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Executive Summary 


A baseline ecological risk assessment was conductfxl foor the Eastern Michaud FIatS 

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 by0 

Ecology & Environment, Inc., (E & E) in accordance with regulatory guidance of the United 

o States Environmental Protection Agency (EPA). The fmdings of the eco]ogical risk 

assessment are presented in this report. 

The EMF Site consists of two adjacent phosphate ore processing facilities. Both are 

active operating plants that have been in production since the 19408. 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 of contaminantS and migration from the site occur via movement in air, 

groundwater, and wastewater. Potential ecological [1sk:s of contamination in off-site surface 

soils, surface water, and sediment were addressed. Data collected during remedial 

investigations conducted from 1992 to 1994 were evaluated, and conta.m.inants of potential 

o concern (COPCs) were identified based on their potential toxicity to plants, wildHfe. 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 ecological investigations of the EMF Site were conducted in September and 

October of 1994 to provide site-specific, supplementary data for the ecological risk 

assessment. Uptak:eof COPCs in terrestrial food chains was investigated by chemically 
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analyzing co-located samples of soil, sagebrush, grass (thickspike 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 River at a location farther upstream near a facility outfa.IL 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 addition, sediment from near the 

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 investigations demonstrate that cadmium, fluoride, and 

zinc are elevated in riparian and upland soils 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 sagebrusb foliage; up to 4.3 
times background in grass stems and leaves; and up to 9.3 times 
background in wbole bodies of deer mice. Average cadmium 1evels 
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 baclcground 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 ~it could ~t 
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. 

2 
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• 	 Washing removed 13% to 22% of cadmium and 15% to 17% ofzinc 

from sagebrush foliage.' Fluoride levels in washed sagebrush foliage 

could not be reliably determined because of elevated de,tection limits. 


In general, the data confirm that the mobility of cationic metals such as cadmium and 

zinc is iimited by the arid, higb-pH soils of the site vicinity. Hence,' concentrati~ns of 

COPCs are much reduced in the terrestrial food chain compared with their concentrations in 

soil. In addition, it is likely that soil contamination at the site is confined to the surficial soil 

borizon, wbere 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 manunals to 

cadmium in river delta sediment was also quantitatively estimated. The following receptors of 

cOncern at the site were selected for evaluation: 

• 	 Sagebrush Steppe Habitat: sbrubs (big sagebrush), grasses 

(thickspike wheatgraSs), manunalian carnivores (coyote), small 

mammals (deer mouse), large herbivorous manunals (mule deer), 

upland game birds (sage grouse), raptors (red-tailed bawk), and 

songbirds (bomed lark). ' 


• 	 Riparian Habitat: shrubs (Russian olive) and songbirds (cedar 

waxwing). 
 .' 

• 	 River Delta Habitat: waterfowl (mallard), sborebirds (spotted 

sandpiper), and semi-aquatic herbivorous manunals (muskrat). 


Cumulative exposure estimates were derived based on site-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 exposures 

to COPes were 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 were evaluated based on toxicity benchmarks 

derived from literature. Conservative assumptions were used where necessary to account for 

uncertainties of extrapolation from literature studies. Toxicity reference values derived in this 

manner are likely to encompass the broad range of wildlife sensitivity to COPCs. 

3 
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For each receptor, the potential ,ecologiCal risks of each COPC were estimated by 

calculating a hazard quotient (HQ), which is defined as the total estilnated exposure received 

through all relevant pathways divided by.,the appropriate toxicity reference value. An HQ 

greater than 1 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 cadmium 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 thepotential risks were 

quantified for effects on individual organisms using conservative assumptions to account for 

uncertainty. 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. 

Confidence in the results of the risk assessment is considered 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 estimates have a high degree of reliabiHty. Toxicity testing and 

chemical analysis of sediments provides adequate information to evaluate potential' impacts of 

,contaminants to the Portneuf River, which were judged to be minimal. In general, the risk 

assessment is' more likely to overestimate rather than underestimate the risks of adverse effects 

of the site because of the conservative nature of the assumptions used. 

Principal uncertainties and limitations of the risk assessment are related 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 quotients. 

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 in 

fluoride loadings .could allow for a reduction in the potential for harmful effects on the 

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

j 
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lIN Il'n 

1 Introduction 

Ecology and Inc.,(E & E) has been assigned by the United 

Environmental Protection (EPA) to conduct a baseline ecological assessment 

the Eastern Michaud Superfund Site {EMF Site) in Pocatello, Idaho. This secltaon 

provides an introduction to assessment. The remainder of 

presents the fmdings of risk assessment and provides conclusions to 

remedial planning at the 

1.1 Statutory Framework 

The ecological risk assessment for the EMF Site was conducted in with ,I 

the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 . 

(CERCLA) as amended by,the Superfund Amendments and Reauthorization Act of 1986 

(SARA). ,statutory requirements for ecological risk assessment are provided 

in Risk Assessme1l1 Guidance for Superfund, Volume 11: Environme1l1al Manual 

......... , ..vu of th~ basic principles of assessment 'is 

Ecological Risk Assessment {EPA laboratory 

assessment in Ecological Assessment Sites, A .field. 

and Laboratory Reference (EPA 1989b), and examples of risk assessments are provided in A 

Review 

1993), 

1.2 Scope of the Ecological Risk A~sessment 

is a large, complex site (see Section 2). investigations 

(Bechtel Environmental, Inc. [BEl] 1994a) and other studies indicated that terrestrial and 

'aquatic ecosystems in the vicinity of the site are contaminated metals, trace elements, and 
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radionuc1ides. Because of the variety of contaminants of ,potential concern (COpes) and 

affected media, the complexity of contaminant behavior at the site, and uncertaintieS regarding 

the spadal extent of contamination in 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-relate<:! 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 guidan~e, the ecological risk assessment for 

the EMF Site was conducted in phases. During ,Phase 1 of the Remedial Investigationl 

Feasibility Study (RIIFS). sampling data were obtained for portions of the terrestrial and 

aquatic environments within a 3-mHe 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 RlfFS 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 United States Fis~ 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 reports'authored by BEl (BEl 1995a, 1995b, 1995c). 

This report provides an assessment of the data collected in the Phase 1 and Ph~e 2 

RIIFS, including the ecological investigations described in the above-referenced documents 

and relevant data in previously published reports'. 

Detailed agency guidance for calculating ecological risks of environmental 

contaminants at Superfund sites (analogous to the guidance for human health evaluation) was 

largely unavailable at the time this report was prepared. Consequently, professional 

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 Report 

Consistent with EPA guidance (EPA 1992a), this ecological risk assessment is divided 

into five sections that correspond to the major components of the process: Problem 

Formulatiqn (Section 2), Ecological Data Acquisition and Review (Section 3), Exposure 

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 th~ RIIFS at the EMF 
Site are reviewed to select contaminants ofpotential concern. Based . 
on this information, an ecological conceptual site model is presented. 

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

41 	 Exposure Assess~ent 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. 

41 	 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. 

41 	 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 I. 

are summarized. 

Section 7 presents the conclusions of the eco1ogical risk assessment, and references 

are provided in Section 8. 

In addition, sanipling results of the Phase 1 and Phase· 2 RIs are summarized in 

Appendix A; a summary of sample locations, analytical parameters, and the raw data of the 

ecological investigations is provided in Appendix B; the statistical approach used to analyze 

the data collected in the ecological investigations is presented in Appendi~ C; correspondence 

with state and federal agencies concerning endangered species in the site area is presented in 

recycled paper 
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Appendix D; ecosystems and sp~cies 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 human health risk assessment for the EMF Site is presented in a separate 

volume. To avoid redundancy. reference is made to the human health evaluation where 

appropriate. 

.~ 

1-4 ZP3090.11. 0 


http:ZP3090.11


EMF ERA 
Section 2 
Revision No. 0 
April 1995 

mE! mas_a 

2 Problem Formulation 

nhSW!!U!hSlUM 

As stated in EPA guidance, "Problem formulation is the first phase of ecological risk 

assessment and establishes the goalS> breadth> and focus of the assessment N (EPA 1992a, page 

9). Examples of how problem formulation is 'applied can be found in EPA ,(1993). Problem 

formulation involves a'series of interrelated steps to identify potential stressors, pathways" and 

ecological effects. , Ecological 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 

The EMF Site consists of [wo adjacent phosphate ore processing facilities. One 

facility is operated by FMC Corporation (FMC) and produces elemental phosphoru's~ the other 

facility is operated by J .R. Simplot Company ~Slmplot) and manufactures phos~hate fertiliz­

ers. Both are active operating plants that have been in production since the 194Os. TheEMF 

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, ~eas 

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 Idaho 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 bounded to the north by 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 Portneuf 

River, a tributary of the Snake River that empties to the Fort Han Bottoms area of the 

2-1 
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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 providOO in Appendix E, which also 

includes identification and discussion of listOO 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 locatOO 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 manicu!atus), 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 

(Centrocercus urophasianus), and numerous species of songbirds . 

. Aquatic and wetland corrununities 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 designatOO wetlands. Other wetlands include areas along Michaud Creek 

and other locations (see Appendix E). The Portneuf River supports an extensive riparian 

community dominatOO by willow (Salix spp.), red-osier dogwood (Comus sericea), and other 

scrub/shrub riparian vegetation. This riparian zone is an important 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 American Falls Reservoir are 

significant nesting and wintering habitats for waterbirds. Thousands of individuals of 

numerous migratory bird species use areas' in and near the site, Particularly the Fort HaH 
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Bottoms. Common species of migratory .............. waterfowl such as ducks. geese, and 


swans; colonial birds such as pelicans. and gulls; and captors. 

Eleven species of concern threatened, and rare are reported to 

occur in the site area (see Append ix C and Appendix E for 

discussion). One species of concern-a population of bald eagle (Haliaeetus 

leucocephalus)-is by the by the USFWS as endangered in Idaho. 

The remaining species of concern are of Idaho Special Concern species 

and/or are identified as ~Arl,,,..,,, ....... " ..,..UL which indicates they are being considered 

for listing as a threatened or V"\J'CI..U~;vn;;u ilIL'''''''.'....., 

2.3 Identification of Contaminants of Potential Concern 

This section identifies vUCUUI..4.I stressors for each of the sample media by systemati­

cally reviewing the Phase 1 and 2 RIfFS sampling data and selecting contaminants of 

potential concern (COPCs). A of copes, representing those of greatest potential 

ecological significance, were investigated further in field studies (see Section 3 

and Appendix B). 

2.3.1 Data Collection 

Groundwater, son, water, and sediment sampling were conducted from 

to 1994. The objectives of the RIffS were to (1) characterize the nature and extent of 

contamination with Site and (2) to assess the topography, geology, 

bydrogeology. cJ imate, land and ecology of the site in order to identify and evaluate 

potential .... i ..... "fi".. The investigative activities pertQrmed to achieve 

these VUII ....... .. 1994). Discussion of the Rl data 

collection is n ...n\l11'1 ,1"11 Risk Assessment (HHRA) report & E 

1995). 

2.3.2 Data 

Issues ...."'..........J<; data validation, quantitation limits, data qualifiers. and data usability 

for the 1 2 RlIFS are discussed in the HHRA report (Section 2). 

general methods evaluation described for the HHRA were foliowed for the 

risk assessment. water and sediment data were not evaluated for 

however, a 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 
 in the Data Dictionary for the 

EMF Site (BEl 1993). 

2.3.2.2 Quantitation 

Target quantitation limits water analytical parameters were 

generally consistent with the used in EPA's 

·Contract Laboratory Program (eLP). Although the """VA.,.. are among the lowest quantitation 

Hmitsthat can reliably an~ reproducibly concentrations of some chemicals below 

the CRQL could still significant risks. If these chemicals were present in 

environmental media at concentrations the media-specificquantitation limit but above 

their risk-based concentrations, risks.could exist that might be over­

looked in the risk assessment. it is important to compare the quantitation limits 

that were obtained to ecological C0I1centratl<::ms to evaluate the adequacy of the 

quantitation limits 

The adequacy of the quantitation limits in the RlIFS to analyze surface water 

were evaluated by the quantitation limits to EPA freshwater chronic Ambient 

Water Quality (AWQC) or ar derived from other sources. The adequacy 

of the quantitation limits yses were evaluated by comparing the quantitation 

limits to Sediment Quality of the Ontario Ministry of the Environment (OME). 

Thes~ecological criteria and are discussed in more detail in Section 2.3.3. 

2-1 and present detection limits, criteria, and number of nondetects that exceeded 

ecological risk-based (RBCs) for surface water and sediment, respectively. 

Iimits for antimony. mercury. and silver in 

The sample detection limits 

and silver in sediment OME 

guidelines (Table 

Surface Water 

Water quality antimony, mercury, and silver were exceeded a nUIUUI:1 

As 

surface water ~A~.'C~.I'VU 

(Aroclors 1016, 

1). 

analytical results were nondetect. The llntin'l(lnof surface water 

freshwater ..,t"'..... ,." ... of 0.03 mg/L and acute criterion of 0.088 are "DnJOO'Sea 
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criteria. According to EPA (1986). acute and chronic toxicity to '>r"."'..'" life 

occurs at concentrations as low as 6~0 p.glL (0.610 maximum sample 

detection limit of antimony in surface water (0.44 see Table 2-1) was below the lowest 

observ~ effect level (LOEL) reponed by the information available it 

would appear that the detection limit for antimony was to assess potential toxicity to 

aquatic Bfe, despite being above 

The EPA freshwater chronic silver are both less than 1 p,glL. 

Because specialized 'clean' or 'ultra-clean' water and analysis 

are required to reliably detect inorganic concentrations, and these methods 

generally require greater """'-",,"' ....., ... water and analysis 

methods, it is not surprising that in RIIFS were inadequate to 

evaluate the chronic toxicity of these 

The freshwater acute "'.. If,..... '''' (0.0024 mg/L) and silver (0.0041 mgfL at 

100 mgfL hardness) were not detec~ion limits for. mercury .:><>.l ............ 


. (0.0001 mg/L) or silver (0,004 mg/L), the detection limits for .. I> C'!"\ il'",t , 

mercury and silver in surface water were assess acute (but not chronic) toxicity. to 

aquatic life .. 

Sediment 

The OMEguidelines (Aroclors 10.16, 1248, 1254, and 1260), cadmium, 

andsHver in sediment were in a number of samples for which the analytical results 

were nondetect. guideline for cadmium (see Table 2-2) is the lowes.t level 

(LEL) for effects on life. The also provides an upper-bound threshold, called· 

the Severe SEt (l0 mg/kg) was not exceeded by 

(0..94 mg/kg).. Therefore, the detection 

......."".... "'Lv to assess severe toxicity to benthic life. However, 

to assess the lowest effect threshold toxicity to benthic 

life in four out 

The OME Table 2-2) is a provincial Open 

Guideline, not a or SEL. Therefore, the toxicological slgmtllC3Il1ce 

exceedances of this guideline is uncertain. However, because OME considers Water 

Disposal equivalent to LELs in terms of management decisions. for the 

purposes of 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 forthese chemicals, based on nonnalization 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 nonnalized SELs (see Appendix A). Therefore, 


the detection limits are considered inadequate to evaluate the lowest effect threshold toxicity 


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


2.3.2.3 Data Qualifiers and Data Usability 

A detaHed discussion of the evaluation of data qualifie~s and data usability is provided 


in the HHRA report. Table 2-3 provides 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 


RIIFS, the Portneuf River was resampled for mercury. The results were provided in a June 


1994 Data VaJidationReport (BEl 1994b). 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 was reported, which is the MDL. Higher concentrations 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 blank contamination. However, the sediment 


mercury sample detection. limits were adequate for risk: assessment purposes (see 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 purposes of the ecological risk assessment, the groundwater background concentra­


tions were used to identify COPCs in surface water, since groundwater discharge provides the 


majority of flow both for the springs and the Portneuf River channel downgradient from the 


site. 


Surface water and sediment 'background" concentradons were also obtained by 'taking 


the maximum concentration of each chemical found in samples upstream fromilie 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 I'ortneuf River . ., 

watershed, as well as natural bacleground concentrations. 

Background concentrations of chemicals and radionuclides could exceed risle-based 

standards because of the possibility of anthropogenic influences or high naturally occurring 

levels; therefore, each background data set was also evaluated by comparing detected 

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

2.3.3 Screening Criteria 

COPCs were selected by comparing the chemical and radio nuclide concentrations 

found in soil, surface water; and sediment to bacleground concentrations and to available or 

derived risk-based standards and criteria. Background concentrations are discussed in Section 

2.3.2.4. This section identifies and describes the ecological concern levels and criteria used 

to select copes from the Phase 1 and Phase 2 RIfFS 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 receptors. On-site soils" surface water from the 

industrial waste water (IWW) ditch, and groundwater (excepting the springs) were not 

evaluated for COPCs. These data were examined, however, to identify th,e site as a potential 

source of COPCs detected 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 levels, Standards. and Criteria 

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 risle assessment, a set of conserva­

tive, scientifically supportable ecological concern levels were obtained for screening chemicals 

in soil, sediment, and surface water for which national standards do not exist. The back­

ground and ecological risle-based'screening criteria are summarized .in Table 2-4. 

recycled paper 
02:ZPJ05I0_[)47I)94VllMDI 2-7 



EMF ERA 
Section 2 
Revision No. 0 
April 1995 

Soil 

The availab1e phytotoxicity standards (Kabata-Pendias and Pendias 1992) 

were used to identify potential in soiL PLants are directly exposed to 

contaminants in soils, have been are sensitive to adverse effectS of metals 

contamination. phytotoxicity used cannot be assumed to be protective of all 

terrestrial ecological receptors; however, below dietary No Observed 

Adverse are therefore likely to be protective of 

wildlife asweH as plants. an upper threshold concentration for phytoxicity 

were used for screening, if aV/llllaIJIIO'. 

Sediment 

EPA sed iment for organic or inorganic COPCs at the 

EMF Site. Agency guidance for· evaJuation inorganic contaminants in sediments 

developed and will likely with some of the approaches described Section 3 of 

this report, such as calculation of the molar ratio of "simultaneously extractable metals" and 

"acid volatile sulfide" (SEM/AVS), and toxicity testing of field-collected sediment. However, 

SEM/AVS anaJysis and toxicity testing were nOt done in Phases J and 2 of the.R1IFS to 

the ecological investigations. Therefore, sediment quality criteria provided by the OME were 

used to select copes at Site. These criteria are considered by E & E to be the 

best, most comprehensive published screening concentrations for metals in freshwater 

. sediments available, their use is consistent with a protective approach. For inorganic 

for some provide an LEL. which is defined as the 

level of (''''r.t'' ..... ' has no effect on the majority of sedirnent-dwell 

an likely to affect the health of most sediment-dweHing U1l',,"1"""'" 

et 

Surface Water 

freshwater chronic and acme AWQC for the pro.tection of aquatic 

1986, 1994) were to identify COPCs in surface water. For chemicals without a 

criterion was r'lPT'jV~"I1 the availabJe aquatic toxicology literature, COI1iSls1tent 

1985). 

~_~13I9$.DI 2-8 ZP3090.11.0 

http:13I9$.DI


EMF ERA 

Radionu elides 

To screen COIlcelltnltiO!1lS of radionuclides in various media at 	 an 

approach was used on information provided in recent documents 1991; IAEA 

1992). Risk~based (RBCs) calculated from human 	 models 

were used by NCRP and IABA scientists to evaluate potential """"'"',......... of radionuclide 


exposure to aquatic and terrestrial life. These human health risk-based concentrations were ' 

shown by NCRPIIAEA to be equaily protective of ecological receptors. The screening values 

'are presented as criteria" for theradionuclides evaluated in Appendix A. 

2.3.3.2 	 Screening Criteria in Selecting COPCs 


EPA 10 guidance (EPA 1989), loelllUllCatlOn of COPCs 


for ecological receot:ors was on the following \"VlJt3JU,",l 	 the affected 

media, the coIlcerltratiOllS of chemicals detected at the site were compared to local background 

concentrations. exceeding background were cornp3roo with ecological risk­

based criteria or concern levels. Chemicals not detected background or risk­

, based criteria were removed from consideration as In addition, a low frequency of 

occurrence in environmental media, limited areal extent of contanlination, and the absence of 

plausible exposure pathways were also considered to"'be reasons 'LUAU..' ..'," chemicals 

from as copes. To qualify as a potential cne,ffill;;aI8 generally met the 

foHowing 

substance was detected in at to 10% of the samples analyzed; 

• 	 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 risk-based criterion or concern level 
in at least iO% to 20% 	of the samples and/or exceeded its higher criterion or 
concern level in at least 2% to 5% 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 toxicity and natural abundance of 


Hence, chemicals such as aluminum, iron, and ,magnesium were not 

lDCjIUQ«~ as even if they met listed above. 

11.0 



Section 2 
Revision No. 0 
ApriJ J 

2.3.4 Preliminary Summary of pes 

A brief d,iscussion of contaminants from 1 2 

the RlIFS is provided below. data are summarized and complete results of o;,f'!,",p.",nlna 

COPCs are provided Appendix A. 

2.3.4.1 Surface Soil CO 

trace were selected as COPCs for off-site soH 

locations-cadmium, ,..n.,,,...,.,;, molybdenum, silver, vanadium, 

2-5). Of zinc appear to have the widest 

or ecological·soHs at 

cadmium, f'lI,,"!"""I£> ...~.~.."'" contamination gradients 

patterns in the transport and deposition of COlltaJrnirianlts 

report). It is noteworthy that pattern for cadmium, fluoride, 

of downwind Ponneuf River; valley winds 

direCtion are a pattern. 

Native upland soils are relatively alkaline in the vicinity of Soil pH 

has an important on. the potential mobility and bioavailability of trace elements such as 

cadmium. From eXaJrnination of soil pH levels, it is apparent that soil pH is markedly 

reduced on but acidification of off-site soils is not evident. The uptake and mobility of 

cadmium, fluoride, and in off-site ecosystems were investigated 1994 (see 

Section 3 and Appendix G) Further contaminant fate-and-transport ana1ysis is provided in 

nV~Cll,U1A G to the 

vl<;;;U'~LlL<> in EMF Site soils. 

of pH and other soil on mobiiity and 

2.3.4.2 COPCs 

were identified in Portneuf River streaJ!ll 

SaJ!llples downgradient from the site-arsenic, chromium. 

copper, lead-21O, mercury, sel eriium, silver> thaHiurp, varl3C11ium and (see 

Table of the sediment COPCs exceeded criteria at one or a few locations. 

greatest number of ex~eedances occurred at Sample Station near the outfaJl of 

the rww ditch, indicating a probable I.ink to the site for these Sedument COPCS. 

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

mercury, because of their potential toxicity to fish wildlife and tendency to 
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in the aquatic food chain: Sampling of the Portneuf River in the depositional areas 

river delta in the Fort Hall Bottoms was conducted in the ecological investigations to 

I1l"t,;>l"n'linl>. if contaminants from current or previous releases may have 

which is an area of concern for wildlife. Based on the evaluation of 

sediment data Section 3), only cadmium is selected as a 

assessment. 

Surface Water 

Four trace elements detected in surface water were se!lectc:!(J as potential 

concern to aquatic and semiaquatic biota-mercury, selenium. silver, and vanadium 

Elevated levels of these COPCs were at Portneuf 

locations. The location and sampling date of each ex(~ee<cJarlce are shown in 

The four surface water COPCs were also elevated in n .. ''' ..''nu'''t.... 

contaminated groundwater to surface water is a potentially ;"""""M,""nt t ..... ,,.."'''it\O't pathway at the 

Site. In general, the concentrations of COPCsfound groundwater are 

higher than the concentrations of trace elements the site the Portneuf 

River and spring waters. Therefore, contaminated gr'oundwater appears to be substantial~y 

diluted at the Portneuf River and spring discbarge points: 

High concentrations of trace elements, including the four copes, were also detected 
, , 

in at l~t one sampling round in the IWW ditch water, that runoff from on-site 

sources or resuspension of contaminated ditch are possible sources of contamination 

to the Portneuf River. 

Of the four surface water and selenium are of greatest concern 

because of historical information indicating bioaccumulation in fish 'and wildlife in the 

Portneuf River and American (see Appendix F). Artifacts of sampling and 

analytical methods .... " ...",.. "" ..... the level,S of mercury reported in surface water. 

Further discussion of water is provided in Section 6, Risk Character­

ization. 

Surface waters at and hardness. effects of 

on potential toxicity trace elements to aquatic biota are accounted for 

to the AWQC A). 
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2.3.4.4 Summary 

COPCs at the EMF Site include f\ldionl..\clides and inorgal!ic elements: seven copes 
occur in surfacesoi1, 13 COPCs occur in sediment, and four COPCs occur in surface water. 

Several of these copes 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.& E does not intend to quantitatively address the ecological risks 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 envirorunellt 

were further investigated (seeSection3) and will be addressed quantitatively in the ecological 

risk assessment. These COPCs include cadmium, fluoride, and zinc 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 radionuciides. However, based on the review of RIIFS and ecological data, 

only cadmium, fluoride, and zinc will be quantitatively ~vaJuated in the remainder of th~ 

ecological risk assessment. These COPCs will be evaluated in terrestrial ecosystems at the 

EMF Site; only cadmium will be evaluated in aquatic ecosystems. 

Soil, sediment, surface water, groundwater, air, and the aquatic and terrestrial food 

chains are all potentially affected media. Several ecologically ·relevaiu migration pathways for 

contaminants exist at the EMF Site. These pathways are illustrated in Figure 2-2 and· include 

the following: 

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

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

• 	 Surface water discharge· to the PortneufRiver at the IWWditch outfall and from 
surface runoff; and 

• 	 Deposition of contaminants from surface water to sediments. 

Upon their release to the envirorunent, site contaminants are pers~stent and may be 

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

ZP3090.H.O 
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contaminants in the aquatic food chain could occur through (I) root uptake or absorption from 

the water column by aquatic plants; (2) contact and absorption, incidental ingestion, and 

feeding on contaminated food 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 could 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 inhalation, 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 River and American Falls 
Reservoir; 

• 	 Semiaquatic wiidlife and terrestrial wildlife that depend on the aquatic and 
wetland environments 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 

Ecological endpoints are receptors and their characteristics that maybe adversely 

affected by environmental stressors. Ecological risk assessment guidance specifies two types· 

of endpoints-assessment and measurement (EPA 1992a). Assessment endpoints are 

qualitative or quantitative expressions of environmental values to be protected from site­

related stress6rs. The identification of assessment endpoints at any site is dependent upon 

several factors, including the species that are considered to be of concern and the stressors 

that are present within the assessment area. Assessment endpoints link the ecological risk 

assessment process to the risk management process. Measurement endpoints are characteris­

tics of species or ecosystems that can be evaluated through ecological monitoring or other 

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

2-13 
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endpoints. The measurement endpoints are for indicator species likely 

to inhabit the areas of contamination. The following sections describe the selection of the 

assessment endpoints and identify the measurement endpoint "n...,ro.",,, and measurement 

endpoints for the EMF Site. ' 

2.4.2.1 Assessment Endpoints 

Criteria used for selleCtlon of assessment for investigations include 

(1) regulatory, and social significance, (2) (3) amenability to measure­

ment or prediction, and (4)'susceptibUity to COl'l.t3.ltmrlants 1992a). Social significance 

indicates that the assessment endpoint public or to regulatory agencies (e.g., 

of end!anJ;erj~ species t etc.). Ecologicalpopulation abundance of game 

relevance refers to the role of the assessment "'...,......n."u the ecosystem or community. 

Measurability indicates that some TY\r;.~"t'!T""m""l'\t to allow evaluation of the endpoint. 

Susceptibility to contaminants, tnOilCilites the jJV,',",U>l"" the assessment endpoint to be exposed 

and adversely affected by 

Numerous ecosystems at the EMF Site 

could be considered as pOltential assessment endpoints. For example, species of regulatory or 

sodal significance may occur at areas of concern. species could be susceptible to 

COPCs through 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 

bigher trophic receptors would also be highly susceptible to COPCs due 

to their burrowing habits. criterion of measurability is also an important consideration,· 

since data for native plants and wildlife are limited, and assessment endpoints 

must carefully selected to allow evaluation. .\ 

into account, several representative catl~goln 

assessment SD€~CU~ were selected for the terrestrial (fable 

He<::3UlSe of the large numbers of "'u<o......... of the 

a systematic method was used to identify assessment endpoint SPI~U::S 

;:'iJ~;.I,.I~~ likely to be site were divided 

the number of wildlife to considered as assessment endpoint ... ......""i-'" 

of likely to occur at the site was evaluated. regulated 

.s[Jc~n~ or other rare species identified as species of concern, only ..."'.,...."" known to be 

02:ZI':l0!0I0_~ll/9.SoDI ZP3090.11.02-14 
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abundant or common at the'site were considered for selection as assessment endpoint 

Second. each taxonomic was then divided into functional groups by combining SOE~U~ 

with similar potential for exposure to COPCs. This was done by defining the trophic level, 

the feeding habitat, and nonfeeding habitat of each wildlife species expected to occur at 

the EMF Site. The were general.ly defined as herbivore, insectivore, carnivore, 

omnivore, and detritivore.. feeding habitat and nonfeeding habitat typeS were air, 

terrestrial, and aquatic. Each of l-be feeding and 

habitats Tnnn...... subdivided to represent different niches. within 

the number of ......"".......... only those groups p.resented in 

and 2-8 were sell~tf~ funher analysis. These groups assessment 

endpoint SDE~U~ (raptors, upland game birds, and SOllt(!birds 

large herbivorous, and plants (upland'shrubs, 

For purposes each of the species in a runCllcJnaJ. was considered 

the same group with regard to potential 

to~icological 

The ass~smen[ endpoint species are representative concerns at site, 

both a atory point of view and from a broader ecological The 

assessment endpoint species an~ pr~ented as major functional groups (e.g., raptors, small 

mammals), rather than as individual species. The assessment endpoints these functional 

groups could be the predicted or measured effects of copes on survival, growth, or 

reproduction of individuals of important species within each with the 

exception of or endangered species,adverse effects on populations or communities 

of 6<1.iJU"U." are as the assessment EMF Site. 

2.4. 	 Measurement Endpoints 

assessment of all species inhabiting a area is rarely 

certain measurement endpoint " ..."""",,,,. were selected to represent the 

site-related stressors on plants and wildlife. are considered indicators 

of ecological ri~ks to other species within the same 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, sensitivity to area stressors; (3) diagnostic attributes' of the response; and (4) 

ease measurement (EPA 1992a). In selecting particular endpoint species 

1.5 
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from the functional groups listed in Tables and emphasis. was placed on the availabili­

ty of site-specific data and published toxicological information would allow evaluation of 

exposure and effects. Other considerations for of measurement endpoint species 

selected for evaluation are shown in Tables 

Measurement are res,DonsE~ to contaminants of the selected 

measurement endpoint .,.".-,,"" to the assessment endpoints. Measurement 

endpoints are derived acute toxicity of copes in food. 

environmental media, or tissues measurement or 'their surrogates. The 

measurement endpoints but are to be indicative of significant effects 

on survival, reproduction, or growth of the measurement endpoint species. These endpoints 

are expected to a population-level effects on assessment endpoint 

species.. However. the 'V"""""VJ"""'~ is limited, and the actual measurement 

endpoints are by endpoints used in the risk assessment are' 

identified in Section 5. 

11.0 
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. Table 2·1. 

COMPARISON OF SURFACE WATER SAMPLE DETECTION LIMITS TO WATER QUALITY CRITERIA 
(mg/L) 

Chemica] 

Target 
Detection 

Limit 

Average 
Detection 

Limit 

Maximum 
Detection 

Limit 

EPA 
Freshwater 

Chrollie 
. Criteria8. 

Derived 
Criteriab 

Number of 
Non-Deted:s 
I!:xc~ing 

Criteria 
Number o( 
Nondetects 

Tolal 
Number Qf 

Samples 

Aluminum, total 0.2 0.03895 0.12000 0.087 NA 2 39 
-
144 

Antimony, loud 0.06 0,07894 0.44000 0.03 NA 109 109 144 

Arsenic, dissolved 0.01 0.00182 0.002.32 0.18 NA 0 21 144 

Arsenic, tolal 0.01 0.00175 0.00200 0,19 NA 0 .24 144 

Barium, total 0.2 0.02300 0.05000 NA 1.62 0 18 144 

Beryllium, tOlal· . 0.005 0.00]2.5 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, tolal 0.005 0.00091 0.00100 0.002.598 NA 0 80 144 

Chloride 0.5 1.00000 l.QO()O() 230 NA () 2 143 

Chromium, dissolved 0.Q1 0.00081 0.00100 0.0105 NA 0 53 140 

Chromium. tolal 
.:..... , 

0.01 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 

Key lit end aCtable. 

ZP3090.11.0 
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Table 2-1 

COMPARISON OF SURFACE WATER SAMPLE DETECTION 
(mg/L) 

CRITERIA 

Cbendeal 

Copper, total 

N 
I Fluoride ..... 

co Iron, total 

Lead, lissolved 

Lead, total 

Manganese, tolal 

Mercury. total 

Molybdenum, total 

Nickel, dissolved 

Nickel, total. 

Selenium, dissolved 

Selenium; to'tal 

Silver. total 

Thallium, total 

Key at end of table. 

Detection 
Limit 

0.025 

0.1 

0.1 

0.003 

0.003 

0.015 

0.0005 

0.1 

0.04 

0.04 

0.005 I 
'.;..."'/ 

0.005 

0.01 

Average 
Detf£tion 

Limit 

0.00365 

0.13750 

0.04562 

0.00118 

0.00112 

0.00904 

0.00010 

0.01928 

0.01475 

0.01512­

O. 


0.00116 

0.00311 

Maximum 

Detection 


Limit 


0.00400 

0.20000 

0.17800 

0.00280 

O.(lO200 

0.03300 

0.00010 

0.08000 

0.04000 

0.04000 

0.00500 

0.00290 

0.00400 

EPA 

Freshwater 


Chronic 

Criteria8 


0.0291 

NA 

I 

0.003049 

0.Ql22 

NA 

0.000012 

NA 

0.327 

0.0385 

NA 

0.005 

0.00012 

0.04 

Derived 

Cdteriab 


NA 


2.63 

NA 

NA 

NA 

15 


NA 

0.043 

NA 

NA 

0.002 

NA 

NA 

NA 

Number of 

No n-Ddects 


Criteri,a 

0 

0 

0 

0 

0 

0 

49 

10 

0 

1 

2 

0 

95 

0 

. Number of 
Ntindetects 

86 

8 

22 


[00 

71 

46 


49 I 
123 


114 

115 I 
61 

67 

95 


105 

Total 

Number or 

Samples 


144 

143 

144 

144 

144 

144 

181 

144 

140 

144 !I 
144 II 
149 

144 

144 
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Table 2-1 

COMPARISON OF SURFACE WATER SAMPLE DETECfION LIMITS TO WATER QUALITY CRITERIA 
(mgIL) 

EPA Number of 
TotalAverage Maximum FreshwaterTarget Non-Deteds 

Number of Number orDeta:tion Detec:oon Chronic Derived ExceedingDetection 
Criteria II Criteria ' Nondetects SamplesChemical Limit Limit CriteriabLimit 

0 1440,05 0,01500 0.033 62Vanadium, total 0.00479 NA 

N 0 1440,01051 35Zinc, dissolved 0.04000 0.220 NA0.02I 
....... 

'-D Zinc, total 

a From, EPA 1986, 1994. 

surface water samples). 

b See Section 2.3.3. 

Key: 

NA ::::: Not available, 

~.., 
:' 

0,259 00,00907 0.02950 NA 310.02 

Hardness-dependent water quality criteria calculated based on II. water hardness or 287.4 (average hardness of Portneuf River 

,.:,. 

ZP3090.11.0 
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N 

o 

TabJe 2-2 

'CO:MPARISON OF' SEDIMENT SAMPLE DETECTION LIMITS. TO SEDIMENT QUALITY GUIDELINES (mglkg) 

Chemical 

Target 
Detection 

Limit· 
Average 

Detection Limit 

Maximum 
Detection 

Limit 

Ontario J\.1.inistty 
of Environment 
S~iment Quality 

Guidelinesll 

Number of 
Non-Detects 
Exceeding 
Criteria 

Number of 
NOlldetects 

Total Number 
of Samples 

Aroclor 1016 NA 0.6268 0.65 0.007 27 28 33 

Areolor 1248 NA 
.. 

0.6268 0.65 0.03 27 28 33 

Aroclor 1254 NA 0.6284 0.65 0.06 29 30 33 

Aroclor 12.60 NA 0.6291 0.65 0.005 30 31 33 

ArlIeIlic, total 2 0.204 0.61 6 0 3 45 

Cadmium; total 1 0.4835 0.94 0.6 4 11 45 

Chromium, total 2 0.00495 0.01 26 0 4 45 

Cobalt; total 10 2.648 6 50 0 20 45 

Copper. total .5 0.003667 0.004 . 16 0 '3 45 II 
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 ~II 
Mercury. total 

'.~ 

0.2 0.07 . 0.09 0.2 0 8 80 

Nickel, total 8 2.219 9.9 16 0 8 45 

Silver. total 1 0.624 1.9 0.5 1 10 45 

Key al end of table. 

ZP3090.11~~) 
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Table 2-2 

COMPARISON OF SEDIMENT SAMPLE DETECTION LIMITS TO SEDIMENT QUALITV GUIDEUNES (mglkg) 

Chemical 

Target 
Det«tion 

Limit 
AYa'IiIge 

Det.ed.ioaLimit 

Muimum 
DUedioIl 

Limit 

Ontario Mini<ltry 
of Environment 

Sediment Qull.lity 
Guideli.nes8 

Number of 
Non-Detects 
Exc~ing 

Criteria 
Number of 
Nolldetms 

Total Number. 
or Samples 

Zinc, total 4 0.00899 0.00899 120 0 1 44 

N 
I a From Persaud et al. 1993. 

N.... 
Key: 


NA = Not Available. 
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Table 2-3 

DATA V~mATION QUALIFIERS AND THEIR EFFECT ON DATA USE 

QuaJif"tel' .DermitioD 
Uncertam 
Identity? 

Uncertain 
ConcentnltioD? 

Include Data ill 
Quantitative Risk 

Assessment! 

Organic: Chemical Data 

B An.alyte found in usociated blank. as 
well as in ample 

No Yes Yes' 

E Concentration exceeds calibration 
rnnge of GCIMS rutnlment 

No Yes Yes 

Ioorganic and Organic: Cbemical Data 

J Value is estim.atc:d, either far a TIC 
or when II. rompound is present 
(spectral identification criteria are not 
met, but the value is < CRQL) 

Na for TCL 
chemicals. Yes 
for TICs 

Yes Yes 

U or < Compound wu analyzed for, but not 
detocted 

Yes Yes ? 

U6 Compound wu II.IllI.lyzed for, but 
detected in field blanks 

Yes Yes No 

U7 Compound wu analyzed for, but 
detected in lab blanks 

Yes Yes No 

R Data are unusable (rompound mayor 
may not be present). Resampling and 
reanalysis are necessary fOf 

verification. 

Yes Yes No 

:.< 

.\ 

a 	Contami.nant roncenmtiorlJl in aite samples were considered 11.8 positive results only if the IUUUple value wu at least 

five times the blank value (10 times for rommon laboratory rontaminants). 

Key: 

'7 :::: Determined on sitl.>-specific bUd. 

CRQL == Contract Required Quantitation Limit. 


GCIMS = Gu Chromawgraphy/Mus Spectrometry. 

TCL == Target Compound List. 

TIC := Tentatively identified C<Jmpound. 


Source: EPA 1992b; BEl 1993. 

2-22
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Table 2-4 

CONTAMINANTS OF POTENTIAL ECOLOGICAL CONCERN 
SCREENING CRITERIA 

Media Background Ealk>glc.al Concern Levels Source 

Soil Off-site shallow subsurface 
borings 

Phytotoxicity guidelines Kabata-Pendw IUld 
Pendias 1992 

Surface WIlter Upatn:am surface WIlter; 

upgradient groundwater 
EPA Ambient Water Quality Criteria EPA 1986, 1994 

Derived criteria. Various authors· 

Sediment Upnn:am sediments Ontario Ministry of Environment 
Sediment Quality Guidelines 

Penaud el al. 1993 

a EA Engineering. Science a.nd Technology, Inc., 1993 for barium; Eisler 1990 for boron; Diamond 't:l al. 1992 
for cobalt; Camargo and Ta.rIlZIUIo 1991 for fWoride; Schweiger 1957 for manganese; EPA AQU[RE database 
for molybdenum. sodium, vl.madiu~; Peterson and Nebeker 1992 for dissoLved selenium; lAEA 1992 IUld 
NCRP 1991 for radionucljdes. 
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p~l orl 

Table :z...s 

SUMMAR)' OF ECOLOGICAL COPes BY MEDIA 

Sod!....• 

-..,rRro.. . . C_itol '"' Pon-c II. ... ..... 
~ " 
Bc.ryW"", '" .-­ • X " • 
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V· ...d~.. • X 
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S"n'_Wow 

'" 
, 
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, 

• 

, 

& See Sottioa l . 

b COP<: ~ for ~ .. Poo\ocuf Ib.u 0<l1li. 
, 0.-..:., u,-, _~. _10...., ocr-ll\, c...... ROC ... iIobl<.. 

d !.I<tcIQ')';" __ , COI'C" _tau _'" due 10 oM ..,.."iIl'.f 01""0 on.I)'Ika1 ",.0.0<1 (.oc Scdioft 
1.3.1.11 oM 1M -.. ..;m -":"'Y "","",OIIAllon 01 ..... "'{..... ,_ .""in, ..lied fro.. !="'Io., JlUdtco 
ioo Am<ri<M F. 1Io . _ ....... (.... Appondio Fl. 

COP<: _ Coa<uo_ of .......... , c.on.. ... 

W - COP<: .._ lor q................k . ...11." 
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WCATION OF SURFACE WATER EX,'KJmA OF RACI(GROUND AND CRITERIA· 

Sample Date 

Sample 

~INumber Type Sample Location July 1992 Octo February 1993 

SWot R Downstream river mile 10 Vanadium None Silver 

SW-2 S Twenty Springs Antimony None None INone 

SW-3 R Downstream near Siphon Road Spring None None Silver None 

SW4 S Siphon Road Spring Antimony None Antimony None 

SW·S S Papoose Spnng drainage Selenium (dissolved), None None None 
vanadium 

S Papoose Spring drainage Selenium (dissolved), None I None None 

S Papoose j§"m (dU" 
one I None None 

ium 

R Downstream near FMC lenium (dissolved), None Silver None 
dium 

SW-9 I S Spring-fed pond at FMC I~::d~: (dissolved), None None I None 

SW·lO R Downstream near Batiste Mercury, selenium None I None I None 
(dissolved), vanadium 

Key al end of table. 

ZP3090.11.0
02:ZJ'J090.[)oI~I)m.D I 



Table 2,,(; 

LOCATION OF WATER EXCEEDANCES 

SampleSample 
Location July 1991 

SW-l1 

Number 

Vanadium 

SW-12 

S Batiste 

VanadiumDownstream near STPR 

N NoneSI SW-13 
N 
0"1 VanadiumSSW-14 

Vanadium 

SW-16 

Swanson RoadSSW-IS 

-Vanadium 

Vanadium 

Downslre4m near Swanson Road SpringR 

S 

SW-J9 None 

NoneSW·20 ok 

a All chemicals are listed for total concentrations e){c~ing criteria, unless otherwise noted. 

R Portneuf River Channel. 
S 

BACKGROUND AND CRITERIA· 

- Sample Date 

October 1m Februar,. 1993 


None 
 None 

None None 

None None 

None None 

None None 

None None 

None 

None 

None None None 
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None 

None 


None 


None 

None 

None 

None 

ZP3090.11.0 
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Assessment Endpoint 
Species/Functional Group 

Table 2-7 

SAGEBRUSH STEPPE AND RIP~RlAN HABITATS 
ASSESSMENT ENDPOINT SPECIES 

--­ -

Regulatory or Social 
Ecological Relevance SignirlCance Susceptibility to COPes 

Measurability or 
Predidability 

Native upland shrubs and Provide nesting sites. (004. Potential importance as Vulnerable to exposure 
grasses and cover for wildlife. rangeland for grazing through root uptake and 

livestock. Habitat for game foliar deposition. 

N 
animals lind other wildlife. 

I 
N 
'-l 

Riparian shrubs Provide nesting sites. food, Habitat for game animals Vulnerable to exposure 
and cover for wildlife. and other wildlife. through rool uptake lind 

foliar deposition. 

Small mammals 

Upland game birds 

Small mammals areBase of food chain for Susceptible 10 direct 
important as a community rap!ors and carnivores. exposure due to burrowing 
because of significance as II.Qccur in wide range of flabil5, soil ingestroll, 
food item for other species. consumption of contaminatedhabitats. including disturbed 
The pygmy rabbit is a food.areas. 
federal C2 species. 

Game animals. May ingest contaminll.ted soil Important breeding wildlife 
or food items.in sagebrush steppe. 

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

Levels of COPCs in soil 
and plant tissue were 
measured and can be rela.ted 
10 published loxicity 
benchmarks for crops or 
native plants. 

Levels of contaminants in 
soil and food items were 
measured and can !x; relaled 
to toxicity benchmarks 
derived from the literature. 

Levels of contaminants in 
soil and food items were 
measured and CIIn be related 
to toxicity benchmarks 
derived from the literature. 
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""""",em Eadp<lint 
Specle!IPulldl<mal Group 

Large herbiv"", ... mom_a 

N, 
N 
co IUpWfS 

Mammalian Qamivorel 

Songbird. 

. 
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SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

ASSESSMENT ENDPOINT SPECIES 


_"1,,1010.., or Seclol 
I!eologbl It,*,,,,,,,,, Sl!!alf'"", ... ", S-..pIlblllty to COPCS 

Game anima..l..a. May ingcot oontam.iMled IOUSignifj"""t oon,umen of 
or forage. vegetAtion in terms of 

biomul IJ'ld abundance, 

or =-li,,,,,,1 ",,<I .C'!Ih<tic Could be expoaod through 
tc".,..uial food chain. 
T"'I' ••iAn J.'f'Xlalot in 

impottanoc:. Several _pee;'" ""nI"mption of rotIIIIminatcd 
of flpWn are state .pee;"" food itemJ. 
of .peew courem. 
Federally protcded under 
!he Migratory Bird Tl'OOly 
Act and Eagle l'rote<Iioo 
Act. 

Could be expo.ed through or recreational and .alhcticTOp m.m"",liM ~r in 
importance. The wotv«1nC oonaumpdon of oontaminated_rial {oed chain. 
i! • federal C2 ip<'Ci... loed item•. 

May mgM ""naminated 
in rip&rlan • nd up!an<l 

FedmUy protoct«I """erCom""'" breeding wildlife 
(oed Or ",iL 

habitat! 

!he Migralory Bird Treaty 
Act. Songbird••re 
cw.ifie<! .. protoct«I 
nongame wildlife Ipedca 
under Idaho law . 
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M .......... 1l11kJo .... 

PrmimlbllkJo 


Lever. of oonWnillan.. in 
IOU and food i!enu were 
"'....ured and C&n be ",lat«! 
10 toxicity bcnchmaru 
deriv<d from !he liIcr..!UIe. 

Levels or oonwninMtA in 
IOU and food item. """" 
m.....red and "'" be l'OJoted 
10 Iollkity bcnchmaru 
derived from !he litenture. 

Levels of contaminants in 
toil and food items were 

"'.....red and cu be n:lated 
to tollkity bcncIunArb 
derived from !he liIcr..ture. 

: 
Levell of oont8minan'" in 
",il and food ilema """" 
mea.ured and can be n:latcd 
10 to;ticit~ I>rnchm.ru 
derived from !he literature. 
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Asse'5!1ment Endpoint 
Species/Functional Group 

Table 2--8 

AQUATIC HABITATS 
ASSESSMENT ENDPOINT SPiU 'nc~ 

I Regulatory or Social 
Ecological ReJe:vance SignirllQD(:e Susceptibility to COPCs 

Measurability or 
Predictllbility 

Semi-aquatic herbivorous 
mammals 

N 
I 

N 
<,C 

Important herbivores. Base Fur-bearers_ Could be exposed through 
of food chain for carnivores consumption of contaminllted 
and rapIers. food. sediment 111'5';;''''''''' 

and direct contact with the 
sodimenllJ. 

Aquatic invertebrates Bue of the aquatic food Water and sediment quality Sensitive indicaton of 
chain. criteria are frequently based surface waler or sediment 

on toxicity of contamination. 
invertebl1ltes . 

Waterfowl ImpoNn! breeding and Game animals. Waterfowl Could be exposod through 

wintering wildlife in the a.re protected under the consumption of contaminated 
c'Portneuf Rivet delta. Migl1llory Bird Act. food lind sediment .... jS.....uv, 

Levels of contaminants in 
sediment were meluured 
and can be related to 
tolticity bc:nchmaru derived 
from the literature. 

Levels of contamulimllJ in 
sediment and surface water 
were measured and can be 
related to toxicity 
benchmarks derived from ...the Iitel1lture or ,

"" criteria. Toxicity of 
sediment at the IWW ditch 
outfan also provides 
measurement endpointa. 

Levels of contaminants in 
sediment were measured 
and can be related to 
tollicity benchmaru derived 
from tile literature. 
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Assessment Endpoint 
Species/Functional Group 

Shorebirds 

N 
I 

_..._.... ­

Table 2--8 

AQUATIC HABITATS 
ASSESSMENT ENDPOINT SPECIES 

Ecological Relevance 

Important bn::eding wildlife 
in the Portneuf River delta. 

