences can be explained by the higher natural occurrence of alumihum-containing
minerals (i.e.,, clay minerals) in Portmeuf River delta sediment (see Figure 3-6a). The trace-

metal content of sediment often covaries with the aluminum content because of the inclusion
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of certain metals as impurities in the crystal lattice of clay minerals and from adsorption of
metal ions on clay-mineral exchange sites. Indeed, the average element-0-aluminum ratios
for the suspected contaminants are higher in Snake River delta sediment compared with the
Portneuf River delta sediment, with the exception of cadmium, which is significantly greater
in Portneuf River délta sediment (Table 3-6). The relationship of cadmium to aluminum in
sediment is shown graphically on Figure 3-7; it can be seen that for a given aluminum
concentration, cadmium concentrations are higher in the Portneuf River. Also shown on
Figure 3-7 is the relationship of zinc to aluminum in sediment, which shows that for a given
aluminim concentration, zinc concentrations are higher in the Snake River. This result
suggests that there is a source of cadmium to the Portneuf River delta sediment other than
natural weathering of rock and soil. Since cadmium has been shown to be elevated in soil at
the EMF Site and in sediment in the IWW ditch outfall, the site is a potential source of the
contamination.

Also shown on Figure 3-6 are levels of aluminum, arsenic, cadmium, fluoride,
selenium, and zinc in sediment upstream from the FMC and Simplot facilities (Portenf River
stations 21 through 25). Levels of aluminum, ai'senic, fluoride, selenium, and zinc were
similar in sediments from the Pofme»f River delta and upstream locations. Only _cadmium
was significantly elevated in Portneuf River delta sediment compared with upstream sediment
(Figure 3-6¢). This finding agrees with the comparisons made for these contaminants between
the two river deltas and further suggests that the facilities have contributed cadmium to
sediment in the Portneuf delta.

‘Finally, it should be noted that a formal statistical comparison for mercury in
sediment could not be conducted because most sémple concgntrations were below the MDL.
E & E judged that mercury levels in sediments from the Portnenf River and Snake River
deltas were similar. Therefore, since the reported mercury levels in both systems, though
highly qualified, were generally less than the MDL (approximately 0.1 mg/kg), mercury was
oot considered a COPC in the Portneuf River delta.

3.3.2.2 Evaluation of SEM/AVS Ratio

Bioavailability of metals in sediment is influenced by the extent to which metals bind
o the sediment’s solid phase. -Metals that are strongly bound have very low aqueous phase
(pore water) concentrations and exhibit little or no toxicity. Conversely, metals that are

weakly bound have comparatively higher pore water concentrations and are potentially toxic.

TLIPIFR_DERS-QI12 5D 3-8 ZP3090.11.0
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The AVS phase in anoxic sediments has been shown to be important in ameliorating heavy-
metal toxicity because it forms very insoluble sulfide precipitates with several potentially toxic
heavy metals (cadmium, copper, mercury, nickel, lead, and zinc). The molar ratio of SEM to
AVS can be used to predict the bioavailability and toxicity of heavy metals in sediment
(DiToro er al. 1990). If the molar ratio of SEM to AVS is less than 1, the six divalent heavy
metals listed above most likely are bound to AVS and therefore are nor bioavailable.
Conversely, if the molar ratio of SEM to AVS exceeds 1, there is insufficient AVS to bind
the metals and some heavy metal ions may be bioavailable.

This section focuses on cadmium, since it is the only SEM metal that is a COPC in
Portneuf River delta sediment. In brief, the results of the SEM/AVS analysis suggest that
cadmium in Portneuf River delta sediment is not bioavailable; the ratio of SEM-cadmium to
AVS was <1 for Portneuf River delta sediment (average ratio = 0.00035 for bank and
channel samples combined). The six SEM metals have different affinities for AVS;‘mercury,
copper, and zinc bind more strongly with AVS than cadmium, while zinc and nickel bind less
strongly (DiToro er al. 1992). Nevertheless, there was ample AVS in Portneuf River delta
sediment to bind SEM-cadmium even if SEM-mercury, SEM-copper, and SEM-lead were
bound first (average ratio of SEM-cadmium/[AVS - (SEM-mercury + SEM-copper + SEM-
lead)] = 0.022 for bank and channel sediment combined; all values in umol/g).

3.3.2.3 Comparison to Ecological Concern Levels

Comparisons of sediment levels of arsenic, cadmium, mercury, and zinc to OME
sediment quality criteria are presented in Table 3-7. Cadmium exceeded the LEL in five of
20 Snake River delta samples, and in 18 of 20 Portneuf River delta samples. The higher
frequency of LEL exceedance for the Portneuf River compared with the Snake River suggests
a preater potential for adverse effects of cadmium on benthic communities in the Portneuf
River delta. None of the other suspected contaminants exceeded the LEL in either the Snake
or Portneuf River sediments in more than one sample in either location, and the few
exceedances were of low magnitude., There were no exceedances of the OME SEL in either

location.
3.3.2.4 Other Relevant Factors
The most pertinent related data available to help decide whether to consider cadmium

a COPC are the results from the toxicity tests conducted with Portneuf River sediment
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collected near the IWW ditch outfall (see Section 5.2 and Appendix H). No toxicity to the
amphipod Hyalella azteca or the midge Chironomus tetans was observed in these tests, even
. though cadmium levels in sediment near the outfall were greater than those in Portneuf River
delta sediment. This result suggests that cadmium in Portneuf River sediment is largely not

bioavailable,

3.3.2.5 Summary

Cadmium was designated as a COPC in Portneuf River delta sediment because it is
significantly elevated at this location compared with sediment from the Snake River delta and
Portneuf River upstream from the facilities. The level.s of arsenic, fluoride, mercury,
selenium, and zinc in the Portmeuf River delta sediment are not elevated above background.
Although sediment levels of cadmium from the Porineuf River delta exceeded the OME
sediment quality criteria for cadmium in 18 of 20 samples, the SEM/AVS data and results
from toxicity tests with river sediment collected near the IWW ditch outfall suggest that
cadmium in Portneuf River sediment is not bioavailable and/or toxic to benthic organisms.
Consequently, the likelihood of adverse effects of cadmium on benthic life in the Portneuf
River delta is considered low, However, cadmium in Portneuf River delta sediment is
selected as a COPC for quantitative risk analysis of exposure and effects on other ecological
receptors such as water birds and mammals.

R2F IO _DR9G7/21 95D 3-10 ZP3090.11.0
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Table 3-1
TERRESTRIAL ECOLOGICAL INVESTIGATIONS
SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND FOR SOIL (mg/kp)
Is lmpacted Ares
Minimom Maximum Significantly Greater
. Frequency of Detected Detected Average Than Beckground
Habitat Chemieal Location Detection Concentration | Conceutration | Coocentration Area??
Sagebrush steppe | Cadmiuvm Bannock Hills SW 10/10 186 kLR | 27.2 | Yes
’ Michaud Flats 10/10 9.4 311 21.0 | Yes
Ferry Buttc® 10/10 0.47 1.2 0.68 | —
Fluonde Bannock Hills SW 10/10 1,100 1,840 1,454 | Yes
Michaud Flats 10110 850 3,200 1,793 | Yes
Ferry Butte 10/10 330 421 363 | —
Zinc Bannock Hills 5W 10/10 183 342 256 | Yes
Michaud Flats 10/10 88.4 219 156 | Yes
Ferry Buite® 10/10 49.4 64.1 56.5 | —
Riparian Cadmium | Portneuf 10/10 0.64 27.6 10.3 | Yes
' Snake? 10110 0.17 0.4 026 | —
Fluoride Porineufl 10/10 321 2,930 1,073 | Yes
Snake® 10/10 175 298 245 | —
2inc Portneuf 10110 47.5 197 114 | Yes
~ | Soake® 10/10 15.5 s %1 | -
2 Average concentrations were compared (p <0.2). Appendix C discusses the statistical approach and tests used.
b Background area. o
0227050, DS OIS DI ZP3090.11.0
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Table 3-2
TERRESTRIAL ECOLOGICAL INVESTIGATIONS
SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND FOR VEGETATION (mg/kg)
PP AT i ied
is Impacted Area
Significantly
Minimum Maximum Grealer Than
Frequency Detected Detected Average Background
Habitat Chemical Vegetation Location of Detection Concentration Concentration Concentration Area®
Sagebrush steppe Cadmium | Ssgebrush foliage (unwashed) | Bannock Hills SW 10/10 0.81 1.2 0.99 | Yes
Michaud Flats 10/10 0.97 1.7 1.27 | Yes
Ferry Butie? 510 0.2 0.35 017 | —
Sagebrush foliage (washed) Bannock Hills SW 10710 0.59 1.2 0.77 | Yes
Michaud Flats 10/10 0.61 1.5 110 | Yes
Ferry Butte® 4110 0.2 0.34 017 | —
Thickspike wheatgrass (stems | Bannock Hills SW 10110 0.33 0.88 0.54 | Yes
and leaves) Michaud Flats 10/10 0.33 0.59 0.46 | Yes
, Ferry Butte? 2/10 0.14 0.40 012 | —
Fluoride S.ngd.m!sh foliage (unwashed) | Bannock Hills SW 18720 473 122 742 | Yes®
Michaud Flats 15120 255 114 556 | Yes©
. Ferry Butte® 0/20 — - 1248 | —
Sagebrush foliage (washed) Bannock Hills 3% 0/20 — —_ —
Michaud Flais 0120 —_ — S
Ferry Bune® /20 - - _] -

L ZFI0R_Da%" 5D
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Table 3-2
TERRESTRIAL ECOLOGICAL INVESTIGATIONS
SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND FOR VEGETATION (mg/kg)
Is Impacted Area
Significantly
Minimaum Maximum Greater Than
Frequency Detected Detected Average Background
Habitat Chemical Vegetation Localion of Detection | Concentration | Concentration | Concentration Area®
A Thickspike wheatgrass (stems | Bennock Hills SW 10/10 39.6 1 62.1 | Yes®
and leaves Michaud Flats 4/10 25.0 51.1 212.4 | Yes®
Ferry Buteb 0/10 - - 12.2° |
Zinc Sagebrush folisge (unwashed) | Bannock Hills S%W 10/10 26.1 . 398 31.2 | No
Michaud Flats 10/10 30.6 49.1 38.3 | Yes
Ferry Bune® 10/10 2.7 ER 102 ~
Sagebrush folinge (washed) Bannock Hills SW 10/10 22.4 315 26.0 | No
Michaud Flats 10/10 15.0 43.9 32.7 | Yes
Ferry Bute® 10/10 23.5 40.7 276 | —
Thickspike whestgrass (stems | Bannock Hills SW 10110 6.5 16.5 1.5 | Yes
and lcaves) Michaud Flats 10110 79 15.1 10.8 | Yes
. Ferry Buie® 10/10 5.2 10.5 82| —
Riparian Cadmium | Russian olive (fruit) Portneuf 5/10 02 0.33 0.18 | Yoo
Snake® 110 0.66 0.66 0.10 | —

FLZPIN0_DET05-0 13/
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Table 3-2

TERRESTRIAL ECOLOGICAL INVESTIGATIONS

SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND FOR VEGETATION (mg/kg)

==

is Impacted Area

Significantly
Minimum Mudmum Greater Than
Frequency Detected Detected Average Background
Habitat Chemical Vegetation Location of Detection | Concentration Concentration Concentration Ares®
Fluoride Russian olive (fruit) Porineuf 0/10 — — 1204 | —®
Snake® 0/10 - - 1.9 | —
Zinc Russian olive (fruit) Portneuf 10/10 7.3 13.3 10.2 | Yes
Snake® 1010 54 9.4 72| —

2 Average concentrations were compared (p <0.2). Appendix C discusses the statistical approach and tests vsed.

Background area.

C Meaningful statistical comparison to background area not possible because all background samples were less than method detection limit.

because of high frequency of detects compared with background area.
d One-half of detection limit.
€ Meaningfu! statistical comparisons not possible; all reporied . values wen:‘lcss than method detection limit.

Qutlier.

02:2PHN0_ D470 A55Di

Polcnlially' impacted area judged to be clevated
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Table 3-3
TERRESTRIAL ECOLOGICAL INVESTIGATIONS
SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND FOR DEER MICE (mg/kg)
Minimum Maximum Is Impacted Area
Frequency of Detected Detected Average Significantly Greater
Chemical Tissue Location Detection Concentration | Concentration | Concegiration | than Reference Area®
Cadmium | Whole body | Bannock Hills SW 10/10 0.24 1.2 0.61 | Yes
Michaud Flats 10416 0.08 0.42 0.22 | Yes
Ferry Butic? 10/10 0.02 0.15 007 | —
Fluoride Whole body | Bannock Hills SW 1010 93.8 173 128 | Yes®
Michaud Flats 10/10 50.4 135 90.9 | Yeu*
Ferry Butte® 0/10 - - 6.8% | —
Femur Bannock Hills W 10 196 750 297 | Yes
Michaud Flats 10/10 291 1,030 633 | Yes
Ferry Butte® /10 195 30 130 | —
Zine Whole body | Bannock Hills W 10/10 n7 481 38.5 | No
[ Michaud Flats 10/10 3 a5 37.6 | No
Ferry Butie” 10/10 282 | 483 BE | — Q

€1:ZPHRO_DaT0R4] $94DI
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Table 3-3 (Cont.)

2 Average concentrations were compared (p <0.2). Appendix C discusses the statistical approach and tesis used.

b Background area. .

C Meaningful statistical comparison 10 background area not possible because all background samples were less than the method detection limit. Potentislly
impacted arca judged to be clevated because of high frequency of detects compared with background ares.

d One-half of method detection limit. ‘
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Table 3-4
SUMMARY OF STATISTICAL COMPARISON
TO BACKGROUND FOR ALL TERRESTRIAL SAMPLE TYPES
Elevated Above Background?®
Sagebrush Sagebrush Thickspike Russian
Habitat Chemical Laocation Soil {unwashed) (washed) Wheatgrass Deer Mouse Olive
Sagebrush steppe . | Cadmium Bannock Hills SW Yes Yes Yes | Yes Yes b
Michaud Flats Yes Yes Yes Yes Yes b
Fluoride Bannock Hills SW | Yes Yes * Yes Yesd b
Michaud Flats Yes Yes - ?° Yes Yesd b
Zinc Bannock Hills SW | Yes No No Yes No _b
Michaud Flats Yes Yes Yes Yes No _b
Riparian Cadmium Portneuf Yes _b b b _b Yes
Fluoride Portneuf Yes b b b b ¢
Zine Portneuf Yes b _b b _b Yes
3 Gee Tables 3-1, 3-2, and 3-3.
b Not collected from this location.
€ Data not sufficient to evaluate,
d Both whole body and femur.
ZP30(90.11.0
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PORTNEUF RIVER DELTA SEDIMENT INVESTIGATION
SUMMARY OF THE WEIGHT-OF-EVIDENCE APPROACH

Suspected Contaminants®
Evalustion Criteria Arsenic Cadmium Fluoride Mercury Selesivm Zinc
Comparison to background(s)® — + — ~— - -
Evaluation of SEM/AVS ratio Na — NA — NA —
Comparison to BCL(s) _ ) + NA + NA —
Other relevant factors — — + + + +
COPC? No Yes No ' No No No

L R implies an exceedance of background, an SEM o AYS matis > 1, an exceedance of an ecological concem level,

or the presence of a compelling additional factor.

Intcgrates comparison of contaminant levels in Portneuf River delts sediment o those in the Snake River della, those in

upstream Portneuf River sediment, and thase in regional background sediments (if available).

Key:
AVS = Acid volstile sulfidc.
COPC = Contaminant of potentsl concern.
ECL = Ecclogical Concern Level,
NA = Not applicable.
SEM = Simultaneously extracted metals.

G2:IP3090_D4705-0d/t 193 D1
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Table 3-6

PORTNEUF RIVER DELTA SEDIMENT INVESTIGATION
SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND

Average
Coacentration
(mg/kg) Element/Aluminum Ratio
Is Portneuf 1s Portneuf
Significantly Significantly
Grenter than Greater than
Elesnent Snake | Portneuf Snake?® Snake Portneuf Snake?®
Aluminum 5,050 8,100 | Yes NA NA | NA
Arsenic 3.11 2.89 | No 230x104 | 136x10%4 | No
Cadmium 0.369 0.934 | Yes 170 x 105 | 2.94 x 105 | Yes
Fluoride 247 345 | Yes 779 x 102 | 692x 102 | No
Selenium 0.622 0.812 | No 4.55x10° | 337x107% | No
Zinc 35.2 429 | Yes 2052103 | 223x10% | No

a Average concentrations were compared (p <0.2). Appendix C discusses the statistical approach and tests

uged.

Key:

NA = Not applicable.

ze i YRR BB o
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Table 3-7
PORTNEUF RIVER DELTA SEDIMENT INVESTIGATION
COMPARISONS OF CHEMICAL CONCENTRATIONS WITH SEDIMENT QUALITY
_ GUIDELINES
Minimum Maxim um
Detected Detected Frequency of
, Detection Concentration Concentration LEL® Exceedance

~ Chemical Lecation Frequency (/) (ug/g) (wg/e) of LEL
Aluminum Snakeb " 20120 1,950 11,500 NA NA
Portneuf | 20020 4,610 15,100 NA NA
Arsenic Snake? 20120 1.7 ual| 6 1120
Portneuf 19/19 1.9 4.6 6 0120
Cadmium Snake® 15/20 0.19 0.79 0.6 5020
Portneuf 20720 0.51 16| 06 18/20
Fluoride Snake® 20/20 114 389 NA NA
Portneuf 20/20 250 529 NA NA
Iron Snake® 20/20 4,630 19,000 NA NA
Portneuf 20/20 5,940 18,000 NA NA
Mercury SnakeP? 0/15 ND - ND 0.2 0/15
Portneuf 25 0.19 0.46 0.2 | - 1/s
Selenium Snake® 1920 0.30 1.1 NA NA
Portneuf 18720 0.37 1.7 NA NA
Zinc SnakeP 20120 | - 18.9 709 120 . 0120
Portneuf 20720 27.7 68 .8 120  ono

2 From Persaud ef al. 1993.
b Background location. ‘

Key:
LEL = Lowest Effect Level, Ontaniv Ministry of Environment.

NA Not Applicable.
ND Not detected.

OLZPXR0_ DAT0R-04/1395-D1 3-20
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4 Exposure Assessment
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This section describes the approach for obtaining exposure estimates for ecological
receptors at the EMF Site and summarizes the estimates of exposure. In addition, the
transport and fate of contaminants is summarized in this section to prow)ide general back-

ground information for the exposure assessment.

4.1 Contaminant Release, Migration, and Fate

A detailed overview of the fate and transport of COPCs at fhe EMF Site is provided
in the HHRA report. In addition, Appendix G provides an evaluation of issues pertinent to
the ecological risk ass&sément, including an analysis of the soil geochemical data collected in
the September 1994 ecological investigations, and a review of the bioavailability of the
COPCs and their potential for bioaccumulation in the terrestrial food chain. This section
provides a brief summary of the information provided in Appendix G and the HHRA report

as it relates to the exposure assessment for the ecological risk assessment.

4.1.1 Terrestrial Investigations

COPCs investigated in detail at the EMF Site include cadmium, fluoride, and zinc.
The potential for mobilization of these three COPCs in the terrestrial food chain was
investigated by sampling vegetation and small mammals at two sagebrush steppe habitat
locations (Bannock Hills SW and Michaud Flats) adjacent to the site facilities and vegetation
at a riparian habitat location (Portneuf River) adjacent to the site facilities (see Appendix B):
‘Cadmium and fluoride were found to be significantly elevated in plant and animal 'tissu%
sampled from these locatidns, in comparison with samples collected from background

locations (see Sectionﬂii).

accrsom SERLEIASRARE" 4-1 eenlogy and covironieB3090.11.0
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These findings indicate that historic and/or ongoing air deposition of contaminants to
vegetation and soil in the vicinity of the site is an important migration pathway at the EMF
Site. However, the data also show that COPCs are not readily mobilized in the terrestrial
food chain: uptake factors (UF, the ratio of plant tissue concentrations to soil concentrations)
for cadmium and zinc are significantly lower at the site compared with background locations
(see Appendix G). It is likely that soil contamination at the site is confined to the upper
surface horizon of the soil, where it is not readily accessible to plant roots. In addition, based
on considerations of the site geochemistry (i.e., arid, high-pH soils), cationic metals such as
cadmium-and zinc are not expected to be very mobile. This expectation is confirmed by the
higher plant. UFs for cadmium and zinc found at the Michaud Flats sampling location (average
soil pH = 7.00) compared with the Bannock Hills SW sampling location (average soil pH =
7.83; see Appendix G).

The degree of bioavailability and plant uptake of fluoride is less equivocal. Unfortu-
nately, fluoride levels in plants were not accurately measured at the background locations (see
Section 3). However, unlike cadmium and zinc, fluoride is expected to be somewhat more
mobile at higher pH. This expectation is confirmed by the higher fluoride UFs found at the
more alkaline Bannock Hills SW location compared with the Michaud Flats location (see
Appendix G).

The deer mouse data also show greater concentration factors (CF, the ration of mouse
tissue concentration to soil concentrations) of COPCs-at the background location oompafed
with the site. However, the mouse data do not correspond to the plant data with regard to
showing ‘gonsistent differences between Bannock Hills SW and Michaud Flats locations (see
Appendi; Gj_ The mouse data may be confounded by adherence of soil contaminants to the
anima.l'sﬂfur (i.e., the whole-body analysis reflects incidental contamination as well as

bioconcentration in tissues). A

4.1.2 Aquatic Investigations

Contaminant metals and fluoride may be transported from the facilities to the Portneuf
River by migration in contaminated groundwater, direct discharge at outfalls, and air
deposition. After entering the river, the contaminants may be deposited near the point of
discharge or transported downstream to the Portneuf River delta at American Falls Reservoir.
This section focuses on contaminants in sediment because sediments are the most important

repository for contaminants in aquatic systems.
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Metal contamination at the site is largely a result of phosphate ore particles and slag.
Two lines of evidence suggest that these relatively immobile, nbnbioavail_able mineral forms
also may be the predominant forms of metals in Portneuf River sediment. First, although
concentrations of several metals (i.e., cadmium, chromium, vanadium, and zinc) are elevated
- in sediment near the IWW ditch outfall, the levels are not toxic to benthic_invertebratw (see
Appendix H). Secondly, SEM-cadmium and SEM-zinc, which are labile forms of metals
determined by acid digestion with 6N HCI, were a much lower percentage of total cadmium
and zinc in Portneuf River delta sediment compared with Snake river delta sediment. This
would be expected if contaminant metals had been introduced to the Portneuf River as
insoluble ore or slag particles and transported to the delta by advective flow. For example,
SEM-cadmium averaged 23% of total cadmium in Portneuf River delta sediment compared
with 60% for Snake River delta sediment. This result suggests that contaminant metals are
present in sediment from the Portneuf River and its delta in a relatively refractory form.
No data are available on the form of fluoride in Portneuf River sediment. However,
because fluoride is a major component of the ore used by the facilities,. a fraction of the

fluoride in sediment likely is the result of ore particles transported from the site.

4.2 Exposure Scenarios and Pathways

This section presents the exposure scenarios for the different habitats and receptors
being evaluated, and summarizes the important -exposure media and exposure routes. The
exposure scenarios are based on the pathways and endpoint species identified and described in
the conceptual site model (see Section 2.5). The main emphasis in the ecological risk
assessment is placed on current conditions and evaluation of off-site ecosystems. It is unlikely -
that any realistic alternative future uses of the site would allow for significant recolonization
by wildlife, and wildlife contact and use of the facility grounds at present is minimal dueé to
the disturbed nature of the site. However, céminuing releases of contaminants to groundwa-
ter, as well as stack emissions and downwind fallout, are of potential concern at the site.
Future conditions cannot be accurately quantified with the available data, but will be discussed
in the Risk Characterization (Section 6).

Table 4-1 lists the two plant scenarios and six wildlife scenarios that were selected for
the quantitative ecological risk assessment in the sagebrush steppe habitat. The vegetation
scenarios chosen for evaluation are a native shrub (big sagebrush) and grass (thickspike

wheatgrass). The wildlife scenarios selected for quantitative evalqation include a small
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mammal (deer mouse), a mammalian carnivore (coyote), a large herbivorous mammal (mule
deer), an omnivorous songbird (horned lark), an upland gamebird (sage grouse), and a raptor
(red-tailed hawk). Also listed in Table 4-1 are the scenarios chosen for the riparian habitat,
which include a shrub (Russian olive) and a songbird (cedar waxwing) that feeds on the fruit
of ripzirian shrubs. Table 4-2 lists the scenarios for the aquatic habitats. The scenarios
selected for quantitative evaluation in the aquatic habitat of the Portneuf-River delta include a
waterfowl (mallard), a shorebird (spotted sandpiper), and an aquatic mammal (muskrat).
For the vegetation scenarios, the important exposure routes are root uptake of COPCs
from soil and foliar uptake from the air. These combined pathways were evaluated using
~ plant foiiage tissue concentrations measured at the site. For the wildlife scenarios, the
potential exposure routes include direct cdmact and ingestion of contaminated media (soil,
sediment, surface water), inhalation of airborne contaminants, and consumption of contaminat-
ed food. The relative impbnance of the various exposure routes are discussed in Section
4.3.2 (Exposure Estimates). In general, the ingestion of soil or sediment and consumption of .
contaminated food items were evaluated using soil, sediment, plant, and small mammal tissue

concentrations measured at the site.

4.3 Quantification of Exposure

This section describes how quantitative exposure estimates were obtained for the
exposure scenarios identified in Section 4.2. Exposure point concentrations (EPCs) are
presented in Section 4.3.1. Section 4.3.2 describes the method for calculating exposure

estimates and summarizes the estimated exposures.

4.3.1 Exposure Point Concentrations

The exposure media sampled during the ecological investigations include sedimént,
surface soil, sagebrush, thickspike wheatgrass, deer mice, and Ruséian olive fruit. Exposure
point concentrations (EPCs) were calculated for each COPC from these data, as described
below. EPCs for the sagebrush steppe and riparian habitats are listed in Table 4-3, and
EPCs for the river delta habitat are listed in Table 4-4.

4.3.1.17 Exposure Areas
The area potentially affected by site contamination is large, and the extent of

contamination is not accurately known. However, the two potentially impacted sagebrush
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steppe sampling locations (Bannock Hills SW and Michaud Flats) and the single potentially
impacted riparian sampling location (Portneuf River) were all located within 1 mile downwind
of the site facilities, in areas of known soil contamination. The average concentrations of
COPCs in soils at these locations (see Section 3) were approximately the same as the average
site;wide concentrations of COPCs in soils (see Appendix A). Therefore, the exposure of
plants and wildlife to COPCs at these sampling locations is likely to be representative of the
average exposure for sagebrush steppe and riparian receptors at the EMF Site. For risk
evaluation purposes, the EMF Site is considered to encompass all of the potentially impacted
sampling locations and the areas of soil contamination identified in Phase 1 of the RI/FS (i.e.,
the area within 2 3-mile radius of the facilities).

Because of the apparent differences in concentrations and mobility of COPCs noted at
the two potentially impacted sagebrush steppe locations (see Section 4.1), each location was
treated as a separate exposure area. In addition, the background sagebrush steppe sampling
location (Ferry Butte) and background riparian sampling location (Snake River) were
evaluated separately as exposure areas. Background exposure was calculated for these areas
to allow evaluation of incremental site-related risks to background risks for the COPCs, each
of which occurs naturally at detectable concentrations.

4.3.1.2 Exposure Point Concentrations - Calculations

Consistent with EPA guidance for risk assessment (EPA 1989c¢), the 95% upper
confidence limit (UCL) of the arithmetic mean concentration was used as a conservative
estimate of the average concentration in an exposure area for the purpose of estimating
exposure and risks.

When a data set was normally or lognormally distributed, the 95% UCL on the mean
was calculated as described in Gilbert (1987) and EPA (1992b). The distribution of each data
set was determined as described in Appendix C.

Several data sets were not normally or lognormally distributed. When this resulted
from a large number of ‘nondetects’, the EPC was set equal to the non-outlier maximum, or
the average of the detected concentrations. In cases where the COPC was detected in all
samples but the data were not normaﬂy or lognormally distributed, the third quartile (75th
percentile) was used as the EPC. These cases are noted in Table 4-3. '

Because COPCs in macrOphyies and benthic invertebrates were not measured as part

of the ecological investigations, EPCs for these exposure media were taken from the literature
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or calculated from the sediment cadmium data as described below. The EPC for cadmium in
macrophytes in the Portneuf River delta' was taken from Low and Mullins (1990). These
authors measured cadmium in horned pondweed from the river below the facilities (see Table
4-4). To arrive at a cadmium level in macrophytes for the Snake River delta, the EPC for
cadmium in Snake delta sediment was multiplied by a sediﬁlent-to-macrophyte bioaccumula-
tion factor (BAF). The BAF (2.19) was derived from Portneuf River data by dividing the
cadmium level in horned pondweed (2.3 mg/kg dry weight) by the cadmium EPC in sediment
(1.05 mg/kg dry weight).

" ““Cadmium levels in benthic invertebrates from the Portneuf River also were taken
from Low and Mullins (1990); these authors measured cadmium in mayfly nymphs and
caddisfly larvae from the river below the facilities (see Table 4-4). Because cadmium data
were not available for benthic invertebrates from the Snake River delta, cadmium levels in
benthic invertebrates also were estimated from the sediment data using the approach described
in EPA (1994). The approach was developed by the EPA from experimental data and
recommends using a cadmium bioaccumulation factor of 1.5 for benthic invertebrates when
the sediment has an SEM/AVS ratio less than 1. Consequently, EPCs for cadmium in-
sediment were multiplied by 1.5 to arrive at tissue levels in ‘model’ benthic invertebrates (see
Table 4-4). Of the three benthic invertebrate values listed in Table 4-4 for the Portmeuf River
delta, the highest value (5.39 mg/kg dry weight) was used in the exposure assessment to

provide a conservative estimate of risk.

4.3.2";Exposure Estimatas

:The cumulative dietary exposure for ecological receptors was calculated by multiply-
ing each prey species’ tissue concentration by the proportion of that prey in the diet, summing
these values, multiplyfng by the receptor’s site use factor (SUF), exposure duration (ED), and
ingestion rate (IR), and dividing by the receptor’s body weight (BW). Dietary exposure is
represented mathematically as:

Y [P, x T) « (B, x T) +..(P, x T,)| x SUF x ED x IR

EE,, = =
e BW

where: EE,,, = Estimated Exposure from diet (mg/kg BW - day);

o
L

Percentage of diet represented by prey item ingested;
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T, = Tissue concentration in prey item n (mg/kg dry weight);

SUF Site use factor (unitless);

ED = Exposure duration (umitless), equal to the fraction of the year spent in
the region;

IR = Ingestion rate of receptor (kg/day in dry weight); and

BW = Body weight of receptor (kg in fresh weight).

Dietary, home range, and body weight information for the endpoint species are listed
in Table 4-5 for the sagebrush steppe and riparian habitats, and in Table 4-6 for the river
delta habitat. Sources include EPA (1993) and other publications on wildlife natural history,
as indicated in the footnotes of the tables. Food ingestion rates were calculated from the
intake formulas of Nagy (1987) as presented in EPA (1993); the equations are listed in Table
47.

Tissue concentrations in wildlife fbod items were: (1) measured directly as part of
the ecological investigation, (2) taken from other published studies at the site, (3) calculated
by multiplying the COPC concentration in the affected media by a BAF, or (4) arrived at
using conservative assumptions. Items 1 through 3 were discussed in the previous section,
and the EPCs in wildlife food are listed in Tables 4-3 and 44, For scenarios including forbs
and shrubs as wildlife food items, the EPCs for thickspike wheatgrass and sagebrush,
respectively, were used. Because data on COPC levels in terrestrial insects from the EMF
site are not available, and insects are a common dietary item of the hommed lark and deer
mouse, insect EPCs were conservatively assumed to be the same as in thickspike wheatgrass,
a food source for common insects at the site (e.g., grasshoppers).

Because COPC concentrations in surface water from the site were several orders of
magnitude lower than in soil, sediment, or food items, COPC exposure from the drinking of
surface water was assumed to be negligible compared with other sources. For example,
drinking exposure to fluoride (the COPC with the highest concentration in surface water) was
calculated to be less than 3.5% of total exposure for the mule deer, the species with the
greatest drinking rate. Fluoride exposure from drinkiﬁg water was generally < 1% of total
exposure for receptor at the Bannock Hills SW and Michaud Flats exposure areas. A COPC
exposure from inhalation was also assumed to be negligible compared with other sources.

An ED value of 1.0 was used for receptor species that are year-round residents of

Idaho; a value between 0 and 1.0 was used for migratory species, based on the fraction of the
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year spent in the state. Because a precise estimate of the area affected by the facilities is not
available, but appears large based on the extent of soil contamination (E & E 1993), the SUF
was assumed to be one (1.0) for all wildlife receptors. This assumption implies that the entire
home range of a receptor is in an area affected by the facilities. The uncertainties of this and
other assumptions made in the exposure assessment are discussed in Section 6.
lieceptor exposure to chemicals from ingestion of soil dr sediment was estimated by
multiplying the soil EPC by the percentage of soil in the diet of each receptor, multiplying by
the SUF, ED, and IR, and dividing by BW. Soil ingestion data for wildlife were taken from
Beyer ef al. (1994).
""'The total exposure of a receptor to a chemical was calculated as the sum of the diet

“and soil (or sediment) dosages:

EE_, = EE, + EEnwuﬁu ;

where: EE, ., = Total exposure (mg/kg BW - day);
EE,, = Estimated exposure from diet (mg/kg BW - day),
EE, i1/cedimeny = Estimated exposure from soil (or sediment) ingestion

(mg/kg BW - day);

For the wildlife scenarios, EE, , ;, EE;,,,, and EEg 1/ timen Values are summarized
in Table 4-8 for the sagebrush steppe and riparian habitats, and in Table 4-9 for the river
delta habitat, Tables 4-8 and 4-9 also list the contribution of EE j;, and EE_ ;//codimens 1©
EE, , ;on a percent basis. Estimated exposures to COPCs were greater for measurement
endpoiﬁi species from the impacted sites compared with the reference sites. This is not
surprisi;g since the measured COPC levels in soil, sediment, and wildlife food items were
elevated near the facilities. Because COPC levels in soil and sediment were more highly
elevated than in wildlife food items near the faciiities, EE, i1/sedimens W2S generally a greater

- percentage of EE, , , at the impacted sites compared with the reference sites.

For the plant species being quantitatively evaluated, estimated exposures are based on
the measured tissue concentration EPCs reported in Table 4-3. The significance of the

exposure estimates is discussed in the following sections.
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Table 4-1

SAGEBRUSH STEPPE AND RIPARIAN HABITAT EXPOSURE SCENARIOS

Assessment Endpolnt Measurement Potentially Impertant
Species/Functional Group | Eadpoint Species Exposure Medis Exposure Routes
Sagebrush Steppe Habitat ‘

Shrubs Big sagebrush Sou Root uptake
Alr Foliar uptake
CGraescs Thickspike Soil Root uptake
wheatgrass
Alr Foliar uptake
Mammalian camivores Coyole Soill incidental ingestion
Small mammals Dictary
Upland game birds Sage grouae Soil Incidental ingestion
Sagebrush folispe and forba Dietary
Rapiors Red-tailed hawk Soil Incidenta] ingestion
Small mammals Dictary
Songbirds Horned lark Soil Incidental ingestion
Seeds of grasses and shrube | Dietary
Small mammals Deer mouse Soil Incidental ingestion
Seeds, foliage of grasses and | Dietary
shrubs
Large herbivorous Mule deer Soil Incidental ingestion
mammals B
Folisge of grasscs and shrubs | Dietary
Ripariana Habiat
Shrubs Russian olive Soil Root uptake
Air Foliar uptake
Songhbirde Cedar waxwing Soil Incidental ingestion

Russian olive fruit

Dictary

7P A5 YIREAARRI 01
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Table 4-2

RIVER DELTA HABITAT EXPOSURE SCENARIOS

Asgessment Endpoint

Species/Functional Measurement Poteatially Important
Group Endpoint Species Exposure Media Exposure Routes
= e e
Waterfowl Mallard Sediment Incidental ingestion
Macrophytes and benthic Dictary
nvericbraics
Shorebipds Spotied sandpiper Sediment Incidental ingestion '
Beathic inverichrales Dietary
Semi-aquatic Muskrat Scdiment Incidental ingestion
herbivorous mammals
o Macrophytes Dietary
‘,
OLZPYN0_DERR-041 195D 4-10
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Table 4-3
EXPOSURE POINT CONCENTRATIONS OF COPCs IN SAGEBRUSH STEPPE
AND RIPARIAN HABITATS (mg/kg) ’
COFrC
Exposure Medium . Location Cadmium EFC Fluoride EPC Zinc EPC
Surface soil Ferry Butie® 0.81 381 59.2
Michaud ﬁau 25.5 2,207 184
Bannock Hills SW 30.1 1,585 283
Snake riparian® 0.30 264 26.7
Portneuf riparian 15.2 1,860° |. 144
Sagebrush (unwashed) | Ferry Butte® 0.359 12.1 33.9°
Michaud Flats . 1.42 60.8 41.4
Bannock Hills SW 1.06 | - 85.7 33.6
Sagebrush (washed) Ferry Butte® 0.344 ] NA 28¢
Michaud Flats 1.24 NA 37.8
Bannock Hills SW 0.86° NA . 28
Thickspike Wheatgrass | Ferry Buite® &J.27e 12.2° 5.05
{stems and leaves)
Michaud Flats 0.51 38.1¢ 12.5¢
Ba.nnock Halls SW 0.65 86.97 13.4
Russian olive (fruit) Snake riparian® 0.10° 11.¢ 8.0
Portneuf riparian 0.25¢ 120 11.3
Deer mouse (whole Ferry Butte® 0.21 6.8° ‘42.4
body) Michaud Flats 0.29 108 39.8
Bannock Hills SW 0.77 144 41.4
becr mouse (femur) Ferry Bute? NA 214° NA
Michaud Flats NA 761 NA
Bannock Hills SW NA 524® NA

Key at end of wble. _ .
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Table 43 (Cont.)

2 Background locations.

b 95% UCL of lagnormal distribution.

C One-half detection limit.
Non-outlier maximum.

£ Average of detected concentrations.

Third quartile (75th percentile) used because the 10 detected values were not normally or lognonmlly
distributed.

Key:_r_-_ .

COPC
NA
ucL
EPC

Contaminant of potential concern
Not available.

Upper confidence limit.
Exposure point concentralion,

fnnua
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Table 44
EXPOSURE POINT CONCENTRATIONS
OF CADMIUM IN RIVER DELTA HABITAT (mg/kg)
Exposure Medium Location Cadmivm EPC
Sediment Snake® 0.45
Portneuf 1.05
Horned pondweed Snake® 1.0°
Portneuf 2.3°
*Model" benthic invertebrate Snake® 0.68°
Portneuf 1.58%
Caddisfly larvae Portneuf 0.73°
Mayfly nymphs Portneuf 5.39¢d

4 Background location.
b Catculated as described in text.
C Low and Mullins (1990).

d Sclected 83 the EPC for benthic invertebrates in the Portneuf River Delta; see text.

Key:

EPC = Exposure point concentration.
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Table 4-5
EXPOSURE PARAMETERS FOR WILDLIFE IN SAGEBRUSH STEPPE AND RIPARIAN HABITATS
Percent of Diet®
Measurernent Home Ingestinm Body
Assessment Endpoint Endpoint Small Range* Exposure Rate® Weight!
Species/funcitonal Group Species Shrubs | Forbs | Insects | Mammals | Soil® {acres) Duration? | (kg/day) (kg)
Upland pame birds Sage grouse 74 26 0 0 9 | 8908, 2.47 1 0.105 2.47
Raptors Red-tailed hawk 0 0 0 100 2 4,374 1 0.060 1.056
Songbirds Homed lark 0 80 20 0 2 20 I 0.0075 0.031
Small mammals Deer mouse 205 | 428 35.7 0 2 032 | 0.0035 0.021
Large mammealian herbivores | Mule deer 75 25 0 0 2 S0 0.5 2.25 87.2
Mammahian earmivores Coyole 0 g 0 100 2 6,968 i 0.59 13.6
Riparian songbirds Cedar waxwing 100 0 0 0 2 0.23 ] 0.0076 0.032
A Moartin ef al. (1951) for mule deer, hormed lark, cedar miving, and sege grouse; EPA (1993) for red-tailed hawk and deer mouse.
b Beyer er al. (1994) for gmusé, hawk, and mouse; 2 percent assumed for other receptors.
€ Burt and Grossenheider (1976) for mule deer; Connelly (1988) for sage grouse; EPA (1993) for red-tailed hawk and deer mouse; DeGraaf and Rudis (1986) for
horned Jark and cedar waxwing; Lg_undn: and Keller (1984) for coyole.
d Fraction of time spent in area, O to 1 (unitless).
€ gee Table 4-7 for calculation.
f Burt and Grossepheider (1976) for mule deer; Dunning (1993) for sage grouse, horned lark, and cedar waxwing; EPA (1993) for rod-tailed hawk and deer mouse;
Godin (1977) for coyote. _
g Larger number indicales distance fraveled between summer and winter range (Connelly 1988); smaller number is size of breeding range (Connelly 1981).
@IPOR UK 4D \_dBO‘)O.ILO
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Table 4-6
EXPOSURE PARAMETERS FOR WILDLIFE IN RIVER DELTA HABITAT
Percent of Diet®
Assessmment
Endpoint Measurement ‘ Home Ingestion
Species/Functional Endpoint Sediment or Range® Exposure Rate? Body
Group Species Macrophytes | Inveriebrates . Soil® (acres) Duration® {(kg/day) Weight® (kg)
Semi-aquatic Muskrat . 100 0 33 25 1 0.028 0.87
mammals
Shorebirds Spotted 0 100 18 0.62 0.66 0.06} 1.068
sandpiper )
Waterfow! Mallard 92 8 33 1,156 , 1 0.110 | | 1.153
2 From EPA (1993).
b Beyer ef al. (1994) for sandpiper and mallard; muskrat assumed to be same as maflard.
C Fraction of time spent in area, 0 to ) (unitless).
d See Table 4-7 for calculation.
ZP3090.11.0
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Table 4-7

FOOD INTAKE FORMULAS FOR
WILDLIFE

Wildlife Group

Food Iatake Formula®
(g/day)

Placental mammals

0.235(bw)0-822

Rodents

0.621(bw)0-384

Herbivores

0.577bw)°- 127

Nonpasserine birds

0.643(‘)“’)0'651

Passerine birds

0.398(bw)0 850

2P0 DAT0R-04N 355D

2 Dry-weight basis.

Key:

bw = Body weight (g), fresh weight.

Source: Nagy 1987, as presented in EPA 1993,
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Table 4-8
ESTIMATED EXPOSURE OF WILDLIFE TO COP(Cs IN SAGEBRUSH STEPPE AND RIPARIAN HABITATS
Measurement EE Diet-Percent of EE, 2 Sod-Percent of EE
Endpoint Species COPC Location mg/kg bwid EE, wp/kg bw/d EE, 0 mg/kg bw/d
Sage grouse Cadmium Ferry Bune® 0.014 82.4 0.003 17.6 0.017
Michaud Flats 0.050 33.8 0.058 66.2 0.148
Bannock Hills SW 0.040 25.6 0.116 74.4 0.156
Fluoride Ferry Bune? 0.515 26.1 1.455 7.9 1.9
Michsud Flats 2.330 21.6 8.47 78.4 10.8
Bannock Hills SW 3.660 . 6.06 62.3 9.72
Zinc Ferry Butte® 1.17 84.2 0.22 1.8 1.39
Michaud Flats 1.44 673 0.70 nI 2.14
Bannock Hilis SW 1.21 52.8 1.08 412 2.29
Red-tailed hewk Cadmium Ferry Butie? 0.012 923 0.001 7.1 0.013
Michaud Flats 0.016 35.6 0.029 64.4 0.045
Bannock Hills SW 0.044 6.4 0.034 43.6 0.078
Fluoride Fervry Buite® 0.368 449 0.451 55.1 0.819
Michaud Fiats 6.14 7.1 2.50 28.9 8.64
Bannock Hills SW 8.16 81.8 181 18.2 5.97
Zine Ferry Bune® 2.41 97.2 0.07 2.8 2.48
Michaud Flats 2.26 91.5 0.21 8.5 247
Key at end of table.
ZP3090.11.0
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Table 4-8
ESTIMATED EXPOSURE OF WILDLIFE TO COPCs IN SAGEBRUSH STEPPE AND RIPARIAN HARITATS
Measurement . EE g Diet-Percent of EE, 2 Soil-Percent of E
Endpoint Species COPC Location mg/kg bw/d EEppy mp/kg bw/d EE, 0t wg/kg bwid
Bannock Hills SW 2.35 88.0 0.32 12.0 2.67
Hormed lack Cadmium Ferry Bune® 0.065 94.2 0.004 5.8 0.069
Michaud Flats 0.024 50.2 0.123 498 0.247
Bannock Hills SW 0.157 518 0.148 482 0.303 !
Flucride Ferry Bune® 295 61.5 1.85 38.5 4.80
Michaud Flats 922 463 10.68 3.9 19.9
Bannock Hills SW 21.0 73.2 7.70 26.8 8.7
Zine Ferry Bunc? 219 88.7 0.28 11.3 2.47
Michaud Flats 3.02 7.2 0.89 2.8 191
Bannock Hills SW 3.24 70 1.37 297 461
Deer mouse Cadmium Ferry Burie® 0.048 94.1 0.003 5.9 0.081
Michaud Flsts a7 57.6 0.086 41.4 0.203
Bannock Hilts SW 0.123 55.2 0.100 a“s 0.223
Fluoride Ferry Butie* 2.03 61.5 1.27 38.5 3.30
P;ichlud Flats 7.16 49.4 1.34 0.6 14.9
Bannock Hills SW 14.4 7l 53 26.9 151
Finc Ferry Butte® 2.40 92.3 0.20 1.7 2.60

Key at end of wble.
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Table 4-8
ESTIMATED EXPOSURE OF WILDLIFE TO COPCs IN SAGEBRUSH STEPPE AND RIPARIAN HABITATS
Mensurement EE, Diet-Percent of EE, 4 Soil-Percent of EE,
Endpoint Species COPC Location mg/kg bw/d BBy mg/kg bw/d EE, mg/kg bw/d
Michaud Flats 1.12 83.6 0.61 16.4 1.7
Bannock Hills SW .96 75.9 0.94 24.1 3.90
Mule deer Cadmium | Ferry Bune* . 0.0042 9233 0.0003 ‘ 6.7 0.0045
Michaud Flats 0.015 68.2 0.007 ' 318 0.022
Bannock Hills SW 0.012 60.0 0.008 40.0 0.020
Fluoride Ferry Bune® ' 0.156 61.2 0.05% 38.8 - 0.258
Michaud Flats 0.711 58.5 0.569 4.8 1.28
Rannock Hills SW 111 73.0 0.41 7.0 1.52
Zinc Ferry Butte® 0.357 9.0 0.015 40 03712
Michaud Flata 0.441 90.4 0.047 9.6 0.488
Rannock Hills SW 0.368 83.4 0.0 16.6 0.441
Coyote Cadmium. Ferry Butie® ' 0.0091 91.0 0.0009 3.0 0.010
| Michaud Flaus 0.013 371 0.022 62.9 0.035
Bannock Hills SW : 0.033 55.0 S 0m7 45.0 0.060
Fluoride - | Ferry Bunet’ 0.295 . 42 0.330 52.8 0.625
Michaud Flats 469 . 1.91 29 6.60
Bannock Hills SW v 623 819 1.38 18.1 7.61
Key at end of table.
ZP3090.11.0

02:2P3050_D4 701 393-D)



0Z-v

EMF ERA

Section 4
Revision No. 0
April 1995
Page 4 of 4
s e e
Table 4-8 )
ESTIMATED EXPOSURE OF WILDLIFE TO COPCs IN SAGEBRUSH STEPPE AND RIPARIAN HABETATS
Measurement EE 4 Diet-Percent of EE, .4 Sail Percent of [ A
Endpoing Species COPC Lacation mg/kg bw/d EEy ol ‘wg/hg bw/d EE, i wg/kg bew/d
Zine Ferry Bune® 1.84 97.4 0.05 2.6 1.89
Michaud Flats 995 9h.5 0.18 B.S 1.89
Hannock Hills SW 1.80 88.2 0.24 1.4 1.04
Cedar waxwing Cadmium Snake riparian® 0.024 96.0 0.001 4.0 0.028
Portneuf riparian 0.059 45.0 0072 55.0 0.131
Fluoride Snake riparian® 2.83 69.4 1.25 30.6 4.08
Portneuf riparian 285 244 8.83 5.6 11.69
Zinc Snake riparian® 1.90 94.1 0.12 - 5.9 2.02
Portneu riparian 2.68 79.5 0.69 20.5 3.37

2 packground location,

Key:
bw = Body weight.
COPC = Contaminant of potential concem.
£E = Estimaled exposure.
OLZPIO_DL2.  3WSDL . "3090.1].0
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Table 4-9
WILDLIFE ESTIMATED EXPOSURE TO COPCS IN RIVER DELTA HABITAT
" Sediment- '
Measurement Endpoint EE4,, Diet-Percent of EE,  timem Percent of EE,,.
Species COopPC Location mg/kg BW/d EE, g mg/kg BW/d EE mg/kg BW/d
Muskrat Cadmium Snake Defia® 0.032 97.0 0.001 3.0 0.033
Portneuf Delia 0.074 98.7 0.001 13 0.075
Spolted sandpiper Cadmium Snake Delta® 0.026 | 89.7 0.003 10.3 0.029
Porineuf Delia 0.203 96.7 4.007 33 4210
Mallard Cadmium Snake Delta® 0.093 98.9 0.001 1.1 0.094
Porineuf Delta 0.243 98.8 0.003 1.2 0.246
2 Background location.
Key:
copC = Contaminant of potential concern”’
EE = Estimatod exposure.
ZP3090.11.0
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5 | Ecological Effects Assessment
s

This ecological effects assessment describes the potential toxic effects associated with .
the identified COPCs in each medium of concern. The toxicological evaluation involves
characterizing the inherent toxicity of the COPCs and establishing toxicity benchmarks (TBs) '
for each endpoint species and COPC. The TB is a concentration or dose representative of the
expected ‘no observed adverse effect level' (NOAEL) or ‘lowest observed adverse effect
level' (LOAEL) for any given receptor and COPC.

TBs are drawn from published dose response studies, which typically involve the use
of standard labdratory or domestic test species of plants and animals. Extrapolation of these
benchmarks to wild populations is uncertain; thus, a conservative approach is taken to avoid
underestimating potential toxicity. These uncertainties and their relevance to the ecological
risk assessment are discussed further in this section and in the risk characterization (Section
6). '

For any given receptor or COPC being evaluated in the risk assessment, the TB
selected for evaluation is termed a Toxilcity Reference Value (TRV). The derivation of TRVs

~ for the EMF site is provided’in Section 5.1.