Regulatory or Social 

SignirllC8nce 


Shorebirds protected under 
the Migratory Bird Treaty 
Act. The black: lern is a. 
federal C2 Several 

of shorebirds a.re 
state of special 
concern. 

SUSttptibility to COPes 

Could be exposed through 
consumption of contaminated 
food. sediment ingestion, 
and direct contact with the 
u:dimen~ 
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Measurability or
P JO .•• , •• 

Level!! of contaminants in 
sediment were measured 
lind can be related 10 

toxicity benchmarks derived 
from the literature. 

It.O 
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Table 2-9 

SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

MEASUREMENT ENDPOINT SPEClES 


Responsi,eness and Diagnostic 
Relevance to A~!le!!ment Endpoints Attributes East of Me.lullfement 

Rooting plants are in dirnd conlJlclDominant species of native shrubsThickspike whealgrass, slIgebrush 
and grasses in the sl.I.gebrosh steppe with conlJlminated soil and can be 

N sensitive indicators of tollie melJll habilJlt.I 
W contamination....... 

Russian olive Common species of shrub in the Rooting plants are in direct conlJlcl 

riparian habitat. with contaminated soil and can be 
sensitive indicators of toxic metal 

contamination. 

Dur mouse 

Sage grouse 

Mule deer 
:.. 

Representative of exposure for amaU 

study area. 
Most common small mammal in 

mammals. Prolific breeding and 
short life span allow for rapid 
response 10 COPCs. 

Published toxicological information 
is available for similar species of 
grasses Bnd shrubs. Levels of 
COPCs in tissues were measured . 

Published toxicological informll.tion 
is' available ror similar species of 
shrubs. Tissue levels of COPCs 

were measured. i 
I 

Extensive toxicologlcal dalJIbase 
available for related species of 
rodents. Tissue levels of COPe's 
were measured. 

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

Feeds mainly on sagebrush fo~age.Important upland game bird. 

Migratory animal winters in the 
sagebrush steppe. Ungulate3 are 
sensitive to the effocts of fluoride, 
ponib~y because of \he \oog period 
of lime food is held in their digestive 
tracts. 

Common large herbivorous mammaL Can predict did.ary intake from 
measured soil and plant tissue 
concentrations. 
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I 

(.oJ 
N 

. rement Endpoiot Species 

Red-tI!.i1ed hawk 

Coyote 

Cedar wlll(wing 

Homed lark 

Table 2-9 

SAGE8RUSH STEPPE AND RIPARIAN HABITATS 

MEASUREMENT ENDPOINT SPECIES 


Relevance to Assessmmt Endpoiofj! 

Common raptor. 

Common carnivore. 

Common ~V"I5:"'''' u 

ha.bitat 
of the riparian 

Common 
stepp« habitat. 

of the sagebrush 

.. _.- .,. 
-r and m, 

• Q 

Attributes 

Consumption of small vertebrates I!.S 

primal}' food item and year-round 
pn::.5cnce in study area lire 
representative of worsl-«se eltposure 
for raplors. 

Consumption of small vertebrates as 
primal}' food item and year-round 
presence in study area are 
'~Pl ...,.........."'" of worst:.ca.se exposure 
for ICrn::.5trial carnivores. 

Feeds on fruita. 

Feeds on seeds; present in 
Ihe study area year-round. 
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EDt or MNsul'ftnent 

Can intake from 
measured mouse tLuue 
concentrations. 

Cam intake from 
measured mouse tissue 
concentration. 

Can dietary intl!..ke from 
measured soil and plant tissue 
concentrations. 

Can intl!..ke from 
mea,ured soil Dnd p1lllnt tissue 
concentrations, 
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Table 2-10 

AQUATIC HABITATS 
MEASUREMENT ENDPOINT SPECIES 

Measuremrnt 
Endpoint Species Relevance to Assessment Endpoint! 

Responsiveness aDd DiJlgnost.ic 
Attributa Ease or Measurement 

Mallard Gommon waterfowl species that utilizes 
the Portneuf River delta during breeding 
and migration; also over winters. 

Juveniles and egg-laying females feed 
primarily on benthic invertebrates; the 
male lind non-egg producing females feed 
prymarily on macrophytes. F=l. by 
dabbling and filtering through the 
sediments, 

Relatively extensive toxicological dattbase 
exists for mallards. Dietary jntake ca.n be 
estimated using macrophyte and benthic 
invertebrate data from Low and Mullins 
1990, or estimated from sediment data. 

Spoiled sandpiper Common shorebird that utilizes the- mud 
nat habitat in the Portneuf River Delta. 

Insectivore that feeds mainly on benthic 
invertebrates. Ingests relatively large 
amount of sediment as a. result of mud-
probing feeding habits. 

Dietary intake can be estimated using 
benthic invertebrate data from Low and 
Mullins 1990, or estirna.ted from sediment 
data. 

Muskrat. Common mammalian specie! that utilizes 
the Portneuf River. 

Feed primarily on roots and basal portion! 
of Ilqualic ... egetation. A major consumer 
of aquatic vc.gdati-on. Also dig. for food 
on river bottoms. 

Dietary intake can be eslLma-ted using 
macrophytc data from Low and Mullins 
1990, or estimated from Jediment data. 

flyali,fa ,,</eca. 
Chirorwmw t~71tan.s 

Representative of the benthic 
macro invertebrate coJ!lmunity_ 

.-

Bolh arc standard toxicity test organisms 
with known sensitivity to metals. 

Measurement of growth and survival 
following short-term ex.posure to sediment 
provides statistiCAlly defensible effect! 
data . 

N 

I 


W 
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3 Ecological Data Acquisition and Review 

This section provides a summary anq evaluation of the data collected as part of th~ 

ecological investigations of the EMF Site conducted in September and Octobe~ 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 i~vestigations are described in the 

Ecological Assessment Work Plan and Field Sampling Plan (E & E 1994 •• 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 sitei including upland sagebrush 

steppe habitats of the Michaud Flats and BannocK Hills, and riparian and aquatic habitats of 

the Portneuf River. Vegetation , 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 FaJls Reservoir were evaluated as indicators of 

potential site-related impacts to aquatic habitats . These studies were not designed to "_ 

characterize the spatial extent of contaminalion of so ils and plants. However, an objectiye of 

the ecological assessment was to delineate th e nature and spatial extent of inorganiC contami­

nants in sediments of the Portneuf River delta and to est imate 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-ch3:in transfer, and media toxicity of COPCs. The 

studies were designed to fill several data gaps , includ ing : 

recycled paper "" ,, 1" 11' "'.. , ·"" ;'''' '1.Pj09O. 11 .0 
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• 	 Concentration, forms, and bioavailability of copes in soil and 
sediment; 

• 	 cope concentrations" in vegetation and small mammals; and 

• 	 TO:Jticiry to "aquatic biota of sediment from the Ponneuf River. 

A variety of contaminant investigations were to be performed in the ecological '.. 
assessment. However, DOt all of the planned investigations were completed. Rather, a subset 

of the pJanned 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: (I) the r.nineralogica1 

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 Ponneuf 

River delta, including sediment toxicity testing and chemical analysis of fish and benthic 

macroinvenebrates: and (3) surface water sampling for mercury and selenium using 

ultra-clean methods and low detection limits . 

It should be noted that the re\liew of initial findings of the ecological investigations 

was done conc~rrently 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 in\lestigations 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. MIDoe 

exceptiOns are noted below . 

3.2.1 D8t8 Validation 

All data validation repons 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 repons and the electronic copy supplied to E & E . 
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3.2.2 Quanlilalion Limits 

During development of Ibe Field Sampling Plan (FSP) (E &. E 1994b), target 

quantitation limjts were selected that were less than the expected analyte concentrations in the 

sediment, soil, vegetation, and deer mice that were colJected 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 anaIytical .work was 

performed by EA Engineering, Science and Technology, Inc., a contract lAboratory selected 

by FMC and Simplot. Wilb two exceptions, the laboratory's MDLs were found to be ade­

quate, Le., the MDLs were less than or equal to the requested quantitation limits andlor 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 mglkg in washed sagebrusb foliage and 24.9 mglkg in Russian olive .. 

fruit , respectively . 

3.2.3 	Dala Qualifier. and Data Usability 

The usability of the data for risk assessment was determined using established EPA 

guidelines (EPA 1992b). Several types of da.. qualifiers were associated wilb Ibe analytical 

dilla collected for Ibe ecological assessment, as shown in Table 2·3 and Appendix B. All data 

for the ecological assessment and any associated qualifiers are ubulated in Appendix B. The 

most common qualifiers are briefly discussed ~ow. 

If a sample fell outside the QC limits for an analysis as defined in the QAPjP (E &. E 

1994c), the reponed concentration was described as -estimated- or biased and was ~J-

f1agged~ 	in the database. Guidance on data usability for risk assessment recomIilends that 

estimated values be included in the risk. assessment: although they may not be as reliable as 

data meeting aJl QA/QC criteria, they represent the best available estimate of the anaIyte'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 
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in the database were J-flagged, often as a result of low matrix spike recovery or poor 

performance on the laboratory control sample. 

When a chemical was not detected in a sample, the laboratory's MDL was reported in 

the database accompanied by a V-flag to indicate that the chemical was oot detected at that 

concentration. When oondetect (V-flagged) results were used in statistical calculations or to 

calculate exposure-point concentrations, a value equal to one-balf the MDL was used. 

Several anaIytes that were detected at low levels in site samples also were detected in 

the associated blanks. In accordance with EPA guidance, contaminan( 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 were indicated with a V-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 values) also were 

not used for the ecological risk assessment. 

3.2.4 Background Concentrations 

The inorganic analytes investigated as part of the ecological assessment also are . 

natural constituents of sediment, soil, and organisms. Therefore, it was necessary to 

determine background (or reference) concentrations in order to determine whether concentra­

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 to 

identify contamination resulting from site activities. The comparisons were made following 

the statistical approach described in Appendix C. 

3.3 Evaluation of Contaminants of Potential 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 

investigations, cadmium, fluoride, and zinc were identified as COPCs in soil from the Phase 1 

RJlFS data (see Section 2.3.4.1). The purpose of the terrestrial ecological investigations was 
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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 Portneuf River delta had not previously been sampled in the RIfFS. Therefore, the 

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

3.3.1 Terrestrial InvestlgatJons 

The results of the terrestrial ecological investigations of sagebrusb steppe and riparian 

areas at the EMF Site are discussed below. 

3.3.1.1 Surface Soli 

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 

su.m.o:wized in Table 3-1. .For both habitat types, the difference in soU 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 Portneuf River riparian) had elevated levels of cadmium, 

fluoride, and zinc compared with the two reference sites (Ferry Butte sagebrush steppe and 

Sn.ake River riparian). This is not surprising since, based on the RI data. these sites are 
I.; 

located. in areas believed. to be affected by the faCilitles. As shown in Figure 3-1, cadmium. 

fluoride, and zinc levels in soil also were .p1Ore 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 potentia.lly 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 summarized 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 

1IZ:.ZPlDIIO_~121J9S.D I 3-5 ZP3090.11.0 



EMF ERA 
Section 3 
Revision No.1 
July 1995 

suggests that COPCs were largely assnruJate:(l into the sagebrush foliage and were not 

predominantly surface contaminants. of fluoride removed by washing not 

be accurately quantified of fluoride detection limit for washed samples 

Section 3.2.2 and Appendix B). 

Cadmium, fluoride, stems and leaves of thickspike wheatgrass 

two potentially impacted sagebrush 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 compared with the reference site. 

Cadmium and olive fruit from the Portncuf and 

riparian sites are shown on comparisons are sum.marized in 

3-2. Cadmium and zinc levels in olive fruit were elevated at the potentially impacted 

Portneuf River riparian site compared with the Snake River reference site. The 

cadmium value of 0.66 in Russian oHve fruit at the Snake 

location (Figure 3-4a) was , ......,,,....... to be an oud ier and was excluded from the statistical 


comparison between A meaningful statistical comparison between two 

sites for fluoride could not be because ~l reported values from both iO~.UOIIlS were 

than the MDL. 

3.3.1.3 Small Mammals 

Cadmium, fluoride, zinc levels in whole deer mice, and fluoride in mouse 

femurs. at the three are shown on Figure 3-5. and statistical compari­

sons Cadmium and fluoride levels (wbole body femur) in 

deer mice collected two near facilities (Bannock Michaud 

Flats) were elevated compared with the Ferry Butte reference Zinc levels deer mice 

were similar I"IprllllAF'n three locations. 

3.3.1.4 Summary 

Table summarizes the comparisons between the potentially impacted loations and 

the reference location for cadmium, fluoride. and zinc levels for all sample types. 

AU three COPCS w,ere elevated in soils at the potentially impacted compared with 

background. However, exposure of raptors and carnivores to through consumption of 
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small mammals is not of concern at the site, because z.inc levels were not elevated in deer 

mouse tissues. 

3.3.2 Portneuf River Delta Sediment Investigation 

This section surn.marizes 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, Ponneuf River upstream from 
the facilities, and regional background [if available]); 

• 	 Evaluation of results of SEMIAVS analyses; 

• 	 Comparison of contaminant levels in Portneuf River delta sediment to 
available ecological concern levels; 

• 	 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-<Jf­

evidence judgement to identify COPCs. 


Table 3-5 summarizes the weight-<Jf-evidence approach for the six suspected contami­

nants. Based on this evaluation, only cadmium was designated as a COPC in the Portneuf 

River delta. 

3.3.2.1 Comparison to Background 

The first and most important step in the weight-<Jf-evidence approach is the compari­

son to background. Cadmium, fluoridet and zinc had higher average (and median) concen­

trations in Portneuf River delta sediment compared with Snake River delta sediment (see 

Table 3-6 and Figures 3-& through 3-6t) For every chemical except cadmium, however, the 

differences can be explained by the higber natural occurrence of aluminum-rontaining 

minerals (i.e., clay minerals) in Portneuf River delta sediment (see Figure 3-6a). The trace­

metal content of sediment often oovaries with the aluminum content because of the inclusion 
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of certain metals as impurities in the crystal lattice of ciay minerals and from adsorption of 

meta.! ions on clay-mineral exchange sites. Indeed, the average element-to-aluminum ratios 

for the suspected contaminants are higher in Snake River delta sediment compared with the 

Portne.ilf River delta sediment, with the exception of cadmium, whicb is significantly greater 

in Portneuf River delta sediment (Table 3-6). The relationship of cadmium to aluminum in 

sediment is shown graphically on Figure 3-1; it can be seen that for a given aluminum 

concentration, cadmium concentrations are higber in the Portneuf River, AJso shown on 

Figure 3-7 is the relationsbip of zinc to alumimlm in sediment, which shows that for a given 

aluminum 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 rww ditch outfall, the site is a potential source of the 

contamination. 

Also shown on Figure 3-6 are leve]s of aluminum, arsenic, cadmium, fluoride, 

selenium, and zinc in sediment upstream from the FMC and Simplot facilities (Portneuf River 

stations 21 through 25), Levels of aluminum, menic;. fluoride. selenium, and zinc were 

similar in sediments from the Portneuf 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 sample concentrations were below the MDL. 

E & E judged that mercury levels in sediments from the Portneuf River and Snake River 

del~ were similar. Therefore, since the. reported mercury leve]s in both systems, though 

higWy qualified, were generally less than the MDL (approximate])' 0.1 mglkg). mercury was 

not 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 

to 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. 

ZP3090.11.03-8 
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The AVS pbase in anoxic sediments bas been sbown to be important in ameliorating heavy­

metal toxicity because it forms very insoluble sulfide precipitates with several potentiaJly toxic 

heavy meWs (cadmium, copper, mercury, nickel, lead, and zinc). The molar ratio of SEM to 
, 

AVS can be used to predict the" bioavai1abiHty and toxicity of heavy metals in sediment 

(DiToro et aI. 1990). If the molar ratio of SEM to AVS is less than I, the six divalent heavy 

meWs listed above most Hkely are bound to AVS and therefore are not bioavaHable. 

Conversely. if the molar ratio of SEM to A VS exceeds 1, there is insufficient A VS to bind 

the meta.ls and some beavy metal ions r.nay 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 SEMIAVS 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 
',' 

cl1anneJ 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 et ai. 1992). Nevertheless, there was ample A VS 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-cadmiuml[A VS - (SEM-mercury + SEM-ropper + SEM­

lead)] ::::: 0.022 for bank: and channel sediment combined; aU values in j.Lmol/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 TabJe 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 greater 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 I'ilJliJe.l.lUIA H). No toxicity to the 

a.mphipod HyaJella azteca or the midge Chlrorwmus tetalU was observed in these tests, even 

though cadmium levels sediment near the outfall were greater than those in Pormeuf River 

delta sediment. This result suggests that cadmium in Pormeuf River sediment is largely not 

bioavailahle. 

3.3.2.5 Summary 

Cadmium was _-...& ............. as a in Pormeuf River delta sediment because it is 

signifi~tly elevated at this 1000atl()ln !;.IJmIJaI'I;:Q with sediment from the Snake River delta and 

Formenf River upstream from levels of arsenic, fluoride, mercury. 

selenium, and zinc in delta sediment are not elevated above background. 

Although sediment levels of cadmium the Pormeuf River delta exceeded the OME 

sediment quality criteria for cadmium 18 of 20 samples, the SEMIA VS data and results 

from toxicity tests with near the IWW ditch outfall suggest that 

cadmium in Pormeuf River is not bioavailahle andlor toxic to benthic organis:ms. 

Consequently, the likelihood of on benthic life in the i"Ortnellit 

River delta is considered low. However. cadmium in Portnenf River delta sediment is 

selected as a COPe for quantitative risk analysis of exposure and effects on ecological 

receptors such as water birds and mammals. 

ZP3090.1LO3-10 



EMF ERA 
Section 3 
Revision No. 0 
April 1995 

Page 1 of J 

(.oJ 
I 

....... 

....... 


.... 

.~ 

-. 

5' 

~ 
-

Table 3-1 

TERRESTRIAL ECOWGICAL INVESTIGATIONS 
SUMMARY OF STATISTICAL COl\1PARJSON TO BACKGROUND FOR SOIL (mgJkg) 

Habitat 

Cadmium 8 

Ferry Butlch 

Fluoride Bannock Hills SW 

Michaud Flats 

Ferry Bulteb 

Zinc Bannock HiUs SW 

Michaud Flats 

Ferry Butte" 

Riparian Cadmium Portneuf 

Snakcb 

Fluoride Portricuf 

Snake-II 

Zinc Portncuf 

."" SnakeD 

Minimum MAximum 
):o'reGue'lte, or Dekded l>et.ected 

Detetticm Concmtratioo Concentration Com;mtntion 

1.2 

1,840 

3,200 

421 

10/10 1B3 342 

10/10 88.4 219 

10/10 49.4 64.1 

10/10 0.64 27.6 

10110 0.17 0.4 

10lto 321 

175 

47.5 191 

IS.5 31.S 

Is Impacted Area 

Than Background 
Ara'!'lI. 

C discusses !he statistical approach and tests Ulled.a A\I',....... "~ concentmlions were compared (p <0.2). 

b area. 

Ol,z:I"]09O_~llm.Dl 
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Table J..2 

TERRESTRIAL ECOLOGICAL I~TIGATIONS 
SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND FOR VEGETATION (mgfkg) 

Habitat Chemical 

Sagebrush steppe Cadmium 

Fluoride 

(unwashed) Bannock 

Ferry Butteb 

(washed) Bannock Hills SW 

Michaud Flats 

ferry Butteb 

(siems Bannock Hills SW 

(unwashed) 

Sagebrush foliage (wlIshed) 

Frequenc, 
of Det«tion 

10/10 

2110 

18120 

19120 

O/2Q 

0120 

0120 

Minimum 
Detected 

Cooceotratloo 

0.33 

0.14 

47.3 

25.S 

Maximum 
Detected 

Codft'lltratlon 

0.35 

1.2 

U 

0.34 

0.88 

0.59 

0.40 

122 

114 

Average 
Concentration 

0.17 

0.77 

1.1Q 

0.17 

0.54 

O.~ 

0.12 

74.2 

55.6 

Is Impaded Area 
SignirlCantiy 
Grater ThaD 
Background 

Area-

Yes 

Yes 

Yes 

Yes 

yesl! 

Yesc 

e-
_c 
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Habitat 

Riparian 

Table 3-2 

TERRESTRIAL ECOLOGICAL INVESTIGATIONS 
SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND FOR VEGETATION (mglkg) 

III Impaeted Am 
Sigllirantly 

Minimum Maximum G~ter Thlllll 

Frequency ~ Ddeded A'fenge Oackgroulld 
Chemical Vegetation Locaoon or~ooo ConcentrtlOOD ConcmtraooD Concentration Aralll 

Thickspike wheatgrus (sIems 10/10 39.6 111 62.1 Yest: 

and leaves Michaud Flalll 4110 25.0 .51.1 22.4 YeaC 

1 " 0110 12. -
Zinc Sagebrush roliage (unwashed) Bannock HiUs SW 10ItO 26.1 . 39.8 31­ 0 

Michaud Flalll 10/10 30.6 49.1 38.3 Yes 

Ferry BUlle" 10/10 22.7 44.1 30.2 -
Sagebrush (washed) Bannock Hills SW lOll 0 22.4 :U.S I 26.01-;0 

Michaud Flalll 10/]0 15,0 43.9 32.7 Yes 

Thiolupike whUl..... (.t=. H ~ 10110 23.S 40.7 27.6 -
10110 6.S 16.5 U,S Yea. 

and leaves) Michaud F1alll 10/10 7.9 15.1 10.8 Yes 

.:.­

~ 
10/10 S.2 10,,5 8.2 

Cadmium Russian olive (fruit) SIiO 0.2 0.33 0.18 Yea.~ 

1/10 O.66f O.Mf O.}O -

ZP3090.11.0 
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Table 3-2 

TERRESTRIAL ECOLOGICAL INVESTIGATIONS 
SUMMARY OF STATISTICAL COMPARISON TO BACKGROUND FOR VEGETATION (mglkg) 

Habiwt ChemicJtl Vegetation Location 
Frequency 

of Detection 

Minimum 
Detected 

Coneentrlltiou 

Maximum 
Deteckd 

Concentration 
A~C'MIIge 

Concentration 

Is Impllrted Am 
SignifM:.lllnt1y 

Great« Thin 
Bac::kground 

Area· 

Fluoride Russian olive (fruit) Portneuf 0110 - - 12.od e-

Snak.eb 0110 - - 11.9d -

linc Russian olive (fruit) Portneuf iono 7.3 13.3 10.2 Yes 

Snakeb 10/10 5.4 9.4 7.2 -

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

b Ba.ckground ara. 
e Meaningful statistical comparison to background area not possible because aU background sampJes were less than melhod detection limit. Potentially impacted area judged to be elevaled 

because of high frequency of detects compared with background area. 

d One.half of detection limit. 
e Meaningful statistical comparisons no! possible; all reported . values were . less thlln method detection limit. 

f Outlier. 

....<,)3090.11.0 
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Chemical 

Cadmium 

Fluoride 

Zinc 

IAR 

Tissue 

Whole body 

Whole body 

Femur 

Whole body 

Table 3--3 

TERRESTRIAL ECOLOGICAL INVESTIGATIONS 
OF STATISTICAL COMPARISON TO BACKGROUND FOR DEER MICE (mglkg) 

Minimum Maximum Is Impacted Area 
1&. or.­ ., Dd«ted Dd«ted Avenge lifltllntly Greater 

Locatioo Ddettion Concentratiod Concentration Cooceotratio1'l than Reference 

Bannock Hills SW 10/10 I 0.24 E.2 0.61 Yes 

Michaud Flats 10110 0.03 0.42 0.22 Yes 

Ferry Bulle'll 10/10 0.02 0.15 0.01 I ­
Bannock Hills SW 10/10 93.8 173 1211 Yes' 

Michaud Flats 10110 50.4 135 90.9 

" 0110 - 6.lId 

Bannoc 7110 196 160 297 Yes 

Michaud Plats 10110 I 291 1,030 I 633 Yes 

Ferry Butteb 3110 195 I 301 130 

Bannock Hills SW 10110 3d 411.1 

37.• 1N.Michaud Flats 10/10 33 43.S 

Ferry Butte'll 10110 28.2 48.3 3S± 

W 
I 

...... 
t.n 

::l 

:::. 
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Table 3--3 (Cont) 

a Average concentrations were compared (p <0.2). Appendix C di!cu.'IScs the rtatisticalllpproach and tesb Wled. 


b Backyuund area. 


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

impacted area judged to be elevated bocause of high frequency of detocts compared with background area. 

d One-half of method detection limit. . 

W 
I ..... 

01 
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Table 3-4 

SUMMARY OF STATISTICAL COM:PARlSON 
TO 8ACKGROUND FOR ALL TERRESTRIAL SAMPLE TYPES 

Elevated Above Baeilgrouod!1II. 

ChemicalHabitat 

W 
I 

I-' 
-...J 

Sagebrush steppe Cadmium 

Auoride 

Zinc 

Riparian Cadmium 

Auoride 

Zinc 

a See Tables 3-1, 3-2, and 3-3. 

b Not collected from this location. 

C Data not sufficient to evaluate. 

d Both whole body and femur. 

Sagebrush Sagebrush Thickspike 
I...oaitiou Soil (unwasbed) (waslled) Wheatgnw Deer Mouse 

Bannock Hills SW Yes Yes Yes Yes Yes - b 

Michaud AIll!! Yes Yes Yes Yes Yes - b 

Bannock Hills SW Yes Yes 1c Yes YCid - b 

Michaud Ral!! Yes Yes . ?C YCi Yesd - b 

Bannock Hills SW Yes No No Yes No - b 

Michaud FJIlll!! Yes Yes Yes Yes No - b 

Portneuf Yes - b _b - b - b Yes 

Portneuf Yes _b _b _b - b 7c 

_b - b - II - b
Portneuf Yes 

Russian 

Olive 


Yes 

ZP3090.11.0 
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Table 3-5 

PORTNEUF DELTA SEDIMENT INVESTIGATION 

SUMMARY WEIGHT-OF-EVIDENCE APPROACH 


Evaluation Criteria Cadmium Zinc 

Comparison to background(s)b + 

Bvaluation of SEMIA VS ratio 

Compa.riJon to BCL(III) NANA ++ 

+ +++ 
COPC? No NoNo NoYes No 

NA 

a A' +. implies an exceedance of background, an SEM to AVS ntio > 1, an exceedance of an ecological concern level. 
or the pn::aence of a additional fl.l.ct6r. 

b Integrates of contaminant levels in Portneuf River delta sediment to those in the Snake River delta., those in 
upstream ~rtneuf River and those in regional background sediments (if available). 

Key; 

AVS Acid volatile sulfide. 
COPC .\ 

ECL == 

NA == 

Contaminant of potAcnl!.al 

Not IIIIT1'UCIIIDl.e. 


SEM == Simultaneously extracted metals 


18 
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Table 3-6 

PORTNEUF RIVER DELTA SEDI:M:ENT INVESTIGATION 
SUM:MARY OF STATISTICAL COMPARISON TO BACKGROUND 

: 

Element 

Al'erage 
CoocmtratioD 

(mgIkg) 

[s Portneuf 
SignirlCadtJy 
Greater than 

S.nake?8 

ElementJAJummum Ratio 

Is formeuf 
SignifllCalltJy 
Greater than 

Snake?aSnake PortDeuC Snake Portneuf 

AJuminum 5,050 8,100 Yes NA NA NA 

Anenic 3.11 2.89 No 2.30 x 10-4 1.36 x 10-4 No 

Cadmium 0.369 0.934 Yes 1.70 x 10-5 2.94 x to-5 Yes 

Fluoride 247 345 Ye3 7.79 x 10-2 6.92 x 10-2 No 

Selenium 0.622 0.812 No 4.55 x 10-5 3.37 x 10,5 No 

Zinc 35.2 42.9 Yes 3.05 x 10"3 2.23 x 10,3 No 

a Average concentrations were e<>mpared (p <: 0.2). Appendix C discU6Ses the statistical approach lind tests 
used. 

Key: 


NA = Not applicable. 


:{ . 
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Table 3-7 

PORTNEUF RIVER DELTA SEDIMENT INVESTIGATION 
COMPARISONS OF CHElMICAL CONCENTRATIONS WITH SEDfI\.1ENT QUALITY 

GUIDELINES 

Chemical .Loe.ation 
Detection 

Frequency 

Minimum 
DekJcted 

Concentration 
Ut-gIg) 

Maximum 
Detected 

Conceutn.oon 
(p.gIg) 

LELa 
(sIgIg) 

Frequroc:y or 
Exc:eedanC-e 

of LEL 

Aluminum SnakeD 20120 1,950 11,500 NA NA 

Por1I1c:uf 20/20 4,610 15,100 NA NA 

Anenic SnakeD 20120 1.7 11.3 6 1120 

Portneuf 19119 1.9 4.6 6 0120 

Cadmium Sn.a.keb 15120 0.19 0.79 0.6 51'20 

Portneuf 20/20 0.51 1.6 0.6 18120 

Auoride SnakeD 20120 114 389 NA NA 

Portneuf 20120 250 529 NA NA 

Iron Snalceb 20/20 4,630 19,000 NA NA 

Portneuf 20/20 5,940 18,000 NA NA 

Mercury Snakeb 0/15 ND ND 0.2 0/15 

Portneuf 215 0.19 0.46 0.2 1/5 

Selenium Snalceb 19120 0.30 1.1 NA NA 

Portneuf 18/20 0.37 1.7 NA NA 

Zinc Snucb 20120 18.9 70.9 120 0/20 

Portlleuf 20/20 27.7 68.S 120 0/20 

a From Persaud Itl ai. 1993. 

b Baclcground location. 

Key: 

LHL Lowest Effect Level, Ontllriu Ministry of Environment. 
NA Not Applicable. 
ND Not dct.ected. 
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Figure 3-1 CADMIUM, FLUORIDE, AND ZINC IN SURFACE SOIL 
recycled paper 	 n'ld"J:!~ Hotl 4"II\ironnU"111 
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Figure 3-2 CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOUAGE. 
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Figure 3-3 CADMIUM, FLUORIDE, AND ZINC IN STEMS AND 

recycled paper LEAVES Of THICKSPIKE WHEATGRASS. ..I"I!~ ""t! .·mimlm.....< 
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Figure 3-4 CADMIUM AND ZINC IN RUSSIAN OUVE FRUIT 
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Figure 3-5 CADMIUM, FLUORIDE, AND ZINC IN DEER 
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Figure 3-6 	 ALUMINUM, ARSENIC. CADMIUM, FLUORIDE, SELENIUM, 
AND ZINC IN SEDIMENT 
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Figure 3-6 (Cant) ALUMINUM, ARSENIC, CADMIUM, FLUORIDE, SELENIUM, 
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4 Exposure Assessment 

• nit. 

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 provide general back­

ground infonnation for the exposure assessment. 

4.1 	 Contaminant Release. Migration. and Fate 

A detailed overview of the fate and transport of COPCs at the EMF Site is provided 

in the HHRA report. In addition, Appendix G provides an evaluation of issues" pertinent to 

the ecological risk: assessment, including an analysis of the soil geochemical data collected in 

the September 1994 ecological investigations, and a review of the bioavailability of the 

copes and their potential for bioaccumulation in the terrestrial food chain. This section 

provides a brief summary of the infonnation provided in Appendix G and the HHRA report 

as it relates to the exposure assessment for the ecological risle 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 copes in the terrestrial food chain was 

investigated by sampling vegetation and small mammals at two sagebrush steppe h3:bitat 

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 animaJ tissues 

sampled from these locations, in comparison with samples collected from background 

locations (see Section 3). 
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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 (Le., arid, high-pH soils), cationic metals such as 

cadmiuJ;I1' and zinc are not expected to be very mobile. This expectation is confinned by the 

higher pJant.UFs for cadmium and zinc found at the Michaud Flats sampling location (average 

soil pH = 1.(0) 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 UPs 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 (CP, the ration of mouse 

tissue concentration to soil concentrations) of COPCsat the background location compared 

with the site. However, the mouse data do not correspond to the plant data with regard to 

showing ,consistent differences between Bannock Hills SW and Michaud Flats locations (see 
.. ", . 

Append~ G). The mouse data may be confounded by adherence of soil contaminants to the 

animal's 	fur (Le., the whole-body analysis reflects incidental contamination as well as 

bioconcentration in tissues). 

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 Portn·euf River delta at American Falls Reservoir. 

This section focuses on contaminants in sediment because sediments are the most important 

repository for contaminants in aqua.tic 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, nonbioavailable mineral forms 


also may be the predominant forms of metals in Portneuf River sediment. First, although 


concentrations of several metals (Le., cadmium, chromium. vanadium, and zinc) are elevated 


. in sediment near the rww ditch outfall, the levels are not toxic to benthic invertebrates (see 

Appendix H). Secondly, SEM-cadmium and SEM-zinc, which are labile forms of metals 

detennined 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 deUs by advective flow. For example, 

SEM-cadmium averaged 23 % of total cadmium in Portneuf Rjver 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 PortneLif 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 ro·utes. 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 woul.d allow for significant recolonization 

by wildlife, and wildlife contact and use of the facility grounds at present is minimal due to 

the disturbed nature of the site. However, continuing 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 (tbickspike 

wheatgrass). The wildlife scenarios selected for quantitative evalliation 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 f<!prof 

(red-tailed hawk). Also Bstoo 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 riparian shrubs. Table 4-2 lists the scenarios for the aquatic habitats. The scenarios 

selected for quantitative evaluation in the aquatic habitat of the PortneufRiver delta include a 

waterfowl (mallard), a shorebird (spotted sandpiper), and an aquatic mammal (musluat) . 

For the vegetation scenarios, the important exposure routes are foot uptake of COPCs 

from ~il and foliar uptake from the air. These combined pathways were evaluated using 

plant foliage tissue concentrations measured at the site. For the wildlife scenarios, the 

potential exposure routes include direct contact and ingestion of contaminated media (soil, 

sediment, surface water), inhalation of airborne contaminants, and consumption of cont.a.minat­

ed food. The relati"ve importance 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 


estimat~, and summarizes the estimated exposures. 


4.3.1 Exposure Point Concentrations 

The exposure media sampled during the ecological investigations include sediment, 

surface soH, sagebrush, thickspike wheatgrass, deer mice, and Russian 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 Iisted in Table 4-4. 

4.3.1.1 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 Imown 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 COPes at these sampling locations is lilcely to be representative of the 

average exposure for sagebrusb steppe and riparian receptors at the EMF Site. For risle: 

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 RIffS (i.e., 

the area within a 3-mile radius of the facmties). 
" 

Because of the apparent differences in concentrations and mobility of COPCs noted at 

the two potentially impacted sagebrush steppe 10cations (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 rish 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 ill an exposure area for the purpose of estiinating 

exposure and risks. 

When a data set was nonnaJly or lognonnally 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 ip Appendix C. 

Several data sets were not nonnaJly or lognonnally 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 normally or 10gnonnalJy distributed, the third quartile (75th 

percentile) was used as the EPC. These cases are noted in TabJe 4-3. 

Because COPCs in macrophytes 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 EPe for cadmium in 

macrophytes in the Portneuf River delta,was taken from Low and Mullins (1990). These 

authors measured cadmium in homed poodweed 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 sediment-to-macrophyte bioaccumula­

tioo factor (BAF). The BAF (2.19) was derived from Portneuf River data by dividing the 

cadmium level in homed pondweed (2.3 mglkg dry weight) by the cadmium EPC in sediment 

(1.05 mglkg 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 oot available for benthic invertebrates from the Snake River delta, cadmium levels in 

benthic inv,ertebrates 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 fur benthic invertebrates when 

the sediment has an SEM/AVS ratio less than 1. Consequently, EPCs for cadmium in 

sediment were multiplied by 1.S 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 Portneuf River 

delta, the highest value (5.39 mglkg dry weight) was used in the exposure assessment to 

provide a conservative estimate of risk. 

4.3.2-Exposure Estims.tes 
,­

-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. multiplying 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: 

where: = Estimated Exposure from diet (mg/kg BW • day); EEdiet 

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

SUP ::::: Site use factor (unitless); 

ED ::::: 	 Exposure duration (unitless). equal to the fraction of the year spent in 
the region; 

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

BW ::::: 	 BOOy 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 

4-7. 

Tissue concentrations in wildlife fOOd 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 COPe 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 4-4. For scenarios including forbs 

and shrubs as wildlife food items, the EPCs for thickspik:e wheatgrass and sagebrush, 

respectively, were used. Because data on COPC levels in terrestrial insects from the EMF 

site are not available, and insects are J .:ommon dietary item of the horned lark: and deer 

mouse, insect: EPCs were conservatively assumed to be the same as in thickspik:e 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, cope 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 drinking 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 

4-7 	 ZP3090.11.0 



EMF ERA 
Section 4 
Revision No. 1 
July 1995 

year spent in the state. a 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 the exposure assessment are discussed in Section 6. 

Receptor to from ingestion of soil or sediment was estimated by 

multiplying the of soU in the diet of each receptor. multiplying by 

the SUF. ED. and JR, by Soil ingestion data for wildlife were 

Beyer 'it til; (1994). 

of a receptor to a chemica1 was ca1culated as sum of 

and soil (or sediment) aO!5:agelS: 

where: = Total exposure (mg/kg BW • day); 

= Estimated exposure from diet (mg/kg BW • day); 

= Estimated exposure from soil (or sediment) ingestion 
(mglkg BW • day); 

wildlife scenarios. EEtoral' EEdiet • and EEsoillsedimelll values are surnmartz;ed 

in Table 4-8 for the sagebrush steppe and riparian habitats, and in Table 4-9 for the river 

delta habitat. 4-9 also list the contribution of EEdiet and EEsoil/sedimelll to 

Estimated exposures to COPCs were greater for measurement 

impacted sites compared with the reference sites. This is not 

surprising me.asured COPe levels in soU, sediment, wildlife food items were 

elevated near ....__.." .. , COPC levels soil and sediment were more highly 

near the facilities, EEsoilltedimelll was a 

".. basis. 
." 

endpoint '"..,.........""" 

elevated 

at the impacted sites compared with the reference 

being quantitatively evaluated. estimated are on 

the measured tissue concentration EPCs reported in TabJe 4-3. The significance of 

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


SAGEBRUSH STEPPE AND RIPARIAN HABITAT Ex.rO~nRF. SCENARIOS 


Assasuumt Endpoint 
 Measurement
'" -rr ..··R Group Endpoiat Species Exposure Media 

Sqebl"Uah Steppe Habibt 

..Shrub. Big sagebrush Soil. ". 

Air ~ 
Ol'UllCll T Soil Root 

wheatgrus 

Air Foliar uptake 

Mammalian carnivora Incidental ;n".-..ti....n 

Srnallrnammal.s 

I Soil 

Dic:ury 

Upl.uid game birds ..:Sage groulle Soil incidental 

Sagebrush foliage and forb. Dietary 

RAptonl Red-tailod hawk Incidental 

Small mammal.!l 

Soil 

Dietary ...Songbirds IHomed lark Soil 

Seeds of grasses and aluubll D~l1'. 

Sm.all m.unmab Deer mouse IncidentAl ingestionSoil 

r • 

Large herbivorous tncidentalMule. deer Soil 
\.ma.mm.a.1J 

Foliage of gruses and sluubs Dietary. 

Ripariad Habitat 

Shrub, Ruuian olive Soil 

Air 

~".m;....l" IncidentAl in""....f;.... "Cedar WKlrWil'lg Soil-
Russian olive fruit b 
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Table 4-2 

HABITAT EXPOSURE SCENARIOS 

Auessmeot Endpoiat 
Spec:iesJFuDdionai PoteDtWJy Iml1lu1cant 

Group Exposure Routes 

Wakrlowl 

Exposure Media 

MaUard Sediment 

Macrophytes and benthic Dietary 
invertebrata 

Shon:birds Incidental 

Dietary 

u.ndpiper Sedimenl 

Semi-aquatic Sediment 
heIbivorous mammals 

~-=ll 
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Table 4-3 

EXPOSURE POINT CONCENTRATIONS OF COPCS IN SAGEBRUSH STEPPE 
AND RIPARIAN HABITATS (mglkg) 

Exposure Medium . Loe..Itio 1.1 

COPe 

Cadmium EPC fluoride EPC ZW< EPC 

Surface wil ferry ButteA 0.81 381 59.2 

Michaud Flats 25.5 2.207 184 

Bannock: Hills SW 30.1 1,585 283 

Sn.ah riparian· 0.30 264 26.7 

Portneuf ripari.an 15.2 1,860b L44 

Sagebrush (unwuhed) Fcrry Butte· O.3Sd 12.1 33.9b 

Michaud Flats 1.42 60.8 41.4 

Bannock Hills SW 1.06 85.7 33.6 

SagebTUllfl (WlUhed) Ferry Buttell O.34d NA lSd 

Michaud Flals 1.24 NA 37.8 

Bannock Hills SW O.86b NA 28 

Thick:spw: Wheatgrau 
(stems IUId leaves) 

Ferry Buttee 0.2~ 12.2c 9.05 

MicMud Flats 0.51 38.1 e L2.,Sf 

Bannock Hills SW 0.65 86.9 f 13.4 

RullSUm olive (fruit) Sna.lce ripe.ria.!"!! 0.10c 11.91: 8.0 

Portneu f ripe. ri.an 0.25':: 12.0c 11.3 

Deer mowe (whole 
body) 

Ferry Butte· 0.21 6.8c 1'42.4 

Michaud Fla.ts 0.29 10& 39.& 

Bannock Hills SW 0.77 144 41.4 

Deer mouse (femur) Ferry Butte" NA 214b NA 

Michaud Flat!! NA 761 NA 

Bannock Hills SW NA 524b NA 

Key at end of table. 
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Table 4-3 (ConL) 

a Background locations. 


b 9S~ UCL of lognolTfl,ll.] distribution. 


C Ono-hal! ddection limit. 

d Non-outlier maximum. 

e 
f Thln:I {7Sth used because the 10 detcetcd valueB were not nonnaUy or lognormally 


distributed . 


COPe ::: Contaminant of concern 
NA. Not avail.able. 

UCL ::::: confidence limit. 
EPe c Exposure concentration. 
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Table 4-4 

EXPOSURE POINT CONCENTRATIONS 

OF CADMIUM IN RIVER DELTA HABITAT (mgfk.g) 


Exposure Medhlln 

Sediment 

Horned ponrlweed 

"Model" benthic invertebrate 

Caddisfly Wvae 

Mayfly nymphs 

l:..ocation 

Snake" 

Portnc:uf 

Snakes 

Portneuf 

Snake.l 

Portneuf 

Portneuf 

Portneuf 

Cadmium EPC 

0.45 

1.05 

l.Ob 

2.3c 

O.68b 

1.5gb 

O.73c 

5.39c ,d 

a Background location. 


b Calculated as described in text.. 


C Low and Mullins (1990). 


d Seloctod u the EPC for benthic invertebrates in thc Portneu[ River Delta; liee Lex!. 


Key: 

EPC = Expollun:: point concentration. 
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Table 4--5 

EXPOSURE PARAMETERS FOR WILDLIFE IN SAGEBRUSH ~frKf'f'K AND RIPARIAN HABITATS 

Pf:'I"Unt or mer-
Measoremtnt Home JngesWill 

Assessmtnt Endpoint ~ . Small Exposure latee 

Spec.ies/functiooal Gropp S~ ShruM Forbs IIl!lecb Mammals SoUR! (acres) Oilraoond (lrgIday) 

Upland ga.me birds Sage grouse 74 16 0 0 9 8908, 2.47 1 . O.IOS 

Raptors Red-tailed bawk 0 0 0 100 2 . 4,374 1 0.060 I 

Songbirds 0 80 20 0 '2 2..0 

o~I Sma.1l mammals 
~ 

~I 
0 '2 0.32 

herbivores Mule deer 0 90 

Mammalian carnivores Coyote o 0 I 0 100 2 6,968 

Riparian ~V"5V~~ Cedar waxwing 100 0 0 0 2 0.23 

I 0 . .59 

I 0.0076 

Body 
Weigbt' 

(kg) 

2.47 

1.056 

1 

87.2 

13.6 

0.032 

a Martin el al. (1951) for mule doer, homed lark, cedar ~g. and rage grouse; EPA (1993) for rod-tlliled ha\Vl( and deer mOlJse. 

b Beyer el a/. (1994) for grous;;, hawk, and mouse; '2 percent II.Slumed for other n::ceptOfll. 

C Burt and Orolimbeider (1976) for mule deer; Connelly (1988) for sage grouse; EPA (1993) for rod-tlliled ha\Vl( and deer mouse; DeGraaf and Rudis for 

homed lark and cedar waxwing; Laundre and keller (1984) for coyote. 

d .Fraction of time in area, 0 to-l (ullliticss). 

e See Table 4-7 for calculation. 
f Burt and Grouenheider (1976) for mule deer; (1993) for sage grouse, homed lark, and cedar waxwing; EPA (1993) for rcd-tailCld hawk and deer mouse; 

Godin for coyote. 
g Larger number indicates distance traveled between summer and winter range (Connelly 1988); smaller number is size of range (Connelly 1981). 

",~090.11.0 
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Table 4-(J 

EXPOSURE PARAMETERS FOR WILDLIFE IN RIVER DELTA HABITAT 

Percent of D~ 

Assessment 
Endpoint 

SpeciestFunctional 
Group 

Mnuuremeut 
Eodpoint 
Species Macrophytes Invertebrata 

Sediment or 
Soilb 

Home 
Rang~ 
(acres) 

Exposure 
Ourawoe 

Ingestion 
Rated 

(kg/day) 
BodY. 

Weight" (kg) 

Semi-aq\l4tic 
mammals 

Muskrat 100 0 3.3 25 ! 0.Q28 0.&7 

Shorebirds Spotted 
sandpiper 

0 100 IS 0.62 0.66 0.061 1.068 

Waterfowl Mallard 92 8 3.3 1,156 1 0.110 1.153 

a From EPA (1993). 


b Beyer et al. (1994) for sandpiper and mallard; muskrat assumed to be same lIS maUard. 


C Fraction of time spent in area, 0 to I (Ilnitlcss). 


d See Table 4-7 for calculation:> 
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Table 4-7 

FOOD !NTAKE FORMULAS FOR 

WILDLIFE 


Wildlil'e Group 

Placental mammals 

Rcx!e.ntrl 

Herbivores 

N onp.!lJlscrinc b i.rds 

Passerine birds 

Food Intake F:onnul.aa 

(g/day) 

O.235(bw)O.822 

O.621(bw)O.564 

O.577(bw}O.727 

O.648(bw)O.65I 

O.398(bw)O.850 

a 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 COPes IN SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

Meamremwt 
Endpoint Species core Location 

EE4kf 
mgfq bwfd 

Diet-Pen:mt of 
E~ 

EEl" 
m~bw/d 

Soa-Pm:eot of 
EE,,,,,,, 

E~ 
mg/'k!g bw/d 

Sage grooM Cadmium Ferry SutteA 0.014 82.4 0.003 17.6 0.011 

M~htlud Rata 0.050 33.S 0.098 66.2 0.148 

Bannock Hilla SW 0.040 25.6 0.116 74.4 0.1.56 

Fluoride Ferry ButteA 0.515 26.1 1.455 73.9 1.9 

Michaud Flau 2.330 21.6 11.47 78.4 10.11 

8annock Hill. SW 3.660 37.i 6.06 62.3 9.72 

Zinc Ferry Bunea 1.17 84.2 0.22 15.8 1.39 

Michaud Flau 1.44 67.3 0.70 32.7 . 2.14 

Bannock Hills SW 1.21 52.1! 1.08 47.2 2.29 

Red-tailed hllWk Cadmium Ferry Butte· 0.012 92.3 0.001 7.7 0.013 

Michaud Flau 0.016 . 35.6 0.029 64.4 0.045 

Ralll'locli, Hill. SW 0.044 56.4 0.034 43.6 0.0711 

Fluoride Ferry Butte· 0.36S 44.9 0.451 55.1 0.819 

Michaud Flat. 6.14 71.1 2.50 28.9 8.64 

-
8annock Hill. SW 8.\6 IU.S 1.111 18.2 9.91 

Zil'l(; F~rry Buu.e" 

Michaud Flat. 

2.41 97.2 0.07 2.11 2.48 

2.26 'ilLS 0.21 11.5 2.41 

Key Ilt e:nd of table:. 

ZP3090.11.0 
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Location 

Bannock HiUs SW 

Homed larll: Cadmium Fen:)' Butt,,-

Michaud F1111l! 

Bannock Hilll SW 

Fluoride Ferry Bune" 

Michaud AaU. 

Bannock Hilll SW 

Zinc Ferry Bune· 

Michaud Flail! 

Bannock Hills SW 

Our moose Cadmium 

Michaud Flats 

Banoock: HilllI SW 

fluoride FelT}' Butte" 

Michllud Fla!.l 

Banoock Hill. SW 

Zinc FelT}' Buttel 

Table 4-3 

0.151 S1.8 O.I~ 

:t9S 61.5 1.85 

9.22 46.3 10.68 

21.0 73.2 7.70 

2.19 88.7 0.28 

3. 77. OJ~9 

3.24 70.3 1.37 

0.0411 

0.117 

0.123 

2.03 

7.16 

14.4 

2.40 

12.0 

S.& 

49.8 

4ttl 

3a.5 

53.1 

26.8 

H.3 

:21..8 

29.7 

S.9 

41.4 

4·U 

E~ 
mglqlnw/d 

4.61 

O.OSI 

0.203 

o.m 

Key III end of table. 
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\.0 

Memuremem 
Endpoint Species 

Mule deer 

Coy()(e 

Table 4-8 

FSTIMATED EXPOSURE OF WD..Dl.JFE TO COPes IN SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

EEOt Diet-PeTc:alt or IT.... SoiI-~or 
core Locatltm m8"k8 bId EE,,,,,,,, mgJq hId EBtGoIaI 

Michaud Aata 3.12 83.6 0.61 16.4 

Banood.: Hill. SW 2.96 75.9 0.94 14.1 

Cadmium Ferry Bultea 0.0041 93.3 0.0003 6.7 

Michaud F1au 0.015 6S.1 0.007 31.8 

B.ul1J1()Ck Hilla SW 0.011 60.0 0.008 40.0 

Fluoride Ferry Bunea 0.156 61.1 0.099 31UJ 

Michaud Flau 0.711 n.s 0.569 44.5 

Barul<)Ct Hin. sw 1.11 73.0 0.41 27.0 

Zinc Ferry Bunea 0.357 96.0 O.OIS 4.0 

Michaud AaU! 0.441 90.4 0.0.7 9.6 

Bannock Hill. SW 0.368 83.4 0.073 16.6 

Cadmium. Ferry Butte­ 0.0091 91.0 0.0009 9.0 

Michaud Aau 0.013 37.1 0.022 62.9 

Bannock Hill. Sw 0.033 55.0 0.027 45.0 
.., 

Fluoride· Ferry Bune" . 0.295 41.2 o.no 52.8 

Michaud ABU 4.69 .71.l 1.91 2&.9 

" 6.23 ·gr.9 us 111.1Banood.: Hill. SW " 

lEE,.., 
m~bw/d 

3.73 

3.90 

0.0045 

0.021 

0.020 

0.155 

1.18 

1.52 

0.372 

0.4811 

0.441 

0.010 

0.005 

0.060 

0.625 

6.60 

7.61 

Key al end of table. 
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Table 4-8 

WILDLIFE 10 COPCS IN SAGEBRUSH STEPPE AND RIPARIAN 

l.S4 

1.73 

1.80 

0.024 0.001 

0.059 o.on 

2.83 69.4 L2S 

2.S5 24.4 8.83 

1.90 94.1 0.12 

2.68 79.5 0.69 

5.9 

20.5 

2.04 

0.025 

().Ill 

Cedar waxwing
.r::o 
I 

N 
o 

FSI1MATED EXPOSURE 


core LocatioD 

Zim: 

Michaud Flatt 

&nnock Hill. SW 

Cadmium 

Fluoride 

Zinc 

Section 4 
Revision No. 0 
April 1995 

Page 40f 4 

4.08 

11.69 

2.02 

3.37 

a Background Ioc;:alion. 

Key: 

b", 
COPC 

EE 

-

=< 

Body weight. 
CQntllminanl of potential cOllcem. 

Estimated elqlosure. 

.....)3000.11.0 
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'. 

WILDLIFE ESTIMATED lj;.lU'U~! 

4-9 

TO copes IN RIVER DELTA ~AT 

Measurement ElldJlOint 
Species core Locat.lou 

ERdLtI 
mglkg BW/d 

Diet·Pen::eol of 
EE. 0' 

EE 
lng/kg aWl 

. Sediment· 
Pen:ent of 

EEtotal 
EEtotal 

mgJkg BW/d 

Muskrat Cadmium Snake Deltall 0.032 97.0 3.0 0.033 

Porlneuf Delta 0.074 98.7 0.001 1.3 0.075 

Spotted sandpiper Cadmium Snake Delta­ 0.026 89.7 0.003 10.3 0.029 

Portneuf Delta 0.203 96.7 0.007 3.3 G.llG 

Mallard Cadmium SnaKe Deltall 0.093 98.9 0.001 U 0.()94 

Portneuf Della 0.243 98.8 O'()()3 1.2 0.246 

.r::. 
1 

N 
....... 


... 

5.. a Background locAtion. 

::l " .s. 
~ Key:
::I 

1'1 
::I core Contaminant of potential 

EE Estimated exposure. 

ZP3090.11.0 
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Ecological Effects Assessment 

I : II 

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 copes and establishing toxicity benchmarks (fBs) 

for each endpoint species and cope. 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 laboratory or domestic test species of piants 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 Toxicity Reference Value (TRY). The derivatio~ 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 ,I, 

extrapolation fr9m 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 rww 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 I. 

5-1 
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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 evaJuate 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 generaJ, 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 

PotentiaJ impacts to wildlife at estimated exposure doses were evaJuated using 

published toxicologicaJ data for mammalian and avian species (Opre.sko et aI. 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 

(Le., 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 study 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 foHowing: .1. 

til Extrapolation from acute or subchronic exposures to chronic expo­
sure durations; 

• Extrapolation from LOAELs to NOAELs; 

til Extrapolation across different species of varying taxonomic related­
ness, feeding habits, and body size; 

• Extrapolation to sensitive or protected species; and 

ZP3090.11.05-2 
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• 	 Consideration of bioavailability. assimilation, and relative toxicity of 
forms of contaminants used in, toxicity testing versus fOIlILS occurring 
in nature. 

Uncertainty and scaling factors associated with each of these extrapolations are 


provided in Opresko et ai. (1994) and other references, and discussed below. 


5.1.2.1 Uncertainty Factors 

. J~cologicaJ risk assessment guidance provides a variety .of approaches to the selection 
~.. 

. of unce~inty factors for extrapolating from acute or subchronic exposure durations, or for 

extrapolating from LOAELs to NOAELs. The uncertainty factors appl ied 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 sub chronic 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 use 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 mg/kg-bw/day are within the 

normal range of dietary intake for manunalian 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 study 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 of 

normal exposure. 

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

extrapolation to account for exposure duration Of sensitivity of the endpoint was unnecessary. 

5.1.2.2 BodV Size Scaling 

Extrapolation of TBs from (est species [0 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. 

5-3 




EMF ERA 
Section S 
Revision No. 0 
April 1995 

Within any group of animal the source variation in sensitivity to 

toxic effects of contaminants is varying (flr~ .....~I.-{'\ et al. 1994). In general. smaller 

organisms are more tolerant toxins as a result of rate of metabolism and 

greater detoxification capabil ity. To account for variation in sensitivity, the 

were adjusted to estimate species-specific wildlife using the approach described by 

Opresko el aI. (1994). Dose equivalency for of varying body sizes was estimated 

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

Where: 

TRVw = Toxicity reference value for endpoint (mg/kg-bw/day). 

TB t = Toxicity benchmark for the test sm~cu~ 

BWw = Body weight of endpoint species (kg). 

BW t = Body weight of test (kg). 

body weight scaling factors are presented in Table 5-4. 

5. 1 Other Sources of Uncertainty 

Other uncertainties in dose extrapolation include on 

sensitive or protected species, and of 

of chemicals used in toxicity tests versus the forms of at the EMF 

on sensitive or 'protected species are of concern at the EMF Site primarily 

River delta, because Ibis is a location where several rare species numerous 

...... iclT<ltnnJ waterfowl expected to come in contact with site contaminants (see Appendix 
.; 

addition, the riparian habitat along the Panneuf River is significant ecologically and is a 

..._ .."'....,,"" 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 (Le., 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) of TRVs are qualitatively evaluated in light of the 'varying ecological and 

Ibe ecosystems. 
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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 copes contacted and 

ingested by wildlife at the site. Since this leads to an inherently conservative bias in the risk 

assessment, quantitative adjustment is deemed unnecessary, although risles may be overesti­

mated. This is particularly true of ingestion of soil, where insoluble mineral fonns of COPCS 

are likely to predominate (see Section 4.1). Furthermore, contaminants such as fluoride are 

localized in bone tissue, which is unJikely to be entirely digested by predators consuming prey 

such as deer mice. These factors are also taken into account in the evaluation of risles 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 to 408 mg/kg-bw/day), with 

fluoride TRVs (2.94 to 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 (Le., 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.;5he TRVs are likely to encompass the broad range of wildlife sensitivity to COPCs at 

the EMFSite. 

.\ 

5.2 Field Evidence of Ecological Effects 

Laboratory toxicity testing was conducted on sediment collected from the rww ditch 

outfall in the Portneuf River (see Appendix H). Two benthic invertebrate species, Hyal/ela 

azteca (an amphipod) and Olironomus remans (a midge larva) were tested in lO-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 Ii 

result of the low bioavailability of the mineral forms of metals in the sediment. Since benthic 

<XI.:ZI"J(l9O_~ef 5-5 f'<'"I,,~~' lind r.nviro..2:.P.1090.11.0 
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organisms were not affected at the elevated concentrations of metals detected at the IWW 

ditch outfall, impacts of these site contaminants on aquatic life are expected to be minimal. 

Previous stUdies 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 (BEl 

1994). 

.1 
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Table 5-1 

TOXICITY REFERENCE V ALVES FOR PLANT TISSUES 
(mg/kg) 

Chmdaal DeC"liCimt 
Sufr.cleot or 

Normal 

Critical 
Coneentration in 
Sensitive Species 

E.lctessive 01' 

TOXM: 

Cadmium - 0.05 - 0.2 Sa - 10 ' 5 - 30 

Fluoride - .5 - 30 - so& - SOO 

Zinc 10 - 20 27 - 150 150" - 200 100 - 400 

a 	Sel~ u the TRV for pla.nt till$ue concenlntions: sagebl'U.llh foliage, thickspiJI::e whe.atgrau stems and 
lcaves, and Russian olive fruit. 

Key: 


TRV = Toxicity Reference Value 


Source:: Kabau-Pendiu and Pcndias 1992. 
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OJ 

Table 5-2 

OF TEST SPECIES TOXICITY BENCHMARKS 

Exposure Duration 
and Exposure Endpoint and Test Species TB 

Chemiuf Test Species Form Rou~ Coneenulltioo Critical EO'ed(s) (mglkgJdllll) Rderem:e 

Cadmium Mallard Soluble salt 90 days; EL R . L4S While lind 
oral in diet ppm finley t 97& 

Mouse Cadmium 2 generations; LQAELa Reproduction 1.26 Schroeder 
chloride oral in willer (plus 10 ppm in water and 

incidental in food) and 0.1 ppm in Mitchner 
diet 1911 

Fluoride Scrc:ech owl Sodium 5 to 6 months: NOAEL Reproduction 7.8 ... 
fluoride onll in did 56.5 ppm 1988 

Mink Sodium 7 to 8 months; NOAEL BOne structure 12.8 Shupe I!f al. 
fluoride oral in did 115 ppm in did 1987 

lind 0.3 ppm in 
waler 

linc days; LOAELb Mortality. body 30 Gasaway and 
nate I in did 3,000 ppm weight. blood Buss 1972 

Ral linc oxide 1 to 16 dAy. during NOAEL ..,. 
-,­

. 160 Schlicker 
gestation; ppm and COlt 
oral in diet 1968 

a nCC:'rulllny factor of O.S WllI used to obtain 1"8. 
b nce,r\al:l'lty factor of 0.1 was used to obtain 1"8. 

Key at end of table. 
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Table 5-2 (Coot.) 

Key: 

LOAEL Lowest observed adverse effect level. 
NOAEL := No observed advcl'1Ie effect level. 

TB '" To:ti¢il), benchml1rt. 

,., 
2 
?i 
'~ 

If, 

"CI.. 

a 
~ 
« 

:I 
3 

:.
,.. 

,;.. 
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Table 5-3 

AVIAN AND MAMMALIAN INGESllON RATES AND BODY WEIGHTS 

Species 

Food WiesUOIl 
RJate 

(kaIday) RelenlJl.loC.e 

Body 
WEight 

(kg) Relerecce 

Mammab 

I.Aboratory I!1IOUJIe 0.0055 EPk19881l 0.030 EPA 1985 " 

Labontory I1It 0.028 EPA'1988· 0.35 EPA 1985 '" 

Mink 0,137 BluviN and 
Aulcrich ! 981 

1.0 EPA 1993. 

Deer 1l'lOU.t.e 0,0035 Nagy 1911~ 0.021 Millar 1989 

Mule deer 2.25 Nagy 1987b 87.175 Burt and 
Grouellheider 
]952 

CoyOle 0.587 Nagy L987b 13.6 ,Godin 1977 

Mulknt 0.D28 Nagy 1987b 0.87 Reeves and 

.8in!s 

Mallard 0.110 White and Finley 
L978 

US3 White Illd 

Findley 1978 

Screech owl 0.Q25 Opresko et ai, 1994 0,181 Dunning ]99:3 

Sage &f'OU.t.e 0,105 Nagy 1987· 2.468 Dunning L993 

Red-lAliled Mwk 0.0602 Nagy 1987· 1.056 EPA 1993b' 

Homed !.art: 0.0075 Nagy 198'1a 0.0311 Dunning 1993 

Cedar waxwing 0,0076 Nagy 1987· 0.032 Dunning .1993 

Spotted Y.Ildp ipe r OJ)61 Nagy 1987· [.()68 EPA 1993b 

8 Laboratory Mammall: F = 0.056(BW)0,66!1 


b Food ingelltion niles are baaed on tJle body weight of the organism in grama: 

RodenU: F" 0.621 (BW)0.S64 

Herl>ivorea: F "" 0.577(BW)0,m 

Plllcentill mammals; F = 0.235(BW)°,822 

Nonptl.lI8enne bird.: F = Q,648(BW)°,651 

Par.scrine bird.: F '" O.398(BW)°,gSO 


Key: 

BW "" Body weight. 

F '" Food m,eltion ra!.e. 


5-10 
02:Zl'lO'iIO_~! l/9S.01 ZP3090.11.0 



Revision No. 0 
April 1 

Page 1 of 1 


Table 

BODY SIZE SCALING FACfORS FOR SELECTED SPECIES 

Test Species "". "".., spedes 

Body Weight Body Weigbt 
(BW,) (BWw) ScsliDg Facto"" 

Species (kg) Species (kg) (BWt'BWwll13 

§~ 0.03 Deer moule 0;] 1.13 

0.03 Mule deer 87.175 0.07 

-Mo~ 0.03 Coyote 13.6 0.13 

Mouse 0.03 Muskrat 0.87 0.33 

Rat 0.35 Deer mouse Q.021 2.55 

RIlt 0.35 Mule deer 87.175 0.16 

iRat 0.35 Coyote 13.6 0.30 I 
Rat 0.35 ~ , .. t 0.87 0.14 

Mink 1.0 Deer mouse 0.021 3.62 

Mink LO Mule deer 87.175 0.23 

Mink 1.0 Coyote 13.6 0.42 

I Mink 1.0 Muskrat 0.87 LOS 

Mallard 1.153 Sage grouse 2.468 0.78 

Mallard 1.153 Red-tailed hawk 1.056 1.03 

MaI.la.rd­ 1.153 Homed lark 0.031 3.34 

Mal.lard· . 1.153 Mallard 1.153 1.00 II 
Mallard 1.153 Spotted nndpiper 1.068 g\Mallard 1.153 Cedar 

0.181 Sage grouse 2.468 0,42 

II 
1.056 0.56u. 

Screecn owl O.lIU Homed lark 0,031 1.91 

Screech owl 0.181 Mallard 1.153 0.54 

Screech owl 0.181 Spotted sandpiper 1.068 0.55 

Screech owl 0.181 Cedar wuwing 0,032 1.78 

IIFrom Opreako ,.t al. 1994. For lIOurce of body weights see Table 5-3. 

ZP3090.11.0 
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Table s..s 

TOXICITY REFERENCE VALUES FOR WILDLIFE 

Chemia.l Test Species 
Test Species T811 

(mglkglday) Eadpoi.nt Species 

Estimated 
WIldlife TRv" 

(mglkglday) 

Cadmium 

.. ' 

.' 

Mouse 1.26 Doer mouse: 1.42 

Mule deer 

Coyote 

Muskrat 

0.09 

0.16 

0.42 

Mallard l.4S Sage grouse 1.13 

Red-tailed hawk 1.49 

Homed lark 4.84 

Millard 1.45 

Spotted sandpiper 1.49 

Cedar waxwing 4.79 

Fluoride Mink 12.8 Doer mouse 46.3 

Mule doer 2.94 

Coyote 5.38 

Muskrat 13.4 

Screech owl 7.8 Sage grouse 3.28 

Re<.I-I.!Iiled hawk 4.37 

Homed Lark 14.9 

Mallard 4.21 

Spotted sandpiper 
., 

4.29 

Cedar waxlNing 13.9 

Zinc Rat 160 Doer mouse 408 

Mule deer 25.6 

Coyote 48.0 

Musk.re.t 118 

Malla.rd 30 Sage grouse 23.4 

Red-tailed hawk 30.9 

Key at rod of table. 
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Table 5-5 

TOXICITY REFERENCE VALUES FOR WILDLIFE 

Chemka.l Test Species 
Test Species nil 

(mgtqJday) EDdpowt Species 

Estimated 
Wildlife TItVb 

(mglkglday) 

.. 

..­

Homed lark 100 

Mallard 30 

Spottul sandpiper 30.9 

Ccdarwaxwing 99 

a See text for derivation of lest species TH. 


b Calculated by multiplying tm. species TB by Ii boi1y weight scaling factor (see text and Table 5-4). 


Key: 

TB == Toxicity benchmarlc:. 
TRV '" Toxicity reference value. 

.\ 
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Risk Characterization6 

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 5 are compared and evaluated for each of the COPCs and 

measurement endpoint spe{;ies under consideration. The e{;Ological significance of the 

identified risks is then discussed in tenns 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 

(HQtotal) for each COPC and measurement endpoint spe{;ies. HQtotai was calculated from the 
.1 

total exposure (EEtotal) received through all relevant pathways for each receptor, divided· by 

the TRV for that receptor: 

6-1 .,.. .. I,,~, and enviro;.&f..J09O.11.0 
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where: 

HQtotal 	 = Hazard quotient, all pathways; 
= Estimated exposure, all pathways (see Section 4); and EEtotal 


TRV = Toxicity reference value (see Section 5). 


If HQtotal > 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 perdentages of total risk due to exposure through dietary ingestion (EEdiet) .ind exposure 

through incidental soil ingestion (EEsoil) were calculated for terrestrial wildtife 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 iClentified 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 Hills 

SW sampling locations. No other risles 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 mgl1cg, 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 

Ol:V:lOlO_~]:Jm.D I 	 ZP3090.11.06-2 
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fluoride to the cedar waxwing were not evident in the riparian habitat. No risks of cadmium 


or zinc were identified for birds in the sagebrush stepp.e 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 

. HQtotal •. for each of the endpoint species found to be at risk from total exposure .. HQs 

calculated in this manner are all greater than 1, indicating that exposure at background levels 
".:'.:' 

of copes 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 mea.!iuremem 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 wi1dlife 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 RIfFS 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 of 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 	 Ecological 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 marginaJly above the 
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threshold for the mea!iiurement endpoint species, and by inference the assessment endpoint 

communities at risk may be marginally but Dot 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 I 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 di~ exposure 

andlor 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 subsequ«;:nt 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 importarice 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 RIfFS study area. In general, the numbers of 

individuals and species affected will be a function, in part, of the areal extent of contarni­

nation"Sagebrusb steppe habitat is extensive in the Bannock Hills to the south of the site 

facilities, whereas adjacent land to the north of the facUities 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 baclcground (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 copes 
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 analysis 

for these three COPes in terrestrial ecosystems. other copes in soil (see Section 2) are 

presumed to be of marginal. .ecological significance. In addition, it is worth noting that there 

is 00 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). 

AJthough 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 SEMI A VS 

analysis, cadmium and other COPes 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 Porroeuf 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 

bistorical 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 Portneuf River 

surface water are considered likely to result from these sources. In addition, for both sHver 

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 Species of Concern 

Listed and candidate species, unique natural ecosystems, and jurisdictionally 

designated wetlands that may be present within an approximately lO-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 deten:nin.ation of the potential risks of adverse effects on protected. and/or rare 

species and their habitat. Potential risks associated with fluoride to these assessment 

e.ndpoipts were identified as follows: 

.. 	 Common species of raptors I ikely to occur at the site, such as the 
red-tailed hawk, were found to be at risk: primarily through <,lietary 
exposure. Although there are no federal or state-listed species of 
raptors Imown 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 
(MDTA), and all raptors are classified as Protected Nongame· Species 
by the Idaho Department of Fish and Game (IDFG) (Moseley and 
Groves 1992). 

411 	 Songbirds such as the homed lark were found to be at risk from the 
combined effects of dietary exposure and incidental ingestion of soil. 
The State Special Concern yellow4>iUed cuckoo (Coccyzus america­
nus) bas 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). 

• 	 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 spedes and State Special Concern species. The 
wolverine is known from a single recent sighting in the Fort Hajj 
Bottoms (Stepbens 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 aesthetic significance but have no known 
protected status. . 

III 

form 
.,' .~ for wildlife species that have 


birds, upland garnebirds). 

papUJiterum) is a Federal Candidate sDecles 

(1949) collection (Stephens 1993). 

in the site area, significant exposure of 

unlikely. 


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

Site are common species of sagebrush steppe, whicb 	 have protected status 

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

benthic invertebrates, waterfowl. sborebirds, songbires. semi-aquatic mammals, and shrubs, 

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

of riparian. riverine, and mudflat habitats associated with ....(\11"""1'1",. 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 of 	 is also 

provid~. 

6.3.1 Uncertainties of the Problem Formulation 

i. 	 cope Selection. The uncertainties of selection include the 
lack of sensitivity of analysis fOf mercury and silver in 
and lack of ecological risk-based screening 
contaminants :md media of concern. The detection limits for merCUj 
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 
risks, for the reasons described above in Section 6.2. The lack 
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. 
Certain 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 pisciYorous birds were 
left out of the assessment because COPes (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 anal ysis 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 had 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 10 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 bioavail­
ability of fluoride in bone is <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 10 
be in a relatively unavailable mineral form (see Appendix G). 

3. 	 Herbivore Exposure Estimates. The potential risks of fluoride to 
the homed 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 to 
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 bas a low 
bioavailabil ity. 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 lower tissue concentrations of fluo­
ride compared with vegetative pans of plants, perhaps by as much as 
a factor of 10 (Bus el al. 1984). Therefore. the dietary exposure of 

". 	 the homed lark and the sage grouse could be substantially overesti­

mated. 


4. 	 Assumption of Site Use Factor (SUF) = 1. The levels of COPo, 
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 overlapping 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-qualifled 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 5. 

2. 	 Field Verification or Potential Advene 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 RIffS, however, and risks are 
predicted based largely on extrapolation methods. The uncertainty of 
the predicted effects CQuld 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 or Trace Elements. 
combined effects of copes on ecological receptors cowd be 

additive, or synergistic. Antagonism is a com· 
bined than the sum of independent effects . 
."'U'!"...."IC!'I"I'I is a combined toxic effea that is greater than the sum of 

Alternatively. effects ofexposure to multi­
additive for a given critical effect. 

yv.............. additive interactive effects of COPCS are 
qwmtiif.atively evaluate because. for a given receptor, the 

endlOOlmts are not SIlllC for various COPCS. There-
are a source of uncertainty in the risk: 

..,......rlY"tCl both of antagonistic and 
synergistic in plants (Kabata-Peodias and 
Pendias 1992), simultaneous administration of zinc and cadmium 
has been ShOWD to inhibit tumor development in laboratory rodents 
(Eisler 1985). of at site are the possi­
ble antagonistic and phospborus 00 the toxicity of 
cadmium, fluoride. and although synergistic effects of phospho­
rus uptake on fluoride phytotoxicity have also been observed 
(Kabata-Pendias and Pendw J992). 

6.3.4 	Uncertainties of the Risk Characterization 

In general. the risk characterization is more to overestimate rather than 

underestimate the risks of adverse ecological U~4W'~ of the conservative 

nature of the assumptions used. For COPes with estilmaltoo ......... ro'V"'''.~'''''' than the TRVs. the 

probability of significant .....".!n~..I"" 	 due to fluoride for 

plants, birds, and mammals cannot be .... u,............. 	 although the 

,. 

exceedance of the TRVs does not imply any particular level of at the VV\J.........,,'.. or the 

community level. 

6.3.4.."1 Sensitivity Analysis 

Because fluoride was the onJy cope to exceed an HQ 1 ecological risk 

assessment. it is perhaps of interest to provide a quantitative estimate sensitivity of the 

fluoride risk estimates to the uncertainties of the exposure assessment. Adjusted are 

provided in Table 6-5. The adjusted HQs were derived by first calculating an adjusted 

(BEad} for the coyote,· red-tailed hawk, horned lark, and (all "............ ...,. with 

unadjusted HQ > 1 for fluoride). The adjusted HQ (HQad} was by dividing 

EEad} by the TRV. 
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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 bioavailability and analytical uncertainty 

canceJ each other, there is 00 net change in the HQ for the coyote and red.-tailed. hawk (see 

Table &-5). 

The adjustment for the homed. lark entailed. dividing the forb component of its diet by 

a factor of 10 to account for tb.e 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 homed lark exposure and risks by 

approximately 20% at Michaud Flats and 32% at Bannock Hills SW (see Table &-5). 

However, despite these adjustments, the HQadj for both locations is still greater than I, 

indicating that a potential risk remains for the homed lark. 

For the sage grouse, the adjustment entailed multiplying 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. 5). 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 quantitativ.e 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, sire-specific infonnation 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 soil fluoride. However, even if the soil fluoride bioavailability were to be 

reduced to the same extent as estimated for the bioavailability of fluoride in bone (i.e., a 

bioavailability of 50%), HQndj 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 ill 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 affocted by quantitalive adjustments of risk. 
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Table 6-1 

HAZARD QUOTIENTS FOR PLANTS IN SAGEBRUSH STEPPE 

AND RIPARIAN HABIT A TS 


Meiul.ll'8Dtllt 
EndpoJAt Speda: CbemkaI Localioa 

EE 
(mgIq) 

TRV 
(maJq) HQ 

Zinc Peery ButtcA 9.OS !SO 0.06 

. ,. 
Michaud FJ.a.ts 12.5 150 0.08 

.~ Bannock Hilh SW 13.4 150 0.09 

Ripariaa Habitat 

RWlsian olive Cadmium 

Fluoride 

Sna.ke RivesA 

Portneur River 

Snake Rive(l 

0.1 

0.25 

11.9 

5 

5 

SO 

0.02 

0,05 

0.24 

Portneuf River 12.0 SO 0.24 

Zirn:: Sna.lc:e Rive(l 

Portneuf River 

8 

11.3 

150 

150 

0.05 

0.08 

a Ba.ckgrou.nd Ioc::&tion. 

Key: 

EE "" Estimated exposure. 
HQ "" Hl!.2'JIJ'd ql.Iotient. 

TRV :; Tox.ic:ity reference value. 
;;;;; HQ > 1. pot.clltial riIk identified. 

6-13 

ZP3090.11.0 



EMF ERA 
S«:Iion 6 

Revision No. 1 

l illy 1995 


Page 1 of2 

HAZARD - ­
"""'"' 

~,.. c.drni... 

Fluoride 

~ 

~~- ~...... 

Fluoride 

~ 

.~- -~ 

Fluorido 

~ 

Tlble 6-2 

FOR MAMMALS IN SAGEBRUSH STEPPE HABITAT 

,.'!:;r. m 

~ ...... ""'. ... "'" ..... 0.01 0 .16 .. ~ - -

~'W ~ 
0. 16 •.n - -

•." ~ - -..~ ,,. - -
" "w 

Mi<IIlud FIoI1 ••• ,,. • 7 L.!~ n. 9~• 
~~ ~ 

5.n '1 .9~ ~ 

~ ~IM>:tI.oud FWo 

- -

'" •.~ - -
SUInoo.I: Hillo SW ,~ q •.~ 
~ ~ ~ ~ - -

~ ' " •." - -
~H"" SW •.", 1 . ~1 0 .16 

~'-' U ~ ~ -
".,

_~sw 
~. , - -

"., ~. , 0 .43 - -
~, ..... U ~ O.Ol 

~ -S­ -',;­ ~ - -
0 ,01 

~ "" .. O,Q04S •.~ ~ , .... . on .~ •." 
~ HilIo SW ' .m .~ ' .n - -

~~- O.25S· ' .N .~ 

~ ~ ~ ~ 
- -

U , ." 
0.372 ". 0.01 

~ = ~ ~ - -
"'01 O! ..... o floblc. 

6- 14 

ZPlO9O.I1.0 



EMF ERA 
Section 6 
Rev ision No. 
July 1995 

Pagc 2 of2 

Table 6-2 

8onno<I< Hillo SW 0.441 •.~ 
• ~ IDeation. 

l'..I!",..s .. &tim&Icd ••po. un: . •
HQ_ .. Houud q~ 

T1tY .. ToUc;!y ..r_ yoJoe. 
_ .. 1'1<>1 ......-• 

• .. HQ> L. pot"";"! Nk idoIIIilioId. 

• 

-. 

ZP:109O.11.0--.- - 6-15 



EMF ERA 
SectioQ 6 
Jl.evblQQNo. 1 
Suly I99S -, 
Page 1 of2 

., 

.' 

• 

--
-==-

11o""", Ioh 

. 

Rod........ IIa..... 

k~_ 

--............ '" 

Table 6-J 

ffAZARD QUO~ rOR BIRDS IN SA.GEBR USH STEJ'I"E 

" ~~..!!20 .!::.!. .!:!.• 

c.m;_ ~ jff£ -::;- -= - -
•." - -

80. -" lI iIIo SW ..~ ,. ~ •.~ - -
""""' ~ ..;!. ".• ~ - -

".• .." n."".• :... 
a...- Hillo SW U, I'.' 

~ 
n,. 16_Ui 

"" I '~ ,~ -;;- -•.~ -
_ HiJIoSW u u ,~ ~ 

. 
COod",;u", I " !!..... ~ C!!- ~ - -

I~II~SW 
•.~, .... ~ - -
0.011 I." ."-... ~ 

~ 

~ 
- -. = ,.... u .••;.;-

~,. ' .n 11 .1 • 11.1" 

~ 
_..... ,... 10.9 •.~. 
~.. ~ ~ 

".• ~ 
- -

2!!. - -
"'"'"- _.... 

0.OL7 '" .." - -
.!!......"!!!" =•. ~ ':!!. - -
~.. ,~ .." •." -

-~ --' ... , u O.SI -
~ -!!!. ~ I" I ,:.,. ::: ~ ~ 

• 

ZPlO9O. II .0 



EMF EllA 
SealoD6 
Revision No. 
J ul~ 1995 

Page 2 of2 

Table 6-3 

HAZA.RD QUOTIENTS FOR BUtDS IN SA.G EBRUSH STEPPE 
AND RlP4iUAN HABITATS 
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Table 6-4 

HAZARD QUOTIENTS FOR MAMMALS AND BIRDS IN RIVER 
DELTA HABIT AT • CADMIUM 

..... .., .. . 
L«atiou 

EEroml 
(mglkgld) 

TRV 

~ 
Species ("'"6' -,OJ 

Mallard Snake RiverA' 0.094 1.45 

Portnwf River 0.2.46 

MuUnt Snake RiverA' 0.033 0.42 0.08 

Portneu f River 0.075 0.42 0.18 

Spotted undpiper Snake RiverA' 0.029 1.49 0.02 ~ 

Portneuf River 0.21 1.49 0.14 

-'.'; a BaCKgroUnd location. 

Key: 

EEWUIJ "" Esti.rruJ.ted expolure. 
HQIOI&I = Hazard quotient. 

TRV = Tolt.icity reference value. 
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Table 

ADJUSTED HAZARD QUOTIENTS FOR MAMMALS AND IN 

SAGEBRUSH STEPPE HABITAT· FLUORIDE 


Coyote 

Homed Lad: 

4.37 2.28Bannock HillJI SW 9.97 

3.:28 3.99 

BanI\Ocl( Hilla SW 

13.1 

4.093.2813.4 

"" ElIt.i.rn&ted exposure a..djUJted lUI deacribc::d in text. 

HllZII.ro quotient, equal to EEGdfTRV. 

Toxicity reference value. 
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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 faciHties. These locations are thought to be represen­

tative of a larger area extending approximately 3 miles from the facilities. The fluoride risks 

are considered to have onJy a marginal likelihood of resulting in adverse effects on population 

size or community composition of species in the affected areas because (I) the estimated risks 

of fluoride are only marginally above the threshold for toxic effects, (2) the potential risles 

were quantified for effects 011 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 anaJysis 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 

fad] ity 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 associated with the Ponneuf 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 macle of site-specific exposure data for the risk assessment, thereby reducing a major 

source of uncertainty. Fluoride exposure estimates for wildlife were based on statisticaJly 

designed sampling and analysis of representative food items, hence the modeled dose 

estimates are considered to have a high degree of rei iability. Toxicity testing and SEMIAVS 

analysis of sediments provides adequate information to evaluate potentiaJ impacts of 
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contaminants to the Portneuf River. which were judged to be minimal. In general. with the 

exception of for fluoride. the conservative assumptions used in the 

assessment are more to overestimate rather than underestimate the risks of ....",." ,,,,, 

effects of the site. 
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This appendix summarizes chemical and radiological analytical results reported in the 

Remedial InvestigationIFeasibility Study (lUfFS) 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 ecological 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 re(;eived 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 pr~ented is the data regarded as the background data set for that matrix. (see Section 

2.3). The summary information included for each grouping 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 concentration 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 found above 

the criterion). 

Specific steps taken in the organization and manipulation of the database were as 

follows: 

• 	 QA/QC data (e.g., matrix spikes, rinsates, and blanks) were re­

moved, with the exception of duplicates; 


• 	 For duplicate samples, the average value was taken; 

• 	 Values with the qualifier HR," "U6," or "Ur were removed; 

• 	 Values with the qualifier "U· were divided by 2; 

.,.....I"I:~ .."d environ6B1090.11.0A-3 
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.. 	 Surface water and sediment files were divided into separate files for 
Pormeuf River samples upstream of the site (locations 21 through 25, . 
A I, and A2). downstream river channel samples (locations I, 3, 8, 
10, 12, 16 through 20, 7E, Bl, CI, C2, and C4), and downstream 
spring samp]es (1ocations 2,4,5,6, 7, 9, 11, 13, 14, and 15) based 
on Ioeational infonnation provided in BEl (1994); 

.. 	 Groundwater background samples were from wells 101, 102, 106, 
147, 158, 301, 305,510 through 514,516, IDAHO POWER, PEl-I, 
PEI-6, and lW-I05; and 

.. 	 Radiological data mes were combined with noruadiological data files 
(this step was taken to reduce the number of tables). 
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Table A-I 

BACKGROUND SOIL SUMMARY 
EASTERN MICHAUD FLATS SITE 

Chemka.1 Units 
Fnqumcyof 

Detectioa 

MInimum 
Detected 

Conceliltraooll 

Maximum 
Detect.ed 

Collcen lrlllooIl 
Avenge 

CoIlcelilIraOOD 

Aluminum, total mglkg 85/85 4,270 15,600 10102.94 

Antimony, total mglkg 15/80 5.6 20.5 4.660625 

ArsefIic. toW mglkg 71/85 1.2 9 4.135824 

Barium, total mglkg 85/85 73.2 2,240 174.1471 

Beryllium, total mglkg 65/85 0.14 2 0.534471 

Boron, total mg/kg 82184 0.78 91.7 5.788452 

Cadmium, total mglkg 74/85 0.07 25.7 1.092294 

Chromium, total mgflcg S4fS4 4.9 166 2Ui6429 

Cobalt, total mg/kg 65/85 2 11.3 4.61453 

Copper. total mglkg 85/85 7.2 36 10.12118 

Fluoride mglkg 85/85 190 3,320 505.4824 

Iron, total . mgllcg 85/85 5,790 15,900 11,858.35 

Lad, total mglkg 85/85 1.3 64.9 13.78588 

Litllium, total mglkg 85/85 5.9 57.1 13.69412 

Magne3ium mgllcg 212 10,500 22,000 16,250 

Manganese, total mglkg 85/85 129 572 352.7294 

Mercury ~ total! mglkg 55/85 0.05 0.36 0.101588 

ft 13/84 1.3 5.3 1.53869-J , -c' -c 

Nickel, total mgllcg 78/85 2.5 34.4 10.73353 

Phosphorus, total mglkg 85/85 193 2.3,600 904.4471 

Polonium-210 pCilg 36/46 1.02 29.8 3.314935 

Powsium-40 pCilg 46/46 9.58 21.2 16.92783 

Selenium. total mg/k:g 56/85 0.3 5.3 1.157294 

Silver, total mglkg 69/85 0.28 3.4 1:074647 

Thallium, total mgfk.g 49/83 0.03 0.89 0.125542 

Ut1I..nium-2.38 pCi/g 1/46 5.42 5.42 5.00913 

'";.. 

.\ 
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Table A-I 


BACKGROUND SOIL SUMMARY 

EASTERN MICHAUD FLATS SITE 


Chemical 

Vanadium, total 

Zinc"toW 

UrUts 

mglkg 

mglkg 

Frequency or 

Deta':OOr.a 


83/85 

85185 

Minimum 

Detected 


(Ance.o.tnIlion 


19.3 

28.9 

MaximuDl 
Detected 

(Al1Ulltraoon 

220 

296 

Avenge 
(Aocrotntion 

35.17647 

46.33176 

" 
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Table A-2 

EASTERN MICHAUD FLATS SITE 
BACKGROUND SOn.. CO'MPARISON TO SCREENING CRITERIA 

Cbemk.aI Uilits 

Lower 
i"bytotoDcity 

Rd'1!n!!IICt! 
Value'" 

Frequmcy of 
ExceedaDce of 

l.cwer Refe.reo.c.e 
Vaiut'! 

Upper 
i"bytotoxicity 

Referaxe 
VlIIlue" 

Frequeocy of 
Exceed.wc.e of 

Upper 
RefereDCe ViiIue 

Alul!liourn, l.oI.ai mgfks NA NA NA NA 

AJiiimony. I.oI.a.I Il\IiIkg 5 15f80 10 101&0 

Ai'1Icoic. I.oI.a.I mgtq IS 0/85 SO 0/8.'1 

Barium, ICIiI&I lllillr.'& NA NA NA NA 

Beryllium, I.oI.a.I mglq 10 0/85 10 0185 

Boron, I.oI.a.I mgtq 15 1/84 100 0184 

Cldmiu.r:n, I.oI.a.I 1ll8/kg 3 4/85 8 21115 

Chromium, t.oI.ai mg/kg 75 2/84 tOO 1184 

Cobalt, I.OUII m,g/kg 15 0/85 SO 0/85 

Capper,l.oI.a.I mglq 60 0/85 125 0/85 

f1uoride m,g/kg 200 84/85 500 19/85 

Iron, total m,gfk:g NA NA NA NA 

Lud,t.oI.al m,gtq 100 0/85 400 0/85 

Uthium. lOI&I m,glkg Nil. Nil. NA NA 

MangIiDeae. t.oI.aI mgtq 1,500 0/8S 3,000 0/8S 

Mercul)'. I.oI.a.I m,gfk:g 0.3 4/85 S 0185 

Molybderulm, 
lOI&I 

qfk:g 2 6184 10 0/84 

Nickel. toI.al mglkg 100 0/8S 100 0/85 

PbOliphoru I, lOt&! malkg Nil. NA NA NA 

Pulooiu rn-ll 0 qfk:g . NA NA NA NA 

Potaa.ium-40 pCitg Nil. NA NA NA 

Sc:1c:llium, l.oI.ai pCi.lg .5 lIBS 10 0/85 

Silver. total mglkg NA NA NA NA 

11Iallium, I.oI.a.I q/lr;g I 0/83 I 0/83 

UruUum-138 mglkg NA NA NA NA 

Vanadium. I.oI.al pCi.lg SO 6/85 ISO tl8S 

Zinc, UUI mglkg 70 4185 400 018.'1 
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a 	 From KabaLtl-Penduu and Pendi,oa (1992); valuell lire lite minimum or maximum of lite rIIngt: of concClll.nluom 

reg.ltled u ph)1oloxic by "enou. aulltOrl, lU shown in Table 5 of lite refel'l;tl.ce. 

Key: 


NA .. Not avail.ab1e, 
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Table A·3 

EASTERN MICHAUD FLATS SITE 
OFF-SITE SURFACE SOn. SUMMARY 

ChemJW lJllits 

Frequmcy 
or 

Deted.ioD 

Minimum 
Detected 

Col1USltnUoU 

Maximum 
Detected 

CoOCeDtraUou 
Avet'age 

CoocmtraUoa 

i Aluminum, total mg/kg 1421143 1150 18900 12520.21 

Antimony. total mglkg 161127 3.8 26.6 3.965354 

A.rsenic, total mg/kg 128/137 1 18.4 5.388358 

.R mglkg 1431143 69.8 770 169.0336 

Beryllium, total mglkg 1251138 0.14 2 0.772536 

Boron, total mg/kg . 132/136 1.42 197 10.86493 

Cadmium, total mglkg 135/139 0.32 189 22.08169 

Calcium mglkg 36137 4S00 203000 57411.57 

Chromium, total mglkg 143/143 9.3 608 81.84895 I 
Coba.lt, tota I mglkg 115/138 1.8 11.3 4.754493 

Copper, total mg/kg 143/143 8.1 84.4 21.51958 

Fluoride mglkg 143/143 164 21200 2469.951 

Fluoride, soluble mglkg 111 188 1.88 188 

Iron, total mglkg 143/143 6040 20000 13066.29 

Lead, total mglkg 143/143 0.8 2030 42.54937 

Lead~210 pCilg 76/94 0.441 50.8 6.775894 

Lithium, total mglkg 143/143 6.1 65.6 13.44545 

Magnesium mglkg 37137 3590 15000 6654.054 

Manganese. total mglkg 143/143 44.9 1330 428.321 

Mereury, total mglkg 79/115 0.05 1.2 0.148348 

Molybdenum, total mglkg 321134 1.3 19.1 2.612687 

Nickel, total mglkg 1341143 6.7 124 23.19545 

Orthophosphate mglkg 1421143 0.59 154 14.4386 

pH Std. Unii.lJ 143/143 S.25 9.87 7.697162 

Phollphol"Wl, totAl mglkg 1431143 300 84900 7853.105 

A-9 
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of 

'.' 

UDibChemkal 

Polonium~210 

PotUlium 

Powllium-40 

Sulfate 

T'Iullium. total 

Total organio c.arbon 

Uranium-238 

VlIJ'Uldium, total 

Zinc. total 
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Table A-3 

SUMMARY 

Maximum 
Detected fberqe 


Detection 
 Concentration Conuotratiou CooceuuatioD 

94/94 0.387 

35/35 2350 

5.96 

871129 0.29 16.3 1.74876 

1001139 0.2 10.8 

141'35 20 9730 429.8571 

117/137 3.9 0.480109 

J1'3 

0.02 

6100 8000 7033.333 

0.0111 26.9 3.97499481194 

143/143 10.6 729 

1540143/143 ·43.7 
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Cbemw 

AJl.lminum, 10011 

AmimQIIY, (0011 

A.nIenic, loIJIl 

Barium, 10011 

Beryllium, 10011 

Boron, 10\.811 

Cadmium, 10\.811 

Chromium, IOUlI 

Coblll, IOUlI 

Copper, toIIIl 

Fllloride: 

II leIId,toUlI 

Lead-210 
I 

Mang. 

II 

Table A .... 

EASTERN MICHAUD FLATS srrE 
OfF-SITE SURFACE SOn.. COMPARISON TO ~ IINGCRITERJA 

~lIf 
Lower F~of 111'1'1*' Exl:eedam:e of 

F- of • ;:,* 'J ExceedllDCe of ~ U~ 
...,'''''t.........." or 

n~:;;j;e LowerRel~ RefI!'t1illllCA! Rel'e1'ftI(l! 

umts BlII:ksrned" .,. _.. A Value VaJr;teb Value---,"""'.. 
mBlkg 13900 351143 NA NA NA NA 

mg/kg 2.2 16/127 S W127 10 9/127 

7.7 221137 15 71137 SO 01137 

mg/kg 188 24/143 NA NA NA NA 

mg/kg I 251138 10 01138 10 011311 

mglkg 12.8 2l!/1J6 25 131136 100 IftJ6 II 
mg/kl1 1.9 104/139 3 911139 8 561139 

mg/kg 27.5 76/143 75 33/143 100 231143 

mglk, 7.6 71138 25 01138 I SO 0/138 

mg/kg l2.li 11m4) 60 iOJl43 I2S 01143 

m,/kg_ 600 721143 200 [421143 SOO 93/143 

mBfkg 14400 41(143 NA NA NA NA II 
29.1 46/143 100 3/143 400 1 1114] II 
3.03 52194 NA I' NA I NA I NA I 
41ll 44/143 1500 I 0/14] ]000 0/14] 

I 0.3 131l1S S OlliS 

~ 
I 

~ 241ll.. 10 10/134;; 
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Table A-4 

EASTERN MICHAUD FLATS SITE 
OFF..srrE SURFACE SOn. COMPARISON TO SCREENING CRITERIA 

Cbemical VMs 81111Ck&rmmd" 

l"IeqDmC} of 
Exc:~or 

Backgromsd 

L..ower 
l"hytotoxidty 

Relermte 
VaJueb 

F~of 
~of 

~ReI~ 
Value 

Upper 
Phytoto:dc:ity 

Refermce 
VaJueh 

~of 
~of 

VP'P'l5" 
Refereuce 

VIIfue 

Nickel, lotal mglkg 15.5 55/143 100 4/143 100 4/143 

Polortium-21O 

Potlllllium-40 

pCilg 

pCi/g 

3.58 

20.5 

60J94 

17/94 

Nil, 

Nil, 

NA 

NA 

Nil, 

NA 

Nil, 

NA 

Selenium, !otlIl mJfi:J 1.36 381129 5 111129 10 4/129 

Silver, total mJlq ).9 321139 Nil, NA NA NA 

Thallium, totaL mglkg 0.27 511137 I 111117 I II/l37 

Vlllnium-238 pCi/g 3.S8 22194 NA NA NA NA 

Vanadium. total mg/kg 4S.4 49/143 50 411143 ISO 24/143 

Zinc, IotAI mg/kg 32.11 139/143 70 1081143 400 '211143 

a 	Estimated upper 95th percentite of ofT-lite ....bllUrface lIOil IUmpleo. 

b 	From Kabata-Pc:ndiu and Pendiaa (!992); valueR arc: minimum Of ma,omum of the I1Inge of cOllCcnll1ltion:a regarded II phytotollit by nrioo. 

aulhonl, II) lIl!own in Table 5 of Ihe reference. 

Key: 

NA = No( aVlil.ble. 

J :V'JII'lO_~!JI9$.OI 	 ZP3090.11 ~.J 
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ChemJeal 

Aluminum. total 

Antimony, total 

'Arocior 1016 

1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

Anen.ic, total 

Barium. total 

Beryllium, total 

Boron, total 

Cadmium, lOtal 

Calcium 

Cesium-I 37 

Chromium, wtal 

..... .. 

Gro!lll alpha 

Iron, Iotal 

L..e.ad, Iotal 

Table A-S 

EASTERN WCHAUD FLATS SITE 
BACKGROUNDSED~NTS~RY 

Frequency Minimum M.aximum 
of Detected DeteeUd A'fenge 

UDlts Detection CollUUtraUoa ConcentraUou CoacentnlUon 

mglkg 717 I 4,450 ~ 
mglkg 0/3 I NO I NO 5.3167 

015 NO I NO 0.3250 

! .....fIr... OIS NO NO 0.3I "V-" 

I mglkg OIS NO ND 0,3250 

mglkg OIS NO NO 0.3250 

mglkg OIS ND NO 0.3250 

mglkg 0/6 ND NO 0.3250 

mglkg 0/6 ND NO 0.3250 

mglkg 717 3.4 5.7 4.2114 

ll'Ig/kg 717 87.3 174 125.1857 

mglkg 617 0.1 0.81 0.4119 

717 I 3 13.2 6.5714 

~ 0/4 I NO NO 0.3625 

2121 36,500 

4"lOO~1pCilg 2}2 I 0.139 

o~:~ I 15.1143mglkg 717 I 9.2 I 
7171 3.7 I 6.4 I II 

717 10.61 14.8 12.0429 

mglkg 717 193 

~111 13 13 

I pCilg 717 4.12 13.6 .2900 

b 717 10.2 25.3 15.8000 

mglkg 717 7,730 14,400 10,081.4286 

mglkg 717 12.1 7L9 28.8714 

....ul<Jg~ and t~Q9Q. 11.0 
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Che:mkal 

Lithium. total 

uu .......... :"m 

M.IIIlgallese, total 

V· c. 

Mercury. tot&l 

.. 

~,w.~t''' -r 

(P04 uP) 

pH 

Phosphorus. total 

PowlIium-40 

Selenium, total 

Silver, total 

Sodium-22 

TItallium total 

Tow 

Unmium-238 

Vanadium, total 

Zinc, total 

Table A-5 

EASTERN MICHAUD FLATS 
BACKGROUND SEDIMENT' SUMMARY 

Frequency Minimum Maximum 
of Detected Detected Average 

Uoits .Detectioo Coueuttntion CoIJCi!DU'liItioO Coaceatratioa 

I pCi/g 011 I ND I ND 1.6700 

717 6 IS.8 10.6114 

" 212 5.020 5,510 5,265.0000 

mglkg 717 216 522 329.7143 

pCiJg 111 0.0381 nmll7 0.0387 

mglkg 3/6 I 0.69 0.55 I O.l4{)8 

.... 