While the ecological effects assessment for the EMF site is largely based on
extrapolation from published toxicological studies, field investigations can also provide
evidence of ecological effects related to the site. The only formal investigation of this type
conducted at the site was the toxicity testing of Portneuf River sediment at the IWW ditch
outfall (see Appendix H). The toxicity test results are summarized, along with other field
observations pertinent to the evaluation of ecological effects, in Section 5.2. In addition, a

review of the pertinent ecotoxicological literature for fluoride is provided in Appendix 1.
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5.1 Derivation of Toxicity Reference Values

TRVs were derived for plants and wildlife using the procedures outlined below.

5.1.1 Terrestrial Plants

The TRV used to evaluate phytotoxicity of a given COPC was the NOAEL or
LOAEL of plant tissue concentrations, estimated from literature. The TRVs for endpoint
species of shrubs and grasses are provided in Table 5-1. In general, the critical concentration
in sensitive species of plants and/or the lowest concentration considered excessive or toxic in

plant tissues was selected as the TRV (Kabata-Pendias and Pendias 1992).

5.1.2 Wildlife

Potential impacts to wildlife at estimated exposure doses were evaluated using
published toxicological data for mammalian and avian species (Opresko er al. 1994) and other
sources. From these data, a test species NOAEL or LOAEL was selected as a TB for each
COPC (see Table 5-2). Toxicity data reported as dietary or drinking water concentrations
(i.e., parts per million [ppm] or mg/kg in food) were converted to a dose (i.e., mg/kg-bw as
an average daily intake) using data presented in the source sﬁ;dy or from information on
average ingestion rates and body weights of test animals (see Table 5-3). Toxicity bench-
marks were drawn from studies that considered reproductive and developmental effects, or
‘other critical effects indicative of overt impacts to individual organisms that may affect
population size. Studies incorporating chronic exposure durations, multiple exposure levels,
and statistical evaluation of test results were preferred. -

Uncertainty arises when using published benchmarks to estimate wildlife toxicity and

includes the following: A

e Extrapolation from acute or subchronic exposures to chronic expo- ’
sure durations;

e Extrapolation from LOAELs to NOAELs;

® Extrapolation across different species of varying taxonomic related-
ness, feeding Labits, and body size;

® Extrapolation to sensitive or protected species; and

LTFI00_DARS-001395-D) 52 ' ZP3090.11.0
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e Consideration of bioavailability, assimilation, and relative toxicity of
forms of contaminants used in, toxicity testing versus forms occurring
in nature, '

Uncertainty and scaling factors associated with each of these extrapolations are

provided in Opresko er al. (1994) and other references, and discussed below.

5.1.2.1 Uncertainty Factors

. Ecological risk assessment guidance provides a variety of approaches to the selection

~of unce;iainty factors for extrapolating from acute or subchronic exposure durations, or for

exirapoiating from LOAELSs to NOAELs. The uncertainty factors applied to either case can
vary—for example, from an overall factor of 0.1 to a factor of 0.01 to extrapolate from an
acute or subchronic LOAEL to a chronic NOAEL (Suter 1993). E & E selected chronic
NOAELs as TBs, if available; otherwise, uncertainty factors were applied on a case-by-case
basis.

There were only two instances where the uée of uncertainty factors was a consider-
ation. First, the mammalian TB for cadmium is a chronic LOAEL estimated to be 2.518
mg/kg/day (see Table 5-2). The use of an uncertainty factor of 0.1 to 0.01 is not warranted
in this case, because doses of less than approximately 0.25 mgfkg-bw/déy are within the
normal range of dietary intake for mammalian receptors. Therefore, the LOAEL multiplied
by 0.5 was considered to be sufficiently conservative in this case. Second, the avian TB for
zinc is a subchronic LOAEL (Table 5-2), since mortality was observed at all dose levels and
the stud§ did not encompass critical lifestages (Opresko er al. 1994). Therefore, an uncertain-
ty factor of 0.1 was used to derive the TB of 30 mg/kg-bw/day (see Table 5-2).‘ Doses less
than 30 mg/kg/day could be within the normal range of dietary intake for birds, and since
zinc is an essential nutrient, it is not warranted to extrapolate within or below the range 3f

. normal exposure.
In all other cases, the TB selected from published studies was a chronic NOAEL, and

" extrapolation to account for exposure duration or sensitivity of the endpoint was unnecessary,

5.1.2.2 Body Size Scaling
Extrapolation of TBs from test species to taxonomically unrelated species of wildlife
introduces uncertainty. For this reason, TBs were derived separately for birds and mammals

to minimize the uncertainty of extrapolating between broadly defined groups of animals.
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Within any group of animal species, the remaining major source of variation in sensitivity to
toxic effects of contaminants is varying body size (Opresko er al. 1994). In general, smaller
organisms are more tolerant of toxins as a result of their higher rate of metabolism and
greater detoxification capability. To account for this source of variation in sensitivity, the
TBs were adjusted to estimate species-specific wildlife TRVs using the'approach described by
Opresko er al. (1994). Dose equivalency for organisms of varying body sizes was estimated

by adjusting for differences in body size between test species and endpoint species, as follows:

TRV, = TB, x (BW, | BW )P

TRV, = Toxicity reference value for endpoint species (mg/kg-bw/day).

TB, = Toxicity benchmark for the test species (mg/kg-bw/day).
BW, = Body weight of endpoint species (kg).
BW,
The body weight scaling factors are presented in Table 54.

Body weight of test species (kg).

5.1.2.3 Other Sources of Uncertainty

Other uncertainties in dose extrapolation include the evaluation of potential effects on
sensitive or protected species, and consideration of the bioavailability and toxicity of the
forms of the chemicals used in toxicity tests versus the forms of COPCs occurring at the EMF
Site. . ‘

Effects on sensitive or protected species are of concern at the EMF Site primarily for
the Portneuf River delta, because this is a location where several rare species and numerous
migratory waterfowl are expected to come in contact with site contaminants (see Appendix E).
In addition, the riparian habitat along the Portneuf River is significant ecologically and 1s a
designated wetland. In general, the sagebrush habitats adjacent to the site are representative
of the region and do not warrant special consideration.

Contaminant levels are greatest adjacent to the site, in the least important of the
habitat types described above (i.e., sagebrush habitat is more contaminated than the Portneuf
River delta). Therefore, no attempt was made to quantitatively adjust the toxicity benchmarks
to account for sensitive or protected species. However, in the risk characterization (Section
6) the exceedances of TRVs are qualitatively evaluated in light of the 'valjying ecological and

social importance of the site ecosystems.

02 TP DATIS-04/1395. D ' 5-4 ZP3090.11.0
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Finally, forms of inorganic chemicals used in toxicity tests are typically soluble salts
that are more soluble, readily absorbed, and toxic than the forms of COPCs contacted and
ingested by wildlife at the.site. Since this leads to'an inherently conservative bias in the risk
a.ssessmént, quantitative adjustment is deemed unnecessary, although risks may be overesti-
mated. This is particularly true of ingestion of soil, where insoluble mineral forms of COPCs
are likely to predominate (see Section 4.1). Furthermore, contaminants such as fluoride are
localized in bone tissue, which is unlikely to be entirely digested by predators consuming prey
such as deer mice. These factors are also tgken into account in the evaluation of risks and

uncertainties presented in Section 6.

5.1.2.4 Toxicity Reference Values

The TRVs for endpoint species of wildlife are listed in Table 5-5. The TRVs are
presented as dose estimates, in units of mg/kg-bw/day, to allow direct comparison with the _
exposure estimates derived in Section 4. From examination of the values shown in Table 5-5,
it can be seen that TRVs vary greatly among COPCs. Cadmium TRVs are generally lowest
(0.05 to 4.84 mg/kg-bw/day) and zinc TRVs are highest (23.4 1o 408 mg/kg-bw/day), with
fluoride TRVs (2.94 to0 46.3 mg/kg-bw/day) generally intermediate to the cadmium and zinc
TRVs. In general, this corresponds to the known toxicity of these COPCs (i.e., cadmium
toxicity > fluoride > zinc). It is also clear from Table 5-5 that smaller organisms such as
the deer mouse have significantly higher TRVs than larger organisms such as the mule deer,
as would be expected from the adjustment for body size described in Section 5.1.2.2.
Overall, the TRVs are likely to encompass the broad range of wildlife sensitivity to COPCs at
the EMF Site.

. 5.2 Field Evidence of Ecological Effects
Laboratory toxicity testing was conducted on sediment collected from the IWW ditch
. outfall in the Portneuf River (see Appendix H). Two benthic invertebrate species, Hyallela
- azteca (an amphipod) and Chironomus tentans (a midge larva) were tested in 10-day expo-
sures to contaminated and uncontaminated control sediment. Neither species’ growth or
survival was adversely affected. The lack of toxicity of Portneuf River sediments is likely a

result of the low bicavailability of the mineral forms of metals in the sediment. Since benthic
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organisms were not affected at the elevated concentrations of metals detected at the [WW
ditch outfall, impacts of these site contaminants on aquatic life are expected to be minimal.

Previous stiudies of benthic life in the Portneuf River have also indicated that impacts
of the site are negligible (see Appendix F). No other studies of effects of site contamination
on aquatic or terrestrial ecosystems are known to have been conducted. No observations of
overt ecological effects were documented during field surveys conducted for the RI (BEI
1994).
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Table 8-1
TOXICITY REFERENCE VALUES FOR PLANT TISSUES
(mg/kg)
Critical
Sufficient or Concentration in Excessive or
Chemiral Deficient Normal Sensitive Species Toxie
Cadmium . —_ 0.05 - 0.2 5% .10 - 5-30
Fluoride v — 5-130 ~— 50% - 500
Zinec 10 - 20 27 - 150 150% - 200 100 - 400

A Selected as the TRV for plant tissue concentrations: ‘ugcbnuh foliage, thickspike whesatgrass stems and
leaves, and Russian olive fruit.

Key:
TRV = Toxicity Reference Value

Source: Ka.bau-Pcnd_iu and Pendias 1992.
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Table 5-2
DERIVATION OF TEST SPECIES TOXICITY BENCHMARKS
B
Exposure Duration
and Exposure Eadpoint and Test Species T
Chemical Test Species Form Route Concentration | Critical Eifect(s) {mp/kg/day) Reference
Cadmium Mallard Soluble sall 80 days; NOAEL Reproduction 1.45 While and
oral in diet 15.2 ppm Finley 1978
Mouse Cadmium 2 generations; LOAEL" Reproduction . 1.26 Schroeder
chloride oral in water (plus 10 ppm in waler and
incidental in food) and 0.1 ppm in Mitchner
diet 1971
Fluoride Screech owl Sodium 5 1o 6 months; NOAEL Reproduction 7.8 Patiee ef al
fluoride oral in dicl 56.5 ppm 1988
Mink Sodium 7 w 8 months; NOAEL Bone structure 12.8 Shupe et al.
fluoride oral in diel 125 ppm in diet 1987
and 9.3 ppm n
waler
Zine Mallard Zinc 60 days; LOAEL® Montality, body 30 Gasaway and
carbonate oral in diet 3,000 ppm weight, blood Buss 1972
Rat Zinc oxide 1 to 16 days during | NOAEL Reproduction 160 Schiicker
gestation; 2,000 ppm and Cox
oral in diet 1968
lm‘
8 Uncertainty factor of 0.5 was used to obtein TB.
b Uncertainty factor of 0.1 was used to oblain TB.
Koy at end of table.
ZP3090.11.0
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Table 5-2 {Cont.)

Key:
LOAEL = Lowest observed adverse effect level.
NOAEL = No observed adverse eflect level.
TB = Toxicity benchmark.
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Table §-3
AVIAN AND MAMMALIAN INGESTION RATES AND BODY WEIGHTS
Food logestion Bedy
Rate Weight
Species (kg/day) Reference (kg) Reference
Mamm aks
Laboratory mouse 0.0055 | EPA:1588% 0.030 | EPA 1985 -
Laboratory rat 0.028 | EPa 1988% 0.35 EPA 1983 --
Miok 0.137 | Bleavins and 1.0 EPA 1993a
Aulerich 1981
Deer mouse 0.0038 | Nagy 19870 0.021 Millac 1989
Mule deer 2.25 Nagy 1987% 87.175 Bun snd
Grossepheider
Coyote 0.587 | Nagy 1987P 13.6 . Godin 1977
Muskrat 0,028 | Nagy 1587° 0.87 Reeves and
Williams 1956
Birds
Mallard 0.110 | White and Fintey 1.153 | White snd
1578 Findley 1978
Screech owl 0.025 Opresko et af. 1994 0.181 Dunning 1993
Sage grouse 0.105 Nagy 19872 2.468 Duaning 1993
Red-tailed hawk 0.0602 | Nagy 1987° 1.056 | EPA 1993b’
Homed tark 0.0075 | Nagy 19878 0.0311 | Dunning 1993
Cedar waxwing 0.0076 | Nagy 1987° 0.032 Bunning 1993
Spotied sandpiper 0.061 Nagy 1987° [.068 | EPA 1993b

2 Laboralory Mammals: F = 0,055(Bw)0.661l

Food ingestion rales are based on the body weight of the organism in grams:

Rodents: F = 0.621@W)°-564

Herbivores: F = 0.§77(8W)0. 727

Placental mammals; F = 0.235@w)0-822

Nonpasserine birds: F = (.648(B
Passerine birds: F = 0.398@wW)0-80

Key:

BW = Body weight.
F = Food ingestion rate.

C2:ZF 30 _ D RI9-0u/ § 3495-D 1
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Table 5-4
BODY SIZE SCALING FACTORS FOR SELECTED SPECIES
Test Species ‘ Endpoint Species
Body Weight Body Weight
(BW) C(BW,) Scaling Factor®
- Species ) | Species (ke) BW/BW )13
Mouse 0.03 Deer mouse 0.021 1.13
Mouse ™~ " 003 | Mule deer 87.175 | 0.07
Mous,c“ . 0.03 Coyole 136 . 0.13
- - |l Mouse 0.03 | Muskrat 0.87 0.33
Rat 0.35 Deer mouse 0.021 2.55
Rat 0.38 Mule deer 87.175 0.16
- . Rat 0.35 Coyote 13.6 .30
Rat 0.15 Muskrat 0.87 0.74
Mink : 1.0 Deer mouse 0.021 | 3.62
) Mink ) 1.0 Mule deer . 87.175 0.23
- . Mink 1.0 Coyote 13.6 0.42
Mink 1.0 Muskrat 0.87 1.05
Mallard 1.153 | Sage grouse 2.468 0.78
Mallard 1.153 Red-tailed hawk 1.056 1.03
Mallard~ 1.153 | Horned lerk 0.031 ‘ 31.34
h Mallard 1.153 | Mallard 1.153 ‘ 1.00
Mallard 1.153 | Spotied sandpiper 1.068 1.03
= | Mallard 1153 | Cedar waxwing 0.032 3.30
Screech owl 0.18) | Sage grouse 2.468 0.42
Screech owl 0.181 Red-ailed hawk 1.056 0.56
Screech owl 0.181 | Homed lark 0.031 191
Screech owl 0.181 Mallard 1.153 0.54
Screech owl 0.181 | Spoted sandpiper 1.068 0.55
Screech owl . 0.181 | Cedar waxwing 0.032 1.78

"From Opresko et al 1994, For source of body weights see Table 5-3.

TPI090_D4RE-04/1395 DI ZP3090.11.0
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Table 5-5
TOXICITY REFERENCE VALUES FOR WILDLIFE
Estimated
Test Species TB® Wildlife TRVY
Chemical Test Species (mg/kg/day) Endpoint Species (mg/kg/day)
Cadmium Mouse 1.26 | Deer mouse 1.42
Moule deer 0.09
Coyote 0.16
Muskrat 0.42
Mallard 1.45 | Sage grouse 1.13
Red-tailed hawk 1.49
Homed lark 4.84
Mallard 1.45
Spotted sandpiper 1.49
Cedar waxwing 4.79
Fluoride Mink 12.8 | Deer mouse 46.3
Mule deer 2.594
Coyote © 538
Mouskorat 13.4
Screech owl 7.8 | Sage grouse 3.28
Red-tailed hawk 4.37
Horned lark 14.9
Mallard 421
Spotted sandpiper : 4.29
Cedar waxwing 13.9
Zinc Rat 160 | Decr mouse 408
Mule deer 25.6
Coyole 48.0
Muskrat 118
Mallard 30 | Sage grouse 23.4
Red-tatled hawk 309
Key at end of table.
22 DO041395DI 5-12 ZP3090.11.0
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Table 5-§
_ TOXICITY REFERENCE VALUES FOR WILDLIFE
i Estimated
Test Species TB® Wildlife TRVY
Chemical Test Species (mng/kg/day) Endpoint Species (mg/kg/day)
” Horned lark 100
Mallard 30
Spotted sandpiper 309
Cedar waxwing 99

3 See teat for derivation of test species TB.
b Caiculated by multiplying test species TB by a body weight scaling factor (see text and Table 54).

Key:
TB = Toxicity benchmark.
TRV = Toxicity reference value.
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CHBATSIERTE
& . Risk Characterization
s

In this section, the potential ecological risks posed by COPCs at the EMF Site are
identiﬁed and discussed. To identify risks, the estimated exposures derived in Section 4 and
the TRVs derived in Section S are compared and evaluated for each of the COPCs and
measurement endpoint species under consideration. The ecological significance of the
identified risks is then discussed in terms of the spatial, temporal, and biological scale of
potential adverse effects on site ecosystems. Measurement endpoints and assessment
endpoints are linked to provide a framework for interpretation of the ecological risks. In
addition, the principal uncertainties of the risk assessment are enumerated and possible
limitations of the assessment are identified and discussed. Estimates of risk are provided in
Section 6.1; the ecological significance of the risks is discussed in Section 6.2; and the

uncertainties are reviewed in Section 6.3,

6.1 Risk Estimation

The potential risks of COPCs were estimated by calculating an overall hazard quotient
(HQyqpqp for each COPC and measurement 'endpoint species. HQy.,.i was calculated from the
total exposure (EE,,) received through all relevant pathways for each receptor, divided" by
the TRV for that receptor: '

HQ,, = EE,__|TRV

QZFER0_DIRRBRNISDDE! 6-1 ecolngy and environdeb3090.11.0
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HQota1 = Hazard quotient, all pathways;
EE, sy = Estimated exposure, all pathways (see Section 4); and
TRV = Toxicity reference value (see Section 5).

If HQ,5 > 1, a potential risk of adverse chronic effects resulting from exposure
was presumed for a given COPC, ecological receptor, and critical effect. If risks of adverse
effects arising from total exposure were identified, the risks of exposure through individual
pathways were examined to partition and evaluate the potential sources of risk. For example,
the perééntages of total risk due to exposure through dietary ingestion (EE ;) and exposure
through incidental soil ingestion (EE;;) were calculated for terrestrial wildlife with HQs
greater than 1.

Potential risks to plants in the sagebrush steppe and riparian habitats are shown in
Table 6-1. Fluoride was found to pose a potential risk to sagebrush (based on tissue
concentrations in unwashed foliage) at the Michaud Flats and Bannock Hills SW sampling
locations. Fluoride also posed a risk to thickspike wheatgrass at Bannock Hills SW. It was
not possible to evaluate risks of fluoride to sagebrush (based on tissue concentrations in
washed foliage) because of poor data quality (see Sections 3 and 4). Moreover, no phytotox-
icity risks of fluoride to Russian olive were identified in the riparian habitat. No phytotoxici-
ty risks of cadmium or zinc were identified for any of the plant measurement endpoint
species. .

-Potential risks to mammals in the sagebrush steppe habitat are shown in"Table 6-2.
Fluoride was found to pose a potential risk to coyote at the Michaud Flats and 'Bannock Hitlls
SW sampling locations. No other risks of fluoride were identified for mammals, and no risks
of cadmium or zinc were identified for mammals in the sagebrush steppe habitat. The
absence of risks of fluoride for the deer mouse are confirmed by comparison of femur
fluoride concentrations to the effects threshold of 2,000 mg/kg dry weight (see Appendix I)..
Concentrations of fluoride in deer mouse femurs at all locations (see Section 4) were lower
than 2,000 mg/kg, indicating that accumulation of fluoride to toxic levels in deer mouse
tissues is not occurring at the EMF site.

Potential risks to birds in sagebrush steppe and riparian habitats are shown in Table
6-3. Fluoride was found to pose a potential risk to the horned lark, the red-tailed hawk, and
the sage grouse at the Michaud Flats and Bannock Hills SW sampling locations. Risks of
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fluoride to the cedéxr waxwing were nat evident in the riparian habitat. No risks of cadmium
or zinc were identified for birds in the sagebrush steppe or riparian habitats.

Potential risks of cadmium to mammals and birds in the river delta habitat are shown
in Table 6-4. No risks of adverse effects were identified for any of the measurement endpoint
species in the river delta habitat.

No risks of adverse effects were identified for any of the background locations. The
incremental risks due to the site can be calculated by subtracting background HQs from

- HQyoqq), for each of the endpoint species found to be at risk from total exposure. HQs
ca.lculai_{:d in this manner are all greater than 1, indicating that exposure at background levels
of COl;éS does not account for a meaningful fraction of the total risks.

To summarize, potential risks of adverse effects arising from exposure to fluoride
were identified for the following measurement endpoint species in sagebrush steppe habitat:
sagebrush, thickspike wheatgrass, coyote, horned lark, red-tailed hawk, and sage grouse. No
risk potential arising from exposure to cadmium or zinc was identified for plants or wildlife in
any of the habitat types at the EMF Site. No potential risks due to any of the COPCs were

identified for measurement endpoint species in the riparian or the river delta habitats.

6.2 Ecological Significance

Based on the findings of the studies conducted for the RI/FS and the ecological
investigations, the EMF Site is a potential source of metals and fluoride contamination to soil
and terrestrial food chains in the vicinity of the site facilities. The site is also a potential
source o{f environmental contamination affecting sediment and surface water at the site,
including the Portneuf River delta sediments at the Fort Hall Bottoms of American Falls
Reservoir. The ecological significance of contamination of site ecosystems is discussed in this

section.

6.2.1 Ecologiéal Significance of Cadmium, Fluoride, and Zinc Contamination
Potential risks of adverse effects of fluoride were identified for measurement endpoint
species representing the following assessment endpoint species and functional groups in the
sagebrush steppe habitat: shrubs and grasses, carnivores, raptors, upland game birds, and
songbirds. Overall, these species represent a broad cross-section of the plant and animal

communities in the site vicinity. However, the estimated risks are only marginally above the
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threshold for the measurement endpoint species, and by inference the assessment endpoint
communities at risk may be marginally but not severely affected. As the potential risks were
quantified for affects on individual organisms using conservative assumptions to account for
uncertainty (as discussed below in Section 6.3), and because the upland species most likely to
be impacted occur commonly throughout the region, widespread or significant ecological
effects at the population and community levels are not expected. However, the threshold risks
predicted for fluoride do not leave a margin of safety to accommodate a large range of
uncertainty.

.- The potential risks due to fluoride are a result of exposure through dietary exposure
and/or incidental soil ingestion. The relative importance of these exposure pathways varies
among receptors (see Section 6.3). In general, fluoride is mobilized in terrestrial food chains
through air deposition and absorption across plant leaf surfaces, and subsequent consumption
of plants by herbivores. Plant uptake of fluoride from contaminated soil and incidental
ingestion of soil by wildlife is likely to contribute to the overall exposure, and in some cases
could be a major source of the total risk. The relative importanice of existing soil contamina-
tion versus ongoing air deposition of fluoride, however, is not known with certainty.

The areal extent of fluoride contamination of sagebrush steppe habitat in the vicinity
of the site is not clearly definable, but soil contamination appears to extend beyond the
boundaries of the 3-mile radius of the RI/FS study area. In general, the numbers of
individuals and species affected will be a function, in part, of the areal extent of contami-
nation,. Sagebrush steppe habitat is extensive in the Bannock Hills to the south of the site
facilities, whereas adjacent land to the north of the facilities is largely agricultural and
disturbed. Therefore, any potential effects of fluoride on the sagebrush steppe ecosystem is
likely to have greatest significance in the Bannock Hills. | |

Potential impacts of fluoride to the sagebrush steppe ecosystem are likely to be
related, in part, to ongoing air emissions from the EMF Site facilities. Average concentra-
tions of fluoride, measured in air at monitoring stations located adjacent to the site are greater
than 2 times background (see HHRA report). Given the ongoing air emissions, and the
cumulative toxicity of fluoride, potential impacts are expected to increase over time with
continued air deposition. A reduction in fluoride loadings could allow for long-term recovery

of the ecosystem and a consequent reduction in the potential risks.
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It is noteworthy that potential site-related risks were not identified for the riparian,
riverine, and mudflat habitats associated with the Portneuf River. These are the habitats of
greatest ecological and regulatory concern at the site.

6.2.2 Ecological Significance of Other COPCs

The ecological risk assessment focused on three COPCs with the greatest likelihood
of potential effects—cadmium, fluoride, and zinc. Based on the findings of the risk analyéis
for these three COPCs in terrestrial ecosystems, other COPCs in soil (see Section 2) are
presumed to be of marginal ecological significance. In addition, it is worth noting that there
is no evidence of significant acidification of soils adjacent to the site, either from the pH data
or from evaluation of cation exchange capacity and other soil parameters (see Appendix G).

. Although 13 COPCs were identified in Portneuf River sediment (see Section 2),_
toxicity testing of the sediment collected at the IWW ditch outfall indicates that these
contaminants are not likely to pose a risk to the benthic community. Moreover, only
cadmium was found to be elevated in the Portneuf River delta at the Fort Hall Bottoms. |
Based on the toxicity testing conducted at the IWW ditch outfall and the results of SEM/AVS
analysis, cadmium and other COPCs occur in a chemical form that is largely unavailable and
nontoxic to aquatic life. Moreover, as shown in the quantitative risk analysis, wildlife
exposure to cadmium through the food chain or through incidental ingestion of sediment is
unlikely to pose a risk.

- Mercury was identified as a COPC in surface water largely on the basis of poor
analytical data quality (see Section 2). Since mercury was not found to be significantly
elevated in Portneuf River delta sediments, and deposition of water-borne mercury contamina-
tion would be expected to occur in the delta, the site is not considered likely to be a signifi-
cant source of mercury in surface water. Moreover, naturally occurring mercury has been
found in regional sediments associated with gold deposits (see Appendix F), indicating that
historical observations of mercury contamination in the American Falls Reservoir can be
explained in part by the occurrence of natural geological sources of mercury. Silver is also
associated with natural deposits in the area, and elevated levels of silver in Pormeuf River
surface water are considered likely to result from these sources. In addition, for both silver
and mercury, EPA freshwater acute quality criteria were not exceeded. Selenium was also
not found to be elevated in Portneuf River delta sediment; therefore, the site is not likely to

be a significant source of surface water selenium contamination.
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6.2.3 Potential Risks to Specles of Concern

Listed and candidate species, unique natural ecosystems, and jurisdictionally
designated wetlands that may be present within an approximately 10-mile radius of the EMF
Site are described in Section 2.2 and Appendix E. The vulnerability of these species and
ecosystems of concern to site COPCs was evaluated, and assessment endpoints were selected
to allow a determination of the potential risks of adverse effects on protected and/or rare
species and their habitat. Potential risks associated with fluoride to these assessment
endpoi_;gts were identified as follows:

e Common species of raptors likely to occur at the site, such as the
red-tailed hawk, were found to be at risk primarily through dietary
exposure. Although there are no federal or state-listed species of
raptors known to occur in the sagebrush steppe habitat where risks
for the red-tailed hawk were identified, many common migratory
raptors are federally protected under the Migratory Bird Treaty Act
(MBTA), and all raptors are classified as Protected Nongame Species
by the ldaho Department of Fish and Game (IDFG) (Moseley and
Groves 1992).

® Songbirds such as the horned lark were found to be at risk from the
combined effects of dietary exposure and incidental ingestion of soil.
The State Special Concern yellow-billed cuckoo (Coccyzus america-
nus) has a probable nesting occurrence in the area (Stephens 1993)
and could be at risk. However, the breeding range of this species
falls primarily outside of the state, and it is therefore classified as a
Category B - Peripheral Species (Moseley and Groves 1992). Other,
more common songbird species are more likely to be affected by
exposure to fluoride in the sagebrush steppe habitat of the EMF Site.
As with the raptors, many songbirds are federally protected under the
MBTA, and are classified as Protected Nongame Species by the
IDFG (Moseley and Groves 1992).

e Common species of upland game birds such as the sage grouse were
found to be at risk primarily through incidental ingestion of soil. All
- game species in Idaho are regulated by IDFG (Moseley and Groves
1992). :

®* Common species of carnivorous mammals likely to occur at the site,
such as the coyote, were found to be at risk primarily through dietary
exposure. Another carnivore, the wolverine (Gulo gulo luscus), is a
Federal Candidate species and State Special Concern species. The
wolverine is known from a single recent sighting in the Fort Hall
Bottoms (Stephens 1993), but based on its limited occurrence in the
area, exposure is considered unlikely. Common carnivores likely to
occur in the sagebrush steppe habitat of the EMF Site are of
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ecological, recreational, and sesthetic significance but have no known
protected status. -

Common species of shrubs and grasses such as sagebrush and
thickspike wheatgrass were found to be at risk from exposure
through root uptake or foliar absorption of fluoride. These dominant
species of sagebrush steppe are not themselves protected, but they
form the base of the food chain and provide cover and nesting sites
for wildlife species that have protected status (e.g., raptors, song-
birds, upland gamebirds). The slick-spot peppergrass (Lipidium
papilliterum) is a Federal Candidate species known from an old
(1949) collection (Stephens 1993). Based on its limited occurrence
in the site area, significant exposure of this species is considered
unlikely.

In general, the species at greatest risk of effects from exposure to fluoride at the EMF

Site are common species of sagebrush steppe, which nonetheless may have protected status

under various State and Federal statutes. As previously stated, based on risk evaluation of

benthic invertebrates, waterfowl, shorebirds, songbires, semi-aquatic mammals, and shrubs,

potential site-related risks were not identified for the jurisdictional wetlands or listed species

of riparian, riverine, and roudflat habitats associated with the Portneuf River.

6.3 Uncertainties of the Risk Assessment

In this section, the principal uncertainties of the risk assessment are evaluated and

interpreted. To the extent possible, an estimate of the magnitude of the uncertainties is also

providéd.

6.3.1 ’Uncertainties of the Problem Formulation

1.

COPC Selection. The uncertainties of COPC selection include the
lack of sensitivity of analysis for mercury and silver in surface water
and the lack of ecological risk-based screening for many of the site
contaminants and media of concern. The detection limits for mercus
ry and silver in surface water were adequate to address acute but not
chronic toxicity to aquatic life. However, the method sensitivity for
mercury and silver is not expected to be a major issue in addressing
risks, for the reasons described above in Section 6.2. The lack of
screening criteria is an inherent limitation of ecological risk assess-
ment. In general, contaminants found at levels well above back-
ground were evaluated in the risk assessment, even if screening
criteria were unavailable (e.g., fluoride in soil).
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2. Endpoint Selection. The selection of endpoints appropriate for the
site is uncertain because it is not feasible to evaluate all of the species
and communities potentially at risk. The ecological endpoints
selected for evaluation at the EMF Site are felt to represent the
broadest possible range of receptors that could be addressed with
sufficient certainty to provide a basis for regulatory decisions.
Centain potential endpoints were left out of the assessment, however,
because of the lack of good toxicological or other relevant informa-
tion. These include: bats, reptiles, terrestrial invertebrates, and soil
microbes. Other potential receptors such as piscivorous birds were
left out of the assessment because COPCs (e.g., cadmium in sedi-
ment for piscivorous birds) were not expected to accumulate in their
food items to a level likely to pose a significant risk.

6.3.2 Uncertainties of the Exposure Assessment

1. Plant Exposure Estimates. Potential risks of fluoride to plants were
identified on the basis of chemical analysis of unwashed foliage (see
Table 6-1). Washed foliage concentrations provide a better estimate
of the biologically incorporated (and hence, potentially phytotoxic)
fraction of fluoride. Washed sagebrush foliage generally bad lower
concentrations of cadmium and zinc than unwashed foliage, and 13%
to 22% of the cadmium and zinc measured in sagebrush foliage was
estimated to be surface contamination (see Section 3). The detection
limits for fluoride analyses of washed foliage were elevated, howev-
er, and it is not possible to reliably estimate the biologically-incorpo-
rated tissue concentrations of fluoride in sagebrush.

2. Predator Exposure Estimates. The potential risk of fluoride to the

- coyote and the red-tailed hawk in the sagebrush steppe habitat is
largely a result of dietary exposure, which constitutes >70% of the
estimated total exposure for these predators (see Tables 6-2 and 6-3).
The diets of the coyote and the red-tailed hawk were assumed to
consist entirely of small mammals (see Section 4). Greater than 90%
of the fluoride in mouse tissues is incorporated in bone, and bigavail-
ability of fluoride in bone 1s <50%, as compared with >75%
bioavailability of other dietary sources of fluoride (NRC 1993).
Therefore, the dietary exposure of the coyote and the red-tailed hawk
could be overestimated by a factor of approximately 2. In addition,
the soil fluoride incidentally ingested by these receptors is likely to
be in a relatively unavailable mineral form (see Appendix G).

3. Herbivore Exposure Estimates, The potential risks of fluoride to
the horned lark and the sage grouse in the sagebrush steppe habitat
are also subject to uncertainty as a result of the simplifying assump-
tions used to estimate exposure. The sage grouse was assumed 0
ingest 9% of its dietary intake as soil (see Section 4), a higher
percentage than the other receptors. This soil ingestion rate is based
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on data for other large upland game birds, since species specific
estimates of soil ingestion for the sage grouse are unavailable.
However, as stated above for the coyote and the red-tailed hawk, the
form of fluoride likely to occur in soil at the EMF Site has a low
bioavailability. In addition, the diet of the horned lark consists of
seeds and invertebrates; as a conservative assumption, the fluoride
concentrations of these food items were set equal to the concentra-
tions of fluoride in stems and leaves of thickspike wheatgrass (see
Section 4). Seeds tend to have Jower tissue concentrations of fluo-
ride compared with vegetative parts of plants, perhaps by as much as
a factor of 10 (Baes et al. 1984). Therefore, the dietary exposure of
the horned lark and the sage grouse could be substantially overesti-

4. Assumption of Site Use Factor (SUF) = 1. The levels of COPCs
measured at Bannock Hills SW and Michaud Flats sampling locations
were felt to be representative of the average site-wide levels of these
COPCs. However, there is a clear gradient of diminishing concen-
trations with distance from the site. Wide-ranging receptors such as
the coyote and the red-tailed hawk would be expected to have home-
ranges only partially overiapping the areas of highest contamination
close to the site, and their exposure is likely to be overestimated by
setting SUF = 1.

5. Analytical Uncertainties. In addition to the problems with fluoride
analysis of washed sagebrush foliage noted above, matrix spike
recoveries were generally low for fluoride analyses (see Section 3).
Matrix spike recoveries and laboratory control sample recoveries for
vegetation and deer mouse analyses were as low as 44.8% and 47%,
respectively. Given the bigh frequency of J-qualified fluoride deter-

" minations, poor spike recovery, and elevated detection limits, uncer-
... tainties due to deficiencies in the analyses could result in underesti-
mation of risks by a factor of approximately 2.

6.3.3 Uncertainties of the Ecological Effects Assessment

1. Extrapolation of Laboratory-Derived TBs for Wildlife Risks.
Principal uncertainties of the extrapolation methods used to derive
TBs benchmarks were identified and discussed in Section §.

2. Field Verification of Potential Adverse Effects on Plants and -
Wildlife. The toxic effects of fluoride on plants and animals can be
determined through a number of diagnostic features. Field effects
studies were not undertaken in the RI/FS, however, and risks are
predicted based largely on extrapolation methods.. The uncertainty of
the predicted effects could be reduced, and expectations of marginal
effects of fluoride could be verified through further field investiga-
tion of terrestrial plant and animal communities in the site vicinity.
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3. Potential Additive Effects and Interactions of Trace Elements.
The combined effects of COPCs on ecological receptors could be
either additive, antagonistic, or synergistic. Antagonism is a com-
bined toxic effect that is less than the sum of independent effects.
Synergism is a combined toxic effect that is greater than the sum of
the independent effects. Alternatively, effects of exposure 10 multi-
ple contaminants could be simply additive for a given critical effect.
In general, the potential additive and interactive effects of COPCs are
difficult to quantitatively evaluate because, for a given receptor, the
measurement endpoints are not the same for various COPCs. There-
fore, these potential effects are a source of uncertainty in the risk
estimates. However, there are reports both of antagonistic and
synergistic zinc-cadmium interactions in plants (Kabata-Pendias and
Pendias 1992), and simultaneous administration of zinc and cadmium
has been shown to inhibit tumor development in laboratory rodents
(Eisler 1985). Also of potential importance at the site are the possi-
ble antagonistic effects of calcium and phosphorus on the toxicity of
cadmium, fluoride, and zinc, although symergistic effects of phospho-
rus uptake on fluoride phytotoxicity have also been observed
(Kabata-Pendias and Pendias 1992).

6.3.4 Uncertainties of the Risk Characterization

In general, the risk characterization is more likely to overestimate rather than
underestimate the risk§ of adverse ecological effects at the site, because of the conservative
nature of the assumptions used. For COPCs with estimated exposures less than the TRVs, the
probability of significant ecological risks is very low. Potential risks due to fluoride for
plaats, birds, and mammals cannot be eliminated from consideration, although the marginal
e;ceedghce of the TRVs does not imply any particular level of risk at the population or the

community level,

6.3.4.1 Sensitivity Analysis

Because fluoride was the only COPC to exceed an HQ of 1 in the ecological risk
assessment, it is perhaps of interest to provide a quantitative estimate of the sensitivity of the
fluoride risk estimates to the uncertainties of the exposure assessment. Adjusted HQs are
provided in Table 6-5. The adjusted HQs were derived by first calculating an adjusted EE
(EEadj) for the coyote, red-tailed hawk, horned lark, and sage grouse (all species with
unadjusted HQ > 1 for fluoride). The adjusted HQ (HQadj) was then calculated by dividing
EEadj by the TRY.
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For the coyote and red-tailed hawk, the adjustment entailed dividing the small
mammal component of the diet by 2 to account for the bioavailability of fluoride in bone (see
Section 6.3.2, No. 2), and multiplying by 2 to account for analytical uncertainties (see Section
6.3.2, No. 5). Since the adjustment factors for bicavailability and analytical uncertainty
cancel each other, there is no net change in the HQ for the coyote and red-tailed hawk (see
Table 6-5).

The adjustment for the horned lark entailed dividing the forb component of its diet by
a factor of 10 to account for the lower tissue concentrations in seeds (see Section 6.3.2,

No. 3); and multiplying by 2 to account for analytical uncertainties (see Section 6.3.2,

No. 5). The net effect of the adjustments is to lower the horned lark exposure and risks by
approximately 20% at Michaud Flats and 32% at Bannock Hills SW (see Table 6-5).
However, despite these adjustments, the HQ,; for both locations is still greater than 1,
indicating that a potential risk remains for the horned lark.

For the sage grouse, the adjustment entailed muitiplying the shrub and forb compo-
nents of its diet by a factor of 2 to account for analytical uncertainties (see Section 6.3.2,
No. §). The net effect of the adjustment is to increase the sage grouse exposure and risks by
approximately 20% at Michaud Flats and 38% at Bannock Hills SW (see Table 6-5).

No other quantitative adjustments were made to account for the uncertainties
identified in Section 6.3.2. Although the bioavailability of fluoride in soil is likely to be
overestimated, site-specific information on the form of fluoride in soil is needed to make
quantitative adjustments in the exposure estimates. Because of its high assumed soil ingestion
rate, the sage grouse is the receptor whose risk estimates are most sensitive to changes in
bioavailability of sbil fluoride. However, even if the soil fluoride bioavailability were to be
reducéd to the same extent as estimated for the bioavailability of fluoride in bone (i.e., a
bioavailability of 50%), HQadj would still exceed 2 for the sage grouse at both Bannock Hills
SW and Michaud Flats locations. Therefore, -adjustments for bioavailability of fluoride in soil
are not likely to have a meaningful effect on the identification of potential risks.

To summarize, quantitative adjustments of the fluoride exposure estimates for birds
and mammals at the EMF Site were made to evaluate the sensitivity of risk estimates to
uncertainties of the exposure assessment. These adjustments produce marginal shifts in the
risk estimates, either increasing the risk (sage grouse), decreasing the risk (horned lark), or
baving no net change in the risk (coyote and red-tailed hawk). In general, the conclusions of

the risk assessment are not affected by quantitative adjustments of risk.
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5
L1
5
Ferry Bune* 1
Michaud Flats NA 50 NA
Bannock Hills SW NA 50 NA
Zinc Ferry Butte* 2% 150 0.19
Michaud Flats 7.8 150 035
Bannock Hilla SW 28 150 0.1%
Sagebrush (unwashed) | Cadmium Ferry Butie 0.35 ]
Michaud Flats 1.42 5
Bannock Hills SW | 06 5
Fluoride Ferry Butte* 12.1 50
Michaud Flats 0.8 50
Bannock Hills 5W 85.7 50
Zine Ferry Butie* 339 150
Michaud Flats 414 150
Bannock Hilla 5W 316 150
Thickpike Cadmium | Ferry Butte® 0.27 s
whealgmans
Michaud Flsta 051 5 0.10
Bannock Hills SW 0.65 5 0.13
Fluoride Ferry Bute® 12.2 S0 0.24
Michaud Flats 38\ 50 0.76
Bannock Hills SW 8 9 so | 17
Key at end of tble 6-12
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Table 6-1
HAZARD QUOTIENTS FOR PLANTS IN SAGEBRUSH STEPPE
AND RIPARIAN HABITATS
Measurement EE TRV
Eadpolnt Species Chemical Location (mg/kg) (mg/kg) HQ
o e — e
Zine Ferry Buue® 9.05 150 0.06
Michaud Flats 12.5 150 0.08
v Bannock Hills SW 13.4 150 0.09
Riparian Habitat L
Russian olive Cadmium Snake River® 0.1 5 0.02
Portneuf River 0.25 5 0.05
Fluoride Snake River® 11.9 $0 0.24
Portneul River 12.0 50 0.24
Zinc Snake River® 8 150 0.08
Portneul River 11.3 150 0.08
2 Background Tocation.
Key:
EE = Estimated exposure.
HQ = Hazard quotient.
TRV = Toxicity reference value.
#% = HQ>1, potential risk identified.
6-13
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Table 6-2
HAZARD QUOTIENTS FOR MAMMALS IN SAGEBRUSH STEPPE HABITAT
Ferry Butte®
Michaud Flats 0.035 0.16 0. - —
Bannock Hills SW 0.06 0.16 0.38 — -
Flsoride | Ferry Buae® 0.625 5.38 0.12 - -
Michaud Flats 66 sag | . T.1% | 289%
Bannock Hills SW 161 s38 || 81.9% | 18.1%
Zinc Ferry Butic* 1.89 a8 0.04 - -
Michaud Flats 1.89 48 0.04 — ===
Bannock Hills SW 2.04 43 0.04 — =
Deer mouse Cadmivm | Ferry Bume* 0.051 1.42 0.04 - -
Michaud Flats 0.203 1.42 0.14 — =
Bannock Hills SW 0223 1.42 0.16 - —
Fluoride | Ferry Butie® 33 46.3 0.07 - ~
Michaud Flata 14.5 4.3 0.31 = -
Bannock Hills SW 19.7 46.3 0.43 — -
Zinc Feny oute® 2.6 408 0.01 — —
Michaud Flata im 408 0.01 — -
Bannock Hills SW 39 408 0.01 — —
Mule deer Cadmium | Ferry Bute® 0.0045 0.09 0.05 ~ -
Michaud Flats 0.022 0.08 0.24 - -
Bannock Hills W 0.02 0.8 0.22 — -
Fluonde Ferry Butie 0.255% 2.94 0.09 — -
Michaud Flats 1.28 294 D44 - =
Bannock Hills SW 1.52 2.54 0.52 - -
Zine Ferry Bute! 0372 25.6 0.0 — -
Michaud Flats 0488 25.6 0.02 = -
Key at end of table.
6-14
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Table 62

HAZARD QUOTIENTS FOR MAMMALS IN SAGEBRUSH STEFPE HABITAT

Measurement
Endpolnt TRY
| S| Coement | Locaion | (gt | gl | 40 | Dian | sonn

& Background location.
Key:

= Estimaled exposure.
HQpye = Hazard quotient.
TRY = Toxicity reference value.
— = Not calculated,
SEE = HQ> 1, potential risk identified,
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Table 6-3

HAZARD QUOTIENTS FOR BIRDS IN SAGEBRUSH STEPPE

Ferry Bune*
- Michaud Flaus 0.247 ase 0.05 - ~1
Bannock Hills SW 0.309 asi 0.06 - -
Fluoride Ferry Butte® a8 149 0.0 = -
Michaud Flals 19.9 e g ] was| s
Bannock Hilla SW 287 149 F‘*"ﬁ% naw | 268%
Zine Ferry Butie® 247 0 | om = =
Michaud Flata 1.91 00 | o004 = =
Bannock Hills SW 461 00 | 008 v .
Red-ailed hawk | Cadmium Feery Bute* 0.013 149 001 - -
Michaud Flats 0.048 149 0.03 - -
Bannock Hilla SW 0.078 1.49 0.05 = "
Fluoride Ferry Butte® 0.819 437 0.19 - -
Michaud Flats 8.64 a37 fias | nan | s
Bannock Hills SW 9.97 a7 b 258 | msw | 1s2%
Zinc Ferry Rutte® 2.48 0.9 0.08 = =
Michaud Flats 2.47 0.5 0.08 - -~
Bannock Hills SW 2.67 30.9 0.09 - .
Sage grouse Cadmium Ferry Bume® 0.017 113 0.02 - —
Michavd Flais 0.148 RE 0.13 - -1‘
Bannock Hilla SW 0.156 113 0.14 = -
Fluorde Ferry Butic* 1.9
Michaud Flata 10,8
Bannock Hills SW R
Key at end of tahle
6-16
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Table 6-3

HAZARD QUOTIENTS FOR BIRDS IN SAGEBRUSH STEFPE
AND RIPARIAN HABITATS

Key:
BE, s = Estumated exposure.
HQpe = Hazard quatieat.
TRV = Toxxily refercnce value.
—-= Mol caleulated,
Fi = HQ>1, potential risk identified.

6-17 ZP3090.11.0
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Table 6-4

HAZARD QUOTIENTS FOR MAMMALS AND BIRDS IN RIVER
DELTA HABITAT - CADMIUM

Messurement Eadpoiat EE TRY
Species Lecation (mg/kg/d) (mg/kg/d) HQ{,,%:

Mallard Snake River® 0.094 1.45 0.06
Portneuf River 0.246 1.45 0.17

Muskrat Snake River® 0.033 0.42 .08
Portneuf River 0.075 0.42 0.18

Spotied sandpiper Snake Iiivcr‘ 0.029 1.49 0.02
Portneuf River 0.21 1.49 0.14

st a Background location,

Key:

EE, . = Estimated exposure.

HQ, . = Hazard guotient.
TRV =

W73 D grnAs-DI

Toxicity reference value.

6~18
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Table 6-5
ADJUSTED HAZARD QUOTIENTS FOR MAMMALS AND BIRDS IN
SAGEBRUSH STEPPE HABITAT - FLUORIDE
Measurement Endpoint o EE TRV
Speces | Location ( 9 | (megkg/d) | MO,
Coyote Michaud Flats 6.6 5.8 1.23
Baanock Hills SW | 7.61 5.38 1.41
Homed Lark Michaud Flats ‘ 15.8 149 |’ 106
| Bannock Hills SW 19.4 149 1.30
Red-ailed hawk Michaud Flats B.64 437 1.98
Bannock Hills SW 9.97 4.37 2.28
Sage grousc Michaud Flats 13.1 1.28 3.99
Bannock Hills SW 13.4 3.28 4.09
Key:
EE,; = Estimated exposurc adjusted as described in text.

Hazard quotient, egqual to EEadjfl'RV.
Toxicity reference value,

o

HQ_ 4
TRY

6-19
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7 Conclusions

The ecological risk assessment for the EMF Site identified potential risks of adverse
effects of fluoride on resident plant and wildlife species of the sagebrush steppe ecosystem at
sampling locations within ! mile of the facilities. These locations are thought to be represen-
tative of a |arger area extending approximately 3 miles from the facilities. The fluoride risks
are considered to have only a marginal likelihood of resulting in adverse effects on population
size or community composition of species in the affected areas because (1) the estimated risks
of fluoride are only marginally above the threshold for toxic effects, (2) the potential risks
were quantified for effects on individual organisms using conservative assumptions to account
for uncertainty, and (3) the upland species most likely to be impacted occur commonly
+ throughout the region. However, because sensitivity analysis indicates that risk estimates
exceed a Hazard Quotient of 1 even when adjustments are made to account for possible
overestimation of the risk, there is scant margin of safety to allow for the uncertainties of
inferring marginal potential impacts on site ecology. Ongoing air deposition of fluoride from ‘
facility operations is one potential source of contamination affecting the sagebrush steppe
ecosystem.

Based on risk evaluation of benthic invertebrates, waterfowl, shorebirds, songbirds,
semi-aquatic mammals, and shrubs, potential site-related risks were not identified for the
riparian, riverine, or mudflat habitats assof:iated with the Portneuf River. These are the
ecosystems of greatest ecological and regulatory concern in the site vicinity.

Confidence in the results of the risk assessment is considered to be high. Maximal
use was made of site-specific exposure data for the risk assessment, thereby reducing a major
source of uncertainty. Fluoride exposure estimates for wildlife were based on statistically
designed sampling and analysis of representative food items, hence the modeled dose
estimates are considered to have a high degree of reliability. Toxi.cify testing and SEM/AVS
analysis of sediments provides adequate information to evaluate potential impacts of
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contaminants to the Portneuf River, which were judged to be minimal. In general, with the
exception of analytical uncertainties for fluoride, the conservative assumptions used in the risk
assessment are more likely to overestimate rather than underestimate the risks of adverse
effects of the site.
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This appendix summarizes chemical and radiological analytical results reported in the
Remedial Investigation/Feasibility Study (liI/FS) of the Eastern Michaud Flats Superfund Site \
in Pocatello, Idaho. The appendix tables provide a statistical summary and screening of the

" results (through July 1994) that are pertinent to the écological risk assessment. Appendix B
provides the raw data collected for the ecological assessment in investigations conducted in
September and October 1994.

The data summarized in this appendix were provided to the United States Environ-

~ mental Protection Agency (EPA), Region 10, in correspondence received from the J.R.
Simplot Company and FMC Corporation prior to January 1995. In addition to the investiga-
tion sample results, the database includes quality assurance/quality control (QA/QC) sample
results (duplicate, matrix spike, rinsate, and blank samples).

The data has been organized to facilitate interpretation. Separate tables are presented
for soil, sediment, and surface water data. In addition, separate tables are presented for
various functional groupings of the data, as indicated by table title. For each matrix, the first
table presented is the data regarded as the background data set for that matrix (see Section
2.3). The summary information included for each groﬁping of data includes the name of the
chemical or parameter; units of measurement; detection frequency (number of times the
chemical was found above the detection limit); the minimum concentrat{on found; the
maximum concentration found; and the arithmetic average of the concentrations.