~ 
2.5 2.S I ~ 

mglkg 4 l3.9 I 
mglkg 117 0.6 6.1 2.3000 

Std. units 117 7.2 8.1 7.7200 

mglkg 717 158 531 357.0000 

pCi/g 717 8.08 18.4 12.6986 

mglkg 213 0.54 0.72 0.4150 

mglkg 0/3 ND I ~ 0.5011 

I pCilg 111 ~ 0.0519 

mglkg 115 0.14 0,14 0.0850 

212 7,995 9,729 8862.0000 

pCilg 1/6 2.03 2.03 U)()82 

mglkg 717 18.1 32.1 25.6143 

mglkg 117 24.3 5S.3 41.9571 

Key: 

ND Not dct.cctc:d. 

14 ZP3090.11.0 
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Table A-6 

EASTERN MICHAUD FLATS SITE 
BACKGROUND SEDIMENT COMPARISON TO SCREENING CRITERIA 

Frequency of '1:. .~ of 
OME Guideliuell­ Exceed.nee of OME OME 'Guideli'lles­ ED:eedanee or OME 

Chemical Units Lowest Efffd Let-d" Lowest Effed Le\leI Severe Effect Level;'! Seven Erred Level 

Aluminum, talal mglkg NA NA NA NA 

Antimony, total mglkg NA Nit NA NA 

Atoclor 1Q\6 mglkg 0.007 0/5 NA I 
mglkg NA NA NA NA 

Atoclar 1232 NA NA NA NA 

Atoclor 1'242 mglkg NA I NA NA NA 

Atoclor 1248 mglkg 0.03 0/5 NA NA 

Atoclo! 1254 mglkg NA NA NA NA 

Atoclar 1260 mglkg NA NA NA NA 

'&~-...=c;" total mglkg 6 on 33 on 

Barium, total mglkg NA NA NA NA 

Beryllium. lotal mglkg NA NA NA NA 

Boron. ,total mglkg NA NA NA NA 

Cadmium, total mgfk.g 0.6 ' 0/4 10 

Key at end of table. 

ZP3090.11.0 
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. 

Chemical 

Calcium 

Cesium-I 37 

Chromium, total 

Cobalt, toLa) 

Copper, total 

Fluoride 

Fluoride, soluble 

Gross alpha 

Gron bela 

Iron, totaL 

Lead-210 

Lad, lotal 

Lithium, total 

MIIgIlC$ium 

Table A-6 

EASTERN MICHAUD FLATS SUE 
BACKGROUND SEDIMENT COMPARISON TO SCREENING CRITERIA 

Frequency of 
OME Guidelines- Exceedaoce of OME OME Guidelinll'S-

Units Lowest Effect Levela Lowest Effect Level Severe Effed l..eYe.llil 

mglkg NA NA NA 

pCjJg NA NA NA 

mglkg 26 on 110 

mg/kg 50 on NA 

mgllcg 16 on 110 

mglkg NA NA NA 

mglkg NA NA NA 

pCiJg NA NA NA 

pCitg NA NA NA 

mglkg 20,000 on 40,000 

pCilg NA NA NA 

mglkg 31 217 250 

mglkg NA NA NA 

mglkg NA NA NA 

Frequmey or 
Exceedance of OME 
Severe Erred leYei 

NA 

NA 

on 

NA 

on 

NA ~ 

~II 
NA 

NA 

on 

NA 

on 

NA 

NA 

Key lit end of Lable. 

n,:u:JO!O. ~I Jll/S-Dl 
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TabJe A-6 

MICHAUD FLATS 
BACKGROUND SEDIMENT COMPARISON TO SCREENING CRITERIA 

Frequency of 
OME Guidelines- Exeeedance or OME OME GuU_I!" 

Chemical Units Lowest Effect Levell! Lowest Effed Lnel Severe Effect Lnel8 

Manganese-54 pCi/g NA NA NA I 
MlI.nglU1cse. total mglkg 460 In 1,100 

MereuI)', total mg1kg 0.2 116 2 

Molybdenum, total mglkg NA NA NA 

Nickel, total mg/kg 16 on 75 

Orthophosphate mglkg NA NA NA 
(P04 u P) 

mglkg NA NA NA 

pCiJg NA NA NA 

Selenium. total mglkg NA NA NA 

Silvcr. total mglkg 0.5 0/3 NA 

pCilg NA NA NA 

1ballium. total mglkg 

~ 
NA NA 

Total Qrganic caroon mg/kg NA I NA 

Unnillm-238 pCifg ~ NA NA 
; 

at end of table. 

!'~ .• of 
Excetdaoc:e of OME 
Sfoyere Effed LeYeI 

~ 
on 

0/6 

NA 

on 

NA 

NA 

NA 

NA 

NA 

NA 

NA I 
NA II 
NA 

ZP3090.11.0 
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Table A-6 

EASTERN MICHAUD SITE 
BACKGROUND SEDIMENT COMPARISON TO SCREENING 

Chemical Uoits 
OME GllIidelines-

Lowest Effect !..neJ8 

or 
Exceedaoce or OME 
Lowest Effect !..net 

OME Guidefines-
Severe Effed levellil 

Fnql.lr!DCJ of 
Exceedaoee of OME 
Severe Efred Lnel 

Vanadium, lotal mglkg NA NA NA NA 

Zinc, total mglkg 120 on 820 on 
-----. 

a From Persaud tl at. (1993). 

Key: 

NA '" Not available. 
OME == Ontario Ministry of the Environment. 

l;U!l1i/O _ [)I 'III)I).OII13I9'S-O! ZPJ09O. 1 I·",,') 
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Table A-1 

IIJ:!.M 

DOWNSTREAM RIVER S' 

Minimum 
or ~ 

Chemical Vnits lHUdion ,..'. ._-­
Aluminum. total mglkg 14/14 2,100 

" 0/12 ND 
H 

" L OIU ND 

II mglkg 0/11 NO 
II I') mglkg 0/11 NO 

,.., mglkg .0/11 NO 

Aroclor 1248 mglkg 0/11 ND 

Aroclor 1254 mg/kg 1/13 0.46 

ArocLor 1260 mglkg 0/13 NO 

Anenic, total mgikg 13/13 2.4 

Barium, toW mglkg 14/14 68.7 

Beryllium, total mglkg 10/11 0.32 

Boron, 1.01.lI.\ mglkg 13113 2.5 

Cadmium, Iotll mglkg 4/8 0.95 

C41cium mglkg 4/4 69,300 

Chromium, Iotll mglkg 14114 5.6 

Cobah. Iotll mg/kg 6114 3.1 

Copper, Iotal mglkg 14/14 . 4.8 

Fluoride mglkg 14/14 149 I 
111 261 

H R. 14/14 4,970 1 
II 

14114 I 6.7 

I 
14/14 3.1 

Magnesium mglkg 4/4 4,920 

M .............. " ... total mglkg 14/14 97.6 

rA 

Maximum 
Detected 

Couceotratioo 

16,200 

ND 

NO 

NO 

NO 

NO 

ND 

0.46 

ND 

9.9 

183 

1.5 

15.2 

22.2 

166,000 

!I.(\ !l 

Avoerage. 
Coote.dtratiou 

6,264.286 

13.4208 

0.3250 

0.3250 

0.3250 

0.3250 

0.3250 

0.3354 

0.3250 

117.1286 

0.6714 

6.1lSlBS 

6.4 I ~I 

~ 
16,100 7,616.429 

61 19.7 

21.8 7.878571 

~ 
6,1112.5 

267.25 

~I A-19 1.0 
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Table A·7 

EASTERN l\flCHAUD FLATS SITE 

DOWNSTREAM RIVER CHANNEL SEDIMENT SUMMARY 


Chemical 

Mereury, tollL1 

Molybdenum, total 

Nickel. total 

Orthophorphate 
(P04 uP) 

pH 

Phosphorus, total 

Selenium. total 

Silver, total 

'Thallium. tota L 

Total organic 
carbon 

Van,adium. total 

Zinc. total 

Ceaium-137 

Europium-155 

Grou alpha 

Gross beta 

Lead-2I 0 

Powsium40 

Uraruum-238 

UDit5 

mgfkg 

mglkg 

mg/kg 

mglkg 

Std. Units 

mg/kg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

mglkg 

pCilg 

pCilg 

pCilg 

pCilg 

pCilg 

pCiJg 

pCiJg 

Frequency or 

Detectioli 


7/9 

OIL 4 

12114 

12114 

14/14 

14/14 

SIS 

9/13 

9/9 

4/4 

14/14 

14/14 

6n 

111 


12/14 

14/14 

212 

14114 

219 

Minimum 
Detected 

. CoDCelltntiod 

0.06 

ND 

2.7 

0.4 

6.9 

·204 

1.2 

0.44 

0.14 

4,495 

10.5 

20 

0,Q.4.6 

0.212 

6.03 

4.64 

1.9 

2.64 

0.829 

M:a.ximum 

Detected 


Concentration 


1.1 

ND 

16.1 

10.7 

8 

7.150 

5.2 

4 

0.73 

11,074 

87.8 

2.51 

0.144 

0.212 

29.2 

30 

2.81 

14.1 

1.33 

Average 
CoDUDtnOO13 

0.1956 

0.9286 

6.6071 

2.3929 

7.618571 

1.455.143 

1.494t:i 

0.307778 

8501 

2.5.48S71. 

55.22.143 

0.0804 

0.212 

9.2843 

14.04857 

2.355 

0.7343 

Key: 

NO "'" Not detocted. 

A-20 
ZP3090.11.0 
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Chemjci!.l 

Aluminum. lolal 

Antimony, IOIaI 

Aroi:lor 1016 

Arnclor 1221 

Aroi:lor 1232 

Aroclor 1242 

Aroclor 1248 

Arador Ill4 

Aroclor 1260 

Arsenic. tota I 

Barium, tOiaI 

Beryllium. total 

Boran, tOC4.I 

Cadmium, UltIII 

Table A-8 

EASTERN MICHAUD FLATS SITB 
DOWNSlREAM RIVER CHANNEL SEDlMENT cOMPARISON TO SCREENING CRITEIUA 

Frequency of 
F~or OME Gtridf1ine· Exc~eof OME GtJideliDes -
UeerollDtle of Lowest Efflld OMELowm s.e.en! mect 

Unilll BIlICkg round· 8ackground Lnelt. mect Lftd LHdb 

mglleg 14,600 1114 NA NA Nil. 

mgl\:g ND 0111 Nil. Nil. Nil. 

mglleg ND 0/11 0.007 0111 Nil. 

mglleg NO 0/11 NA NA Nil. 

mgllcg ND 0/11 NA Nil. Nil. 

mgl\:g NO OIL I Nil. Nil. Nil. 

mtilleg ND 0111 0.03 0/11 NA 
, 

mglleg NO 1113 Nil. Nil. NA 

mg/kg ND 0/13 Nil. Nil. Nil. 

mgllcg S.7 SIlJ IS SIl3 lJ 

mgllcg 174 1114 Nil. Nil. NA 

mgfkg 0.81 Jill Nil. Nil. Nil. 

mgllcg 13.2 1113 Nil. Nil. Nil. 

mgllcg ND 4/8 0.6 'Ill! 10 

Frequmty of 
Exc~eor 

OMEMyere 
meet Lnel 

Nil. 

Nil. 

Nil. 

Nil. 

NA 

Nil. 

Nil. 

Nil. 

Nil. 

O/IJ 

Nil. 

Nil. 

Nil. 

118 

Key a.I end of !Able. . ... 
ZP3090.1 t .0 
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)::> 
t 

N 
N 

CbtoJnical 

Calcium 

Chromium, lotal 

Cob.It, total 

Copper. total 

Auoride 

Auoride, IIOluble 

I.ro0, total 

Lead, total 

Uthium, lOtIl 

Marnclium 

MlIl18IIneae. I.OO!I 

Mercury. total 

Molybdcmlll"l, IOUI 

Nickel, tool! 

Table A-S 

EASTERN MICHAUD FLATS SITE 
DOWNSTREAM RIVER CHANNEL SEDIMENT COMPARISON TO SCREENING CR.ITERIA 

--
Fnqumcy of 

F~or OME GuHieJmes - weeda!lce of OMEG~-
Exc~eof L:rwest Effect OME Lowest Snere Effect 

Uo.its Badlgl"Oundll 8ac:k3l"OiJ.11d welb Effect wei t.e.elb 

mglig 49,100 4/4 NA· NA NA 

mglig 19.4 4114 26 1114 110 

mg/kg 6.4 0114 SO Oil 4 NA 

mglig 14.11 3114 16 3/14 lIO 

mglig 1,300 III .. NA NA NA­

mg/k8 13 til NA NA NA 

mglJ<g 14,400 1114 20,000 Of! 4 40,000 

mglig 71.9 0114 31 2114 2.50 

mg/kg I.U 1114 NA NA NA 

mglkg 5,510 3/4 NA NA NA 

mglig 522 1114 460 1114 1.100 

mglkg 0.55 1/9 0.2 119 2 

mgtq 2.5 0/14 NA NA NA 

fI1II1rI \3,9 1114 16 \/14 75· 

Fn!qlJeocy or 
E,xc:eed.aoce of 
OME Severe 
mect Level 

. NA 

0114 

NA 

0/14 

NA 

NA 

0/14 

0114 

NA 

NA 

1/14 

019 

NA 

0/14 

Key at end of table. 
ZP3090.1 t .0OCZl":Jll\1O_D4 JI».04IIl/9S-DI 
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Chemica1 

Orthophosphate 
(PQ4 u P) 

Phosphorus, lollli 

Selenium, lolIIl 

• Silver, lOlIIl 

Thllilium. lotal 

V.nadium,lotal 

Zinc,lollll 

• Ccail.lm-131 

Europium-I 55 

Groaa ~Iphll 

Oroll belli 

t.cad-210 

Pollluium-40 

Ul1lnium-238 

Table A-3 

EASTERN MICHAUD SITE 
DOWNSTREAM RIVER CHANNEL ~.... CO.MPARlSON TO SCREENING CR.ITER1A 

F~of 
Frequl!lX}' of OM[ Guidt'ii:uel • Exc:ftd"uet of OM[ Guidelines 
Exceed.aoce of Low~eib" OMELowest ~ere Effeet 

Units Backgrounda Backl I"OUI'.Id EfTeet Level Levelb 

mgfkg 6.1 II! 4 NA NA NA 

mg/kg 531 9/14 NA NA iliA 

mg/kg 0.72 515 NA NA NA 

mg/t, NO 9113 O.S 8/13 NA 

mgik, 0.14 I 8/9 NA NA I NA I 
mg/ts 32.1 I 2114 I NA NA NA 

I mgfkg 55.3 ~/I~ I 120 1114 820 

pCi/l! 0.744 on I NA NA iliA 

pCifg NA NA NA NA MA 

pCi/l! IHi 1114 NA NA NA 

pCifS lS.3 1114 NA MA NA 

pCi/g ND 2fl NA NA NA 

pCi/g IS.4 0/14 NA NA NA I 
pCiI, 2.03 0/9 NA I NA NA 

F~o' 
F.xc~or 
OME~~ 
meet I...e?d 

NA 

NA 

NA 

NA 

NA I 
NA 

0/14 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

at end of tabJ.c. 
ZP3090.11.0 
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TaW. A-8 (Coltl,) 

I!. Maximum of up.llum lelliirnel1'l Nlmph~l. 
b From PCI1J.IIIOO 1'1 at 1993. 

NA Not Anilable. 

N D .. Nol detected, 


OMS .. Oruario Mini",!)' of Ihe Environment. 

ZP3090.ll.O 
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Table A-9 

EASTERN MICHAUD FLATS SITE 
SPRINGS SEDIMENT SUM:MARY 

Cbemia.l Uo.its 
Frequea'.lcyof 
~ll 

Mhlimum 
Deteded 

Cooeentration 

M:aximum 
Dd.ect.ed 

Co ocentraoon 
Avenge 

CoDCeDtntioll 

Aluminum, total mg/kg 9/9 2,530 8,600 4,994.45 

Antimony, total mglkg O/S NO NO 22.35 

Aroclor 1016 mg/kg 0/9 NO NO 0.325 

Aroclor 1221 mgIkg 0/9 ND ND 0.325 

AtocJar 1232 mgIkg 019 NO NO 0.325 

Aroclor 1242 mg/kg OJ9 NO ND 0.325 

AtocLor 1248 mglkg 0/9 NO ND 0.325 

Aroclor 1254 mglkg 0/9 NO ND 0.325 

Aroclor 1260 mglkg 0/9 ND NO 0.325 

Anenic, total mglkg 8/9 1.5 13.8 5.82 

Barium, total mglkg 919 52.1 324 110.2.3 

Beryilium. total mglkg 7n 0.35 2.2 1.00 

Boron, total mglkg 8/8 3.4 5.9 4.54 

Cadmium, tolal mglkg 313 0.35 U 0.74 

Cesium-I]7 pCilg 414 0:08 0.38 0.2.3 

Chromium, total mglkg 9/9 9 54 18.43 

Cobalt, tolal mglkg 118 2.1 2.1 

COOalt-57 pCilg 111 0.G4 O.G4 O.G4 

Copper, tola! mglkg 9/9 5.3 13 8.49 

Europium-ISS pCilg 212 0.31 0,49 0.40 

Fluoride mglkg 9/9 75.3 800 251.81 

Gron alpha pCilg 9/9 10 19.8 14.37 

Oro" beta pCilg 919 14.7 19.7 17.74 

:Iron, total mglkg 9/9 5,530 10,400 7,726 

Lead, total mglkg 8/9 5.9 50.5 16.74 

A-25 
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Chemw Ualts 

~ pCilg 

I~ 
mglkg 

mglkgtal 

Molybde;num. mglkg 
total 

Nickel, total mglkg 

Orthopnoaprwe mglkg 
(P04 uP) 

pH Std.UniU 

~ 
mglkg 

II '" pCi/g 

I~'~~ 
mg/kg 

,total mglkg 

glkg _. 

VlUUlldiwn, total mglkg 

~ mglkg 

Table A-9 

EASTERN MICHAUD FLATS 
SPRINGS SEDIMENT SUMMARY 

Mlaimum 
~ or Detected.l'. 

Maximum 
Dd«ted Averaae 

Deteclion Coneeotration Concentration Concentration 

4/4 2.73 I 4.0S I 
919 3.9 9.9 6.2.2 

9/9 22.1 405 136.09 

213 0.11 0.16 0.11 

019 ND ND 0.95 

7/9 2.5 7.6 

6/9 0.5 -;;­ 1.55 

9/9 7.2 Its I 
9/9 64.5 

9/9 9.3 I 15.1 12.14 

111 0.306 0.306 0.306 

314 2.1 3.5 2.10 

1/8 0.17 2.1 0.71 

3/4 0.14 0.3 0.16 

5/8 1.25 3.12 

9/9 17.4 I 192 

9/9 15.4 107 ~ 

ND Not detected. 

ZP3090.11.0 
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Table A40 

EASTERN FLATS SITE 
SPRJNGS SEDIMENT COMP.AK 1:0..1 IN TO SCREENING CRn 

Frequmc:, or !'o _ of 
ExceedaDC:e of 

Frequency of OME GuideliolP.S­
OME Guide!irJes­ ExUli!dll.nee of OME Severe Effed Exc::eedanee of OM! 

Chemical Hae!lground&Units BlKkground Lo'We'lt Effed Ln'J'I Lowat Erred. Le'fd Ln'J> Sen:re Effed. LeYd 

Aluminum, total 0/9mglkg 14.600 NA NA NAI NA 

Antimony, IotaI 0/8mg/kg ND NA NA NA I ~.A. 
0/9mglkg 0.007NOAroclor 1016 0/9 I NA 

Aroclor 1221 0/9 NAmglkg NA NA 

Aroclor 0/9 NA NA NA ~ 
! 

NAmglkg NAAroclor 1242 NANO I 0/9 NA 

0/9ND 0.03 0/9Aroclor~ NA I NA 

Atoclor 1254 019ND NANAmglkg NA I NA 

Aroclor 1260 0/9 NA NANOmglkg NA I NA 

Arsenic 4/9S.7 4/96 ~. 019 

Barium. 119174 NA NA NA 

·317 NA NA NA 

Boron. total 

Bery 

NA0/8 NA NA NA13.2 ~ 
0.6 1/3 103/3 013 

NA 

NOmglkgI Cadmium, total 

NA0/4 NA NA 

26 

0.744pCilgCesium-137 

119 110 0/9mglkg 19.4 I 219Chromium, total 
: I -)" 

Key III end of table. 

ZP3090.1 t.O
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http:m:7.I'109O_~IJm.D1


Revision No. 0 
April 1995 


Page 2 of 3 


N 
CD 

eMm1c:a1 UDiu 

Cobalt, total 

Copper, total mg/kg 

Europium-ISS pCUg 

Fluoride mg/kg 

peUg 

mglkg 

mg/kg 

mglkg 

mglkg 

mglkg 

mglkg 

,EASTERN MICHAUD FLATS SITE 
SPRINGS SEDIMENT COMPARISON TO SCREENING CRITERIA 

FreqUftKy or Frequesxy of OM! GuWdlnes-
Exuedlloce of OME Galdeimes­ Exeeedaoc.e or OM! ~ IUTm 

Baeqroundlll Baekgrol.lud Lowest En'm u..e/J Lowest EfI'm u..d ~ 

NA NA NA 

SO 018 NA 

16 019 

NA 

NA NA 

NA NA NA 

NA NA NA 

20,000 019 40,000 

NA NA NA 

31 119 

NA NA . NA 

460 0/9 1.100 

0.2 0/3 2 

NA NA NA 

75 

FreqUeDC:J of 
Exeeedllloc:e of' OME 
SeYere ElTeet Lnel 

NA 

NA 

019 

NA 

NA 

0/9 

at end of table. 

ZP3090.1 f""'.) 
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Table A·tO 

EASTERN MICHAUD FLATS SITE 

SPRINGS SEDIMENT COMPARISON CRO'ERIA 


Fftiquency of Frequency of OME GuiddiDes­ of 
Eu:eed1llM:ie or ~.II(')I!ofOMK ~Erreet ElI:eeedll.ll(')l! of OMK 
BackgroundBllleqround lll Lcrwen meet Lnd ~ ~ EtTeet LevelUnibChemlaal 

6.1 N 

531 NA NA419 

Of') Nil. Nil. 
):> 
I NAo:n 3/4­ Nil. NA 

N 
\0 

0.5 4/87/8 NAND 

Nil. NA NA NA0.14 1I4 

NA Nil. NA Nil.2.03 4/8 

32.1 119 NA Nil. NANA 

120 019019 820S5.3 119 

. i 

Orthophosphate 
(P04 1.1 P) 

Powllium40 

Selenium. total 

Silver, total 

a Maximum of sediment samples. 

b Prom Penlaud n aL 1993. 

NA Not Available. 
ND "" Not Dd.ectc:d. 

OME ::: Ontario Ministry of the Environment. 

Key at end of table. 

ZP3090. t 1.0 
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Chemica) 

AJkal.inity, bicuborwe 

Alblinity. eaxbonate 

Aluminum, diuolved 

AllllTiinum. total 

) 

Antimony, diuolved 

Antimony, total 

Anenic, dissolved 

Anenic, total 

Barium, dissolved 

Barium. total 

Beryllium, dissolved 

Beryllium, total 

Boron, dissolved 

Boron. total 

Cadmium, dissolved 

Cadmium, total 

Calcium 

Calcium, dissolved 

Chloride 

Chromium. di..nolved 

Chromium, total 

Cobah, dissolved 

Cobalt, total 

Copper. dissolved 

Copper. Lotml 

Key at end of table. 

CI2.:ZI'JOIO_~l 3I95-DI 

Table A-U 

EASTERN MICHAUD FLATS SITE 
BACKGROUND SURF ACE W ATEll SUM:MARY 

Frequency Minimum Maximum 
of Detected Det«ted 

Units Detection Cont:entratioll Concentration 

mgIL 19/19 194 309 

mgIL 8/17 2 12 

mgIL 2/18 0.0225 0.0848 

mgIL 151111 0.0487 1.54787 

mgIL 1119 0.3 0.3 

mgIL 0/19 NO ND 

mg/L 0119 NO NO 

mglL L1I12 0.00135 0.0047 

mgIL 12117 0.00126 0.008 

mgIL 14/19 0.0692 0.L067 

mgIL 14119 0.08606 0.1281 

mglL 0/19 NO ND 

mgIL 1119 0.0019 0.0019 

mgIL 17/17 0.061l 0.921 

mglL 8/10 0.1129 0.535 

mgIL 0119 ND ND 

mgIL 0/19 ND ND 

mglL 18/19 29.8 83.9 

mglL 14/14 58.29914 84.2 

mglL 19/19 33 59.3 

mglL 7/19 0.0001 0.00136 

mglL 7/19 0.0002 0.00132 

mglL 0/19 ND ND 

mglL 1/19 0.0066 0.00fi6 

mgIL 3118 0.003 0.003 

mg/L 3/18 0.003 0.Ql099 

Avenge 
Cooeentnoon 

246.5263 

4.382353 

0.035711 

0.485928 

0.15 

0.067105 

0.070526 

0.003178 

0.003639 

0.07158 

0.079314 

0.0005 

0.000574 

0.194967 

0.198&6 

0.000382 

0.000405 

58.6856 

69.3298 

46.34211 

O. (')()()482 

0.000508 

0.002947 

0.002793 

0.002028 

0.002588 
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Table A-U 

EASTE~ 'MICHAUD FLATS SITE 
BACKGROUND SURFACE WATER SUMMARY 

..................... Minimum Maximum. . 
or Deteded DeU.cted '" -, ......

n'~_... 
Chesme.al Uoits Detection Coocentnlooo Collcauratio:a Coocentratioa 

Di.uQlvcd oxygen mgIL 19/19 6.3 11 LO.94211 

Fluoride mglL 19/19 0.2 0.382 

Iron, diuolvcd mgIL 5/17 0.0217 0.08699 
II' 

Iron, tol.ll mgIL.. 15/17 0.0497 1.6129 0.41251 

~Vcd mgIL 1119 0.0016 
II 

0.0016 

I mglL ~ ~ 
I II 

II •. 
0.01849 0.07099 0.051582 

G ~ 
14/15 0.0463 0.07 0.052691 

19/19 22.5 40.7 

Magnesium, dissolved mgIL 14114 23.4Ulll 39.8 J_.~~LV 

Matlg&.nCIe, dissolved mgIL 3/14 0.0022 ~.0317 0.003964 

Mlllpnae. total mglL 14/19 0.0045 0.1>617 O.02()4.71 

Meroury, dissolved mgIL 4/10 0.0002 0.0002 0.000115 

Me:rcury, tow mgIL 6/13 0.0001 0.0002 0.000104 

Molybdenum. dissolved mglL 0119 NO NO 0.007263 

Molybdenum. total mglL Ill'll 0.0166 0.0166 0.008321 

J, mglL 0119 NO I NO 0.006763 

Nickel, total mglL 1/18 0.01414 0.01414 0.008591 

Nitrm: (N03 au N) mglL 14tl9 O.IS t.11 

hate mglL 10119 0.02 0.09 0.022947 

Std. Units 19119 I 8.03 8.74 8.452105 

.1 mglL 10115 0.02 0.271 0.070667 

... mglL 19119 5.18813 12 9.030071 

Pota.uium, dissolved mglL 14114 4.88182 11 8.426397 

S .. lc;mulII. dissolved mglL 0/14 NO 

"' .." 

III! end of table. 
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Table A-ll 

EASTERN MICHAUD FLATS SITE 
BACKGROUND SURFACE WATER SUMMARY 

Chemical Ullits 

Frequency 
of 

Detectiou 

Minimum 
Detected 

CoDCeDtratioll 

Maximum 
Detected 

Concentration 
Average 

Coueentraoou 

Selenium, total mgIL 4/1.5 0.0015 0.0024 0.()00935 

Silver;dillllolved mg/L 0/1.5 NO NO 0.0015 

Silver. to tal. mg/L OilS NO NO 0.0015 

Sodium mglL 19/19 25.35322 56.3 41.51941 

Sodium. dilUlolved mgIL 14/14 25.54457 48.6 38.91661 

Specific conductance umholl/cm 19/19 522 1290 782.6842 

Sulfate mgIL 19/19 33.4 70.12 42.42368 

Thallium, dissolved mgIL 0/19 NO NO 0.0<)1039 

Thallium. total mgIL 0/19 NO NO 0.001009 

Total dissolved solids mgIL 14/14 250 470 369.2857 

Total Harone.sa mgIL 3/3 308 325 318 

TomI suspended solids mgJL 8/9 6 52 16 

Vanadium. dissolved mgIL 0119 NO NO 0.017974 

Vanadium. tot4l mg/L 10/19 0.0031 0.04 0.007563 

Zinc, diPolved mg/L 7/13 0.0183 0.06 0.025937 

Zinc, total mg/L 7112 0.0354 0.062 0.02854 

G ro l1.li rilph.s. pCi/L 13/19 1.3 6 . .55 2.134211 

Groll.ll beta pCi/L 18/19 5.15 13.8 7.956842 

Radium-226 pCi/L 15/19 0.09 2.91 0.537368 

Radium-228 pCi/L 15119 0.5 7.5 1.5 

Uranium-2331234 pCiJL 3/3 1.26 1.4 1.35 

Unmium-23S pCi/L 213 0.055 0.0913 0.0536 

Uranium-238 pCi/L 3/3 0.(4)1 0.802 0.682 

Key: 


NO = Not detected. 
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Table A·12 

.:!)rKKN MICHAUD SITE 
BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA 

EPA Fr .... _" or EPA Frequax:yof Derived 
Freshwater E!I.(eOOana of Fresbwater Excredl!llltt of Freshwam-

Chronk EPA Chronk Acute EPA Acute Chronk 
Chemial Unit!! Criteria'" Criteria Criterialil Criteria Criteriab 

Alkalinity, biurbonate mg/L NA NA NA I NA I NA I 
Alkalinity. carbonate mglL NA NA NA I NA NA I 
Aluminum. dissolved mg/L NA NA NA I NA NA 

Aluminum. lotal mgfL 0.087 13118 0.15 5118 I NA 

Ammonia (NH3 as N) mgfL NA NA NA NA NA 

Antimony. dissolved mglL NA NA NA HA HI.. 

AnLimony, total mg/L 0.03 0/19 0.088 0/19 NA 

Arsenic. dissolved mglL 0.18 0/12 0.34 0/12 NA 

A.nIenic, total mglL 0.19 0117 0.36 0117 NA 

Barium, dissolved 'mgfL HI.. NA NA NA HA 

Barium. lotal mgll NA I NA NA HA 1.62 

NA I NA HI.. HA NA 

~ 
0.OM3 0119 I 0.13 Oil 9 HI.. 

NA NA NA I 
'. 0: " " . . 

"" -.r of1:', ,. 

Exceed.aoce 
of Deri.ed 

Critrria 

NA I 
NA 

NA 

NA 

NA 

NA I 
NA 

,, 

NA 

NA 

NA 

0119 

NA 

NA 

NA 

i 

Key at end of table. 
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Table A-12 

EASTERN MICHAUD FLATS SITE 
BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA 

Chemical Units 

EPA 
Freshwater 

Chronic 
Criteriall 

Frequency or 
EX4:~ance of 
EPA Chronic 

Criteria 

EPA 
Freshwater 

Acute 
Criteriall 

Fr~lIenc,. of 
Exc:eedllln4:e of 

EPA Acute 
Criteria 

Derived 
Freshwater 

Chronic 
Criteriab 

Freqllmcyof 
Exceedanee 
of Derived 

Crita-iJI 

Boron, total mg/L NA NA NA NA 1 0/10 

Cadmium, dissolved mg/L 0,00239 0119 0.01229 0119 NA NA 

Cadmium. total mg/L 0,0028] 0/19 0.01446 0119 NA NA 

Calcium 

Calcium, dissolved 

mg/L NA NA NA NA NA NA 

mg/L NA NA NA NA NA NA 

Chloride 

Chromium, dissolved 

mgfL 230 0/19 860 01)9 NA NA 

mgtL 0.0105 0/19 0.01 0/19 NA NA 

Chromium, lotal mgIL 0.011 0/19 0.016 0119 NA NA 

Cobalt, dissolved mgfL NA NA NA NA NA NA 

Cobalt, total mgIL NA NA NA NA 0.05 0119 

Copper, dissolved mgt!.. 0.02701 0/18 0.04481 0/18 NA ' NA 

Copper, total mgIL 0.03178 0/18 0,05272 0/18 NA NA 

AUOI'ide mgIL NA NA NA NA 2.63 0119 

Gross alpha pCiIL NA NA NA NA NA NA 

Key at rod of table. 
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Table A-12 

EASTERN MICHAUD FLATS SITE 
. BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA 

Chemkal Units 

EPA 
Freshwater' 

Chronk 
Criteria!) 

Frequency of 
Exceedanel!! or 
EPA Chronic 

Criteria 

EPA 
Freshwater 

Acute 
Criteria& 

Frequency or 
EICeedRDCe or 

EPA Acute 
CriteTia 

Derived 
Freshwater 

Chronic 
Criteriab 

Frequency or 
[xceedance . 
or Derived 

Criteria 

Gross beta pCifL NA NA NA NA NA NA 

Iron, dissolved mg/L NA NA NA NA NA NA 

Iron, tOlal mglL I 4117 NA NA NA NA 

Lead, dissolved mgfL 0.00347 0/19 0.17803 0/19 NA NA 

Lead, total mg/L 0.01388 0/13 0.35606 0113 NA NA 

Lithium, dissolVed mg/L NA NA NA NA NA NA 

Lithium, total mglL NA NA NA NA NA NA 

Magnesium mg/L NA NA NA NA NA NA 

Magnesium, dissolved mglL NA NA NA NA NA NA 

Manganese, dissolved mgIL NA NA NA NA NA NA 

Manganese, total mg/L NA NA NA NA 75 0119 

Mercury, dissolved mglL NA NA 0.0008 0110 NA NA 

Mercury, tolal mg/I... 0.00002 6113 0.0024 O/U NA NA 

Key at end of table. 
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Chemical 

Molybdenum. 
dissolved 

Molybdenum, lotal 

Nickel. dissolved 

Nickel, total 

Orthophosphate 
(P04 liS p) 

P1'V~l'''V''''''s, total 

Putassium 

PotassiIlm. dissolved 

Radium·226 

Radium·228 

Selenium, dissolved 

~total 

Table A-U 

EASTERN MICHAUD FLATS SITE 
BACKGROUND SURFACE WATER'COMPARISON TO SCREENING CRITERIA 

EPA Frequency of EPA Fn:qll~Y of Derived 
Frf5li.water Ellceedll.llce of Frf5hwater EJlceedll.oce or .,. 

Chronic EPA Chronic: Acute EPA Acute l"("h....nw. 
Unit!! Cnu:ru.~ Criteria Criteriaa Criteru. C~i~b 

I mg/L NA NA NA NA NA 

myL NA I NA NA NA 0.043 
I 

mglL 0119 3.20792 I 0/19 NA 

mglL O/~ 3.77402 0118 ·NA 

mg/L NA NA NA NA NA 

mglL NA NA NA NA NA 

mg/L NA NA NA NA NA 

mglL NA NA NA NA NA 

mglL NA NA NA NA NA 

pCill NA NA NA NA 6.2 I 
pC ilL NA NA NA NA NA I 
mgIL NA NA NA NA I ~ 0.005 ~ 0.02 I ~ 

FrequtlleJ of 
ExeftdaDU . 
or Deri"ed 

. C~ru. 

NA 

0119 

NA 

NA 

NA 

NA 

NA 

NA II 
NA 

0/19 

NA 

0/14 

NA 

Key .It[ end of table. 
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Chemic.1 

Silver, dissolved 

Silver, lotal 

Sodium 

Sodium. dissolved 

Sulfate 

Thallium, dissolved 

Thallium, total 

Total dissolved solids 

Total Hardness 

Total suspended ,olid, 

Uranium-233/234 

Uranium-23S 

Uranium-238 

Vanadium. dissolved 

Key at end of table.. 

Ol:ln09O_ D41U94U11J9S..DI 

Table A-12 

EASTERN MICHAUD FLATS SITE 
BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA 

EPA Frequency of EPA Frequency of Derived 
Freshwater Exceedanu of Freshwater Excoedanu of Freshwater 

Chronic EPA Chronic Acute EPA Acute Chronic 
Units Criteria- Criteria Criteria- Criteria Criteriab 

mglL NA NA 0.02523 OIlS NA 

mglL 0.00012 0115 0.02969 OIlS NA 

mgIL NA NA NA NA 78 

mglL NA NA NA NA NA 

mg/L NA NA NA NA NA 

mglL NA NA NA NA NA 

mg/L 0.04 0/19 1.4 0119 NA 

mg/L NA NA NA NA NA 

mglL NA NA NA NA NA 

mglL NA NA NA NA NA 

pCiIL NA NA NA NA NA 

pCiIL NA NA NA NA lOll 

pCiIL NA NA NA· NA 192 

mgIL NA NA NA NA NA 

, 

Frequency of 

Excoed.""e 
of Derived 

Criteria 

NA 

NA 

0119 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0/3 

013 

NA 

ZP3090.II.O 
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Table A-12 

EASTERN MICHAUD FLATS SITE 
BACKGROUND SURFACE WATER COMPARISON TO SCREENING CRITERIA 

Chemical Units 

EPA 
Frtshwater" 

Chronic 
Criteria· 

Frequency of 
ExceOOanee or 
EPA Chronic 

Criteria 

EPA 
Fre;hwater 

Acute 
Criteriall 

Frequency of 
Exc~.nceor 

EPA Acute 
Criteria 

Derived 
Fre!lhwater 

Cbronic 
Criteriab 

Frequency of 
Exceedllnce 
ofDmveil 

Criteria 

Vanadium. !olal mg/L NA NA NA NA 0.033 ]/19 

Zinc, dissolved mg/L 0.2401 Oil 3 0.26.509 0113 NA NA 

Zinc, lotal 
~.. 

mglL 0.28241 Oil 2 0.31187 0/12 NA NA 

l> 
I 


W 

OJ 

a Criteria for (olal concentrations from EPA 1986, 1994. Criteria for dissolved concentrations adjusled based on EPA J994. Hardneu-dependent water quality 

criteria calculated based on a waler hardness of 318. 

b See Section 2.4. 

Key: 

NA ::: Not available. 
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Cbembl 

.. 

Aluminum. total 

Ammonia (NH3 II "j 

A.ntimony, d.iuolved 

Antimooy, tota.I 

Anenic, dissolved 

Anemc, total 

Barium, diJlOlved 

Barium, toW 

Beryllium. dislOlvcd 

Beryllium, total 

Boron, diuolved 

Cadmium, dialOlved 

Cadmium. total 

Calcium, dislolvc:d 

Cll.loti.de 

Chromium, diuolved 

Chromium. total 

Cobalt, dissolved 

Cobah, total 

Copper, di.uolvcd 

Copper. total 

Fluoride 

,lton. dissolved 

Table A-lJ 

EASTERN MICHAUD FLATS SITE 
BACKGROUND GROUNDWATER SUMMARY 

FreqUeDCY MiDimum Maximum 
or Ddu:ted Dd.ed.ed A"eI"oiI'" 

UI1iI::a Def.edion CoDCeotraoon Con.eeotration CoDCeotratioo 

mgIL ~ NO I 
I mdL 0.01675 1.38 0.075999 

~ 
2190 0.73 0.8 0.205611 

0/4 NO NO 0.03625 

mgIL 2180 0.05795 0.17 n 

mgIL '5n 0.0036 0.01735 0.008193 

mgIL 50/63 0.0019 0.0204 0.008106 

mgIL 6/8 0.05&12 0.173 

mgIL 89/92 0.03513 

~ImgIL 013 NO 

mgIL 4/81 0.00043 0.003 0.000'531 

mgIL 112 0.07&4 0.07&4 

mgIL 0.03309 0.1571 0 
~ 

mgIL 4/8 0.004 0.004 0.002J13 

mgIL 3136 0.00013 0.0003 O.0()()()68 

mgIL 96/96 36.1 107 70.46201 

mgIL 212 49.81903 54.61044 52.21474 

mgIL 94/94 9 332 85.82553 

mgIL. 6/8 0.00135 0.013 0.007815 

mgIL 53n9 0.0004 0.1622 0.005506 

mglL 0/4 NO ND 0.00325 

mgIL 4/86 0.00899 0.017 0.002701 

mgIL 4/8 0.004 0.004 0.00275 

mglL 3nl 0.00.53 

o~ 
0.002022 

mgIL t¥=i 0.2 0.425618 

I mgIL 0.007 0.0371 0.018363 

Key at end of table. 
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Table A-13 

EASTEItN MICHAUD FLATS SITE 
BACKGROUND GROUNDWATER SUMMARY 

Chemical Unill 

Frequeae1 
DC 

Det-tL'n 

Minimum 
Ddoded 

Co""eotratioll 

MaxImum 
Ddoded 

CoDCftltratioo 
AYe...g. 

Cooceatratioll 

Iron,total mgIL 18/66 0.03239 1.0S 0.0904311 

Lead, diuolvcd mgIL 418 0.001 0.001 O.OOO87S 

Lead, I<>IaI mgIL 12187 0.00061 O.03S 0.0011048 

Lithium, diuolvcd mgIL 112 om 0.01 0.0085 

Lithium, tota1 mgIL 34/46 0.005 0.064 0.027976 

Magnesium mgIL 97/97 6 59.3 24.65128 

Magnesium, dilllolvcd mgIL 212 13.92837 19.67331 16.80084 

Mangancae, di>solvcd mgIL SI8 0.001 0.0044 0.001801 

MAngancae, total mgIL 11/67 0.0012 0.174 0.006454 . 

M=wy, diuolvcd mgIL 012 NO NO 0;0<l009 

Mercury, tota1 m&fL 12138 0.00006 0.00116 0.00017 

Molybdenum, di>lOlvcd mgIL 0/4 NO NO 0.00825 

Molybdenum, total mgIL 5(79 0.02 0.07 0.010585 

Nickel, diosolvcd mgIL 013 NO NO 0.005167 

Nickel, total mgIL InS 0.03381 0.03381 0.006821 

Nitrate (N03 as N) mgIL 98/98 0.17 6.26 2.137041 
, 

Orthopholphate (P04 as P) mgIL 59/82 0.02 0.24 0.034805 

pH SId. Units 1021102 6.91 9.57 7.460392 

I'bolphona, total mgIL' 60/87 0.02 0.43 0.035023 

Potauium mgIL 1011101 0.6 19.3 7.970753 

Potuaium. dissolved mgIL 212 6.19538 9.11928 7.65733 

Selenium. dino1vcd mgIL 4n 0.002 0.0025 0.001843 

Selenium, total mgIL 34/66 0.00108 0.0071 0.002067 

Silvu, di>solvcd mgIL 6/8 0.004 0.008 0.004375 

Silver, tota1 mgIL 6177 0.002 0.007 0.001849 

.Sodium mgIL 96/96 11.9 83.3 35.61687 

Key at end of table. 
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Table A-lJ 

EASTERN MlCHAUD FLATS SJTE 
BACKGROUND GROUNDWATER SlJMMA..RY 

Cbemia.l UDits 

F~lleoCy 
of 

DetedioD 

Minimum 
Detected 

Cooeeotration 

Maximum 
Detected 

Co oc:entra tioll 
Avenge 

Concentration 

Sodium, dialWlvcd mg/L 112 14.01181 14.01181 13.26912 

Specific oonductance umhol/cm 1021102 293 1,073 723.3529 

Sulfa1e mgIL 1001100 8 75 46.8351 

Thallium. dilllolved mgIL 112 0.001 0.001 0.0007.5 

Thallium. tot&! <> mgIL 3/48 0.00071 O.(Xll05 0.000441 

Tota.l dissolved 8Olid!i mgIL 93/94 230 3,150 513.7181 

Total lIuspended 10 lids mgIL 111 71 71 71 

Van.adium. dissolved mgIL 415 0.005 0.00839 0.005118 

Vanadium, total mg/L 20/61 0.00278 0.00854 0.002869 

Zinc, dinolved mgIL 6/8 0.003 1.17 0.150431 

.... , . 01 mgIL ·11149 0.00454 1.29 0.039495 

Gro.1 alpha pCi/L 66/67 0.87' 7.97 3,20194 

Gro.s beta pCi/L 61/62 2.93 2,210 142.2863 

pCi/L 58/63 0.09 1.S4 0.473175 

Radium-228 pCi/L 41169 0.5 139 9.985507 

,', 

" 

Key: 

N D "" Not dc:tc.ctcd, 

A-41 

.. culo!,!,· "n<i ..nvir",~090.11.0 



EMF ERA 
Section 
Revision No. 0 
April 1995 

Page lofS 

Table A-14 

EASTERN MICHAUD FLATS SITE 
BACKGROUND GROUNDWATER COMPARISON TO SCREENING CRITERIA 

EPA Frrshwater Frequency of Frequency or Deriyed 
Chronic Excttdanu of EPA EPA Frrshwater ExuedalXe of EPA Fre'!lb~::Ub 

Chel'l1ieal Units Criteria- Chronic Criteria Acu~ Criteria- Aeute Criteria Chronic CI 

Aluminum, dissolved mg!1.... NA NA NA NA NA 

Aluminum. total mg/L 0.087 IIns 0.75 3n8 NA 

Ammonia (NH3 as N) mg/L NA NA NA NA NA 

Antimony. dissolved mgtL NA NA. NA NA NA I 
Antimony. total mg/L 0.03 2180 0.088 1180 NAI 
Arsenic, dissolved mg/L 0.18 0/7 0.34 on I NA I 

I Arsenic. lotal mgIL 0.19 I 0/63 I 0.36 I 0/63 I NA I 
Barium. dissolved .t; NA NA I NA I NA I NA I 
Barium. total NA NA NA NA 1.62 

Beryllium. dissolved NA I NA NA NA NA 

Beryllium, total I mglL OJ1OS3 0/81 I 0.13 I 0/81 I NA I 
Boron, dissolved I mgIL 

~ 
NA NA I NA I NA 

Beron, lotal mglL NA NA I NA 1 

Cadmium, dissolved mgIL 0.00895 0/8 NA 

Frequl!Dcy of 
Exceedanee of 

Derived Criteria 

NA 

NA 

NA 

NA 

NA II 
NA II 
NA II 
NA 

0/92 

·NA 

NA ~ 

NA 

0/63 

NA 

at end of table. 
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Table'A-14 

EASTERN MICHAUD FLATS 
BACKGROUND GROUNDWATER COMPARISON TO SCREENlNG CRITERIA 

EPA Freshwate1" "'­r ..... or Prequeue, of Derived Frequmey of 
Chronic Exc«dlllnce of EPA EPA FreshWIte1" Exceedanu or EPA Fn!!Ihwate1" Exeeedlllnee or 

Chemical Units Crm:nli" Chronic! Cf'I'I.H'Ia Acute Criteriaflll Acute CI"itf!ria Chronic Criterlab J)eriYed Critftia 

Cadmium. total mg/L 0.002556 0/36 0136 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 1/94 860 0194 NA NA 

GhromiUm. dissolved mgIL 0.0105 J/8 0.01 3/8 NA NA 

Chromium. to~! mgIL 0.011 3n9 0.016 3m NA NA 

Cobalt, dissolved mgll NA NA NA NA NA NA 

Cobalt, lotal mg/l NA I NA NA I NA 0.05 0/86 

Copper, dissolved mgll 0,02471 0/8 O. 0/8 NA NA 

Copper. total mgIL 0.024983 om v.""""""".. om NA NA 

Fluoride mglL NA NA NA NA 2.63 01102 

Gross alpha pCi/l NA NA NA NA NA NA II 
Gross bd.a pCill NA NA NA NA NA NA 

Iron, dissolved mgfL NA NA NA NA NA NA 

at end of table. 
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Table A-14 

EASTERN MICHAUD SITE 
BACKGROUND GROUNDWATER COMPARISON TO SCREENING 

EPA rreshwam­ Frequenc:y of Frequeneyof 
Chronic Exceedance of EPA EPA Fl"e!ihwater Exc:emance of EPA 

Chemicllli Units Criteriaa Chronic Criteria 
_ G 

Acute t:rnenll Acute Crit«ia 

Iron, tcUl] mg/L 1 1166 NA NA 

Lead, dissolved mglL OJ>02424 OfB 1 0,]24425 0/8 1 

Lead, toUl[ mg/l 0,009697 lIS7 1 0,248851 01871 

Lithium. dissolved mgIL NA NA NA NA 

, . . I .......n, NA NA NA NA 

Magnesium mg/L NA NA iliA NA 

Magnesium, dissolved mglL NA NA NA NA 

Manganese. dissolved. mglL NA NA NA NA 

Manganese, tolal I .......11 NA iliA NA I NA I 
. Ived I _~n NA 012 1 

II mgIL 0,000012 0138 1 

MQlybdenum, dissolved I mglL NA NA NA NA 

Molybdenum, talAl mgIL NA NA NA NA 

Nickel. dissolved. mg/L 0,281069 013 013 

Derived 
FresbwaU1­

Chronic Criteriab 

NA I 
NA 1 

NA I 
NA 

NA 

NA 

NA 

NA 

~~ 1 

NA 

NA 

0.043 

~.. ...... of 
ExcecdaMe of 

Derived Crit«ia 

NA 

NA II 
NA 

NA 

NA 

NA 

NA II 

~ 
NA 

NA 

NA 

1179 
I ' 

iliA I 

at end of table. 