The screening criteria selected for each sample matrix are described in Section 2.3 of
the report. For each grouping of the data, a screening table is provided that includes: the
name of the chemical or parameter; units of measurement; the value of the criterion used for
screening; and the frequency of exceedance (number of times the chemical was Vfound above
the criterion),

Spexific steps téken in the organization and manipulation of the database were as

follows:

\

o  QA/QC data (e.g., matrix spikes, rinsates, and blanks) were re-
moved, with the exception of duplicates;

e  For duplicate samples, the average value was taken;
e Values with the qualifier "R,”" "U6," or "U7" were removed;

‘e Values with the qualifier "U" were divided by 2;

WAWHGI A3 . ecolopy wnd enviren i3 090.11.0



EMF ERA
Appendix A
Revision No. 0
April 1995

® Surface water and sediment files were divided into separate files for
Portneuf River samples upstream of the site (locations 21 through 25,
Al, and A2), downstream river channel samples (locations 1, 3, 8,
10, 12, 16 through 20, 7E, BI, CI1, C2, and C4), and downstream
spring samples (locations 2, 4, 5, 6, 7, 9, 11, 13, 14, and 15) based
on locational information provided in BEI (1994);

¢  Groundwater background samples were from wells 101; 102, 106,
147, 158, 301, 305, 510 through 514, 516, IDAHO POWER, PEI-1,

PEI-6, and TW-105; and

e Radiological data files were combined with nonradiological data files
(this step was taken to reduce the number of tables).

Referances

Bechtel Environmental, Inc. (BEI), 1994, Remedial Investigarion/Feasibility Study, Prelimi-
nary Site Characterization Summary for the Eastern Michaud Flats Site, prepared for
FMC Corporation and J.R. Simplot Company.

Kabata-Pendias, A. and H. Pendias, 1992, Trace Elemens in Soils and Plants, Second
Edition, CRC Press. '

Persaud, D., R. Jaagumagi, and A. Hayton, 1993, Guidelines for the Protection and Manage-
menr of Aquatic Sedimenr Quality in Ontario, Water Resources Branch, Ontario
Ministry of the Environment.

United States Environmental Protection Agency (U.S. EPA), 1994a, Warer Quality Standards
Handbook, second edition, EPA-823-B-94-005a, Office of Water, Washington, D.C.

, 1986, Qualiry Criteria for Warer 1986, EPA 440/5-86-001, Office of Water
- Regulations and Standards, Washington, DC (including updates; revision expected).
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Table A-1
BACKGROUND SOIL SUMMARY
EASTERN MICHAUD FLATS SITE
Minimum Maximum
Frequency of Detected Detected Average
Chemical Units Detection Concentration | Concentration | Concentration
Aluminum, total mg/kg 85/85 4,270 15,600 10102.94
Antimony, total mg/kg 15/80 5.6 20.5 4.660625
Arsenic, total mg/kg 71/85 1.2 9 4.135824
Barium, total mg/kg 85/8S 7.2 2,240 174.1471
Beryllium, total mg/kg 65/85 0.14 2 0.534471
Boron, total mg/kg §2/84 0.78 1.7 5.788432
Cadmium, totsl mg/kg 74/85 0.07 25.7 1.092294
Chromium, total mgfkg 84/84 4.9 166 21.66429
Cobalt, total mg/kg 65/85 2 11.3 4.61453
Copper, total mglkg 85/85 7.2 36 10.72118
N Fluonde mgfkg 85/85 150 3,320 505.4824
Iron, total | mg/kg 85/85 5,790 15,900 11,858.35
Lead, total mp/kg 85/85 13 64.9 13.78588
Lithium, total mg/kg 85/85 5.9 57.1 13.69412
Magnesium mglkg 212 10,500 22,000 16,250
Manganese, total mg/kg B5/85 129 572 352.7294
Mercury, total me/kg 55/85 0.05 036 |  0.101588
Molybdenum, total | mg/kg 13/84 1.3 5.3 1.53869
Nickel, wtal mg/kg 78/85 2.5 344 16.73353
Phosphorus, total mglkg 85/85 193 23,600 904.4471
Polonium-210 pCi/g 36/46 1.02 29.8 3.314935
Potassium-40 pCilg 46/46 9.58 212 16.92783
Selenium, total me/kg 56/85 0.3 5.3 1.157294
Sifver, total mg/kg 69/85 0.28 3.4 1.074647
Thallium, total mg/kg 49/83 0.03 0.89 0.125542
Uranium-238 pCi/g 1/46 5.42 5.42 5.00913
TG PRE A pESDI eculogy and erftkafei-11.0
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Table A-1
BACKGROUND SOIL SUMMARY
EASTERN MICHAUD FLATS SITE
Minimum Maximum
Frequency of Detected Detected Average
Chemical Units Detection Conceatrastion | Concentration | Concentration
oeessnsseeeessameseeeaeee IR eessceeeesessisnoees
Vanadium, total mg/kg 83/85 19.3 220 35.17647
Zine, total mg/kg 85/85 28.9 296 |- 46.33176
A-6
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e
Table A-2
EASTERN MICHAUD FLATS SITE
BACKGROUND SOIL COMPARISON TQ SCREENING CRITERIA
Lower Freguency of Upper ' Frequency of
Phytotoxicity Exceedance of Phytotoxicity Exceedance of
Referemce Lower Reference Reference Upper
Chemical Units Value® Value Valge® Reference Value
Alumisum, total | mg/kg NA NA NA NA
Anlimony, total mg'kg 5 15/80 10 10780
Araenic, tolal mg/kg ' 18 0/85 50 0/85
Barium, total mg/kg NA NA . NA NA
Beryllium, total mg/kg 10 0/85 10 0/88
Boron, total mg/kg 25 1/34 100 0/84
Cadmium, total mg/kg 3 4/85 8 18S
Chromium, total | mg/kg 75 2784 100 1/84 -
Cobalt, total mg/kg S 25 0/85 50 0/85
Copper, total mg/kg 60 0/85 125 0/88 |
Fluoride mglkg 200 84/85 500 19/85
Iron, total mgfkg NA NA ' NA NA
Lead, total | merkg 100 0/85 400 /85
Lithium, total mg/kg NA NA NA NA
Manganese, lotal mglkg 1,500 0785 3,600 0/85
Mercury, total mgfkg 0.3 4/85 5 ' /95
Molybdenum, mglkg 2 - 6/84 10 0/84
total
Nickel, total mg/kg 100 0/85 100 /85
Phomphorus, total mg'kg NA NA NA NA
Polonium-210 mg/kg . NA NA NA NA
Potassium-40 pCifg NA NA NA NA
Selenium, tolal pCirg $ 1785 10 0/85
Silves, wial mglkg NA " Na NA NA
Thallium, total mg/kg . 1 0/83 1 0/83
Uranium-238 mg/kg NA " NA NA NA
Venadium, otal | pCig 50 6/85 150 1785
Zinc, odal mglkg 70 4/85 400 08

2SS IS BARR o1 ‘ A-7 ecology and enAPBESO.11.0
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8 From Kabais-Pendias and Pendiag (1992); values are the minimum or maximum of the range of concenimlions
regorded a3 phylotoxic by vadicus authors, a8 shown in Table 5 of the reference.

Key:

WA = Noi available.
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Table A-3
EASTERN MICHAUD FLATS SITE
OFF-SITE SURFACE SOIL SUMMARY
Freqﬁmcy Minimum Maximum
of Detected Detected Average
Chemical Units Detection | Conceantration | Concentration | Concentration
Aluminum, total mg/kg 142/143 1150 18900 12520.21
Antimony, total mp/kg 164127 3.8 26.6 3.965354
Arsenic, total mg/kg 128/137 i 18.4 5.388358
Barium, total mg/kg 143/143 69.8 710 169.0336
Beryllium, total mg/kg 125/138 0.14 2 0.772536
Boron, total mg/kg . 132/136 1.42 197 10.86493
Cadmium, total mg/kg 135/139 0.32 189 22.08169
Calcium mg/kg 36/37 4500 203000 57417.57
Chremium, total mg/kg 143/143 9.3 608 81.84895
Cobalt, total mg/kg 1157138 1.8 11.3 4.754493
Copper, total me/kg 143/143 8.7 84.4 21.51958
Fluoride mg/kg 1437143 164 27200 2469.951
Fluoride, soluble mg/kg 1/1 188 188 188
Iron, total mg/kg 143/143 6040 20000 13066.29
Lead, total mg/kg 1437143 0.8 2030 42.54937
Lead-210 pCi/g 76/94 0.441 S0.8 6.775894
Lithium, total mg/kg 143/143 6.1 65.6 13.44545
Magnesium mg/kg 37137 3590 15000 6654.054
Manganese, total mg/kg 143/143 44.9 1330 428.321
Mercury, total mg/kg 79/115 0.05 1.2 0.148348
Molybdenum, total mg/kg 32134 1.3 19.1 2.612687
Nickel, total mg/kg 134/143 6.7 124 23.19545
Orthophosphate mg/kg 142/143 0.59 154 14.4386
pH Std. Units | 143/143 5.25 9.87 7.697762
Phosphorus, total mg'kg 143/143 300 84900 7853.108

ozl YEMRERAREL
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Table A-3
EASTERN MICHAUD FLATS SITE
OFF-SITE SURFACE SOIL SUMMARY
Frequency Minimuin Maximum
of Detected Detected Average
Chemiral Units Detection Councentration | Concentrative | Coscentration
Palonium-210 pCilg 94/04 0.387 50.9 7.761202
Potassium mg/kg 35/35 2350 4920 3640.857
Potassium-40 pCifg 94/94 5.96 31.4 16.97106
Selcnium, total mg/kg. 87/129 0.29 16.3 1.74876
Silver, total mg/kg 1001139 0.2 10.8 1.721187
Sulfate mg/kg 14/35 20 9730 429.8571
Thallium, total mg/kg 117/137 0.02 3.9 0.480109
Total organic carbon | mg/kg 3 6100 8000 7033.333
Uranium-238 pCi/g 81/94 0.0111 26.9 3.974994
Vanadium, total mg'kg 1437143 10.6 729 101.3832
Zine, total mg/kg 143/143 43.7 1540 223.2091
A-10 ZP3090.11.0
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Table A-4
EASTERN MICHAUD FLATS SITE
OFF-SITE SURFACE SOIL COMPARISON TQ SCREENING CRITERIA

Frequency of
Lower Frequenty of Upper Excesdance of

Frequency of Phytoloxicity Enceedance of Phytotoxicity Upper

- Exceedance of Reference Lower Reference Referemce Reference

Chemical Units | Background® | Background Value® Vale Valoe? Valve
Aluminum, tolal mg/kg 13900 | 35/143 NA NA NA NA
Amtimony, (otal mg/kg 2.2 | 16127 1 15/127 10 T2
Arsenic, lotal mg/kg 7.7 | 22137 : 15 71137 50 0/137
Barium, total mg/kg 188 | 24/143 ' NA NA NA NA
Beryllium, total mg/kg 1| 25/138 : 10 07138 10 07138
Boron, tolal mg/kg 12.8 | 28136 25 13136 100 17136
Cadmium, totsl mg/kg 1.9 | 104/139 3 . 9139 .8 56/139
Chromium, total mg'kg 27.5 | 760143 75 33/143 100 23/143
Coball, total mg/kg 76 | 1138 25 0/138 50 0/138
Copper, totah mg/kg 12.6 | 1271143 60 10/143 125 0/143
Fluoride mg/kg 600 | T2/14) 200 142/143 500 | 93/143
fron, total mg/kg 14400 | 417143 | NA | NA NA NA
Lead, total mg/kg 29.1 | 46143 ‘ 100 3143 400 1143
Lead-210 pCilg 3.03 | 594 NA |- NA NA NA
Manganese, total mg/kg ‘ 482 | 4N43 1500 /143 3000 0/143
Mercury, toul | ma/kg  ots | torus 0.3 13/115 s onis
Molybdenum, toul | mg/kg 2.1 T4 L : 2 © 24134 10 10/134

TERIR_ DS LTSDI ' ; ZP3090.11.0
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Table A4
EASTERN MICHAUD FLATS SITE
QFF-SITE SURFACE SOIL COMPARISON TO SCREENING CRITERIA

Freqoency of
Lower Fregquency of Upper Exceedance of

Fregquency of Phytotoxicity Exceedance of Phytotoxdcity Upper

Exceedance of Reference Lower Reference Reference Reference

Chemical Units Background® | Background Value® Vahue Value? Vane
Nickel, total mg'kg 15.5 | 55/143 . 100 ’ 4/143 100 47143
Polonium-210 pCirg 3.58 | 60/94 NA NA NA NA
Potassium-40 pCilg 205 | 17/94 NA NA NA NA
Selenium, total mg/kg 1.36 | 38/129 5 11/129 10 4/129
Silver, total mg/kg 1.9 | 3v139 NA NA NA NA
Thelkium, total mpfkg 027 | 51137 ' I 11/137 1 11/137
Uranium-238 pCilg 3.88 | 22/94 NA NA NA NA
Vanadiom, total mgfkg 45.4 | 49143 ‘ 50 471143 150 24/143
Zinc, total mg/kg 52.8 | 139/143 70 1087143 400 21/143

A Eqtimated upper 95th percentile of off-site subsucface soil samplea.
B From Kabata-Pendias and Pendiaa (1992); valuee are minimum or maximum of the range of concenirations regarded as phytotoxic by various
authors, 83 shown in Table 5 of the reference.

Key:

NA = Not available.
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Table A-§
EASTERN MICHAUD FLATS SITE
BACKGROUND SEDIMENT SUMMARY
Frequency Minimum Maximum
of Detected Detected Average
Chemical Unlts Detection Concentration | Concentration | Concentration
Aluminum, otal mglkg i 4,450 14,600 B,875.7143
Antimony, total mg'kp 0/3 ND ND 5.3167
‘Arocior 1016 mg/kg 0/5 ND ND 0.3250
Aroclor 1221 mplkg - 0/s ND ND 0.3250
Aroclor 1232 mg/kg 0/5 ND ND 0.3250
Aroclor 1242 mg'kg /5 ND ND 0.3250
Agoclor 1248 mp'kg 0/5 ND ND 0.3250
Aroelor 1254 mg/kg 0/6 ND ND 0.3250
Aroelor 1260 mg'kg 076 ND ND 0.3250
Arzenic, total mg/kg "7 3.4 5.7 42714
Barium, total mg/kg "7 87.3 174 125.1857
Beryllium, total mglkg 677 0.1 0.81 0.4179
Boron, total mg/kg w1 3 13.2 6.5714
Cadmiuin, total mg/kg 0/4 ND ND 0.3625
Calcium - mg/kg 22 36,500 49,100 42,800.0000
Cesium-137 pCig 42 0.139 0.744 0.4415
Chromium, total mg/kg i 9.2 19.4 15.1143
Cobalt, total mg/kg w7 3.7 6.4 5.1429
Copper, total mg/kg 7 10.6 14.8 12.0429
Fluoride mg/kg wy 193 1,300 46E.8571
Fluoride, soluble mg/kg lf.l 13 13 13.0000
Gross alpha pCi/g ria 4.12 13.6 8.2900
Gross beta pCi/g 7 10.2 25.3 15.8000
Iron, 1otal me/kg " 7,730 14,400 | 10,081.4286
Lead, total mg/kg m7 12.1 7.9 28.8714
2 Tr I8 IR RAREL oy ecology and endilt308G.11.0
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Table A-5
EASTERN MICHAUD FLATS SITE
BACKGROUND SEDIMENT SUMMARY
Frequency Fioimum Maximum
of Detected Detected Average
Chemical Units Detection Conceniration | Conceniration | Concentratiop
Lead-210 pCi/g 0/1 ND ND 1.6700
Lithium, total mg/kg 77 6 15.8 10.6714
Magnesium mg'kg 22 5.020 5510 §,265.0000
Mangancse, (otal mg/kg 17 216 522 329.7143
Manganese-54 pCifg 1/1 0.0387 0.0387 0.0387
Mercury, total mgike 3/6 0.09 0.55 0.1408
Molybdenum, total me/kg 1/4 2.5 25 1.3875
Nickel, total mg/kg "7 4 13.9 8.1714
O‘rthophmphatc mglkg 7 0.6 6.1 2.3000
(PO4 as F)
pH Std. units I 7.2 8.1 7.7200
Phosphorus, total mg/kg T 158 531 357.0000
Potassium-40 pCi/g lx; 8.08 18.4 12.6986
Selenium, tatal mglkg 213 0.54 0.72 0.4750
Silver, total mg/kg 0/3 ND ND 0.5017
Sodium-22 pCilg 11 0.0519 0.0519 0.0519
Thallium, total mg/kg 1/5 0.14 0.14 0.0850
Total organic carbon mg/kg 212 7.995 9,729 BE62.0000
Uranium-238 pCilg 1/6 2,03 2.03 1.0082
Vanadium, total mg/kg m 18.1 32.1 25.6143
Zine, total mg/kg 317 243 533 41.9571
Key:
ND = Mot detocted.
CLTEHND_DAOS-OUT W95 D A-14 ZP3090.11.0
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Table A-6
EASTERN MICHAUD FLATS SITE
BACKGROUND SEDIMENT COMPARISON TO SCREENING CRITERIA
Frequency of i Frequency of
OME Guideliney— Exceedence of OME | OME Guidelines— Excesdance of OME
Chemical ~ Units Lowest Effect Level® | Lowest Effect Level | Severe Effect Level® | Severe Effect Leve!
Aluminum, total ‘ mg'kg NA NA NA NA
Antimony, total mg/kg NA NA NA NA
Aroclor 1016 mg/kg 0.007° 0i5 NA NA
Aroclor 1221 mg/kg WA NA NA NA
Aroclor 1232 mglkg NA NA - NA NA
Aroclor 1242 mg/kg NA NA NA NA
Aroclor 1248 mglkg 0.03 0/5 NA NA
Aroclor 1254 mglkg NA NA NA NA
Aroclor 1260 mp/kg . Na . NA NA NA
Arscric, total mghkg 6 o 3 o
Barium, total mg/kg NA NA ' NA NA
Beryllium, total mgkg . NA NA NA NA
Boron, total mg/kg ~ NA NA NA NA
Cadmium, total mg/kg : 0.6 3 10 0/4
Key at end of wble.
0221090 DHRSOYIIFEDY ZP3090.11.0
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Table A-6 '
EASTERN MICHAUD FLATS SITE
BACKGROUND SEDIMENT COMPARISON TO SCREENING CRITERIA
Frequeney of Frequency of
OME Guidelines— Exceedance of OME | OME Guldelines— | Exceedance of OME
Chemical Units Lowest Effect Level® | Lowest Effect Level | Severe Effect Leve]’_ Severe Effect Level
Calcium mp/kg NA NA NaA NA
Cesium-137 pCilg NA NA NA NA
Chromium, total me'kg 26 051 110 or7
Cobalt, total mg/kg 50 or7 NA NA
Capper, total mg/kg 16 o7 110 o7
Fluoride me/kg NA NA NA NA
Fluoride, soluble mg/kg NA NA NA NA
Gross alpha pCi/g NA NA NA Na
Gross bela pCiig NA NA NA NA
Iron, total ‘mg/kg 20,000 0r7 40,000 or7
Lead-210 pCi/g NA NA NA NA
Lead, total mg/kg 31 yigj 250 07
Lithium, totai mg/kg NA " NA NA NA
Mngnu‘ium mgfkg NA .NA Na RA
Key st end of table.
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Table A-6
EASTERN MICHAUD FLATS SITE
BACKGROUND SEDIMENT COMPARISON TO SCREENING CRITERIA
Frequency of ' Frequency of
OME Guidelines— Exceedance of OME | OME Guidelines— | Enceedansce of OME
Chemical Units Lowest Effect Level® | Lowest Effect Level | Severe Effert Level® | Severe Effect Level
Mangancse-54 pCig NA NA | NA NA
Manganese, total mg/kg ) | 460 A7 1,100 0r7
Mercury, total mg/kg 0.2 1/6 2 o/6
Molybdenum, total mg/kg NA NA NA NA
Nickel, total mg/kg 16 . on 75 a7
Onthophosphate mg/kg _ NA NA NA NA
(PO4 as P)
Phosphorus, total me'kg NA ’ NA NA NA
Potassium-40 pCilg i . NA | MNA NA ) NA
Selenium, total mp/kg : NA - Na NA - NA
Silver, tola) mg/kg : 0.5 a/3 ‘ NA NA
Sodium-22 pCi/g NA NA NA NA
Thallium, total me/kg NA NA "~ NA NA
Tolal organic carbon mg/kg Na. NA NA - NA
Uranium-238 pCi'g NA NA : NA NA
Key at end of table.
ZP3050.11.0
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Table A-6 ’
EASTERN MICHAUD FLATS SITE ‘
BACKGROUND SEDIMENT COMPARISON TO SCREENING CRITERIA
Frequency of Frequency of
OME Guidelines— Exceedance of OME OME Guidelines— Exceedance of OME
Chemical Units Lowest Effect Level® | Lowest Effect Level | Severe Effect Level® | Severe Effect Level
VYanadium, total mgkg Na NA NA NA
Zinc, total mg/kg 120 . or 820 017

A From Persaud ef al. (1993),

Key:
NA = Not available.
OME = Ontaric Ministry of the Environment.
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Table &-7

EASTERN MICHAUD FLATS SITE
DOWNSTREAM RIVER CHANNEL SEDIMENT SUMMARY

Minim v Maximum
Frequency of _ Detected Detected Average
Chemical Units __| Detection Coocentration | Concentration | Concestration
Aluminum, total mg'kg 14/14 2,100 16,200 6,264.286
Antimony, total mg/kg 0/12 ND ND 13.4208
Aroclar 1016 mg/kg 0/11 ND ND 0.3250
Aroclor 1221 me/kg o/11 ND ND 0.3250
Aroclor 1232 mgkg 0/11 ND ND 0.3250
. Aroclor 1242 mg/kg L1 ND ND 0.3250
Aroclor 1248 mg/kg 0/11 ND ND 0.3250
Aroclor 1254 mg/kg 1/13 0.46 0.46 0.3354
Aroclor 1260 mg/kp 0/13 ND ND 0.3250
Arsenic, total mg/kg 13/13 2.4 9.9 4.976923
Barium, total mg/kg 14/14 68.7 183 117.1286
Beryllium, total mgikg 10/11 0.32 1.5 0.6714
Boron, total mg'kg 13713 2.5 15.2 €.115383
Cadmium, total me/kg a8 . 0.95 222 3.3919
Calcium mg/kg 4/4 69,300 166,000 104,250
Chromium, total mg/kg 14/14 5.6 80.3 19.50714
Cobalt, total mglkg 6/14 31 54 2.9679
Copper, total mglkg 14714 - 4.8 85.9 17.07143
Fluoride me'kg 14/14 149 3,080 528.1429
Fluonde, soluble mg/kg 111 26 26 26
tron, total mg/kg 14/14 4,970 16,100 7,616.429
Lead, total mg/kg 14/14 6.7 61 19.7
Lithium, total mg/kg 14/14 37 21.8 7.878571
Magnesium mg/kg 4/4 4,920 8,370 6,182.5
Mangancse, total mg'kg 14/14 97.6 1,210 267.25

L2 RIS QARAD
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Table A-7
EASTERN MICHAUD FLATS SITE
DOWNSTREAM RIVER CHANNEL SEDIMENT SUMMARY
| Minimum Meximum :
! Freguency of Detecied Detected Average
1 Chiemical Units Detection -Concentration | Coucentration | Concentration
Mercury, total melkg 19 0.06 1.1 0.1956
| Molybdenum, total | mg/kg 0/14 ND | - ND 0.9286
Mickel, total mg/kg 12/14 2.7 16.1 6.6071
Orthophosphate mgfkg 12/14 0.4 10.7 2.3929
(PO4 as P) '
pH Std. Units 14/14 6.9 8 7.618571
Phosphorus, total mg/kg 14/14 -204 7,150 1,455.143
Selenium, total mg/kg 5/5 1.2 5.2 3
Silver, total mg/kg 9/13 0.44 4 1.4946
Thallium, total mg/kg 9/9 0.14 0.73 0.307778
Total organic | mg/kg 4/4 4,495 11,074 8501
carbon
Vanadium, total mg/kg 14/14 10.5 87.8 25.48571
Zinc, total mg/kg 14/14 20 251 55.22143
Cesium-137 pCi/g 677 0.046 0.144 A 0.0804
Buropium-155 pCilg Cm 0.212 0.212 0.212
Gross alpha pCi/g 12/14 6.03 29.2 9.2843 {
Gross beta pCi/g 14/14 4.64 30 14.04857
Lead-210 pCi/g i 2/2 1.9 2.81 2.355
Potassium-40 : pCi/g 14/14 2.64 : 14.1 10
Uranium-238 pCi/g 29 0.829 133 0.7343
Key:
ND = Not detected.
A-20
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EASTERN MICHAUD FLATS SITE
DOWNSTREAM RIVER CHANNEL SEDIMENT COMPARISON TO SCREENING CRITERIA

: Frequency of Frequenty of

Frequency of OME Guidelines - Exceedance of OME Guidelinmes - Exceedance of

Exteedance of Lowest Effect OME Lowest Severe Efferct OME Severe

Chemical Uaits Backgromad® Background Level® Effect Level Level® |  Effect Level
Aluminum, total mgfkg 14,600 1/14 NA NA NA NA
Antimony, total mgfkg ND 0/12 NA NA NA NA
Aroclor 1016 mglkg ND ol 0.007 o NA NA
Aroclor 1221 mg/kg ND ot NA NA NA NA
Aroclor 1232 mglkg ND ot NA NA NA NA
Aroclor 1242 mglkg ND o011 NA NA NA NA
Aroclor 1248 mg/kg ND o/11 0.03 0/11 NA NA
Aroclor 1254 o ND "3 NA NA NA NA
Aroclor 1260 mg/kg ND 013 NA NA NA NA
Arsenic, 1ol mg/kg 5.7 513 6 5113 13 013
Barium, toul mg/kg 174. /14 NA NA NA NA
Beryltium, total’ mg/kg 0.81 31 NA NA NA NA
Boron, total mg/kg 13.2 113 NA NA NA NA
Cadmium, totsl mg/kg ND 48 0.6 48 10 /8

Key at end of table.
03:ZPA050_DAT09-04/13/55-D1
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Table A-8
EASTERN MICHAUD FLATS SITE
DOWNSTREAM RIVER CHANNEL SEDIMENT COMPARISON TO SCREENING CRITERIA
Frequency of Frequency of
Frequency of OME Guidelines - Exceedance of OME Guidelines - Exceedance of
Exceedance af Lowest Effect OME Lawest Severe Effect OME Severe
Chemical Units Background® Background Level® Effect Level Level® Effect Level
Calcium mglkg 49,100 4/4 NA - NA NA . NA
Chromium, total mg/kg 19.4 4/14 26 1/14 1o 0/14
Cobalt, total mg/kg 6.4 014 50 0/14 NA NA
Copper, total mg/kg 14.8 an4 16 314 110 0/14
Fluoride mg/kg 1,300 14 NA NA NA NA
Fluoride, soluble mg/kg ' 13 /1 NA NA NA . NA
Iron, total mg/kg 14,400 114 20,000 0114 40,000 014
Lead, total mg/kg 719 0/E4 3 14 250 . ona
Lithium, to1al mg/kg 15.8 T 114 NA NA NA NA
Magnesium mg’kg 5,510 3/4 NA NA NA NA
Manganese, tolsl mg/kg ' 522 114 450 1714 1,100 1714
Mercury, total mglkg 0.5% 19 0.2 179 2 . 09 .
Molybdemum, total | mg/kg 2.5 o/14 NA NA NA NA
Nickel, total mglkg 139 1714 18 114 75 0/14

Key at end of table. .
0227090 _ D4 RI-04/1 3/95-DI ZP3090.11.0
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Table A-8
EASTERN MICHAUD FLATS SITE
DOWNSTREAM RIVER CHANNEL SEDIMENT COMPARISON TO SCREENING CRITERIA
Freqngry of Frequency of
Frequency of OME Gudelines - Excesdance of OME Guidelines - Exceedance of
Exceedance of Lowest Effect OME Lowest Severe Effect 'OME Severe
Chemical Units Background® Background Level® Effect Level Level® Effect Level
Orthophosphate ma/kg 6.1 114 NA NA NA NA
(PO4 as Py
Phosphorus, total mg/kg 531 9/14 NA NA NA NA
Selenium, total mg/kg 0.72 578 NA NA NA Na
Silver, totsl mg/kg ND 913 0.5 8/13 NA MA
Thallium, tolsl mglkg 0.14 /9 NA Na MNA NA
Vanadium, total mg/kg 324 214 NA NA HA NA
Zine, total mg/kg 35.3 314 120 1/14 820 0/14
Cesium-137 pCug 0.744 on NA NA NA NA
Europium-1535 pCivg NA NA NA NA NA NA
Gross ulpha pCilg 13.6 1114 NA NA NA NA
Gross bela pCUg 25.3 i7i4 NA NA NA NA
Le8d-210 pCi/g ND ply NA NA NA NA
Potassium—40 pCilg 18.4 014 NA NA NA NA
Ursnium-238 pCifg 2.03 0/9 NA NA NA NA

Key al end of table.
BP0 _DEF0S-H4 1D
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Table A-8 (Cont.)

8 Magimum of upstream sediment samples.
b From Persavd ef al. 1993.

Key:
NA = Not Available.

ND = Mot detected.
OME = Ontario Minisiry of the Envirenmenl.
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Table A-9
EASTERN MICHAUD FLATS SITE
SPRINGS SEDIMENT SUMMARY
Misimum Maximum
Frequency of Detected Detected Average
Chemical Units Detection Coocentration | Concentration | Concentration
Aluminum, total | mg/kg 9/9 2,530 8,600 4,994.45
Antumony, o | mp/kg 0/8 ND ND 22.35
Ar;)clor 1016 mg/kg 0/9 ND ND 0.325
Aroclor 1221 mg/kg 0/9 ND ND 0.325
Aroclor 1232 mg/kg 0/9 ND ND 0.325
Araclor 1242 mglkg 0/9 ND ND 0.325
Aroclor 1248 mg/kg 0/9 ND ND 0.325
Aroclor 1254 mg/kg 0/9 ND ND 0.325
ﬂ Aroclor 1260 mg/kg 0/9 ND ND 0.325
Arsenic, total mplkg 8/9 1.5 — 13.8 5.82
Barium, total mg/kg 9/9 52.1 324 110.23
Beryllium, total | mg/kg 1 0.35 2.2 1.00
Boron, total mg/kg 8/8 3.4 5.9 4.54
Cadmium, total mg/kg 373 0.35 1.5 0.74
Cesium-137 pCi/g 4/4 0.08 0.38 0.23
Chromium, total | mg/kg /9 9 54 18.43
Cobalt, total mg/kg 1/8 2.1 2.1 1.41
Cobalt-57 pCi/g i1 0.04 0.04 0.04
Copper, total mglkg 919 53 13 8.49 .
Europium-155 pCifg 22 0.31 0.49 0.40
Fluoride mg/kg 9/9 75.3 800 251.81
Gross alpha pCi/g 9/9 10 19.8 14.37
Gross beta pCi/g 99 147 19.7 17.74
Iron, total mg/kg 9/9 5,530 10,400 7,726
Lead, total mg/kg 8/9 59 50.5 16.74
w26 NSHRELRA 9L 1 ecology and enfiR3008.11.0
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i Table A-9
EASTERN MICHAUD FLATS SITE
SPRINGS SEDIMENT SUMMARY
Rinimum Maximnm
Frequency of Detected Detected Average
Chemical Unlts Detection Concentration | Concentratinn | Concentration
Lead-210 pCifg 4/4 .73 4.03 3.21
Lithium, total mg/kg 519 2.9 9.9 6.22
Manganese, mg/kg 9/9 2.7 405 136.09
total
Mercury, total me/kg 23 0.1 0.16 D.11
Molybdenum, mgkg 0/9 ND ND 0.95
total
Nickel, total mg/kg 9 2.5 7.6 4.82
Orsthophosphate mg/kg 6/9 0.5 4.9 1.55
(P04 as )
pH Std. Units 9/9 12 g5 1.71
Phosphorus, mg/kg 9/9 645 3,950 846.50
total
Potagsium-40 pCi/g 9/9 9.3 15.1 12.14
Ruthenium-106 | pCi/g | 11 0.306 0.306 0.306
Selenium, total mglkg 3/4 2.1 35 2.10
Silver, total mg/kg /8 0.17 ’ 2.1 0.71
Thallium, total | mg/kg 3/4 0.14 03| - 016
Urarium-238 pCi/g 5/8 1.25 312 1.55
Vanadium, total | mg/kg 9/9 17.4 192 41.77
Zine, totsl mg/kg 9/9 15.4 107 37.82
Key:
ND = Not detected.
A-26
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Page | of 3

Table A-10 {T
EASTERN MICHAUD FLATS SITE _
SPRINGS SEDIMENT COMPARISON TO SCREENING CRITERIA
Frequency of Frequency of OME Guidefines— Frequency of
Exceedance of OME Guidelines— Exceedance of OME Severe Effect Exceedance of OME
Chewmical Units Beckground® | Background | Lowest Effect Level® | Lowest Effect Level Level® Severe Effect Level

Aluminum, total mg/kg 14,600 0/9 NA NA NA NA
Antimony, total mg/kg ND 0/8 NA Na MNA NA
Aroclor 1016 mg/kg ND 0/3 0.007 /9 NA NA
Aroclor 1221 mg/kg ND 0/5 NA NA NA. NA
Aroclor 1232 me/kg ND Q/9 NA NA NA NA
Aroclor 1242 mefkg ND a9 NA NA NA NA
Aroclor 1248 mg/kg ND 019 0.03 /9 NA NA
Aroclor 1254 mg/kg ND 0/9 NA NA NA NA
Araclor 1260 mg/kg ND o/9 NA NA NA NA
Arsenic, tolal mg/kg | 5.7 4/9 6 4/9 n 03
Banum, total mg/kg 174 19 NA NA NA NA
Beryllium, total mg'kg 0.81 - 317 NA NA NA NA
Boron, total me/kg 13.2 0/8 NA NA NA NA
Cadmium, total mg/kg ND 33 0.6 1/3 i0 073
Cesium-137 pCi/g 0.744 0/4 NA NA NA NA
Chromium, total mg/kg 19.4 l 2/9 26 119 110 09

Key al end of table.

CLIPIO_DO05-04/1 193-DI
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Table A-18
. EASTERN MICHAUD FLATS SITE
SPRINGS SED[MENL__ COMPARISON T(O SCREENING CRI_;I‘ERIA
Frequency of Frequency of OME Guldelines— Frequency of
’ . Exceedance of OME Guoldelines— Exceedance of OME Severe Eifect Excesdance of OME
Cheical Units Backgronnd® | Beckground | Lowest Effect Leve® | Lowest Effect Level Level® Severe Effect Level

Cobalt-57 pCi'g NA NA NA
Caobalt, total mg/kg 6.4 o/8 50 o8 NA NA
Capper, total mg/kg 148 0 16 o 10 | o
Buropium-155 pCi/g NA - NA NA NA NA NA
Fluonide mgfkg 1,300 0/9. N& NA NA NA
Gross alpha pCig 11.6 3 Na Na NA NA
Gross bela pCug 25.3 0 NA NA NA NA
fron, total mg/kg 14,400 ore 20,000 09 40,000 0/
Lead-210 pCi/g ND 4/4 NA NA NA NA&
Lead, total mp/kg ne 0/9 3 " 250 o
Lithium, total mg/kg 15.8 0/9 NA NA NA NA
Manganese, oal | mg/kg 522 | 09 460 0/9 1,100 0/,
Mercury, total mgfkg 0.55 013 0.2 o3 2 0n
Molybdenum, tolal | mp/kg 2.5 o NA NA NA NA
Mickel, total me'kg 139 0/9 16 o/ 75 059

Key at end of table.
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Page 3 of 3
r
Table A-10
EASTERN MICHAUD FLATS SITE
SPRINGS SEDIMENT COMPARISON TO SCREENING CRITERIA
Frequency of . ' Frequency of OME Guldelines— Frequency of
. Exceedance of OME Guidelines— Exceedance of OME Severe Bflect Exceedance of OME
Chemical Units Background® | Background | Lowest Effert Level® | Lowest Effect Level Severe Effect Level
e L e
Orthophosphate meke 6.1 0/9 NA NA NA NA
P04 as P)
Phosphorus, total | mg/kg 531 4 NA NA NA NA
Potassium-40 pCiig 1B.4 019 NA NA NA MA-
Selcnium, total mp/kg 0.72 3/4 NA NA NA NA
Silver, total mg/kg ND /8 0.5 4/8 NA NA
Thallium, total mg/kg 0.14 14 NA NA NA NA
Urenium-238 pCig 2.03 48 | NA NA NA NA
Vanadium, total mg'kg 32.1 19 NA NA NA NA
Zinc, total mp/kg 353 % 120 o’ 820 o
2 Maximum of upstream sediment samples,
b From Persaud e1 al 1993.
Key:
NA = Not Availsble.
ND = Not Detocted. .
OME = Oniario Ministry of the Environment.
Key at end of table. ' .
ZP3090.11.0
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Revision No. 0
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Page 1 of 3
Table A-11
EASTERN MICHAUD FLATS SITE
BACKGROUND SURFACE WATER SUMMARY
Frequency Minimum Maximum
of Detected Detected Average
Chemkxlm Units Detection Concentration | Concentration | Concentration
Alkalinity, bicarbonate | mg/L 19/19 194 309 246.5263
Alkalinity, carbonate mg/L 8/17 2 12 4.382353
Aluminum, dissolved mg/L 218 0.0225 0.0848 0.035711
Aluminum, total - mg/L 15/18 0.0487 1.54787 0.485928
Amumonia (NH3az N) mg/L 1719 | 0.3 0.3 0.15
Antimony, dissolved mg/L 0/19 ND ND 0.067105
Antimony, total mg/L 0/19 ND ND 0.070526
Arsenic, dissolved mg/L {1712 0.00135 0.0047 0.003178
Arsenic, total mg/L 12/177 0.00126 0.008 0.003639
Barium, dissolved mg/L 14/19 0.0892 0.1067 0.07158
Barium, total mg/L 14/19 0.08606 0.1281 0.079314
‘Beryllium, dissolved mg/L 0/19 ND ND 0.0005
Beryllium, total mg/L 1/19 0.0019 0.0019 0.000574
Boron, dissolved mg/L 1717 0.0611 0.921 0.194967
Boron, total mg/L £/10 0.1129 0.53§ 0.19886
Cadmium, dissolved mg/L 0/19 ND ND 0.000382
Cadmium, total mg/L 0/19 ND ND 0.000405
Calcium mg/L 18/19 29.8 B3.9 58.6856
Calcium, dissolved mgll 14/14 58.29914 84.2 69.3298
Chloride mg/L 19/19 33 59.3 46.34211
Chromium, dissolved mg/L 719 0.0001 0.00136 0.000482
Chromium, total mg/L 19 0.0002 0.00132 0.000508
Cobalt, dissolved mg/L 0/19 ND ND 0.002947
Cobalt, total mg/L 1/19 0.0066 0.0066 0.002793
Copper, dissolved mg/L 3/18 0.003 0.003 0.002028
Copper, total mg/L 3/18 0.003 0.01099 0.002588
Key at end of table.
A-30
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Section
Revision No. 0
April 1995
Page 2 of 3
Table A-11
EASTERN MICHAUD FLATS SITE
BACKGROUND SURFACE WATER SUMMARY
Frequency Minimum Maximum
of Detected Detected Average
Chemical Units a Detection | Concentration | Concentration | Concentration
Dissolved oxygen mg/l, 19/19 6.3 . 17 10.94211
Fluoride mg/L 19/19 0.2 0.332 0.293368
| Lron, dissolved mg/L .57 0.0217 0.08699 0.0299
Iron, total mg/L 15117 | 0.0497 1.6129 0.47251 ’
Lead, dissolved mg/L /19 0.0016 - 0.0016 0.000689 ’
Lead, total mg/L 713 0.00108 0.0024 0.001132
Lithium, dissolved mg/L 16/16 0.01849 0.0709% 6.051582 |
Lithium, total mg/L 14/15 0.0463 0.07 0.052691 -
Magnesium mg/L - 19/19 . 22.5 40.7 31,1402
Megncsium, dissolved mg/L 14/14 23.41813 39.8 32.86216 E
Mangancse, dissalved | mg/L y1a | 0.0022 0.0317 0.003964 )
Msnganese, total mg/L 14/19 0.0045 0.0617 0.020471 -
Mercury, dissolved mg/L. 4/10 0.0002 0.0002 0.000115 .
Mercury, total mg/L 6/13 0.0001 0.0002 0.000104 -
Molybdenum, dissolved | mg/L /1% | ND ND 0.007263
Molybdenum, total mg/L 1419 0.0166 0.0166 | 0.008321
Nickel, dissalved mg/L /19 ND ND 0.006763
MNickel, iotal ~mg/L 1/18 0.01414 0.01414 0.008591
Nityate (NO3 as N) mgfl. 14/19 0.15 1.17 0.455526
" Orthophosphate (PO4 mg/L 10/19 0.02 0.09 0.022947
as P)
pH Sid. Units 19/19 §.03 8.74 8.452108
Phosphorus, total mg/L 10/15 0.02 0.271 0.070667
Potassium mg/L 19/19 5.18813 12 9.030071
Potassium, dissolved mgfl 14/14 4 88782 11 8.426897
Selenium, dissolved mg/L 0/14 ND ND 0.000675
Key at end of table.
A-31
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Section
Revision No. 0
April 1995
Page 3 of 3
Table A-11
EASTERN MICHAUD FLATS SITE
BACKGROUND SURFACE WATER SUMMARY
" Frequency Minixoum Maximum
of Detected Detected Average
Chemical Units Detection Coancentration Conceatration | Concegtration
Selenium, total mg/L 4/15 0.0015 0.0024 0.000935
Silver, dissalved mg/L 0/15 ND ND 0.0015
Silver, total mg/L 0/15 ND ND 0.0015
Sodium mg/L 19/19 25.358322 56.3 41.51941
Sadium, digsolved mg/L 14/14 25.54457 48.6 38.91661
Specific conductance umhos/cm 19/19 522 1290 782.6842
Sulfate mg/L 19/19 33.4 70.12 42.42368
Thallivm, dissolved mg/L 0/19 ND ND 0.001039
Thallium, total mg/L 0/1% ND ND 0.001039
Total dissolved solids mg/L 14/14 250 470 369.2857
| Total Hardness mg/L 33 308 325 318
Total suspended solids mg/L 8/9 6 52 16
Vanadium, dissolved mg/L 0/19 ND ND 0.017974
Vanadium, total mg/L 10/19 0.0031 0.04 0.007563
Zinc, dissolved mg/L 7/13 0.0183 0.06 0.025937
Zinc, total mg/L 7112 0.0354 0.062 0.02854
Gross alpha pCi/L. 13/19 1.3 6.55 2.134211
Gross beta pCVL 18/1% 5.15 13.8 7.956842
Radium-226 pCV/L 15/19 0.09 2.91 0.537368
Radium-228 pCi/L 15/19 0.5 7.5 1.5
Uranium-233/234 pCVL 33 1.26 1.4 1.35
Uranium-235 pCi/L 23 0.055 0.0913 0.0536
Urenium-238 pCuVL /3 0.601 0.802 0.682
Key:
ND = Not detected.
A-32 ZP3090.11.0
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Revision No. {
April 1995
Page 1 of 6
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Table A-12
EASTERN MICHAUD FLATS SITE
BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA
EPA Frequency of EPA Frequency of Derived Frequency of
Freshwater Exceedance of Freshwater Exceedance of Freshwater Exceedance
Chronke EPA Chronic Acute EPA Acute Chronic of Derived
Chemical Units Criteria® Criteria Criteria® Criteria Criteria? Criteria
Alkalinity, bicarbonate | mgfL NA NA NA NA NA NA
Alkalinity, carbonate mg/L NA NA NA NA NA NMA
Aluminum, dissolved mg/L NA NA NA NA - NA MA
Aluminum, total mg/L 0.087 13/18 0.75 5/18 NA NA
Ammonia {(NH3 as N) | mg/L NA NA NA NA NA NA
Antimony, dissolved mg/L NA NA NA NA NA NA
Antimony, total mg/L 0.03 0/19 0.088 0/19 NA NA
Arsenic, dissolved mg/L 0.18 o/12 0.34 0/12 NA NA
Arsenic, total mg/L 0.19 /17 0.36 017 NA NA
Barium, dissolved “mg/L NA NA NA NA NA NA
Banum, total mg/L NA NA NA NA 1.62 0/19
Beryllium, dissolved mg/L NA NA NA NA NA NA
Beryllium, total mg/L 0.0053 /19 .13 0ne NA NA
Boron, dissolved mg/L NA NA NA NA NA NA
Key at end of table.
73086110
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Table A-12
EASTERN MICHAUD FLATS SITE
BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA
EPA Freguency of EPA Frequency of Derived Frequency of
Freshwater Exceedance of Freshwater Exceedance of Freshwater Exceedance
Chreonic EPA Chronic Acute EPA Acuie Chronie of Derived
Chemical Units Criteria® Criteria Criteria® Criteria Criteria® Criteria
Boron, total mg/L NA NA NA NA 1 /10
Cadmium, dissolved mg/L 0.00239 0/19 0.01229 0/19 NA NA
Cadmium, total mg/L 0.00281 019 0.01446 0/19 NA NA
Calcium mg/l. NA NA NA NA NA NA
Calcium, dissolved mg/L NA NA NA NA NA NA
Chloride mg/L 230 . /19 860 0/19 NA NA
Chromium, dissolved mg/l 0.0105 o119 0.01 0/19 NA NA
Chromium, total mg/L 0.011 0/19 0.016 0/19 NA NA
Cobalt, dissolved mg/l NA NA NA NA NA NA
Cobalt, total ‘mg/L NA NA NA NA 0.0 019
Copper, dissolved mg/L 0.02701 0/18 0.04481 0/18 NA " NA
Copper, total . mg/L 0.03178 0/18 0.05272 0/18 NA NA
Fluoride mg/L NA NA NA NA 2.63 a/19
Gross alpha - pCi/L NA NA NA NA NA NA

Key at end of lable.
02 ZP30%0_DRRO41 393D ZP3090.1 -w’)
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Table A-12
EASTERN MICHAUD FLATS SITE
"BACKGROUND SURFACE WATER COMPARISON TO SCREEEING CRITERIA
" EPA Frequency of EPA Frequency of Derived Frequency of
Freshwater Exceedance of Freshwater Exceedance of Freshwater Exceedance .
Chronic EPA Chronic Acute EPA Acute Chronic of Derived
Chemical Units Criteria® Criteria Criteria® Criteria Criteria® Criteria
Gross beta pCVL MNA NA NA NA NA NA
iron, dissolved mg/L NA NA NA NA NA NA
lron, total mg/L. i 417 NA NA NA NA
Lead, dissolved mg/L 0.00347 0/19 0.17803 0/19 NA NA
Lead, total mg/L 0.01388 0/13 0.35606 0/13 NA NA
Lithium, dissolved mg/L NA NA NA NA NA NA
Lithium, total mg/L NA NA NA NA NA NA
Magaesium mg/L NA NA NA NA NA NA
Magnesium, dissolved | mg/L NA NA NA NA NA NA
Mangsanese, dissolved | mg/L NA NA NA NA NA NA
Manganese, total mg/L NA NA NA NA 75 0/19
Mercury, dissolved mg/L NA. NA 0.0008 /10 NA NA
Mercury, total mg/L 0.00002 | 6/13 0.0024 0/13 NA NA
Key al end of table.
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Table A-12
EASTERN MICHAUD FLATS SITE
BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA
~ EPA Frequency of EPA Freguency of Derived Frequency of
Freshwater Exceedance of Freshwater Exceedance of Freshwater Exceedance .
Chronic EPA Chronic Acute EPA Acute Chron of Derived
Chemical Units Criteria® Criteria Criteria® Criteria Criteria® . Criteria
Molybdenum, mg/L NA NA NA NA NA NA
dissolved
Molybdenum, 1otal mg/L NA NA NA NA 0.043 0/19
MNickel, dissolved mg/L 0.35662 0/19 3.20792 0/19 NA NA
Nickel, tota mg/L 0.41956 0/18 3.77402 0/18 . NA NA
Nitrate (NO3 as N) mg/L NA NA NA NA NA NA
Orthophosphate mg/L NA NA NA NA NA NA
(PO4 as P)
Phosphorus, total mg/L NA NA NA NA NA NA
Polassium mg/L NA NA NA NA NA NA
Potassium, dissolved | mg/L NA NA NA NA NA NA
Radium-226 pCi/L NA NA NA NA 6.2 0/19
Radium-228 pCi/L NA " NA NA NA NA NA
Selenium, dissolved mg/L NA NA NA NA 0.002 0/14
Selenium, total mg/L 0.005 0/15 0.02 0/15 NA NA

Key at end of table.
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Table A-12
EASTERN MICHAUD FLATS SITE
BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA
EPA Frequency of EPA Frequency of Derived Frequency of
Freshwater Exceedance of Freshwater Exceedance of Preshwater Exceedance
Chronic EPA Chronic Acute EPA Acute Chronic of Derived
Chemical Units Criteria® Criteria Criteria® Criteria Criteria® Criteria
Silver, dissolved mg/L NA NA Q.02523 0/15 MNA NA
Silver, total mg/L 0.00012 o115 0.02969 015 NA NA
Sodium mg/L NA NA NA NA 78 0/19
Sodium, dissolved mgfl NA NA NA NA NA NA
|
Sulfate "mg/L NA NA NA NA NA NA
Thallium, dissoived mg/l NA NA NA NA NA NA
Thallium, 1otal mg/L. 0.04 0/19 1.4 0/19 NA NA
Total dissolved solids | mg/L NA NA NA NA Na MNA
Total Hardness mg/L NA NA NA NA NA NA
Total suspended solide | mg/L NA NA NA NA NA NA
Uranium-233/234 pCVL NA NA NA NA NA NA
Uranium-235 pCiL NA NA NA NA 100 o
Uranium-238 pCiL NA NA NA - NA 192 073
Yanadium, dissolved mg/L NA NA NA NA NA NA
Key at end of table.
ZP30%90.11.0
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Table A-12
EASTERN MICHAUD FLATS SITE
BACKGRO_UND SURFACE WATER COMPARISON TQ SCREENING CRITERIA
EPA Frequency of EPA Frequency of Derived Frequency of
Freshwater Exceedance of Freshwater Exceedance of Freshwater Exceedance
Chronic EPA Chronic ~Acute EPA Acute Chronic of Derived
Chemical Units Criteria® Criteria Criteria® Criteria Criteria® Criteria
Vanadium, tota} mg/L NA NA NA | NA 0.033 1/19
Zine, dissolved mg/L 0.2401 013 (.26509 0/13 NA NA
Zinc, total mg/L 0.28247 0/12 0.31187 012 NA NA

A Criteria for total concentrations from EPA 1986, 1994. Criteria for dissolved concentralions adjusted based on EPA 1994. Hardness-dependent water quality
critena calculated based on 2 water hardness of 318.

b See Section 2.4.

Key:

NA = Not available.
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Table A-13
EASTERN MICHAUD FLATS SITE
] BACKGRO;JND GROUNDWATER SUMMARY
Frequency Mioimum Maximum
of Detected Detected Avernge
Chemiral : Unlts Mn__ Concentration Coi.ﬂﬂm Concentration

Aluminum, dissolved mg/L o3 ND ND 0.013833
Aluminum, total mg/L 19778 0.01675 1.38 0.075599
Ammonia (NH3 as N) mg/L 2190 0.73 0.8 0.205611
Antimeny, dissolved mg/L 0/4 ND ND 0.03625
Antimony, total mg/L 2/80 0.05795 017 0.031266
Arsenic, dissolved mg/L 577 0.0036 0.01735 0.008193
Ansenic, total mg/L 50/63 0.0019 0.0204 0.008106
Barium, dissolved mg/L 6/8 0.05812 0.173 0.08981
Barium, total mg/L 89/92 0.03513 0.27 0.120487
Beryllium, dissolved - mg/L - e} ND ND 0.000667
Beryllium, total mg/L 4/81k 0.00043 0.003 0.000531
Boron, dissolved mg/L 172 0.0784 0.0784 0.0517
Boron, total ' mg/i_ 61/63 0.03309 0.671 0.119887
Cadmium, dissolved mg/L 4/8 0.004 0.004 0.002313
Cadmium, total mg/L 316 0.00013 0.0003 0.000068
Caleium mg/L 96/96 36.1 107 70.46201
Calcium, dissolved mg/L n 49.81903 54.61044 52.21474
Chiloride mg/L 94/94 9 132 85.82553
Chromium, dissolved mg/L . &8 0.00135 0.013 0.007815
Chromium, total mgll. 53179 0.0004 0.1622 0.005506
Cobalt, dissolved mg/L 074 ND ND 0.00325
Cobalt, total mg/L 4/86 0.00899 0.017 | 0.002701
Copper, dissalved mg/L 4/8 0.004 0.004 0.00275
Copper, total mgfL j/’.’l 0.0053 0.00899 0.002022
Fluoride mg/L 101/102 02| | 1.3 0.425618
Iron, dissotved mg/L 4/8 0.007 0.0371 0.018363

Key ot end of table.
m_mpef ‘A-39 eeology and environB3090.11.0
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Table A-13
EASTERN MICHAUD FLATS SITE
BACKGROUND GROUNDWATER SUMMARY
[ Frequency Miaimom Maximum
of Detected Detected Average
Chemical Units Detection | Concentraton | Cobcentration Concentntion_
Iron, total mg/L 18/66 0.0323% 1.0§ 0.094111
Lead, dissolved mg/L 4/8 0.001 0.001 '0.000875
Lead, total mg/L 12/87 0.00061 0.038 0.001148
Lithium, dissolved mg/L 12 0.01 0.01 0.0085
Lithium, toeal mg/L 34/46 0.005 0.064 0.027976
Magnesium mg/L 9197 6 59.3 24.65128
Magnesium, dissolved mg/L 22 13.92837 19.67331 16.80084
Manganexe, disrolved mg/L 5/8 0.001 0.0044 0.001801
Manganese, total mg/L 11/67 0.0012 0.174 0.006454
Mercury, dissolved mg/L or ND ND 0:00009
Mereury, toul | mg 1238 0.00006 0.00116 0.00017
Molybdenum, dissolved mg/L 0/4 ND ND 0.0082S
Molybdenum, total mg/L 579 0.02 0.07 0.01058S
Nickel, dissolved mg/L 0n ND ND 0.005167
Nickel, total mg/L 1775 0.0338) 0.0338) 0.006821
Nitrate (NO3 as N) mg/L 98/98 0.17 6.26 2.137041
Ontbophorphate (PO4 as P) | mg/L S9/82 0.02 0.24 0.034805
pH Sd. Units | 102102 6.91 9.57 7.460392
Phosphorug, total mg/L- 60/87 0.02 0.4 0.035023
Potassium mg/L 101/101 0.6 19.3 7.970753
Potassium, dizsolved mg/L 272 6.19538 9.11928 7.65733
Selenium, dissolved mg/L an 0.002 0.0025 0.001843
Selenium, total mg/L 34/66 0.00108 0.007% 0.002067
Silver, dissotved mg/L 6/8 0.004 0.008 0.004375
Silver, tota) mg/L &T7 0.002 0.007 0.001849
Sodium mg/L - 96/96 11.9 833 35.61687
Key at end of able.
Tz DRS00 1D A-40 ZP3090.11.0



EMF ERA

Section

Revision No. {

April 1995

Page 3 of 3

Table A-13
EASTERN MICHAUD FLATS SITE
BACKGROUND GROUNDWATER SUMMARY
Frequency Minimum Maximum
of Detected Detected Average
Chgnial Uits . Detection | Concentration | Concentration | Coocenfration
Sodium, dissolved mg/L 172 ) 14.01181 14.01181 13.26912
Specific conductance umhos/em 102/102 293 1,073 723.3529
Sulfate mg/L 100/100 8 75 46.8351
Thallium, dissolved mg/L 12 0.001 0.001 0.0007$
Thallium, total °© mg/L 3/48 0.00071 0.00105 0.000447
Total dissolved solida mg/L. 93/94 230 3,150 513.7181
Total suspended solids mg/L 11 1 1 71
VMium. dissolved mg/L 4/5 0.005 - 0.00839 0.005718
Vanadium, total mg/L 20/61 - 0.00278 0.00854 0.0072869
Zine, dissolved mg/L 6/8 ~ 0.003 1.17 0.150431
Zinc, total mg/L 11/49 0.00454 1.29 0.039495
Gross alpha pCVL 66/67 0.87 7.97 3.20194
Gross beta pCi/L 61/62 2.93 2,210 142.2863
Radium-226 pCVL 58/63 0.09 1.84 0.473175
Radium-228 T pCVL 41/69 0.5 139 . 9.985507
Key:
ND = Not detected.
A-41
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Table A-14
EASTERN MICHAUD FLATS SITE
BACKGROUND GROUNDWATER COMPARISON TO SCREENING CRITERIA
EPA Freshwater Frequency of F l;equenty of Derived Frequency of
Chronic Exceedance of EPA | EPA Freshwater | Exceedance of EPA Freshwater Exceedance of
Chermnical Units Criteria® Chronic Criteria Acute Criteria® Acute Criteria Chronic Criteria® | Derived Criteria
Aluminum, dissolved mg/L NA NA NA NA NA NA
* Aluminum, total mg/L 0.087 B/78 | 0.75 3178 NA NA
Ig Ammonia (NH3 as N) mg/L NA NA 7 NA HA NA NA
Antimony, dissolved mg/l NA NA. ' NA NA MNA NA
Antimony, tolal mg/L 0.03 2780 0.088 1/80 NA NA
Arsenic, dissolved mg/L. Q.18 . /7 0.34 a7 NA NA
Arsenic, total mg/L 0.13 0/63 0.36 0/63 NA NA
Barium, dissolved mg/L NA Na NA NA NA NA
Barium, tolal mg/L NA NA NA NA 1.62 /92
Beryllium, dissolved mg/L NA NA NA NA Na - NA
Beryllium, total mg/l -0.0053 081 0.13 0/81 MA NA
Boron, dissolved mg/L NA NA NA NA NA NA
Boron, total mell NA NA NA NA 1] 0/63
Cadmium, dissolved mg/L 0.002172 48  0.00895 0/8 NA NA
Key st end of table.
cazrxm Do, . D ) ZPI090.11.0
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Table A-14
EASTERN MICHAUD FLATS SITE
BACKGROUND GROUNDWATER COMPARISON TO SCREENING CRITERIA
EPA Freshwater Freguescy of Frequency of Derived Frequency of
Chromc Exceedance of EPA | EPA Freshwater | Exceedance of EPA Freshwater Exceedance of
Chemical Units Criteria® Chropic Criteria Acule Criteria® Acute Criteria Chronic Criteria® | Derived Criteria
Cadmium, otal mg/L 0.002556 0136 0.010329 0136 NA NA

. Calcium mg/L NA NA NA Na | NA ) NA

§

P Calcium, dissolved mg/L NA Na NaA NA NA NA
Chloride mg/L 230 1/94 $60 0/94 NA NA
Chrormium, dissolved mg/L 0.0105 3/8 0.0 378 NA NA
Chromium, total mg/L 6.011 37 0.016 m NA NA
Cobalt, dissolved mg/L NA NA NA NA NA NA

1 Cobalt, total mg/L NA NA NA NA 0.05 : 0/86

1'%— Copper, dissotved mg/L 0.02477 /8 0.034375 . 0/8 NA NA

] .

a Copper, total mg/L 0.024383 orn 0.040442 ) o NA NA J]

5. Fluoride mg/L NA NA NA . NA 2.63 0/102

3

3 Gross alpha pCiL NA NA NA NA NA NA

3
Gross beta i pCvL NA NA . NA NA NA NA
tron, dissolved ' mg/L NA NA NA NA NA NA

Key st end of table.

ZP3090.11.0
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Table A-14
EASTERN MICHAUD FLATS SITE
BACKGROUND GROUNDWATER COMPARISON TO SCREENING CRITERIA
EPA Freshwater Frequency of Frequeney of Derived Frequency of
Chronic Exceedance of EPA | EPA Freshwater | Exceedance of EPA Freshwater Exceedance of
Chemical Units Criteria® Chronie Criteria Acute Criteria® Afute Criteria Chronic Criteria? Derived Criteria -
fron, total mg/L. 1 1/66 NA NA NA | NA
Lead, dissolved mg/L 0.002424 0/8 0.124425 0/8 NA NA
Lead, total mg/L 0.009697 1187 0.248851 0/87 NA NA
Lithium, dissolved mg/L NA NA NA NA NA NA
Lithium, total mg/L NA NA NA NA NA NA
Magnesium mg/L NA NA NA NA NA NA
Magnesium, dissolved mg/L NA NA MNA NA NA MHA
Manganese, dissolved mg/L NA NA NA NA NA NA
Manganese, total mg/lL NA NA NA NA 75 0167
Mercury, dissolved mg/L NA NA 0.0008 o2 NA NA
Mercury, total mg/L 0.000012 12/38 0.0024 0/38 NA NA
Malybderium, dissolved mg/L NA NA NA NA NA NA
Molybdenum, total mg/L NA NA . NA NA 0.043 17
Nickel, dissolved mg/L 0.281069 0/3 2.528298 0/3 NA NA

3y ZP305%0.11.0
‘0«) wo
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Table A-14
EASTERN MICHAUD FLATS SITE
BACKGROUND GROUNDWATER COMPARISON TO SCREENING CRITERIA
EPA Freshwater Frequeney of Frequency of Derived Frequency of
Chronk Exceedance of EPA | EPA Freshwater | Exceadance of EPA Freshwater Exceedance of
Chemical Units Criteria® Chroric Criteria Acute Criteria® Acute Criteria Chronic Criteria® | Derived Criteria
Nickel, total mg/L 0.13067 0775 2.974468 0175 NA NA
Nitrate (NO3 as N) mg/L NA NA NA NA NA NA
T
:‘?-. Orthophosphate (PO4 as P) | mg/L NA NA NA NA NA NA'
Phosphorus, 1otal mg/L NA " NA NA NA NA NA
Potassium mg/l NA MNA NA NA NA NA
Potassium, dissolved mg/L NA NA NA NA NA NA
Radium-226 pCVL NA NA NA NA 6.2 0/63
» Radium-228 pCVL NA NA NA NA NA NA
2
3§ Selenum, dissolved mg/L NA NA NA Na 0.002 YT
é Sclenium, tota) mg/L 0.005 5166 0.02 0/66 NA NA
";‘, Silver, dissolved mg/L NA NA 0.015552 0/8 NA NA
§ Silver, total mg/L 0.00012 677 0.018296 o7 NA NA
) Sodium mg/L NA NA NA NA 78 1/96
Sodium, dissolved me/L NA NA NA NA NA NA
Key at end of table.
ZP3090.11.0
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Table A-14 |
EASTERN MICHAUD FLATS SITE
BACKGROUND GROUNDWATER COMPARISON TO SCREENING CRITERIA
EPA Freshwater Frequency of Frequency of Derived Freguency of
Chronic Exceedance of EPA | EPA Freshwater | Exceedance of EP4 Freshwater Exceedance of
Chemical Units Criteria® Chronic Criteria Acute Crileria® Acute Criteria Chroagic Criteria® | Derived Criteria
Specific conductance umhos/cm NA NA NA NA NA NA
Sulfate mg/L NA NA NA NA NA NA
Thallium, dissolved mg/L NA NA NA NA NA NA
Thallium, total mg/L 0.04 | 0/48 1.4 0/48 NA NA
Total dissolved solids mg/L NA NA NA NA - NA NA
Total suspended solids mp/L NA NA NA NA NA NA
Vanadium, dissolved mg/L NA NA NA NA NA NA
Vanadium, lotal mg/L NA NA NA NA 0.033 0/61
Zinc, dissolved mg/L 0.189166 1/8 0.208852 1/8 NA NA
Zinc, total mg/L 0222549 1149 0.245708 1/49 NA NA

hardness of 2440.
See Soction 2.3,

- Key:

NA = Not available.

CLIPWAD_DHTROE

2 Criteria for 101al concentrations from EPA 1986, 1994, Criteria for dissolved concentrations adjusted based on EPA 1994, Hardness-dependent critenia calculated using water

) ZP3090.11.0
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Table A-15
EASTERN MICHAUD FLATS SITE
L DQ__W-T;STREAM RIVER CHANNEL SURFACE WATER SUMMARY
Minimum ‘ Maximum
Frequency Detected Detected Average
| Chemica! | Units of Detection | Concentration Concentration | Cobncentration
Alkalinity, bicarbonate mg/L 40/40 N 301 244.075
Alkalinity, carbonate mg/L 8/27 4 16 3.185185
Aluminum, dissolved mg/L 8/38 0.0226 0.3 0.045166
Aluminum, tota] mg/L 25/34 0.02 1.80202 0.465747
Ammonia (NH3 as N) mg/L 13/40 0.5 6.2 0.5178
| Antimony, dissolved me/L 2/40 0.0675 0.19 0.036263
Antimoay, total mg/L 2/39 0.0479 0.13 0.0331
Arsenic, dissolved mg/L. 18/23 0.00138 0.0099 0.003413
Arsenic, total mg/L 25/30 0.0021 0.0108 0.004825
Barium, diasolved mg/L 38/40 0.05 0.28 0.094664
Barium, twotal mg/L 38/40 0.04 0.18 0.097527
Berylliom, dissolved mg/L 6/37 0.0011 0.024 0.001832
Beryllium, total mg/L. 3/40 0.022 0.032 0.002513
Boron, dissolved mg/L 28/28 0.06283 0.45 0.177523
Boron, total mg/lL | 23/24 0.1089 0.59 0.19778
Cadmium, dissolved me/L 2/40 0.0001 0.0019 © 0.000469
Cadmium, total . mg/l. 6/40 0.0003 0.0022 0.000545
Caleium mg/L 40/40 37.6 92.1 65.93853
Caleium, dissolved mg/l 30/30 59.02478 81.9 70.45486
Chloride o mg/L 40/40 20.9 68 44,665
Chromium, dissolved mg/L 1738 0.0001 0.00225 0.000807
Chromium, total | mg/L 23/40 0.0002 0.0035 0.0009%6
Cobalt, dissolved mg/L 3/39 0.0038 0.0092 0.00288%
Cobalt, total mg/L 3/39 0.0037 0.00899 0.00275
Copper, dissolved mg/L 10/38 0.003 0.0401 0.003935

Key at end of table.
ey at end o e A-47
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Table A-15
EASTERN MICHAUD FLATS SITE
Lﬁ_ DOWNSTREAM RIVER CHANNEL SURFACE WATER SUMMARY
. Minimum Maximum
Frequepcy Detected Detected Average
- Chemical Uaits of Detection | Concentration | Coocentration | Concentration
| Copper, total me/L 7133 0.003 0.023 0.003525
- Dinolved;xygcn mg/l. 40/40 55 14.1 9.3325
B Fluoride - mg/L 40/40 0.2 0.7 0.3843
) Gross upﬂ; pCi/L 32/40 1.7 10.8 2.61
"? ~ Gross bola pCVL 40/40 2.4 12 7.551
i y Iron, dissolved mg/L 14/36 0.0111 0.093 0.026346
“} Iron, total mg/L 35736 0.0172 1.72512 0.451881
i Léad, dissolved mg/L 3/36 0.0016 0.0046 0.000828
Lead, total mg/L 10/36 0.001 0.0317 0.001784
Lithium, dissolved mg/L 3737 0.01825 - 0.2259 0.046703
Lithium, total mg/L 30/31 0.02331 0.0564 0.043857
. Magnesium mg/L 40/40 17.5 41 28.63965
Magnesium, dissolved mg/L 31/31 22.94698 39.4 30.53295
Mangancse, dissclved mg/L 19/35 0.00106 0.0352 0.004663
N Manganese, total mg/L 33/40 0.004 0.06231 0.01957
A Mercury, dissolved mg/L 8/28 0.0001 O,W 0.000083
Mercury, total mg/L 13/32 0.0001 0.0004 0.000095
Molybdenum, dissolved mg/L 2/39 0.016 0.1796 0.013451
Molybdenum, total mg/L 0/40 ND ND 0.01
o Nickel, dissolved mg/L 3/38 0011 0.0723 0.009745
Nickel, total mg/L 3740 0.01308 0.026 0.008352
Nitrate (NO3 as N) mg/L 38/40 0.31 2.8 1.41325
Orthophosphate (PO4 as P) mg/L 36/40 0.015 1.2 0.3352
pH Std. Units 3%/39 7.21 9.93 8.134872
Phosphorus, total mg/L 36/37 0.02 1.45 0.437919
Key at end of table.
SLZPION_DAIIOVIVPAD ZP3090.11.0
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Table A-15
EASTERN MICHAUD FLATS SITE
DOWNSTREAM RIVER CHANNEL SURFACE WATER SUMMARY
' Misimum Maximum
Frequency Detected Detected Average
Chembeal Units of Detection | Concentration Concentration Concentration
Potasaium mg/L 40/40 5.12655 1 8.207743
Potassium, dissolved mg/L 31/31 5.05138 11.1 8.219195
Radium-226 pCVL 32/39 0.1 3 0.558205
‘Radium-228 pCUL 17/38 0.8 5.9 0.897368
Sclenium, dissolved mg/L 7430 0.001 0.0031 0.000882
Selenium, total | me/L 10127 0.0012 0.0053 0.001352
Silver, dissolved mg/L 1/32 0.003 0.003 0.001578 jl
Silver, total mg/L 4/35 0.0024 0.0044 0.001743
Sodium mg/L 40/40 |. 25.18948 78.7 45.27579
Sodium, dissolved mg/L 31/31 25.57935 60.68209 44.17747
Specific conductance, umhos/cm 39/39 497 . 2140 " 815.7949
at 25° C :
Sulfate mg/L 40/40 33.4 82 $3.8225
Temperature 1 degrees C 39/39 0.27778 25.8333 13.50855
Thallium, dissolved mg/L 0/18 ND ND 0.000403
Thallium, total mg/L 0/40 ND ND 0.001081"
Total dissolved solids mg/L 333 260 540 408.7879
Total Hardness mg/L n 257 314 289.5714
Total suspended solids | mg/L 14/18 4 30 9.066667
Uranium-233/234 pCVL 4/4 0.621 1.36 1.08275
Uranium-23$ pCi/L 3/3 -0.0203 -0.00163 -0.009
| Uranium-238 pCilL 4/4 0.239 0.83 0.5855
Vanadium, dissolved mg/L 15/40 0.0024 0.15 0.018782
Vanadium, total mg/L 22/40 0.00285 0.08 0.012318
Zinc, dissolved mg/L. 14/26 0.003 . 0.052 0.017575
Zinc, total mg/L 17/28 0.01636 0.06619 0.025373

Key st end of table.
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Table A-16
EASTERN MICHAUD FLATS SITE
DOWNSTREAM SURFACE WATER COMFPARISON TO SCREENING CRITERIA
Frequency of ‘ Fregoency of 1
Frequency of Execeodance of EPA Frequency of EPA Exeredanes Derived Frogoeney of
Eacoedance of Surface Sarface Freshwaies Exceedance of | Freshwater of EPA ey 7 Exceed
Groundwaler Groundvisd ey Waler Waler Chronle EFA Chronle Acuie Aeute Chromie of Dertved
Chetmnleal Unita Background™ Backgeound Backgromd® | Bachgroms Criteria® Criteria Criteria® *|  Crlteris Criteria® Critevia
Aluminum, disobved mgfl ND ND 0.0807 £7:1) NA NA NA NA NA NA
Ahsrmiram, toisl mg/l 0.4190 12/34 1.4841 334 0.0870 19734 9.7500 11734 NA NA
Ammonia (NHY sa N) mg/ 0.8 7/40 0.2550 13140 NA NA NA NA NA NA
Antimany, dissolved mg/l ND ND ND 2/40 NA NA NA NA NA NA
Antimony, total mg/l 017 0/39 KD 233 0.9300 239 0.0880 139 MNA NA
Arsenic, dimsotved mg/ 0.0174 073 0.0048 5 0.1800 o2 0.3400 013 HA NA
Amcnic, Lol mg/l 0.0170 b/30 0.0078 o 01930 0730 0.3600 0/30 NA NA
Basium, dissohvod mgh 0,173 1440 0.106) 6/40 NA NA NA NA Na NA
Barium, total gl 0.2245 0740 0.1130 349 NA NA Na NA 1.6200 0/40
Beryllium, dissclved mg/l ND ND ND v 637 NA NA NA NA NA NA
Berylham, total mgh 0.003 3/40 0.0006 3140 0.0053 3140 0.1300 040 © NA HA
Bovon, dimotved mg 0.0784 247728 0.453¢ Y]] NA NA NA NA NA NA
Boron, total g/l 0.2400 324 0.4491 1724 NA NA NA NA 1.0000 7]
Cedmium, dissolved mg/l 0.0040 0/40 ND 240 0.0022 0/40 0.011D 0140 NA HA
Codmia, ol mgh 0.0003 $740 ND &/40 0.0026 0140 0.0129 0/40 NA NA
Calciun mgl 96.57 140 . 83,6300 40 NA NA HA NA NA NA
Key at end of table.
ZP3090.11.0
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Table A-16
EASTERN MICHAUD FLATS SITE
DOWNSTREAM SURFACE WATER COMPARISON TO SCREENING CRITERIA
Frequeney of IF Frequeney of
Frequeney of Ezceedante of EPA Frequency of EPA Excoedancs Derbeed Freguency of
Excerdapee of Surtece Surfece Fredhosier Exceedance of | Fresdhwater of EPA Freshenler Exceodanes
Groondwafer |  Grousdwader Waler Waler Chronde EPA Chronfe Acute Acsie Chronle of Derfred

Chembcsl Unite Bachg round® Background Bxi.gmund‘b Bachgronpd Criteria® Criterin Criferian® Criieria Criteris? Crierin
Calcium, dimobved mg/l 54.61 30530 83,4850 930 NA NA NA NA NA NA
Chioride g/l 1779 0140 58,4000 2/40 230 0/40 360 0/40 HA NA
Chrornium, dissolved gl 0.0139 098 0.0013 38 0.0105 018 0.0100 08 NA NA
Chromium, ttal mg/l 0.0088 0/40 0.0011 » 17740 0.6110 0/40 0.0160 /40 HA NA
Cobeh, dimotvad g ND ND ND n9 NA NA NA NA NA Na
Cobalt, total mg/l 0.017 039 0.0047 239 NA NA NA NA 0.0500 e
Copyper, dissotved mg 0.0040 4/38 0.0030 938 Q.0248 138 0.0407 018 NA A
Copper, total g/ 0.00%0 3733 0.0p58 333 0.0 D133 0.0479 0/33 NA NA
Fluoride mgl 08000 /40 0.3586 10149 HA NaA NA NA 2.6300 0/40
Iron, dissobved mg/l 0.0371 10736 0.0887 (121 HA NA NA NA NA NA
Iroo. total wa/l 0.4350 136 14908 336 1.0000 10736 NA NA NA NA
Lead, dimsoived oy 0.0010 11503 0.0011 3ns 0.00%0 1738 0.156% 0rs NA MHA
Lead, tota] mg/ 0.00%0 236 0.0024 236 0.0122 1736 0.3130 0736 NA NA
Lithicon. dissatved men 0.01 11737 0.0695 37 NA NA HA NA NA NA
Lithinro. total mgh 0.0612 o1 0.0665 L% NA NA Na NA NA NA
Magmeaimn mgh 33.84 11440 40.6100 1740 NA Na NA KA NA NA

Key at end of table.

W2rmom Dal  1389-D1
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Table A-16
EASTERN MICHAUD FLATS SITE
DOWNSTREAM SURFACE WATER COMPARISON TO SCREENING CRITERIA
Frequency of Frequency of
Frequency of Exceedanes of EPA Frequency of EPA Exceedanee Derived Freqoeney of
Excordance of Sarfpce Sarfaoe Freshwal ey Ezceedtnee of | Freshwwler of EPA Fredhwaler Exceodamee
Groundwaler G roundwnler Water Weler - Chronle EPA Chroale Acute Acdle Chrogie of Dertved
Chemical Units Bachground® Bachgreund | Background® Backgronnd Criteria® Criteria Criteria” Crigeria Criteria® - Criterla
Magncaivm, dissohved mgfl 19.67 331 39.8000 ant WA HA HA NA HA NA
Meangancse, dissolved mg/l 0.0044 B/33 0.0137 133 NA NA Ha WA WA NA
Manganese, wial mgh 0.0068 23740 0.0540 3/40 NA NA MA NA 75. DOGO 040 H
Mercury, dizsolved mg/l ND ND 0.0002 U8 NA NA 0.0008 orf NA, NA
Mecroury, total mg/! 0.0005 0732 0.0002 1732 G.000012 13732 0.0024 032 A NA
Molybdemum, dismobved mg/l ND ND ND 2739 NA NA NA NA NA NA
Molybedenum, wial mg/l 0.07 040 0.0152 /49 ‘NA NA NA NA 0.0430 0/40
Nickel, disanived my i .ND ND ND 338 0317 0738 29448 0/38 Na NA
Nickel, total gl 0.034 0140 0.0036 2740 0.3851 0/40 3.4842 00 NA HA
Nitrate (NO3 as N} mg/] 4.54 /40 1.1520 24/40 NA NA HA NA NA NA
Orthogbosphats (PO es P) mgh 0.081 26140 0.0378 2140 NA NA NA NA NA NA
Phosphorus, total mgfl 0.0598 31737 0.1891 25137 Na NA NA NA NAa MA
Postazsiun mg/l 12.07 0140 11,1000 0/40 NA NA NA NA NA A
Potsium, dissotved mghl 9.12 13731 10.8700 31 NA NA NA NA NA NA
Selenus, dimotved g 0.002% 7130 KD 1130 NA NA NA NA 0.007%0 30
Selemivan, total mgl 0.0082 ira] 0.0021 6727 0.0080 1727 0.0200 b7 NA NA
Key at end of table. .
ZP3090.11.0
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Table A-16
EASTERN MICHAUD FLATS SITE
DOWNSTREAM SURFACE WATER COMPARISON TO SCREENING CRITERIA
) Frequency of Frequency of
Frequency of . Exceeddance of EPA Freguency of EPA Excosdance Derived Frequency of
Fxcerdance of Surfece Sarface Freshwater Exceedanes of | Freshwaler of EPA Froshwsier Exceedance
Groundwaler Groundwsier Water Water Chronle EPA Chroule Acute Acute Chroake of Devived
Chemicnl Units Bechground® Bachground Background® Background Criteris® Criteria Criteria® Criterin Criterin® Criteria
Silver, disaotved mg! 0.008 632 ND 1132 NA NA 0.0212 032 NA NA
Sitver, total mg/l 0.007 0135 ND 45 0.0001 4ns 0.0245 0135 NA NA
Sodium mg/l 63.0772 2/40 50.7200 9/40 NA RA NA NA 78.0000 140
Sodium, dissatved mg! 14,012 313 48.5350 13/ HA NA NA NA NA RA
Specific conductance, 81 25 C | umbos/om (045 619 1,173.0000 539 NA NA NA NA NA NA
Sulfate mgh 69.08 5040 52.9120 18/40 NA NA NA NA NA T NA
Thallium, dissobved mgll 0.001 0/18 - ND O/L8 NA NA NA NA NA NA
Tralliwn, toml mgit 0.0011 Q40 ND 0/40 0.0400 0/40 1.4000 040 NA NA
Total dissotved solids mgl 801.5 /33 470.0000 /33 NA NA NA NA NA NA
Total Hardncss mg/ NA NA 324.6000 077 NA NA NA NA NA NA
Total suspended solids mgfl 7 0/18 38,8000 0/18 NA NA NA NA NA NA
Vansdan. dissotved gl 0.00839 8/40 ND 15/40 NA NA NA NA NA NA
Vansdivm, total mgfl 0.0075 640 0.0252 640 NA NA NA NA 0.0330 640
Zine. dissobved g 1.17 on6 0.0578 0r26 0.2204 0/26 0.2433 026 NA NA
Zinc, tatal mg/ 0.0973 o8 0.0582 2/28 0.25%3 0728 0.2862 028 NA- NA
Gross alpha pCVL 5612 1/40 3.0920 1/40 NA NA NA NA NA NA

Key at end of table.

113%93-D1
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Tabke A-16
EASTERN MICHAUD FLATS SITE .
DOWNSTREAM SURFACE WATER COMPARISON TO SCREENING CRITERIA
Freqoemey of Frequency of
Freguency of Excvedanoe of EPA Frequency of EPA Excesdamce Derived Frogoocy of
Exceedance of Surince Surface Frosbosder Exceeduner of | Freshester of EPA Freshwaer Exveedance
Groundwader Groundwaier . Weier Weier Chronte EFA Chronic Asule Acue Chroaie of Devived
Chembcal Units Rackgroand® Bechground Buchground® Backg round Criteris® Criteria Criteria® Criterin Criteria® Criteris
Grose beta pCVL 1,790 0r40 10.2000 1740 NA NA NA NA NA MA
Radiumn-226 pCVL 1.642 139 1.4700 1739 NA NA NA NA 6.1 ans
Radium-228 pCiL 1.6 0138 3.7200 1138 NA NA NA NA NA NA
Urnninm-293/7234 pCVL NA NA 1,3990 ord NA NA HA CNA NA NA
Uroninm- 235 pCiL. NA NA 0.0877 on NA NA NA NA 100 0
Urenium-238 pCVL NA NA 0.786) 14 NA NA NA NA 192 e
B Upper 95th percontile of groundwater background samples.
b Upper 95th pereentile of upslrcam surface woster s les.
€ Fram EPA 1986, 1994, Hardness-depend enlwuter quality criteria cakoulsied bascd on & waier bardnesa of 287.
9 See Section 2.. :
Key
NA = Mol available,
ND = Notdetectsd.
ZP3090.11.0
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Table A-17
EASTERN MICHAUD FLATS SITE
SPRINGS SURFACE WATER SUMMARY
of Detected Detected Average
) Chemical Ussits Detortion Cone eatration Comentration | Concesiration
’ Alislinity, bicarbonate mg/L dv42 174 ' 657 236.9048
Alkalisity, carboaate mg/L 020 ND ND 0.5
Alusinum, dissofved mg/L 12/39 0.0184 0.24 0.04089
Alumioum, total mg/L 10132 0.03 LOTT? 0.088193
" | Ammonia (NH3 as N) mg/L 6/42 0.2 0.5 0.179762 ||
B Antimony, dissolved mg/L 3/42 0.08 037 0.041285
‘Antigsony, tota mg/L 3/42 0.0522 0.75 0.049751
N Arscaic, dissolved mg/L 24/30 0.00107 0.05659 0.005369 ||
Arsenic, ol mg/L 30/34 ' 0.00111 0.03256 0.004782
Barium, dissolved mg/L 4142 0.04 0.1438 0.080333
) Barium, total mg/L 41/42 0.04 2.81 0.158351
Beryllium, dissotved mg/L 4/40 0.001 0.019 0.00165
. . Beryllium, total mg/L 442 0.006 0.025 0.002274
o Boron, dissolved mg/L 2525 0.0599 039 |- 0.169399
Boroa, Wial mg/L 28725 0.055 0.43 | - 0.158656
_ Cadmium, dissolved mg/L o042 ND ND 0.000414
) Cadm.il.a;r:l, wtal mg/L 7142 0.0002 0.0015 0.000495
Caleium mg/L 442 39.5 109 62.4553
Calcium, dissofved mg/L 3232 57 109.3264 67.06439
' Chioride mg/L 4242 14.6 56 25.6719
Chromium, dissolved mg/L 33/40 0.00101 0.00625 0.001401
Chromium, total mg/L 31/42 0.0001 0.00418 0.001253
Cobalt, dissolved mg/L 1732 0.0035 0.0035 0.001906
Cobalt, total mg/L w32 0.0031 0.004 0.001972
Copper, dissolved mg/L 8/40 0.003 0.00899 0.002497
Copper, total mg/L 3738 0.003 0.0047 0.001953
Dissolved oxygen mg/L 42/42 3.6 14.9 8.086505
Key at end of table.
02:ZPI050_DAT0RDY1375.DI A-56 ZP3050.11.0
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Table A-17
EASTERN MICHAUD FLATS SITE
SPRINGS SURFACE WATER SUMMARY
Freguency P wn M s
of Detected Detected Average
Chomical Uit Detorts c ) c . c i
Pluoride mg/L 4482 03 0.8 0.535381
Gross alpha pCiL 31/42 1.39 8.84 2.063333
Gross beta pCVL 42/42 27 | . 20.4 6.064048
Iron, dissolved - mg/L 14733 0.0106 0089 | 0.029417
Iron, wial mg/L 24739 0.0133 '1.21858 0.071053
Lead, disaotved mg/L sns 0.001 0.0035 0.000808
Lead, total mg/L 337 0.0014 0.0163 0.001116
Lithium, dissolved mg/L 3838 0.01969 0.0735 0.066952
Lithium, total wmg/L 130130 0.023 0.06481 0.037154
Magnesium mg/L 4 14 41.29T12 23.06708
Magocsium, dissotved | mgnL 3132 17.5 41.68011 - 23.83071
Manganese, dissotved mg/L 13137 0.001 0.0345 0.003982.
‘Manganese, wtal mg/L 16/42 0.0015 0.04604 0.004582
Mercury, dissofved mg/L 12/24 0.0001 0.0002 0.000097
Mercury, total mg/L 15727 0.0001 0.0004 0.000117
Molybdenum, dissolved mg/L 0/40 ND ND 0.008888
Molybdemum, total mg/L 17 0.0134 0.0134 0.006815
Nicke!, dissolved mgl | 340 0.01205 0.02227 0.00865
L Nickel, total mg/L 1739 0.0132 0.0132 0.007236
Nitrate (NO3 as N) mg/L. 4242 0.38 1 2.492619
Osthophosphate (PO4 as P) mg/L 30/42 0.02 7.37 0.393167
pH Std. Unita 19139 6.8 8.41 7.73359
Phosphorus, total mg/L 30136 0.02 . 875 0.49225
| mg/L 442 3.27866 14.96745 5.535701

Potassium, dissolved o 12/32 3.39254 15.45016 5.5522
Radiug-226 pCilL 33142 0.07 5.2 0.720238
Radium-228 pCilL 19/40 06 | 53 0.99

Key at end of uble. A-57
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_ Table A-17
EASTERN MICHAUD FLATS SITE
SPRINGS SURFACE WATER SUMMARY
Frequency Minim o Maxim um
of Detected Detected Average
Chemical Units Detecticn Coacentration Concentration Coneentration
Selznium, dissolved ma/L 11736 0.0015 00172 0.002392
Seleniumm, total mg/L 1331 0.0011 0.01007 0.001564
Silver,.dissolved mg/l. 1/33 0.0077 0.0077 0.001733
J Silver, total mg/L 6737 0.0028 0.004 0.001819
Sodium mg/L 4241 18.91083 §2.80848 35.54707
Sodivm, dissotved mg/l 332 19.5 85.70874 1525712
Specific conductance, a1 25° | umhos/sm 39739 402 1248 667.9744
c
Sulfate mg/L @242 27 241.7 $5.64452
Temperature degrees C© 42742 4.44444 21.8989 13.32937 }
Thatlium, dissclved mg/L 1720 0.00059 0.00059 0.000417
Thallium, wtal wg/L 0142 ND ND 0.001036
Total diesolved solida mg/l 36736 240 800 364.4444
Total Hardness mg/L 4/4 220 254 240
Totel suspended aolids mg/l 6/18 4 32 5.744444
Uranium-233/234 pCiL 1] 1.08 1.67 1.313333
Uranium-23§ pCifL 173 0.0714 0.0714 0.04174
Uranjum-238 pCiUVL a3 0.481 0.798 0.592333
Vanadivm, dissolved mg/L. 16/42 0.0022 0.13 0.01494
P Yanadium, total mg/L 25/42 0.003 0.09 0.01449
| Zinc, dissolved mg/L 15728 0.0064 0.06 0.015309
Zinc, total mg/L 16529 0.00433 0,101 0.019641
Key:
ND = Not detected,
A-58
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B Table A-18
‘ EASTERN MICHAUD FLATS SITE
SPRINGS SURFACE WATER COMPARISON TO SCREENING CRITERIA
Frequency of EPA Frequency of EPA Freguescy of | Derived Frequency of
Exceedanee of | Freshwater | Exceedamce of | Freshwater | Exceedance of | Freshwaier Exceedance of
Groundwater Groundwater Chronse EPA Chromc Acute EPA Acute Chronie Derived
Chemical Units Backgromnd® | Backgromd Criteria® Criteria Criteria® Crileria Criteria® Criteria
Alkslinity, bicarbonate mg/l NA NA NA NA NA NA NA NA
Alhlyinily, carbonate mg/L NA NA NA NA NA NA Na NA
Alvminum, dissolved mg/L ND ND MA NA NA NA NA NA
Aluminum, tolal mg/L. 0.4190 2/32 0.08700 6/32 0.7500 1732 NA MNA
Ammonis (NH3 as N) mg/L 0.8 042 Na NA NA NA | NA NA
Antimony, dissolved mg/L ND ND NA MNA NA NA NA MNA
Antimony, lotal mg/l. 0.17 1142 0.03000 342 0.0880 242 NA MNA
Arenic, dissolved mg/lL 0.0174 1730 0.18000 0430 0.3400 0730 NA WA
Arsenic, 1otal mg/L 0.0170 1734 0.19000 0734 .3600 0124 NA NA
Barium, dissolved mg/L 0.173 0/42 NA NA NA NA NA NA
Barium, total mg/L 0.2245 142 NA NA NA NA 1.6200 1742
Beryllium, dissotved mg/L ND ND NA NA NA NA NA NA
Beryllium, toal mg/l. 0.003 4/42 0.00530 4/42 0.1300 /142 NA NA
Boron, dissolved mg/l 0.0784 21125 NA NA NA NA NA NA
Boron, tolal mg/l. 0.2470. 528 NA NA NA NA 1.0000 025
Key at end of table. ZP3050.11.0
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Table A-18
EASTERN MICHAUD FLATS SITE
SPRINGS SURFACE WATER COMPARISON TO SCREENING CRITERIA
Frequency of EPA Frequency of EPA Frequency of Derived Frequency of
Exceedance of | Freshwster | Exceedance of | Freshwaler | Exceedance of | Freshwater Exceedance of
Groundwater | Groundwaler Chrome EPA Chronic Acute EPA Acute Chronic Derived
Chemical Units Backgrmmq'__ Background Criteria? Criteria Criteria® Criteria Criteria® Criteria
Cadmium, dissolved mg/L 0.0040 0/42 0.00217 0/42 0.0050 0/42 NA A NA
Cadmium, 1ol mg/L 0.0003 5142 0.00256 0/42 0.0153 042 © NA NA
Calcium mg/L 96.57 3/42 NA NA NA NA NA NA
Calcium, dissolved mg/L 54.61 KyIxy) . NA NA NA NA NA NA
Chloride mg/L 177.8 0/42 230 0.42 860 o2 | NA NA
" Chromium, dissolved mg/l. 0.0130 0/40 0.01050 0/40 0.0100 0/40 NA NA
Chromium, total mg/L 0.0088 0/42 0.01100 0/42 0.0160 042 NA NA
Cobalt, dissolved mg/L ND ND NA NA NA NA NA NA
‘Cobalt, total mg/L 0.017 oy NA NA NA NA 0.0500 032
Copper, dissolved mg/L 0.0040 4/40 0.03438 0/40 0.0270 0/40 NA NA
Copper, total mg/L 0.0090 038 0.04044 0ns 0.0318 0738 NA NA
Dissolved oxygen mg/L NA NA NA NA NA NA NA | - NA
Fluoride mg/L 0.8000 042 NA NA NA NA 2.6 0/42
fron, dissolved mg/L 0.0371 9/33 NA NA NA NA NA NA
Iron, total mg/L 0.4350 C 149 1.00000 139 NA NA NA NA

Key at end of wble. ] ) )
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Table A-18
EASTERN MICHAUD FLATS STTE
SPRINGS SURFACE WATER COMPARISON TQ SCREENING CRITERIA o
‘ —'_Frtquency of EPA Fregquency of EPA Fregquency of Derived Frequency of
Exceedance of | Freshwater | Exceedance of | Freshwater | Exceedance of | Freshwater Exceedznce of
Groundwater Groundwater Chrwaic EPA Chromic Acwie EPA Acmie Chronie Derived
Chesnieal Units Background® Background Criterigh Critefin__ Criteria® Criteria Criterin® Criteria
Lead, dissolved mg/L 0.0010 4738 0.00242 1738 0.1244 0/38 N& NA
Lead, total mg/L 0.0020 237 0.00970 1737 0.2489 0n7 NA NA
Lithium, dissolved mg/L 0.01 38/38 NA NA Na NA NA NA
Lithwm, 1otal mg/L 00612 1430 NA NA ‘NA MNA NA NA
Magnesium mg/L 33.84 a1 NA N& NA NA NA ‘NA
Mugnesium, dissolved mg/L 19.67 25/32 MA NA NA NA NA NA
Munganese, disacived mg/L 0.0044 437 NA NA Na NA NA NA
Mangancee, (olal mg/L 0.0068 3/42 NA NA Na NA 75 042
Mercury, dissolved mg/L ND ND NA NA 0.0008 0/24 NA NA
Mercury, total mg/L 0.0045 or7 0.00001 1527 0.0024 szt NA NA
Molybdenum, dissolved mg/L ND ND NA 7 Na HNa NA Na
Molybdenum, total mgiL 0.07 013 NA NA NA NA 0.0430 0133
Nickel, dissalved mg/L. ND ND 0.28107 0/40 1.5283 0/40 NA NA
Nickel, total ma/L 0.034 0739 0.33067 039 2.9743 0139 NA NA
Nitmte (NO3 88 N) mg/L 4.54 1742 NA ‘NA NA NA Na NA
Key st end of wble. ZP3090.11.0
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Table A-18
EASTERN MICHAUD FLATS SITE
SPRINGS SURFACE WATER COMPARISON TO SCREENING CRITERIA
Freguemcy of EPA Frequency of EPA Frequescy of Derived Frequency of
: Exceedance of | Freshwafer | Exceedance of | Freshwater | Exceedonce of Freshwater Ezceedanre of
Grommdwaler G roundwater Chrome EPA Chronie Agute EPA Arute Chirowie Derived
Chemical Units Background® Background Criteria” Criteria Critersa? Criteria Criteria® Criteria
Ovthophoephate (PO4 a8 P) mg/L Q.0809 142 NA NA MA NA M4 NA
pH Sid. units 1.76 16/39 MNA NA NA NA NA NA
Phosphorus, 1ousl mg/L 0.060 18736 MNA NA NA NA NA NA
Potassium mg/L 12.07 1742 NA MA NA NA NA NA
Potassium, dissolved mg/L 9.12 1732 NA NA NA NA NA NA
Selenium, dissolved mg/L 0.0025 9136 NA NA NA NA 0.0020 10736
Selenium, 1o1al mg/L 0.0052 2731 0.00500 2431 0.0200 0731t NA NA
Silver, dissolved mg/L 0.008 0/33 NA NA 0.01555 /33 NA NA
Sitver, toal mg/L. 0.007 037 0.00012 631 0.0183 037 NA NA
Sodium mg/L 630772 1742 NA NaA NA NA 78 /4%
Sodium, dissolved mg/L 14.012 w32 NA NA NA NA NA NA
Sp@ciﬁc conduciance, al 8 C umhodl:m 1,045 5/39 MA NA NA NA NA NA
Sulfate mg/L 65.05 /41 NA NA NA NA NA NA
Temperature degreesC NA NA NA NA NA NA NA NA
Thallium, digsolved mg/L 0.001 0720 NA Na NA NA Na NA

Key m erad of lable,

d
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‘Table A-18
i EASTERN MICHAUD FLATS SITE
SPRINGS SURFACE WATER COMPARISON TO SCREENING CRITERIA
Frequency of EPA Frequency of EPA Freguency of Derived Frequency of
Exceedante of | Freshwater | Exceedonce of | Freshwater | Exceedance of | Freshwater Excesdance of
Groundwater | Groondwaler Chromic EPA Chronic Acute EPA Acule Chronic Detived
Chemieal Units Background” | Background Criteria” Criteria Criteria® Crideria Criteria® Criteria
Thallium, total mg/L 0.0011 0142 0.04000 0/42 1.4000 0/42 NA NA
Total dissotved solids mg/L 80LS 0136 NA NA NA NA NA NA
Toual Hardness mg/L NA NA NA NA NA NA NA NA
Total suspended eolids mg/L 7 0/18 NA NA NA NA NA NA
Vanadiom, dissolved mg/L 0.00839 5/42 NA NA Na NA HA NA
Vanadium, total mg/L 0.0073 10/42 NA NA NA NA 0.0330 7142
Zine, dissolved mg/L 1.17 0128 0.18917 0728 0.2089 028 NA NA
Zinc, toul mg/L 0.0573 128 0.22255 0129 0.2457 0/29 NA NA
Gross alpha pCi/L 5612 U4 NA NA NA NA NA Na
Gross beta pCi/L 1,750 0742 NA NA NA NA NA NA
Radium-226 pCi/L. 1.642 6142 NA NA NA NA 6.2 0.42
Radium-128 pCiL 113.6 0140 NA NA NA NA NA NA
Uranium-233/234 pCUL NA NA NA NA NA NA NA Na
Ursnium-23$ pCi/L MA NA NA NA Na Na 100 /3
Uranium-238 pCi/L NA NA NA NA Na NA 192 o3
Key at cad of uble.
ZP3090.11.0
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Table A-18 (Cont.)

& Upper 95ih pereentile of background groundwater samples.
From U.S. Environmental Protection Agency 1986, 1994, Hardness-dependent watzr quality criteria calculated based on a water handness of 240.
€ See Section 2.3.

Key:

NA = Not aveilable.
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This appendix summarizes the ecological assessment investigations at the Eastern
Michaud Flats Superfund Site (EMF Site) and presents the sampling results. The appendix is
divided into two main sections—Sample Locations, Analytical Parameters, and Numbers of
Samples; and Summary of Ecological Assessment Sampling Results.
Section 1 was taken from the Field Sampling Plan (FSP) for the site and revised to
include the modifications agreed to by the Principal Responsible Parties (PRPs) and the
United States Environmental Protection Agency (EPA). It should be noted that a two-phased
approach was adopted for the ecological investigation of the Portneuf River delta. Phase 2 of
the delta study, which included sediment toxicity testing and measurement of contaminants in
fish and benthic invertebrates, was to be conducted only if Phase 1 results suggested that
contaminant levels in sediment from the delta were of ecological concern. Because
contamination of Portneuf River delta sediment was minimal, Section B.2 does not include
results of contaminant levels in fish and benthic invertebrates or toxicity testing results. In
addition, it was agreed during the course of the terrestrial investigations that the need for
mineralogical analyses of soil and source materials would be evaluated; therefore, no data of

this type are presented in Section B.2.

B.1 Sample Locations, Analytical Parameters, and Numbers of

Samples

~ The COPCs and sample media investigated in the ecological assessment are shdwn in
Table B-1. COPCs were identified on the basis of their spatial distribution in media
surrounding the facility, their potential toxicity to ecological receptors, their tendency to
mobilize and/or biomagnify in the food chain, evidence of contamination from previous
investigations, and the need to resolve data gaps. COPCs include cadmium, fluoride, and
zinc in soil, vegetation, and small mammals; and cadmium, fluoride, zinc, arsenic, selen'ium,'
and mercury in sediment. Sample media and target species include surface soil; vegetation |
(Russian olive fruit, sagebrush foliage, six-awn wheatgrass stems and leaves), small mammals
(whole organisms and femurs of deer mice); and surface sediment.

An overview of habitats where these.sample media and target species were collected
is provided in Table B-2. Sampling was conducted in terrestrial and aquatic habitats. The
terrestrial habitats include& sagebrush steppe aﬁd riparian habitats. Soil, sagebrush foliage,
thickspike wheatgrass, and deer mice were sampled in the sagebrush steppe habitat. Soil and

Russian olive fruit were sampled in the riparian habitat. The aquatic habitats include riverine

. recvclesvg%?ey ' B-3 evulogy nad nn’inmzmm_l 1 _0
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habitat and river delta/reservoir habitat. In the riverine habitat, sediment was sampled and
sediment toxicity testing was conducted. In the river delta/reservoir habitat, sediment was
sampled. .

Potential sampling locations were identified based on evaluation of contaminant levels
indicated from previous investigations. Reconnaissance surveys were conducted in July and
September 1994 to verify the suitability of sampling areas and locate access points. In
addition, the reconnaissance surveys served to familiarize project biologists with site
characteristics, enabling them to determine appropriate biota target species to be collected,
The surveys were conducted by representatives of the PRPs, Idaho Department of Environ-
mental_,.__Quality, U.S. Fish and Wildlife Service, EPA, and an E & E field team. Locations
were verified in the field by the PRPs’ representatives using a global positioning system
(GPS) calibrated to known benchmarks near the EMF site. The GPS provides three-dimen-
sional locations with an error of less than 2.0 seconds latitude and longitude and less than 500
feet in elevation, provided enough GPS satellites are in position to be acquired. Benchmarks
used for refereqce to known locations are shown on Figure B-1. The first benchmark is
located near the County Fairgrounds (42°55°00.0" north; 112°26°07.7" west; 4,658 feet
above mean sea level [AMSL]). The second benchmark is located near Pocatello Creek Road
and Parks Road (42°53'12.9" north; 112°23°45.8" west; 4,880 feet AMSL). Actual sample
locations were then selected from areas that were investigated during the reconnaissance
surveys, with some revision of the selection during follow-up meetings and discussions
between the PRPs, EPA, and their representatives.

<The numbers of samples to be collected for each media or target species were
determined by establishing data quality objectives that permit m'eaningful statistical compari-
sons to be made with reference areas. The approach for establishing data quality objectives
was in accordance with EPA guidance (EPA 19895, EPA 1992b) and was applied to the:site
using representative data from published literature to estimate the expected degree of |
variability in study populations. A description of the approach and the data used to determine |
sample size is presented in Appendix C.

In the discussion that follows, sample locations, media and target species, numbers of
samples, and analytical parameters are identified. Terrestrial habitat inv&stigaﬁons are

described in Section B.1.1. Aquatic studies are described in Section B.1.2.