1)1 
,..,.) ZP3090.11.0 




EMF ERA 
Section 
Revision No. 0 
April 1995 

Page 4 of 5 

Table A-14 
. , 

EASTERN MICHAUD FLATS SITE 
BACKGROUND GROUNDWATER COMPARISON S("RRIi~NIN(j CRITERIA 

EPA Frnhwatel:' ~ 

"J of Ii ... of Derin.da'a -. , ~J 

Cbronic: E:ceeed8111:t' of EPA EPA Freshwata' Exceed.nee of EPA Frahwatt'r 
Chemieal Units Criteriall Chrooic: Criteria Acute Cnum· Acute Criteria Chronic: Criteriab 

Nickel, total 

~ 
0.33067 ~ns 2.974468 ons Nil. 

Nitrate (N03 as N) NA NA I NA I NA Nil. 

Orthophosphate (P04 as P) mgfL NA NA -r ~~ r NA Nil. 

Phosphorus, total m17/L NA ' NA I NA I Nil. NA 

Potassium 

~ 
NA ;j ;j NA NA 

Potassium, dissolved 2t NA NA 

RAdium~226 NA NA NA 6.2 

I Radillm~228 

~ 
N;l NA NA NA NA 

Selenium, dissolved NA NA NA Ni\. 0,002 

Selenium, total mg/L 0.005 5166 0.02 0166 NA 

Silver, dissolved mgIL NA NA 0.0)5552 0/8 NA 

Silver. lolal mgfL 0,00012 6m 

~ 
om Nil. I 

Sodium I mgfL NA NA NA 78 I 
Sodium, diJsolvod I mg/L NA I NA I ~ NA NA I 

Frequency of 
EJIlcee<ianee of 

Deri,ed Criteria 

Nil. 

Nil. 

NA 

NA 

NA 

NA 

0/63 

NA 

217 

NA 

Nil. 

NA 

1196 

NA 

Key at end of table. 
ZP3090.11.0 
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Table A-14 

M1CHAUD FLATS SITE 
BACKGROUND GROUNDWATER COMPARISON TO SCREENING 

EPA Freshwater FnquC'.'IlCyof Frequeney of 
Chronic Excted.fllacll! of EPA EPA. Freshwater Exctedaace of EPA. 

Chemical Units ChronK: Criteria Acute Criteria· Acute Criteria 

Specific conductanCG umhosJcm NA NA NA NA 

Sulfate mgfL NA NA NA 

Thalliu m. disso Ived mglL NA NA NA NA 

Thallium, total 0.04 0/48 1.4 0/48 

Total dissolved solids NA NA NA NA 

Total suspended solids NA NA NA NA 

Vanadium, dissolved NA NA NA 

Vanadium, lotal NA NA NA 

Zinc, dissolved tiS 0.208852 118 

1/49 O. 

om,ed 
Freshwater 

Chronic 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

0.033 

NA 

HA 

or 
Ell:e«daoete or 

Deri,ed Criteria 

NA 

NA 

NA 

0/61 

NA 

HA 

". 
I 

. 0'1"""" 

a Criteria for lotal concentralions from EPA 1986, 1994. Criteria for dissolved concenll'lltions sdiustc:d bated on EPA 1994. Hardncsll-dependc:nl criteria calculated using Wllter 

hardneu of 240. 
b See Section 2.3. 

Key: 

NA =:; Not available. 
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Table A-lS 

EASTERN MICHAUD FLATS SITE 
DOWNSTREAM RIVER CHANNEL SURFACE WATER SUMMARY 

Cbemical Units 
Frequency 

of Detection 

Minimum 
Det«!.ed 

CoDcentraooo 

Maximum 
Detected 

CoIlCeotraooa 
Average 

Cooceotraoon 

Alkalinity. bicarbonate mgIL 40/40 175 301 244.075 

A.IbJ.inity. carbonate mglL 8/27 4 16 3.18518.5 

Aluminum. dissolved mgIL 8138 0.0226 0.3 0.045166 

Aluminum, IDta.I mgIL 25/34 0.02 1.80202 0.465747 

AmmoniA (NH3 as N) mg/L 13/40 0.5 6.2 0.S17S 

Antimony, diuolved mglL 2140 0.0675 0.19 0.036263 

Antimony. total mgIL 2139 0.0479 0.13 0.0331 

Aneruc, dusolved mgIL, 18/23 0.00138 0.0099 0.003413 

.~. ~..~,.__I mgIL 25/30 0.0021 0.01'08 0.004825 

Barium. diAiolved mgJL 38/40 0.05 0.28 O.09Mi64 

&rium, total mglL 38/40 0.04 0.18 0.097527 

Beryllium, dissolved mglL 6/37 0.0011 0.024 0.001832 

Beryllium. total mglL 3/40 0.022 0.032 0.002513 

Boron, dissolved mglL 28/28 0.06283 0.45 0.177523 

Boron, total mg/L 23/24 0.1089 0.59 0.19178 

Cadmium, dinolved mglL 2/40 0.0001 0.0019 O.()()(J4ti9 

Cadmium, total mgfL 6/4(J 0.0003 0.0022 0.000545 

Calcium mglL 40/40 37.6 92.1 65.93853 

Cllcium. diuolved mgJL 30/30 59.02478 81.9 70.45486 

Chloride mglL 40!4(J 20,.9 68 44.665 

Chromium, diuolved mgJL 17/38 0.0001 0.00225 0.000807 

Chromium. total mgJL 23/40 0.0002 0.0035 0.0009% 

Cobalt, dinolved mglL 3/39 0.0038 0.0092 0.002889 

Cobalt, tol.lll mg/L 3/39 0.0037 0.00899 0.0027S 

Copper. disllolved mgIL 10/38 0.003 0.0401 0.003935 

K.ey at end of table. 
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Table A-IS 

EASTERN MICHAUD FLATS SITE 
DOWNSTREAM RIVER CHANNEL SURFACE WATER SUMMARY 

Chemica.l Uilits 
Frequency 

orDetecoon 

Mlnimum 
Detected 

Concentration 

MaximUID 

Detected 
Concwtraooll 

Avenge 
Coneeutration 

Copper, total mgIL 7133 0,003 0.02.3 0,003525 
'. 

Dillilolved o;tr.ygen mgIL 40/40 5.5 14.1 9.3325 

Fluoride 
.­

mgfL 4{)/40 0.2 0.7 0.3843 
., .. 

Gron aJpha. pCilL 3214{) 1.1 10.8 2.61 

Gron bd.II. pCi/L 4{)/40 2.4 12 7.551 

Iron. dissolved mgIL 14136 0.0111 0.093 0.026346 

Iron, total mgfL 35/36 0,0172 1. 72512 0.451881 

Lead, dilillolved mgfL 3/36 0.0016 0.0046 0.000828 

Lead, total mgIL 10/36 0.001 0.0317 O.0017S4 

Lithium, dissolvod mgIL 37/37 0.01825 0.lli9 0.046703 

Lithium, total mglL 30131 0.02331 0.0564 0.043857 

Mllgnesium mglL 40/4{) 17.5 41 28,63965 

Magnesium. dissolved mgIL 31/31 22.94698 39.4 30.53295 

Mwgwcse. dissolved mg/L 19/35 0.00106 0.0352 0.004663 

Manganese,. total mgIL 33/40 0.004 0.06231 0.01951 

Mercury. dissolved mglL 8/28 0.0001 0.0004 O.()(')I()Q83 

Mercury. total mgfL 13132 0.0001 0.0004 0.000095 

Molybdenum, disaolvcd mglL 2/39 0.016 0.1796 0.013451 

Molybdenum. total mgIL 0/40 ND ND 0.01 

Nickel, dissolVed mgIL 3/38 O.DlI 0.0723 0.009745 

Nickel, total mgIL 3/40 0.01308 0.026 0.008352 

Nitnl.c (N03 as 1'1) mglL 38140 0.31 2.8 1.41325 

OrthophosphAte (P04 as P) mgIL 36/4{) 0.01S 1.2 0.3352 

pH Std. Units 39/39 7.21 9.93 8.134872 

Phosphorus, total mglL 36/31 0.02 1.45 0.437919 

Key at end of table. 
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Table A-IS 

EASTERN :MlCHAUD FLATS SITE 
DOWNSTREAM RJVER CHANNEL SURFACE WATER SUMMARY 

Cbemk:.al Units 
Frequency 

of Det«tion 

Minimum 
Detected 

Coneeotrlloon 

Maximum 
Detected 

Conceotraoon 
Avenge 

Concentration 

PotuIiwn mgIL 40/40 5.12655 11 11.207743 

Pot.lI.uil.lm, disliOlved mgIL :31131 5.05138 11.1 8.219195 

Radium-226 pC ilL 32/39 0.1 3.11 0.558205 

. Radium-22.8 pCiIL 17138 0.8 5.9 0.897368 

Selenium, diuolved mg/L 7/30 0.001 0.0031 0.000882 

Selenium, total rngfL 10127 0.0012 0.0053 0.001352 

Silver, dinolved rngIL lI32 0.003 0.003 0.001578 

Silver, total rngIL 4/35 0.0024 0.0044 0.001743 

Sodium mgIL 40/40 25.18948 78.7 45.27579 

Sodiwn, diuolved mgfL 31131 25.57935 60.68209 44.17747 

Specific ronduct.a.nce, 
at 25° C 

umhos/cm 39/39 497 2140 815.7949 

rngfL 40/40 33.4 82 53.8225 

Temperature degrees C 39/39 0.27778 25.8333 13.50855 

'Thallium, dissolved mgfL 0/18 ND ND 0.000403 

Thallium. total mgIL 0/40 ND ND " 

Total diswlved solids mgfL 33/33 260 540 408.7879 

mg/L 7n 257 314 289.5714 

Total IIW1pc:nded solids mgfL 14/18 4 30 9.066667 

Un.n.ium-2331234 pC ilL 4/4 0.621 1.36 1.08275 

Urt.nlum-235 pCiIL 3/3 -0.0203 -0.00163 -0.009 

Uraruum-238 pCifL 414 0.239 0.83 0,5855 

VaJUldium, dissolved mgfL 15/40 0.0024 0.1.5 0,018782 

Va.na.dium, lOrni mgfL 22140 0.00285 0.08 0.012318 

Zinc, duuwlvc::d mgfL 14/26 0.003 0.052 0.017575 

Zinc, tots.! mgfL 17128 0.01636 0.06619 0.025373 

Key at end of rnble. 
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Table A-IS (Cout.) 

Key: 


N D == Nat detected. 
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T.IIlbleA·16 

EASTERN MICHAUD FLATS SITE 
DOWNSTREAM SlJRFACE WATER COMPARISON TO SCREENING CRITERIA 

Frequ""CJ of 
Frequeqof lliI~eecf EPA IF............". of EPA 
&~ftOr Surf..... S .. rf..... F............ &~of 

F ...... _er 
Gro"IU!'I01II"" G ....... "I0."'.,. _ WiIII..­ .. W"'C'I' Chroolc EPACbroolc A<:ale 

CMlDlcaI lIn.II.a ... s...:k&r<IUI1d Baeq....muI CtIlrrill" C....m. Crltrrill"..... u· .....' .""• 

Aluminum. diuolvw IlIIIl NO I 0.0801 ~ NA lilA NA 

AI_""n....._lOW mllil 0.4190 I 12134 1.4841 3134 1 0.0870 19M 0.7500 

Amtoonia (/llHl OIl N) mill o.~ I 7/40 02550 13/40 NA NA N'" 

AIltimQny. tliuQIvO<! mill 1-10 I ND I NO 2140 NA NA NA 

Anl.irnooy....1 mIll 0.11 O/}9 ND 2Il9 0.0300 2119 a.osso 

A-..ic, d;"""ivO<! m,1l 0.0174 om 0.()()4{! sm 0.1800 om (}J400 

A""",,,,. LQllII mIll 0.0170 1)1)0 0.0078 SflO 0.1900 ono 0.3600 

&n"",. diuolv<d mlfl 0.11) 1/40 0.1061 614() lilA NA NA 

BArium. IoQlI wI"! O.224S 0/40 o,mo l/4() lolA NA NA­

8c1y11 ium , diaolvO<! mall ND ND ND 6Il7 NA NA NA 

BeryUium._1 ",,11 0,(0) 3/40 0.0006 3/4() O.OOS3 l/40 0.1300 

&'-,d;"""ivw mall 0.0114 24m O.4S30 om NA I'll\. NA 

I.lofo«l, II*! mJIl O.W>O Sf24 0.4491 1124 NA NA NA 

Cadmium, II iiaolvcd m.1I 0.0(0) 0140 NO 2I4() 0.0022 0/40 0.0110 

ClIIIhnNm. ~ tI1JIII (). C)()I» SI40 I'D 6140 0.0026 0140 0.1)129 

Cakiux!l l1I.n 96.S7 0140 I . 8;.6300 2140 NI!. NA NA 

Key at end of table. 

F~"r 
&~ee 

"tEPA 
A<:ut" 

Critm. 

NA 

11134 

NA 

NA 

1m 

om 

OflO 

NA 

NA 

NA 

0I4() 

NA 

I'll\. 

0/40 

0140 

Nil. 

PotrirM F~"" 
f ...... -.er t:x~ 

or DoeriI'M 
Ctlltri..d Ctilrrill 

N... NA 

NA lilA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

1.6200 0/40 

NA HI. 

NA NA 

NA NA 

1.0000 0124 I 

NA I ~A [I 
NA lolA II 
NA NA II 

ZP3090.ll.0 
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CIIcu:OOoI 

Calcium: diaoolved 

Chloride 

Chromium........lved 

Chromium. _I 

Cabal'!. do....:.lved 

Cobalt. Iota! 

Cowe'. di....otved 

Copper. IOCD1 

0. 

I ron. diaoolvcd 

lrool. total 

t-I. clo....:.lved 

l...aod. Iota! 

t..itb.imn. di....olvtd 

~.1.(Itf.! 

Mqneorum 

Key at end of table. 

Unit. 

I mill 

I mIll 

I mIll 

I msll 

"'Ill 

mIll 

mall 

""II 

mall 

"'III 

"'Ill 

mIll 

I "'III 

m,ll 

!!II1l 

mall 

TableA-16 

EASTERN MlCHAUD FLATS SITE 
DOWNSTREAM SURFACE WATER COMPARISON TO SCREENING CRITERIA 

F""'luerlq (If 

F""'luer:lI:yor u~",,,f EPA. F~.,.of EPA 
u~or Surf..... s..rt.c:e f',.."o_er u~c.o ..' Fraob ... ",.." 

G",,<m<I".eT Gl"OWl.h..... Watn Cbrocd<: EPA Cllr<I«lIe Aaote 

""Buka--'" e-:q....uod - Bac:qroud Crlltoriac Criteria Critoria':_. 
S4.61 )0130 8~~ ono I NA lilA NA 

1n.9 0/40 58.4000 ;;~ol 230 0/40 860 

r 
O.OUO 0138 O.OQn 0131 0.0100 

0.0088 0(40 0.0011 I 17/40 0.0110 0/40 0.0160 

ND ND ND 3139 NA /1111. NA 

0.011 OHI! 0.0047 2139 NA lilA NA 

0.0040 6138 I 0.0030 113. 0,0407 

I I 
0.0090 JIB 0.0068 Onl 0.0419 

22140 I 
~ 

0.8000 0/40 @ Nt. NA 

O.Oll1 10136 O. . 1136 I /II" NA 
I 

GAlSO IIJJ6 10136 /IIA 

JIl6 § 
I 

0.0010 1116 O.I56S 

0,0020 21)6 2136 0,0122 WI) 0.3130 

0.01 )7131 2137 /II.... lilA 1'1.... 

0.0612 om 0.0665 om NA NA NA 

33.8-4 11140 40.6100 1/40 NA Nil. NA 

F~"" 
El<~ 

..rEPA 
Ante 

CrllCT!a 

NA 

0/40 

0131 

0/40 

NA 

NA 

ons 

0133 

NA 

NA 

NA 

om> 

0136 

NA 

NA 

NA 

DmYed ~ ..r 
Fraob"""... Ex""""­

or :or..t..ed 
C;;;~; CrilCT!a 

NA NA 

1'1" NA 

!'IA NA 

NA SA 

NA I N.... 

0,0500 om 

;::1 /IIA 

/II" I NA 
I 

0140 

~ N''' 

NA I . /IIA 

N" NA 

NA NA 

NA NA 

NA NA 

roll\. NA 

J3090.11.0 
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~ 
I 

U1 
W 

Ch~ 

Ma.",..ium. d io:tolved 

Mm.-_. dio:tolved 

M"'I~. LOtal 

MereuI)'. clio:tolvod 

MereuI)'. total 

I Nickel. 1.01111 

Nilnllle (N03 b N) 

~(P04 .. P) 

I'booopbo_. t.>W 

P<*Rilllll 

ro-ium. diasotvcol 

Sdmium. d_lvcol 

~1aIMn. Ioto..l 

lhIJt. 

m.1I 

mall 

mall 

mill 

mill 

mill 

I mill 

"'III 

Mill 

""II 

",,11 

l1\li11 

mall 

"'Ill 

I IiIIIl 

I'lJII1 

Tab1eA-16 

EASTERN MlCHAVD FLATS STrE 
DOWNSTREAM SURFACEWATER COMPARlSON TO SCREENING CRITERJA 

F~41f 

F""IUomq' "r Eo:~"r EPA r~of EPA 
Eo:"""""- cr SQri...::c: 5.ri""" 

........._.,. 
&~ot ,........1rIIIkf 

Gl"l)U2ld.."'''I'' CI'!>tIII.h.,.tC'l" Wan- Wid.". , ClInl<Iic D'A Chroalc A<:Ute 
BillcqfOWld" B... q"""""" B .. d,.row.."- a..cq~ Crit.,.;." CriI."';' Criteria" 

19.61 Oll! I HI'. HI. I NA I 
,ml 0.0137 IfJS lolA NA Hi'. I 

MOtS 8 23/40 0.0540 3/4C NA NA NA 

NO NO 0.0002 212! NA NA 0.0008 

0.000.5 0132 0.0002 1132 0.000012 13m 0.0024 

NO NO NO I 2139 NA NA Nfl 

0.07 0/40 0.0152 0/40 NA NA liA 

.NO NO NO 
lnll ~ om 2.9446 

0.014 0/40 0.Ot:!6 1140 0/40 

4.54 0/40 1.1520 24/40 NA liA I 
O.OS! 26140 0.0:"8 29/40 NA NA loll. 

a.om Wl7 0.1891 25fl7 NA Nil. l'/A 

12.07 I 0/40 11.1000 01040 N'A NA NA 

9.12 UI3I 10.8100 !'fA I NA- NA 

0.0025 I 2130 NO NA Nil. NA 

1),0051 ~ ,< , j 

NA 

HI'. 

0.0021 o.~ 1m 
.. 

F~"f 
.Ex......w...e 

..tEPA 
Acalc 

Criteria 

NA 

Oni!. 

om 

Nfl 

NA 

01111 

HA 

NA 

NA 

NA 

om I 

.Demed I'~'"
rl"t'lLh_et' Eo:~ 

orDemed 
C.;~· . Criteria 

NA NA 

NA 

7~.OOOO 0140 H 

!'IA ~~ II 
!'fA NA 

I'll. NA 

OJ:lC1O 0/40 

NA NA ~ 

NA NA 

~ NA II 
NA 

Nil. filA 

NA NA 

NA NA 

2130 

Nil. NA 

Key al end of table. 
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Table A-16 

EASTERN MICHAUD FLATS SITE 
OOWNSTREAM SURFACE WATER COMPAJUSON TO SCREENING CRrr'ERlA 

Fneq'''''Dey of 

F.....""""'of F.a~or £1"11. F~"f, EPA 
El<~or Surf...., S"rf."" Fral...IIl.... El<~of IF.-...II......... 

GroW><l....« Groou"l ....,,' W..t<'I' WIIt« CbronJc: EPACluUlk Acut. 

Chemical Un!ta 1I·...·III"OUJ><18 Bac,,&rolUld Baoka......"J> 1!I,..~..,omd Critcri.c Critm.. Crileriac 

Silver. dioaotved mall 0,008 OrJ2 ND un NA­ NA (1,0112 

Silver. tOOl1 m,1l 0,007 Q/j3 ND 4m 0,0001 4m 0,0149 

Sodium ""II 63.0772 2140 50.noo 9140 Nil NA NA 

S<Jd ium. d iuo Ived mill 14,012 lIrJl 4U'SO 13131 NA NA NA 

SpecirlC cand....:ta.o>oo:. III 25 C umI>oeIcm 1,045 6/39 1.l73.0000 ~139 NA NA NA 

Sulfolc men 69.05 5140 52.9120 18/40 NA NA HI'. 

Thallium. dioaoolved mill 0.001 0118 NO OilB Nil Nil Nil 

Thallium. 101301 mill 0.0011 1J140 ND O/4C 0.0400 0/40 1.4000 

Tow d_lvod .olic1. mell aou O/B 470.0000 8m Nil NA NA 

ToW Hll"d.naol mall NA lilA 324,6000 on NJ\ NA Nil 

1ooo.l ~ed oolicl. "'111 71 OILS 3UOOO 0118 Nil. NA NA 

VlLIIJDdiwn. <lisaolved mill 0,008J9 8/40 ND !SloW NA NA NA 

VMadium. !DIal mSIl 0.0075 6/40 0.02.$1 6140 NA NA NA 

zm.:. d;"'lvcd ",,11 1.11 orz6 0.0518 Of26 0.2'204 Of2!! 0.1433 

Zin<;;.LataI mill 0.09'73 0128 O.()S82 2nD 0.2593 0128 0.2M2 

0",.. IIIpblo pCilL 5,612 1140 U920 1/40 Nil NA NA 

Key lit end of ta.ble. 

fllM-DI 

F~"f 
El<~ 

otEPA 
Acute 

Critm.. 

0rJ2 

om 

I'll. 

NA 

lilA 

NA 

I'll'. 

0/40 

Nil 

NA 

NA 

NA 

NJ\ 

0/26 

0/28 

NA 

DelWed F~"f 
F.-...II_er El<.--

Chroalc: "rDomed 
Critmatl CrilcTI.a 

NA NA 

Nil NA 

75,0000 1140 

NA NA 

NA NA 

NA 1'4A 

NA lilA 

NA Nil. 

Nil. Nil. 

NA NA 

Nil. NA 

NA NA 

o.o:no 6140 

NA NA 

NA' Nil. 

NA Nil. 

J3090.ll.0 
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Tabh!A-16 

EASTERN MICHAUD FLATS SITE 
DOWNSTREAM SURFACE WATER COMPARJSON TO SCREENING CRITERIA 

F~o' 
F~of &~"r 

C ........ dw"'er 
Ch~ tInit.. Backtround" 

pC ilL I.no I 
pC ilL 1.642 

28 pC ilL 113.6 

Unmium·2HnJ4 pC ilL NA 

Unmi.om-215 pCiIL NA 

\)nmium-2l11 pCilL Nil 

Ex~of S"rf...,., 
Grow:>d.."'..., . Wider 
Bacqrow:>d BacqrouaJ> 

O/4() 10.2000 

1/39 1.4700 

0138 3.7100 

Nil 1.3990 

NA 0.0877 

NA 0.1361 

SOIrf_ 
Willer 

B .. clIBI'1lM.II>d 

3/40 

1139 

1138 

0/4 

013 

114 

EPA '~or O'A 
t""""ll1n'.". &~"r """""''IIl'tIItu 

ChrootDe EPA Clm.aic And.. 
Crlt..tooc Criitri.II Criln4ae 

NA N'" N... 

NA NA NA 

NA /II .... N.... 

NA N.... NA 

NA NA NA 

~ NA 

F~"f 
&~ 

..rO'A 
ACUle 

Criteria 

fII ... 

NA 

Nil 

!'lAo 

NA 

NA 

~ed r~o1.r..... _..., 
F.:rr.cMd_ 

Cbl'VClle or~ed 
CrUtri.II~ CriieriIJ 

NA NA 

6.2 0139 

N.... NA 

NA 

~I100 

192 

1\ Upj)"f 95rh pcn:mtiJe or IrMiDdwakf t...:k,round 1Il8Imp ..... 

b U P1"" 95th percMtile "r Uj><I1.r<:am ......tiace 0(lIU:f """'P 1<:00. 


C From EPA 19116. 1994. Ho.rdnc:ooo-dcpendml""'ltr qtIlllity c.mrilt ""kulllied buc:d on .. _be1 hllnl_ ~f 187. 


d Soc: Seetioo 2.3. 


Key: 

NA::: Not Il"aijo,ble. 

NO '" NQII dc:kCtt:d. 

ZP3090.11.0 
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Table A-17 

EASTERN MICHAUD FLATS SITE 
SPRINGS SURFACE WA'IER SUMMARY 

CIoemicaJ u.m 

~ 
01 

Del .......... 

MiBl.irillIIIIII1II 
DI!tiJd.ed 

Cilllllll:6!II1Ibaaicn 

Ma.DlauiD 
Deteded 

CCIIIIIC:em atioa 
Mfll"I1I8t! 

Coaclllllnrioo 

Alhlinity. bi~ qIL 42142 174 6S1 236.9048 

AJb.1.iol1y, cuboGate r:oafL 0120 ND NO O.S 
". 

.A..I1.!m.iDI..I.Il, cliuoIvcd I.IlIIL 12139 O.OIlW 0.24 O.0«J89 .­
Aluminum, toW maJL 10132 0.03 1.071n 0.088193 

Ammonia (NH3 u N) mgIL 6/42 0.2 O.S 0.119762 

AoIim.onY. diuolvcd m.gfL 3142 0.08 0.37 0.041236 

~Y.toCaJ m.gIL 3/42 0.0522 0.75 0.049751 

Anlcnic, d.i.uotvcd r:oafL 24/30 0.00101 0.05669 0.005369 

Anlcnic. lOC.LI r:oafL lOI34 Q.oeml 0.03256 OJ)04782 

&rium, c1iNolvcd r:oafL 41142 0.04 0.1438 0.080033 

Barium. IcJ(al mstL 41142 0.04 2.111 0.lS83S1 

Bc:ryUium. dilllOtvcd Il'lIfL 4140 0.001 0.019 0.00165 

Beryllium, toCaJ Ill,IIfL 4142 0.006 0.0'25 0.002274 

Boron. diaaoavcd mgfL 1512S 0.0:'599 0.39 0.169399 

Boro.n, toe.a.I Ill,IIfL 2.5/25 O.05S 0.43 0.IS11656 

Cadmium, diuolvcd Ill,IIfL 0142 ND ND 0.000414 
.. " 

Cadmium. k'UI Il'lIIL 7/42 0.0002 0.0015 0.000495 
-. 

Calcium m,giL 42142 39.5 109 62.4553 

Cdciul.ll, diMolvcd I.IlIfL 32132 S1 109.3264 67.06439 

cnJorid,e ltiifL 42142 14.6 S6 2.5.6719 

Chromium, dil«llve.d JJl8fL 33/40 0.00101 0.00625 0.001401 

Chromium, !CUl IllIIL 31/42 0.0001 0.004111 0.001253 

Cobalt, diaaoave.d IlllIfL 1132 0.0035 0.003.5 0.001906 

Cobalt, toU.I IlllIfL 2132 0.0031 0.004 0.001972 

~r. dUuotved IIlIfL 8/40 0.003 0.00899 0.002497 

Copper, \OlI.I mglL 31311 0.003 0.0047 0.001953 

DiNlOl.ved 0 lI)'IU.I I.IlIIL 42142 3.6 14.9 &.086905 

Key III c:nd of table. 
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CUnicllll 

F1uoricIc 

Grou i.Ipha 

Grou bd.a 

Iroc. diuolvcd 

Lad, diMmlved 

Lead, IoC!Il 

Litbiwn. diuoIvcd 

Lilhlum., IOU! 

Mape.-iwn 

~1Iium,. didoIved 

Mailsuae, diuoivcd 

~.1£U1 

MUCW')', diuoIvcd 

MereUf')'. lOla! 

M~ybdeoum, diMolvcd 

M~ybdea!m. toUl 

N"lCkd, ~vcd 

N"IC Pl, t.otal 

N"1triI1.e (NOJ IU N) 

0rtb0pb00Ipha\c (P04 III P) 

pH 

I'boiipborw, I.otAl 

~wn 

PI.lC.uaiI.lm, diuoIvcd 

lUdium-llti 

lWlium-21.8 

Tabie A-17 

EASTERN MICHAUD FLATS SITE 
SPRINGS SURFACE WA'IER SUMMARY 

~ MiDia_ 
01 ~ 

IJBBia ~ Cooreataatio ... 

qlL 42142 0.3 

pC.tL 31142 1.39 

pCiIL 42142 1.7 

qlL 14133 0.Ql06 

msJL 24139 0.0133 

mglL 5138 0.001 

r:agIL 3137 0,001<1 

qlL 38138 0.01969 

111811. 30130 0.02.3 

mglL <121<12 14 

mglL 31132 17.S 

mglL 13131 0.001 

mglL 16/42 0.0015 

mglL 12124 0.0001 

mg/L 15127 0.0001 

m,1L 0140 ND 

r:ngIL 1m 0.0134 

mglL 3/40 0.01205 

msJL 1139 0.0132 

mgfL. 42142 0.38 

Il'IIIL 30142 0,02 

Std. Unil.l 39139 is.8 

mglL 30136 0.02 

maIL 42141 3.271166 

IDJIL 32132 3.39254 

pCi/L 33/42 0.07 

pCi/L 19/4(l 0.6 

Mmr:im_ 
~ A'fer1llp 

~ c.u.. ......oo.. 

0.3 0.535381 

8.84 2J)63333 

20.4 ti.064048 

0.089 0.029417 

1.21858 n 

0.0035 

a.OHi3 0.001116 

0.0735 0.036952 

O.O&4!H 0.03715<4 

41.29172 23.06708 

41.68011 ' 23.83071 

0.0345 0.003982, 

0.04604 0,(X)4582 

0.0002 O.(J()()OI}7 

0.0004 0.000117 

Nt> 0.0038118 

0.0134 0.006815 

0.022l7 0.00&65 

0.Ot32 0.007lJ6 

II 2.492619 

7.37 0.393167 

8.41 7.73359 

8.75 0.492.25 

14.96745 S.SlS701 

15.45016 5.5S21 

5.2 0.720238 

5.3 0.99 

II 

Key &t end of table. A-57 
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Table A-17 

EASIERN MICHAUD FLATS SITE 
SPRINGS SURFACE WATER. SUMMARY 

f'nqueaq M.iDimmD 
or DetKted 

~kaJ \Joits D««tioa U:Iuc~ 

II I mafL I I t136 OJlO1S 

II .. maIL 13m 0.0011 

~ 
I 11".... o.oon 

6137 0.0028 

42142 I 11I.910f13 

maIL 32132 19.5 

eoaductlU!l;c. lit 25· umhollcm 39139 4m 
C 

Sulfaee roglL 42/42 21 

d.egre.el C 42/42 4.44444 

TlWlium, dillllOlved maIL 1120 0.00059 

Tballium. 10tlII 'I'I'IIIL I 0/42 ND I 
TIMI lii_lved IOlid.ll mslL 36136 240 

ToU! Hardoc:lI maIL 4/4 220 

TWI II.LIIpe!.Iodcd IOlidi I !DIlL 6118 4 

Ul"II.Itium-2331l34 pCiIL 313 1.08 

UI'IIltiIlm-llS pCiIL 113 0.07l4 

Ul'IIltium-238 pCi/L 313 0.481 

Vanadium, di_lved mslL 16/42 0.0022 

VIB.D&d iI.lln, IcU.I mglL 25142 0.003 

ZiDI;, dillOlvcd mgrL ISI28 0.0064 

Zinc. toU1 mglL 16n.9 0.00433 

MaUmwn 
~ A"enIIIll 

Coacmtnticm Coaell!ll.tt.radoa 

o,o1'n 

!lS.10S1. 

1245 

241.7 55.64452 

21.8889 13.32937 

0.00059 0.1.100417 

lID 0.001036 

800 364.4444 

254 240 

32 S.744444 

1.67 1.313333 

0.0714 0.04174 

0.198 0.592333 

0.13 0,01494 

0.09 0,01449 

0.06 0.019309 

0.101 0.019641 

II 

ND ... Not detected. 

A­
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Cbemit.a.l 

....!!;;·;.a./. bi<;lIroollllle 

AIU;inity, carool'lllte 

II 

Ammonia (NHJ III N) 

Ant,.....,.."",. dilllol\led 

Aneruc, di.aolved 

Al"JIeruc, 10l.Il1 

Blrium, diuofved 

Beryllium, tol.lll 

Boron, di.aolved 

Boron. 10l.Il1 

Table A-18 

EASTERN MICHAUD FLATS SITE 
SPRINGS SURFACE WATER COMPARISON TO SCREENING CIU11mIA 

Frequmq of EPA """'-.1 or O'A F~of 
Exc~eor Fre!lJwater Excetdance of ~ Exceedance of 

GI'O'IIDdw&ter G~ter Chnmic EFA Cbl"llDk A.tute EPA Aarte 
Vnil'! - ... 8acqrmmd Criteriab Criteria Criteria!> Crilem~-~.._­

mglL I NA NA I NA I NA NA 

mglL I NA NA I NA NA NA NA 

" NO ND NA filA NA NA 

mglL 0.4190 2132 0.OS700 6132 0,7500 1132 

mglL. 0.8 0(42 NA NA NA NA 

mg/L NO NO NA NA NA NA 

mg/L 0,17 1/42 0.0)000 '11.1") !'\ OllRCI 2/42 I 
mgll 0.0174 1/30. I 0.18000 0130 0130 

mgfL 0.0170 1134 0.19000 0134 0,3600 0/34 

mglL ~ 0/42 filA NA I NA filA 

1/42 NA NA NA filAmglL 

mslLl NO I ND NA filA NA filA 

mgfL 0.003 I 4/42 0.00530 4/42 ~ 0/42 

mgfL 0.0784 21125 NA NA filA filA 

mglL O.24')()· SI25 NA NA NA NA 
.. . 

" 
Dennd F~of 

Exc~(lf 

CbI"OlJit Derived 
Criteria( Criteria 

NA NA 

NA NA 

NA NA 

filA NA 

NA NA 

NA NA 

NA NA 

NA I NA II 
NA I NA 

NA filA 

1.6200 I 1/42 II 
filA NA 

NA NA 

NA NA 

1.0000 0125 

Key it end of I.IIblo. 
ZP3090.11.0 
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Table A-1S 

EASTERN MICHAUD FLATS SITE 
SPRINGS SURFACE WATER COMPARISON TO SCREENING CRITERlA 

Frequmty of EPA f~of EPA Frequaxy of' 
Eueed8Jice of Fresbwater Exeeedance of' Fremwateor Eutll!cillJlU of 

GroUlldwater Growtdwater Chrooic EPA Cbronic: Acute EPA Acute 

Chemical um BlKkgf'(')Ulldll Backgl."Ollnd Criteria" Criteria Criterililb Criteria 

Cadmium, dissolved mglL O'()O40 0/42 0.00217 0/42 0.0090 0/42 

Cadmium, Iota I mglL 0.0003 5142 0.00256 0/42 0.0153 0142 

Calcium m,g/l 96.S7 3142 NA NA NA NA 

Calcium, dissolved mglL S4.61 32132 filA NA NA .NA 

Chloride mgll.. 177.11 0142 230 0.42 860 0/42 

Chromium, disrolved m,g1L 0.0130 0/40 omoso 0/40 0.0100 0/40 

Chromium, total mglL O,OO!III 0/42 0.01100 0/42 0.0160 I 0/42 

CoMlt. diuolved mglL ND NO NA Nil. NA NA 

Cooalt,lol.ll m,g/L 0,017 0132 NA NA Nil. NA 

Copper. diuolved n1$1L 0.0040 4/40 0.03438 0/40 0.0270 0/40 

Copper. 101.11 n1$fL 0.0090 01311 0.04044 01311 0.03111 ons 

Dilwlved oxygen m,g1L NA NA NA NA NA NA 

Fluoride n1$1L 0.8000 .0/42 NA NA NA NA 

Ived maIL 0.0371 9133 NA NA NA NA 

Iron, lOCAIi mglL 0,4350 1139 1.00000 1139 NA NA 

Ikri"ed Frequl!llCy 0' 
FresbWlllttr Exceed,mce of 

Chronic Derind 
Criteris~ Criteria 

NA filA 

NA !'lA 

NA NA 

NA NA 

NA NA 

filA NA 

NA NA 

Nil. Nil. 

O.OSOO 0132 

Nil. NA 

NA NA 

NA NA 

2.tl3 0/42 

NA NA 

NA NA 

Key at end of table. 
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Chemical 

Lad, diQOlved 

Lead, lOtIIl 

Lithium, dissolved 

lithium, total 

Magne.ium 

fllhgocsium, dino!ved 

MllngaoctM!, dillMllvel:l 

Mllnganese:, lOl.llI 

Mercury, dissolved 

Mercury. tOl.llI 

Molylldenum, dilllOlved 

Molybdenum, lOtII 

Nic~e1. dissolved 

Nie kel, total 

Nitrate (N03 aa N) 

Key It end of table, 

O'2:U'lII),/I'(D4'l1!NW1 3M-Dl 

Table Aml8 

EASTERN .MICHAUD nAT'S SITE 
SPRINGS SURFACE WATER COl\fPARISON TO SCREENING CR.ITEIUA 

F~lIf EPA FnlqUI!IDq of EPA ~or 
Exeeeda.rxe of Fresbw1llter ExeeedaDce of Freshwater Exc~of 

Grooodwat« Grotmdwater ~:;:.. EPA Chrooie Acute EPA Acute 
Unitll BKkgroUDtF Backgrou.od Criteria Criteriab Criteria 

mglL 0,0010 4/38 0,00242 1138 0.1244­ 0/38 

mglL 0.0020 2IJ7 i 0.00970 1137 0.2489 0/17 

mg/L 0.01 38/38 NA NA NA NA 

mgIL 0.0612 1/30 NA NA NA NA 

mglL 33.84 3/41 NA NA NA NA 

mglL 19.67 25132 I NA NA NA NA 

mglL 0.0044 4/37 I NA NA Nil. NA 

mg/L I O.(l()68 3/42 I NA NA NA I iliA I 
mglL NO NO iliA NA 0,0008 0124 

I 
mg/~ 0.0005 0/21 15127 0.0024 0121 

mglL NO NO NA Nit NA NA I 

mglL 0.07 OIB NA NA NA 
I 

mglL NO NO O.lIIlO7 0/4(1 2.5283 0/40 

mg/L 0.034 Oll9 0.33067 om I 2.9745 om 

mgIL 'U4 1142 NA NA iliA NA 

. , 

Derived F'requeocy of 
Freshwater Excll!fl!duce of 

Cbronil: Derived 
Criteria/! Criteria 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA I 
NA NA 

75 0142 

NA NA 

NA NA 

Nit I NA 
I 

OJ33 

NA NA 

NA NA 

NA NA 

ZP3090.l1.0 
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c' 

Cbemical 

I ~.L (P04 as P) 

I pH 

.. 
PciLllaaium. dill30lved 

Selenium. dil80lved 

Selenium. loul 

Silver. dill30llIed 

Silver, 10lIl1 

Sodium 

Sodium, dillllOlved 

Specific cOf\ductance, II 2j C 

Sultatl: 

Units 

mglL 

Sid. uniu 

mg/L 

mg/l... 

mglL 

ffiS/L 

mg/L 

mslL 

mg/L. 

mglL 

• mslL 

,n 

I 

I mgll.. 

Table A-18 

EASTERN MICHAUD FLATS SITE 
SPRINGS SURFACE WATER COMPARISON TO SCREENING CR1TERIA 

r _. of EPA Frequmcy 0' EPA !"i"'l--.1 of 
ExceedlUlCf! of Fmh_ter ExceedlUlCe or Freshwater r.x~eof 

Grol1lldwater G rol1lldwater Chrome EPA Chrook C:b 
EPA Acute 

Background- BacqroWld Criteriab Criteria Criteria 

12/42 I NA NA I'll.. I NA I 
7.76 16/39 I NA NA NA NA I 

0.060 18/36 I NA NA NA NA I 
12.07 1/42 I NA NA NA NA 

9,12 1132 I NA NA I'll.. NA 

0.0025 9f36 NA NA NA NA 

0.0051 2131 0.00500 2131 0.0200 0131 

0,0011 0133 NA NA 0.01555 om 

0.007 0137 0.00012 6/31 0.0183 0/37 

63.0772 1/42 NA NA NA I'll.. 

14.012 32131 NA NA NA NA 

1,04.5 I 5/39 NA I NA NA NA I 
69.05 I 7/42 I'll.. I I'll.. NA NA 

I NA I NA I NA NA NA NA 

0.001 I one NA NA NA NA 

Oni,ed F~or 
Fnmwater EKeedaDce or 

Chrook Oniu.it 
Criterilll~ Criteria 

NA I'll.. 

NA NA 

NA NA 

NA NA 

NA I'll.. 

0.0020 10136 

NA NA 

NA NA II 
NA I I'll.. 

78 1142 

NA. NA 

NA NA 

NA NA 

NA I 
NA I 

Ke)' III. Clod of IAble. 
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'Table A·18 

EASTERN MICHAUD FLATS SITE 
SPRINGS SURFACE WATER COMPARISON TO SCREENING CRITERIA 

FrequEOCy or EPA F'n!qtJmq of EPA _"""_,,or Deri..ed Fn:quesxy of 
&t~eor Freshwatft' F.xceeda.oc:e 01 Freshwater Exa!ll!!d.lmcl!! of F~tft' Ex~of 

Chemical Units 
GlVIIDdwate£ 
Dackgrolllld" 

Grolllldwale£ 
Baclq~rolllld 

Cbronic 
Criteria!) 

EPA Chrotlic 
Criteria 

Mute 
Criteriab 

EPA Acute 
Criteria 

Cb:rol).ie 
Criteria" 

Derind 
Criteria 

lbaIlium, 101.&1 mg/L 0.0011 0142 0.04000 0/42 1.4000 0/42 NA NA 

Totlll diuolvetl IOIid5 mg/L 80t .5 0/36 NA NA NA NA NA I'JA 

Totlll Hardnen mgtL NA iliA NA NA NA NA NA NA 

Totlll Illupended IOlld. 71 0/18 NA NA NA NA NA iliA 

VlIll.IIdium, diuo!ved l 0.00839 5142 NA NA NA NA NA NA 

i Val\lldium, lollli mg/L iliA NA NA iliA o.o:no 1142 

Zi 1lI:, dislIQlved mB/1.. 1.17 ~ 0.18917 0128 0.2089 0128 iliA NA 

Zinc,lollll ms/'­ I 0.0913 0.22255 om 0.2451 0/29 NA iliA 

Groas Alpna pCi/L 5~ 'U42 NA NA NA NA NA NA 

Oro88 beu pCi/L 1,750 0/42 NA I NA iliA NA NA NA 

Radium-2M pCit!. 1.642 6/42 !IIA NA NA NA 6.2 0.42 

Radium-228 pel/L t 13.6 0140 iliA NA NA NA NA NA 

31234 pCi/l NA NA NA NA NA NA NA NA 
!
II Umnium-2JS pClfL NA NA NA iliA NA NA 100 on 

. 

Urllnium-2J1I pCilL iliA NA NA iliA NA NA 192 on 
... r 

Key at end of uble. 
ZP3090.I. J.0 
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Table A-18 (Coot.) 

a Upper 95th pereenti!c of bacftsrnund grQIlndwlwr .ampler.. 

b from u.s. EmimlllTlental Prow::tion AgcDCy 19&6, 1994. Hardneu-dependcnl Willer "WIlily criteria calculated bated on " wlter hll.n!nc&l of 240. 

C See~2.1. 

NA ... Not .l1I.il.ble. 

.0II 
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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 onJy if Phase I results suggested that 

contaminant levels in sediment from the delta were of ecological concern. Because 

contanllnation of Portneuf River delta sediment was minimal. Section B.2 does not include 

results of conta.m.inant 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 soH 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 shown in 

Table B-1. COPCs were identified on the basis of their spatial distribution in media 

surrounding the facUity. 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 smaIl mammals; and cadmium, fluoride, zinc, arsenic, sele~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 ~pecies were collected 

is provided in Table B-2. Sampling was conducted in terrestrial and aquatic habitats. The 

terrestrial habitats included sagebrush steppe and 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 

recycled PBPer 
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habitat and river delta/reservoir habitat. In the riverine habitat, sedi~ent 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 detennine appropriate biota target species to be collected. 

The suryeys were conducted by representatives of the PRPs, Idaho Department of Environ­

mental.,.QuaJity. 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 tbree-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 referen.ce 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 [AMSLJ). 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 col.lected for each media or target species were 

determ~ed by establishing data quaJity objectives that penni! meaningful statistical compari­

sons to be made with reference areas. The approach for establishing data quality objectives 

was in accordance with EPA guidance (EPA 1989b, EPA 1992b) and was applied to thEhsite 

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 detennine 

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 investigations are 

described in Section B.1.l. Aquatic studies are described in Section B.1.2. 

B-4 ZP3090.11.0 
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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 ~eas 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 I 

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 mil es north­


northeast of the EMF site near Blackfoot, Idaho. 


A l-hecta.re 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. to 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 (Anemisia 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 

from several plants within each subplot and composited: 

• 	 Big sagebrush (Anemisia tridentata) leaves and petioles (washed and 
unwashed); 

• 	 Thickspike wheatgrass (Elymus lanceolarks (Scribn. & Sm.) Grould. 
fonnerly Agropyron dasystachyum) leaves and stems (unwashed). 
Other common names for E. 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, hal f of the sagebrush vegetation mass obtained during 
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sampling was to remove loosely adhering contaminant panicles; the remaining half of 

the sagebrush .,.......1./.'" and all of the grass f?liage samples were analyzed unwashed. 


potential for bioaccumulation through higher trophic levels, concentra­

of deer mice (Peromyscus maniculatus) were detennined. Deer mice are 

widespread throughout the area and potentially may ingest COPCs through soil, seeds, and 

foliage, or througb consumption of invertebrates, e.g., grasshoppers and beetles. Because 

serve as and other species of potential interest, they are an 

important food webs. Deer mice were trapped from each of the three I-hectare 

sample.plots reoresentath,e of steppe habitat, and deer mice carcasses were assayed 

individually. were removed from deer mice and analyzed for fluoride, since the 

skeleton is the site of fluoride accumulation. 

Riparian Habitat 

. Two babitat iocations-one potentially impacted location and 

one location (see Figure B-3)-were sampled for soil and 

potentially impacted location is along the P9rtneuf River, approximately 1 

north-northeast of the EMF facilities. The reference site is 

mouth of the Blackfoot River, approximately 15 miles north-northeast of site. 

At each habitat location, a sample plot was established vH\,V"'1o! 

of the Portneuf River along a 500-meter reach. The sample plot was divided 20 

subplots from which composited soil samples and vegetation samples were obtained. 

Vegetation samples consisted of the current year's fruit of n .......~.~,u 

angusti/olia), a favored food item of songbirds. Small ma:mn:lals were not collected in the 

riparian ·habitat. 

8.1.1 Analytical Parameters and Numbers of Samples 

SoU and Vegetation 

Composited surface soil and composited vegetation " .... '" ......''''' were collected at each of 

(three sagebrush steppe and two Both sample types were 

fluoride. zinc. Additional consisted of the 

following: pH. cation exchange capacity (CEC). soluble cation concentrations, and total 

organic carbon (TOC). The rationale for these ""r''''Tn'''''''''' as well as for soil and vegetation 
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analytical methods and associated detection limits, were provided in the FSP (E & E 1994b) 
. . 

and Quality Assurance Project Plan (QAPjP) for the ecological assessment (E & E 1994c). 

The number of soil samples collected are summarized in Tab!e.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 soH samples. 

The number of vegetation samples collected are also summarized in Table B-4. A . 

total of 110 vegetation samples were collected. Cornposited 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 samples 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. 

wheatgrass 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 were 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 analyzed 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 ~as done only if necessary to provide sufficient tissue mass for 

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 remove{! 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 fur chemical 

analysis.·.and was conducted several miles downriver from the operational site facilities, in 

depoSitional areas of the Portneuf River delta. 

IWW Ditch Outfall 

The JWW ditch is a small drainage ditch that transports noncontact cooling waters to 

the Portnwf River. The ditch is located above ground, approximately SOO 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 rww 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 RIIFS, a variety of sediment copes, 
including cadmium, fluoride. and zinc,· were found at their highest concentrations in the 

Portneu(River at·this outfall location. Levels of these copes were not found.to be as 

el evated ,.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 intended 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 2Q m 

downstream from where water from the pipe enters the river (identified as Sampling Station 

No. 11 [BEl 1992]). Two other sites on the Portneuf River in the vicinity of the outfall were 

sampled for sediment. on~upstream of the TWW ditch outfaH to serve as a reference location 

(idcmified as Sampling Station No. 21 [BEl 1992]) and one downstream of the outfall 

(identified as Sampling Station No. 16 [BEl 1992]). Sampling locations are described in 

Table B-6 and shown on Figure B-4. Assays of COPCs in composited sediment samples· at 
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each location were performed, as were laboratory bioassays to detennine 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 media and biota in this area are available onJy from 

previous investigations (e.g., Low and Mullins 1990). Second, the Portneuf River delta is an 

important breeding and feeding area for game waterfowl, piscivorous birds. and sborebirds, 

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 waterfowl. 