QT 300_DeTR-OV1 75-D1 B-4 ZpP3090.11.0
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B.1.1 Terrestrial Investigations

B.1.1.1 Sample Locations, Media, and Target Species

Sagebrush Steppe Habitat

Three locations—two potentially impacted locations representive of areas in the
vicinity of the site (see Figure B-2) and one reference location presumed to be unaffected by
the EMF site (see Figure B-3)—were selected for sampling from the sagebrush steppe habitat
(see Table B-3). The first potentially impacted location is in Michaud Flats, approximately 1
mile north-northeast of the facilities in the direction of the prevailing winds. During the
reconnaissance survey, this area was determined to have suitable habitat, sufficient vegetation
for sampling, and easy access. The second potentially impacted area is in the foothills of the
Bannock Range southwest of the EMF facilities. This location was identified during a
subsequent meeting between the consultants for the PRPs and EPA.

A reference sagebrush steppe location was used to provide background data for the
study. This habitat location was located at Ferry Butte, approximately 15 miles north-
northeast of the EMF site near Blackfoot, Idaho. '

A l-hectare sample plot was established for sample collection within each of the two
potentially impacted areas and the reference area. Each sample plot was subdivided into 25
subplots, of which only 10 to 20 subplots were sampled. Composite samples of soil and
composite samples of vegetation within each subplot were collected. '

The sagebrush steppe habitat is dominated by shrubs and grasses. The most prevalent
communities in the area are characterized by codominance of sagebrush (Artemisia spp.) and
perennial bunch grasses {(Agropyron spp and Elymus spp.). Therefore, the following were
chosen as the target species and plant tissue types from which vegetation was to be sampled

Y

from several plants within each subplot and composited:

® Big sagebrush (Artemisia tridentata) leaves and petioles (washed and
unwashed); .

» Thickspike wheatgrass (Elymus lanceolaths (Scribn. & Sm.) Grould,
SJormerly Agropyron dasystachyum) leaves and stems (unwashed).
Other common names for £. lanceolaths include northern wheatgrass
(Britton and Brown 1970).

Since contaminant accumulation in vegetation may be due to either deposition of

airborne particulates or soil uptake, half of the sagebrush vegetation mass obtained during
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sampling was washed to remove loosely adhering contaminant particles; the remaining half of
the sagebrush sample and all of the grass foliage samplés were analyzed unwashed.

To assess the potential for bioaccumulation through higher trophic levels, coﬁcentra-
tions of COPCs in deer mice (Peromyscus maniculatus) were determined. Deer mice are
widespread throughout the area and potentially may ingest COPCs through soil, seeds, and
foliage, or through consumption of invertebrates, e.g., grasshoppers and beetles. Because
these mice serve as prey for raptors and other species of potential interest, they are an
important link in local food webs. Deer mice were trapped from each of the three 1-hectare
sample plots representative of sagebrush steppe habitat, and deer mice carcasses were assayed
individually. Femurs were remqvéd from deer mice and analyzed for fluoride, since the

skeleton is the primary site of fluoride accumulation.

Riparian Habitat

. Two riparian habitat locations—one potentially impacted location (see Figure B-2) and
one reference location (see Figure B-3)—were sampled for soil and vegetation (see Table
B-3). The potentially impacted location is along the Portmeuf River, approximately 1 mile
north-northeast of the EMF facilities. The reference site is along the Snake River just below -
the mo‘uth of the Blackfoot River, approximately 15 miles north-northeast of the EMF site.

At each habitat location, a sample plot was established encompassing one or both

sides of the Portneuf River along a 500-meter reach. The sample plot was divided into 20
subplots from which coinposited soil samples and vegetation samples were obtained.
Vegetation samples consisted of the current year’s fruit of Russian olive (Elaeagnus
angustifolia), a favored food item of songbirds. Small mammals were not collected in the

riparian-habitat,
B.1.1.2 Analytical Parameters and Numbers of Samples

Sall and Vegetation

Composited surface soil and composited vegetation samples were collected at each of
the five locations (three sagebrush steppe and two riparian locations). Both sample types were
analyzed for cadmium, fluoride, and zinc. Additional soil parameters consisted of the
following: pH, cation exchange capacity (CEC), soluble cation concentrations, and total

organic carbon (TOC). The rationale for these parameters, as well as for soil and vegetation

0220 _DA POV I 95D B-6 ZP3050.11.0
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analytical methods and associated detection limits, were provided in the FSP (E & E 1994b)
and Quality Assurance Project Plan (QAPj?) for the ecological assessment (E & E 1994c¢).

The number of soil samples collected are summarized in Table B-4. A total of 50
soil samples were collected: composited soil samples were collected from 10 subplots at each
of the three sagebrush steppe study locations, for a total of 30 soil samples, and from 10
subplots at each of two riparian study locations, for a total of 20 soil samples.

The number of vegetation samples collected are also summarized in Table B4. A -
total of 110 vegetation samples were collected. Composited samples of big sagebrush foliage
were collected from 20 subplots at each of three sagebrush steppe study locations, for a total
of 60 sagebrush foliage samples. Each sagebrush sample was divided into two fractions in the

| laboratory, to provide a total of 120 samples for analysis (60 unwashed and 60 washed).
Composited sambl&s of thickspike wheatgrass stems and leaves were collected from 10
subplots at each of the three sagebrush steppe study locations, for a total of 30 thickspike:
wheatgrﬁss samples. Composited samples of Russian olive fruit were collected from 10
subplots at each of the two riparian study locations, for a total of 20 Russian olive fruit
samples. With the exception of sagebrush, 10 vegetation samples from each study site was
considered adequate to distinguish the site from reference areas. Twenty sagebrush samples
from each study site wefe required for fluoride analysis, whereas only 10 sagebrush samples
from each study site were required for the other analyses (see Appendix C). The total

number of analyses performed on soil and vegetation samples are summarized in Table B-5.

Small Mammals '

Deer mice were collected from the three sagebrush steppe locations and>ana]yzed for
cadmium, fluoride, and zinc. Whole carcasses of individual mice were analyzed for
cadmium, fluoride, and zinc; mouse femurs were analyzed separately for fluoride. _
Compositing of mouse femurs was done only if necessary to provide sufficient tissue mass fo'r
analysis.

The numbers of deer mouse samples collected are summarized in Table B-4. Ten °
mice were collected from each of the three sagebrush steppe study locations, for a total of 30
deer mouse samples. Femurs were removed from the deer mice in the laboratory and
analyzed separately for fluoride. Ten small mammal samples from each study site was

considered an adequate number to statistically distinguish potentially impacted areas from the
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reference area (see Appendix C). The total number of analyses performed on deer mice are

summarized in Table B-S.

B.1.2 Aquatic Investigations
B.1.2.1 Sample Locations, Media, and Target Species

Two distinct aquatic investigations were conducted in the Portneuf River and its delta
at the American Falls Reservoir. The first investigation involved sediment sampling for
chemical analysis and toxicity testing and was conducted in riverine habitat in the vicinity of
the IWW ditch outfall. The second investigation involved sediment sampling for chemical
analysis-and was conducted several miles downriver from the operational site facilities, in

depositional areas of the Portneuf River delta.

IWW Ditch Qutfall

The IWW ditch is a small drainage ditch that transports noncontact cooling waters to
the Pormeuf River. The ditch is located above ground, approximately 500 m from the FMC
facility aeration device to an underground pipe. After water enters the pipe, it is eventually
discharged into the Portneuf River. Maximum water flow in the IWW ditch is less than 10
cubic feet per second. Seasonally, the IWW ditch has lush annual and perennial vegetation
growing along its margins and a significant freshwater periphyton component.

In sediment sampling conducted for the Phase I RI/FS, a variety of sediment COPCs,
including cadmium, fluoride, and zinc, were found at their highest concentrations in the
Portmeuf River at this outfall location. Levels of these COPCs were not found to be as
elevated -at other Portneuf River locations upstream of the outfall, or downstream of the
outfall to River Mile 10 (E & E 1993). Therefore, these investigations were mtended to
determine the bioavailability and toxicity of sediment near this outfall. }

The potential localized impact of the TWW ditch outfall and other facility outfalls that
historically discharged at this location were assessed by sampling sediment within 20 m
downstream from whére water from the pipe enters the river (identified as Sampling Station
No. 17 [BEI 1992]). Two other sites on the Portneuf River in the vicinity of the outfall were
sampled for sediment, one upstream of the IWW ditch outfall to serve as a reference location
(identified as Sampling Station No, 21 [BEI 1992]) and one downstream of the outfall
(identified as Sampling Station No. 16 [BEI 1992]). Sampling locations are described in
Table B-6 and shown on Figure B-4. Assays of COPCs in composited sediment samples -at

QP00 DRBOVIIFSDI B-8 ZP3090.11.0
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each location were performed, as were laboratory bioassays to determine potential sediment

toxicity to benthic organisms.

Portneuf River Delta

There were three reasons for conducting studies in the delta region of the Portneuf
River. First, no samples of water, sediment, or avian food items (benthic invertebrates and
fish) were collected from the Portneuf River delta in the remedial investigation; thus, levels of
site contaminants in environmental média and biota in this area are available only from
previous investigations (e.g., Low and Mullins 1990). Second, the Pormeuf River delta is an
important breeding and feeding area for game waterfow!, piscivorous birds, and shorebirds,
and is considered to have high ecological value. Third, sediment in the Portneuf River delta
may have higher contaminant levels than sediment from upstream locations, because suspend-
ed particles that adsorb contaminants are-deposited in the delta area.

The Snake River delta was selected as a reference ecosystem for the Portneuf River
delta because the two rivers are similarly impacted by human activities. For example, both
rivers receive irrigation drainage, flow through urban areas, and empty into American Falls
Reservoir (Low and Mullins 1990). In addition, the deltas of both rivers provide similar
aquatic habitat and are used by the same species of benthic invertebrates, fish, and waterfow].

Omne purpose of sampling in the Portneuf River delta area was to estimate wildlife
exposure to site contaminants. Therefore, sediment samples were collected from areas where
birds concentrate and/of feed. Two main types of aquatic habitats in both delta areas were
sampled: open water habitats within the river channel, which are likely to support fish-eating
birds and dabbling ducks; and shallow water or exposed mudflat habitats adjacent to the river
channel, which would support wading birds. Mudflat locations (even if dry) were selected
from level areas, not from river banks. During the reconnaissance survey, waterfowl and
‘shorebirds were observed to be concentrated in these habitats.

Sample collection sites in the delta areas are described in Table B-6 and illustrated in
Figures B-5 and B-6. The sediment sampling program was designed so that five sampling -
stations in each river system were located above, and five stations were located below, the
intersecﬁon the river and American Falls Reservoir (i.e., the average high water line).

In the Portneuf River delta, the two most upstream sampling sites were located
approximately 0.5 km and approximately 1 ki upstream of the furthest downstream site
previously sampled in the RI/FS (identified ‘as Sampling Station C [BEI 1994]) (see Figure
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B-5). Eight subsequent sites were located at approximately 1-km intervals along the channel.
Thus, there were 10 sampling sites in the Portneuf River delta. At each site, sediment was
collected from the river channel and from the exposed mudflats or shallow water habitat
adjacent to the channel.

For comparison with samples from the Portneuf River delta, samples were collected
from 10 sample sites in the Snake River delta (see Figure B-6). The most upstream site was
located on the Snake River near McTucker Island; subsequent sites were located at 1-km
intervals along the channel. Thus, there were 10 sampling sites in the Snake River delta. At
each site, sediment was collected f_rom the river channel and from the exposed mudflats or

shallow: water habitat adjacent to the channel.

B.1.3 Analytical Parameters and Numbers of Samples
B.1.3.1 IWW Ditch Qutfall

" For the investigation of sediment toxicity at the IWW ditch outfall, one composited
sediment sample was collected from each of three locations in the Portneuf River: at the
IWW ditch outfall (Station 17), upstream of the IWW ditch outfall at Station 21, and
downstream of the IWW ditch outfall at Station 16. Each of the three composited sediment
samples was analyzed for fluoride, ammonia, TAL inorganic analytes, pH, TOC, acid-volatile
sulfide/simultanecusly extracted metals (AVS/SEM), particle-size distribution, and percent
solids. The rationale for these parameters, as well as for analytical methods and associated
detection limits, are provided in the FSP (E & E 1994b) and QAPjP (E & E 1994¢). In
addition;-a subsample of the three sediment samples was used in toxicity tests with the
amphipod (Hyallela azteca) and the midge (Chironomus tentans) (ASTM 1993). The numbers
of samples are included in Table B-7, and the sediment analyses are summarized in Table B-
g.

B.1.3.2 Portneuf River Delta

For the Portneuf River delta study, sediment samples from river channel and mudfiat
sites in the Portneuf and Snake River deltas were measured for fluoride, cadmium, zinc,
arsenic, mercury, selenium, aluminum, iron, and additional parameters that play a role in
metal speciation and bioavailability in sediment. The total number of samples collected from
the Portneuf River and Snake River deltas are summarized in Table B-7, and thé sediment

analyses are summarized in Table B-8. For the Portneuf River delta, 20 sediment samples

Q2ZPIN_DARROV1395-D)1 B-10 ZP3090.11.0
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(10 channel locations and 10 adjacent mudflats) were judged to be the minimum needed to
characterize sediment in the approximately 10 km of river channel in the delta area. For
comparison, the same number of water and sediment samples were collected from a 10-km

length of the Snake River delta.

B.2 ECOLOGICAL ASSESSMENT SAMPLING RESULTS

The tables in Section B-2 (Tables B-9 through B-23) list two concentration values for
each analyte in each sample type. The first value is the concentration reported by the
laboratory along with any associated qualifiers; this value is referred to as the "detected
concentration” in the tables. The second value is the "concentration for risk assessment”.
For data points with no qualifiers, the "detected concentration™ and "concentration for risk
assessment” are the same. Data values with qualifiers were handled as described in Section
3.2 (Data Evaluation). The reviewer qualifiers and qualification codes used in data validation
for EPA Superfund projects are listed below. Qualification codes are placed after certain
review qualifiers to define the analytical problem encountered during analysis. For example,
I8 means that the reported value is an estimate because recovery of the matrix spike was

outside acceptable limits for the analysis.

Heviewer Quaslifiers:

U = The material was analyzed for, but was not detected. The associated numerical
value is the sample quantification limit.

J = The associated numerical value is an estimated quantity. o
R = The data are unusable (compound may or may not be present). Resampling and
reanalysis are necessary for verification.
N = Presumptive evidence of presence of material.
NJ - = Presumptive evidence of the presence of material at an estimated quantity.
UJ = The material was analyzed for, but was not detected. The sample quantitation {imit.
is an estimated quantity. :
K = Data quality unknown due to missing or untraceable QC information or analytical

practices inconsistent with specified analytical protocol. Data use commensurate
with EPA data quality objective analytical level IL. :

V = Unvalidated. Result could not be validated because raw data was not available.
Data was reviewed and qualified to the extent possible. Data use is commensurate
with EPA data quality objective analytical level III.

Qualification Codes:

1.  Holding Times
2. Sample Preservation
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3.  Sample Custody

4.  Missing Deliverables
SA.  Calibration (initial)
5B. Calibration (continuing)

6.  Field Blanks

7.  Lab Blanks

8. Matrix Spike

9.  Duplicate or Matrix Spike Duplicate
10. LCS (Laboratory Control Sample)
11.  Detection Limit

12.  Standards
13.  Surrogates
14.  Other

15.  Furnace

16. . CIP Serial Dilution

17. " Chemical Recoveries
18.  Trip Blanks

19.  Internal Standards

20. Linear Range Exceeded
21.  Potential False Positives
22.  Sample lost in analysis
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: Table B-1
OVERVIEW OF COPCs AND SAMPLE MATRICES
. i s e s
Polentially _
Affected Media Sample Matrices COPCs
e ]
Soil Surface soil Fluoride, cadmium, and
zing .
Vegetation Big aagebrush - foliage (washed and unwashed) | Fluonide, cadmium, and
zifie
Thickspike wheatprase - stems and leaves
Russian Olive - fruit
Small mammals Deer mouse - whole organism Fluoride, cadmium, and
zinc
Deer mouse - femur Fluornide
Sediment Surface sediment Fluoride, cadmium, zine,
selenium, mercury, and
arsenic
&
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Table B-2

OVERVIEW OF HABITATS AND SAMPLE MATRICES

Habitats Sample Matrices

Terrestrial - sagebrush steppe ‘ Surface soil

Big sagebrush -~ fobage (washed and unwashed)

Thickspike wheatgrass - siems and leaves

Deer mouse - whole organism and femur

Terrestrial - riparian Surface soil ) i

Russian olive - fruit

Aguatic - river delta Surface sediment
Agqualic - riverine Surface sediment
A
Q:ZFIN_D4T05-04/1 395D ZP3090.11.0
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Table B-3
LOCATIONS OF TERRESTRIAL STUDY SITES
Habitats Study Sites Location
Sagebrush steppe Michaud Flats Approximately 1 mile NNE of the
FMC/Simplot facility on Michaud
Flats, near the Portneuf River. 42° §5°
23.97 North; 112° 31’ 37.2" West;
4,096 feet AMSL.

Bannock Hills SW Approximately 1-2 miles SW of the
FMC/Simplot facility near electrical
substation.

Ferry Butie® . Approximately 15 miles NNE of the

FMC/Simplot facility ncar the
Blackfoot River. 43° 07 29.4" North;
112° 29° 0.06” West; 4,358 fect
AMSL.

Riparian Portneuf River Approximately 1 mile NNE of the

‘ FMC/Simplot facility on the Portneuf
River. 42° 55’ 16.0" North; 112° 31’
34.8" West; 4,208 feet AMSL.

Snake River® Approximately 15 miles NNE of the
FMC/Simplot facility near the
conflucnce of the Blackfoot and Snake
rivers. 43° 07° 35.3" North; 112° 30’
44.8" West; 4,493 feet AMSL.

4 Reference areas.
Key:

AMSL = Above mean gea lovel.

QLIPRI0_DATR-04/1 395-D1 V : ZP3090.11.0
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Table B4
TOTAL NUMBER OF INVESTIGATIVE SAMPLES FOR
SOIL, VEGETATION, AND SMALL MAMMALS
Sagebrush Steppe Locations Riparian Locations
Total Number
Sample Matrices Michaud Fiats | Bannock Hills SW Ferry Butte Portneuf River Snake River of Samples
Surface soil 10 10 10 10 10 50
Big sagebrush-f{oliage® 20 20 20 - - &0
Thickspike wheatgrass - [olizge 10 10 10 — — 10
Russian olive - fruit L - - 10 10 A 20
Deer mouse - whole organismb 10 10 | 10 - - 10
Total number of samples 50 50 50 20 20 190
3 sagebrush foliage samples were divided into’ washed and unwashed fractions in the Iaboratory to provide a total of 120 samples.
Deer mouse femurs were removed in the laboratory and anslyzed sepamately for fluoride.
C2ZFIN0_DAWEOUI2F5-DI ZP30%0.11.0
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Table B-§
TOTAL NUMBER OF INVESTIGATIVE ANALYSES FOR
SOIL, VEGETATION, AND SMALL MAMMALS
Sagebrush Steppe Locations Riparian Locations
Sagebrush | Sagebrush Thickspike | Deer Deer Russian Total
Surface | Foliage - Folisge - Wheatgrass - | Mouse - | Mouse - | Surface | Olive - Number of
Parameter Soil Washed Unwashed Folizge Whole Femurs Seil Fruit Analyses
Cadmium and zinc 30 30 : 30 30 30 — 20 20 190
Fluonide 30 60 60 30 30 30 20 20 280
pH. tola] organic carbon (TOC), 30 - — - - - 20 - 50
‘CEC, redox potential, and ,
soluble calions
ZP3090.11.0
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Table B-6
LOCATIONS OF AQUATIC STUDY SITES
Habitats Study Sites Location

WW Ditch Qutfall

Portneuf River upstream of
the TWW ditch outfall®

Previously identified as Samphﬂg Station No.
21.

Portneuf River at the ['WW
ditch outfall

Within 20 meters downstream of the conflu-
ence of the TWW ditch outfall and the
Portaeuf River. Previously identified as
Sampling Station No. 17.

Portneuf River downsiream
of the T'WW ditch outfall

Previously identified as Sampling Stauon No.
16.

Portneuf River Delta at Amcncan
Falls Rc&cr\(oir

Portneuf River Delta at
American Falls Reservoir

Ten locations at approximately 1-km intervals
starting approximately 1 km upstream {rom
Station C and proceeding downstream (see
Figure B-3).

Snake River Delta® at
American Falls Reservoir

Ten locations at approximately 1-km intervals
starting near McTucker Island and proceeding
downstream (see Figurc B-6).

4 Reference areas.

DZIPI0N0_DET9-04/12/55-DI
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Table B-7
TOTAL NUMBER OF INVESTIGATIVE SAMPLES FOR SEDIMENT
Portneuf River Delta | Snake River Delta
IWW Ditch River River Other Portneuf | Total Number
Sample Matrices Outfall Channel Mudf(lats Chanael Mudflats River Locations of Samples

Sediment - chemical analysis 1 10 10 10 10 2 43
Sediment - toxicily lesting 1 - — - _ 2 3 |
Total Number of Samples 2 10 10 10 10 4 46

ZP3090.11.0
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Table B-8
TOTAL NUMBER OF INVESTIGATIVE ANALYSES FOR SEDIMENT
Other Toial
Portneufl River Number of
Parameler IWW Ditch Outfall | Portneuf River Delta | Snake River Delta Locations Analyses
Aluminum, arsenic, cadmium, 1 20 20 2 43
fluoride, iron, mercury,
selenium, zine
Acid-volatile sulfide and 1 20 20 2 43
smultaneously exiracted metals
Total organic carbon 1 20 20 2 43
Particle-size distribution 1 20 20 2 43
Toxicity to Hyallela azteca and 1 — - 9 3
Chironomus tenians
ZP3090.11.0
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Table B-9
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
CADMIUM, FLUORIDE, AND ZINC IN SOIL
(mg/kg)
Cadmium Fleoride Zinc
Deterted Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Copcentralion Risk Assessment Councentration Risk Assessment
Bannock Hills SW (Sagebrush Steppe) _
DOCU0101 316 31.6 1,520 1,520 282 282
Docuoioz 28.1 28.1 1,540 1,540 252 252
DOCUO103 287 28.7 1,370 1,370 281 281
DOCUGI04 21 21 1,330 1,330 202 202
DOCUBIONS 259 29.9 1,630 1,630 262 262
DOCUO10S 22.7 2.7 1,100 1,100 220 220
DOCU0107 34.1 34.1 1,680 1,680 342 342
DOCUO0108 i8.6 18.6 1,260 1,260 183 183
DOCU0109 27 27 1,270 1,270 244 244
DOCU0110 30.5 - 305 1,840 1,840 290 290 |
Michaud Flats (Sagebrush Steppe)
DOCU0201 144 14.4 1,380 1,380 110 110
DOCU0M 314 3L 3,200 3,200 219 219
DOCU203 i 25.5 25.5 2,120 2,120 176 176
DOCU0204° 29.1 29.1 . 1,830 1,830 193 193
DOCUC208 13.7 | 3.7 1,320 1,320 91.6 97.6
ZP3090.11.0
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Table B-9
‘TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
CADMIUM, FLUQRIDE, AND ZINC IN SOIL
(mg/kg)
Cadmium Fluoride
Detected Concentration for " Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment
DOCU0206 27.3 273 2,580 2,580 201 201
DPOCU0207 94 9.4 850 850 88.4 88.4
DOCUG208 16.3 16.3 1,045 1,045 137 137
DOCU020% 26.9 26.9 1,960 t,960 201 201
DOCU0210 16.7 16.7 1,640 1,640 136 136
Ferry Butie (Sagebrush Steppe)
DOCU0301 0.62 0.62 342 342 61.1 61.1
DOCU0302 0.57 0.57 421 421 56.4 56.4
DOCU0303 1.2 12 | 375 375 49.4 49.4
DOCU0304 0.51 0.51 kLT 344 §9.5 59.5
DOCU0305 0.7 0.7 365 365 53.7 537
DOCU0306 0.57 0.57 330 330 57.1 57.1
DOCU0307 .84 0.84 349 349 64.1 64.1
DOCU0308 0.47 0.47 372 In 54.9 54.9
DOCU0309 0.47 0.47 330 330 58.3 58.3
DOCU0310 0.81 0.81 406 406 50.2 50.2
2.ZPI0_D4706-04/| 95D . ZP3090.1 l‘w’
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Table B-9 B
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARJAN HABITATS
CADMIUM, FLUORIDE, AND ZINC IN SOIL
(mg/kg)
Cadmium Fluoride Zinc
Detected Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment

Portneul River (Riparian)
DOCU0401 4.9 4.9 600 600 Bl.6 81.6
DOCUB402 7.6 1.6 950 950 101 101
DOCU0403 12.8 12.8 | 1,300 1,300 142 142
DOCU0404 0.64 0.64 321 £73) 47.4 474
DOCUQ405 43 43 670 670 75.5 15.5
DOCUQ406 4.4 44 720 720 723 T2.3
DOCUG407 5.6 56 435 435 80.9 80.9
DOCU0408 27.6 27.6 2,930 2,930 197 197
DOCU0409 18.9 18.9 1,260 1,260 173 173
DOCUG410 16.6 A 6.6 1,540 1,540 167 167
Snake River (Ripariap)
DOCU0501] 0.26 J8 0.26 298 298 26.1 26.1
DOCU0502 " 014718 0.17 226 226 26.7 26.7
DOCU0503 - 0.4 ig 15’ 0.4 275 . 275 35 ‘ 315
DOCUO504 0.3 18,15 03 253 253 21.2 212
DOCU0505 03118 0.31 252 252 285 28.5%

02:2P30%0_DATDE-041255-DI ZP3090.11.0
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Table B-9 T
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABHATS
CADMIUM, FLUORIDE, AND ZINC IN SOIL
(mg/kg)
Cad.nivm Fluoride Zinc
Detected Corcentration for Detected Concentration for Detected Concentration far
Sample Concentration Risk Assessment Copeentration Risk Assessment Concentration Risk Asseasment
NOCU0506 0.2)8 0.2 175 ' 175 15.5 15.5
DOCUDS07 0.25)8 0.2% 23 213 21.2 21.2
DOCUOS08 0.23 )8 0.23 250 250 21.2 232
DOCUNs09 03815 0.3 238 238 243 24.3
DOCU0510 0.218,15 0.2 265 265 229 229
AZEIO00 D4 -0 275 D) Zp3m‘o' i 1\..4\-}
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Table B-10
. TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
' SOLUBLE CATIONS IN SOIL
(mg/kg)
Calcdum fron Magnesium Potassium Sodium
Concentration Concentration ) Concentration Concentration Concentration
Detected for Risk Detected for Risk Detected for Risk Detected for Risk Detected for Risk
Sample ‘Concentration Assessment Concentration Assessment Concentration Assessment Concentration Assessment | Concentration Assessment
Bannock Hills SW (Sagebrush Steppe)
Docuo101 763 | 763 0.55 0.55 6.6 6.6 12.2 12.2 11.8 18,16 11.8
DOCU0102 89.1 89.1 4.7 4.7 7.2 7.2 14.6 14.6 6.6 18,16 6.6
DOCU0103 17.1 17.1 2.5 2.5 2.1 2.1 s 3 8.1]8,16 8.1
DOCU6IO4 22.6 21.6 1.2 1.2 1.7 1.7 4.9 4.9 5.4 18,16 3.4
DOCU0105 24.3 243 1.9 1.9 2.1 2.1 38 18 618,16 6
DOCU0106 21 21 1.8 1.8 1.9 19 4.4 4.4 4.5 18,16 4.5
DOCUO107 14.7 14.7 1.4 1.4 1.4 14 2.9 2.9 2.3 18,16 2.3
- DOCUO0108 24 24 2.7 2.7 2.5 2.5 $ 5 4.218,16 42
DOCUO0109 25.1 25.1 9.8 9.8 5.7 5.7 9.4 9.4 4.718,16 4.7
- DOCUO110 40.9 40.9 11.9 1.9 7.5 7.5 132 13.2 5.9.18,16 5.9
- Michaud Flats (Sagebrush Steppe)
DOCU020t 16.7 16.7 10.4 10.4 5.2 5.2 8 8 53116 5.3
DOCU0202 25.1 2.0 9.6 9.6 5.3 5.3 79 1.9 S.1J16 5.1
DOCU0203 17.8 17.8 13.8 13.8 6.6 6.6 9.1 9.1 51116 5.1
DOCU0204 33.3 333 14.4 14.4 8.5 8.5 10.9 10.9 6.2116 6.2
DOCU0205 226 22.6 10.8 10.8 6 6 7 7 —, 7
DOCU0206 2.4 23.4 10.8 10.8 5.9 5.9 6.2 6.2 5.8J16 5.8
ZP3090.11.0
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Table B-10

TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS

SOLUBLE CATIONS IN SOIL
 (mg/kg)
Calcum irom Magnesium Potassium " Sodium
Concentration Concentration Concentration Concentration Concentration
Detected for Risk Detected for Risk Detected for Risk Detected for Risk Detected for Risk
Sample Concentration Assessmment Concentration Assessment Concentration Assessiment Concentration Assessient Concentration Assessment
DOCU0207 39.4 39.4 331 33.1 9.2 19.2 218 | 1.8 9.9 116 9.9
DOCU0208 25 25 10.4 0.8 T 7 1.7 1.7 59116 5.9
bocuo2o9 25.6 25.6 12 12 6.6 6.6 9 9 5.8 16 58
DOCU0210 26.6 26.6 29.1 29.1 14.2 14.2 12.3 12.3 7.6 116 7.6
Ferry Butte (Sagebrush Steppe)
DOCU0301 17.5 17.% 58.8 58.8 16.9 16.9 209 J8 20.9 53 U7 Rejected
DOCU0302 16.2 16.2 8.4 8.4 7.2 7.2 7 7 5.1U7 Rejected
DOCU0303 16.6 16.6 “19.1 19.1 10,8 10.8 14.6 J3 14.6 75 7.5
| DOCU0I04 27.8 27.8 88.6 88.6 34.2 342 32.5 8 LYK 8.1 8.1
| DOCU0305 204 20.4 42.2 42.2 18.5 18.5 23.8J8 2.8 5907 Rejected
| DOCU0306 20.8 20.8 22.1 22.1 12.6 12.6 11.5 J8 11.5 4.4 U7 Rejected
DOCU0307 14.9 14.9 2.1 2.1 4.5 4.5 98 9 8.3 83
DOCU0308 40.9 40.9 20.3 203 15.3 15.3 25.178 25.1 7.4 U7 Rejecied
DOCUO3® 26.1 26.1 76.1 76.1 32.7 32.7 29.6 J8 29.6 6.1U7 Rejectod
DOCUO10 39.1 39.1° 24.8 24.8. 19.9 19.9 21.4J8 21.4 7.2 U7 Rejected
Portneuf River (Riparian) -
DOCUMO0I 36.1 36.1 5.8 5.8 19.1 19.1 21.518 21.8 80.6 80.6
DOC 0402 249 249 0.69 0.69 113 113 80.5 18 80.5 124 124
2P0 DRI, y ) ZP3090.11.0




EMF ERA

Appendix B
. Revision No. 0
g April 1995
2 .
B Page 3 of 4
Q .
Table B-10 o
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
SOLUBLE CATIONS IN SOIL
(mg/kg)
Calcium Iron Magnesium Potassium Sodium
Concentration Concentration Concentration Concentration Conecentration
Detected “for Risk Detected for Risk Detected for Risk Detected for Risk Detected for Risk
Sample Concentration Assessment Concentration Assessmnent Concentration Assessment Concentration Assessment Concentration Assessment
DOCUG403 147 147 2.3 2.3 52.4 52.4 70.4 13 70.4 63.8 63.3
DOCUB404 32.5 325 17 17 14 14 14.3 )8 14.3 71.1 710
DOCUQ403 48.7 48.7 (.9 1.9 22.7 2.3 36.4 )8 364 140 140
DOCUO406 40.4 40.4 2.1 2.1 17.2 17.2 20.8 i8 20.8 184 184
DOCUG407 325 32.5 213 23 14.9 (4.9 10.4 J8 10.4 30.2 30.2
DOCUO0408 37.1 37.1 93 0.93 9.2 9.2 42518 42.5 271.2 212
DOCU0409 50.4 50.4 (9 1.9 26.1 26.1 2718 12.7 54.7 54.7
DOCU0410 45 45 5.6 5.6 17.7 17.7 8.2)8 B.2 70.3 70.3
L Snake River (Riparian) .
DOCUOS0] 22.6 22.6 2.6 )8 2.6 4.618 4.6 4418 4.4 1.6 1.6
- DOCU0502 27.8 27.8 4.518 4.5 6.6 18 6.6 11718 11.7 1.3 1.3
- DOCU0503 33 33 4318 4.3 718 7 14.3 18 14.9 12.6 12.6
DOCU0504 26.9 26.9 748 7.4 8.3 18 83 24.4 18 24.4 8.2 8.2
DOCUQ505 35.4 35.4 8118 0.81 8.3 I8 8.3 20.5 I8 20.5 7.9 7.9
DOCU0506 15.2 15.2 1.2J8 1.2 3.518 3.5 14 I8 14 6.9 6.9
DOCU0S07 26.7 26.7 3578 3.5 s I8 L 16 J8 16 73 73
ZP3090.11.0
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Table B-10
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
SOLUBLE CATIONS IN SOIL
(mg/kg)
Calcium fron Fagnesium Potassiom Sodium
Conceniration Concenirglion Concentration Concentration Concentration
Defected for Risk Detected for Risk Detected for Risk - Detected for Risk Detected for Risk
Sample Concenliration Assessment Concenlration Assessmend Concentration Azsessmeni Concentration Azsessment Concentration Assessment
pOCuos08 203 20.3 .58 1.5 4.7 18 47 19.8 38 19.3 5.8 6.8
DOCUD509 305 30.9 4.118 4.1 6.318 6.3 13.118 13.1 9.2 9.2
DOCU0S10 25.3 25.8 1318 1.3 478 4. 9.718 9.7 7.2 712

0E-g
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Table B-11
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
' CEC, pH, AND TOC IN SOIL
CEC (men/100g) pH TOC (mp/kg)
. Detected Concentration for Detected Conceniration for Detected Conceniralion for
Sample Couacentration Risk Assessment Concentration Risk Assessment Conecentration Risk Assessment
Bannock Hills SW (Sagebrush Steppe)
pocuolol 28.3 28.3 7.68 J1 1.7 12500 12500
Docuo102 26 26 7.82 11 7.8 11300 11360
DOCU0103 21.9 219 7.83 11 7.8 9500 9500
DOCUD104 22 22 811 8 7210 7210
DOCU010S 6.2 262 7.93 11 7.9 10700 10700
DOCU0106 22 22 7.94 I 7.9 8560 8560
pocuolo? 27.4 27.4 7.81 11 7.8 12200 12200
DOCUOLO8 24.4 24.4 7.76 31 7.8 11500 11500
DOCUDI0? 25.1 25.1 7.85 1 79 9740 9740
DOCUD110 23.6 23.6 7.68 J1 7.7 9870 9870
Michsud Flats (Sagebrush Steppe) ‘
DOCU0201 25.7 25.7 7.06 11 71 13100 J8 13100
DOCU0202 w34 - 34 6.51 31 6.5 21500 JB 21500
DOCU0203 27.1 27.1 6.92 11 6.9 16200 I8 16200
DOCU0204 29.3 29.3 6.91J1 6.9 19200 I8 19200
DOCU0205 22.3 223 71111 7.1 13300 J8 13300
DOCU0206 26.9 26.9 7.06 1t 7.1 22900 I8 22500
ZP3090.11.0
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Table B-11
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
CEC, pH, AND TOC IN SOIL
CEC (meq/100g) pH TOC (mg/kg)
Detected Concentration for Deterted Coscentration for Deterted Conceatration for
Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assesyment
DOCU0207 26.8 26.8 7.38 11 7.4 9780 18 97RO
DOCU0208 23.6 23.6 7115 71 11600 I8 11600
DOCU0209 282 28.2 6.8511 6.9 14000 J8 14000
DOCUB210 21.6 21.6 7.05 11 71 18800 J8 182800
Ferry Butte (Sagebrush Steppe) '
DOCU0301 251 251 6.62 6.6 7040 7040
pOCu03o2 2.2 222 6.87 6.9 8200 B200
pOoCu0303 20.7 20.7 7.55 7.6 5420 5420
DOCU0304 217 21.7 6.88 6.9 4610 4610
DOCU0305 21.3 21.3 721 7.2 8920 8920
DOCUI306 22.6 2.6 1.3 7.2 10210 10210
DOCU0307 22.8 22.8 o7 7 B10D B10O
DoOCuU030s 20.5 20.5 7.75 7.8 33040 33040
DOCU0I09 o2 21.1 6.86 6.9 6220 6220
DOCU03N0 | i 76.8 26.8 6.96 7 9570 8570
Portoeuf River (Riparian)
DOCUD401 ‘ ‘ 4.4 4.4 8551 8.6 18200 18200
DOCUG? 40.2 403 7.3 11 1.2 20700 20700
2ZPUAO_DA RO 145D » ZP3090.1 I‘\J
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Table B-11 - T
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
CEC, pH, AND TOC IN SOIL
CEC (meq/100g) pH TOC {(mgikg)
Detected Coucentration for Detected Concentration lor Detected Concentration far
Sample Concentration Risk Assessment Concentration Risk Assessment Conceatration Risk Assessment
DOCU0403 55.3 553 7.56 11 7.6 36000 36000
DOCU0404 30 30 8171 8.2 16000 16000
DOCU0405 303 30.3 BSi I 8.5 25200 25200
DOCUG40s5 314 34 8.63 J1 8.6 21200 21200
DOCUG407 42.6 42.6 7.86J1 19 13300 13300
DOCU0408 40.7 40.7 g.01 1 8 23400 23400
DOCUD409 68.2 68.2 8.26 I 8.3 26700 26700
DOCU04 10 60.5 &0.9 82T H 8.3 23000 23000
Snake River (Riparian)
DOCU0501 19.7 19.7 1911 7.9 5500 5500
DOCUose2 14.7 14.7 | 7.8511 7.9 10100 10100
DOCU0503 20.9 . 20.9 7.67 J1 7.7 14500 14500
DOCU0504 24.8 24.8 8.02 J1 B 14300 14300
DOCU0S0S 21.7 21.7 7.67 11 7.7 26200 26200
DOCUOS06 11.9 1.9 7.76 1t 7.8 12800 12800
DOCU0S07 ' 16.4 16.4 7.86 J1 7.9 18900 18900
ZP3090.11.0
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Table B-11
-TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE AND RIPARIAN HABITATS
CEC, pH, AND TOC IN SOIL
CEC (meq/100g) pH TOC (mg/kg)

Detected Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment
DOCU0508 15.2 15.2 7.9 11 7.9 7980 - 7980
DOCU0509 13 13 7.94 11 7.9 9820 9820
DOCUO0510 11 11 7.7 10160 10160

02:ZPI00_DATS0411/95-DI
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Table B-12
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT
CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (unwashed)
(mg/ke)
Cadmium Fluoride Zine
Detected Concentration for ‘Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Coucentration Risk Assessment
Baonock Hills SW (Sagebrush Steppe)
vsuuolol (.86 0.B6 -70.4 114 70.4 286 286
vsuuoloz 1 1 82.4J)14 82.4 246.1 26.1
VSUL0103 0.88 0.88 47.3 114 4713 3.4 3.4
VIUUD104 1.1 1.1 T4.4 114 144 27.1 271
vsuuo10s 1.1 11 20.7114 20.7 309 309
Vsulolo6 1.2 1.2 <242 Ull4 12.1 I8 39.8
VSuuU0107 1 £ g6.3 114 863 28 28
VSUuUo0Ia8 0.97 0.97 g0.4 114 80.4 345 345
VSUuoio9 1 i 115 I'14 115 323 323
vsuuoelo 0.8( 0.81 115 114 115 315 1.5
vsuuotln NA NA 122114 122 NA NA
VSUU0112 . NA NA 98.2J14 98.2 NA MNA
vsuuolLi3 NA NA - 58,5114 58.5 NA NA
v5Uuo114 NA NA 16.5114: 76.5 NA NA
VSUUOL1S NA NA 71.6 114 776 NA NA
Key at cad of table. .
ZP3090.11.0
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Table B-12

TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT
CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (unwashed)

(mg/kg)
Cadmium Fluoride Zine
Detected Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment
VSUU0116 NA NA 51.7 14 51.7 ' NA NA
vsuuoI17 NA NA 61.8 114 61.8 NA NA
VSUU0118 NA NA 57.4 14 57.4 NA NA
VSUU0119 NA NA <247 UJI4 12.35 NA NA
vsuuU0120 NA NA 93.6J14 9.6 NA NA
Michaud Flats (Sagebrush Steppe)
vYSuuoe201 1.2 1.2 439 J14 4319 30.6 30.6
vsuuo202 1 I 35 J14 35 335 335
v§UU0203 1.2 1.2 419114 41.9 352 35.2
I YSUU0204 0.97 0.97 46.4 114 464 36.8 36.8
YSUU0205 1.3 1.3 433 114 433 36.5 36.5
| VSUU0206 1.2 1.2 48 J14 48 37.3 37.3
vsSuuQ207 1 1 3457)14 345 8.2 38.2
VSUU0208 T 1.5 514114 s1.4 442 442
YSuUu0209 1.7 1.7 862114 86.2 49.1 49.1
vsuum16 1.6 1.6 114 J14 114 41.2 41.2
Key at end of table.
LTZPIR_DARIO4I 1 295-D] ZP3090.1 lx.,,_o’
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Table B-12
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT
CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (unwashed)
(mg/kg) B
Cadmium Fluoride T Zine
Detected Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment
vsuue2it NA NA 31.5 f14 31.5 NA NA
V5Uuo0212 NA NA 52.4 114 52.4 NA NA
VsSuuo0213 NA NA 255 114 255 NA NA
VSuu0214 NA NA 56.1 114 56.1 NA NA
vSuuo215 NA NA 65.9 Ii4 66.9 NA NA
Vsuuo216 NA NA <223 Ji4 11.15 NA NA
vsuuoz217 NA NA 56.4 )14 56.4° NA NA
vsuuoz218 NA NA 67.4 J14 67.4 NA NA
vsUuo0219. NA NA 87.8J14 B7.8 NA NA
vsuu0220 NA NA 313714 31.3 NA NA
Ferry Butte (Sagebrush Steppe)
V5UuU0301 0.35 0.35 <24 Ull4 12 29.1 29.1
VSUU0302 <0.19 U 0.095 <24.5 Ul14 12.25 29.4 '29.4
VSUU0303 C<0.19U 0.095 <249 UJl4 12.45 28.1 28.1
VSUU0304 - <0.19 U 0.095 <24.4 U4 12.2 0.1 30.1
VSUU0305 <0.19U 0.095 <23.4 UJ14 11.7 25.6 25.6
Key ai end of table.
ZP3090.11.0
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CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLI

Table B-12

TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT

AGE (unwashed)

- (mg/kg)
Cadmium Fluoride Zine
Detected Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment
VSUL0306 . 0.2 0.2 <24.5 UJ14 12.25 278 27.8
vVsUU0307 0.21 0.21 <24.8 UN4 12.4 36.4 6.4
VSUU0308 0.29 0.29 <24 U4 12 441 a1
vsUU0309 0.21 0.21 <23.6 UJ14 11.8 28.7 28.7
vsuuo3io <0.2U 0.1 <24.7UJ14 12.35 22.7 227
VSuUuo3li NA NA <24 Ul14 12 NA NA
VvSUU0312 NA NA <24.4 Ul4 12.2 NA NA
VSUU031) NA NA <243 Ul4 12.15 NA NA
VSUU0314 NA NA <23.2 Uil4 11.6 NA NA
YSUuo03is NA NA <243 UJl4 12.15 NA NA
Vsuuo03ié NA NA <24.8 UJ14 12.4 NA NA
vsuuoliz NA NA <23.7 Ul14 11.85 NA NA
VSUuUo031isg NA NA <24.4 Uli4 12.2 NA NA
vSsuUualie NA NA <24.4 U114 12.2 N.A NA
vsuuo3z2o NA NA <22.7Ul14 11.35 NA NA
Key:
NA =~ Mot analyzed.
2ZPI050_DATOR0U12/95- DY ZP3090.11 &i’
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Table B-13
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT
CADMIUM, FLUQRIDE, AND ZINC IN SAGEBRUSH FOLIAGE (washed)
(mg/kg)
Cadmium Fluoride Zme
Detected Concentiration for Detected Concentration for Detected Concentration for
Sample | Concentration | Risk Assessment | Conceniration | Risk Assessment | Concentration Risk Assessment
Bannock Hills SW (Sagebrush Steppe)
YSUUQ10f 0.6 0.6 <39 UJ 19.5 iyl 2.7
YSUuU0102 0.84 0.81 <579 U] 28.95 22.5 22.5
VSUuUo0i03 0.68 0.68 <523 U] 26.15 26.1 26.1
Y3UUO104 0.68 .68 <62.4 UJ 31.2 235 235
VYSUUoL05 0.76 0.76 <523 Ul 26.15 15 315
YSUUOL06 0.87 0.87 <68.7 UJ 34.35 302 30.2
vsuuoio7 0.77 0.7 <51.6 UJ 25.8 25.1 251
vSUuo108 Q.76 0.76 <63.8 U] 319 27.1 27.1
YSUU01D8 012 1.2 < 47.6 U 238 22.4 22.4
VSUUo110 " 0.59 0.59 <60.2 UJ 30.1 28.7 28.7
VSUUoIL11 NA NA <46.4 UJ 23.2 NA NA
ysuuolL112 NA NA <545 U1 27.25 NA NA
vsuuoti3 = NA NA <51.4 U) 25.7 NA NA
vSUUO114 NA NA <538 UJ 26.9 NA NA
VSUUO115 NA NA <51.7 UJ 25.85 NA NA
vsUUO116 NA NA <35.6 UJ 17.8° NA NA
Key at end of table.
ZP3090.11.0
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Table B-13
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT
CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (washed)
: ' (mg/kg)
Cadmium Fluoride Zioc
Detected Concentration for Detecied Concentration for Delected Concentration for
Sample Concentration | Risk Assessment | Concentration | Risk Assessment | Corcentration Risk Assesscment
VSUUDI 17 NA NA <56.4 UJ 282 NA NA
vSUuDI 8- NA NA <58.2 U) 29.1 . NA NA
YSuueiile NA NA <52.8 U] 26.4 NA NA
Vsuuo120 NA NA <30.1 Ul 15.05 NA NA
Michaud Fiats (Sagebrush Steppe)
vSUU0201 1.} 1.1 <556 U) 21.8 1.7 317
vSuuo202 0.92 0.92 <76.5 V) J8.25 24 24
vsUU0203 1.2 1.2 <76.6 UJ 38.3 38.6 386
VSUU0204 1.3 ' 1.3 <458 U) 129 36.7 6.7
vsUuUo20% B 1.2 12 <521 U 26.03 35 38
VSULI0206 1.5 ' 1.5 <58.9 UJ 29.45 41.5 41.5
VSUU0207 1 i1 <49.6 UJ 248 | 353 35.3
VSUUO208 11 J [.1 <581 U) 29.55 439 4.9
vSU U009 Rl ¢ X Y 0.6l <595 U8 29.15 15 15
Yvsuuo2io 0.96 0.96 <174 U} 87 249 24.9
VSuUo2l) ‘ NA NA <64 Ul 32 NA - NA
VSUUCO.li NA MA <43.1 U) 21.5% NA NA

Key al end of table.

ZP090.11. 4
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Table B-13 '
TERRESTRIAL INVESTIGATIONS
- SAGEBRUSH STEPPE HABITAT
CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (washed)
' (mg/kg) ‘
Cadminm Fluoride Zine
Detected Concentration for Detected Coucentration for Detected Concentration {or
Sample Concentration | Risk Assessment | Concentration | Risk Assessment | Concentration Risk Assessment
VSUUmiIa NA MA <436 U] 21.8 NA NA
YSuuo214 NA NA <747 UJ 37.35 NA NA
VSUuo21s NA NA <893 UJ 44,65 NA NA
VSUU0216 NA " NA <783 UJ 39.15 NA NA
vsuuo0217 NA NA < |09 U} 54.5 NA NA
vsUuQ218 NA NA <552 WU 276 NA NA
YSuu@i19 NA NA <938 U] 46.9 NA NA
VsSuuUo0220 NA NA <99.4 Ul 49,7 NA NA
Ferry Butte (Sagebrush Steppe)
vsuu0301 0.34 0.34 <24.6 UJ14 (2.3 27.4 27.4
vsuuo3oz 0.2U 0.1 <24 8 U4 12.4 256 286
vSuUuo3a3 02U 0.1 <248 UJl4~ 12.4 25.8 25.8
VSUUO304 02U 0.1 <248 UN4 12.4 27 77
VSUU030S - 02U 0.1 <252 UJl4 12.6 24.3 24.3
YSUUQI0G 2 U a.1 <24.1 Ull4 12.08 25.8 258
VSUuUo3n7 0.21 0.21 <24.6 Ujl4 12.3 269 26.9
VSUUI08 0.28 0.28 <27.8 UJ 139 40.7 40.7
Key al end of able.
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Table B-13
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEFPE HABITAT
CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (washed)
(mg/kg)
Cadniium Fluoride
Detected Concentration for Detected Concentralion for Detected Conceniration for
Sample Concentration | Risk Assessment | Concentration | Risk Assessment | Concentration Risk Assessment
VSUuUD3ne 0.23 0.23 <56 UJ 28 292 32
YSuuoo 2U 0.1 <244 UJ14 12,2 23.5 B
VSUuUg3l1 NA NA <39.5UJ 19.75 NA NA
VSUU0312 NA NA <24.3 UJ14 12.15 NA NA
vsuUuU0313 NA NA <243 WJl4 12.15 NA NA
vsuug3l4 o MNA NA <2473 Ull4 12.15 NA NA
VYSUuU0313 NA NA <363 UJ14 18.15 Na NA
v5UUQa6 NA NA <24.4 UJ14 12.2 NA NA
VsSuUuUQ3I7 NA NA <24 4 U4 12.2 NA NA
VSUUODIR NA NA <36.6 Ul 18.3 NA NA
vsuUua319 NA NA <242 UJl14 12.t MA NA
v5uuaio NA NA <36.1 Ul 18.05 NA NA
Key: B
NA = Not analyzed. I
LI _ DR | 295 (1 ZP3090.11 .,.)
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Table B-14
TERRESTRIAL INVESTIGATIONS
, SAGEBRUSH STEPPE HABITAT
CADMIUM, FLUORIDE, AND ZINC IN THICKSPIKE WHEATGRASS LEAVES AND STEMS (unwashed)
‘ ‘ (mg/kg) |
Cadmiom Fluoride Zine
Detected . Concentration for Detected Concentration for Detected Concentration (or
Sample Concentration Risk Assessment | Concentration | Risk Assessment | Concentration Risk Assessment
Banneck Hills SW (Sagebrush Steppe)
vGUO101 0.33 0.33 40.2 J14 40.2 8 8
vGuUoLo2 0.35 0.35 39.6 J14 39.6 8.2 8.2
vGUO0163 0.5 0.5 45.6 J14 46.6 10 10
VGUO0104 0.45 0.45 39.6 J14 39.6 6.5 6.5
VGUO0105 0.77 0.7 96.7 114 96.7 15 15
VGUO0106 0.88 0.88 111 J14 111 13.5 13.5 1
VGU0107 0.53 0.53 58.5 114 58.5 16.5 16.5
VGU0108 0.69 0.69 52 114 52 13.4 13.4
vGUo109 0.49 0.49 96.3 J14 96.3 11.1 1.1
VGU0110 0.4 0.4 40.7 114 40.7 12.7 12.7
Michaud Flats (Sagebrush Steppe)
VGUO0201 . 052 0.52 35.4 J14 35.4 10.2 10.2
vGU0202 0.42 0.42 <25 UJ14 12.5 8 ]
VGU0203 0.36 0.36 <24.4 UJ14 122 8.4 8.4
VGU0204 0.49 0.49 <227 Ull4 11.35 7.9 7.9
VGU0205 0.45 045 <BB8UI4 11.9 13 13
ZP3090.11.0
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Table B-14

TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT

CADMIUM, FLUORIDE, AND ZINC IN THICKSPIKE WHEATGRASS LEAVES AND STEMS (unwashed)

(me/ke)
Cadmiym ) Fluoride Zioc

Detecled’ Concentration for Detecied Conceniration for Detected Concestration for

Sample Concentration | Risk Assessment | Concentration | Risk Assessment | Concentration Risk Assessment
vGUo206 0.33 033 <242 UJ1I4 12.1 10.8 10.8
VGUQ207 0,49 0.49 <241 U)id 12.05 1.1 11.1
VGUQ208 0.59 0.59 50114 51.1 15.1 15.1
YGUg09 0.44 0.44 40.9 114 40.9 9.1 g1
YGUG210 .52 0.52 25 )14 2% 14.1 14.1

Ferry Butte (Sagebrush Steppe)

VGUo0ad: <0.1% U 0.095 <24 UJl4 12 1.6 1.6

vGuUoao <02V 0.1 <241 UJ14 12.05 52 5.2

vGUO303 <019 U 0.095 <23.5UJl4 LIS 7.8 7.8

VGUOI08 D.39 0.29 <24.1 UI4 12.05 83 B3

vGUO30S <0.17U 0.085 <25 UNL4 | 12.5 9.4 94

VG306 <02 U 0.1 <24.8 Ul14 12.4 9.1 9.1

VG307 <013y 0.065 <248 Ul14 12.4 10.5 13.5

YGUDI08 L <0.19 U 0.095 <24.4 UJ14 12.2 7.4 7.4

1 VGUO:-;QQ 0.14 0.14 <245 UJ14 12.25 8.1 5.1

|; veumo | <0.15 U 0.075 <24.4 U4 122 3.9 5.9

’ P20 _ D004 | 135D
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Table B-15
TERRSTRIAL INVESTIGATIONS
RIPARIAN HABITAT
CADMIUM, FLUORIDE, AND ZINC IN RUSSIAN OLIVE FRUFIT (unwashed)
3 (mg/kg)
Cadmlum Flouride ‘
Detected Coocentration for Detected Concentralion lor Detected Concentration for
Sample Concentration | Risk Aszessment N_Co_ucentnthn Risk Assessment | Concentration Risk Assessment
Portoeuf River (Riparian) T
VROUG401 <0.2U 0.1 <724 8 UJi4 12.4 9.3 83
VROU0402 0.2 0.2 <24.7 UJ14 12.35 10.2 10.2
VROUG403 <Q2U 0.1 <24.9 U4 12.45 g9 8.9
YROUMNO4 <0.2U 0.1 <24.7 Ull4 12.35 85 8.5
YROUO405 .25 0.25 <23.4 Ul14 11.7 1.3 11.3
VROUO406 0.24 0.24 «<24.6 Ull4 123 13.3 13.3
VROUQS0T <02U 0.1 <23.1 Ul4 11.55 1.3 73
VROUOD408 0.24 0.24 <225 Uli4 11.2% 11.9 11.%
VROU0409 <D.19 U 0.095 <24 4 UJ14 12.2 112 11.2
VROUD410 033 0.33 <22.8 UJI4 11.4 10.5 10.5
Suake River (Riparian)
VYROU0501 0.66 0.66 <23.8 Ul14 11.6 6.9 6.9
YROU0502 <D2U 0.1 <225 Ul4 11.48 9.4 9.4
YROUQ303 <019 U 0.093 <23.7 Uli4 11.88 7.3 7.3
VROUO0S04 <oz U 0.1 <734 Ull4 | 1.7 5.8 58
VROUO0S05 <02U 0.1 <23.7 Ul14 11.8% 8.7 8.7
ZP3050.11.0
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Table B-15

TERRSTRIAL INVESTIGATIONS

RIPARIAN HABITAT

CADMIUM, FLUORIDE, AND ZINC IN RUSSIAN OLIVE FRUIT (unwashed)
(mg/kg) :
Cadmivm Flouride

Detected Concentration for Detected Concentration for Detected Concentration for

Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment

VROUO0506 <02 U 0.1 <249 UJ14 12.45 15 1.8

VROUGS07 <0.2U 0.1 <23.8 UJ4 11.9 73 7.3

VROU0508 <0.19 U 0.095 <24.8 UJ14 12.4 5.4 $.4
YROUOS09 <0.2U 0.1 <22.7UJ14 11.33 55 5.5
YROUOS10 <02U 0.1 <24.5Ul4 12.25 8.1 8.1

v DoAY ZP3090.11 .}
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Table B-16
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT ,
CADMIUM, FLUORIDE, AND ZINC IN DEER MOUSE TISSUE
(mg/kg)
Cadmivm Fluoride Fluoride Zine
{whole body) (whole body) {feraur) {(whole body)
Detected Concentration for Detected Concentration for- Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Agsessment Concentration Risk Assessment | Concentration Risk Assessment

f!: Bannock Hills SW (Sagebrush Steppe)
~ MWBUDID 1.2 110 1.2 149 J8 149 226 114 226 48.1 48.1
MWBU010?2 0.68 110 0.68 173 IB 173 451 14 451 31.7 31.7
MWBUO103 0.64 J10 0.64 135 I8 135 280 J14 280 .2 37.2
MWBLO0104 0.37 110 0.37 105 18 108 285 J14 28S 369 36.9
MWBUO0105 0.59 J10 0.59 112 18 112 < |88 UJ14 34 369 369
MWBUG106 0.53 J10 0.5 109 I8 ' 109 <375 US4 187.5 3713 | © 313

I || MWBUOL07 0.24 110 0.24 156 J8 156 <188 U}14 94 41.5 415

% | MwBUO108 0.39 J10 0.39 93.8 JB 93.8 196 114 196 34 34

2 | MwBUOI09 0.71 110 o7 | - 109 J8 L 399 J14 399 40.4 - 40.4

: || MwBUOI10 0.79 110 0.79 14318 142 760 114,10 760 40.8 40.8

5 || Michaud Flats (Sagebrush Steppe)

3 MWBU0201 0.4 110 T0.4 50.4 I8 - 50.4 423 J14,10 423 34.7 34.7
MWBU0202 0.12 Ji0 . 012 56.6 18 56.6 519 114,10 | 519 34.4 T344
MWBU0203 0.09 J10 0.09 135 18 135 853 114,10 B53 435 43.5
MWBU0204 0.14 J10 0.14 11418 | - 114 561 114,10 561 37 37
MWBU0205 0.23 110 0.23 83818 | = BB 609 114,10 609 41.6 41.6

O2ZPRB0_DATORO41 295D ' ZP3090.11.0
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Table B-16
TERRESTRIAL INVESTIGATIONS
SAGEBRUSH STEPPE HABITAT
CADMIUM, FLUORIDE, AND ZINC IN DEER MOUSE TISSUE
(mg/kg)
—
Cadmium Fluoride Fluoride Zine
(whole body) {whole body) (femur) {whole body)
Detected Conceniration for Detocted Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Conceniration Risk Assessment Concenlrat,ioLl Risk Assessment
MWBU0206 0.19 110 0.19 91.1 18 21.1 677 114,10 6871 42.9 42.9°
MWBUQ207 8.36 110 0.36 102 J8 102 1,030 514,10 1,030 33 33
MWBUO0208 0.14 J10 0.14 B84 J8 84 537 114,10 537 34.3 343
MWBUG209 0.08 J10 0.08 59.4 I8 59.4 291 114,10 251 36 36
MWBUG210 0.42 J10 0.42 133 18 133 B33 114,10 833 38.5 8.5
Ferry Butte (Sagebrush Steppe)
MWBU030] 0.12 J5B 0.12 <12.5 UJ8 6.25 301 §14,10 301 46.4 46.4
MWBU0302 0.04 5B 0.04 <13.6 UI8 . .68 264 114,10 264 ' 34.1 4.1
MWBU0303 0.02 15B 0.02 <13.4 UIS 6.7 <160 UJ14,10 8O | - 40.5 40.5
MWBU0304 0.1 0.14 <15 UI8 2.5 <115 U14,10 57.5 483 483
MWBL0305 0.03 I15B 0.03 <13.2 Ul8 6.6 <234 UJ14,10 117 28.2 8.2
MWBU0306 0.02 5B 0.02 <14.7UJ8 7.35 <160 UJ14,10 80 12.6 126
MWEU0307 0.06 - 0.06 <12.1 UIB 6.05 <139 UJ14,10 65.5 37 37
MWBU0308 0.03 Y <13.6 UJ8 68 <119 Ult4,10 5.5 33.6 316
MWBU0309 0.15 0.15 <139 UJ8 6.95 195 J14,10 195 436 43.6
MWBU0310 0.05 0.05 <14.2 UJB 7.1 <160 UJ14,10 80 41.4 41.4

1 ZPRS0_DARROET e \‘J ZP3090.11.0
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PORTNEUF RIVER AND SNAKE RIVER DELTAS
ALUMINUM, ARSENIC, AND CADMIUM IN SEDIMENT
(mg/kg)
Aluminum Arsenic Cadmium
Detected Concentration for Detected - Concentration lor Detected Concentration for
Sample Concentration | Risk Assessment | Concemtration | Risk Assessment | Concentration Risk Assessment

Portneul River Bank
SDCPDBO1 4,610 4,610 2.4 2.4 0.51 D.51
SDCPDBO2 10,700 10,700 3s 33 1.4 1.4
SDCPDBOI 12,500 12,560 3.9 39 1.3 1.3
SDCPDBOM 12,900 12,900 3.3 33 1.6 1.6
SDCPDBOS 15,100 15,100 4.4 4.4 i.2 1.2
SDCPDBOS 14,200 14,200 4.6 4.6 0.96 0.56
sSDCPDBO? 8,210 8,210 2.7 2.7 0.71 0.71
SDCPDBOB 5.930 5,930 2.5 2.5 0.6 0.6
SDCPDBO9 ' 5.300 5,300 2.5 2.5 0.81 0.84
SDCPDBI10 7.510 7,510 2.9 U7 Rejected 0.77 0.77
Portoeuf River Chanpel
SDCPDCOL 8,160 B, 160 3.3 33 0.83 0.83
SDCPDCO2 8,910 8,910 34 3.4 1.2 1.2
SDCPDCO3 8,390 8,390 2.8 2.8 0.87 0.87
SDCPDCO4 5,400 5,400 21 2.4 0.61 0.61

G2 TP _ D4 TR-04/1 195-D1
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Table B-17
AQUATIC INVESTIGATIONS
‘ PORTNEUF RIVER AND SNAKE RIVER DELTAS
ALUMINUM, ARSENIC, AND CADMTUM IN SEDIMENT
' (mg/kg)
Aluminum Arsenit Cadmium
Detected . Céncentration for Detected Conceatration for Detected Concentiration for
Sample Concentration | Risk Assessment | Concentration | Risk Assessment | Coocentration Risk Assasm&
SDCPDCOS 4,990 4,990 2 2 0.68 m
SDCPDCO6 5,260 5,260 L9 1.9 0.75 0.75
SDCPDCO7 5,130 5,130 2.6 2.6 1.t 11
SDCPDCO8 6,470 6,470 2.1 2.1 .1 1.1
SDCPDCO9 6,080 6,080 2.6 2.6 0.9 0.9
SDCPDCIO0 6,180 6,180 ‘2.3 2.3 0.77 0.77
Snake River Bank
SDCSDBOI 4,170 4,170 1.7 1.7 0.36 0.36
SDCSDRO2 4,030 4,030 1.9 1.9 0.3 0.3
SDCSDBO3 aoto | 4,010 2.1 21 0.25 0.25
SDCSDBO4 5340 | | 5,340 2.4 24 0.39 0.39
SDCSDBO3 . 1,9%0 7,990 35 s 0.63 0.63
SDCSDBOS 7,790 - 7,790 32 32 0.61 0.61
SDCSDBO7 6,490 6,490 2.9 2.9 0.62 0.62
SDCSDBda 2,420 2,420 28 2.8 0.19 0.19
ZP3090.11,_J
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Table B-17
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
ALUMINUM, ARSENIC, AND CADMIUM IN SEDIMENT
(mg/kg)
Aluminum Arsenic Cedmiom
Detected Concentration for Detected Concentratlon for Detected Conceuntration for
Sample Concentration | Risk Assessment | Concentration | Risk Assusment_ Conceatration Risk Assessment
SDCSDRO9 5,980 3,980 5.4 5.4 0.51 0.51
SDCSDBI10 5,560 5,560 3 3 0.42 0.42
Snake River Chanael
SDCSDCOo] B,740 8,740 4.5 4.3 0.7 C 0.7
SDCsDCo2 11,500 11,500 113 113 0.79 06.79
SDCSbCo3 2,020 2,020 1.9 19 <0.27U 0.135
SDCSDC0o4 4,420 4,420 2.5 2.5 <0.32 U 0.16
SDCSDCOS 5,130 5,130 2.8 2.8 0.4 0.4
SDCSDCo6 4,070 4,070 2.1 2.1 0.32 032
SDCSDCOT 3,430 3,430 2.1 2.1 <0.23 U 0.115
SDCSDCoR 3,180 3,180 2.2 2.2 0.22 0.22
SDCSDC09 ~ 2.0 2,720 2 2 <0.28 U - 0.14
SDCSDCIO 1,950 1,950 1.8 1.8 . <024 U 012
ZP3090.11.0
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Table B-18 -
) AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
FLUORIDE, IRON, AND MER_CURY IN SEDIMENT
(mg/kg) _
Flooride Iron Mereury
Detected Concentration for Detected Concentration for Detexted Coocentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Coneentration Risk Assessment
Portoeufl River Bank A
SDCPDBO] 324 324 7,080 7.080 <0.07 U7 chw
SDCPDBOZ 350 350 11,600 11,600 <0.18 U7 Rejected
SDCPDBO3 309 kit 14,300 14,300 0.19 )7 0.19
SDCPDBO4 529 529 14,700 14,700 Q.46 0.46
SDCPDBOS 304 I8 304 16,700 16,700 <0.16 U7 Rejected
SDCPDBO6 269 J8 269 18,000 18,000 <0.05 U7 Rejected
SDCPDBO7 250 38 250 8,240 9,240 <0.07 U7 Rejected
SDCPDBO8 343 18 343 8,020 8,020 <0.06 U7 Rejected |
SDCPDROS 328 )8 328 7,430 7,430 <0.05 U 0.03
SDCPDBIO 330 18 330 10,100 10,100 <0.09 U7 Rejected
Portneuf River Chanpel
SDCPDCO! 429 429 10,000 10,000 <0.2 U? Rejected
SDCPDCO2 352 352 10,600 10,600 <0.14 UT Rejected
SDCPDCO3 318 3i8 10,200 10,200 <0.14 U7 Rejected
SDCPDCOo4 413 413 6,860 6,860 <0.1 U7 Rejected

2 ZPI0_D4TOR0/1) 575D
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Table B-18
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
FLUORIDE, IRON, AND MERCURY IN SEDIMENT
(mg/kg)
Fluoride fron Mercury
Detected . Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment | Concentration Risk Assessment | Concentration Risk Assessment
" spcppeos 406 406 5,940 5,940 <0.1 U7 Rejected
SDCPDCOS 167 J8 3567 7,020 7,020 <0.08 U7 ' Rejected
SDCPDCO7 27718 27 6,320 6,320 <0.06 U7 Rejected
SDCPDCOS 298 JB 298 8,850 B,850 <0.08 U7 Rejected
SDCPDCO9 402 I8 402 8,780 8,780 <0070 0.035
SDCPDCILO 306 J& 306 8,370 8,370 <008 U 0.04
Snake River Bank
SDCSDBO! 381 381 7,030 7,030 <005 U 0.025
SDCSDBO2 184 184 6,720 6,720 <D.0S U 0.025
SDCSDBO] 187 & 187 6,650 6,650 <0.07 U7 Rejected
SDCSDB04 282 282 8,290 8,290 <006 U 0.03
SDCSDBROS 268 268 10,900 10,500 <0.08U 0.04
SDCSDBO6 327 | 327 12,100 12,100 <0.07TU 0.035
SDCSDBO7 329 IR 329 10,900 10,900 <0.06 U 0.03
SDCSDBO8 185 18 185 5,660 5,660J <0.05U 0.025
ZP3090.11.0
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Table B-18

AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
FLUORIDE, 1RON, AND MERCURY IN SEDIMENT

i (mgkg) |
Fluoride [roo Mercury ]
Detected Concentration for Detected Concentration for Detected Concentratioa for
Sample Concentration Risk Assessment | Coucentratun Risk Assessment | Concentration Risk Assessment
SDCSDRO9 389 J8 389 12,100 12,100 <ad.16 U7 Rejected | X
- SDCSDB10 210 J8 210 9,280 9,280 <0.05 U 0.025 |
Suzke River Chacoe!
SDCSDCOol 301 301 {2,100 12,100 <0.07U 0.035
SDCSDCO2 238 238 i%,000 19,000 <G.07 U7 Rejecied
SDCSDCH 114 tid 4,900 4,900 <0.05 U 0.025
SDCSDCH 270 Py 7,100 7,100 <007 U 0.035
~ SDCSDCOS 253 253 9,470 9,470 <0.08 U 0.04
LSDCSDCOG 159 12 259 7,440 7,440 <0.06 117 Rejected
l sDCsDCo? 242 I8 242 4,630 6,630 <006 U 9.03
5DCSDCO8 182 38 183 6,460 6,460 <0.05 U7 Rejected |
| SDCSDCO? . 1888 188 5,550 5,550 <0.06 U 0.03
I| sDhCsSDClO 140 140 4,630 4,630 <=0il5 U 0.03 ||
ZP3090.11.,)

LTFRP0 DANBHVEHTFR- 01



http:ZP3090.11

13ded pajoAlas

TutdLa e pun <Aojosoe

G6-4

EMF ERA

02:ZP3050_DETOR04/11/95-D1

Appendix B
Revision No. 0
April 1995
Page | of 3
Table B-19
AQUATIC INVSTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SELENTUM, ZINC, AND TOC IN SEDIMENT
(mg/kg)
Selenium Zine Total Organic Carbon
Detected Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Coucentration Risk Assessment
Portneuf River Bank
SDCPDBO1 0.61 0.61 27.7 27.7 37,100 J8 37,100
SDCPDB02 0.73 0.73 .58.1 58.1 24,500 J8 24,500
SDCPDBO3 1.7 1.7 66.9 66.9 37,100 J8 37,100 |
SDCPDBO4 1.5 1.5 67.4 67.4 38,600 18 38,600
SDCPDBO0S 1.6 1.6 68.8 68.8 42,300 J8 42,300
SDCPDBO06 1.3 1.3 65.8 65.8 48,800 )8 48,800
SDCPDBO7 0.95 0.95 41 a1 48,100 J8 48,100
SDCPDBOS <0.38 U 0.19 29.6 29.6 61,600 )8 61,600
SDCPDB0Y 055 0.59 29.2 29.2 52,300 52,300
SDCPDBI10 0.5 0.5 41.4 41.1 40,100 40,100
Portneul River Chagnel
SDCPDCOI 1 1 44.7 447 61,800 J8 61,800
SDCPDCO2 0.72 0.72 49.1 49.1 45,000 18 45,000
SDCPDCO3 1.1 1.1 45.3 45.3 45,900 I8 45 900
SDCPDCO4 0.65 0.65 28 28 40,200 J8 40,200
ZP3090.11.0
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Table B-19
AQUATIC INVSTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SELENIUM, ZINC, AND TOC IN SEDIMENT
(mg/kg)
Selenium Zinc . Total Organic Carbon
Detected Concentration for Detected Concentration for Detected Copcentration for
Sample Concentration Risk Assessment | Concentration Risk Assessment | Concentration Risk Assessment
SDCPDCOS <0.42 U 0.21 28.9 28.9 56,400 18 56,400
SDCPDCOS 037 0.37 29.4 25.4 67,600 I8 67,600
SDCPDCO7 oo 0.77 28.8 288 28,200 J8 28,200
SDCPDCO8 0.54 0.54 36 ' 36 28,100 J8 28,100
SDCPDCO9 0.52 0.52 37 37 38.000 38,000
SDCPDCID 0.69 0.69 342 342 55,700 55,700
Snake River Bank
SDCSDBO! 0.58 0.58 34.2 34.2 24,300 24,300
SDCSDB02 0.48 0.48 27.2 21.2 14,300 14,300
SDCSDBO3 056 | 0.56 26.9 26.9 14,000 14,000
sDCSDBO4 a.51 0.51 4.1 341 ‘ 16,600 16,600
SDCSDpoS - 1] 1.1 50.6 50.6 47,300 47,300
5DCSDBO06 0.98 0.98 -~ 505 50.5 . 41,700 41,700
SDCSDB07 0.65 065 | . 424 4.4 45,600 45,600
SDCSDBO8 0.3 0.3 20.5° 20.5 12,400 12,400

270 paR N IASD) ZP30%0.11,.4
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Table B-19
AQUATIC INVSTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SELENIUM, ZINC, AND TOC IN SEDIMENT
(mg/kg)
Selenium Zine Total Organic Carbon
Detected Concentration for Detected Concentration for Detected Concentration for
Sample Concentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment
SDCSDB0S 0.83 0.83 46 46 53,400 §3,400
5DCSDB1O 0.61 0.61 37.2 7.2 28,000 T 28,000
Snake River Channel ) ’
| spcspeot 0.82 0.82 51.1 s11 44,000 44,000
SDCSDC02 0.85 0.85 0.9 70.9 22,000 22,000
SDCSDCO3 <0.4 U 0.2 19.9 19.9 9,880 . 9,880
SDCSDCO4 0.74 0.74 32 32 30,600 30,600
SDCSDCOS 0.7 - 0.7 37 37 37,500 37,500
SDCSDCO6 0.57 0.57 | 273 27.3 20,100 20,100
SDCSDCO7 0.46 | 0.46 26.1 26.1 46,300 46,300
SDCSDCas 0.43 : 0.43 25.5 255 25,900 25,900
SDCSDCo9 . osd | 0.64 25.7 25.7 12,000 12,000
sDCSDCI0 ‘0.43 043 . 189 18.9 20,600 20,600

(2:ZF30%0_D4TR-G4/1 | 93-DI ZP3090.11.0
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Table B-20
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS_
ACID VOLATILE SULFIDE IN SEDIMENT
Acid Veolatile Sulfide (AVS)
Concentration Concentration
Detected for Risk for Risk
Concentration Assessment Assessment
Sample (mg/kg) (mg/kg) (smole/g)
Portnenf River Bank
SDCPDBO1L <6.5]1.8 3.25 0.101
SDCPDBG2 <6.87J1.8 34 0.106
SDCPDBO3 <7.411 37 0.114
SDCPDBO4 <751 3.75 0.117
SDCPDROS <7311 3.65 0.114
SDCPDB0S <6.8 J1 3.4, 0.106
SDCPDB07 <6.9 J8 3.45 0.108
SDCPDBO8 6.4 18 6.4 0.100
SDCPDB09 <6.8 I8 3.4 0.106
SDCPDEB10 <6.3J8 3.15 0.097
Portneul River Chaunel
SDCPDCO1 114 11,8 114 3.541
SDCPDCO2 44.611,8 44.6 1.390
SDCPDCO3 289 J) 289 9.034
SDCPDCO-‘& 22011 220 6.863
SDCPDCOS 17.1 11 17.1 0.532
SDCPDCO6 23.51711,8 235 0.733
SDCPDCO7 <g8.11J8 4.05 0.125
SDCPDCO08 <79 ]8 3.95 0.123
SDCPDCO® 54.4)8 54.9 1.7%
SDCPDC10 <B.71% 4.35 0.135
Snake River Bank
SDCSDRB0I <6.7 18 3.35 0.104

QIPXN_DEXB041 298D
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Table B-20
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
ACID VOLATILE SULFIDE IN SEDIMENT
Acid Volatile Sulfide (AVS)
Concentration Concentration
Detected for Risk for Risk
Concentration Asgessment Assessment
Sample (mg/kg) (mg/kg) {umole/g)
sDCSDB02 ' <6411,8 3.25 0.099
SDCSDBO3 <63711,8 3.18 .0.098
SDCSDB04 <6.71]8 3.3% 0.104
SDCSDBOS <8.4 )8 4.2 0.131
SDCSDBO6 <7.118 3.55 0.110
SDCSDBO7 <6.7J8 3.35 0.103
SDCSDBOR <6.2 )8 3.1 0.097
SDCSDB09 9.6 J8 9.6 0.150
SDCSDB10 <5.5)8 2.75 0.104
Snake River Channel
SDCSDCO!1 <8.31J8 4.15 0.129
SDCSDCO2 <1511.8 3.75 0.117
SDCSDCO3 <6.711,8 335 0.104.
SDCSDCo4 <7.718 3.85 0.119
SDCSDCOS 258 J8 258 8.0456
SDCSDCOs 156 J8 156 4.872
SDCSDCO7 18.1 18 18.1 0.564
SDCSDcos <718 3.5 0.108
SDCSDCO9 <7.118 3.55 0.110
SDCSDCI10 <7.118 3.55 0.110
B-59
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Table B-21
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SIMULTANEQUSLY EXTRACTABLE METALS (CADMIUM, COPPER, AND LEAD) IN SEDIMENT
SEM Cadmivm SEM Copper SEM Lead
(umole/g) {nmole/g) (smoleg)
Concentration Coucentration Concentration
Detected for Risk Detected for Risk Detected for Risk
Sample Concentration Assessment Concentration Assessment Concentration Assessment
Portneuf River Bank
SDCPDBGI | <0.0006378 UJ7,14,10 Rejected 0.0135345 114,10 0.0135345 0.0064273 114,10 0.0064273
SDCPDBO2 0.0031224 114,10 0.00315885 |  0.0457255 114,10 0.0461303 0.0224834 J14,10 0.0222252
SDCPDBG3 0.0014903 Ji4,10 0.0014905 0.0335814 114,10 0.0339814 0.0123068 114,10 0.0123068
SDCPDBO4 0.0046033 114,10 0.0046033 0.0759933 Ji4,10 0.0759933 0.0718693 114,10 0.0718693
SDCPDBOS 0.0018576 J14,10 0.0018576 0.0421506 J14,10 0.0421506 0.015034 114,10 0.015034
SDCPDBO6 0.0019474 714,10 0.0019634 0.0597633 114,10 0.0617854 | 0.0222101 J14,16,10- 0.022759
SDCPDBO7 0.0015632 J14,10 8.0015032 0.0463537 114,10 0.0463537 | 0.0149835 114,16,10 0.0149835
SDCPDBOSR 0.0008508 114,10 0.0008508 |  0.0235061 J14,10 0.0235061 | 0.0112842 114,16,10 0.0112842
SDCPDB09 0.0010582 J14,10 0.0010582 |  0.0214764 J14,10 0.0214764 | 0.0110857 114,16,10 0.0110897
SDCPDBIO 0.0017371 }14,10 0.0017371 0.0334118 114,10 0.0334118 0.0175987 114,16,10 0.0175987
Portoneufl River Chanuoel
SDCPDCO1 <0.0023452 Ul14,10 0.0011726 | 0.0402772 17,1410 0.0402772 0.0165004 114,10 0.0165004
SDCPDCO2 0.0033709 114,10 0.0033709 0.0343778 ]14,10 0.0343778 0.0174605 114,10 0.0174605
SDCPDCO3 0.0027218 J14,10 0.00277218 0.0420517 J14,10 0.0420517 0.0172547 J14,10 0.0172547
5DCPDCO4 _ 0.6D1751 114,10 0.001751 |  0.0214623 J14,10 0.0214623 0.0132808 J14,10 0.0132808
SDCPDCOS 0.001178 114,10 0.001178 |  0.0144101 J14,10 0.0144101 0.0096111 114,10 0.0096111
SDCPDCO6 0.0011979 J14,10 0.0011979 |  0.0125442 J14,10 0.0125442 0.0079999 114,10 0.0079999

2L _DARR-04/1173-DI
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Table B-21
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SIMULTANEOUSLY EXTRACTABLE METALS (CADMIUM, COPPER AND LEAD) IN SEDIMENT
H SEM Cadmium SEM Copper SEM Lead
(xmole/g) (umole/g) - (smole/g)
Concentration Concentration Concentration
Detected for Risk Detected for Risk Detected for Risk
Sample Concentration Assessment Concentration Assessment Concentration Assessment
SDCPDCO7 0.0011651 J14,10 0.0011651 0.0248619 J14,10 0.0248619 0.0096182 114,16,10 0.0096182
SDCPDCO8 0.0011131 J14,10 0.0011131 0.0183238 J 14,10 0.0183238 | 0.0085337 ]14,16,10 0.0085337
SDCPDCOS 0.0020504 J14,10 0.0020504 0.0504411 J14 .10 0.0504411 0.0161353 J14,16,10 0.0161353
SDCPDC10 0.0017898 J14,10 0.0017898 0.047052% J14,10 0.0470529 | 0.0158152 J14,16,10 0.0158152
Snake River Bank .
SDCSDBO1 1 0.0007729 114,10 0.0010752 0.023323 J14,10 0.02393315 0100214 J14,16,10 0.0105378
SDCSDB02 | <0.0009065 UJ7,14,10 Rejected 0.0201401 J14,10 0.0201401 0.0096801 114,10 0.0096801
SDCSDB03 | <0.0003616 UJ7,14,10 Rejected 0.0178363 114,10 0.0178363 0.0084837 J14,10 0.0084837
SDCSDBO4 -<0.0014231 UJ7,14,10 Rejected 0.023057 J14,10 0.023057 0.0117339 J14,10 0.0117339
SDCSDBOS | <0.0018697 UJ7,14,10 Rejected 0.0432181 J14,10 0.0432181 0.0173003 14,10 0.0173003
SDCSDBO6 0.0024606 J14,10 0.0024606 0.0422817 J14,10 0.0422817 0.0193459 114,10 0.0193459
SDCSDBO7 0.0019004 J14,10 0.0019004 0.034995 114,10 0.034995 0.0146798 114,10 0.0146798
SDCSDBO8 | <0.0001387 UJ7,14,10 Rejected 0.011265 114,10 0.011265 |  0.30079749 J14,10 0.3007975
SDCSDB0% <0.0018462.1]7,14,10 Rejected 0.0505205 114,10 0.0505205 0.0220037 J14,10 0.0220037
.SDCSDB10 <0.0017 UI7,14,10 Rejected 0.0299642 §14,10 0.0299642 0.0165446 114,10 0.0165446
Snake River Chaaonel :
sDCsSpcCol .0020736 J14,10° 0.0020736 0.0576261 114,10 0.0576261 0.0220988 J14,10 0.0220988
SDCSDCO2 0021566 114,10 0.0021566 |  0.0492489 ]14,10 0.0492489 0.0234114 114,10 0.0234114
ZP3090.11.0
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Table B-21
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SIMULTANEOUSLY EXTRACTABLE METALS (CADMIUM, COPPER, AND LEAD) IN SEDIMENT
SEM Cadmium SEM Copper ' SEM Lead
(pmole/p) (umoole/g) (smole/g)

Concentration Concentration Concentration

Detected for Risk Detected for Risk Detected for Risk

Sample Concentration Assessment Concentration Assessment Concentration Assessment
SDCSDCO3 < .0001484 UJ7,14,10 Rejectod 0.0061T77 114,10 0.006.777 0.0052572 114,10 0.0052572
SDCSDCo4 < .00144 UJ7,14,10 Rejected 0.0395382 114,10 0.0395382 0.0102173 114,10 00102173
SDCSDCO5 <.0016054 UJ7,14,10 Rejected | 0.0254707 J14,10 0.0254707 0.0135894 114,10 0.0135894
SDCSDCos <.0010861 UJ7,14,10 Rejected 0.0164265 J14,10 0.0164263 0.0102606 114,10 0.0102606
sDCSDCO7 < 0004208 UJ7,14,10 Rejectod 0.0122673 J14,10 0.0122673 0.0085733 114,10 0.0085733
SDCSDCO8 <.0005265 UJ7,14,10 Rejected | 0.0098046 J14,10 0.0098046 0.0070719 114,10 0.0070719
SDCSDCO9 < .0001562 UJ7,14,10 Rejected | 0.0125084 114,10 0.0125084 0.0084165 J14,10 0.0084165
SDCSDC10 < .0001633 UJ7,14,10 Rejected 0.0081105 J14,10 0.0081105 0.006987 114,10 0.006987

253050, DeToR0u1 93 DI ZP3090.11,,
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Table B-22 |
. AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SlMULTANEOUSLY EXTRACTABLE METALS (MERCURY, NICKEL, AND ZINC) IN SEDIMENT ]
J SEM Mercury SEM Nickel SEM Zinc
{pmole/g) (nmole/g) {(smole/g)
Concentration Conrcentration Concentration
Detected for Risk Detected for Risk Detected for Risk
Sample Concentration Assessment Concentration Assessment Concentration Assessment
Portneuf River Bank - T
SDCPDBO 0.00000325 18,14 0.00000325 0.0100603 J14,10 0.0100603 0.0508739 J14,10 0.0508739
SDCPDBO2 0.00003125 J8,14 0.000029905 0.0290119 J14,10 0.0257567 0.1470813 114,10 0.1429809
SDCFPDBO03 0.00000368 J14 0.00000368 0.0200212 114,10 0.0200212 0.0852645 114,10 0.0852645
SDCPDBO04 - 0.00006226 J14 0.00006226 0.0288958 114,10 0.0288958 0.2036894 114,10 0.2036894
SDCPDBOS <0.00001026 UJ7,14 Rejected 0.0243468 114,10 0.0243468 0.1041097 114,10 0.1041097
SDCPDB06 <0.00001483 UJ8,14 0.000013738 | 0.048657 114,16,10 0.0482201 | 0.1675708 114,16,10 0.1665999
SDCPDBO7 <0.0000128 UI7,14 Rejected | 0.0327164 J14,16,10 0.0327164 |  0.108588 J14,16,10 0.108588
SDCPDBO8 | <0.00001188 UJ7,14,10 Rejected | 0.0173827 J14,16,10 0.0173827 |  0.072242 114,16,10 0.072242
SDCPDB09 <0.00001597 UJ7,14 | Rejected | 0.0174969 J14,16,10 0.0174969 | 0.0746282 114,16,10 0.0746282
SDCPDB10 <0.00002275 UJ7,14 Rejecied | 0.026567 114,16,10 0.026567 0.098816 J14,16,10 0.098816
Portneuf River Channel |
SDCPDCO1 00000581 18,14 0.00000581 0.0325468 114,10 0.0325468 0.1459176 114,10 0.1459176 |
SDCPDCO2 100000421 J8,14 0.00000421 |  0.0220636 J14,10 0.0220636 0.150795 114,10 0.150795
SDCPDCO3 100000509 114 0.00000509 |  0.0334212 114,10 0.0334212 0.1572409 114,10 0.1572409
SDCPDCO4 000(1)408 4 0.00000408 0.0189423 J14,10 0.0185423 0.1075974 114,10 0.1075974
SDCPDCOS <.00000893 UJ7,14 Rejectcd | 0.0107879 114,10 0.0107879 0.0836376 §14,10 0.0836376
ZP3090.11.0
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Table B-22 |
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SIMULTANEQUSLY EXTRACTABLE METALS (MERCURY, NICKEL, AND ZINC) IN SEDIMENT
SEM Mercury SEM Nickel SEM Zine
(pmole/p) {(snole/g) (umole/g)
Concentration Concentration Concentration
Detected for Risk Detected for Risk Detected for Risk
Sample Concentration Assessment Concentration Assessment Concentration Asseagment
SDCPDCO6 00000386 18,14 0.00000386 0.0098914 114,10 0.0098914 0.0813303 J14,10 0.0813303
SDCPDCO7 00000402 114 0.00000402 | 0.0168838 J14,16,10 0.0168838 0.0797301 114,16,10 0.0797301"
SDCPDCO8 00000354 J14 | 0.000003%4 | 0.0137363 §14,16,10 0.0137363 0.079463R 114,16,10 0.0794638
SDCPDCO? 00000395 )14 0.00000395 | 0.0294937 J14,16,10 0.0294937 0.1301912 114,16,10 0.1301912
SDCPDCIO 00000434 J14 0.00000434 | 0.0298642 114,16,10 0.0298642 0.1243011 J14,16,10 0.1243011
Snake River Bank
SDCSDRO! 0.00000333 114 0.00000333 | 0.0208868 114,16,10 0.020457 | 0.0939355 114,16,10 0.0954038
sDCsSDBOZ 0.00000317 18,14 0.00000317 0.0189992 114,10 0.0189992 0.0788862 114,10 0.07B8862
SDCSDB03 0.00000662 18,14 0.00000662 0.0168219 114,10 0.0168219 0.0712601 114,10 0.0712601
SDCSDBO4 0.00000335 J8,14 0.00000335 | 0.0266982 114,16,10 0.0266982 | 0.1129315 114,16,10 0.1129315
- §DCSDBOS '0.00000419 18,14 0.00000419 | 0.043865 J14,16,10 0.043869 | 0.1895837 J14,16,10 0.1895837
SDCSDBO6 0.00001022 18,14 0.00001022 | 0.0445233 J14,16,10 0.0445233 0.1821861 J14,16,10 0.1821801
sSDCsSDBO7 0.000600332 J§,14 0.00000332 0.0360435 114,10 0.0360435 0.1504654 114,10 0.1504654
SDCSDB0S 0.00000311 18,14 0.00000311 | 0.0337455 J14,16,10 0.0337455 | 0.0720847 )14,16,10 0.0720847
SDCSDB09 0.00000481 18,14 0.00000481 | 0.0554972 J14,16,10 0.0554972 | 0.2240691 114,16,10 0.2240691
SDCSDRBIO 0.00000836 18,14 0.00000836 | 0.0351394 J14,16,10 0.0351394 0.1180206 J14,16,10 0. 1180206
JU—— - ZP3090.11..)
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Table B-22
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
SIMULTANEOUSLY EXTRACTABLE METALS (MERCURY, NICKEL, AND ZINC) IN SEDIMENT
SEM ‘Mercury SEM Nickel SEM Zine
{(pmole/g) - {pmole/g) {(umole/g)
Concentration Concentration Coneentration
Detected for Risk Detected for Risk Detected for Risk
Sample Concentration Assessment Concentration Assessment Copcentration Assessment

Snake River Channel

SDCSDCO 0.00000413 I8, 14 0.00000413 0.0382054 114,10 0.0382054 0.1661087 114,10 0.1661087

SDCSDCO2 0.00001426 18,14 0.00001426 0.0438645 J14,10 0.0438645 0.1801438 114,10 0.1801438

SDCSDCA3 0.00000333 18,14 0.00000323 0.00B5044 114,10 0.0085044 0.0392589 Ji14,10 0.0397589

SDCSDCO4 0.00000383 8,14 0.00000383 | 0.0252309 J14,16,10 0.0252309 | 0.{072583 114,16,10 0.1072583

SDCSDCOS 0.00000413 18,14 0.00000413 | 0.0343075 ]14,16,10 0.0343075 | 0.1450432 J14,16,10 0.1450432

sDCsDhCoé 0.00000359 J8,14 0.00000359 | 0.0235532 J14,16,10 0.0235532 0.1003419 }14,16.10 0.1003419

SDCSDCO? 0.00000354 18,14 0.00000354 | 0.0231712 114,16,10 0.0231712 0.087936 114,16,10 0.087936

SDCSDCo 0.00000348 18,14 0.00000348 | 0.0159868 J14,16,10 0.0159868 0.0732285 114,16,10 0.0732285 ‘

SDCSDCOY 0.00000355 18,14 0.00000355 | 0.0187758 J14,16,10 0.0187758 | 0.0809952 J14,16,10 0.0809952

SDCSDC10 0.00000352 18,14 0.00000352 | 0.0150855 114,16,10 0.0150855 | 0.0613752 J14,16,10 0.0613752

ZP3090.11.0
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Table B-23
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
ACID VOLATILE SULFIDE AND SIMULTANEQUS EXTRACTABLE METALS IN SEDIMENT
SEM Total Metals '
(rmole/g) SEM/AVS Ratio
Concentration Concentration
Detected for Risk Detected for Risk
Sample Concenteation Asgessment Concentrﬂtion_ Assessment
Portneul River Bank
SDCPDBO1 0.081537 0.081537 0.80191 0.80191
SDCPDBO02 0.2474557 0.2402818 2.32899 2.26038
SDCPDB0O3 0.1530681 0.1530681 1.33143 1.33143
SDCPDB04 0.3851134 0.3851134 3.28257 3.28257
SDCPDBOS 0.1875091 0.1875091 1.63605 1.63605
SDCPDB06 0.3001635 0.30134515 2.84706 2.822055-
SDCPDBO7 0.2041576 0.2041576 1.88681 1.88681
SDCPDBOS 0.1252778 0.1252778 1.24731 1.24731
SDCPDB0S 0.1257654 0.1257654 1.18322 1.18322
SDCPDBI10 0.1781533 0.1781533 1.82752 1.82752
Portneuf River Channel
SDCPDCOI ™~ 0.2375931 0.2375931 0.06709 0.06709
SDCPDCO2 0.228072 0.228072 0.16403 0.16403
SDCPDCO 0.2526953 0.2526953 0.02797 0.02797
SDCPDCO4 0.1630379 0.1630379 0.02376 0.02376
SDCPDCO5 0.1196337 0.1196337 0.22455 022455

.2:ZP3A0_DAT-04/1295-D1
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Table B-23
AQUATIC INVESTIGATIONS
PORTNEUF RIVER AND SNAKE RIVER DELTAS
ACID VOLATILE SULFIDE AND SIMULTANEOUS EXTRACTABLE METALS IN SEDIMENT_J
SEM Total Metals
{pmole/g) SEM/AVS Ratio
Concentration Concentration
Detected for Risk Detected for Risk
_ Sample Conceniration Assessment Concentration Assessmuent
SDCPDCOS 0.1129677 0.1129677 0.15394 0.15394
SDCPDCO? 0.132263 0.132263 1.05256 1.05256
SDCPDCO8 0.1211746 0.1211746 0.98377 0.98377
SDCPDCO9 0.2283156 0.2283156 0.13331 0.13331
SDCPDCI0 0.2188276 0.2188276 1.61196 1.61196
Snake River Bank
SDCSDBOI 0.1489429 0.15145018 1.43148 1.455575
SDCSDBO2 0.1286154 0.1286154 1.2965 1.2965
SDCSDBO03 0.1147702 0.1147702 1.16454 1.16454
SDCSDB04 0.175847 0.175847 1.67814 1.67814
SDCSDBOS 0.295845 0.295845 2.25708 2.25708
SDCSDBO6 0.2908018 0.2908018 2.63918 2.63918
SDCSDBO7 - 0.2380914 0.2380914 2.29253 2.29253
SDCSDBO8 0.125212 0.125212 1.28726 1.28726
$DCSDBOY 0.3539415 0.3539415 235477 235477
SDCSDBI10 0.2013771 0.2013771 192461 1.92461

02: TP X0 _DERS-04/12/95-D1
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Table B-23

AQUATIC INVESTIGATIONS

PORTNEUF RIVER AND SNAKE RIVER DELTAS
ACID VOLATILE SULFIDE AND SIMULTANEOUS EXTRACTABLE METALS IN SEDIMENT

SEM Total Metals
(smole/g) SEM/AVS Ratio
Concentration Concentration
Detected for Risk Detected for Risk
Sample Concentration Assessment Concentration Assessment

Snske River Channel '

SDCSDCO1 0.2861168 0.2861168 2.21356 2.21356
SDCSDCo2 0.‘2988395 0.2988395 2.54505 2.54505
SDCSDCO3 0.059349% 0.0593495 57046 0.57046
SDCSDCO4 0.1836885 0.1836885 1.53183 1.53185
SDCSDCO0S 0.2200204 0.2200204 0.02734 0.02734
SDCSDCO6 0.151672 0.151672 0.03113 0.03113
SDCSDCO7 0.1323721 0.1323721 0.2347 0.2347
SDCSDCo8 0.1066217 0.1066217 0.97838 0.97838
SDCSDCO9 0.1208576 0.1208576 1.08983 1.08983
SpCsSDC1o 0.0917251 0.0917251 83212 0.83212

22FI0_DANH-OU12/95- D1
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This appendix provides subponing information for the statistical evaluation of the data
collected in the ecological investigation of the EMF site (see Section 3 and Appendix B). The
"box/whisker" plots used to graphically display and evaluate the data in Section 3 are
generally described in Section C.1. The rationale used to identify the appropriate sample size
for the field investigations is provided in Section C.2. The statistical analyses used to
compare data collected from site-impacted locations to background (or reference) locations are

described. in Section C.3.

C.1 Box/Whisker Plots

- Box/whisker plots display both the central tendency and variability of data. Figure
C-1 shows an idealized boxfwﬁisker plot (like those used to present the ecological assessment
data in Section 3) and defines the important attributes. The central tendency of the data is
indicated by the median. The variability of the data is indicated by the height of the box and
length of the "whiskers".

Box and Whiskers _

The lower box value (first quartile), median (second quartile), and upper box value
(third quartile) divide the values in a data set (excluding outliers and extreme values) into four
equal parts by frequency. Thus, 25% of the values in a data set lie between the tip of the
lower whisker and the lower box value (LBV), 25% lie between the LBV and the median,
25% lie between the median and upper box value (UBV), and 25% lie between the UBV and
the tip of the upper whisker. Values that lie far from the middle of the distribution are
referred to as outliers and extreme values if they meet the conditions shown in Figure C-1 and

specified below. \

Outliers
A data point is deemed to be an outlier if the following conditions hold:

value > UBV + L.5(UBV - LBV)

or

wzewon dSEARYT" c3 ccology wnd environ @R3090.11.0
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value < LBV - 1.5(UBV - LBV)

were UBV is the upper box value of the box in the box plot (i.e., the 75th pereentilé) and
LBV is the lower box value (i.e., the 25th percentile).-

Extreme Values
A data point is deemed to be an extreme value if the following conditions hold:

value > UBV + 3(UBV - LBV)

or

walue < LBV - 3(UBV - LBV)

where UBV is the upper box value of the box in the box plot (i.e., the 75th percentile) and
LBYV is the lower box value (i.e., the 25th percentile).

C.2 Determination of Sample Size

Numbers of samples to be collected for each media or target species were determined
by establishing data quality objectivesl that permit meaningful statistical comparisons to be
made of differences between the site and reference areas. The approach for establishing
sample size was in accordance with EPA guidance (EPA 1989, 1992a), and was applied to the
EMF site using representative data from published literature to estimate the expected degree
of variability in study populations.

As noted in EPA 1989, “there is no simple and strictly correct answer" to the *
question of how many samplﬁ. to collect. In general, larger sample sizes provide more
precise estimates of sample statistics, such as the average concentration of COPCs in tissues
of a given target species. However, considerations of time, money, and availability of the
target species can place practical constraints on the numbers of samples collected for site
investigations. Therefore, guidelines presented in EPA guidance for the confidence level and
power of the statistical tests, and the minimal detectable difference between the site and |

reference areas, were used to determine sample size.
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One of the objectives of the ecological assessment was to collect a sufficient sample
size to statistically distinguish potentially impacted areas from reference areas. In statistical |
terms, the "null hypothesis® states that the mean COPC concentrations in media at the site are
the same as the mean COPC concentrations at the reference area. Two types of statistical
errors may be made in testing the null hypothesis. Rejecting a null hypothesis when it is true
is referred to as a Type I error. That is, a Type I error is committed if samples taken from
the EMF Site are mistakenly considered to be significantly different from samples taken from
a reference area. The probability of avoiding a Type I error is referred to as the "confidence”
of the hypothesis test. Conversely, accepting a false null hypothesis is referred to as a Type
I error. That is, a Type II error is committed if the site is mistakenly considered to be not
significantly different from the reference area. The probability of avoiding a Type II error is
referred to as the “power™ of the hypothesis test. '

In preliminary investigations of hazardous waste sites, the power of the test is -
considered to be possibly more important that the confidence level. According to EPA
(1992a), 90% is the minimum power to be used in hypothesis tests for risk assessment
purposes. The minimum level of confidence is considered to be 70%.

Determination of sample size fequirm specification of the power, confidence, and the
magnitude of the difference to be detected (minimal detectable difference [MDD]). For
sampling of media such as soils, thé minimum difference between the mean concentrations of
the site and background is considered to be 30% for risk assessment purposes (EPA 1992a).

Finally, an estimate of the expected variability of sample populations is needed. For
the EMF Site, the standard deviation of COPC levels for various samples matrices was
obtained from published studies (see Table C-1). These studies were considered to be
representative because they examined the same or similar species as the target species for the
ecological assessment, and because (with one exception) they were conducted in Idaho or
adjacent states.

For the EMF Site, the sample size needed to detect a difference of 50% between the
mean COPC concentrations at the site and a reference area, with a power of 90% and a
confidence of 80%, was determined. An MDD of S0% was evaluated because of the high
variability evident in the biological data presented in Table C-1. In general, an MDD of 50%
encompasses 1 standard deviation for most of the data, which is likely to be adequate for risk
assessment purposes at the EMF Site. A confidence of 80% rather than 70% was evaluated,
since 70% was judged to provide too much uncertainty in distinguishing the site from

recycied paper ‘ C.S eculugy and cnvimnnmm_ 11 0
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background (that is, the probability of rejecting a true null hypothesis was set at 20% rather
than at 30%). The sample size (n) was determined following EPA (1989), and adjusted to
provide the required samples size (n") to account for the use of estimated rather than known
standard deviations.

Given these data quality objectives, a sample size of 10 was found to be adequate for
nearly all target matrices and analytes (Table C-1). A larger sample size was indicated for
fluoride in sagebrush. For fluoride in sagebrush, a sample size of 19 was suggested from
calculations based on Arthur and Gates (1988). Therefore, as a conservative approach, a
sample“size of 20 was selected for analysis of fluoride in sagebrush foliage at the EMF Site,

C.3 Statistical Analysis

The objective of the statistical analyses of the chemical concentration data in the
various environmental media was to identify any significant differences between the average
concentrations at different locations. Concentrations at locations suspected of being
contaminated were compared to concentrations at background locations. In addition,
comparisons were made among different locations suspected of contamination. A confidence
level of 80%, i.e., a false positive rate of 20% or a p-value equal to or less than 0.20, was
used for the comparisons between locations of suspected contamination and background
locations. A 95% confidence level (p-value equal to or less than 0.05) was used in all other
statistical tests. These critical levels were selected based on EPA risk assessment guidance
(EPA 1989, 1992a) and general statistical practice (e.g., Gilbert 1987, EPA 1992b), as
discussed in the previous section.