One 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 andlor feed. Two main types of aquatic habitats in both delta areas were 

sampled: open water habitats within the river cbannel, 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 sampl ing program was designed so that five sampling 

stations in each river system were located above, and five stations were located below, the 

intersection 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 kIn and approximately 1 Ian upstream of the furthest downstream site 

previously sampled in the RIfFS (identified as Sampling Station C [BEl 19941) (see Figure 
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8-5). Eight subsequent sites were. located at approximately I-Ion 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 l-km 

intervals along the channel. Thus, there were 10 sampling sites in the Snake 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. 

B.1.3 Analytical Parameters and Numbers of Samples 

B.1.3.1 IWW Ditch Outfall 

. For the investigation of sediment toxicity at the rww ditch outfall, one composited 

sediment sample was collected from each of three locations in the Portneuf River: at the 

rww ditch outfall (Station 17), upstream of the rww 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, TOe. acid-volatile 

sulfide/simultaneously extracted metals (A VS/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 1994c). In 

addition;'a subsample of the three sediment samples was used in toxicity tests with the 

amphipOd (Hyalleia aveca) and the midge (Chironomus remans) (ASTM 1993). The numbers 

of samples are included in Table B-7, and the sediment anal.yses are' summarized in Table B­

8. ~ 

B.1.3.2 Portneuf River Delta 

For the Portneuf River delta study. sediment samples from river channel and mudflat 

sites in the Portneuf and Snake River deltas were measured for fluoride, cadmium, zinc, 

arsenic, mercury, selenium, aluminum, iron, and additional parameters that playa 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 the sediment 

analyses are summarized in Table B-S. For the Portneuf River delta, 20 sediment samples 
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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 kIn of river channel in the delta area. For 

comparison, the same number of water and sediment samples were collected from a 100kID 

length of the Snake River delta. 

B.2 ECOWGICAL ASSESSMENT SAMPLING RFSULTS 

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 Wdetected 

concentration R in the tables. The second value is the "concentration for risk assessment". 

For data points with no qualifiers, the "detected concentration- and "concentration fur 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, 

18 means that the reported value is an estimate because recovery of the matrix spike was 

outside acceptable limits for the analysis. 

RevIewer Qualifiers: 

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. 
R == The data are unusable (compound mayor may not be present). Resampling and 

reanalysis are necessary for verification. 
N = Presumptive evidence of presence of material. 

NI ' = Presumptive evidence of the presence of material at an estimated quantity. 
VI = The material was analyzed for, but was n'ot detected, The sample quantitation "limit. 

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 II. 

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 m. 

Qualification Codes: 

1. Holding Times " 
2. Sample Preservation 
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3. Sample Custody 
4. Missing Deliverables 


SA. Calibration (initial) 

SB. Calibration (continuing) 


6. Field Blanks 
7. Lab Blanks 

r 
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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Soil 

Small mammals 

Sediment 

Table B-1 

OVERVIEW OF COPCS AND SAMPLE MATRICES 

Sample Matdees COPes 

Surface loil 
zinc 

Big Qgebrush ' foliage (washed and unwashed) Fluoride, 

ThicDpike wheatgrau - Items and leaves 

Russian Olive - fruit 

Deer mouse - whole organism 

Deer mouse - femur 

Surface sediment 

zinc 

Fluoride, ca.l:lllUl.lm 

Z.IIIC 

Fluoride 

and 

Fluoride, cadmium, 
selenium, mercury. and 
arsenic 
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Table B-2 

OVERVIEW OF HABITATS AND SAMPLE MATRICES 

Habitats Sample Matrices 

Tem:.striaJ - ugebrush steppe Surface soil 

Big sagebrush - foliage (washed and unwuhcd) 

Thickspikc wheatgrass - stems and leavCII 

Deer mouse - whole organism and femur 

Tem:.strial - riparian Surface soil 

Russian olive - fruit 

Aquatic - river delta Surface sediment 

Aquatic - ri'lerine Surface sediment 

i 
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Table B-3 


LOCATIONS OF TERRESTRIAL STUDY SITES 


Habitab Study Sites l..ocaOOIl 

Sagcbrwh 1It.eppe Michaud Flats Approximately 1 mile NNE of the 
FMC/Simpiot facility on Michaud 
Fla1.s, near the Porlneuf Rivc:r. 42· 55' 
23.9" North; 112° 31' 31.2" West; 
4,096 fed AMSL. 

Bannock: Hills SW Approximately 1-2 miJes SW of the 
FMC/Simplo! facility neal' electrical 
substation. 

Ferry Butte· Approx.i.rru1l:t:ly 15 miles NNE of the 
FM C/Simplot facility near the 
Blackfoot River. 43" 07' 29.4" North; 
112' 29' 0.06" West; 4,358 fed 
AMSL. 

Ripa.ria.n Portneuf River Approx.i.rru1tely I mile NNE of the 
FMC/Simplot facility on the Portneuf 
River. 42° 55' 16.0" North; 112° 31' 
34.8" West; 4,208 fed AMSL. 

Snake Rive~ Approximalely 15 miles NNE of the 
FMC/Simplot facility near the 
confluence of the Blackfoot and Snake 
rivel1i. 43° 07' 35.3" North; 112° 30' 
44.8" West; 4,493 fed AMSL. 

a Reference Ilreal!. 

Key: 

AMSL == Above mean sea level, 
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TOTAL NUMBER OF SAMPLES FOR 
SOIL, VEGETATION, AND SMALL MAMMALS 

Sagebrush Steppe Location, Riparian Locations 

Total Number 
Sample Matrices kSW Ferry Butte portneur RiVe!" Snake Ri,er or :;.. ... I"'IQ 

Surface soil 10 10 10 10 10 I ~o 

Big sagebrush-foliage· 20 20 20 - - 60 

Thickspike whea 10 10 10 - 30 I 
Russian olive fruit - -

~ 
10 10 20 

Du, m""" - whole o~ 101 10 - ...:. '30 

Total number of samples ~ 50 20 20 190 

a Sagebrush foliage were'divided if!to'wuhed lind unwashed fractions in the laboratory to II. total of 120 Il.Ilmpics, 

b Deer mouse femurs were removed in Ihe laboratory and analyzed separately for fluoride. 
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Table B-S 

TOTAL NUMBER OF INVESTIGATIVE ANALYSES FOR 
SOIL, VEGETATION, AND SMALL MAMMALS 

PliIumeter 

Sagebrush Steppe loc.aoons Riparian Loc.aOOns 

Total 
Numbft" of 
Analyses 

Surface 
Soil 

Sagebrush 
Foliage ­
Washed 

Sagebrush 
Foliage ­

Unwashed 

Thicbpike 
Wbealgrus -

Foliage 

~ 
Mouse-
Whole 

Deer 
Mouse ­
Femurs 

Surflla' 
Soil 

Ruuiao 
on...e ­
Fruit 

Cadmium lind zinc 30 30 30 30 30 - 20 20 190 

fluoride 30 60 60 30 30 30 20 20 280 

pH. lolal organic carbon (fOC), 
·CEC, redox potential, and 
soluble calions 

30 - - - - - 20 - 50 
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Table B-6 

LOCATIONS OF AQUATIC STUDY SITES 

Habitats Study Sites I..oeation 

rww Ditch Outfall Portneuf River upstream of 
the rww ditch outfallll 

Previously identified lIS Sampling Station No. 
21­

Portneuf River at the rww 
ditch outfall 

Within 20 meters downstream of the cantIu­
ence of the lWW ditch outfaU and the 
Portneuf River. Previously identified as 
Sampling Station No. 17. 

~rtneuf River downstn:am 
of the JWW ditch outfall 

Previously identified as Sampling Station No. 
Hi. 

Portneuf River Delta It American 
Falli Reaervoir 

., 

Portneuf River Delta at 
American Falls Reservoir 

Ten locations at approximately l-kro intervals 
statting approximately 1 k.m Upi'tream from 
Station C and proceeding downstream (aee 
Figuft; 8-5). 

Snake River Deltall at 
American FaUs Reservoir 

Ten locations at approximately l-Icm intervals 
,tatting ncar McTucker Island and proceeding 
downstream (see Figure 8-6) . 

a Reference 1U"eU. 
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Tab'e B-7c:c 
I 

N 
....... 
 TOTAL NUI\1BER OF INVESTIGATIVE SAMPLES FOR SEDIMENT 

Sam pie Matrke! 

Sediment - chemical analysis 

Sediment - toxicity testing 

Total Number of Samples 

IWW Ditch 
OutfaU 

I 

I 

2 

Pormeuf River Delta 

River 
Cbllnnel 

10 

-


10 

Mudflats 

10 

-


10 

SllJIIke Ri'l'er Delta 

River 

Channel 


10 

-


10 

Mudflat'! 

10 

-


10 

Other Portneuf 

Ri~ Locations 


2 

2 

4 

Toal Number 
of Slimpia 

ZP3090.11.0 


43 

3 
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N 

Table B-8 


TOTAL NUMBER OF INVESTIGATIVE ANALYSES FOR SEDIMENT 


Paramder 

AJuminum, arsenic, cadmium. 
Ouoridc:, iron, mercury, 
selenium, zinc 

Acid-volatile sulfide and 
amultanc:ously extracted melaLs 

Total organic carbon 

Particle-size distribution 

Toxicity 10 Hyallela azteca Ilnd 

ChironolTlw len/artS 

IWW Ditch Outfall 

1 

1 

1 

1 

1 

Portneuf River Delta 

20 

20 

20 

20 

-

Snake RiTer Delta 

20 

20 

20 

20 

-

Other 

Portneuf River 


locatiou 


2. 

2 

2 

2 

2 

Total 

Number of 

Analyses 


43 

43 

43 

43 

ZP3090.11.0 
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8-9 

TERRESTRIAL 
SAGEBRUSH STEPPE AND 

CADI\ffiJM~ FLUORIDE, AND 
(mglkg) 

Cadmium Fluoride Zim:: 

ConeentratioD for Detet.kd Coneeutratioo for Deteeted Concentration for 
Sample Risk Assessment COlXenlraool'l Risk Assessment CoDi:entraool1 Risk 

Bannoc:k Hills SW (Sagebrush Su:ppe) 

DOCU0101 31.6 3L6 1,520 282 

DOCUOI02 28.1 28.1 1,540 252 

DOCUOI03 28.? 28.7 1,370 281 

DOCUOl04 21 1,330 202 

DOCUOlO5 29.9 1,630 262 

DOCUOI06 22.7 22.7 1,100 220 220 

34.1 34.1 342 342 

DOCUOI08 18.6 18.6 1,260 183 183 

DOCU0109 27 27 1,270 244 244 

DOCUOIICl 30.5 10.S 1,&40 290 290 

Midumd Flats (Sagebrush Steppe) 

DOCU0201 14.4 14.4 1,380 110 110 

DOCU0202 31.1 31.1 3,200 219 

DOCU0203 2.5.5 25..5 2,120 116 

DOCU0204' 29.1 . 1,830 193 

U020S 1,320 97.6 

l 
1< 

l" 

£ 

2' 
" 3,. 
?! 

ZP3090.11.0 
al:ZI'309O_~12l9S-DI 
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Table B-9 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

CADMIUM, FLUORIDE, AND ZINC IN SOIL 
(mglkg) 

Cadmium Fluoride 

Detected Concentration rOf DetEoCted Concentration for ~ 
Sample Concentration Risk Aueument Concentration Risk AlIslE'Ssment Concentration 

DOCU0206 21.3 27.3 2,580 2.580 201 

DOCU0201 9.4 9.4 850 850 88.4 

DOCU02OS \6.3 16.3 1.045 1,045 137 

DOCU0209 269 26.9 1.960 1,960 201 

DOCU0210 16.1 16.1 1,640 1,640 136 

Feny Butte (Sagebrush Steppe) 

DOCU0301 0.62 0.62 342 342 61.1 

DOCUOJ02 0.57 0.57 421 421 56.4 

DOCU0303 1.2 1.2 375 375 49.4 

DOCUOJ04 0.51 0.51 344 344 59.5 

DOCU0305 0.7 0.1 365 365 53.7 

DOCU0306 0.,57 0.S7 330 :no .57.1 

DOCU0307 0.84 0.84 349 349 64.1 

DOCU0308 0.47 0.47 372 372 54.9 

DOCU0309 0.47 0.41 330 330 .58.3 

DOCU0310 0.81 0.81 406 406 .50.2 

Zinc 

Cooceotraoon rOf 

Risk AlIslE'S.!Imeot 

201 

88.4 

137 

201 

136 

61.1 

56.4 

49.4 

59.5 

53.7 

.51.1 

64.1 

54.9 

58.3 

50.2 

2:~_[)4J06.00/1lf9S. D! 
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Table B-9 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

CADMIUM. FLUORIDE, AND ZINC IN SOlL 
(mglkg) 

Cadmium Fluoride 

Ddecttod Concentration for Detetted Concentration (or Detected 
Sample Coneentration Risk Assessment Concentnoon Risk Assessment Concentration 

PortneuC River (Riparian) 

DOCU0401 4.9 4.9 600 600 81.6 

DOCU0402 7.6 7.6 950 950 101 

OOCU0403 12.8 12.S 1,300 1,300 142 

OOCU0404 0.64 0.64 321 321 47.4 

DOCU040S 4.3 4.3 670 670 75.5 

DOCU0406 4.4 4.4 '720 '720 72.3 

DOCU0407 5.6 5.6 43S 435 80.9 

DOCU04OS 27.6 27.6 2,930 2,930 197 

DOCU0409 18.9 18.9 1,260 1,260 173 

OOCU0410 16.6 16.6 1,540 1,540 167 

Snake River (Riparian) 

DOCU0501 0.26 J8 0.26 298 298 26.1 
.' 

DOCUOS02 0.17 18 0.11 226 226 26.7 

DQCU0503 .' 0.4 J8,15 0.4 215 215 3l.5 

OOCUOS04 0.3 JS,IS 0.3 253 253 21.2 

DQCU0505 0.31 IS 0.31 252 252 28.5 

Zinc 

Concentntion for 
Risk As!es!Iment 

81.6 

101 

142 

47.4 

75.5 

72.3 

80.9 

197 

173 

167 

26.1 

26.7 

31.5 

21.2 

28.5 

ZP3090.ll.O 
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Table B-9 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

CADMIUM, FLUORIDE, AND ZINC IN soiL 
(mg/kg) 

Sample 

Cad.nium Fluoride Zinc 

Detected 
ConcentntioD 

Concentration for 
Risk Assessment 

Detected 
Cooeentratlon 

Concentratioa tor 
Risk Ass..,ment 

Detected 
Concentratlon 

Cooc.ntratlon ror 
Risk A!!leument 

DOCU0506 0.2 J8 0.2 175 175 15.5 15.5 

DOCUOS07 0.25 J8 0.25 213 213 21.2 21.2 

DOCU0508 0.23 J8 0.23 250 250 23.2 23.2 

DOCU0509 0.3 J8,15 

0.2 J8,I5 

0.3 238 238 24.3 24.3 

DOCU0510 0.2 265 265 22.9 22.9 

a; 
I 


N 


'" 

ZP3090.11,) 
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Calcium 

Concentration 
Detet:ted for Risk 

Sample Concentration Assessment 

Bannock Hills sW (Sagebrush Steppe) 

DOCUOIOI 76.3 76.3 

DOCUOlO2 89.1 89.1 

OOCUOlO3 17. I 11.\ 

OOCUOI04 21.6 12.6 

DOCUOlO5 24.3 14.) 

OOCUOI06 21 21 

OOCUOI07 14.7 14.7 

DOCUOI08 24 24 

DOCUOI09 25.1 25.\ 

DOCUOIIO 40.9 40.9 

. MidllllJd Flats (Sagebrush Steppe) 

OOCU0201 16.7 \6.7 

DOCU0202 2.5.1 25.1 

DOCU0203 17.8 17.8 

DOCU0204 33.3 33.3 

DOCU0205 22.6 22.6 

DOCU0206 23.4 23.4 

Table 8-10 

TERRESTRIAL lNVESTIGA TIONS 
SAGEBRUSH STEPPE AND ruPARlAN HABITATS 

SOLUBLE CATIONS IN SOIL 
(mgIkg) 

Iron Magnesium Potassium 

Concentution Concentratfoo Coocentration 
Detet:ted 'or Risk lJoeiet:ted ror Risk Detet:ted ror Risk 

Concentration Assessment Concentration ~t Cootentration Assessment 

0.55 O.SS 6.6 6.6 12.2 12.2 

4.7 4.7 7.2 7.2 14.6 14.6 

2.5 2.5 2.1 2.1 S oS 

!.2 1.2 L1 1.1 4.9 4.9 

1.9 1.9 2.1 2.1 3.8 3.8 

1.8 L8 1.9 1.9 4.4 4.4 

1.4 1.4 1.4 1.4 2.9 2.9 

2.7 2.7 2.5 2.S 5 5 

9.8 9.8 5.7 5.7 9.4 9.4 

11.9 11.9 1.S 1.S 13.2 13.2 

10.4 10.4 S.2 5.2 8 8 

9.6 9.6 5.3 5.3 7.9 7.9 

13.8 13.8 6.6 6.6 9.1 9.1 

14.4 14.4 8.5 IU 10.9 10.9 

10.8 10.8 6 6 1 7 

10.8 10.8 5.9 5.9 6.2 6.2 

Sodium 

Concmtrlticm 
Detet:ted rOt" Risk 

Concentration ~t 

11.818,16 11.8 

6.6 J8,16 6.6 

8.1 J8,I6 8.1 

S.4 J8,16 5.4 

6 J8,16 6 

4.5 J8,I6 4.S 

2.3 J8,16 2.3 

4.2 J8,I6 4.2 

4.718,16 4.7 

5.913,16 5.9 

5.3116 5.3 ~ 
5.1 Jl6 5.1 

5.1 Jl6 5.1 

6.2 JI6 6.2 

7 Jl6 7 

S.8 Jl6 S.8 

ZPJ09O.11.0 
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Calcium 

Cooc.entratioo 
Deiected f« Risk 

Sample Coocentnti00 Assessment 

OOC1J0201 39.4 39.4 

OOCU0208 ZS 2S 

OOCU0209 ZS.6 23.6 

OOCU0210 26.6 26.6 

Fen-y BI.IUe (Sarebrwb Steppe) 

DOCU0301 17.5 17.5 

OOCU0302 16.2 16.2 

DOCU0303 16.6 16.6 

OOCU0304 21.11 27.8 

OOCU030S 20.4 20.4 

OOCU0306 20.11 20.8 

OOCU0307 14.9 14.9 

OOCU0308 40.9 4<1.9 

OOCU0309 26.1 26.1 

DOCUOOIO 39.1 3SU 

Portnmf River (RIparlu) 

DOCUf.)40I 36.l 36.1 

DOf"'U0402 249 249 
'-----.. 

-­
Table 8-10 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

SOLUBLE CAnONS IN SOIL 
(mgIkg) 

Iroo Magnesium potu,Wm 

Coouutr.tioo Coocmtndoo Cooct'Dtntioo 
Detected for Risk Detec:ted for Risk Detected for Risk 

Coneentcad00 ~t Coocmtnlioo ~t CoountratJ00. ~t 

33.1 33.1 19.2 19.2 2U! 11.1 

10.8 10.8 7 7 7.7 7.7 

12 12 6.6 6.6 9 9 

29.1 29.1 14.2 14.2 12.3 12.3 

.58,8 .5B.8 16.9 16.9 20.918 20.9 

8.4 8.4 1.2 7.2 1 7 

. 19.1 19.1 )0.8 10.8 14.618 14.6 

88.6 88.6 34.2 34.2 32.5 J8 32.5 

42.2 42.2 18.5 IS.S 23.8 IS 23.8 

22.1 22.1 12.6 12.6 11.5 J8 IU 

2.1 2.1 4.j 4.S 9 J8 9 

20.3 20.3 IS.3 IS.3 25.1'8 25.1 

76.1 76.1 32.7 32.7 29.6 "8 29.6 

24.11 24.8 19.9 19.9 21.4 J8 21.4 

5.8 ".11 19.1 19.1 2UIS 2U 

0.69 0.69 113 113 SO.S 18 8O.S 

SodIum 

Coocmtndoa 
Detected for RIsk 

Coouutntioo. Assessmmt 

9.9 JlIS 9.9 

5.9 !lIS S.9 

5.8 JI6 5.8 

7.6 Jl6 7.6 

5.3 U7 R.ejected 

.5.1 U7 =m1.5 

8.1 

.5.9 U7 R.cjc:ctcd 

4.4 U1 Rejedcd 

8.3 11.3 

7.4 U7 R.ejec:.ted 

6.1 U1 Rejec:tcd 

7.2 U7 Rejec:tcd 

80.6 80.6 

124 124 

J ZP3090.11.0 
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Calcium 

Concentration 
!>eteeled for Risk 

Sample Concentration Assessment 

DOCU0403 147 147 

OOCU0404 32,5 32,S 

OOC U04 05 48,7 4S.7 

DOCU0406 40,4 40,4 

OOCU0407 32,S 32.5 

DOCU0401! 37.1 37.1 

DOCU0409 SO.4 50.4 

OOCU0410 45 45 

Snake River (Riparian) 

OOCUOSOI 22.6 22.6 

DOCUOS02 27.8 27.8 

. DOCUOS03 33 33 

DOCU0504 26.9 26.9 
.' 

OOCU0505 35.4 35.4 

OOCUOS06 15.2 15.2 

OOCUOS07 26.7 26.7 

Table 8-10 

TERRESTRIAL (NVESTIGA TIONS 
SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

SOLUBLE CAnONS IN SOIL 
(mg/kg) 

Iron Mqoesium PotaomU'l.lll 

Concenlration Com:entratioo Concentration 
Detected for Risk Detected for Risk Detected for Risk 

Concentration Assessment Concenlration Assessment Concentration ~t 

2.3 2,3 52.4 52.4 70.418 70.4 

17 17 14 '4 14.318 14.3 

1.9 1.9 22.1 n.? 36.4 J8 36.4 

2.1 2.1 17.2 17.2 20.8 J8 20.8, 

2.3 2,3 14.9 14.9 10.4 J8 IDA 

.93 0.93 9.2 9.2 42.S J8 42.5 

L9 1.9 26.1 26.1 12.7 18 12.7 

5.6 S.6 17.7 17.7 8.2 J8 8.2 

2.6 J8 2.6 4.6 J8 4.6 4.4 J8 4.4 

4..5 JII 4.S 6,6 J8 '6.6 II.7 J8 11.7 

4.3 J8 4.3 7 J8 7 14.818 14.11 

7.4 J8 7.4 8.3 J8 8.3 24.4 IS 24.4 

.81 J8 0.8l 8.318 1.1.3 2O.S 18 20.5 

1.218 1.2 3.518 3.5 1418 14 

3 . .5 ]8 3.S S J8 .5 1618 16 

Sodium 

COOU'l.l«ntioo 
Detected for Risk 

Concmtriltiol.l ~t 

63.8 63.11 

71.1 71.i 

140 1..0 

184 184 

30.2 30.2 

21.2 27.2 

54.7 54.7 

70.3 70.3 

11.6 11.6 . 

li.3 11.3 

12.6 12.6 

8.2 1.2 

7.9 7.9 

6.9 6.9 

7.3 7.3 

ZP3090.1l.0 



EMF ERA 
Appendix B 
Revision No.. O 
April 1995 

Page 4 of 4 

Sample 

OOCUOS08 

OOCU0509 

OOCUOSIO 

Calcium 

ConcenIrliltiOil 
Detected for Risk 

Concentration Assessment 

20.3 ~ 
30.9 30.9 

15.S 15.8 

Table B--IO 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

SOLUBLE CATIONS IN 
(mgIkg) 

IrOIl 
.. Pol.u1lium 

Concentrilition ConcmfrltiOO Commtnltioo 
Detected for Risk Detected fOt'Risk ·Detemd f(ll: Risk 

Coocenlratioo Assessment Concentration AMessmmt COl'lcmlrl bOO ~t 

UJ8 1.5 4.718 4.7 19.8 J8 19.8 

4.1 J8 4. t .6.3 JII 6.3 13.1 Jl 13.1 

1.3 J8 U 418 4 9.1 J8 

Sodium 

Cooc:errtntioo 
Deteded forRillk 

Concmtrltioo ~l 

6.8 

9.2 9.2 

7.2 1.2 

w 
o 

~,) ZP3090. 11.0 
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CD 

I 


W 

....... 


Table B-lI 

TERRESTRIAL INVESTIGATRONS 
SAGEBRUSH STEPPE AND RIPARJAN HABITATS 

, 't pH, AND TOe IN 

CEC (m~IIIOOg) pH 

ted Conc:entrllooQ for Det.eded Con«'Dtraooo for 
Sample entraood Risk Assessment Coocmtratioo Risk Aisessment 

Banllock Hills SW (Sagebmsh Steppe) 

OOCUOIOI 28.3 28.3 7. 7.7 

DOCUOI02 26 26 1.82 JI 7.8 

OOCUOI03 21.9 21.9 1.83 Jl 7.8 

DOCUOI04 22 22 811 8 

DOCUOIOS 26.2 26.2 7.93 Jl 7.9 

DOCUOI06 22 22 7.94 II 1.9 

DOCUOI07 '47.4 27,4 7.81 11 7.8 

OOCUOI08 24.4 24.4 7.76 J1 7.11 

DOCUOI09 25.1 25.1 7.85 J1 7.9 

OOCUOIID 23.6 23.6 7.68 JI 7.7 

,,""_L 
.JI Flab (Sagebrusb Steppe) -

DOCUOlO! 25.7 25.1 1.06 J1 7.1 

OOCUOlOl . 0.:'" 34 ·34 6.51 H 6.S 

DOCU0203 21.1 27.1 6.92 Jl 6.9 

OOCU0204 29.3 29.3 6.91 11 6.9 

DOCU020S 22.3 22.3 1.11 J1 7.1 

26,9 
, 

7.06 Jl' 7.1
OOCU0206 26.9 

, 

roc (mgJq) 

Detected CoDeelitntiou for 
Coneeutraoon Risk Aueument 

12500 

11300 

9500 9500 

7210 7210 

10700 10100 

8560 8560 

12200 12200 

11500 11500 

9740 9740 

9870 9870 

13100 J8 13100 

21500 18 21500 

16200 18 16200 

19200 J8 19200 i 

l3300 J8 13300 

22900 18 22900 

ZP3090.11.0 . 
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Table 8-11 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

CEe, pH, AND TOC IN SOIL 

CEC (meqllOOg) 

Detected Concentration for DtUct.ed 
Sample Concentrafion Risk Assessment Concentration 

DOCU0207 26,8 26.8 7.3811 

OOCU020S 23,6 23.6 7.11 Jl 

DOCU0209 28.2 28.2 6.85 J1 

DOCU0210 21.6 21.6 7.05 JI 

25.1 23,1 6,62 6.6 

22,2 22.2 6.87 6.9 

20,7 20.7 7.55 7.6 

21.7 2L7 6.88 6.9 

OOCU030S 21.3 21.3 7.21 7,2 

OOCUOJ06 22,6 22,6 7.23 7,2 

DOCUOJ07 22.8 7 7 

DOCU0308 20.5 20.S 7.75 7.8 

21.1 21.1 6.86 6.9 

26.8 26.8 6.96 7 

34.4 34.4 8.5511 8.6 

40.3 40.3 7.23 JI 

704{) 

8200 

5420 

4610 

8920 

10210 

8100 

33040 

6220 

9570 

18200 

20700 

7040 

8200 

5420 

46LO 

8920 

10210 

8100 

33040 

6220 

9570 

18200 

20700 

l:znOll!:u)cm<Wllmol ZP3090.ll~ '",.,.' 
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Table B-U 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE AND RIPARIAN HABITATS 

eEC, pH, AND TOC IN SOIL 

eRC (meqllOOg) pH 

Detected Conceotration ror Detected "'. ........_ ror 
Sample Concentration Risk AJsmment Conc!entratioa Risk A.!I!t'Ssmeot 

DOCU 0403 55.3 55,3 7.5Q 11 1.6 

DOCU0404 30 30 8,17 J1 8.2 

OOCU04Q5 30.3 30.3 8511 8,5 

DOCU0406 

~ 
31.4 8,6 

DOCU0407 42.6 7.86 Jl 7.9 

l~ ~ 40.7 8.01 J1 8 

• DOCU0409 68.2 68.2 8.2611 8.3 I 
DOCU04lO 60.9 60.9 S.21 J1 8.3 

Snake Ri'fer (Riparian) 

~ 19.1 19.7 7.9Jl 1.9 

DOCUOS02 14.7 14.7 7.8511 7.9 

DOCUOS03 20.9 .20.9 7.67 J1 7.7 

DOCU0504 24.8 24.8 8.0211 S 

DOCU0505 21.7 7.6711 7.7 

DOCUOS06 11.9 11.9 7.7611 m.' 
DOCUOS07 16.4 16.4 7.8611 

roc (mglq) 

DtU.ded CoIlc:eotratiol1 (or 
Concentration Risk A.5.lit'Ssment 

36000 36000 

16000 16000 

25200 25200 

21200 21200 

13300 

23400 23400 

26100 26700 

23000 23000 

5500 5500 

10100 10100 

14500 14500 

14300 14300 

26200 

~12800 

18900 18900 I 

OJ 
I 

W 
W 

ZP3090.1 t.O 
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Table B-ll 


. TERRESTRIAL INVESTIGATIONS 

SAGEBRUSH STEPPE AND RIPARIAN HABITATS 


CEC, pH, AND TOe IN SOIL 


Sample 

DOCU0508 

OOCU0509 

DOCU0510 

CEC (meq/lOOg) 

Detected 

Concentration 


15.2 

13 

II 

Concentration for 

Risk A<lse'Jsment 


15.2 

13 

11 

pH 

Oetected 

Concentration 


7.9 J1 

7.94 J1 

7.66 Jl 

Concentration for 

Risk Asse'J9ment 


7.9 

1.9 

7.1 

TOC (mgIkg) 

Det«ted 

Concentration 


7980 

9820 

10160 

Concentration ror 

Risk A<lSe'Jsment 


·7980 

9820 

10160 

ZP3090.11,..J
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Table B-12 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE HABITAT 

CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (unwashed) 
(mglkg) 

Sample 

Cadmium Fluoride ZiDc 

Deteded 
Concentration 

Conc:entration for 
R..k A.....m...t 

Dmcted 
Concentration 

Conc:ootrltion for 
R..k A5s..sm...t 

Dmcted 
Concentration 

Con<:...tration for 
R..k A.....m...t 

BlnDock Hills SW (Sagebru.h Steppe) 

VSUUOIOI 0.86 0.86 70.4 114 70.4 28.6 28.6 

VSUUOI02 I I 82.4114 82.4 26.1 26.1 

VSUUOI03 0.88 0.88 47.3114 47.3 31.4 31.4 

VSUU0104 1.1 1.1 74.4 1\4 74.4 27.1 27.1 

VSUUOI05 1.1 1.1 90.71\4 90.7 30.9 30.9 

VSUUOI06 1.2 1.2 <24.2 UJI4 12.1 39.8 39.8 

VSUUOI07 I 1 86.3114 86.3 28 28 

VSUU0108 0.97 0.97 80.41\4 80.4 34.5 34.5 

VSUUOI09 

VSUUOIIO 

I I liS 114 115 32.3 32.3 

0.81 0.81 1151\4 115 33.5 33.5 

VSUU011I 

VSUU0112 

NA NA 122114 122 NA NA 

NA 

NA 

NA 98.2 JI4 98.2 NA NA 

VSUU0113 NA . 58.5 1\4 58.5 NA NA 

VSUU0114 NA NA 76.5 J14 76.5 NA NA 

VSUUOl15 NA NA 77.61\4 77.6 NA NA 

Key at end of table. 
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Table B-U 

TERRESTRIAL INVESTIGA nONS 
SAGEBRUSH STEPPE HABIT AT 

CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (unwashed) 
(mglkg) 

Sample 

Cadmium Fluoride ZilK 

Detected 
Concentration 

Concentnooo for 
Risk Assessment 

Deteckd 
Concentration 

CORl:entration for 
Risk Assessment 

Detec:ted 
Conuntrll.OOn 

Concentration for 
Risk A.uessment 

VSUUOl16 NA NA 51.7 JI4 51.7 NA NA 

VSUUOl17 NA NA 61.8114 61.8 NA NA 

VSUUOl18 NA NA 57.4 JI4 .57.4 NA NA 

VSUU0119 NA NA <'24.7 UB4 1'2.35 NA NA 

VSUU0120 NA NA 93.6114 93.6 NA NA 

Mich.aud Flats (Sagebrush Steppe) 

VSUU0201 1.2 L.2 43.9114 43.9 30.6 30.6 

VSUUo202 1 I 35114 35 33.S 33.5 

VSUU0203 1.2 1.2 4].9114 41.9 35.'2 35.2 

VSUU0204 0.97 0.97 46.4114 46.4 36.8 36.8 

VSUU0205 1.3 1.3 43.3114 43.3 36.5 36.S 

VSUU0206 1.2 1.2 48 JI4 48 37.3 37.3 

VSUU0207 1 1 34.5 114 34.5 38.2 38.2 

VSUU0208 U 1..5 51.4114 51.4 44.2 44.2 

VSUU02Q? 1.7 1.7 86.2114 

114 114 

86.2 49.1 

41.2 

49.1 

VSUU02lO 1.6 1.6 114 41.2 

Key at end of table. 
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Table 8-12 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE HABITAT 

CADMIUM, IiLUORlDE, AND ZINC IN SAGEBRUSH FOLIAGE (unwashed) 
(mglkg) 

Cadmium Fluoride Zinc: 

Dftecterl CoocelltratiOn for Detected Coneentraoon ror Detected Coocentnoon lor 
Sample Concentration Risk Assessment Concentration Risk A!sessment Conemtration Risk A!Jsess'IJlent 

VSUU0211 NA NA 31.5114 31.5 NA NA 

VSUU0212 NA NA 52.4 )14 52.4 NA NA 

VSUU0213 NA NA 25.5 H4 25.5 NA NA 

VSUU0214 NA NA 56.1 J14 56.1 NA NA 

VSUU0215 NA NA 66.9114 66.9 NA NA 
: 

VSUU0216 NA NA <22.3 114 11.15 NA NA 

VSUU0217 NA NA 56.4 J14 56.4 NA NA 

VSUU0218 NA NA 67.4 Jl4 67.4 NA NA 

VSUU0219. NA NA 87.8 J14 87.8 NA NA 

VSUU0220 NA NA 31.3 114 31.3 NA NA 

Ferry Butte (Sagebrusb Steppe) 

VSUU0301 0.35 0.35 <24 U1I4 12 29.1 29. L 

VSUU0302 <0.19 U 0.095 <24.5 U114 12.25 29.4 29.4 

VSUU0303 <0.19 U 0.095 <24.9 U1I4 12.45 21U 28.1 

VSUU0304 .' <0.19 U 0.095 <24.4 UH4 12.2 30.1 30.1 

VSUU0305 <0.19 U 0.095 <23.4 UJ14 11.1 25.6 25.6 

Key al end of table. 
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TabJe B-12 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE HABITAT 

CAUMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (unwashed) 
(mglkg) 

SImple 

Cadmium Fluoride line 

Detected 
Concentration 

Concentration (or 
Risk Assessment 

Dekded 
Concentration 

Concentration rOT 

Risk Assessment 
Detected 

Concentrlltion 
Concentrlltion for 
Risk Assessment 

VSUU0306 . 0.2 0.2 <24.5 UJI4 12.25 27.8 27.8 

VSUUOJ07 0.21 0.21 <24.8 UJ14 12.4 36.4 36.4 

VSUU0308 0.29 .0.29 <24 UJI4 12 44.1 44.1 

VSUU0309 0.21 0.21 <23.6 UJ14 11.8 28.7 28.7 

VSUU0310 <0.2 U 0.1 <24.7 UJI4 12.35 22.7 22.7 

VSUU0311 NA NA <24 Ul14 12 NA NA 

VSUU0312 NA NA <24.4 UJ14 12.2 NA NA 

VSUU0313 NA NA <24.3 U114 12.15 NA NA 

VSUU0314 NA NA <23.2 UJ14 11.6 NA NA 

VSUU0315 NA NA <24.3 U114 12.15 NA NA 

VSUUOJ!6 NA NA <24.8 UJ14 12.4 NA NA 

VSUU0317 NA NA <23.7 UJ\4 11.85 NA NA 

VSUU0318 NA .NA <14.4 UH4 12.2 NA NA 

VSUU03l9 

VSUU0320 

NA NA <24.4 U114 12,2 NA NA 

.' NA NA <22.7 U114 11.35 NA NA 

Key: 

NA ,... tlot analyzed. 

ZP3090. t 1~)1,ZY.I09Il_04~I2J9S.Dl 
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Sample 

VSUUOI01 

VSUUOI02 

0.6 

0.81 

0.68 

0.68 

0,16 

0,87 

1.2 

0.59 

NA 

NA 

NA 

NA 
NA 

NA 

(mglkg) 

<39 UJ 19.5 

<57.9 VI 28.95 

<52.3 UJ 26.15 

<62.4 UJ 31.2 

<52.3 UJ 26.15 

<68.7 VI 34.35 

<51.6 UJ 2.5.8 

31.9 

<41.6 VI 23.8 

<60.2 VI 30.1 

<46.4 UJ 23.2 

<54.5 OJ 27.25 

<51.4 UJ 25.7 

<53.8 UJ 

<S1.7 OJ 

<35.6 UJ 

linc 

~ CoIl«1ltratioll (or 
COlKentntion Rhk A.ssESsment 

22.7 22.7 

22.S 22.5 

26.1 26.1 

23.5 23,5 

31.S 31.5 

30.2 30.2 

2.5.1 2.5 .1 

27.1 27.1 

22.4 22.4 

28.7 28.7 

NA NA 

NA NA 
NA NA 

NA 

"It. 
'~ 

5. 
,
:r 
;;
: 

VSUUO]03 

VSUUOI06 

VSUUOlO7 

VSUU0108 

VSUUOI09 

VSUUOllO 

VSUUOlll 

VSUUOl12 

VSUU0113 

VSUU0114 

VSUU0115 

VSUU01l6 

Table 8-13 


TERRESTRIAL INVESTIGATIONS 

SAGEBRUSH STEPPE HABITAT 


CADMIUM, 
 AND ZINC IN SAGEBRUSH FOLIAGE (washed) 


0.68 

0.68 

0.76 

0.87 

0.17 

0.76 

OL2 

0.59 

NA 

NA 

"."" 	 NA 

NA 

NA 

NA 

Key at end of table. 

Ol:z.I")09Q_[)4?I)9.{WIlm-[) I 
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Table B-13 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE HABITAT 

CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (washed) 
(mglkg) 

Cadmium Fluoride Zinc 

o.tec:tro Concentration for o.tectro Concentration ror DetecIA!d CODCtnfration ror 
Sample Com:entr.tion Risk Assessmtnt CODcentration Ri5k A>.tSsmtot Conc:mtratioD Risk A>.tSsmtDt 

VSUUOI17 NA NA <56.4 UJ 28 .2 NA NA 
VSUUOl18 . NA NA <58.2 UJ 29. 1 NA NA 

VSUU0119 NA NA <52 .8 UJ 26.4 NA NA 

VSUU0120 NA NA <30.1 UJ 15 .05 NA NA 

Michaud FlaIJ (Sagebrush SUppe) 

VSUU0201 1.1 1.1 <55.6 UJ 27 .8 31.7 31.7 

VSUU0202 0.92 0 .92 <76.5 UJ 38 .25 24 24 

VSUU0203 1.2 1.2 <76.6 UJ 38 .3 38 .6 38.6 

VSUU0204 1.3 1.3 <45 .8 UJ 22 .9 36.7 36.7 

VSUU0205 1.2 1.2 <52.1 UJ 26.05 35 35 

VSUU0206 1.5 1.5 <58.9 UJ 29.45 4U 41.5 

VSUU0207 1.1 1.1 <49.6 UJ 24 .8 35 .3 35 .3 

VSUU0208 I.l 1.1 <59.1 UJ 29 .55 43 .9 43 .9 

VSUU0209 .:... 0 .61 0.61 <59.5 UJ 29 .75 15 \S 

VSUU0210 0.96 0 .96 < 174 UJ 87 24.9 24.9 

VSUU0211 NA NA <64 UJ 32 I'IA NA 

VSUU0212 NA NA <43.1 UJ 21 .55 NA NA 

Key at end of table.. 

ZP3090.11 . ..) 
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Key at end of table. 

ZP3090. t 1.0
1l2;ZP'JO'JO_D4~llI9S-DI 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE HABITAT 

CADMIUM. FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (washed) 
(mgfkg) 

Cadmium Fluoride line 

Concentratklll tor l>et«ted Concentration for Detected Coocentratioll ror 
oncentration Risk Assessment Concentration Risk Assessment Concentration Risk Assessment 

NA NA <43.6 UI 21.S NA NA 

NA NA <74.7 UJ 37.35 NA NA 

NA NA <89.3 UJ 44.65 NA NA 

VSUU0216 NA NA <78.3 UJ 39.15 NA NA 

VSUU0217 NA NA < 109 UJ 54.5 NA 

VSUU0218 NA NA <55.2 UJ NA 

VSUU0219 NA NA <93.8 UI NA 

VSUU0220 NA NA <99.4 UJ NA 

Butte (Sagebrush Steppe) 

VSUU0301 0.34. 0.34 <24.6 un4 27.4 21.4 

VSUU0302 0.2 U 0.1 <24.8 Un4 23.6 25.6 

VSUU0303 0.2 U 0.1 <24.8 UJl4 . 15.8 15.8 

0.2 U 0.1 <24.S UJI4 27 27 
.~ 0.2 U 0.1 <15.2 UJl4 24.3 24.3 I 

12.05 23,8 15.8 

12.3 26.9 

13.9 40.7 
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Table B-13 

TERRESTRIAL INVESfIGATIONS 
SAGEBRUSH STEPPE HABITAT 

CADMIUM, FLUORIDE, AND ZINC IN SAGEBRUSH FOLIAGE (washed) 
(mglkg) 

Cadmium F1uor:ide Zinc 

Dttect<d Concentration Cor Dttect<d Concentration Cor Dttfct<d Co~enlr.tioD for 
S.mple Concentntion Risk Ass...meal Concentration Risk Asses.ment Concentration Risk As....meul 

VSUU0309 0,13 0,13 <S6 VI 28 29,2 29,2 

VSUV0310 ,2 V 0,1 <24.4 U114 12.2 13.S 13,5 

VSUU0311 NA NA <39,5 Ul 19.15 NA NA 

VSUU0312 NA NA <24.3 U114 12,15 NA NA 

VSUU0313 NA NA <24.3 U114 12.15 NA NA 

VSUU0314 NA /'jA <24.3 Ul14 12.15 NA NA 

VSUV0315 NA NA <36.3 U114 18.15 NA NA 

VSUU0316 NA NA <24.4 UI14 12.2 NA NA 

VSUU03I7 NA NA <24.4 U114 12,2 NA NA 

VSUU03 18 NA NA <36.6 Ul 18.3 NA NA 

VSUU0319 NA NA <24.2 U114 12.1 NA NA 

VSUU0320 NA NA <36. I UI 18.05 NA NA 

Key: 

N A = No' analyzc<l. 

ZP3090.ll ....) 
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Table B-14 

TERRESTRIAL INVESTIGATIONS 

SAGEBRUSH STEPPE HABITAT 


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

(mglkg) 


Cadmium Fluoride Zmt: 

Concentration (or Concentration (or DetectedDetected . Concentration (or 
Sample 

Detected 
Risk Assessmfflt Con<:f11tration Risk Assemneut ConcentrationConcentration Risk Assessment 

Bannock Hills SW (Sagebrush Steppe) 

0.33 <W.20.33 <W.2114 8VGU0101 8 

39.60.35 39.6114 8.20.3S 8.2VGUOI02 

0.5 46.6 JI4 46.6 100.5VQUOI03 10 

39.60.45 39.6 H4 6.5 6.50.45VGU0104 

0.77 96.7114 96.7 150.77 15VGUOI05 

0.88 111114 111 13.5 13.50.88VGUO}(l6 

0.53 58.5114 SIloS 16.516.50.53VGU0107 

52 13.40.69 52114 13.40.69VGUOI08 

ILl0.49 96.3114 96.3 11.10.49VGUOI09 

40.7 12.7 12.70.4 40.7 U40.4VGU0110 

ud Flats (Sagebrush Steppe) 

35.4114 35.4 10.2 10.20.520.52VGU0201 ~ 

80.42 125 8<25 UJ140.42VGU0202 

. 12.2 8.4 8.40.36 <24.4 Un40.36VGU0203 

7.9 7.911.350.49 <22.7 UJI40.49VGU0204 

11.9 130.45· 13<;23.8 \.11140.45VGU0205 

ZP3090.II.O 
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Table B-14 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE HABITAT 

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

Sample 

Cadmlum F1uorid~ Zinc 

Oel«:I •• ,. 
Co"".nlr8OOn 

COMetltution fot 
Rdk Assessment 

Drud~ 

Concentration 
Con<entroOOo lor 
Risk Asses,ment 

Dructed 
CooceolnlOOa 

COl'M::eotn~D for 
RiJk Assa,meol 

VGUOZ06 0,)) 0.33 < 24,2 UI14 12,1 10,8 10,8 

VGUOZ07 0,49 0.49 <24,1 UI14 12,05 11.1 11.1 

VGUOZOS 0,59 0.59 51.1 114 51.1 15.1 15 , I 

VGUOZ09 0,44 0.44 40,9114 40,9 9,1 9.1 

VGUOZIO ,52 0,52 15 114 2S 14,1 14,1 

Fury Butt. (Sag~bru'h Sleppe) 

VGUO)OI < 0,19 U 0 .095 <24 UI14 12 7,6 7,6 

VGU030Z < 0,2 U 0.1 <24.1 UI14 12 ,05 5,2 5,2 

VGUOJ03 <0,19 U 0,095 <23 ,S UJl4 11.75 7,8 7,8 

VGUOJ04 0.39 0 .39 <24 ,1 UI14 12,05 8 ,) 8,3 

VGU0305 < 0 .17 U 0.08S <15 UI14 12 .5 9.4 9,4 

VGU0306 <0.2 U 0,1 <24.8 U/14 12.4 9, ( 9.1 

VGUOJ07 

VGU030S 

<0 .13 U 0 .065 <24 .8 UII4 12.4 10 .5 10.5 

<0.19 U 0.095 <24.4 UII4 12,2 7.4 7.4 

VGU0309 

VGU0310 

.' 0,14 0.14 <24,S UJ14 12 ,15 8.1 8.1 

<0 ,15 U 0 ,075 <24.4 UII4 12 ,2 8,9 8,9 

.'.. ZP3090. II ,,) 
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Sample 

Table 8-15 

INVFSfIGATIONS 
nr.n.JU'..... ' HABITAT 

CAD.MIUM, FLUORIDE, AND ZINC IN RUSSIAN OLIVE 
(mglkg) 

Cadmium. 

Conceotratioll ror 
R.isk Assessment 

Portneu£ Ri"er' (Riparian) 

VROU0401 <0.2 U 

0.2 

<0.2 U 

<0.2 U 

VROU0407 <0.2 U 

VROU0408 0.24 0.24 <22.S UJI4 

VROU0409 <0.19 U 0.095 <24.4 UJ14 

VROU0410 033 0.33 <22.1 UJ14 

0.66 <23.8 U1l4 11.9 

0.1 <22.9 UJ14 11.45 

VROUOS03 <0.19 U 0.095 <23.7 WI4 11.85 

VROUOS04 <0.2 U O.t <23.4 UJ14 11.7 

VROUOSOS <0.2 U 0.1 <23.7 Y~~4 lUIS 

(unwashed) 

Zinc 

Dc.Uded Cooomtntion ror 
Cooomtntion R.isk Assessment 

9.3 

10.2 

8;9 

8.5 

11.3 

7.3 

11.9 

11.2 

10.5 

6.9 6.9 

9.4 9.4 

1.3 7.3 

S.8 S.S 

8.7 8.1 

~ 
i§ 

" E. 
~ 
'" ':i' 
:; 
!!l 
;; 

= 
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Table B~lS 

TERRSTRlAL INVESTIGATIONS 
RIPARIAN HABITAT 

CADMIUM, FLUORIDE, AND ZINC IN RUSSIAN OLIVE FRUIT (unwashed) 
(mglkg) 

Sample 

Cadmium l1louride zme 
Ddect.ftI 

CooceutnOOD 
Coocmtnooll ror 
Risk Anasmmt 

Detected 
Concmtratioo 

Coocentraoon for 
Risk A.!Isessmeot 

I>et«U:d 
CoIKftlb'ation 

Co~tioll. ror 
Risk Auessmeot 

VROUM06 <0.2 U 0.1 <24.9 UH4 12.45 1.5 7.5 

VROUM07 <0.2 U 0.1 <23.8 UJl4 11.9 7.3 7.3 

VROUM08 <0.19 U 0.09.5 <24.8 UJ14 12.4 5.4 5.4 

VROUOS09 <0.2 U 0.1 <22.7 UJ14 11.35 S.S 5.S 

VROUOSIO <0.2 U 0.1 <24.S UJ14 12.25 IU 8.1 

ZP3090.11 . ..J 
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Table B·16 

TERRESTRIAL INVESTIGATIONS 
SAGEBRUSH STEPPE HABITAT 

CADMIUM, FLUORIDE, AND ZINC IN DEER MOUSE TISSUE 
(mglkg) 

Cadmium Fluoride Fluoride 
(whole bod,) (wbole body) (femur) 

~ Concentration (or Detected Concentration (or' IJ.eteeted Concentration ror 
Sampl Concentration Ri!k AlIsessment Concentration Risk AlIsBsment Concentration Risk AlIsellImmt 

Bannock HUb SW (Sagebrush Steppe) 

MWBUOIOt 1.2 110 149 J8 149 226 Jt4 226 

MWBUOI02 0.68110 0.68 17318 113 451 114 451 

MWBUOI03 0.64 110 0.64 135 J8 

~ 
280 

MWBUOI04 0.37 JI0 0.37 10518 105 28.5 I 285 

MWBUOI05 0.59 HO 0.59 112 J8 112 <I 94 

MWBUOl06 0.53110 0.53 109 J8 109 <375 1j1l4 187.5 

M 0.24 HO 0.24 156 J8 156 < 188 UJ14 94 

MWBUOI08 0.39 JlO 0.39 93.8 J8 196 Jl4 196 

I~UOt09 0.71110 109 J8 109 399 J14 399 

MWBUOllO 0.79 HO 143 J8 143 760 Jl4,10 7fJJ 

Michaud Flats (Sagebrush Steppe) 

~MWBU0201 0.4 HO ." 0.4 50.4 18 423 J14,10 423-

MWBU0202 0.12 lio .' 0.12 56.6 J8 56.6 519 H4,10 519 

MWBU0203 0.09 JlO 0.09 135 J8 }3S 8S3 114.10 853 I 
MWBU0204 0.14 HG 0.14 114 J8 114 561 114,10 561 

MWBU0205 0.23 JlO 0.23 83.11 JII ' 83.8 609114,10 609 

Zine 
(wbole body) 

Detedl.d COllCelltraLion (or 
Concentraooa Risk MSBsmeot 

48.1 48.1 

31.7 31.7 

37.2 37.2 

36.9 36.9 

36.9 36.9.­
37.3 37.3 

4l.S 41.5 II 
34 34 

40.4 40.4 

40.8 40.8 

34.7 34.7 

34.4 '34.41 
43.S 43.S 

31 37 

41.6 41.6 

ZP3090.11.0 
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Table 8-16 . 

TERRESTRIAL 
SAGEBRUSH STEPPE HABITAT 


CADWlJM, FLUQR[[)E, AND ZINC IN MOUSE TISSUE 

(mglkg) 


33 

34.3 

36 

38.~ 
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Table B-17 

AQUATIC INVESTIGATIONS 

PORTNEUF RIVER AND SNAKE RIVER DELTAS 


ALUMINUM. ARSENIC, AND CADMIUM IN SEDIMENT 

(mglkg) 


Aluminum Arsenic Cadmium 

Detected I>et«ted . (;;lConcentration for Concentration for COliCDd.«ted 
Risk Assessment Coll«llttaoon Risk Assessment Concentration ColK:entraooaSample Risk Assemnent 

Portneuf River Bank 

SDCPDB01= 4,610 2.44,610 2.4 0.51 0.S1 

3.5 3.510,700 10,700 I 1.4 1.4 

SDCPDB03 

SDCPDB02 

3.912,500 3:9 1.312,500 U 

3.3 3.3 1.612,900 1.612,900SDCPDB04 

4.4is,too 4.4 1.2 


SDCPDB06 


15,100SDCPDB05 

4.6 0.964.6 0.9614,20014,200 

2.7 2.7 o.n 0.71 

SDCPDB08 

8,2 0 8,210SDCPDB07 

0.6 

OJU 

2.5 2.5 0.65,930 . 5,930 

2.5 '2.S 0.815,3005,300SDCPDB09 

0.772.9 U7 Rejected 0.717,5107,510SDCPDBIO 

Portneuf River Cha~e1 


8,HiO 
 3.3 0.S3 0.833.38,160 


8,910 


SDCPDCOI 

1.23.4 1.23.48,910 

0.81 0.872.82.88,3908,390CPDCro 


5,400 


l~cm 
'1.1 0.6\ 0.61-:U5.400SDCPDC04 

ZP3090. t t.O 



PORTNEUF 
ALUMJNUM, /10"'''£.1 

Table 8-17 

INVESTIGATIONS 
AND SNAKE RIVER DELTAS 

AND CADMIUM IN SEDIMENT 
(mgJkg) 

AnenM:Aluminum Cadmium 

Concentration rorDetttted 
RilIk A.ssessmentConcentraoonSImple 

cc 
I 4,990SDCPDC05 

U1 
a 

5,260 

SDCPDC07 

SDCPDC08 

SDCPDC06 

6,470 

SDCPDC09 

6,470 

6,080 

SDCPDCIO 

6,080 

6,1806,180 

Snake Ri9U Bank 

SDCSDBOI 


SDCSDB02 


Detected Concentrlloon for Detected 
Conl!entraoon Risk A.!sessment Cooc:entraoon 

2 2 0.68 

1.91.9 0.7.5 

2.6 2.6 1.1 

2.1 2.1 1.1 

2.6 2.6 0.9 

2.3 2.3 0.77 

EMF ERA 
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0.68 

0.75 

U 

1.1 

0.9 

0.77 

4,170 4.170 

4,030 4,030 

4,010 

5,340 

1,990 

1,790 
----~----~----+---------------

6, 

1.7 1.7 0.36 

1.9 1.9 0.3 
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Table B·17 

AQUATIC INVESTIGA nONS 
PORTNEUF SNAKE RIVER 

ALUMlNIIM. A Il~JO\UC AND CADMIuM IN SEDIMENT 
(mg/kg) 

Aluminum Arseuit Cadminm 

Detected Coneentration ror Detected Coneentntioll rOf Dtttaed Concentration for 
Sample Concentration Risk Nlsessment Conce:Dtrs tio11 Rilik Assasment Conc:e:otntiou Risk Assessment 

SDCSDB09 5,980 5,980 5.4 5.4 0.51 0.51 

SDCSDBI0 5,560 1 3 0.42 0.42 

Snake Ri'l'er Chll.DDel 

I~ 8,140 8.740 4.S 4.5 0.7 . 0.7 

I SDCSDC02 11,.500 H 11.3 11,3 0.19 0.79 

SDCSDC03 2.020 1.9 .1.9 <0.27 U 0.13.5 

SDCSDC04 4,420 4,420 2.5 2.5 <0.32 U 0.t6 

SDCSDCO.s 5,130 5,130 2.8 2.S 0.4 0.4 

SDCSDC06 4.070 4,070 2.1 2.1 0.32 0.32 

SDCSDC07 3,430 3,430 2. t 2.1 <0.23 U O.llS 

SDCSDC08 3.180 2.2 2.2 0.22 0.22 

SDCSDC09 .­ 2.720 2.720 '2 2 <0.28 U 0.14 

SDes 1,950 I!: 1.8 <0.24 U 0.12 

ZP3090.11.0
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CJ 
I 

(J1 

N 

Sample 

SDCPDBOI 324 

SDCPDB02 350 

SDCPDB03 

SDCPDB04 

SDCPD 

SDCPDB08 

SDCPDB09 

SDCPDB10 33018 

Portneuf River Cha~el 

SDCPDCOl 429 

SDCPDC02 352 

SDCPDC03 318 

SDCPDC04 413 

Teble B-18 

AQUATIC INVESTIGATIONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

FLUORIDE, IRON, AND MERCURY IN SEDIMENT 
(mglkg) , 

7,080 

11,600 

14,300 

14,100 

16,700 

343 

328 

330 

429 10,000 10,000 

352 10,600 ,10,600 

318 10,200 10,200 

413 6,860 6,&60 

<0.06 U 

1 

<0.2 U1 

<0.14 U1 

<0,14 U7 

<0,1 U7 

0.03 

Rejected 

Rejcdod 

Rejected 

I,ZPlO!IO_I)4'11J!>.04JIIJ9.l,.DI 11 
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Table B·18 

AQUATIC INVESTIGATIONS 
PORTNEUF RIVER AND SNAKE: RIVER DE:LTAS 

FLUORIDE, IRON, AND MERCURY IN SEDIMENT 
(mg/kg) 

Fluoride Inm . 
••"'...... .1 

k='" Concentration ror Detec:ted Concentration for __~.ntntio. Co< 
Sample entration Risk Assessment Concentration Risk Auess Concentratio Assessment 

5DCPDC05 406 406 5,940 5,940 <0 I D.. -, 

SDCPDC06 36718 367 1,020 7,020 <0.08 U7 D.-, 

SDCPDC07 277 J8 277 6,320 6,320 <0.06 U7 Rejected 

SDCPDCOg 29818 298 8,850 8,850 <0.08 U7 Rejected 

SDCPDC09 402 18 402 8,780 8,780 <0.07 U O.Q)S 

SDCPDCIO 306 HI 306 8,370 8,370 <0.08 U 0.04 

Snake Rh'er Bank 

SDCSDBOI 381 381 7,030 7.G30 <0.05 U 0.025 

SDCSDB02 184 184 6,720 6,720 <0.05 U 0.025 

SDCSDBOJ 181 • I S7 6,650 6,650 <0.07 U7 Rejected 

282 282 8,290 8,290 <0.06 U 0.03 

SDCSDElO5 " 268 268 10,900 10,900 <0.08 U 0.04 

SDCSDB06 327 327 12,100 12.100 </).07 U 0.035 

SDCSDB07 32918 329 10,900 10,900 <O.06,U 0.03 

SDCSDB08 185 J8 18S 5,660 5,660 <O.OS U 0.025 
>-'" ;¥. " - .. 

ZP3090. t 1.0 



EMF ERA 
Appendix B 
Revision No. 0 
April 1995 

~. 

Page 300 

CD 
r 

U1 
+> 

Table B-18 

AQUATIC INVESTIGATIONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

FLUORIDE, IRON, AND MERCURY IN SEDIMENT 
(mg/kg) 

Fluoride lro. Mercury 

Oetecled ConcentratKm (or Detected Cooceotration (or Detected Concentratioa ror 
Somple Concentntion Illik ",•."ment Con«:ntratioo Ri!k Mses.sment Coocectraticul . Risk ........lDtIlt 

SDCSDB09 389 J8 389 12,100 12.100 <0 .16 U7 Rejcd<d 

SDCSDBI0 210 J8 210 9,280 9,280 <o .en U 0.025 

S.oke Ri~... ChaDoel 

SDCSDCOI 301 301 12,100 12,100 <0.07 U 0.03~ 

SDCSDC02 238 238 19,000 19,000 <0.07 U7 Rejcd<d 

SDCSDC03 114 114 4,900 4,900 <0.05 U 0.025 

SDCSDC04 270 n o 7,100 7,100 <0 .07 U 0.035 

SDCSDC05 2~3 ~3 9,470 9,470 <0.08 U 0.04 

SDCSDC06 259 J8 259 7,440 7,440 <0.06 U7 . Rejected 

SDCSDC07 14118 242 6 ,630 6 ,630 <0 .06 U 0.03 

SDCSDC08 183 18 183 6,460 6,460 <O.O~ U7 Rejcd<d 

SDCSDC09 - 188 J8 188 5 ,~50 ~,~~O <0 .06 U 0.03 

SDCSDCI0 140 140 4,630 4,630 <0.06 U 0.03 

ZP3090. 11 "'~ 
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Table B-19 

AQUATIC INVSTIGATIONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

SELENIUM, ZINC, AND TOC IN SEDIMENT 
(mglkg) 

Sample 

Selenillm ZIIK Total Organic Carbon 

DeUcted 
COl1cmtration 

COMentraoon for 
Risk ru.!le!lsmmt 

Detected 
CIlIl1:mlntion 

Concentration fo'l" 
Risk Assessment 

Detmed 
Concentration 

Concmtration for 
Risk ru5e!1Smmt 

Porineuf River Bank 

SDCPDBOI 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 

SDCPDB03 1.7 1.1 66.9 66.9 37,10018 37.100 

SDCPDB04 1.5 1.5 67.4 67.4 38,600 18 38,600 

SDCPDBOS 1.6 1.6 68.8 68.8 42,300 18 42,300 

SDCPDB06 1.3 1.3 65.8 65.8 48,800 J8 48,800 • 

SDCPDB07 

SDCPDBOB 

0.95 0.95 41 41 48.100 J8 48,100 

<0.38 U 0.19 29.6 29.6 61.6OOJ8 61,600 

SDCPDB09 

SDCPD'BIO 

0.59' 0.59 29.2 29.2 52.300 52,300 

O.S 0.5 41.1 41.1 40,100 40,100 

Portneur Rivlfr Cluuwel 

SDCPDCOl 1 1 44.7 44.7 61.800 18 61,800 

SDCPDC02 0.72 0.72 49.1 49.1 45,000 18 4.5,000 

SDCPDC03 1.1 l.l 45.~ 45.3 45,900 18 45,900 

SDCPDC04 0.65 0.65 211 28 40,200 18 40,200 

ZPJ090. t 1.0 



EMF ERA 
Appendix B 
Revision No. 0 
April 1995 

Page 2 of 3 

Table B-19 

AQUATIC INVSTIGATIONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

SELENIUM, ZINC, AND TOe IN SEDIMENT 
(mg/kg) 

Selenium Zinc:: 

Conuntration for 

Total Organic Carboo 

I>dectf!d Concentr-aooo for 
Sample Concentration Risk AsSe:'Isment Concentration Risk Me:'I!lmmt 

SOCPOC05 

SOCPOC06 

SOCPOC01 

SOCPDC08 

SDCPDC09 

SDCPDCIO 

Snake River Dank 

SDCSDBOI 

SDCSDB02 

0.54 

0,52 

0.69 

0048 

0.56 

0.51 

1.1 

0,98 

0.65 

0.3 

0.21 

0,37 

0.52 31 

0,69 34.2 

28.9 56,400 J8 56,400 

29.4 61,600 67,600 

21.8 28,200 28,200 

36 28,10018 28,100 

37 38,000 

34.2 55,700 55,700 

34.2 24.300 

27,2 14,300 

26.9 14,000 

34.1 16,600 

50.6 47.300 

50.S 41.700 

42,4 45,600 

20.S 12,400 12,400 

ZP3090. 11 ~) 
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Table B-19 

AQUATIC INVSTIGATlONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

..LLENIUM. ZINC, AND TOC IN SEDIMENT 
(mg/kg). 

Selenium Zinc Total 0 ........"" Carbon 

Detf'Cted Concentration ror Deterled Concentratioo for ~::-r::.'''uaoo~Sample Concentration Risk Assessment Concentration Risk Assesllment Coucentra . isk Asse5sm 

SDCSDB09 0.83 0,83 46 46 53,400 53,400 

SDCSDB10 0.61 0,61 37.'2 37.2 28,000 28,000 

Suake Ri.er Channel 

SDCSDCOI 0,82 51.1 51.1 44,000 

SDCSDC02 0.85 0,85 70,9 70.9 22,000 22,000 

SDCSDC03 <0.4 U 0.2 19.9 19,9 9,880 9,880 

SDCSDC04 0.74 0,74 32 32 30,600 30,600 

SDCSDCOS 0.7 ' 0.7 37 37 37,500 31,500 

SDCSDC06 0.57 0.57 27,) 27.3 20,100 20,100 

SDCSDC.71 0,46 0.46 26,1 26.l 46,300 46,300 

~ 
0.43 25.5 

~ 
25,900 25,900 

SDCSDC09 ,P 

:.43 
0,64 25,1 12,000 12,000 i 

SDCIO 0.43 . '8,~ 18.9 20,600 20,600 

11.0 
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Table H·W 


AQUA TIC INVESTIGATIONS 

PORTNEUF RIVER AND SNAKE RIVER DELTAS 


ACID VOLATILE SULFIDE IN SEDIMENT 

.-';." 

Add Volatile Sulfide (A VS) 

Dekrted 
Concentration 

S!amp1e (mgIkg) 

Pormeuf River Bank 

SDCPDBOI 

SDCPDB02 

SDCPDB03 

SDCPDB04 

SDCPDBOS 

SDCPDB06 

SDCPDB07 

SDCPDB08 

SDCPDB09 

SDCPDBIO 

I . 

<6.5 11 ,8 

<6.811,8 

<7.4 Jl 

<7.511 

<7.3 Jl 

<6.811 

<6.9 J8 

6.4 J8 

<6.8 J8 

< 6.3 J8 

Pormeu! River Channel 

SDCPDCOI 

SDCPDC02 

SDCPDC03 

SDCPDC04 

SDCPDCOS 

SDCPDC06 

SDCPDC07 

SDCPDC08 

SDCPDC09 

SDCPDC10 

11411,8 

44.611,8 

28911 

220 J1 

17,111 

23.5 ]1,8 

<8.1 J8 

<7.918 

54.4 18 

<8.7 J8 

Concentration 
(or Risk 

Assessment 
(mgIkg) 

3.25 

3.4 

3.7 

:US 

3.65 

3.4 
~ 

3.45 

6.4 

3.4 

3.15 

114 

44.6 

289 

220 

17.1 

23.5 

4.05 

3.95 

54.9 

4.35 

Concentration 
for Risk 

Assessment 
(pmolelg) 

0.101 

0.106 

a.lI4 

0.117 

0.114 

0.106 

0.108 

0.100 

0.106 

0.097 

3.541 

1.390 

9.034 

6.863 

0.532 

0,733 

0.125 

0.123 

1.71 

0.135 

Sub River Bank 

SDCSDBOI <6,7 J8 3.35 0.104 

ZP3090.11.08-58 
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Table B-20 

AQUATIC INVESTIGATIONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

ACID VOLATILE SULFIDE IN SEDrMENT 

Sample 

Acid Volatile Sulf'ade (AVS) 

Concentration 
for Risk 

Assessment 
(;£roo Ie/g) 

Deteded 
CoDCentration 

(mgIkg) 

CoDCentration 
for :Risk 

Assessment 
(tngIkg) 

SDCSDB02 <6.411,8 3.2.5 0.099 

SDCSDBOJ <6.3 1l,S :U5 0.098 

SDCSDB04 <6.7 J8 3.35 0.104 

SDCSDBOS <S.418 4.2 0.131 

SDCSDB06 <7.1 J8 3.S5 0.110 

SDCSDB07 <6.718 3.35 0,103 

SDCSDBOB <6.2 J8 3.1 0.097 

SDCSDB09 9.618 9.6 0.IS0 

SDCSDBI0 <S.S J8 2.75 0.104 

SDAke River Channel 

SDCSDCOI <8.3 J8 4.15 0.129 

SDCSDC02 <7.5 H.8 3.75 0.117 

SDCSDCOO <6.711,8 3.35 0.104, 

SDCSDC04 <7.718 3,85 0.119 

SDCSDCOS 258 J8 258 8.046 

SDCSDC06 15618 156 4,872 

SDCSDC07 18.1 J8 18.1 0.564 

SDCSDC08 <7 J8 3.S 0.108 

SDCSDC09 <7.1 J8 3.55 0.110 

SDCSDCI0 <7.1 J8 3.55 0.110 

B-59 
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Table 8-21 

AQUATIC INVESTIGAnONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

SIMULTANEOUSLY EXTRACTABLE METALS (CADMIUM, COPPER, AND 

SEM Cadmium 
cPmolelg) 

Sample 
Detected 

Concentration 

Portneuf River Bank 

<0.0006378 UJ1,14,lO 

0.0031224114,10 

0,0014905 Jl4,10 

0.0046033 114,10 

0.0018576114,10 

0.0019474 Jl4,to 

0.0015032 ]I4,IO 

O.0IXl8508 Jl4,IO 

0,0010582 114, 10 

O.OO17:m J14,lO 

Portneuf Rivet Channel 

SDCPDCOI <0.0023452 UJl4.10 

SDCPDC02 0.0033=709 114,10 

SDCPDC03 0.0021218 H4,10 

SDCPDC04 0.001751 114,10 

SDCPDC05 0.001118 H4,tO 

SDCPDC06 0.0011979 Jl4,lO 

Clncentration 
for Risk 

Assessment 

0.0019634 

0.0015032 

0,0010582 

0.0017371 

0.0011726 

SEM Copper 
(pmoltlg) 

Concentration 

ll4,tO 

0.0457255 lt4,tO 

0.0597633114,10 

0.0463537114,10 

0.023506\ 114,10 

0.0214764 114,10 

0.0334118114,10 

0.0402772 17,14,10 

0.0343778114.10 

ConcMtratiod 
Cor Risk 

Asies!ment 

0.0135345 

0.0334118 

0.0402772 

IN SEDlJ\.1ENT 

SEM lad 
(pmoleJg) 

Concentration 

Concentration 
for Risk 

Auessment 

0'{1064273 

0.015034 

0.022759 

ZP3090.11J 
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Table B-21 

AQUATIC INVESTIGATIONS 

roRTNEUF ,RIVER AND SNAKE RJVER DELTAS 


SIMULTANEOUSLY EXTRACT ABLE METALS (CADMIUM, COPPER, AND LEAD) IN SEDIMENT 


SEM Cadmium SEM Copper SEM Lead 
(,lmoleJg) (pmoldg) (pmoleJg) 

Concentration CoDCetlt.ration Ctlflcentraoon 
Detected for Risk DeUded for Risk I>etect.ed for Risk 

Sample Concent1'lloon A.su~sment Concentration Assessment Com::entrl1tion Assessment 

SDCPDC07 0,0011651 114,10 0,0011651 0,0248619 J14,10 0,0248619 0,00961821]4,16,10 0,0096182 

SDCPDC08 0,0011131114,10 0,0011131 0,0183238 H4,10 0.0183238 0.0085337114,16,10 0,0085337 

SDCPDC09 0,0020504 114,10 0.0020504 0.0504411 H4,lO 0,0504411 0.0161353 114,16,10 0,0161353 

SDCPDClO 0.0011898114,10 0,0017898 0.0470529 114,lO 0.0470529 0,0158152 114.16,10 0,0158152 

Snake River Bank 

SDCSDBOI 0,0007729114,10 0.0010752 0.023323 114,10 0.02393315 .0100214 JJ 4,16,10 0.0105378 

SDCSDB02 <0,0009065 Un,14,lO Rejected 0,0201401 JI4,IO 0.0201401 0,0096801114,10 0,0096801 

SDCSDB03 <00003616 U17,14,!O Rejected 0.0 178363 J14,1 0 0,0178363 0.0084837 JI4,I0 0,0084837 

SDCSDB04 ,<0,0014231 U17.14,LO Rejected 0.023057114,10 0.0230S? 0,0117339 H4,10 0,0117339 

SDCSDB05 <0,0018697 UJ7,14,IO Rejected 0.0432181 114,10 0,0432181 0.0173003 11 4, to 0.0173003 

SDCSDB06 0.0024606 114,10 0.0024006 0.0422817114,10 0.0422817 0.0193459 Jl4,tO 0,0193459 

SDCSDB07 0.0019004 114,10 0.0019004 0.034995114,10 0.034995 0.0146798114,10 0.0146798 

SDCSDB08 <0.0001387 Un.14.10 Rejected 0.OU265 114,10 0.01 126~ 0.30079749114,10 0.3007975 

SDCSDB09 <O.001846:.tUn,14.10 Rejected 0.0505205 J14, 10 0.0005205 0.0220037114,10 0.0220037 

. SDCSDBIO <0.0017 Ul7.14,10 Rejected 0.0299642 114.10 0.0299642 0.0165446 H4,10 0.0165446 

Snllke River Chllllllel , 
SDCSDCOI .0020736114,10 0.0020736 0.0576261114,JO 0.0576261 0.0220988114,10 0.0220988 

SDCSDC02 .0021566 H4,IO 0.0021566 • 0,0492489114.10 0.()492489 0.0234114 J14,10 0.0234114 

ZP3090.II.Ooo,2l"'lO'lO_1)4~IIm-DI 
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Table B·21 

AQUATIC INVll'STIGATIONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

SIMULTANEOUSLY EXTRACT ABLE METALS (CADMIUM., COPPER, AND LEAD) IN SEDIMENT 

SEM Cadmium SEM Copper SEM Lad 
(pmolt!Jg) (pmoleJg) (Jcmolelg) 

ConcmtraUoI1 Concentraool'l CouuutrlllOOD 
[)eU>ct.ed for Risk Dftect.ed for Rbk Detected for Rbk 

Sample Concentration Ane:ument Concentration Assessment CoIKmtrllltioa Assessment 

SDCSDC03 < .0001484 UJ7,14,IO Rejected 0.0061777 114,10 0.0061777 0.0052572 H4,10 O.OOS2572 

SDCSDC04 < ,00144 UJ7,14.10 Rejected 0,0395382114,10 0.0395382 0.0102173 Jl4,10 0.0102173 

SDCSDCO'5 <.0016054 UJ7,14,IO Rejected O.02S470'7114,10 0.0254107 0.0135894 H4,lO 0.0135894 

SDCSDC06 < ,0010861 UJ7,14,10 Rejected O.Ol642~ 114,10 0.0164165 0.0102606 Jt4, 10~ 
SDCSDC01 < ,0004208 UJ1,14,lO Rejected 0.0122613 114,10 0.0122613 0.008'5133114.10. 0.0085733 

SDCSDC08 < .()()0526S UJ7,14, to Rejected OA)098046 114,10 0.0098046 0.00'70719 J14.10 

SDCSDC09 < .000"'2 un~ Rejected 0.0125084114.10 0.0125084 0.0084165 lt4.10 0.0084165 

SDCSDCI0 < .0001633 U17.1 4,IO J:I"i ..rt ..A 0.0081105 114,10 0.0081105 0.006987 H4.10 0.006987 

to 
I 

m 
N 

ZP3090.11 


http:ZP3090.11


EMF ERA 
Appendix B 
Revision No. 0 
April 1995 

Page 1 of 3 

Table B-22 

. AQUATIC INVESTIGATIONS 
PORTNEUF RJVER AND SNAKE RIVER DELTAS 

SIMULTANEOUSLY EXTRACTABLE METAlS (MERCURY, NICKEL, AND ZING IN SEDIMENT 

SEM Men:u'ry SEM N"lCkel SEM Zinc 
(pmole/g) (pmole/g,) (,cmole/&) 

Concentration Concentration Concentration 
.DettdOO for Risk l>eteded for Risk ~ (or Risk 

Simple Concentration Assessment Concentration Assessment Coountnoon Assessmmt 

Portneuf Ri.er Bank 

SDCPDBOI o '()OO00325 j 8 ,14 0.00000325 0.0100603 Jl4.10 0.0100603 0.0508739114,10 0.0508139 

SDCPDB02 0.0000312518,14 0.000029905 0.0290119114,10 0.0257567 0.147OS13 Jl4.10 0.1429809 

SDCPDB03 0.00000)68 J14 0.00000368 0.0200212114,10 0.0200212 0.0852645 Jl4.10 0.0852645 

SDCPDB04 . 0.00006226 J 14 0.00006226 0.0288958 Jl4,10 0.0288958 0.2036894114,10 0.2036894 

SDCPDB05 <0.00001026 U17.14 Rejected 0.0243468 J14.10 0.0243468 0.1041097114.10 0.1041097 

SDCPDB06 <0.00001483 UJ8,14 0.000013738 0.048657 J14,l6, 10 0.0482201 0.1675708114,16,10 0.1665999 

SDCPDB01 <0.000012.8 UJ7,14 Rejected 0.0327164 114,16,10 0.0321164 0.108588 114,16,10 0.IOS588 

SDCPDBOS <0.00001188 Ul1,14.10 Rejected 0.0173827114,16,10 0.0113827 0.072242114,16,1(,) 0.072242 

SDCPDB09 <0.00001597 Un,14 Rejected 0.0174969114,16,10 0.0174969 0.07#282114,16,10 0.0746282 

SDCPDBlO <0.00002275 Un.14 Rejectal 0.026567114,16,10 0.026567 0.098816114,16,10 0.098816 

Portneur River Channel 

SDCPDCOI .0000058118,14 0.00000581 0.03254681l4,lO 0.0325468 0.145.9176114,10 0.1459176 

SDCPDC02 .(l()()()()42 1 18, 14 0.00000421 0.0220636 Jl4,10 0.0220636 0.150795 H4,10 0.150795 

SDCPDC03 .00000509 H4 o . ()()()()OS09 0.0334212 H4,lO 0.0334212 0.15nA09 H4.10 0.1572409 

SDCPDC04 . ()()()004.08 114 0.00000408 0.0189423114,10 0.0189423 0.1075974 Jl4,10 0.10759'74 

SDCPDCOS < .00000893 UJ7.14 Rejected O.Ot'07879 H4,io 0.0107879 0.0835376114,10 0.0836376 

0'2:ZI'109II_~12I9S-D I 
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Table 8·22 

AQUATIC INVESTIGATIONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

SIMULTANEOUSLY EXTRACTABLE METALS (MERCURY, NICKEL, AND ZINC) IN SEDIMENT 

Sample 

SDCPDC06 

SDCPDC07 

SDCPDC08 

SDCPDC09 

SDCPDC10 

Snake River Bank 

SDCSDB07 

SEM Mercury 
(pmole'&) 

SEM Nickel 
(pmole/&) 

SEM Zine 
~mole/g) 

l)etec:ted 

Concentration 

.00000386 J8, L4 

.00000402 Jl4 

.00000394114 

.00000395 J 14 

.00000434114 

0.00000033 Jl4 

0.000000 17 ]8,14 

0.0000066218.14 

0.00000335 J8,14 

0.00000419 J8,14 

0.0000102218,14 

0.00000332 J8,14 

0.0i?000011 18,14 

0.00000481 J8,14 

0.00000836 )8,14 

Concentration 
ror Risk 

Assessment Concentration 

0.00000386 0.0098914 J14,lO 

0.00000402 0.0168838114,16,10 

0.00000394 0.0137363114,16,10 

0.00000395 0.0294937 JI4,16,10 

0.00000434 0.0298642 Jl4,16,10 

0.00001022 0.0445233 Jl4,16,10 

0.00000332 0.0360435 .114,10 

0.00000311 0.03374S.5 114,16,10 

O.()(')()0()481 0.0554972114,16,10 

0.00000836 0.0351394 Jt4.16,10 

Concentration 
(or Risk 

0.0098914 0.0813303114,10 

0.0168838 0.0797301 114,16,10 

0.0137363 0.0794638114.16,10 

0.0294937 

0.0298642 0.124301111 

0.020491 OJ)9393SS 11 

0.0189992 0.0788862 

0.0168219 0.0712601 J14,IO 

0.0266982 0.1129315114,16,10 

0.043869 0.1895837 H4,16,tO 

0,0445233 0.1821801 114,16,10 

0,0360435 0.1504694114,10 

0.0337455 0.0720847114,16,10 

0.05.54972 0.2240691.114,16,10 

0.0351394 0.1180206 J14,16.10 

Concentnooo 
ror Risk 

Asse!I!lment 

0.0813303 

0.0797301 

0.1301912 

0.1243011 

0.0788862 

0.0712601 

0.1129315 

0.1895837 

0.1821801 

0,1504694 

0.0720847 

0.2240691 

0.1180206 

! . 

I SI)CSDB08 

SDCSDB09 

SDCSDBIO 
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Table B·21 

AQUATIC INVESTIGA nONS 

,.,..,....'...........,."..,.. RIVER AND SNAKE RIVER DELTAS 


SIMULTANEOUSLY 
 METALS (MERCURV, NICKEL, AND ............., IN SEDlMENT 


SIM M""~...r'Y 81M Nickel SEM Zbx 
(pmoleJg) (pmoleJg) 

Concentration Concentration Concentration 
(or Risk Detected for Risk DetectedDetected for Risk 

Sample Assessment Concentration Assessment Co Deftltration Concentration Assessment 

ke River Clullmel 

SDCSDCOI 

SDCSDC02 

SDCSDC03 

0.0343075114,16,10 0.1450432 J]4,16,100.00000413 0.03430150.00000413 J8,I4 0.1450432 

0.02355320.00000359 0.0235532114,J6.100,00000359 J8,14 0.1003419 Jl4.16,10 0.1003419SDCSDc06 

0.0231712 H4,16,10 0,02317120.00000354 0.087936 J14,16,10 0.0819360.00000354 J8,14SDCSDC07 

0, ()()()()()J 4 8 0.0159868 114,16,10 0.0159868 0.0732285114,16,10 0.01322850.00000348 18,14SDCSDC08 

0,0187758114,16,10 0.01.877580.00000355 0.0809952114,16,10 0.08099520,00000355 J8,14SDCSDC09 

0,0150855 U4,l6.10 0.01508550,00000352 0.0613152114,16,10 0.06137520,00000352 J8,14SDCSDCIO 

0.0382054 0.1661087114,10 0.1661087 

0.0438645 0.1801438 H4,lO O. t 801438 

0.0085044 0.0392589114,10 0.0392589 

O.Q252309 0.i072S83114,16,10 0.1072583 

ZP3090.11.0 
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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 Mebb 
(pmole/g) SEMI A VS Ratio 

Co rJemtraoo 11 Com:mtntion 
Ddected ror R~k Det«ted (or Risk 

Sample Concentration Assessment Concentration Asseument 

portneur River Bank 

SDCPDBOI 0.01lt537 0.081537 0.80191 0.80191 

SDCPDB02 0.2474557 0.2402818 2.32899 2.26038 

SDCPDB03 0.1530681 0.U30681 1.33143 1.33143 

SDCPDB04 0.3851134 0.3851134 3.28257 3.211257 

SDCPDB05 0.1875091 0.1875091 1.63605 1.63605 

SDCPDB06 0.3001635 0.30134515 2.84706 2.822055' 

SDCPDB07 0.2041576 0.2041576 1.88681 1.88681 

SDCPDB08 0.1252778 0.1252778 1.24731 1.24731 

SDCPDBQ9 0.1257654 0.1257654 1.18322 1.18322 

SDCPDBIO 0.1781533 0.1781533 1.82752 1.82752 

PortneuC Ri,er Channel 

SDCPDCOI 
. '~ 0.2375931 0.2375931 0.06109 0.06109 

SDCPDC02 .' 0.228072 0.228012 0.16400 0.16403 

SDCPDC03 0.2526953 0.2526953 0.02191 0.02791 

SDCPDC04 0.1630319 0.1630379 0.02376 0.02376 
-­ -

SDCPDC05 0.1196337 0.1196337 0.22455 0.22455 

ZP3090. i 1 "' .•.) 
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Table B-23 

AQUATIC iNVESrIGATIONS 
PORTNEUF RIVER AND SNAKE RIVER DELTAS 

ACJD VOLATILE SULFIDE AND SIMULTANEOUS EXTRActABLE METALS IN SEDIMENT 

, Sample 

SEM Tota! Metals 
~1eIg) SEMJAVS Ratio 

Derected 
Concentration 

Concentration 
ror Risk 

Assessment 
Detected ' 

Concentration 

Com::entraoon 
for RloJk 

Assessment 

SDCPDC06 0,1129677 0.1129677 0,15394 0,15394 

SDCPDC07 0.132263 0.132263 1.05256 1.05256 

SDCPDCOS 0.1211746 0.1211746 0.98377 0.98377 

SDCPDC09 0.2283156 0,2283156 0.13331 0.13331 

SDCPDCIO 0.2188276 0.2188276 1.61196 1.61196 

Snake Ri,er Bank 

SDCSDBOI 0.1489429 0.15145015 1.43148 1,455575 

SDCSDB02 0.1286154 0.1286154 1.2965 1.2965 

SDCSDB03 

SDCSDB04 

0.1147702 0.U47702 1.16454 1.16454 

0.175847 0.175847 1.67814 1.67814 

SDCSDB05 0.295845 0.295845 2.25708 2.25708 

SDCSDB06 

SDCSDB07 ' .... 
0.2908018 0.2908018 2.63918 2.63918 

0.2380914 0.2380914 2.29253 2.29253 

SDCSDB08 

SDCSDB09 

SDCSDBI0 

0.125212 0.125212 1.28726 1.28726 

0.3539415 0.3539415 2.35477 2.35477 

0.2013771 
, .~...' 

0.2013771 1.92461 1.92461 

ZP3090.11.0 
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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 MetJlh 
(JtmoleJg) SEMI A VS Ratio 

CC:lIlcmtratioo Conc:entration 
Detected for Risk Deteded for Risk. 

Sample CO!Kmtrlltion AssESsment D>ncentratioll Asse$smeot 

Snake Ri.er Cbannel 

SDCSDCOI 0.2861168 0.2861168 2.213S6 2.21356 

SDCSDC02 0.2988395 0.2988395 2.54505 2.54505 

SDCSDC03 0.0593499 0.0593499 .57046 0.57046 

SDCSDC04 0.1836885 0.1836885 
, 

U3185 1.53185 

SDCSDC05 0.2200204 0.2200204 0.02734 0.02734 

SDCSDC06 0.151672 0.151672 0.03113 0.03113 

SDCSDC07 0.1323721 0.1323721 0.2347 0.2347 

SDCSDC08 0.1066217 0.1066217 0.97838 0.97838 

SDCSDC09 0.1208576 0.1208576 1.08983 1.08983 

SDCSDCIO 0.0917251 0.0917251 .83212 0.83212 

l::zno9I)_D41t19-04112I'JS. D! ZP3090.11.....) 
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This appendix provides supporting information for th~ statistical evaluation of the data 

collected in the ecological investigation of the EMF site (see Section 3 and Appendix B). The 

-box/wbisi::er- 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 	 BoxlWhisker Plots, 

. Box/whisker plots display both the central tendency and v~iability of data. Figure 

C-I shows an ideaJized box/whisker 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 (setOnd quartile), and upper box value 

(third quartile) divide the values in a data set (excluding outliers and extteme values) into four 

equal p~ 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 me UBV and 

me 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-I and 

specified below. 

Outliers 

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

value> UBV • I.S(UBV - LB", 

or 

,·<:vl,,!! .,· " ...1 r"~irunllJtll'090.11 . 0C-3 
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..JJu < LBV - 1.5(UBV - LB~ 

were UBV is the upper box value of the box in the box plot (Le., the 75th. percentile) and 

LBV is the lower box value (Le. , the 25th percentile). · 

Extrema Values 

A data point is deemed to be an extreme value if the following conditions bold: 

..JJu > UBV + 3(UBV - LB~ 

or 

..JJu < LBV - 3(UBV - LB~ 

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

LBV is the lower box value (Le., 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 objectives that pennit 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 usmg representative data from published literature to estimate the expected degree 

of variability in study populations. 

As DOted in EPA 1989, -there is no simple and strictly correct answer" to the .\ 

question of how many samples to collect. In generaJ, larger sample sizes provide more 

precise estimates of sample statistics. such as the average concentration of COPes 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 berween the site and 

reference areas , were used to determine sample size. 

C-4 ZP3090.1 LO 
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One of the objectives of the ecological assessment was to collect a sufficieat sample 

size to statistically d~guisb potentially impacted areas from reference areas , In statistical . 

terms, the -null hypothesis- states that the mean COPe concentrations in media at the site are 

the same as the mean cope concentrations at the reference area. Tw.o types of statistical 

errors may be made in te$ting the null hypothesis. Rejecting a null hypothesis when it is true 

is refmed 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 differeot 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 bypothesis is referred to as a Type 

n error. That is , a Type II error is committed if the site is mistakenly considered to be Dot 

significantly different from the reference area. The probability of avoiding a Type n 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 imponant that the confidence level , According to EPA 

(1992a). 90~ is the minimum power to be used in bypothesis tests for risk assessment 

purposes, The minimum level of confidence is considered to be 70% , 

I>etenniJW.jon of sample size requires 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, the minimum difference between the mean concentrations of 

the site and background is coosidered 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 cope levels for various samples matrices was 

obtained from publisbed srudie:s (see Table C-I) . These studies were consider~ to be 

represenwive because they examined the same or similar species as the tArget species fqr the 

ecological assessment, and because (with one exception) they were conducted in Idaho or 

adjacent states. 

For tbe EMF Site, the sample size needed to detect a difference of 50% between the 

mean cope concentrations at the site and a reference area, with a power of 90% and. a 

confidence of 80%, was determined. An MDD of 50% was evaluated because of the bigh 

variability evident in the biological data presented in Table C-l. In general , an MDD of 50% 

encompasses 1 standard deviation for most of the data, which is lik.ely to be adequate for risk 

assessment purposes at the EMF Site. A confiden~ of 80% rather than 70% was evaJuated , 

since 70% was judged to provide 100 much uncertainty in distinguishing the site from 

C·S 
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background (tlat is, the probability of rejecting a true Dull bypothesis was sOl at 20" ralber 

than at 30"). The sample size (D) was d..ermined following EPA (1989), and adjusied to 

provide the required samples size (0') to account for the use of estimated rarber than known 

standard deviations . 

Given these -data quality objectives, a sample size of 10 was found co be adequate for 

Dearly a1ltorg .. nwric<s and anaIyr.. (Table C-I). A luger sunple 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 

sampl~<:si.ze· of 20 was selectol1 for analysis of fluoride in sagebrusb foliage at the EMF Site. 

C.3 Statistical Analvsis 

The objective of the statistic.! analyses of the chemical concentration data in the 

various environmental media was 10 identify any s ignificant 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 c:oDfidence 

leyel of 80~ , i .e., a false positive rate of 20~ or ap-value equal to or ,less man 0 .20, was 

used for the comparisons between locations of suspected contamination and background 

locations . A 95" confidence level (/>-value equal to or less thao 0.05) was used in all other 

statistical tests . These critic.a1leve1s were selected based on EPA risk assessmeDt guidance 

(EPA"1989, Ima) and general statistical practice (e.g., Gilbert 1987, EPA 1mb), as 

discussed in the previous section. 

Several statistical tools were used in the data analyses, including both parametric and 

oonparamettic 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 

thu 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 (Le., they are more 

likely to detect a true difference between locations), but are only valid and mould only be , 

used if the data are DOrmaJly 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. . 

ZP3090. I I.QC~ 
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(Ditially, descriptive statistics (e.g., mean, variance) and the "frequency of decect5~ 

were used to provide basic descriptions of each parameter in the data set and to determine 

those parameters for wbicb 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 nonnality and homogeneity of variances among the comparison groups. 

The statistical tools used for this task include both statistical tests (Shapiro-Wilk. Levene) 

andlor graphical representations of the data (nonnaJity plots, box/whisker plots). The results 

of the normality and homogeneity of variances testing were used to identify which type of 

statistica.J comparisons-parametric or nonparametric-were most appropriate. 

The tests used for parametric comparison of groups oJ 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-Whimey test was used for 

nonparameuic comparison of two groups ·and the Kruskal-WaHis test was used for , 
nonparamenic comparisoD of three ~r more groups. The results of the statistical analyses are 

tabulated in Tables C-2 through C-9, and discussed in Section 3. . ' 

Because COPe levels were ,expected to be elevated at sample locations Dear 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-Uiled 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 e-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), imd percent difference between impacted and reference sites for 

each cope 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 compa;isons, however, because the percent difference between 

impacted and reference sites was large, much greater than the 50% difference that was 

assumed when selecting wget samp-Ie sizes. Therefore, data quality objectives were met with 

,. 

" 

.,. 
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regard to the sample size needed to distinguish concentrations of copesat the site from 

background concentrations. 
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Table C-l 

DETERMINATION OF SAMPLE SIZE 

Maim ClIemic.al Rer~e Study Mi tro: Sample T)"pe Loa.... 

Surfac e .oil ALHlfide· Arthur '" Cialtl 1988 Surf..:., ..,11 OtoScm Idaho (l NEl) 

lin<: "Mllf &; OttCl 1981 Surface toil OloSem Idaho (lNE1.) 

Ike. moUIe C&d m;um Be yeT elol. 19U While-footed mou ... Whole body PCllnlylv.ni. 

nu ande KAy t l al. 1975 Decr IT'IOUIle ..~, M onlanll 

Zi~ Beye r d ill. 1985 While· fOOled moll ie 'Whole bod, Pcnruylv. n]. 

S..gCbNIIh Fluoride Arthur &; Ollel 1981 S.,CbNeh Washed foli age Idlho (fN EL) 

linc: Arthur & Gatu 19U S.gcbnuh Wuhed fol il ,C Idaho (IN EL) 

C rclled Fluoride AMu. &. a llel 1988 On. W..hed Idaho ([NEt) 

Whc.al'nlil compo_ilEa 

Fluori de fUy t llll, 1915 Gna u . nd Forb. Compolilu WC lUm 

Montana 

l il'lC A.nhu r A d~tu 19&1 Gn. Wlllhed Idaho (INEL) 
composite l 

A....... _ do'" 
COJICtmtrriGa DmJoo...,,.,, ,..,." 

'" '" 
11.4 12.3 

1.2 0.3 

10 .11 65.1 

'" " 
16.9 11.6 

19 .2 ... 
30.3 .,. 
,., I.' 

·41 .4 113 

eooffitioo< 
or 

V. riaaoD 
' 'OJ 

2j ." '; 

U . I ~ 

ll .O" 

"S .U i 

29.0" 

68.6" 

30 . 1 " 

J I ;7" 

35 .3\\ 

44.15 

Number or _pies"' 

. 
• " 

2 

, 
, 
• 
3 

" 
3 

• 
• 
1 

• 
2 

2 

• , 
19 

, 
, 

• 
, 

n, 
'" 


, 

; 

•,
•,, 
~. 
3 
" 3 

8 Powe r .. 90~ . Sil nifiClDC:c unl - 10" . Minimum Oct¢~lIblc Difference "" SO " 
' .;.' . 

ZP3090. II.O 
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n, 
o -
c_ .ft n. 

COICI",ftn H_' H. .... 

fMrid, H..... H..... 

"" H_' H...... 

()rM. DlAriltalloa 

... .. 
H_' H_' 

H_ ......... 
N • ...,.I H_' 

T.MeC·' 

SUMMARV OF STATISTICAL ANALYSES ON COPe. IN SURFACE SOlL 

T.. tar R--.....,. .r 
V.rI_ 

A/'fOVA 
K,..k.j.W.,.

".........., T. """ ""'...... T. """ 
'-"..~'. - .... ••• Aady. ""­ ,........ 

SO ....., V&IW .. ",,1 ef V.riaoc>t -"',.,.. C__ 

H..... < 0.00001 H. 1(n..bJ. W.1Uo Ya ......­
H_ 0.00001 H. I,naoW. W.niI Ya -.,.., 
.­ < 0.00001 N. c....\M.W ... Ya ......,.., 

as>R 

0.000011 

0.00001' 

0.000071 

..... e_po...... ,..... 
n., ,.. PO'" .8.n. 

0.""" 0.""'" ...., 
0.1)00071 0.""" 0.129 

0.""" 0."""" 0 ....... 

aH _ """-odI Millo SW. 
core _ C____t., poICIIIo.J _ .... 

Fl. .. Mkt-d Fla• . 
f8 • f.uty 8orI.t>, ."PlI • Pot-rJJvcr""" .M. 
s. S ...... ~R;.....-~ . ... 
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Tablt C-3 

SUMMARY OF SUTIsnCAL ANALYSES ON COPCS IN UNWASHED SAGEBRUSH FOLIAGE 

Tens for nomoameity Paired c_PIlrisoos 
Dill INtribatioD or V.riauces ........ 

ANOVA 
KI'1I!!kaJ. WIlIlis 

HomOl~ T.. """ StpirKaDUy Test USofJd, 
,-,"_'a AMumpti... for ADaIysis DilTI!nD( rot' hi... 

Cbemical 811 fL .. "''t'a1u~ Valid at 951o'! of V.riau at 80";" C...... ­ BH>FB fL>f1I 

C.dmium NOm'lll N_I N« nonnal 0.0037 No Krud:"I·W.1li1 V" Mlnn-Whitn&y o.oocxm o.oooon 
Noc. illlnomll.1 

Fluoride N_I NOl'mli NOI"lTLlI 0.000021 No Knllul· W,I1i, V" Mlnn-lNhi!ney <0.00001 <0.00001 

Zinc Nonrwl N_I Lo,nomal 0.791 V" ANOVA V" Tuuy'. I~Clt 0.406 0.00111 

BHJfn. 

O.OOSI 

0.00205 

0.0075 

a 'Yel' indic.tt.,. tigrUficllII difference (p<O .2) between .1 lUll !J1Ie pair of the thf'tC eumine4 ,roup.: B.Ulnoct Hill. sw (8H), Michud Flita (Fl.). end Ferry BuM (F8). 

Key: 

8H '" a.MOCl Hill. SW. 
COPC .. C01IUIrnilUlnl o r pottntill concern.• :.­

FL ... Michaud Atu. 
FB .. FelT)' Buuc. 

ZP3090.II.O 
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'"', 
~ 

N 

T.ble C-4 

Sl/MMARY OF STATISTICALANALfSES ON COPCIIN WASHED SAGEBRUSH FOLIAGE 

Tal tOT lI-...fttdI.,.f 
o.t. rx.~1oa V.riaoI_ 

ANa"" Or 
K""*-I.Wa/llo 

H-...rft, T_ lJ.eI1 fo. sitodJk-l.,. T.u.; 

Lror..... '. "-..... AaAIy••r DUrc~ III tu"...... 
e_ lK n. .. , ..... 

VodW """'" 
v...... IO.,. 

e__ 
laloJB 

C.tmillno -, H..... Natl'lo...... 1 0 .141 T. Kt.b!.Wollio T. .......­ ...... 
N.. t..opo ...... 

~c~ HA HA HA HA HA HA HA HA HA 

Z;. ...... Lo • ..­ /lloe N • ..".' 0.0266 H. 1t.........W..lio T. Mull-WlWIIIq 0.D1 
NoC lpJl'Of1"lll 

NrtotI C_parioao.,..Ill. 

n., .. 118 .. n. 