Several statistical tools were used in the data analyses, including both parametric and
nonparametric techniques. A parametric technique is one in which certain assumptions have
been made about the way the data are distributed. The majority of parametric tests assume
that the data are normally distributed, i.e., the values in the data set are symmetrically
distributed about its mean or average value, and the overall distribution of values has a
bell-shaped appearance. In general, parametric tests are more powerful (i.e., they are more
likely to detect a true difference between locations), but are only valid and should only be
used if the data are normally distributed. If the data set is not normal then either it must be
mathematically transformed into a normal distribution before the parametric test can be used,

or the corresponding nonparametric test must be used.
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Initially, descriptive statistics (e.g., mean, variance) and the "frequency of detects”
were used to provide basic descriptions of each parameter in the data set and to determine
those parameters for which statistical comparisons would be appropriate. Parameters with a
high frequency of detects were candidates for comparisons using parametric tests (e.g., t-test,
ANOVA), but required additional testing before that decision was made. These parameters
were examined for normality and homogeneity of variances among the comparison groups.
The statistical tools used for this task include both statistical tests (Shapko-WHk, Levene)
and/or graphical representations of the data (normality plots, box/whisker plots). The results
of the normality and homogeneity of variances testing were used to identify which type of
statistical comparisons—parametric or nonparametric—were most appropriate.

The tests used for parametric comparison of groups of data were the t-test when only
two groups were being compared and single factor analysis of variance (ANOVA) where three
or more groups were being compared. Similarly, the Mann-Whitney test was used for
nonparametric comparison of two grfbdps -and the Kruskal-Wallis test was used for
nonparametric comparison of three or more groups. The results of the statistical analyses are
tabulated in Tables C-2 through C-9, and discussed in Section 3.

~ Because COPC levels were expected to be elevated at sample locations near the %
facilities, one-tailed significance tests were conducted when comparing impacted sites with
reference sites using the t-test or Mann-Whitney test. When two impacted sites such as
Bannock Hills SW and Michaud Flats were compared, two-tailed significance tests were
conducted because there was no a priori reason to expect one site to have higher COPC levels
than the other. The p-values listed in Tables C-2 to C-9 reflect this approach.

C.4 Evaluation of Data Quality Objectives

Tables C-10 to C-19 list the average concentration, sample standard deviation,
coefficient of variation (CV), and percent difference between impacted and reference sites for
each COPC in each sample type (soil, sagebrush, wheatgrass, etc.). For some sample types,
the CV was greater than anticipated from previous studies in the area (see Section C.2). This
had little effect on statistical comparisons, however, because the percent difference between
impacted and reference sites was large, much greater than the 50% difference that was
assumed when selecting target sample sizes. Therefore, data quality objectives were met with

1
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regard to the sample size needed to distinguish concentrations of COPCs at the site from

background concentrations,
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4 Zine Narmal Wormal | Mormal 012 Yiu ANOVA Mo Takey's 1-ast 0499 0.452 0.4
_'|E - e = e e —-
i
; B o¥es® imdicates o wigmilicans difference {p <0.2) between ot leanl oo pair of the three exmmined groups: Bennock HEl 5W (BM), Mickausd Flats {FL}), #5d Ferry Buse (FB)
g “n,

OH = Hanscch Hille 5W

COPC = Conaminan of poioeiial concerm,
FL = Michosd Flau
FB = Farry Bube,




a1-2

EMF ERA
Appendix C
Revizsion No. 0
April 1995

Page | of |

Table C-A

SUMMARY OF STATISTICAL ANALYSES ﬂﬂm CONTAMINANTS AND ALUMINUM IN DELTA SEDIMENT

Tests for Homogensty
Duta Destrihetion af Varinnoe
ARDVA
Teni Used | EKrumkal-Walln
Homageneity far Segmific amily Tt Lisadd
Levene's | Assumpiian Anilysi [MiTereest Tor Paired
povales | Valid gt 95% | of Variance ot BRI ot parisam
00796 | Yea AMOV A Yea (R ]
00495 | Mo Farunal- Mo ey Whitney
Wallia
0017 | Mo Kiruskal- Yoz Bdann-Whitnoy
Wallis
0342 | Yea ANDV A Yea tlcH 0043 000007 | 000004
0TI | Yo ANDY A No (B4} Qe L 4B7 0.3
0042 | Yeu ANDWA Yoea i-iesl (ERL ] ¥ i 00335
L e e ] dl

B oypy indicstes & slgeificant Eiffzrmnce (p<0.7) between af beast one pabr of the four examined groups: Parinesf River Chaaned (PC), Snake River Chansel (3C), Porineof River Bank (PB), snd Snake River Rant

(58).
b porneuf River (PR, channel gnd bank, ssd Snake River (51, channel and bank, for the combined dessey from each dver bocation,

€ povabes ghewn for Ssake River > Pormnel River.

u

Key:

PE = Pornesl River Bank,
PC = Pormesl River Channel.
56 = Smake River Bank.

5L = Snake River Clasgel,

e R e 3090.11.0
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Tabke C-9
SUMMARY OF STATISTICAL ANALYSES ON ELEMENT TO ALUMINUM RATIOS FOR SUSPECTED CONTAMINANTS IN DELTA SEDIMENT
K Testn far Homogendity
Duis Dist ribest jon, of variznce Paired Comparisvons p-vahom
ANOVA
K ronhal- Walks
Flemen 15 Homogency Tem Used Skyol Beaatly Tosl Unrd
Alumloem (Al Lavenc's Az pUon for M-ll‘r‘ DifTerent for Pulred .
Ratfo B FC SE sC pvalue Valid o 95% 7 of Varianer o BT Comparisorn | PA> 58 | PC > 8¢ | PR > SR*
Arscnic/Al Normal Nosmal Not Nommal | Normal 0.0061 | No Krumka)-Wailis Yer Mmno-Whitney | 0.0087 0.00004 £0.,00001
(SE>PEY® | (SC>POY | (SR>PRYS
Cadmium/A| Normal Normal Norgal Normal 0.083 - | No Krumkal- Wallis Ya Mang-Whitoey | 0.00252 0,00004 < 0,00001
Flueride/ Al Norma) Mormal l"h:nrl:rmlI Noral 0.9 You ANOYA Yo L-Lewt D132 0.498 D.143
(sB>PRY® (SR> PR)°
Selenium/Al Normal Horrml Nemai Hormal 0.0747 Ro Kruskal- Watls Yeu Mamo Whitney | 0.0207 0.0172 0.0019
(58> PBY | BC>PO | (SR>PRYF
ZinciAl Nm-mai Normal Nea Narml Mormal 0.00006 | No vkl Waltis Yo Mans- Whitoey < 0,000 0.00001 < 0.00001
(SB>PBYS | (SC>PC)" | (SR>PR)S
B Yo' indicates » significant dilferenco (p < 0.2) botwemn sl koast ouc pair of e four examined groups: Portoeuf River Channel (PC), Snake River Charmel ($C), Portmeul Kiver Bnk(P‘B] udSmkecherk(SB]
b Portnoul River (PR), channel od benk, and Srake River (SR, chmoncl and bask, for the combinod dataact from cach rives location.
p—vnhxahovuforSukeR}va > Portoeuf River.
Kay: -
P8 o Porwneuf River Bank.
PC = Porpenfl River Cannel.
SH o Spake River Bank.
SC = Srmake River Channe!.
ZP3090.11.0

02, Z70%_Daxyp-047| 395Dl
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Table C-10
DESCRIPTIVE STATISTICS FOR COPCs IN SURFACE SOIL AT SAGEBRUSH STEPPE LOCATIONS
Booneck Hifls §W Michend Flats Ferry Budte
Relsifre Relattee
Peroend . Coefficiom Peveent Coeffichent
Muamber Average Siandard Coxlfficient D ferenes Muanber Average Standard af Differepee Mamber Average Standerd of
of Concrdradion Deviat losn of Varlailoo from Ferry of Ceneentration Deviatlon Varistlon frowm Ferry of Concent rution Devistion Varladibon
Chenzical Samples {(mng/hg) (oo /kg) %) Butte Samples (mg/hg) (my/hg) (%) Botte Swrnples {og/hg) (mg/kg) )]
P
Codmiun 16 .72 4954 18 1577 10 21.04 7.708 L1 1,012 10 0.676 0.726 1)
Fluoride 18 1,450 oY) 16 300 10 1.792.5 s ol 1 10 363.4 0.9 v
Zinc 10 255.8 46.7 18 353 10 155.9 47,9 3 178 14 56.47 4.6 B
Key:

COPC = Contammaat of poiential concern.

@ ZPI_DATORO4 s,

«s) ZP3090.11.0
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Table C-11
DESCRIPTIVE STATISTICS FOR COPCs
IN SURFACE SOIL AT RIPARIAN HABITATS
-Portoeuf Riparian Soake Riparian
Relative
Percent Coefficient
Number Average Standard Coefficient Difference Number Average Standard of
of Councentration Deviation of Varistion | from Smske | . of Concentration | Deviation Variation
Chemiceal Samples (mg/kg) (mg/kg) (%) Riparisn Sam ples (mg/kg) (mg/kg) (%)
Cadmium 10 10.334 8.45 82 3,844 10 0.262 0.068 26
Fluoride 10 1,072 764 71 339 10 2445 14.3 14
Zine 10 113.77 51.6 45 ' 370 10 24.22 4.45 18

Key:
" COPC = Contaminant of potential concern,

02:ZPX0_DIRBO1 175D ZP3090.11.0
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Table C-12
DESCRIFTIVE STATISTICS FOR COPCa IN WASHED SAGEBRUSH FOLIAGE
Bannoch Hills SW Michaud Flats Ferry Bt
Relative Reluiive
? Coefflclent Peroent - CoeMcicnt Percet Cocflicent
~n Nomnber Average Standsrd of Difference Number Average Standard of DifTerence Number Aversge Standacd of
< of Covoentrmtion | Devistlon | Variation from of Coteentrailon | Devisflon | Varstion from of Concenirstiond | Devistlon | Variation
Chembcal | Semples (mg/hg} (mgkg) (%) Ferry Bulle | Samples (mg/ky | (mgkg) (%) Ferry Butte | Samples (mg/hg) (mgfig) %)
Cadmiizm 10 0.772 0.1743 n 365 10 1.099 0.2385 vl 562 10 0.166 0.0916 55
Fhuoride! W0 — - - - 20 - - - - 20 - - -
T 19 25.98 3.32589 {3 -5 10 312.64 3.9228 kel 13 10 27.62 4. 8675 18

2 A%l vajumm hem theo method detection lzni

Key:

COPC =Coataraimant of potential conccm,

m:Zrxo Damedurf, |

pt

e ZP3090.11.0
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Table C-13
DESCRIPTIVE STATISTICS FOR COPCs IN UNWASHED SAGEBRUSH FOLIAGE
o
oy Bannoch Fiilla SW Michand Flate Ferry Butte
[
Rdstiee Relative
CoeMciend Percent Coefficient Percent Coclliciont
Number Average Standard of Difference Number Average Siandard of Difterenice Number Avernge Sendnrd 14
of Concent ration Devistlon Varlstion from of Concend ration Deviation Variatfon from of Concentratioas Devistion ¥aristion
Chemical Samples (mp/kg) (mg/hg) (%) Ferry Botte | Samples {mg/hg) (mg/hg) (%) Ferry Butic | Bamples (my/hg) (myg/kg) (%)
Cedmium 10 0.9 0.1204 12 470 10 1.267 0.2578 20 628 10 0.174 0.0932 4
Fluorde 20 74.9825 29.6615 40 514 20 $1.552% 23.9438 48 327 20 12.07% 0.2900 2
a3
Sl ozime 10 3122 4,100} 13 3 10 38.26 $.3571 14 27 10 30.2 5.9939 20
&
”
s
=1
iy
3
OPPC = C of 1
3
3
Il
2

Q:ZPIF_DAT00413/95-D1 ZP3090.| 10
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Table C-14
DESCRIPTIVE STATISTICSFCR COFCs IN THICKSPIKE WHEATGRASS
Bannock FLille $W Michaud Flats Ferry Butle
o Rentive Ralatfre
;i_, . Corticknl Percent Coeffiden Peroemt Coeffichent
3 Mo beer Average Standard T ol N ference MNumber Average Standsrd of DifTerence Number Awirage Stapdard of
of Copeeatration Devinmtivn Yarisbo from of Ceonerniration Devlation Varislion from of Concentrations Devislion ¥aristion
Chomical | Sampies {eg/ig) (ogfkg) %) Ferry Bulle | Semplas (mg/hg) (mafhyp) %) Ferry Batte | Samplen (mg/kp) (mg/kp “n
Cadmium 10 0.53% 0.1835 34 338 10 0.4581 To0.078F | 17 m 10 0,124 0.0953 7
Fruoride i0 8.2 280148 T 410 19 22.45 16,8672 5 % 10 218 | ozt 2
Zine 10 £1.49 1.2804 vy 0 10 £0.77 25725 24 3 10 3.22 14221 17
Key:

COPC 2 Contaminam of potemial concern.

CLTIIRAN THIBOLITI-DI e ZP3090.11 -.,..-j
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. Table C-15
DESCRIFTIVE STATISTICS FOR COPCs IN RUSSIAN OLIVE FRUIT
Portneul Riparian Snake Riparian
Average Standard CoefMicient of | Relative Percent Average Standard CoefTicient of
Number of Concentration Devistion Variation Difference from | Number of Concentration Deviation Variation
Chemical Samples {mg/kg) {mg/kg) (%) Snake Riparian Samples {mg/kg) (mg/kg) (%)
Cadmium 10 0.1755 0.086681 49.4 75.5 10 0.10 0.002 2
Flgon'de‘ 10 - - - — 10 -— —_ _
Zinc 10 10.24 1.782134 17.4 42.4 10 7.19 1.34118% 18.7
A Al values are less than method detection limit.
Key:
COPC = Contaminant of potential concemn.
ZP3090.11.0
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Table C-16
DESCRIPTIVE STATISTICS FOR COPCs IN DEER MICE
Bazmock Hils SW Michend Flate Ferry !
€ Redutive Retotive
r:: Percent | —
& Average Sawders | Coeffickent of Differece Averzge Stendard Difforemen Avtruge Siandard CoedBebet
Purmber of § Deviation Varlathom frpmm Perry Mo bev of Concentration {reviztion ConfTficlewt f | from Fory Mumber of | Com ectrgthom Devistion of Variation
Chernical Semphes l=p/hg) my/ig) (B) Butte Sawtrphes (og/kg) {my/ig) Variation (%) Butze Sacmphen {mglhg} taglig) %)

Cadmium 10 0814 | 0.26788 94 " 830 10, 0.117 0.£300% %9 228 10 0.068 0.04082 o

Fhaoride (whole body) W 120.48 | 240 0.4 1,786 1o 90.93 30333 333 1,233 10 6.81 0.44957 )

Fhuoride (fegmie} 1o 7.28 195,503 811 128 10 633.3 proaty Eo R ) 386 10 13035 00472 .1

Zire 19 18.48 453132 £6.8 0.13 10 37.59 3.84894 10.2 25 io 38.97 £.53437 169
Kay:
CORC = Comamirem of poliia] concem.

” ZP3090.11.0
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Table C-17
DESCRIPTIVE STATISTICS FOR ALUMINUM AND SUSPECTED CONTAMINANTS IN BANK SEDIMENT
Portneuf Bank | " Soake Bank
Average Standard Coeflicient of | Relative Percent Average Standard Coeflicient
Number of Concentration Deviation Variation Difference Number of | Concentration Deviation of Variation
Chemical Samples (mg/kg) {mg/kg) (%) from Snake Bank Samples (mg/kg) (mg/kg) (%)
Aluminum 10 9696 3872.80 40% 80% 10 T 5378 1769.22 3%
Arsenic 9 3.311 0.85 26% 15% 10 2.89 1.06 %
Cadmium 10 0.986 0.37 37% 130% 10 0.428 0.16 37%
Fluoride 10 333.6 75.51 23% 2% 10 2742 80.48 29%
Selenium 10 0.967 0.53 54% 47% 10 0.66 0.24 37%
Zinc 10 49.56 17.52 35% 34% 10 36.96 10.35 28%
ZP3090.11.0
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Table C-18

DESCRIPTIVE STATISTICS FOR ALUMINUM AND SUSPECTED CONTAMINANTS IN CHANNEL SEDIMENT

Portneufl Channel Snake Channel
Average Standard CoefTicient of | Relative Percent Average Standard Coefficient
Number of Concentration Devistion Variatjon Difference from Number of Concentration Deviation of Varlation
Chemical Samples (mg/ke) (mg/kg) (%) Snake Channel Samples {mg/kg) (mg/kg) (%)

Aluminum 10 6497 1465.15 23% 38% 10 4716 3087.75 65%
Arsenic 10 2.51 0.53 21% -24% 10 332 2.91° 88 %
Cadmium 10 0.881 0.20 2% 184% 10 0.31 0.25 .80%
Fluoride 10 356.8 54.64 15% 63% 10 218.8 60.05 27%
Selenium 10 0.657 0.27 41% 3% 10 0.584 0.20 5%
Zinc 10 36.14 7.80 2% 8% 10 33.44 16.12 48%

J2: 2P0 _D4T0904/1353-D)

ZP3090.11__J
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Table C-19

. DESCRIPTIVE STATISTICS FOR ALUMINUM AND SUSPECTED CONTAMINANTS IN BANK AND CHANNEL SEDIMENT

Portneuf Bank and Chaonel {Combined)

Snake Bank and Chennel (Combined)

 Average Standard CoefTicient of Relative Average Standard CoefTicient
Nuraber of Coocentration Deviation Variation Percent Number of | Concentration Deviation of Variatinp
Chemical Samples (mglkg) (mg/kg) (%) Difference Samples {mg/kg) {mp/kg) (%)
Aluminum 20 8096.5 3288.54 41% | 5% 20 5047 2472.70 9%
Arsenic 19 2.89 0.79 27% -7% 20 311 2.14 N%
Cadmium 20 0.934 0.29 3% 153% 20 0.369 0.21 57%
Fluoride 20 345.2 65.25 19% 40% 20 246.5 74.74 0%
Selentum 20 0.812 0.4 54% 31% 20 0.622 0.22 Bk |
Zinc 20 42.85 - 14.88 5% 22% 20 352 13.31 8%
ZP3090.11.0
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ecology and environment, inc.

BUFFALO CORPORATE CENTER
368 PLEASANTVIEW DRIVE, LANCASTER, NEW YORK 14086, TEL. 716/684-8060

international Specialists in the Environmant

October 12, 1993

Mr. Jim Pfeifer

Idaho State Fish and Game
600 S. Walnut Street
P.O.Box 2§

Boise, Idaho 83707

Dear Mr Pfeifer:

Enclosed is a copy of the Pocatello 30 x 60 minute quadrangle map highlighting the Eastern
Michaud Flats Superfund site which includes both the Simplot and FMC facilities. The EPA
is currently conducting a Remedial Investigation/Feasibility Study (RI/FS) on this site.

Qur firm Ecology and Environment, Inc. (E & E), has been contracted to prepare an
Ecological Risk Assessment for this RUFS. An integral part of this assessment involves the
the ideatification of threatened, endangered, or other species of concern, wildlife refuges,
significant habitat and other natural landscape features such as wetlands which may be directly
~or indirectly impacted by the site. For this reason, I would appreciate any information you

- have concerning the above-mentioned items within 10 miles of the site.

We greatly appreciate your assistance in this matter. If you have any questions concerning
this data request, please do not hesitate to call me at 716-684-8060.

Sincerely,

Sa” Tefer s —

Steven Peterson, Ph.D. _ X
Ecologist ' )
jav/zp3080

enclosure

lECYCJed paper ' - v YEFY)
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IDAHO CONSERVATION DATA CENTER @—*-

Idaho Department of Fish and Game * 600 South Walnut « P.O. Box 25 Boise, Idaho 83707 - {(208) 334-3402 - FAX 334-2114

26 November 1993

Steven Peterson, Ecologist
Ecology and Environment, Inc.
Buffalo Corporate Center

368 Pleasantview Drive
Lancaster, New York 14086

Dear Mr. Peterson: ¢

Your lettter of 12 October 1993, addressed to Jim Pfeifer, Idaho w
Department of Fish and Game, reached my desk last week. The 2
Conservation Data Center has already responded to this request

(with a species list) via the Boise Field Office, U. S. Fish and L
Wildlife Service. The following list is more lengthy because it s
contains not only listed and candidate species, but species with 2
other categories of status  (e.g., state species of special

concern) that fall within the 10-mile buffer.

The 10-mile buffer includes parts of American Falls Reservoir,
some areas north of the reservoir, and part of Fort Hall Bottoms.
The inclusion of these areas greatly increases the number of

species involved.

Animal Species . Comments A
pygmy rabbit .This species might be found in any areas
with big sagebrush cover.
wolverine This is a single, recent sighting in
. Fort Hall Bottoms.
Townsend's big-eared This is a specimen collection only and
bat - ’ does not denote a roost or hibernaculum.

Several specimens have been collected
from various areas around the
Pocatello area.

recycled paper ’ D-5 eculogy and environment



~ Anima) Species
bald eaglé

trumpeter swan

long billed curlew
black temn

common tern

Caspian tern
California qull
ring-billed gull
cared grebe

wastern grebe
Clark's grebe
vellow-billed cuckoo
double-crested cormorant
pinyon jay

Idaho Dunes tiger
heetle

Plant Species

Lepidium papilliferum

Muhlenkbergia racemosa

ompents
wintering area
wintering area (Sﬁans were transplanted
two yvears age to the Snake River at/near
the Fort Hall Bottoms area.)
nesting area
colonial nesting area
colonial nesting area
colonial nesting area
colonial nesting area
colonial nesting area
nesting area
colonial nesting area
colonial nesting area
probable nasting area
colonial nesﬁing ATea
nesting area

Found on the north side of American
Falls Reservoir.

Comments

This is represented by an old (1943}
ccllection.

This, too, is a single, older collection
(19627 .

Enclosed is a booklet entitled "Rare, threatened and endangered
plants and animals of Idaho,® which provides the categories of
status for each of the species and definas each status.



If you have questions, please contact me.
Sincerely, .
(Atﬁﬂvz<qu&A;»§

George Stephens
Information Manager

recycled .
y paper eenlogy and environment



Please note: The quantity and quality of data collected by the
Idaho Conservation Data Center (CDC) are dependent on the
research and observations of many individuals and organizations.
In most cases, these data are not the result of comprehensive or
site-specific field surveys: many natural areas in Idaho have
never been thoroughly surveyed. For these reasons, the CDC
cannot provide a definitive statement on the presence, absence,
or condition of biological elements in any part of Idaho. CDC
reports summarize the existing information known to the CDC at
the time of the request regarding the bioclogical elements or
locations in question. They should never be regarded as final
statements on the elements or areas being considered, nor should
they be substituted for on-site surveys regquired for
environmental assessments.

D=8



ecology and environment, inc.

&) BUFFALO CORPORATE CENTER
358 PLEASANTVIEW DRIVE, LANCASTER, NEW YORK 14085, TEL. 716/684-8060

[nternational Specialsts in tha Environmant

October 12, 1993

Ms. Peggy N. Guillory

U.S. Fish and Wildlife Service
4696 Overland Road, Rm. 576
Boise, Idaho 83705

Dear Ms, Guillory;

Enclosed is a copy of the Pocatello 30 x 60 minute quadrangle map highlighting the Eastern
Michaud Flats Superfund site which includes both the Simplot and FMC facilities. The EPA
is currently conducting a2 Remedial Investigation/Feasibility Study (RI/FS) on this site.
William Mullins, from your agency, Is a member of the Technical Advisory Group affiliated

with this site.

Our firm Ecology and Enviroament, Inc. (E & E), has been contracted to prepare an
Ecological Risk Assessmeunt for this RI/FS. An integral part of this assessment involves the
identification of threatenad, endangered, or other species of concern, wildlife refuges,
significant habitat and other natural landscape features such as wetlands which may be direcily
or indirectly impacted by the site. For this reason, I would appreciate any information you
have concerning the above-mentioned items within 10 miles of the site.

We greatly appreciate your assistance in this matter. If you have any questions concemmg
this data request, please do not hesitate to call me at 716-684-8060.

Sincerely,

S fHes—

Steven Petgrsob, Ph.D.
Ecologist

javizp3080
enclosure

cc: William Mullins
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United States Department of the Interior

FISH AND WILDLIFE SERVICE.
Boise Field Station ,
4696 Overland Road, Room 576
Boise, Idaho 83705

November 16, 1993

Dr. Steven Peterson

Ecology and Environment, Inc.
368 Pleasantview Drive
Lancaster, New York 14086

Subject: Eastern Michaud Flats Superfund Site
(SP# 1-4-94-SP-14/ File ¢ 1019.1032)

Dear Dr. Peterson:

As requested by your letter dated October 12, 1993, and received by this
office on October 18, 1993, we have enclosed a list (Enclosure A) of
endangered and threatened, proposed, and/or candldate species that may be
present in the proposed project area. The list fulfills the requirements of
the U.S. Fish and Wildlife Service (Service) under Section 7(c) of the
Endangered Specles Act of 1973 (Act), as amended. The requirements for
Federal agency compliance under the Act are outlined in Enclosure B. Please
reference the species list number on Enclosure A in all subsequent
correspondence, reports, environmental assessments, envirommental impact

. statements, biological assessments (evaluations), Coordination Act reports,

eCc.

If a listed species appears on Enclosure A, a biological assessment
(evaluation) would be prudent. If a bioclogical assessment is not commenced
within 180 days of this response a subsequent species list request is required
by regulations. Should your biological assessment determine that a listed
specles is likely to be affected adversely by the Eastern Michaud Flats
Superfund Site project, Ecology and Environment, Inc. or the Environmental
Protection Agency should request formal Section 7 consultation through this
office.. If a proposed species is likely to be jeopardized by a Federal
action, regulatlions require a conference between the Federal agency andl the

Service.

Candidate species that appear on Enclosure A have no protection under the Act,
but are-included for early planning consideration. Proposed species could be
formally listed and candidate specles could be formally proposed and listed
during project planning, thereby falling within the scope of Section 7 of the
Endangered Species Act. Therefore, if they appear on Enclousre A, we
recommend that additional surveys be made for proposed and/or candidate

D-11
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species that are likely to be in your project area. If the project is likely
to adversely impact a candidate specles, informal consultation with this e

offlce 1s recommended. ’

The National Wetlands Inventory (NWI) maps show wetlands in the vicinity of
the project area. The Service recommends that you cortact the U.5. Army Corps
of Engineers to conduct a site specific inventory of the area. Natiomal
Werland Inventory maps provide general information on wetlands but do not
preclude the need for a site specific wetland inventory.

In future species list requests you should specify the legal description of
the project area for the Service to provide you with a response.

1f you have any questions regarding Federal consultation responsibilities
under the Act or for wetlamd policy, please contact Bill Mullins or Marilyn

Hemker of this office at (208) 334-1931.
Thank you for your continued interest in the Endangered Species Program.

Sincerely,

«Levan 8. Thetos

Charles H. Lobdell
State Supervisor

Enclosures
cc: FWS-ES, Portland

IDFG-HQ., Boise
IDFG, Region 5, Pocatello

D-12



ENCLOSURE A

LISTED AND PROPOSED ENDANGERED AND THREATENED
SPECIES, AND CANDIDATE SPECIES, THAT MAY OCCUR
WITHIN THE AREA OF THE EASTERN MICHAUD FLATS SUPERFUND SITE PROJECT
"~ FW5-1-4-94-SP-14

LISTED SPECIES ‘ OMMENTS
Bald Eagle - T5S, R32E Wintering area
(Haliaeetus leucocephalus) '
Bald Eagle - T5S, R33E Wintering area
(Haliaeetus leucocephalus)
- Bald Eagle - T5S, R34E Wintering area
{Haliseetus leucocephalus)
Bald Eagle - T6S, R32E ) Wintering area

(Haliaeetus leucocephalus)

PROPOSED SPECIES

None
CANDIDATE SPECIES

Trumpeter Swan (C2) - T5S, R32E
{Cygnus buccinator)

Trumpeter Swan (C2) - T5S, R33E
(Cygnus buccinpator)

Black Term (C2) - T5S, R32E
(Chlidonias niger)

Wolverine (C2) - T5S, R33E
(Gulo gulo luscus)

D-13
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Idaho Dunes Tiger Beetle (C2) - T5S, R34E
(Cicindela arenicola)

Townsend's Western Big-eared bat (C2) - T7S, R34E
(Plecotus townsendii ctownsendil)

Pygmy Rabbit (C2) - T6S, R34E
{Brachvlagus idahoensis)

Slick spot peppergrass (C2) - T7S, R34E
(Lepidium papilliferum)

GENERAL COMMERTS

C2 = Category 2 Taxa for which information now In possession of the U.S. Fish
and Wildlife Service indicates that proposing to list as endangered or
threatened is possibly appropriate, but for which conclusive data on
biological vulnerability and threat are not currently available to support
proposed rules. Further biological research and field study may be needed to
ascertain the status of taxa in this category.
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ENCLOSURE B

FEDERAL AGENCIES' RESPONSIBILITY UNDER SECTIONS 7(a) AND (c)
OF THE ENDANGERED SPECIES ACT-

SECTION 7(a) - Consultation/Conference

Requires: 1) Federal agencles to utilize their authorities to carry out programs to

conserve endangered and threatened specles;
2) Consultation with FWS when a Federal action may affect a listed endangered or.

threatened specles to insure that any action authorized, funded or carried out by a Federal
agency is not likely to jeopardize the continued existence of listed species; or result in
destruction or adverse modification of critical habitat. The process is initiated by the
Federal agency after determining the action may affect a listed species; and

- 3) Conference with FWS when a Federal action is likely to jeopardize the
continued existence of a proposed species or result in destruction or adverse modification

of proposed critical habitat.
SECTION 7(c) - Biological Assessment for Major Construction Activities ¥

Requires Federal agencies or thelr designees to prepare Biological Assessment (BA) for major
construction activities. The BA analyzes the effects of the action® on listed and proposed
species. The process begins with 8 Federal agency in requesting from FWS a list of proposed
and listed threatened and endangered species (list attached). If the BA is not initiated
“ithin 90 days of receipt of the species list, the accuracy of the specles list should be

formally verified with our Service. The BA should be completed within 180 days after its
initiation (or within such a time period as is mutually agreeable). No irreversible
commitment of resources is to be made during the BA process which would foreclose reasonable
and prudent alternatives to protect endangered species. Planning, design, and
administrative actions may be taken; however, no construction may begin.

We recommend the following for inclusion in the BA; an onsite inspection of the area to be
affected by the proposal which may include a detailed survey of the area to determine if the
species are present; a review of literature and scientific data to determine species’
distribution, habitat needs, and other biological requirements; interviews with experts,
including those within FWS, State conservation departments, universities and others who may
have data not yet published in scientific literature; an analysis of the effects of the
proposal on the species in terms of individuals and populations, including consideration of
cumulative effects of the proposal on the species and its habitat; an analysis of
alternative actions considered. The BA should document the results, including a discussion
of study methods used, any problems encountered, and other relevant information. The BA
should conclude whether or not a listed or proposed species will be affected. Upon
completion, the BA should be forwarded to our office. :

Y A major construction activity is a construction project (or other undertaking having
similar physical impacts) which is a major action significantly affecting the quality of
human environment as referred to in the NEPA (42 U.S.C. 4332 (2)(c).

2 wgffects of the action™ refers to the direct and indirect effects on an action on the
acles or critical habitat, together with the effects of other activities that are
interrelated or Interdependent with that action.
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This appendix provides a summary of the ecosystems and species of concern at the
Eastern Michaud Flats Superfund Site (EMF Site) in Pocatello, Idaho. The appendix provides
information on regional ecology, principal ecosystem types in the vicinity of the site, species
of regulatory concern, and daignatéd wetlands. The potential for exposure of these species

to site contaminants also is discussed.

E.1 Regional Ecology

The EMF Site is located in the intermountain sagebrush ecoregion (USDA 1980) at
the boundary of two physiographic provinces, the Basin and Range province and the
Columbia Plateau province. The region is bounded by mountains on both the east and west.
The area between the 'mom;ains is a semidesert because of the orographic rain shadow created
by the mountains to the west, which intercept the moisture brought by the prevailing westerly
winds. Total average annual precipitation ranges from 5 to 20 inches. Almost no rain falls in
the summer; the precipitation comes in winter and spring when evaporation and transpiration
are minimal. Therefore, more than half the precipitation enters the soil profile (West 1989;
USDA 1980). The region’s weather is characterized by hot summers and moderately cold
winters. The average annual temperature ranges from 40° to 55°F.

The soils in the region are typically aridisols and have a heavy accumulation of
alkaline and saline salts. These soils are often dry, not permeable, highly erodible, and have
little organic accumulation in the upper layer (USDA 1975, 1980). Winter snows, which melt
rapidly in spring, and intense summer rainstorms result in flooding and soil erosion.

The combination of the climate and the soils bave influenced the vegetative types in
this ecoregion. The major vegetation type is sagebrush steppe characterized by grasses and
shrubs such as perennial bunchgrasses (Agropyron spp.) and sagebrush (Artemisia spp.).
Other important plants include Mormon tea (Ephedra spp.), rabbit brush (Chrysothamnus
spp.), horsebrush (Tetradymia spp.), cheatgrass (Bromus tectorum), and Idaho fescue (Festuca
idahoensis). Other vegetation types regionally present include saitbush-greasewood
shrublands in saline environments, blackbrush shrubland in areas where soil depth is
restricted, and juniper-pinyon Woodlands at higher elevations (West 1989).

Wildlife typical of dry shrublands is expected to occur in this ecoregion. The most
common terrestrial fauna are small mammals, including deer mice, jackrabbits, kangaroo

" mice, and wood rats; reptiles and amphibians, including snakes, lizards, and toads; various
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raptors, including eagles and bawks; ground-nesting and shrub-nesting birds; pronghomn; mule
deer; and mammalian predators, including American badger, gray fox, bobcat, and coyote
(USDA 1980). Cattle typically graze in sagebrush-steppe habitats, and many areas are
adversely affected by overgrazing,

Riverine/riparian ecosystems are a functionally significant part of the ecology of this
arid region. Rivers support aquatic life and provide drinking water, habitat, and food sources
for terrestrial and semiaguatic wildlife. Rivers in this region are typically alkaline, and
hottom subsirates are sandy or gravelly at lower e!e&aﬁons. Riparian ecosystems vary in
plant community structure, but typically species of willow or cottonweod form a narrow zone
of shrubs and trees along river banks. Many riverine/riparian ecosystems of the western U.S.

have been degraded by overgrazing, agriculture, and other development.

E.2 Ecosystem Types at the EMF Site

The following is a description of the local ecosystem types at the EMF Site based on
Bechtel Environmental, Inc. ([BET] 1994) and other information. The site and the sur-
rounding area can be divided into several basic écosystem types, including upland ecosystems
(sagebrush steppe, juniper woodland, agricultural areas, and cliffs/caves/canyons) and aquatic

and wetland ecosystems (riverine/riparian, springs, and reservoir ecosystems).

E.2.1 Sagebrush Steppe

The sagebrush steppe vegetation type occupies 34% of the EMF siudy area, which
has been defined as the area within a 3-mile radius of the site facilities (BEI 1994). The most
prevalent area of sagebrush steppe is located adjacent to the southem boundary of the EMF
Site in the Bannock Range foothills (BEI 1994). In addition, most of the study area
encompassing the Fort Hall Indian Reservation is in this vegetation type. Codominance of
sagebrush and bunchgrass characterizes this vegetation type. Common species include big
sagebrush (Artemisia rridenzaia), rabbit brush (Chrysothamnous nauseosus), antelope
bitterbrush (Purshia fridertata), blue bunchgrass (dgropyron spicarum), western wheat grass
(Agropyron smithii), Idaho fescue (Festuca idahoensis), squirvel tail (Siranion hysterix), and
Indian rice grass (Oryzopsis hymenoides).

The diversity of plant life in sagebrush steppe ecosystems is generally moderate (13 to
24 higher plant species in ungrazed stands). Shrubs reach 0.5 to 1.0 m in height and have a
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cover of 10% to B0%, depending on site condition;s. The herbaceous layer consists mainly of
grasses reaching 30 to 40 cm during the growing season. Disturbance, particularly fire and
grazing, favors the growth of annual grasses, weeds, and shrubs other than sagebrush (West
1989). This vegetation type is used as rangeland for cattle grazing in the vicinity of the site.

Wildlife usage in this cover type is similar to that described for the region (see
Section 2.2.1), with small mammals, deer, reptiles, songbirds, and raptors among the
common inhabitants.

E.2.2 Juniper Woodland

At elevations greater than 6,600 feet in the Bannock Range, a juniper woodland
intergrades with the sagebrush steppe along the sides of draws (BEI 1994). This vegetation
type is dominated by Utah juniper (Juniperus osteosperma) and Rocky Mountain juniper (J..
scopulorum). These species reach 10 to 15 m in height at maturity.

This vegetation type provides important wildlife habitat. The most common large
mammal is the mule deer. Other wildlife that may utilize this vegetative type include
mammalian predators such as mountain lions, coyotes, and bobcats; small mammals such as
wood rats, pocket gophers, weasels, porcupines, and chiprhunks; songbirds such as flickers,
jays, nuthatches, and juncos; and raptors such as red-tailed hawks and goshawks (USDA
1980).

E.2.3 Agricultural Areas
Agricultural areas, including cropland, fallow, and disturbed areas, comprise 40% of
the site and surrounding area (BEI 1994). The dominant crops are potatoes and wheat. The
majority of the agricultural areas are located north of the EMF Site in the Michaud F]atg (BEI
1994). . "
Wildlife usage is limited to species that are more tolerant of human disturbance.
Typical wildlife species include small mammals such as mice and voles. The availability of

crops can attract wildlife such as pheasants, geese, and deer.

\ .
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E.2.4 Cliffs/Caves/Canyons

An area of cliffs, caves, and canyons is located adjaceat to the southern edge of the
site (BEI 1994). This habitat type is important because it is potential habitat for a Federal
Category 2 species, the Townsend’s big-eared bat. Nesting golden eagles have also been

observed here.

E.2.5 Riverine/Riparian

Riparian wetland vegetation in the vicinity of the EMF Site occurs along Michaud
Creek; the Portnenf River, and in association with springs and seeps in the Eastern Michaud
Flats (BEI 1994). The riparian wetlands along Michaud Creek and the Portnenf River are
scrub-shrub/forested wetlands dominated by peachieaf willow (Salix lasidandra), coyote
willow (Salix exigua), red-osier dogwood (Cornus sericea), cottonwood (Populus
angustifolia), Russian olive (Eleagnus angustifolia), and river birch (Berula occidentalis). In
areas where the shrub layer is more open, herbaceous species such as grasses, sedges, and
dandelion (Taraxacum offinale) occur. Further from the site, the Snake River supports
extensive riparian communities.

The lower Portneuf River is considered one of the most well-developed riparian
ecosystems in southeastern Idaho. The Portneuf River riparian wetlands are an important
habitat for wildlife in the vicinity of the EMF Site (BEI 1994). This area provides food,
cover, nesting habitat, and travel corridors for a variety of species, including waterfowl,
white—ta_iled and mule deer, colonial nesting birds, and songbirds. This habitat is also utilized
by nesting and wintering bald eagles. Based on observations made during E & E site visits,
numerous semiaquatic wildlife and waterfow! are expected to occur in the riparian habitats of
the Portneuf River downriver from the FMC/Simplot facilities. * 3

The Portneuf River is also a significant aquatic habitat downstream from the EMF
Site. Aquatic Ibiota occurring in the Portneuf River are listed by BEI (1994). The Portneuf
River between the EMF Site and the American Falls Reservoir supports game and nongame
species of fish, the most important of which are described in Section 2.2.3. The river has
been channelized with earthen and concrete channels through Pocatello and is unlikely to

support a viable fishery immediately upstream of the site.
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E.2.6 Amarican Falls Reservolr
The American Falls Reservoir and surrounding wetland/riparian habitat provide food,

cover, nesting habitat, and travel corridors for a large and diverse population of migratory
waterfowl, including mallards, gadwalls, northern shovelers, and Canada geese; shorebirds
such as sandpipers, snipes, and dowitchers; and colonial water birds such as cormorants,
black-crowned night herons, egrets, and great blue herons. The exposed mudflats, caused by
the draw-down of the reservoir in late summer, provide a feeding and resting area for large
concentrations of migratory shorebirds and Canada geese. A

~ The Fort Hall Bottoms are located on the upper end of the American Falls Reservoir. '
These bottomlands provide excellent feeding habitat for shorebirds and waterfowl species.

E.3 Species of Concern

Based on correspondence received from the U.S. Fish and Wildlife Service (USFWS)
(Martin 1993) and the 1daho Conservation Data Center (Stephens 1993), information provided
. in Moseley and Groves (1992), and review of previous work completed during preparation of
the RI report, 11 federal- and state-listed species of concern have been identified in the
general vicinity of the EMF Site. Endangered, threatened, or rare species (or their habitat)
are listed on Table E-1. Migratory raptors and waterfowl, upland game birds, commercial
fish, and deer are also abundant in the site vicinity. A brief description of the specific habitat
and food requirements of each of these groups and a discussion of whether they are

considered potential receptors of contaminants from the site are provided below.

E.3.1 Raptors )

Numerous species of migratory raptors are likely to occur in the upland and riparian
habitz_ns adjacent to the EMF Site. Noteworthy species include golden eagles (Aquila
chryaestos) and prairie falcons (Falco mexicanus), which are recorded as nesting in the bluffs
directly to the south of the EMF facilities (BEI 1994). One federal- and state-listed species,
the bald eagle (Haligeetus leucocephalus), is reported in the area. The bald eagle is listed by
the State of Idaho and by the USFWS as endangered in Idaho. Bald eagles are regularly
observed at the American Falls Reservoir, the Snake River below the reservoir, and further
downstream at Minidoka National Wildlife Refuge during the winter. Individual eagles have
been sighted between the mouth of the Portneuf River and the Rainbow Beach area of the
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American Falls Reservoir, which is along the northern boundary of the EMF Site. In 1990,
61 bald eagles were observed on the upper end of the American Falls Reservoir, 22 were seen
in the Fort Hall Bottoms, and 39 were counted between the mouth of the Portneuf River and
Rainbow Beach (USDOI 1990).

In February 1993, a sighting of an immature bald eagle was recorded in the Fort Hall
Bottoms near the mouth of the Portneuf River during ecological reconnaissance surveys
conducted for the RI (BEI 1994). Eagles are thought to take wounded wéterfowl, which
move ‘up the Portneuf River for cover in the winter. Other prey items could include fish and
carrion of deer and livestock. A nesting and overwintering population of bald eagles occurs
along the Snake River, approximately 30 km northwest of the EMF facilities (BEI 1994).
Additional details concerning the local bald eagle populations may be found in BEI (1994).

Based on the food and habitat requirements of the bald eagle and its reported presence
near the site, there may be a moderate potential exposure pathway for site contaminants to
enter the food chain of the bald eagle through the consumption of contaminated ;;rey from the
Portneuf River and the American Falls Reservoir.

The peregrine falcon (Falco peregrinus) has been sighted occasionally in the area,
particularly during their fall migration (USDOI 1990). The State of Idaho and the USFWS
classify the peregrine falcon as endangered in ldaho. These birds may occasionally use
habitats within the study area for hunting during migration (BEI 1994). The staple of the
peregrine falcons’ diet consists of passerine birds taken on the wing (Brown and Amadon
1989). -Domestic poultry and mammals up to the size of a young rabbit are also taken. Based
on available information, it does not appear that peregrine falcons are likely to be exposed to
site-related contaminants. Because of its transient use of the site area, neither the USFWS nor

the State of Idaho describe the peregrine falcon as present in the area.

E.3.2 Waterfowl

Numerous waterfow! (ducks, geese, and swans) migrate through and over-winter in
the American Falls Reservoir area. Several of the more common species include Canada
goose (Branta canadensis), goldeneye (Bucephala clangula), mallards (Anas platyrhynchos)
and green- and blue-winged teal (Anas crecca and A. discors). As the reservoir is drawn
down in late summer, large numbers of migrating shorebirds and Canada geese use the
exposed mudflats for feeding and resting areas. Primary areas of use extend on either side of

- the mouth of the Portneuf River. During fall migration, peak waterfowl counts frequently
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exceed 44,000 Canada geese and 44,000 ducks. The winter population of Canada goose
pumbers more than 20,000 in the American Falls Reservoir (USDOI 1990). Waterfow! tend
to move up the Portmeuf River in winter, and waterfowl groups dominated by mallards in
groups up to 200 birds were reported by BEI (1994).

The bulk of the duck, goose, and swan populations are plant feeders with diets
consisting of marsh and aquatic plants, including pondwead, smartweed, and various grasses,
supplemented by invertebrates, In addition, the agriculture fields adjacent to the river provide
food for numerous species, including Canada geese, goldeneye, and ruddy ducks (Oxyura
Jamaicensis) (BEI 1994; Martin er al. 1951).

Nooe of the waterfowl species are considered threatened or endangered by the State
of Idaho or the USFWS. Howe\;'er, they are protected by the Migratory Bird Treaty Act, and
one species, the trumpeter swan (Cygnus buccinator), is listed as a Federal Category 2
species, which indicates it is being considered for listing as & threatened or endangered
species. Swans were transplanted in 1991 to the Snake River near the Fort Hall Bonoms area
(Stephens 1993).

Many of the waterfow! species that occur in the vicinity of the EMF Site are
important game species. Mallards are considered the most important waterfowl species for
hunting on the Fort Hall Indian Reservation. Typically, several thousand ducks and geese are
harvested annually from the Fort Hall Bottoms (BEI 1994).

Waterfowl in the Fort Hall Bottoms and Portneuf River could be exposed to site-
related contaminants through the food chain or through incidental ingestion of contaminated
sediments. In addition, in 1988 an estimated SO migrating snow geese (Chen caerulescens)
and Ross’ geese (Chen rossii) were reported killed after landing on an FMC pond during a
stormn (USDOI 1990). No additional information is available at this time concerning bird

mortality at on-site ponds.

E.3.3 Colonial Waterbirds

Numerous species of color_lial waterbirds, including pelicans, herons, shorebirds,
gulls, and terns, reside or migrate in the riparian habitats along the Portneuf River and the
American Falls Reservoir. Great blue heron (Aredea hercdias), black-crowned night heron
(Nycticorax nycticorax), and white pelicans (Pilecanus erthroriynchos) have been seen in the
vicinity of the EMF facilities (BEI 1994), a;ld a heron rookery was located at the mouth of
the Portneuf River. White pelicans were reported as fishing and hunting on the Fort Hall
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Indian Reservation (BEI 1994). Nesting areas for terns, including black tern (Chlidonias
nigar), common tern (Sterna hirundo), and caspian tern (Sterng caspia); and gulls, including
California gull (Larus californicus) and ring-billed gull (Larus delawarenis), are located in the
Fort Hall Bottoms area (Stephens 1993). None of the colonial nesting birds are considered
threatened or endangered by the State of Idaho or the USFWS, but the black tern is a Federal
Category 2 species, which indicates it is being considered for listing as threatened or
endangered. The long-billed curlew (Numenius americanus), a State Special Concern species,
is also reported in the area. In addition, many of these birds are also protected by the
Migratory Bird Treat Act.

These colonial nesting birds are at the top of the aquatic food chain, feeding on
aquatic and terrestrial insects, fishes, amphibians, reptiles, crustaceans, and mollusks.
Colonial nesting birds could be exposed to site-related contaminants through the food chain or
through incidental ingestion of contaminated sediments.

E.3.4 Upland Game Birds and Songbirds

Two species of birds, pheasant (Phasianus colchicus) and sage grouse (Centrocercus
urophasianus), are important game species in the vicinity of the EMF Site. No data are
available regarding the harvest numbers or populations of upland game birds taken (BEI
1994). Pheasant harvest data for the Fort Hall Indian Reservation show annual harvests of
675 to 1,090 birds over a three-year period (1988-1990) (BEI 1994).

. The pheasant prefers agricultural land with dense shrubby hedgerows, which provide
protective cover and travel corridors (DeGraaf and Rudis 1986). The staples of their diet
include cultivated grains and wead seeds such as ragweed, dandelion, and Russian thistle
(Martin ef al. 1951). The sage grouse prefers sagebrush habitats, and its range is limited by
the distribution of sagebrush: nearly 75% of the bird's food consists of the leaves and flower
clusters of various sagebrush species. Other plant items consumed by sage grouse include
dandelion, alfaifa, and clover (Martin ez al. 1951)

Since an abundance of food items and a variety of different cover types exist in the
vicinity of the EMF Site, nesting pairs of sage grouse may be in the area. In addition, based
on the food and habitat requirements of these birds, there may be potential exposure from
uptake through the food chain or from direct contact with, or incidental ingestion of,

contaminated soils.
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Numerous sbngbirds, including the horned lark (Eremophila alpesiric), black-billed
magpie (Pica pica), robin (Turdus mlgratoﬁus), and sage thrasher (Oreoscoptes montanus),
commonly occur in sagebrush steppe habitat. Birds such as the robin and many other sbeci&s
are also attracted to riparian habitat for food, water, and nesting sites. One species of
songbird, the yellow-billed cuckoo (Coccyzus americanus), is a State Special Concern species
with a probable. nesting occurrence in the area (Stephens 1993). The yellow-billed cuckoo is
predominantly ingsectivorous and is likely to frequent pastures and thickets along stream banks.
The potential exposure of songbirds to site-related contaminants through incidental ingestion
of soil and consumption of contaminated insects, fruits, or seeds is likely to be high.

E.3.5 Small Mammals and Bats

Sagebrush steppe provides excellent habitat for a diverse and abundant community of
small mammals such as the deer mouse (Peromyscus maniculatus). These species are
important prey items for raptors and carnivores. Hence, any adverse impacts of site-related
contaminants to populations of small mammals would be expected to indirectly affect the
diversity and abundance of predator species. In addition, small mammals can act as a source
of contaminant eiposure for predatory wildlife.

In addition, one species of small mammal, the pygmy rabbit (Brachylagus
idahoensis), is listed as a Federal Category 2 species and a State Species of Concern. This
rabbit prefers areas with tall sagebrush growing in clumps and feeds primarily on sagebrush
(Burt and Grossenheider 1976). Potential habitat for this species exists on site and
immediately adjacent to the site. According to the ldahe Conservation Data Center (Stephens
1993}, this species might be found in any area with bjg sagebrush cover. Therefore, this
~ species may be exposed. to contaminants from soil and through the food chain. 3

Bats are also common in southeastern Idaho. One species, Townsend’s big-eared ba;i
(Piccotus townsendy), is a colonial bat preferring caves, bluffs, and mine tunnels. This
insectivore’s diet consists of various types of flies, moths, caddisflies, mosquitoes, and ground
beetles (Martin er al. 1951; Burt and Grossenheider 1976). Townsend’s big-eared bat is listed
as a Federal Category 2 species, which indicates it is being considered for listing as a
threatened or endangered species. Potential habitat for this species exists in the bluffs
immediately south of the EMF Site. Townsend’s big-eared bat has been observed in similar
habitat within 10 km of the site (BEI 1994), and several specimens have been collected in the
Pocatello aréa, although there are no known roosts in the site area (Stephens 1993). If it
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occurs in the bluffs, this species ﬁay be exposed to contaminants from intake through the
terrestrial or aquatic food chains.

E.3.6 Large Herbivores

Mule deer (Odocoileus hemionus) and white-tailed deer (Odocoileus virginianus) are
known to occur in the vicinity of the EMF Site (Bechtel 1994). The white-tailed deer prefers
forest edges, swamp borders, and areas interspersed with fields and woodland openings. The
mule deer préfers grassland areas interspersed with shrubs (Burt and Grossenheider 1976). In
the west, white-tailed deer feed mainly on Oregon-grape, pine, spruce, and willow (Martin ez
al. 1951). In the mountain desert region, mule deer feed on serviceberry, sagebrush, oak,
and various grasses, including fescue, bluegrass, and bromegrass (Martin ez al. 1951).

Both species are important hunting resources on the Fort Hall Indian Reservation
(BEI 1994). Based on the food and habitat requirements of these species, the potential exists
for exposure to contaminants from consumption of forage and by direct contact with, or
incidental ingestion of, contaminated soils. These deer may also serve as a source of

contamination to carnivores and scavengers higher in the food chain.

E.3.7 Carnivores .

_Important mammalian carnivores expected to occur in the EMF Site area include
coyote (Canis latrans) and long-tailed weasel (Mustela frenata). The wolverine (Gulo gulo
luscus),;-a Federal Candidate species and State Special Concern species, is known from a
single récent sighting in the Fort Hall Bottoms (Stephens 1993). The wolverine is more
typically found in high, forested mountain and tundra habitats. Based on its limited
occurrence in the site area, exposure of the wolverine to site-related contamipants is
considered unlikely. However, other more common carnivores could be exposed to site-
related contaminants through consumption of contaminated prey and contact with, and

incidental ingestion of, contaminated soil.

E.3.8 Plants and Invertebrates
Plants form the base of the food chain and provide cover and nesting sites for
wildlife. The dominant plant species of sagebrush steppe, riparian, and other ecosystem types

at the EMF Site were described in Section 2.2.2. Impacts of site contaminants on the growth,
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reproduction, and survival of these plants could have adverse effects on the diversity and
abundance of wildlife in the area. Moreover, impacts of the site to native plant communities
could result in invasion of weeds, increased erosion, or other consequences.

Only two b]am species are listed as State Special Concern species, and one of these—
the slick-spot peppergrass (Lipidium papilliferum)—is a Federal Candidate species. Slick spot
peppergrass is a small white flower in the mustard family. It requires native sagebrush steppe
habitat that has not been disturbed by fire or invasion of weeds. This species is known from
an old (1949) collection (Stephens 1993). The other state-listed species, green muhly

 (Muhlenbergla racemosa), is alsc known from an old (1962) collection (Stephens 1993).
Based on their limited occurrence in the site area, exposure of these listed plant species to
site-related contaminants is considered unlikely.

Terrestrial invertebrates, including soil-dwelling and herbivorous species, are also
important components of the site's ecosystems. These species could be exposed to site-related
contaminants in soil and in their food items. One species, the Idaho dunes tiger beetle
(Cadindela arenicola), is a Federal Candidate species and a State Special Concern species. A -
population is known to occur on the north side of American Falls Reservoir (Stephens 1993).
Since this known occurrence is likely to be outside of the area affected by the site, the Idaho
dunes tiger beetle is not considered likely to be exposed to site-related contaminants.

E.3.9 Game and Commercial Fish

Several fish species, especially the Utah sucker (Carostomus ardens), l'arg&scale
sucker (Carostomus macrocheilus), carp (Cyprinus carpio), and Utah chub (Gila atratia), are
important commercial species in the American Falls Reservoir. Game fish species of the
lower Portneuf River include rainbow trout (Oncorftynchus mykiss), brown trout (Salmo.,
trusta), and several other common species, but game fish are not particularly abundant in thir;
part of the river. The two species of suckers are probably the most common fish in the lower
Portneuf River, both in terms of numbers and biomass (BEI 1994). A brief description of
each species is provided below. '

The Utah sucker is an adaptable species living in lakes, reservoirs, rivers, and creeks
with slow to rapid current and a variety of temperatures. This fish is 3 bottom feeder, '
consuming both plants and benthic organisms (Lee er al. 1980). The largescale sucker prefers
slower-moving portions of large rivers and streams, but it also may be found in fakes. It is

an omnivorous species that consumes plant material and a variety of small invertebrates (Lee
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et al, 1980). Over 300,000 pounds of Utah sucker and largescale sucker were commercially
harvested from the American Falls Reservoir in 1992 (BEI 1994). These fish are also food .
items for most piscivores, including larger fish, mergansers, osprey, and eagles.

Based on the food and habitat requirements of these fish, a potential exposure
pathway may exist for site-related contaminants in the surface water and sedimeants of the
Portneuf River to impact these. fish through direct contact with, or ingestion of, sediments and
through the food chain. These fish also may act as a source of contamination to piscivores.

E4 »Designated Wetlands

BEI (1994) provides a summary of wetlands in the EMF study area. In addition to
field reconnaissance, USFW National Wetland Inventory (NWT) maps were reviewed to
identify designated wetlands located in the study area. These wetlands are described briefly

below.

E.4.1 Michaud Creek
Five wetland areas were identified along Michaud Creek, including three riverine,
open-water perennial wetlands; a palustrine emergent, seasonally persistent, excavated

wetland; and a palustrine wetland associated with an impounded area on the creek.

E.4.2 Portneuf River

Based on the review of NWI maps, the Portneuf River channel and its associated
riparian-corridor are designated wetlands along their entire length. The river channel is
classified as a lower perennial riverine wetland. This type of wetland occurs in areas with a
low grade and slow water velocity, with some water flow throughout the year. *

The riparian corridor adjacent to either side of the Portneuf River is comprised of
several wetland covertypes, including: two palustrine forested, broad-leaf deciduous,
temporarily flooded wetlands; two palustrine, semipermanently flooded aquatic beds of
floating vascular vegetation; 14 palustrine scrub-shrub, broad-leaved deciduous, temporarily
or seasonally flooded wetlands; eight palustrine open-water wetlands associated with springs
and the fish hatchery; and 11 palustrine emergent, persistent, temporarily or seasonally

flooded wetlands.
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The Fort Hall Bottom; is also a designated wetland comprised of several covertypes.
The dominant covertype is palustrine emergent wetland characterized by erect rooted
herbaceous hydrophytes. Several scrub-shrub and open-water wetlands also are found in the
Fort Hall Bottoms. |

E.4.3 Other Wetlands

The NWI maps identified four wetlands classified as palustrine that are associated
with excavated areas such as gravel and borrow pits and irrigation canals. In addition, the
NWI maps identified five palustrine emergent wetlands in agriculture fields. These wetlands
had been altered and farmed or were not evident due to the time of year (BEI 1994). Five
palustrine emergent wetlands identified on the NWI maps along irrigation canals were
associated with seepage areas. Five emergent palustrine wetlands on the Fort Hall Indian
Reservation were also identified on the NWI maps. The industrial waste ponds located on the
EMF Site are designed as palustrine open-water wetlands that are artificially flooded.
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Table E-1
FEDERAL AND STATE LISTED SPECIES OF CONCERN KNOWN TO
OCCUR WITHIN THE EMF STUDY AREA*
| Status®
Common Name Scientific Name Federal Status | State Statys | Habitae®
Plants
Slick spot peppergrass Lepidium papilliferwn Cc2 sC O
Green muhly Muhlenbergio racemosa — 5C W
Invertebrates
Idaho dunes tiger beetle Cicindela arenicola c2 sC o]
Birds
Bald cagle Haliaeetus leucocephalus | B E P
Trumpeter swan Cygnus buccinator c2 sC P
Long billed curlew Numenius americanus 3¢ sC 0
Black tem Chlidonias niger 2 sC P
Yelow-billed cuckoo Coccyrus americanus 3b sC 0
Mammals |
Pygmy rabbit Brachylagus idahoensi.s- c2 sC o
Wolverine Gulo gulo luscus c2 sC
Townaend's big-cared bat | Plecotus townsendii c2 sC B
£-17 ZP3090.11 .0
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2 Species listed herein include only those specics considered to be endangercd, threatened, federal candidates
specics, or state specics of special concemn.
b Federal and state status arc coded as follows:
E = Endangered - taxa in danger of extinction throughout all or & significant portion of their range.
T = Thresiened - taxa Likely to be classified as endangered within the foresecable future throughout all
or a significant portion of s range.

C2 = Taxa for which information indicates that proposing to list as endangered or threatened is posaibly
appropiste, but for which conclusive data are not available.

3b = Taxonomic status is in question.

3¢ = Taxon is more widespread or abundant than previously believed.

SC = Special Concern - a species suffering a decline that could threaten the species if allowed 1o continue
unchecked or occurs in such small numbers or with such a restricted distribution or spocialized
habitat requirement that it could easily become threatened.

C Habitat types are as follows:

°F = forest.

B = Bluff.

P = Pond, lake, open waler.

W = Wetland (i.c. marsh, riverbank).
O = Open grassy or shrubby arca.

Source: Bechicl 1994; Martin 1993; Stephens 1993, See Appendix C for correspondence with federal and
slate agencies.
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Several investigations of contamination of soils, vegetation, fish, and wildlife have
been conducted in the vicinity of the EMF Site. Principal among these are a study of water
quality in the Portneuf River (Minshall and Andrews 1973); an investigation of trace element
contamination of vegetation and soils by the United States Geological Survey (USGS)
(Severson and Gough 1979); an investigation of contaminants in surface water, sediment, and
biota in the American Falls Reservoir by the USGS and United States Fish and Wildlife
Service (USFWS) (Low and Mullins 1990); and a report of fluoride in piscivorous birds
(Henny and Burke 1990). Each of these studies is briefly summarized below, Io addition, a
number of other previous studies are briefly summarized, based primarily on the literature
reviews of BEI (1994) and Science International, Inc. (SII 1994)..

F.1 Minshall and Andrews 1973

Water quality conditions were assessed between 1967 and 1971 over a 72-kilometer
(km) stretch of the Portneuf River, from upstream of urban and agricultural sources to
downstream of the EMF Site. Important potential sources of pollutants identified in this study
included suspended solids from cropland, organic wastes from cattle and municipal sewage,
nitrogen and phosphorus from fertilized fields and sewage, and wastes from the phosphate ore
processing plants.

Significant changes in water quality associated with the EMF Site were documented.
At the time of the studj;, two outfalls were active on either side of the river. Phos-phate and
fluoride levels increased dramatically at a sampling location 100 to 350 meters below the |
facility outfalls. A marked reduction in diversity of benthic invertebrates was also noted at
this location. The observed impacts on the benthic fauna were attributed to toxic effluents,
although no measurements of contaminant concentrations other than fluoride were obtained.
The plant effluents were also presumed to be responsible for fish kills in the Portneuf River |
reported by the State of Idaho. Recovery of the ecosystem was observed 2 km downstream of
the site and was attributed to the addition of large volumes of clean spring water diluting the

industrial wastes.

F.2 Severson and Gough 1979
. Concentrations of 23 trace elements were determined in vegetation and soil at points
along a transect from 64 km downwind (noi'theasterly) to 64 km upwind (southwesterly) of

recycled . "
27090 DARAOUIRS DT F-3 revlogy und environmg$3090.11.0



EMF ERA
Appendix F
Reévision No. O
April 1995

the facilities. Plant species sampléd included sagebrush and cheatgrass. Nine trace
elements—cadmium, chromium, fluoride, nickel, phosphorus, selenium, uranium, vanadium,
and zinc—in sagebrush showed a significant decline in concentration with downwind distance
from the site. Selenium was the only element found in cheatgrass to show a relationship to
the site operations, and concentrations of most trace elements were higher in sagebrush than
in cheatgrass. Estimated element concentrations in sagebrush within 4 km ‘downwind from the
site were considered to be substantially higher than concentrations observed in sagebrush from
noﬁimpacted areas of the western United States. However, concentrations of trace elements
in vegetation samples taken further than 4 to 8 km from the facilities were not considered to
“be particularly elevated. Chromiﬁm, fluoride, and zinc were considered by the authors to
have concentration ranges potentially toxic to plants growing within 8 km of the facilities.
Concentrations of cadmium, chromium, fluoride, vanadium, and zinc in vegetation were
sufficiently high to pose potential risks to livestock.
Several trace elements in surface soils showed a significant relationship with distance

from the site, including beryllium, fluoride, iron, lead, lithium, potassium, rubidiuni,
thorium, and zinc. Of these, the soils close to the processing plants had unusually high levels

of fluoride, vanadium, and zinc.

F.3 Low and Mullins 1990

This investigation focused on the potential impacts of irrigation drainwater to the
American Falls Reservoir. The authors also reviewed previous studies of contamination-
related problems in fish and wildlife populations of the American Falls Reservoir. Studies
conducted over the past 20 years document elevated levels of mercury and selenium in
reservoir sediments, fish, and birds. The contamination is widespread and affects birds .
collected from the Snake River below the reservoir as well as fish and birds in various
locations within the reservoir. Some of the studies also found elevated levels of cadmium and
organochlorine compounds in the reservoir. One study attributed the possible sources of
contaminants to sewage effluent, irrigation drainage, or emissions from the phosphate
facilities and other industrial facilities in Pocatello.

Low and Mullins (1990) obtained samples from various species of fish, benthic
invertebrates, aquatic plants, and birds collected from near the mouth of the Portneuf River

and other locations in the American Falls Reservoir. Sediment and water samples were also
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analyzed. Concentrations of inorganic contaminanté in surface water were generally lower
than levels reported in previous studies and were below the water quality criteria selected for
comparison by the authors. Concentrations of dissolved trace elements taken at the Portneuf
River san;pling site were not elevated compared to other reservoir sampling sites.

Sediment conceatrations of selenium and mercury were higher than the upper 95th
percentile of local soils in a majority of samples taken from the reservoir. The highest
sediment mercury concentration was found at the Pormeuf River.

Mercury levels were slightly elevated in reservoir fish, and selenium was elevated in
juvenile mallard ducks and invertebrates that serve as their food source. The risks of these
exposures to wildlife were not quantitatively addressed by Low and Mullins, but the selenium
concentrations in mallards were considered within the range of concentration.é known to cause
reproductive problems in birds. The highest level of selenium in benthic invertebrates was .
found in a sample of mayfly nymphs taken from the Portneuf River.

F.4 Henny and Burke 1980

Black-crowned night heron carcasses were collected from the Fish Hatchery Springs
located downgradient of the site. Bone fluoride levels were three times the femur fluoride
concentrations associated with reduced fertility in birds fed fluoride-containing diets in the
laboratory and were considered by the authors to be among the highest levels reported in the
literature for wild birds. Adverse effects of fluoride on bone strength were not demonstrated

in this study, nor were dietary or other routes of fluoride exposure investigated.

F.5 Other Studies

| Literature reviews of previous investigations in the vicinity of the EMF Site are*
provided by BEI (1994) and SII (1994). The studies described above in Sections F.1 through
F.4 were reviewed by BEI and SII, along with other relevant studies. Noteworthy studies not
previousty mentioned in this appendix include the spring and well studies of Perry (1990),
Goldstein (1981), and Jacobson (1989); and fluoride monitoring studies of Miller (1986,
1987, 1990, 1991). The cited spring and well studies confirm the likelihood that Batiste
Springs is impacted by the EMF Site. The fluoride monitoring studies confirm that sagebrush

and forage grasses show elevated fluoride concentrations in the vicinity of the site.
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Finally, low-grade deposits of placer gold in sands and gravels of the Snake River
plain were investigated recently by the USGS (Desborough et al. 19883, 1988b; Desborough
and Foord 1992). Of particular interest is the finding by USGS of mineral forms of gold and
silver associated with mercury, and the identification of free mercury recovered from gravels
to depths of 12 meters in areas on the Fort Hall Indian Reservation. The gold, silver, and
mercury are attributed to natural lode sources occurring in the Snake River or transported

long distances from sources in Wyoming.

F.6 -Summary

" The studies reviewed in this section demonstrate historical contamination of soil,
upland vegetation, sediment, fish, macroinvertebrates, and waterfowl in the vicinity of the
EMF Site, The principal mntanﬁnants of ecological concern noted by previous authors
include cadmium, chromium, fluoride, mercury, selenium, vanadium, and zinc. Potential
sources other than the phosphate facilities include municipal sewage, agricultural activities,

and other industry on the Portneuf River, as well as natural geological sources.
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This appendix provides an evaluation of factors affecting the release, migration, and
fate of contaminants at the EMF Site. Since a detailed overview of the fate and transport of
COPCs at the site is presented in the Human Health Risk Assessment (HHRA) report, this
section focuses on issues and data most relevant to the ecological risk assessment. In
particular, this section emphasizes factors affecting mobility, bioavailability, -and food chain

dynamics of cadmium, fluoride, and zinc in the terrestrial environment.

G.1 Sources and Receiving Media

This section provides a brief overview of the physical and chemical processes used at
the FMC and Simplot facilities to separate phosphorus from ore, a general description of how
contaminants are (or were) released as 3 result of these processes, and a 'descriptjon of
environmental media affected by this contamination. Detailed descriptions of the processes
and exposure pathways are provided in the HHRA report.

Nearly all of the site-related contaminants that have been identified in the RI originate
as constituents of the phosphate ore processed by the facilities. Compared to local back-
ground soils, the ore is enriched in many metals, transition elements, and radionuclides. As
the ore is processed in th‘ese facilities, its constituents undergo chemical and physical changes
and partition into various products, by-products, and waste streams, depending on each
constituent’s physical and chemical properties. As a result, constituents of the ore are
released to the air, water, and soil in several ways and in various chemical forms.

The ore processed by FMC and Simplot is a shale mined nearby that consists
primarily of calcium fluorophosphate (CaFPO,). The ore also contains small amounts of
numerous related substances in which other metals and transition eiements, including arsenic,
cadmium, chromium, magnesium, nickel, uranium, vanadium, and zinc, replace the calcjum,
fluoride, and phosphorus in the chemical structure. The compounds that comprise the ore are
generally stable and relatively insoluble in water, which is why these materials were originally
deposited as sediments and converted to shale in the geological past. Tests have shown that
constituents of the ore do not leach out of the ore to an appreciable extent under conditions

encountered in the natural environment.
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G.1.1 FMC Facility
The processes used by the FMC facility break down the stable ore structure (o

liberate and recover the phosphorus. This is accomplished mainly through complex chemical
reactions that occur in the electric furnaces. These reactions also change the chemical form of
many constituents of the ore, some of which emerge from the furnaces in chemical forms that
are much more soluble, mobile, and bioavailable than they were in the original ore. The
principal products of the complex chemical reactions that occur in the furnaces are gaseous
elemental phosphorus,'carbon monoxide, calcium silicate slag, and ferrophos.

:-'.Contaminéms that originate as constituents of the ore have been or may be released

from the process and from the site in several ways, including primarily:

¢ Fugitive dust emissions from the ore-handling operations and from
the ore pile itself;

e Direct air emissions from the process that can eventually settle out on
area soils; :

» Fugitive dust emissions of scrubber solids, slag, and ferrophos that
result from storing, handling, and using these materials on site; and

®  Migration of constituents of scrubber solids and phossy water (any
water used in the process that has come in contact with produced
elemental phosphorus) from unlined ponds, which were formerly
~ used to manage these materials, to the groundwater.

Consequently, when contamination levels are measured in environmental media on or
near the site, the concentrations may reflect contributions of material form numerous site

sources with different chemical, mobility, bioavailability, and toxicological properties.

G.1.2 Simplot Facility
Like the FMC process, the objective of the Simplot process is to liberate phosphorus
from the ore. However, the Simplot process, which digests the ore with sulfuric acid, |
produces phosphoric acid rather than elementa! phosphorus. The sulfuric acid displaces
phosphate from the calcium fluorophosphate ore, converting the phosphate to phosphoric acid
and forming calcium sulfate, commonly known as gypsum.
As in the FMC process, the fates of the minor constituents of the ore depend on the

chemical reactions they undergo in the process and the chemical forms they assume. The
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conditions that exist during the digestion are not as extreme as those that occur in FMC's
electric furnaces; however, the strongly acidic digestion conditions used in the Simplot
process can solubilize many metals, thereby increasing their mobility. During Simplot’s ore
processing, the principal intermediates are ammonia, sulfuric acid, and phosphoric acid.
Final products include these materials and various fertilizer products. Most of the environ-
mental contamination related to the facility is apparently associated with the production of
phosphoric acid.

Contaminants that originate as constituents of the ore, other raw materials, or

intermediate or final products manufactured at the site have been or may be released from the

process and from the site in several ways, including primarily:

¢ Fugitive dust and process emissions from the ore-handling and
calcining operations carried out prior to activation of the slurry
pipeline ore delivery system in September 1991;

* Fugitive dust emissions from raising the berms on the gypstacks,
from facility roadways and other areas, and from other materials
handling operations;

®  Process air emissions, including sulfur dioxide and ammonia;

* Migration of contaminants via the groundwater from the gypstacks,
the former Qverflow Pond, and other unlined ponds and ditches;

*  Migration of contaminants via the groundwater to off-site areas
followed by eventual release to the Pormeuf River,

G.2 Fate and Migration of Contaminants in Soil
In this section, the fate and migration of COPCs in the terrestrial (sagebrush steppe

and riparian) habitats of the EMF Site are discussed by describing measured soil geoche'r‘nical‘
parameters that control the migration and bioavailability (potential uptake by plants and
animals) of COPCs at the site. Emphasis is placed on the fate and migration of fluorides,
since it has been determined that this element may pose risks to ecological receptors at the
site.

. As described above, the migration pathways of contaminants at the EMF Site are
numerous. The fate and migration of chemicals in the terrestrial ecosystem depend in part on
physical and chemical processes occurring in soils that may influence the bioavailability of

constituents in the soil pore water. Geochemical soil properties such as soil pH, redox
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A

potential, cation exchange capacity (CEC), mineralogical composition, soluble cations, base
saturation, organic matter content, and other environmental factors such as rainfall and
infiltration into the soil determine the rates by which chemical reactions (i.e., mineral
solubilization, precipitation, ion exchange, and chemical adsorption) occur in the soil/pore
water interphase. In turn, these reactions can regulate the levels of dissolved chemicals in the
soil pore water that may be bioavailable. lon exchange reactions and other specific adsorption
reactions occur on clay minerals, oxide minerals, and soil organic matter. In general, the
efficiency of clay minerals in adsorbing chemicals is related to (1) the surface area of the
clay, (2) the chemical characteristics of the soil and pore water such as redox potential, soil
pH, moisture content, and (3) the concentration of competing chemicals in the soil solution
(Cataldo and Wildung 1978). Chemicals can also react with organic matter by ion exchange

and chelation reactions.

G.2.1 Sagebrush Steppe Habitat

Laboratory measurements of soil geochemical characteristics were determined from
soil samples collected during the ecological investigations. These measurements included soil
pH, CEC, total organic carbon (TOC), and soluble cations (calcium, magnesium, potassium,
sodium, and iron). Table G-1 summarizes and compares the results of these measurements
between the two potentially impacted sagebrush steppe sites (Bannock Hills SW and Michaud
Flats) and the reference site (Ferry Butte). The concentration of calcium and soil pH were
elevated at the Bannock Hills SW site compared with the Michaud Flats and Fefry Butte sites.
Conversely, the concentrations of magnesium, potassium, and iron in the Bannock Hills SW
site soils. were lower compared with the Michaud Flats and Ferry Butte sites. Other soil
parameters, including CEC, TOC, and iron concentrations, were approximately the same
among the three sites.

The neutral to alkaline pH values in soils at the EMF Site are typical of western U.S.
soils because of the presence of calcite (CaCOj5), which buffers the pH at alkaline values.
High soil alkalinity conditions (pH > 8) and the presence of high concentrations of calcium
(calcareous sotls) tend to render metals such as cadmium and zinc less bicavailable compared
with acidic soils. At high alkalinity conditions, metals precipitate out of solution by forming
insoluble complexes.

The results of these geochemical analyses suggest lhat metal contaminants such as
cadmium and zinc are less bioavailable at the Bannock Hills SW site compared to the
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Michaud Flats and Ferry Butte sites. However, cétionic metals are generally mobile only in
acidic systems having pH values of 4.5 or less (Bodek 1988). The high alkalinity of these
soils is likely a mechanism that restricts the mobility of cationic metals. The high pH values
are expected to have a major influence on the immobility of these cations because of the
decreasing solubilities of most oxides, hydroxides, and carbonates complexes expected to form
under high pH conditions.

As described above, industrial operations at the EMF Site have also introduced
fluoride to site soils. Several soil properties also influence the bioavailability of fluoride,
including clay content, soil pH, and levels of soluble cations. Unlike cadmium and zinc,
fluoride is strongly bound with soil minerals under acidic conditions; however, under alkaline
conditions fluoride ions tend to be relatively more mobile and bioavailable (Bodek et al.

1988). The soil chemistry of fluoride ions in alkaline, high soluble calcium conditions such
as those expected to occur in the soil/pore water interphase of the EMF Site soils is controlled
by the solubility of fluorite (CaF,). Chemical reactions involving fluorite can limit the
availability of dissolved fluoride.

Other routes by which fluoride can be absorbed by plants at the EMF Site include
gaseous diffusion and direct ion-exchange or partitioning of deposited particulate-containing
fluoride.

Comparison of uptake factors (UF, the ratio of plant tissue to soil chemical concentra-
tions) for sagebrush (unwashed and washed) and thickspike wheatgrass indicates that the UFs; 3

' for cadmium and zinc are lower for the Bannock Hills SW site than for Michaud Flats (Table
G-3), indicating ﬂlat cadmium and zinc are less bioavailable at the Bannock Hills SW site than
at Michaud Flats. For fluoride, the UFs for sagebrush (unwashed) and thickspike wheatgrass
are higher for the Bannock Hills SW site than for Michaud Flats. The relative'magnitud‘es of
the UFs confirm that cadmium and zinc are likely to be mobilized and taken up by planfé
more readily at areas of low pH in the site vicinity, whereas fluoride shows the 'opposite
behavior.

Concentration factors (CF, the ratio of animal tisSue to soil chemical concentragions) -
are provided in Table G4. The CFs do not show a consistent pattern of difference between
the Bannock Hills SW and Michaud Flats sampling locations. The cadmium CF in deer
mouse whole-body samples is greater in samples collected from the Bannock Hills SW sipe
than in samples collected at Michaud Flats, whereas zinc shows the opposite (and expected)

pattern, " The fluoride CF in mouse whole-body samples is greater in samples collected at the
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Bannock Hills SW site than at Michaud Fiats, whereas fluoride CFs in mouse femurs show
the opposite pattern. In general, the mouse data do not confirm that variation in contaminant
mobility and uptake by plants at the EMF Site is a good predictor of animal concentrations.
The mouse data may be confounded by adherence of soil contaminants to the animal’s fur
(i.e., the whole-body analysis may reflect incidental contamination as well as tissue concentra- .
tion).

More consistent patterns, evident in both the vegetation and mouse data for all three
COPCs, are the greater UFs and CFs at the background location (Ferry Butte) relative to the
potentially impacted locations (Bannock Hills SW and Michaud Flats). This difference is
probably not due to underlying differences in geochemical characteristics; rather, it reflects
the relative tendency for uptake to decrease at higher contaminant concentrations. At the
EMF Si;e, this may be a result, in part, of‘the fact that contamination is fargely confined to

the upper surface horizon of the soil.

G.2.2 Riparian Habitat

Soil geochemical properties were also measured from soil samples collected from
potentially impacted Portneuf River and Snake River (reference area) riparian sites. Table
G-2 summarizes and compares the results of these measurements. The concentrations of
soluble cations, soil pH, CEC, and TOC in samples collected from the Portneuf River site
were elevated compared to the reference site. As described above, the high alkalinity condi-
tions and high concentrations of soluble cations encountered at the Portneuf River site,
including high CEC and TOC levels, potentially would tend to render metals such as’
cadmium and zinc unavailable for uptake. Comparison of UFs for Russian olive fruit
indicates that cadmium and zinc UFs are lower for the Portneuf River site compared to Snake
River site (see Table G-3). This could be a result of geochemlca] differences, in part,
between the two locations. However, since the Portneuf River site has elevated soil concen-
trations of cadmium and zinc compared with the reference site, the difference in UFs is more

likely a result of a concentration effect, as described above for the sagebrush steppe habitat.

G.3 References

Bodek, ., er al., 1988, Environmental Inorganic Chemistry: Properties, Processes, and
Estimation Methods, a special publication of SETAC, Pergamon Press, New York.
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Cataldo, D.A. and R.E. Wildung; 1978, Soil and Plant Factors Influencing the Accumulation
of Heavy Metals by Plants, Environmental Health Perspectives, 27:149-159,
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Table G-1
SAGEBRUSH STEPPE HABITAT
SOLUBLE CATIONS AND OTHER SOIL PARAMETERS ]
Minimym Maximum
Detected Detected Average
Parameter Ublis® Conceatration Concentration Conceatration
Bapnock Hills, SW
Calcium meq/100g 0.0734 0.4446 0.1772
' Magnesiam meq/100g 0.0115 0.0617 0.0319
Potassium meq/100g ) 0.0074 0.0374 0.0193
Sodium meq/100g 0.0100 0.0513 0.0259
Iron meq/100g 0.0030 0.0639 0.0207
pH Standard uqits 7.68 8.0 7.83
CEC meq/100g N9 28.3 4.6
ToC mg/kg 7.210 12,500 10,308
Michaud Flats
Calcium meq/100g 0.0833 0.1966 - D.1275
Magnesium mcq/100g 0.0428 0.1380 0.0695
Potassium meq/100g 0.0159 0.0559 0.025¢
Sodiom meq/100g 0.0222 0.0430 0.0277
tron meq/100g 0.0518 0.1778 0.0832
pH émndm-d units . 6.5] 2.38 7.00
CEC meq/100g 21.6 34,0 26.55
ToC mg/Kg 9,780 22,500 16,038
Rerty Butte - ‘
Calcium meq/100g 0.0744 0.204} 0.1199
Magnesium ] meq/100g 0.0370 0.2815 0.1421
Potassium meq/100g 0.0179 0.0833 0.0501
Sodium meq/100g 0.0326 0.0361 0.0342
lron meq/100g 0.0113 0.4759 0.1942
pH Standard units ' 6.62 7.75 7.09
CEC meq/100g 20.5 26.3 22.48
Key at end of table. G-10
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Table G-1
SAGEBRUSH STEPPE HABITAT
_SELUBLE CATIONS AND OTHER SOIL PARAMETERS
Minimum Maximum
Detected Detected Average
Parameter Units® Concentration Concentratinn Concentration
ToC mg/kg 4,610 33,040 10,133

2 To convert ma/kg to meq/100g, the concentration expressed as mgfkg was divided by equivalent weight of the

element (for iron the equivalent weight used was 18.62 grams) multiplied times 10.

Key:

CEC
TOC

CRZPRRO R PO

Cation exchange capacity.
Total organic carbon.
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Table G-2
RIPARIAN HABITAT
SOLUBLE CATIONS AND OTHER SOIL PARAMETERS
Minimum Maximaum
Detected Detected Avergge
Paramefer Units® Concentration | Concentration | Conceatratinn
Portoeul River
Caleium meg/100g 0.1622 1.2425 0.3586
Magnesium meq/100g 0.0757 0.9300 0.2521
Powssium “meg/100g 0.0210 0.2064 0.0815
Sodium meq/100g 0.1183 0.800 0.3678
Iron meq/100g 0.0032 0.0913 0.0218
pH Standard units 7.23 8.63 8.11
CEC meq/ 100g 30.0 68.2 43.41
TOC mg/kg 13,300 36,000 22,370 1
Snake River
Caleium meq/1060g 0.0758 0.1766 0.1320
Magnesium meq/100g 0.0288 0.0683 0.0480
Potassium meq/100g 0.0113 0.062¢ 0.0381
Sodium meq/100g 0.0296 0.0548 0.0387
) Iron Standard units 0.0044 0.0397 0.0168
pH meq/100g 7.68 8.02 7.82 \
CEC meq/100g 1.0 248 16.33
TOC me/kg 5,500 26,200 13,026
a

To convert mgfkg o meq/100g, the concentration expressed as mg/kg was divided by equivalent
weight of the element (for iron the equivalent weight used was 18.62 grams) multiplied times 10.

Key:
CEC = Cation exchange capacity.
TOC = Total organic carbon.

G-12
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Tabte G-3
SUMMARY OF UPTAKE FACTORS
FOR VEGETATION
Percentage of
Habitat Chemical Vegetation Location UF Beckground
Sagebrush steppe Cadmium Sagebrush (unwashed) | Bannock Hills 0.0364 14 _
Michaud Flats 0.0602 23
Ferry Butte® 0.2609 —
Sagebrush (washed) Bannock Hills 0.0284 12
Michaud Flats 0.0522 21
Ferry Butte® 0.2441 —
Thickspike wheatgrass | Bannock Hills 0.0198 11
Michaud Flats 0.0219 12
Ferry Butte® 0.1824 L -
Flouride Sagebrush (unwashed) Bannock Hills 0.0510 NC
Michaud Flats 0.0288 NC
Ferry Butte® - -
Thickspike wheatgrass | Bannock Hills 0.0427 NC
Michaud Flats 0.0125 NC -
Fesry Buue® - -
Zinc Sagebrush (unwashed) | Bannock Hills 0.1220 23
Michaud Flats 0.2454 , ¥
Ferry Butie® 0.5348 -
Sagebrush (washed) Bannock Hills 0.1016 21
Michaud Flats 0.2095 43
Ferry Butie® 0.4891 -
Thickspike wheatgrass | Bannock Hills 0.0449 31
Michaud Flats 0.0651 47
Ferry Buite® 0.1457 o

Kcy at end of table.
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Table G-3
SUMMARY OF UPTAKE FACTORS
FOR VEGETATION
Percentage of
Habitat Chemical Vegetation Location UF Background
Riparian Cadmium Russian olive Portneuf River 0.0170 3
Snake River® 0.5516 -
_ Zinc 1 Russian olive Portneuf River 0.0900 30
Snake River® 0.2982 —
4 Background location.
Key:
UF = Uptake factor.
NC = Not calculated.
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Table G4
SUMMARY OF CONCENTRATION FACTORS FOR DEER MICE
Perceatage of
Chemical | Tissue Location CF Background
Cadmium -] Wheole body Bannock Hills 0.0226 23
Michaud Flats 0.0103 11
Ferry Bute® 0.0971 —
Fluoride Whole body Bannock Hills : 0.0884 NC
Michaud Flats 0.0507 ' NC
Ferry Buue® — -
Femur Bannock Hills 0.2044 57
Michaud Flats 0.3533 99
Ferry Butte® 0.3587 -
Zinc Whole body Bannock Hills 0.1504 . 22
Michaud Flats 0.2411 35
Ferry Bune® 0.6830 -
v
a Background location. '
Key:
CF = Concentration factor.
NC = Not calculated.
G-15
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H Toxicity Testing at the IWW Ditch QOutfall
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Water and sediment samples collected from the industrial waste water JWW) ditch
and its outfall in the Portneuf River contained elevated levels of contaminants such as
cadmium (see Appendix A). Because metals may adsorb to particles and be deposited in
bottom sediment, toxicity tests were conducted on sediment collected from the Portneuf River
near the IWW ditch outfall. The tests were done to determine if sediment in this area of the

river is contaminated to a level hazardous to benthic organisms.

H.1 Methods

The field work was conducted on September 22, 1994, Sediment was collected from
three locations in the Portneuf River: at the IWW ditch outfall (Sampling Station 17);
upstream of the IWW ditch outfall (Sampling Station 21); and downstream of the IWW ditch
outfall (Sampling Station 16). At each station, bottom sediment was collected from at least
three points on a transect across the river channel. Sediment was collected using a stainless-
stee] spoon and/or scoob, screened through a No. 4 stainless-steel sieve to remove rocks and
large gravel, and composited in a 2-gallon plastic pail. Subsamples for chemical analysis
were taken from the large composite sample at each station, and the remainder was used in
10-day toxicity tests with the amphipod Hyalella azreca and larvae of the midge Chironomus
tensans following ASTM (1993) methods. The toxicity tests were conducted.between October
4 and 14, 1994 by EA Engineering and Sciences, Inc. The sediment samples were stored in
the dark at 4°C between the time of receipt at the laboratory (September 24, 1994) and initia-
tion of the tests (October 4, 1994). Thus, sample storage time was within the 2-week holding
time recommended by ASTM (1993).

H.2 Results z
Survival and growth of H. azteca and C. tentans in the three field sediment samples

and laboratory control sample (silica sand) are shown in Table H-1. Upstream sediment
collected at Station 21 served as a field control since it was collected from a portion of the
river believed to be largely unimpacted by the facilities. No toxicity to H. azteca or C.
tenzans was observed in the tests. Survival and growth of the two test organisms were not
significantly different in sédiment from the two potentially impacted stations (16 and 17)
compared with survival and growth in the control sediment and silica sand. Statistical

comparisons between potentially impacted stations and controls were made using the same
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statistical approach applied to data from the other ecological investigations at the site (see
Appendix C), including the vse of an 80% ‘confidence level to minimize the probability of
Type II error (EPA 1992). The results suggest that Portneuf River sediment at the TWW
ditch outfall and downstream to Station 16 has not been contaminated to a toxic level by
discharges from the IWW ditch.

Contaminant levels in sediment from stations 16, 17, and 21 are listed in Table H-2,
Several metals known to be elevated in soil from the facilities (cadmium, chromium,
vanadium, and zin¢) were present at a higher concentration in sediment from stations 16 and
17, than at upstream Station 21. Cadmium in sediment from Station 17 was approximately 3
times g;;ater than in any sediment Sample collected from the Portneuf liiver delta during the
October 1994 delta study. However, the SEM/AVS ratio for sediment from stations 16 and
17 was less than 1.0, suggesting that divalent metals such as cadmium and zinc are bound by

sulfide and therefore are not bioavailable (DiTora er al. 1992).

H.3 Conclusions

Site contaminants appear to be present in sediment from the Portneuf River near the
IWW ditch outfall, but at levels not toxic to benthic organisms, most likely because the
contaminants are not bioavailable. Metal contamination at the site is largely a result of phos-
phate ore particles and slag. These relatively immobile mineral forms also may be the
predominant for[hs of metals in Portneuf River sediment near the facilities. Since benthic test
organisms were not affected at the elevated concentrations of metals found at the IWW ditch

outfall, .impacts of these site contaminants to aquatic life are expected to be minimal.

H.4 References o A

American Society for Testing and Materials (ASTM), 1993, Standard Guide for Conducting
Sediment Toxicity Tests with Freshwater Invertebrates, in ASTM Standards on
Aquatic Toxicology and Hazard Evaluation, ASTM, Philadelphia, Pennsylvania, pp.
254-320.

DiToro, et al., 1992, “Acid Volatile Sulfide Predicts the Acute Toxicity of Cadmium and
Nickel in Sediments,” Environmental Science and Technology, 26:96-101.

United States Environmental Protection Agency (EPA), 1992, Final Guidance for Data

Useabiliry in Risk Assessment, Office of Solid Waste and Emergency Response,
Washington, D.C., publication 9285.7-09A/FS.
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RESULTS OF SEDIMENT TOXICITY TESTS WITH
HYALELLA AZTECA AND CHIRONOMUS TENTANS
=

Table H-1

Test Sediment 10-day Survival Mean (4 standard deviation) Dry
Organism Sample (percent) Weight of Surviving Organisms (mg)
H. azteca Lab control® 9sb 0.34 (1+0.03)
Station 16 90 nsd 0.32 (£0.03) ns?
Station 17 B8 ned 0.33 (£0.03) nsd
Station 21° 98 0.33 (£0.05)
C. tentans Lab control® 79b 1.54 (+0.46)
Station 16 9% st 1.97 (+£0.15) ns?
Station 17 92 nsd 1.48 (£0.19) ns¢
Station 21° 83 - 1.86 (j;0.23)_
8 gilica sand.

The minimum acceptable average survival in the labaratory control is 80% for H. atteca and 70% of
C. tenans (ASTM 1993).
€ Field control sampie.

d ns = Not significantly different from either laboratory or upstream control.
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Table H-2
RESULTS OF CHEMICAL ANALYSES ON PORTNEUF RIVER
SEDIMENT USED IN BIOASSAYS WITH HYALELLA AZTECA AND CHIRONOMUS TENTANS
] Station 16 Station 17 Station 21
Reported Review Reported Review Reported. Review
Analyte Units Concentration Qualifiers Conceni_lii:.l Qualifiers Covcentration Qualifiers

Aluminum mg/kg . 3,480 e 1,930

Antimony mg/kg 0.80 | I8 064 | I8 067 | I8
- Arsenic mg'kg 2.4 - 2.5 2.1
o Barium mp/kg 75.8 102 ’ 49.1

Beryllium mg/kg 0.21 0.15 0.1

Boron, mg/kg 103 | U7 6.6 | U7 8.0 U7

Cadmium mg'kg 0.70 3218 044 | 18

Calcium mg/kg 104,000 72,500 95,600

Chromium mg/ke 10.6 | I8 7.0 | I8 51 | 18

Cobalt mg/kg 171U 1.7 2.4

Copper me/kg 49 12.9 13

lron me/kg 6,990 4,850 7,290

Lead mg/kg 53|18 39|18 6.4 | 18

Magnesium mg/kg 3,120 | 116 1,640 | 116 2,830 | 116

Mangsnese mg/kg: 214 | 116 1,120 | J16 120 | 116
Key at end " uable. ‘
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Table H-2
RESULTS OF CHEMICAL ANALYSES ON PORTNEUF RIVER
SEDIMENT USED IN BIOASSAYS WITH HYALELLA AZTECA AND CHIRONOMUS TENTANS |
Station 16 Station 17 Station 21
: Reported Review Reported Revhen Reported Review
Analyte Units Cooeentration Qualifiers Concwtnt.bn= leifie.m'==T= Concentration Cualifiers
Meroury me/kg 0.05 | U 005 | U 0.06 | U
Molybdenum mg/kg 34.1 2.8 25.4
Nickel mp/kg 6.0 6.6 54
Potassium mg'kg 886 587 358
Selenium mg/kg 0.36 | UIB 0.29 | UIR 0.28 | LB
Sitver mg/kg 2.3 | 18 2.1 | 18 2.1 | I8
Sodivm mgfkg 135 124 80.0
Thallium mg'kg 037 | U 030 | U 0.26 | U
Vanadium mg/kg 10.2 | J8 6.4 | I8 42|18
Zinc me/kg 27.7 49.0 18.3
AVS umolig 0.187 0.184 0.20
SEM (sum) wmolig 6.142 0.13¢ 0.133
SEM/AVS —~ 0.762 0.711 0.67
SEM-Cadmium pmol/g 0.00062 | J14, 10 0.0019 | 114, 10 0.00017 | UJ14, 10
SEM-Copper pmolg 0.026 | 114,10 0.025 | 114,10 0.014 | UJ7, 14, 10

Key at end of iable.
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Table H-2
RESULTS OF CHEMICAL ANALYSES ON PORTNEUF RIVER:
SEDIMENT USED IN BIOASSAYS WITH HYALELLA AZTECA AND CHIRONOMUS TENTANS
Station 16 Station 17 Station 21 ’
Reported Review Reparted Review Reported Review
Analyte Unity Concentration Qualifiers Cooncentration Qunlifiess Concentration Qualifiers

SEM-Nickel amol/g 0.041 | 114, 10 0.0(8 | UJT, 14, 10 0.082 | 114, 10

SEM-Lead umol/g 0.012 | 114, 10, 16 0.0060 | J14, 10, 16 0.008 | 114, 10, 16

SEM-Zinc pmol/g 0.063 | UJ7, 14, 10 0.080 | 114, 10 0.029 | UIT, 14, 10

Fluoride mefkg 245 | I5B, 8, 10 312 | 158, 8, 10 183 | 18, 10

TOC mp/kg 14,600 | I5B, & 18,600 | I58, 8 20,300 | 158, B

S e

Key:

AVS = Acid volatile sulfide. .

SEM = Simulancously cxtracted metals.

TOC = Total organic carbon.
mson , +3090.11.0







EMF ERA
Appendix I
Revision No. 0
April 1995

Ecological Effects Profile for Fluoride
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This appendix provides a literature survey of some documented ecological effects of

fluoride. The following published information is reviewed:

e Background concentrations in environmental media;
¢ (Concentrations at contaminated sites;
¢ Mammalian and avian toxicity; and

® Phytotoxicity.

The information provided is not intended to be an exhaustive review; rather, it

fof:usm on issues pertinent to evaluating ecological risks at the EMF Site,

1.1 Background Concentrations

Elemental fluorine (F) rarely occurs in its free state. It generally forms ftuorides,
which occur naturally in soils, water, and the atmosphere (NRC 1974). Average soil fluoride -
concentrations of approximately 360 mg/kg dry weight (DW) were reported by Kabata-
Pendias and Pendias (1992) for the United States, with lower values found in sandy soils and
higher concentrations in loamy and clayey soils. The range for most normal soils is 150 to
400 mg/kg DW. The fluoride content of plants in uncontaminated areas‘generally does not
exceed approximafely 30 mg/kg DW (Kabata-Pendias and Pendias 1992).

Concentrations of fluoride in plants collected from areas in the western U.S. with no
known industrial or natural sources are within the expected background range.. For example,

| average fluoride levels from uncontaminated ecosystems in Montana were 4.5 mg/kg DW in

. 75 grass samples, and 3.5 mg/kg DW in six sagebrush samples (Kay er al. 1975a). In
addition, the average concentration of fluoride in six vegetation samples from a "low-fluoride”
study area in Utah was 8.0 mg/kg (Shupe et al. 1984).

Regional background.levels of fluoride in animal bones have also been reported. Kay
et al. (1975a) determined baseline concentrations of fluoride in bones of 41 species of wildlife
in the western U.S. Average fluoride Jevels in femurs of various mammalian species ranged
from 64 mg/kg DW (Richardson ground squirrel [Spermophilus richardsonii]) to 589 mg/kg
DW (masked shrew [Sorex cinereus]). The mean femur fluoride level in 70 deer mouse -
(Peromyscus maniculaius) samples was 143 mg/kg DW, with a standard deviation of 66

mg/kg DW. Concentrations of fluoride in bones of herbivores were 20 to 50 times greater
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than concentrations in vegetation, and fluoride generally was found at higher concentrations in

predators than in prey (Kay ef al. 1975a).

1.2 Concentrations at Contaminated Sites

Fluoride concentrations in soil, plants, and wildlife are found at levels higher than
background in areas affected by certain types of industrial emissions, phosphate fertilizer
application, and mining. Soil and plant concentrations of >3;000 mg/kg DW have been
reported’from contaminated areas (Kabata-Pendias and Pendias 1992).

~Elevated levels of fluoride in wildlife have also been reported. For example, fluoride
in the bones of 174 field voles (Microrus agrestis) collected at a "moderately polluted” site in -
England ranged from 300 to 4,800 'mg/kg DW (mean of 2,074 mg/kg; standard deviation of
803 mg/kg). At a "heavily polluted” site, bone fluoride levels in 36 field voles ranged from
910 t0.11,000 mg/kg (mean of 7,148 mg/kg; standard deviation of 2,413 mg/kg). Back-
ground levels of bone fluoride in 48 field voles ranged from 23 to 540 mg/kg DW (mean of
168 mg/kg, standard deviation of 127 mg/kg) (Walton 1987). In another study, average
fluoride levels in tissues of mule deer (Odocoileus hemionus) and white-tailed (Odocoileus
virginianus) deer were 5 to 50 times higher at contaminated sites in Montana compared to
control sites (Kay er al. 1975b).

Naturally elevated fluoride in ecosystems is associated with geothermal waters in the
western United States. Exposure of wildlife at thermal springs occurs primarily from
drinking-fluoride-enriched water and from consumption of vegetation growing in and near the
springs-(Kubota er al. 1982). |

(.3 Mammalian and Avian Toxicity A

Fluoride toxicity from subchronic and chronic exposures to fluoride in laboratory
tests has been documented for rats, mice, mink, kestrels, owls, and other test species (e.g.,
Aulerich er al. 1987, Bird and Massari 1983; Hoffman er al. 1985, Pattee er al. 1988; Shupe
et al. 1987). Fluoride is transported to and accumulates in the bones of most vertebrate
species. Fluoride ingestion at proper levels enhances development and hardening of healthy
bones and teeth. However, in long-term exposures to excessive amounts of fluoride, bones
and teeth develop lesions and can become brittle and porous, resulting in breakage. Excessive

fluoride may also alter the normal growth of bones and teeth. Adverse effects on
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reproduction have also been documented, including reduced fertility and survival of young.
From laboratory tests, mammalian and avian NOAELSs for affects on bone strength,
reproduction, and development following oral exposure range from 5.2 mg/kg/d to 21
mg/kg/d (NRC 1974, 1993; ATSDR 1993). _ .

NRC (1993) concluded that bone strength in animals fed a nutritionally adequate diet
is not adversely affected unless chronic exposure to fluoride is at least SO mg/kg in diet or 50
mg/L in water. Consistent with this recommendation, Shupe et al. (1987) reported effects to
mink bones at doses above 50 mg/kg fresh weight (FW), or 125 mg/kg DW fluoride in food
(a NOAEL of approximately 12.8 mg/kg-bw/day of fluoride). For larger herbivores such as
whitetail deer, 25 to 50 mg/kg DW in food items resulted in some degeneration of the teeth
and long bones (Suttie er a/. 1985). Threshold tolerance levels of fluoride in feed for T
domestic livestock range from 30 mg/kg DW to 60 mg/kg DW, levels that may be indicative

of tolerance levels for wild grazing animals (Shupe et al. 1979).

' The threshold for reproductive effects in mammals and birds is approximately 100
mg/kg in food, or 100 mg/L in water (NRC 1993). Consistent with this recommendation,
Pattee et al. (1988) reported 232 mg/kg fluoride wet weight (200 mg/kg ﬂubride added to 32
mg/kg in normal diet) resulted in decreased hatching success in eastern screech owls (Otus
asio). A dose of 56.5 mg/kg fluoride (approximately 7.8 mg/kg/day) had no adverse effects
on reproduction (Opresko ef al. 1994). -

From the available information, the mink NOAEL for bone of 12.8 mg/kg/day
(Shupe er aI.' 1987) appears to be an appropriate toxicity benchmark for mammalian toxicity.
and the screech owl NOAEL of 7.8 mg/kg/day (Pattee et al. 1988) is judged to be sufﬁcienﬂy
protective of bird life at the EMF Site.

Bone levels of fluoride are sometimes measured in association with toxicity tests and
field studies. For example, in a 30-day exposure of wood mice (Apodemus sylvaticus) té 200
mg/L sodium fluoride (NaF) in drinking water, mouse femurs contained a mean concentration
of 2,108 mg/kg DW of fluoride, which was approximately 3 times the control concentration
(Cooke ef al. 1990). In mink, average femur concentrations of 2,213 mg/kg DW in kits and
2,485 mg/kg DW in adults were associated with the dietary dose of 125 mg/kg DW (Shupe et
al. 1987). According to Puls (1988), bone levels in cattle are normally below 1,800 mg/kg
DW. Therefore, femur bone concentrations of greater than 2,000 mg/kg DW would appear

to be abnormally high in mammals and indicative of potentially toxic exposure.
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.4 Phytotoxicity

According to Kabata-Pendias and Pendias (1992), piant uptake of fluoride is not
closely related to the fluoride content of soil. Fluoride in soil typically has low
bioavailability. Foliar uptake of fluoride from atmospheric sources can be much more
significant than root uptake from soil, and fluoride absorbed as airborne hydrogen fluoride is
highly toxic. Effects of fluoride on plants include foliar injury and deformation of fruits.

Concentrations of fluoride in plant tissues are a measure of potential phytotoxicity.
Kabata-Pendias and Pendias (1992) present plant tissue concentrations of 50 to 100 mg/kg

DW as excessive or toxic.
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