...... O.oo'}) 

HA HA 

0.011 O.OIn 

• .y.... _ala ••;,tLir..-tditfu.,.,.,. (,<0.2) bdwft:ll ot ... _ p'i. af!he IhIK cumiDo:I l l'CII./4III: 8aMoct. Hl& sw (IIH): MictwId R.a (m• ...t F...,. 8w.: (FB). 
b All ""POotad __ ...... '- 1bM ......t.od ddcdiGo Iimil; ... --.fuI oIIortirri..J -"~ not ,-lbIc. 

BH • I'I&nno<* HlUa SW, 
cOPC .. CIID-m...aof~oJ ""n<:eft'I . 

FB .. Ful)' 8uItc. 

FL. .. Mktt.oud FlooIo. 

SA" NOl~. 

.....,h09O.11.0 
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c....... 

ClOd",...,. 

Auorid~ 

,.. 

Dot. DioI.,;.....t_ 

IR n. 

N_ Norm.1 

MotNonnot Not No,""" 
Nol~ Not Lorno""",1 

N . ..... /11 01 Normol 
Not LD.fOO ...... ' 

T.ble C-5 

SUMMARY orSTATISTlCALANALYSESON COPes IN TIIICKSPIKEWlIEATGRASS 

Tee 'or "....-.7.f 
Vort.._ 

,,",YA 
Kn.bJ..WUII. 

"""'!..COIdIr Tal u.oI f." SIpl~1)' T..... 
t-_'. '-... .......1 Dlrr~ ... rot' , ...... ,...illoI•. \I.olW III 9!'" Y",,- ­ ...,. c__ 

IIn>B 

f'lDi /11 ........ 1 omn N. ~Wall. Y. -­ 0.00014) 
/11M l.ornonMI 

N_' < 0.00001 N. Itn.l.o~w.u.. Y. M.Ac..'NIliINy o,ooooa 

1'10)",,01 O. I H Y. Ktu'lbJ·W.Uio Y. M......~ 0.Ot41 

I 'y..' .,.lc... ,oit"Wf.....aditfmncc (p <0,1) bdw_ oJ ___ pair of .. .,.,.....~ .roupo: II.n-=t. Millo SW (lIK), Mmud Fla.II (FlJ. o..ad Fott)' Buac. (FII) . 

POll.J-edc-.......... ,...... 

n.>" .R.. n 

0.00010 0.'" 

D. ITl 0.001 

0 .0105 O.llS 

<">, 
~ 

w 

,
, 
fi 

5' 
8H • a.-aHiUoSW, 

l, COPC • C... t "'01 of p<IIa:!!al_m. 
A.. .. Mdoo.ad floG. 
fB .. Ferry e-.. 

ZP3090. 1I.0 
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Table Coli 


SUMMARY OF STATISTICAL ANALYSES ON COPCS IN RUSSIAN OLIVE 


Tests for Homogeneit, of P.ired Col1lparilo.a 
VarilQ(:csDaLi Dutribuoon ".nJue 

TestUu:dHOCMBtfieit, 
ror Paired Lenne's Assumption 

Comptr1soup-ulucCbemiell SR Valid at 'IS" PR> SR 

Cadmium 

PR 

0.601 Mann-WhitneyNol Norm.1 0.068 y"Not NOIIDII 
Not Lognormal Nol Lo&nonnaJ 

NA NA NA NANAF1uorid~ NA 

n 1I:'i9 I- I..." 0 ,000205 Nonnal NormalZinc v" 

a AU reponed vatlKll wen: le1l than mc:dlOd ddCClion limit; meanins:fuJ stalisliCliI com~risont not pouiblc. 

Key : 

COPC • Contamin.nt of potcnti,' concern . 

NA - NOj IntlYled . 
PR = Ponneu( River ripariln si le. 

SR "" Sna.kc: River riparian site. 

ZP3090. 11 , .J 
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Table C7. 

SUMMARY OF STAnsnCAL ANALYSES 01'1 COre. IN DEER MICE 

Data Distribution 

Cbemiul BII fL 

C.dmillm Nonn-I NOnnll 

Fluorick N_' N_' 
(Whole 
Body) 

Auoride. ........"., Nonnal 

(Femur) 

Zine NOf'lTllll HOfTl\.lJ 

111 

LoIIlO""",] 

NOnnl] 

Lognormal 

Nonnll 

Te5lJ for Homoctrttity of 
VariaDcer. 

ANOVA 
KntSbJ-WaJ1i..J 

Homoamtily Tat Used (or SipiflCUltIy Tat Used for 
Ln_'s AssumptiOD A.o.aIysis of Dirr_t at p"rtd, 
r V.... V-.lid .t 95.. VariaD.:e 8O'!l1' COcus-ri.\oas 

0.IS3 V" ANOVA V" TIIUy'II-&e1l 

0.00001 No Knlibl-W.1li1 V" Mann-Whitney 

0.\7 v" ANOV;.. v" T\lby'. (-Ie" 

0.11 V" ANOVA No Tllte)," Hell 

Paired c:_ptmoa, 
p-ullle 

BH>FB fL>11I BKl'ln. 

0.00007 0.00017 0.00065 

O.OIlIJOt 0.0000& 0.0055 

0.00415 0.0000"1' 0 .0021 

0.499 0.452 0.46 

n, 

'" 
~ 

~y: 

8R ... B.nnock Hill. sw. 
COPC' ,., ConlamillAn!. of IKMnlla' «)fIecm, 

FL '" Michaud Flit.. 
FB .. Ferry BuDe. 
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'",-
'" 

T.ble c..s 

SUMMARY OF srATISI1CAL ANALYSFS ON SUSPECI'ED CONl'AMINAIn'S AND ALUMINUM IN DELTA SEDIMDIT 

TtstJ 'ar HocnOli!OeiC}' 
Data Distnlnmo. (If Vari.aDc«ol Paind Com,.moa. ,..... 

ANOVA 
Tet USotd K~WIlllis 

Homogl/lltil:y roc """­ Toot """ 
~tDe'. MsumpUOD ....". DifJeftIIt ror PIIiRd 

Cbem.kaI PB . PC SB SC p".aJue Valid It 9!'I. or V.riaaee at SO..,· Coma-risoD P8 :> SB PC>S<: PR :> SRh 

Aluminum l.oJ~1 Lognormll l Loaoomwl Lognormel 0.0796 V" ANOVA. V" I-tnt 0.00711 a .OIlS 0,00014 

....,,', LofnQl"INI N_I N'Ormll J fo/ol Normal 0.0495 No Kru.ul- No M.nn-WhillWly 0. 126 0.111 0. 188 
Not Lo,nomwl WaUi . (S R>l'Rt 

Cadmium Lol"omllli Losnormal LognonMl Lognormal 0.017 No Kru.k.'· V" Mann-Whitney 0._ 0.000« <0.00001 
W.lli. 

FlLlOridc NOrmll l Nonnal NOnNl Normal 0 .561 V" ANOVA V" I-\elt 0.053 0.00002 0 .l1000< 
. 

Selenium Lognormal LogllOfTTIIIl Lo,lflOrmlt Lognomul 0 .279 V" ANOVA No Hut 0 .)19 0.4&1 0.11 

ZilK Lognormal l.oJ~1 Lcgnorm.-I Lo,norma' 0 .142 V" ANOVA, V" I-left 0,0482 0.173 O.OOlS 

II 'Yu" indica te•• l i,.ufic..11 diffcl'1:*c II' < 0.2) bl:twun "' le..t one pl ir of thf fOUT eumined ,roup': Porlncur RiYer Olln,nc! (l'C). SlIIIke RiYer Channel (sq, Puruxuf RiYer Blink (PB), Ind 5Mb'Jljyu Blink 

(S8 ). 
b Portncuf JljYer (PR), ~h.aMd Ind b.nt. ,nd SMke R!Ye r (SR). chlnnd .nd buu:, for tile combined HtliKI rrom n ch riYer [OC:ltion, 

C P'"YIllie ahown ror SlIIIke Ri~r > Portneuf RiYer • ..:. 

PB ... Ponncur ltiw:r Rlnt. 
PC .. Portncur River ChaBr\Cl . 
SB .. Snllke River Blnk . 
sc .. Snake River Chlnnel, 
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T.bleC-' 

SUMMARY or SfA TISTICAL ANALYSES ON ELEMENT TO ALUMINUM RATIOS FOR SUSPECTED CONTAMINANTS IN DELTA SEDIMENT 

T.. JOl' RotIIOfCIldt, 
Dluo..~__ oJ .ariaDc:eI P.a.i.Nd COIIIpuiIoM ~,.... 

ANQVA 
Knzabl..Wam. 

ElaDftll 10 HOtDOteaeity T ... """ Sian! "'""'" Tat """ 
Al......... (AA l...cYcoc'. ........ ,.ro. for AnaJy.I.I Oirrenlll for Paired 

Ratio PII PC SB SC ,....l\ae Valid lit 9'5'5' orv.~~ -' eo.."­ CIl1IIp*n- n>SB PC>SC n. > SR." 

Arwnic/AJ Normal ~.nnaI NoI:No~ Nannal 0.006' N. KNotaI·WaJIio Y.. M-m-W\;",.y 0.00l1 O.OOOOI! <0 ,00001 
(SB :> PB)t (SC >PC}t (SR,> PRt 

Cadmium/AI ~onna' Normal Norm-I Nannal 0.061 No K.nabJ-WaJ lit Y.. .......­ 0.00l5& O.OOOOI! <O ,OO(XH 

Fluoride/AI N""",' Nonnal ~o""" Normal 0.93 y" M<OVA y" ..... 0. 131 O.-49t O. • .() 
(SB > PBt (SR>P1Uo 

Sek:n.iumlAI Nannal Normal Nonnal Nonnal 0.0767 N. Kru&UJ.W.Il;' Y.. .......­ 0.0201 a.Dtn 0 .0019 
(58 ) P9)t (SC>PC)' (SR>PRt 

Zmc/AI N"""", NOnRIIl Not Nom:l:lll No""" 0.00006 1/. Ktwbl· Walli. Yo M.uut-Wb itDey < 0.00001 0 .00001 <0.00001 
(58 ) PB)t (SC > pc)t (SR>PR)t 

n 
I ..... 

..... 

..,• 	 • ' Ya" indtc:a&a ••ipitic.L1diffe.rc:l'loe (p <0.1) bdwa;n M .... GaIe,..u- of ~ raw u.minalll'OupI: Pomcur Kiva CbanDeI (PC). Sute RNe.t C'bIerteI (SC), Por1Dc:U.f Rivu B.nk. (113) • .ad 5Dake River B.ut (58) . 

b Portnr;u( River (PR), c:baImclaad bank. Uld Snake J&n::r (SR). ct..mct.,td b.nk: , (Of !be combined clatMet (MID c.cb mer Iocalioa. 

e p-YIlue e.bown for SaM.e Rivet > P~River. 

.­
PS .. PortDeu/ River Bank. 
PC .. POfTZJeUf Riva- C'bmmcL 

SB .. Sl:I:I.ke Rivet' Bmk. 

SC • Soili lUYc< CbooooJ. 


ZP3090.11.0 
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Table C·IO 

DESCRJFTlVESTATISrICS FOR COPes IN SURFACE SOIL AT SAGEBRUSH STEPPE LOCATIONS 

Bawl.,.,); run. sw MI<hao.. d 'fI.o.r.o 

RdaI.!Yc RdaI.!Ye 

Pte"""'" Cod'Iidml p~ 

Number ·A•.,,..., ~rd C....md_ DU'f.,_ Number """et"lfe sw..w.! or DIfI'_ Number 

ot C""e.uratlolll o..vt...tloe or'V","".UOD !'rom FaT)" or C_ratiol:l ~kID 'VarUlloa !'rom FaT)" or 
Cbe!rak&l Slimp/eli (moaIka) ~ ('lll BUUe S&mpl... (mWka) (mal., ("" BDUIt .S&mplea 

10 
. 

II! I 3.m 10 21.04 1.1OS 3.012 10CIIdmium 

Ul 227 16 100 10 1.192.5 'liS 40 
~ 

Fhaorid" 

to 155. 46.7 18 353 10 155.9 41.9 11 10 

faT)" &fte 

C-m.­
A .......... St,u,derd ofc.....,.,.,........,.. DeviaUon 'Varbllooon 
(m&fka) (~ ('ll) 

0.676 0.226 H 

163.4 )0.9 9 

56.47 4.6 a 

cOPC' .. Coo~t of po'ImrW COI>CC:m. 

J ZP3090.11.0 
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EMF ERA 
Appendix C 
Revision No. 0 
April 1995 

Page 1 of 1 

Table e-l t 

DESCRlPTIVE STATISTICS FOR COPCS 
IN SURFACE SOIL AT RIPARIAN HABITATS 

Cbemical 

.Portneuf RipariaD Soake RiJldl.ri.tm 

Number 
of 

Samples 

A'erage 
Cm:w.:mtratioo 

(mglq) 

Studard 
Demtion 
(mlJ/k3l 

Coelfident 
of Va.riatioq 

("') 

REbIi,e 
Pen:eot 

DifTenDCe 
from So.ake 

Riparian 

Numbe!­
of 

Samplm 

A'fenage 
C~ 

(mglq) 

Stmc!.ard 
Dmatioa 
(mglkg) 

Coefracieat 
of 

Variation 
(tA.) 

Cadmillm 10 10.334 8.45 82 3,844 10 0.262 0.068 26 

Fluoride 10 1,072 764 71 339 10 244.5 34.3 14 

Zinc 10 113.77 .51.6 45 370 lO 24.22 4.45 III 

Key: 


COPC = Contaminant of potential concern. 


112:2PlOilO_~I:lm-OI ZP3090.11.0 



Table C-12 


DESCRIPTIVE STATISTICS FOR COPes IN WASIlED SAGEBRUSH FOLIAGE 


Michaud rt.uBlUlDock IWla SW 

Rd~",e ....../y. 
n PCORait CoemdelllCodIIdemI 
N 5..,,,1.,,,DirrereDct 01 DIlT.....,..01 N...' ­ M .....A......Nom'­ SO.....'" -o fro.. 01 C01leemrdlDIII o..!aIl.. VmadoaValulioa !romDeriatiooCODCC'DlrJltlOll01 ,...,..,Ferry Butte Samples Feny BatteCbmdad Sam"", ,­ ''''),ma'''' ''''),...'''' 

3M I. 1.09923 0.2385 220.17450.772I. '.2C.dmi.um 

20FNoridcl - -20 - - - - --

-. 
 ID 
 n66 8.9228 27 18Il3.325925.9810Zin< 

Key: 


COpc ..ContamioaDtof potenti:al cooccm. 
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FftT}' BaUe 

N..., ­
01 

Sampl.. 

A...... 
Ccbealll'lltioDe 

,...'''' 
......... 
IlrriatIoo,...,.., 

CodIIdaIt 
01 

V.r....Uoa 

"") 

10 0.166 0.0916 " 
20 - - -
10 27.62 4.&675 Ii 

..J ZP3090. t 1.0 
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n 
i 

N ...... 

Table C·IJ 

DESCRIPTIVE SfATISfICS FOR COPCs IN UNWASHED SAGEBRUSH FOLIAGE 

B"""Mk RIIl& SW M:ldul .. d I11au FetTY IItdte 

Rdaf"'e Rd.It"'" 

Cb<=laI 

Cadmium 

NumbcT' 
or 

s....pI... 

10 

Jb~ 

C.",.,.",.rafloa 

(qIk&J 

Slll.!>danS 
DerlaI...... 
(",.!q) 

C""mdalt 
..r 

V",rI.oo!.!o" 
('!(oj 

~1'"ef:Dt 

IMfTCf'ftOO 
IIrom 

Feny Btdt~ 

Number 
of 

Sam pi ... 

""..........C .. """""nolio!l 
(ma!q) 

Sl""danS 
Dni.,u.,., 

(mtliq) 

Coef!ideol. 
of 

VlIlrl.oo!.iob 

('Jfo' 

~ 

DIII'l_ 
I'rvm 

FetTY Buao 

111"",,­
of 

8Mopl.. 

A ............ 
C""","",I'1IIl""'" 

(maiq) 

~ 

~""" 
(ma!q) 

Ccod!IdcaI 
or 
V~ 

('!(oj 

(I.m 0.1204 12 .70 ]0 1.267 0.251& 20 628 10 0.17. 0.0932 S4 

Fluoride 20 74.1825 2'il.66U 40 SI. 20 51.5525 23.943l! 46 327 20 12.075 0.2'.100 2 

lint.: 10 3L22 •. 1001 13 3 10 3&.26 S.3S71 14 21 10 30.2 5.9939 20 

= " ~: 
.~ 
;l 

~PC .. Co:tala:rn.irumt of poImtiai OODOI'TD. 

" 

" 
" 

ZP3090.11.0 
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n 
I 

N 
N 

Cl><mkAl 

C-.:lrnium 

Fh>oride 

Zio< 

N....... A."... 
or Co.-noIJoo 

s...pIa (""'k&) 

)0 0.539 

)0 62,11 

10 11.49 

Buaoc" HiIb SW 

S.....lant 
nr.:n.tlvu 
(qliaJ 

0.1335 

21.014S 

3.2S04 

Table C-l~ 

OESCRIPTIVE STATISTICS FOR COPes IN THICKSPIKE WHEATGRASS 

Michaud F'I.al.I 

........ ........ 
CodIId"" ........ Coemdeat ......... 

or Dttr'cratee Num.... At'c....e SIan....nt or [)"r~ 

Vui.ioll ,­ .r Coaccalratloa De-ri.diou VarlaIlOIII "­
(11) FETT)' BaUe -.... ("'Ilk&) (malk&) (11) r...." ...... 

J4 llS 10 0.461 0.0781 J7 2n 

'S 4)0 10 22.45 14.~72 tI6 .. 
29 •• 10 10.77 2.n25 " " 

Number 
or 

-pi.. 

I. 

10 

10 

Fury Batte 

C......... 
Anraae .......... 0' 

ConecntratloiIU """"100 V.rbtio. 
(mailOl (maIk&) (111 

0.12-4 0.0955 n 

12, IS 0.2251 1 

3.13 1..221 J7 

Key: 


COPC .. Contaminant of patartiaJ ooocem. 


.~. 

ZP3090.II,) 
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Table C-lS 

DESCRIPTIVE STATIST]CS FOR COPO; IN RUSSIAN OLIVE FRUIT 

n 
I 

N 
W 

Chemial 

Cadmium 

Fluoride· 

linc: 

~ 

Number of 

Samples 


]0 

10 

10 

~ a All values are less than method detection limit. 
" ::0 
0­

~ Key: 
~ 

:i" 
:; COPC = Contaminant of potential concern. 
:l 
.; 
" 

Portneuf Riparian 

An~rage 

Concentration 
(mg/kg) 

0.1755 

-


10.24 

Standard 
Deviation 
(mglkg) 

0.086681 

-


1.782134 

Codndent of 

Variation 


(%) 


49.4 

-


17.4 

Relative Percent 
Difference from 
Snake Riparian 

75.5 

-


42.4 

Number of 

Sample!! 


10 

10 

10 

Snake Riparian 

Average 
ConcentratioD 

(mglkg) 

0.10 

-

7.19 

Standard 
Deriatioll 
(mglkg) 

Codrlltnt of 
Variatioll 

("I.) 

0.002 2 

- -

1.341185 lS.7 
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Table C-17 


DESCRIPTIVE STATISTICS FOR ALUMINUM AND SUSPECTED CONTAMINANTS IN BANK SEDIMENT 


n 
I ChemQI 

N 
U1 

Aluminum 

Arsenic 

Cadmium 

Fluoride 

Sclc:nium 

Zinc 

Number or 

Samples 


10 

9 

10 

10 

10 

10 

Average 
Concentration 

(mglkg) 

9696 

3.311 

0.986 

333.6 

0.967 

49.56 

":,,. 

Portneuf Bank 

Standard 
DeYiaoon 
(mglkg) 

3872.80 

0.85 

0.37 

75.51 

0.53 

17.52 

CoeffICient of 

VariaooD 


(%) 


40% 

26% 

37% 

23% 

54% 

35% 

Relative Pen:ent 
Difference 

from Snake Bank 

80% 

15% 

130% 

22% 

47% 

34% 

Number of 

Samples 


10 

10 

10 

to 

10 

10 

Snake Bank 

Ayenge 
ConcmtnooD 

(mg/kg) 

5378 

2.89 

0.428 

274.2 

0.66 

36.96 

Standard 
Deviation 
(mgfkg) 

1769.22 

1.06 

0.16 

80.48 

0.24 

10.35 

Codfldeot 
or Vlllnation 

('J,) 

33% 

37% 

37% 

29% 

37% 

28% 
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Table C-18 


DESCRIPTIVE STATISTICS FOR ALUMINUM AND SUSPECfED CONTAMINANTS IN CHANNEL SEDIMENT 


Portneuf Channel 

n 
I 

N 
0"1 Cbemical 

Number of 
Samples 

Average 
Concentration 

(mg/kg) 

Standard 
Oeriatio 11 

(mgikg) 

Coefficient of 
V IIriation 

(%) 

Relative Percmt 
Differenc:efrom 
Snake Cbannel 

Number of 
Samples 

Aluminum 10 6497 14M.15 23% 38% 10 

Arsenic 10 2.51 0.53 21% -24% 10 

Cadmium 10 0.881 0.20 22% 184% 10 

Fluoride 10 356.8 54.64 15% 63% 10 

Selenium 10 0.657 0.27 41 % 13% 10 

line 10 36.14 7.80 22% 8% 10 

Snake Channel 

Average 
Concentration 

(mg/kg) 

Standard 
Deviation 
(mgikg) 

47t6 30&7.75 

C:;oeffkient 
of Varlatiou 

(%) 

65% 

3.32 2.91­ 88% 

0.31 0.25 80% 

218.8 60.09 27% 

0.584 0.20 ~5'10 

33.44 \6.12 48% 
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• 
Q. " 

Ch .!.•• 

Aluminum 

Arsenic 

Cadmium 

Fluoride 

Selenium 

Zinc 

Table C-19 

:RIYJT STATISTICS FOR AND SUSPECTED CONTAMINANTS IN BANK AND CHANNEL SEDIMENT 

Portneuf Bank lind Ctuumel (Combined) Snake Bank IIIDd CbllD'I1d (Combined) 

II. Standard CoeffICient of Relative Average Standard CoeffICient, ".'......6~. 

Number of Concentration Deviation Variation Percent Number of Conc£1ltratioa De1>iation of Variation 
Samples (mg/kg) (mg/k;) (%) Difference Samplts (mg/kg) (mglkg) (II.) 

"" '" 3288 . .54 41 % 60'10 20 5047 2472.70 49%> II 

~ 2,89 0.19 27% -7';1(. 20 3.11 2.l4 ~ 
20 0.934 0.29 31 % 153';1(. 20 0.369 0,21 57% 

20 345.2 65.25 19% 40% 20 246.S 74.14 30" 

20 0.812 0.44 54% 31% 20 0.622 0.22 35% 

20 42.85 14.88 35% 22% 20 35.2 13.31 
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ecology and environment, inc. 
BUffALO CORPORATE CENTER 
J68 PLEASANTVIEW DRIVE, LANCASTER. NEW VORl( 14086. TEL. 716/684-8060 

Intemational Specialists in the Erivil'Ol'lment 

October 12. 1993 

Mr. TLm. Pfeifer 

Idaho State Fish and Game 

600 S .. Walnut Street 

P.O.. Box2S 

&"ise, Idaho 83107 


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 I Remedial JmrestigationJFeasibility Study (RIIFS) on this site. 

Our fum Ecology and Environm~ Inc. (E & El. has been contracted to prepare an 
Ecological Ris.k: Assessment fur this RIlFS. An integral. part of this assessment involves the 
dle identification of threatened, endangered. or other species of concern, wildlife refuges, 
significant habitat and other naruralla.udscape features such as wetlands which may be directly 
Of indirectly impacted by the site. For this reason, I would appreciate any information you 
have concerning the above-mentioned items within 10 miles of t:he 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 116-684-8060. ' 

Sincerely, 
, <:) 

~~ \~ 
Steven Peterson, Ph.D. 

Ecologist 

,\ 


jav/zp3080 

enclosure 

D-3 
recycled paper 

ttulogy and f;!rlvirnnmenr 





I 

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 
Department of Fish and Game, reached my desk last week. The 
Conservation Data Center has already responded to this request 

.~. " 

(with a species list) via the Boise Field Office, U. S. Fish and 
Wildlife Service. The following list is more lengthy because it 
contains not only listed and candidate species, but species with 
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. 

.1Animal Species 	 comments 

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; 

Townsend1s 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 papSr D-5 



Animal Species 

bald eagle 

trumpeter swan 

long billed curlew 

black tern 

common tern 
( 

Caspian tern 

California gull 

ring-hilled gull 

eared grebe 

western grebe 

Clark's grebe 

yellow-billed cuokoo 

Comments 

wintering area 

wintering area (swans were transplanted 
two years ago to the Snake River. at/near 
the Fort Hall Bottoms area., 

nesting area 

oolonial nesting area 

oolonial nesting area 

colonial nesting 

oolonial nesting 

colonial nesting' 

nesting area 

colonial nesting 

area 

area 

area 

area 

colonial nesting area 

probable nesting area 

double-orested cormorant colonial nesting area 

pinyon jay 
, 

Idaho Dunes tiger 
beetle 

Plant Species 

Lepidium papilliferum 

Muhlenbergia racemosa 

nesting area 

Found on the north side of American 
Falls Reservoir. 

Comments 

This is represented by an old (194~) 
collection. 

This, too, is a single, older collection 
(1962). 

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 defines each status. 
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you 	 contact me. 

Sincerely, " 

C\~£,~c.r~\" 
George Stephens 
Information Manager 
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note: The quantity and quality of data 
Idaho Conservation (CDC) are dependent 
research and of many individuals and 

I 	 In most cases , these are not the result of com~!ren 
site-specific field : many natural areas in 
never been thoroughly . For these reasons, 
cannot provide a definitive statement on the 
or condition elements in any part 
reports information known 
the time of the the biological 
locations in should never be as 
statements on or areas being , nor 
they be subst on-site surveys 
enviromnental 
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or 
final 
should 



ecology and environment, inc. 

BUfFALO CORPORATE CENTER 
368 PlEASANTVIEW DRIVE. LANCASTER. NEW YORK 14006, TEL 716/684-8060 

International Specialists in the Environment 

I' 

October 12, 1993 

Ms. Peggy N. Guillory 
U.S. Fish and Wildlife Service 
4696 Overland Road, 576 
Boise. IdahO· 83705 

Dear Ms. Guillory: 

Enclosed is a copy of the Pocatello 30 x 60 minute quadrangle map highlighting the Eastern 
Michaud Flm Superfund site which includes both the Simplot and ~C facilities. The EPA 
is currently couductiDg a Remedial InvestigationlFeasibiUty Study (RIlFS) on this site. 
William Mullins. your agency. is a member Advisory Group affiliated 
with this 

Our finn and Environment, Inc. (E E). has been contracted to prepare an 
Ecological Risk Assessment for this RIIFS. An integral of this assessment involves the 
identification of threatened, end..a.l'lgered, or other of wildlife refuges. 
significa.m habitat and other na.tura.llandscape feamres such as wetlandswbich may be directly 
or indi.rectJy impacted by the site. For this reason, I would appreciate any information you 
have concerning the above-mentioned items within 10 of the site. 

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

Swven Ph.D. 
.~. 

Ecologist 

jav/zp3080 
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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, r-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 candidate 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 Species Act of 1973 (Act). as amended. The requirements for 
Federal agency compliance under the ~ct are outlined in Enclosure B. Please 
reference the species list number on Enclosure A in all subsequent 
correspo~dence, reports, environmental assessments, environmental impact 
statements, biological assessments (evaluations), Coordination Act reports, 
etc. 

If a listed species appears on Enclosure A, a biological assessment 
(evaluation) would be prudent. If a biological 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 
species 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 thr.ough this 
office., If a proposed species is likely to be Jeopardized by ~ Federal 
action, regulations require a" conference between the Federal agency ana 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 species 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-ll 
recycled paper 



species that are likely to be in your project area. If the ect is likely 
to a candidate species, informal tation with this 
office 1s recommended. 

The Wetlands Inventory (NYI) maps show wetlands in the vicini of' 
the ect area. The Service recommends you contact the U.S. Army Corps 
of Engineers to conduct a site specific inventory of the area. National 
Wetland maps provide general information on wetlands but do not 
preclude the need for a site specific wetland inventory. 

In future list requests you should specify the 	 tion 
the project area for the Service to provide you with a response. 

If you any Federal consultation ities 
under the Act or for policy, please contact Bill Mullins or 
Hemker of this office at (208) 334-1931. 

Thank you for your interest in the Endangered Species 

s 

~~~. ~cL 

~Charles H. LobdelllJv, State Supervisor 

Enclosures 

cc: 	 FWS-ES, Portland 
IDFG-HQ .• Boise 
IDFG, Region 5, Pocatello 
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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 

FYS-1-4-94-SP-14 

LISTED S~ECIES 

Bald Eagle - 'ISS, R32E Wintering area 
(H.aJiaeetus leucocephalus) 

Bald Eagle - ISS. R33E Wintering area 
(Haliaeetus leucocephalus) 

Bald Eagle - TsS, R34E Wintering area 
(Haliaeetus leucocephalus) 

Bald Eagle - T6S, R32E Wintering area 
(Haliaeetus leucocephalus) 

PROPOSED SPECIES 

None 

CANDIDATE SPECIES 

Trumpeter Swan (C2) - 'ISS, R32E 

(Cygnus buccinator) 


Trumpeter Swan eC2) - TSS, R33E 

(Cygnus buccinator) 


Black Tern (C2) - TSS, R32E 

(Chlidohias niger) 


Wolverine (C2) - T5S, R33E 

(Gulo EYl2 luscus) 
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Idaho Dunes: Tiger Beetle (C2) -. T5S. R34E 

(Cicindell 


Townsend's (C2) . T7S. R34E 
(Plecotus 

Pygmy it (C2) - T6S, R34E 

(Brachyla&us 


(C2) . T7S, R34E 

, ,. 
C2 - Taxa for which now in possession of the U.S. Fish 
and Wildlife Service indicates that proposing to list IS endangered or 
threatened is pass but which conclusive data on 
biological vulnerability and threat are not currently available to 
proposed research and field study may be needed to 
ascertain status of taxa in this 

0-14 




ENCLOSURE B 


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

SECTION 7(a) - Consultation/Conference 

Requires: 1) Federal agencies to utilize their authorities to carry out programs to 
conserve endangered and threatened species; 

2) Consultation with FWS when a Federal action may affect a listed endangered or.' 
threatened species to insure that any action authorized, funded Or carried out by a Federal 
agenc~ is not likely to jeopardize the continued existence of listed species; or result in 
destruction or adverse modification of critical h.abitat. The process Is hlitiated by the 
Federal agency after determining the action may affect a listed species; and 

. 3) Conference with FWS when a Federal action 1s 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 Maj or Construction Ac.tivities 11 

Requires Federal agencies or their designees to prepare Biological Assessment (BA) for major 
construction activities. The SA analyzes the effects of the actionU on listed and proposed 
species. The process begins with a Federal agency in requesting from FWS a list of proposed 
and listed threatened and endangered species (list attached). If the BA is not initiated 
··~.thin 90 days of receipt of the species list, the accuracy of the species list should be 

formally verified with our Service. The SA 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 ongite 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 spec-ies' 
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 SA $hould document the results, Includinga discussion 
of study methods used, any problems encountered, and other relevant information. The BA 
should conclude whethe~ or not a listed or proposed species will be affected. Upon 
completion, the BA should be forwarded to our office. 

U 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). 

21 nEffects of the action" refers to the direct and indirect effects on an action on the 
~cies or critical habitat, together with the effects of other activities that are 

~nterrelated 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 designated 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 mountairu on both the east and west. 

The area between the'mountairu is a semidesert because of the orographic rain shadow created 

by the moulltairu 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 19SO). The region's weather is characterized by hot summers and moderateJy 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 penneable, highly erodible, and have 

little organic accumulation in the upperiayer (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 have influenced the vegetative types in 

this eooregion. The major vegetation type is sagebrush steppe characterized by grasses and 

shrubs such as perennial buncbgrasses (Agropyron spp.) and sagebrush (Artemisia spp.). 

Other important plants include Mormon tea (Ephedra spp.), rabbit brusb (Chrysothamnus 

spp.), horsebrush (Tetradym1a. spp.). cheatgrass (Brom.u.s tectorum), and Idaho fescue (Festuca 

ldaJwensis). 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 thi,s 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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captors, including eagles and hawks; ground-nesting and shrub-nesting birds; pronghorn; 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 semiaquatic wildlife. Rivers in this region are typically alkaline, and 

bottom substrates are sandy or gravelly at lower elevations. Riparian ecosystems vary in 

plant community structure, but typically species of willow or cottonwood 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. ([BEI] 1994) and other information. The site and the sur­

rounding area can be divided into several basic ecosystem 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 study area, which 

has been defmed as the area within a 3-mile radius of the site facilities (BEl 1994). The most 

prevalent area of sagebrush steppe is located adjacent to the southern boundary of the EMF 

Site in the Bannock Range foothills (BEl 1994). In addition, most of the study area 

encompassing the Fort Hall Indian Reservation is in this vegetation type. Codominance of 

sagebrush and buncbgrass characterizes this vegetation type. Common species include big 

sagebrusb (Artemisia lridentata), rabbit brush (Olrysothamnous Museosus), antelope 

bitterbrush (Purshia rridentatal, blue bunch grass (Agropyron spicatum), western wheat grass 

(Agropyron smithii), Idaho fescue (Festuca idalwensis), squirrel tail (Sitanion 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 O.S to 1.0 m in height and have a 
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cover of 10% to 80%, depending on site conditions. The herbaceous layer consists mainly of 

grasses reaching 30 to 40 em 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 mamma.ls, 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 (BEl 1994). This vegetation 

type is dominated by Utah juniper (Juniperus osteosperma) and Rocky Mountain. juniper (J. 

scopulorom). These ~pecies reach 10 to 15 m in height at maturity. 

This vegetation type provides important wildlife babitat. The most common large 

mamma! is the mule deer. Other wildlife that may utilize this vegetative type include 

mammalian predators such as mountain lions, coyot~. and bobcats; small mammals such as 

wood rats, pocket gophers, weasels, porcupines, and chipmunks; songbirds such as flickers, 

jays, nuthatches, and juncos; and raptors such as red-tailed hawks and gosbawks (USDA 

1980). 

E.2.3 Agricultural Areas 

Agricultural areas, including cropland, fallow, and disturbed areas, comprise 40% of 

the site and surrounding area (BEl 1994). The dominant crops are potatoes and wheat. The 

majority of the agricultural areas are located north of the EMF Site in the Michaud flats (BEl 

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 adjacent to the southern edge of the 

site (BEl 1994). This habitat type is important because it is potential habitat for a Federal 

Category 2 species, the Townsend's big-eared bat. Nesting goJden eagles have also been 

observed here. 

E.2.5 . Riverine/Riparian 

Riparian wetland vegetation in the vicinity of the EMF Site occurs aJong Michaud 

..t' Creek~ :the Portneuf River. and. in association with springs and seeps in the Eastern Michaud 

FJats (BEl 1994). The riparian wetlands along Michaud Creek and the Portneuf River are 

scrub-shrub/forested wetlands dominated by peacbleaf willow (Salix /asidandra). coyote 

willow (Salix exigua), red-osier dogwood (Q)mus sericea). cottonwood (Populus 

angustifolia), Russian olive (EJeagnus angustifoiw), and river birch (Betula occidentalis). In 

areas where the sbrub layer is more open, herbaceous species such as grasses, sedges, and 

dandeJion (Taraxacum ojfinoJe) occur. Further from the site, the Snake River supports 

extensive riparian communities. 

The lower Pottneuf 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 (BEl 1994). This area provides food, 

cover, nesting habitat, and travel corridors for a variety of species, including waterfowl, 

wbite-tailed 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 semi aquatic wildlife and waterfowl are expected to occur in the riparian habitats of 

the Portneuf River downriver from the FMC/Simpiot facilities. .1. 

The Portneuf River is also a significant aquatic habitat downstream from the EMF 
:.' 

Site. Aquatic biota occurring in the Portneuf River are listed by BEl (1994). The Portneuf 

River between the EMF Site and the American Falls Reservoir supports game and nongame 

species of fisb, the most important of wbich are described in Section 2.2.3. The river bas 

been channelized with earthen and concrete channels through Pocatello and is unJilcely to 

support a viable fishery immediately upstream of the site. 
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1:.2.6 American Falls ReservoIr 

The American FaIls 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, gadwaIls. 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 berons. 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. 

The Fort Hall Bottoms are located on the upper end of the American Falls Reservoir. 

These bottomJands 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 Idaho Conservation Data Center (Stephens 1993), information provided 

in Moseley and Groves (1992), and review of previous work completed during preparation of 

the RI report, 1t 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. up]and 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. 

1:.3.1 Raptors 

Numerous species of migratory raptors are likely to occur in the upland and riparian 

babitats adjacent to the EMF Site. Noteworthy species include golden eagles (Aquila 

chrya.estos) and prairie falcons (Falco mexicanus) , which are recorded as nesting in the bluffs 

directly to the south of the EMF facilities (BEl 1994). One federal- and state-listed species, 

the bald eagle (Haliaeetus 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 the EMF Site. In 1990, 

61 bald eagles were on Reservoir, 22 were seen 

Fort HaH Bottoms, and mouth of the Portneuf River and 

Rainbow Beach (USDOI 1990). 

In February 1993, a sighting was recorded in the Fort Hall 

Bottoms near the mouth of the Portneuf during ecological reconnaissance surveys 

conducted for the RI (BEl 1994). Eagles are thought to wounded waterfowl, which 

move 'up the Pormeuf River for cover in the winter. Other prey items could include fish and 

carrion of deer and livestock. A nesting and population of bald eagles occurs 

along the Snake River, approxtmately 30 km northwest of the (BEl 1994). 

Additional details oonceming the local bald populations BEl (1994). 

Based on the food and habitat requirements of the bald presence 

near the site, there may be a moderate potential exposure pathway contaminants to 

enter the fcOO chain of the bald eagle through the consumption COI1ltannnaltOO prey the 

Pormeuf River and the American Falls Reservoir. 

The peregrine falcon (Falco peregrinus) bas been sighted the area, 

particularly during their faU migration (USDOI 1990). The USFWS 

the peregrine falcon as endangered in Idaho. UIoA...G.:I"UI"'''UY use 

mumalS within the area. for hunting migration 

diet consists of passerine birds taken on the wing 

. Domestic poultry and mammals up to the size of a young rabbit are 

on available infonnation. it does not appear that peregrine falcons are likely to be to 

contaminants. Because of its transient use of the site area, neither the USFWS nor 

the of Idaho describe the peregrine faloon as present in the area. 

Waterfowl 

waterfowl (ducks, geese, and swans) migrate through and over-winter in 

area. Several of the more common species include Canada 

''''''''l1rn canadensis), goldeneye (Bucephala clangula), mall.ards (Anas platyrhynchos) 

(Anas crecca and A. discors). As the reservoir is drawn 

down in late summer, large numbers of migrating shorebirds and Canada geese use the 

eX):K>SE!!(l mudflats for feed and resting areas. Primary areas of use extend on either side 

. the mouth River. migration, peak waterfowl counts frequently 
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exceed 44,000 Canada geese and 44,000 ducks. The winter population of Canada goose 

numbers more than 20,000 in the American Falls Reservoir (USDor 1990). Waterfowl tend 

to move up the Portneuf River in winter, and waterfowl groups dominated by mallards in 

groups up to 200 birds were reported by BEl (1994). 

The bulk of the duck, goose, and swan populations are plant feeders with diets 

consisting of marsh and aquatic plants, including pond weed, 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) (BEl 1994; Martin et aI. 1951). 

None of the waterfowl species are considered threatened or endangered by the State 

of Idaho or the USFWS. However, 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 a threatened or endangered 

species. Swans were transplanted in 1991 to the Snake River near the Fort Hall Bottoms area 

(Stephens 1993). 

Many of the waterfowl 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 (BEl 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 50 migrating snow geese (Chen caerulescens) 

and Ross' geese (Oren rossil) were reported killed after landing on an FMC pond during a 

storm (USDOI 1990). No additional information is available at this time concerning bird 

mortal ity at on-site ponds. 

E.3.3 Colonial Waterbirds 

Numerous species of colonial 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 herodias), black-crowned night heron 

(Nycticorax rrycticorax), and white pelicans (PUecanus enhrorhynchos) have been seen in the 

viCinity of the EMF facilities (BEl 1994), and a heron rookery was located at the mouth of 

the Porlneuf River. White pelicans were reported as fishing and hunting on the Fort Hall 
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Indian Reservation (BEl 1994). Nesting areas for terns, including black tern (OzlidoniilS 

rugar) , common tern (Sterna hinmdo), and caspian tern. (Sterna caspia); and gulls, including 

California gull (Laru.J caIifomicus) and ring·biUed gull (Lorus 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 iong-billed curlew (Numeruus americanu.s), a State Special Concern species, 

is also .r:.eported 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.l.4 Upland Game Birds and Songbirds 

Two species of birds, pheasant (Phasianus colchicus) and sage grouse (Cennocercus 

urophaslanus), 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 (BEl 

1994). Pheasant barvest data for the Fort Hall Indian Reservation show annual harvests of 

675 to 1,090 birds over a three-year period (1988-1990) (BEl (994). 

: The pheasant prefers agricultural land with dense shrubby hedgerows, which provide 

protective cover and travel corridors (DeGraaf and Rudis 1986). The stapl~ of their diet 

include cultivated grains and weed seeds such as ragweed, dandelion, and Russian thistle 

(Martin et aI. 1951), The sage grouse prefers sagebrush habitats, and its range is limited by 

the distribution of sagebrush: nearly 75% of the binI's food consists of the leaves and flower 

dusters of various sagebrush species. Other plant items consumed by sage grouse include 

dandelion, alfalfa, and clover (Martin et aI. 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 songbirds, including the homed lark (Eremophila alpestrlc), black-biHed 

magpie (Pica pica), robin (Turdus mJgrarorlus), and sage thrasber (Oreoscoptes ItWnrlmus), 

commonJy occur in sagebrush steppe babitat. Birds such as the robin and many other species 

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 yeHow-billed cuckoo is 

predominantJy insectivorous 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.l.S Small Mammals and Bats 

Sagebrush steppe provides exccllent habitat for a diverse and abundant community of 

small mammals such as the deer mouse (Peromyscus manlcularus). These species are 

importaot prey items for raptors and carnivores. Hence, any adverse impacts of site-related 

contaminants to popUlations of small mammals would ~e expected to indirectly affect the 

diversity and abundance of predator species. In addition, small mammals can act as a source 

of contaminant exposure 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 sagebrusb 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 Idahe Conservation Data Center (Stephens 

1993), this species might be found in any area with big sagebrush cover. Therefore, tbis 

. species may be exposed. to contaminants from soH and through the food chain.:. 

Bats are also common in southeastern Idaho. One species, Townsend's big-eared bad 

(Piccotus townsendO. 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 et al. 1951; Bun and Grossenheider 1976). Townsend's big-eared bat is listed 

as· a Federal Category 2 speci es. which indicates it is being considered for Hsting as a 

threatened or endangered species. Potential babitat 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 (BEl 1994); and several specimens bave been collected in the 

Pocatello area, although there are no known roosts in the site area (Stephens 1993). If it 
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occurs in the bluffs, this species may 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 (OdocoileuivirginiamJs) 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 

mwe deer prefers grassland areas interspersed with shrubs (Burt and Grossenbeider 1976). In 

the weSt. white-tailed deer feed mainly on Oregon-grape. pine. spruce, and. willow (Martin. et 

ai. 1951). In the mountain desert region, mule deer feed on serviceberry. sagebrush. oak, 

and various grasses. including fescue, bluegrass, and bromegrass (Martin et aI. 1951). 

Both species are important hunting resources on the Fort Han Indian Reservation 

(BEl 1994). Based on the food and habitat requirements of these species, the potential exists 

for exposure to contam.inants 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 la:tro.n.s) and long-tailed weasel (MustelajrenoJa). The wolverine (Gulo gulo 

iuscus)/ca Federal Candidate species and State SpeciaJ Concern species, is known from a 

single recent sighting in the Fort HajJ 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 contaminants is I. 

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 011 the growth. 
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reproduction, and survival of plants on the diversity and 

abundance of area. Moreover, unpacts of the site to native plant communities 

could result or other consequences. 

Only two species, and one of these-

the slick:--spot a Federal Candidate species. Slick spot 

peppergrass is I small white family. It native sagebrush steppe 

habitat that has not been disturbed by fire or invasion Weeds. This species is known from 

an old (1949) collection other state-listed speciest green muhly 

(Muhlenbergia racemosa), is also from an old (1962) collection (Stepbens 1993). 

Based- on limited occurrence area, exposure of these listed plant species to 

site-related is conSI(u~rea unlikely. 

Terrestrial invertebrates, soil-dwelling and herbivorous species, are also 

important components of These species could be exposed to site-related.. 

contaminants in soil species, the Idaho dunes tiger beetle 

(Cadindela oren.icola), is a Candidate species and a State Special Concern species. A-

population is known to occur on side of American Falls Reservoir (Stepbens 1993). 

Since this known occurrence is likely to be outside of the area affected. by the site, the Idaho 

dunes tiger beetle is not likely to be exposed to site-related contaminants. 

9 Game and Commercial Fish 

the Utah sucker (Catostomus ardens), largescale 

sucker (Caroslomus macrocheilus), carp (Cyprlnus carpio), and Utah chub (Gilaatratia). are 

important in the American Falls Reservoir, Game fish of 

............. '" rainbow trout (Oncorhynchus mykiss). brown trout (Sa/mo.) 

common species, but game fish are not particularly 

part suckers are probably the most common the lower 

Portneuf both in terms of numbers and biomass (BEl 1994), A brief description 

eacb is 

Utah sucker is an adaptable species living in reservoirs, 

with slow to rapid current and a variety of temperatures. This fish is a bottom 

consulIling both plants and benthic organisms (Lee el ai. 1980). The prefers 

rivers and streams. but it also be It is 

an omnivorous .."'............,. that consumes plant material and a variety of small mv!eru~nttes (Lee 
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et aI. 1980). Over 300,000 pounds of Utah sucker and largescale sucker were commercially 

harvested from the American Fal.ls Reservoir in 1992 (BEl 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 sediments 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. 

E.4~Design8ted Wetlands 

BEl (1994) provides a summary of wetlands in the EMF study area. In addition to 

field reconnaissance, USFW National Wetland Inventory (NWI) 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 NWl maps, the Portneuf River channel and its associated 

riparian'eorridor 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 seasonalJy 

flooded wetlands. 
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The Fort Hall Bottoms 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 ca.na.ls. In addition, the 

NW1 maps identified five palustrine emergent wetlands in agriculture fields. These wetlands 

bad been altered and fanned or were not evident due to the time of year (BEl 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. 

E.5 References 

Bechtel Environmental, [nc., (BED, 1994, RemediallnvestigationlFeasibility Study, Prelimi­
nary Site Owracterization Summary for the Eastern Michaud Flats Site, prepared for 
FMC Corporation and 1.R. Simplot Company. 

Burt, W.H. and R.P. Gossenheider, 1976, A Field Guide to the Mamma1s ofAmerica North of 
Mexico, Haughton Mifflin Company, Boston, Massachusetts. 

DeGraaf, R.M., and D.O. Rudis, 1986, New England Wildlife, Habitat, Natural History, and 
Distribution, United States Department of Agriculture (USDA), General Technical 
Report NE-I08, Amherst, Massachusetts. 

Lee, D.S. et aI. 1980, Atlas of North American Freshwater Fishes, North Carolina Biological 
Survey Publications No. 1980-12. 

Martin, A.C., H.S. Zim, and A.L. Nelson, 1951, American Wddlife and Plants: A Guide to 
. Wildlife Food Habits, Dover Publications, New York, 500 pp. 

Martin, 	S., 1993. personal communication with Dr. Steven Peterson of Ecology and 
Environment, Inc., U.S. Department of the interior, Fish and Wildlife Service, 
Boise, Idaho. 

Moseley, R. and C. Groves, 1992, Rare. Threcuened and Endangered Plants and Animals of 
Idaho, Second Edition, Conservation Data Center, Nongame and Endangered Wildlife 
Program, Idaho Department of Fish and Game. 

02:z.Il')Of;lO. D4'I09-07I:2Ii9S- 0 I E-15 	 ZP3090.11.0 

http:ca.na.ls


EMF ERA 
Appendix E 
Revision No.1 
July 1995 

Stephens, G., 1993, personal communication with Dr. Steven Peterson of Ecology and 
Environment, Jnc., Idaho Conservation Data Center, Boise, Idaho. 

United States Department of Agriculture (USDA), 1980, Description olthe Ecoregions olrhe 
UniJed States. Miscellaneous Publication Number 1391, 77 pp. 

____, 1975, SoU Taxonomy. Ii Basic System 01 SoU aassificationfor Making and 
buerpreting Soil Surveys, U.S. Government Printing Office Washington, DC, 
Agricultural Handbook No. 436, 754 pp. . 

West, N.E. 1988, "Intermountain Deserts, Shrub Steppes, and Woodlands,· North American 
Terrestrial Vegetation, M.G. Barbour and W.D. Billings (OOs.), Cambridge 

. '" University Press, Cambridge, United Kingdom. 

United States Department of tile Interior (U.S. 001), 1990, letter to Charles E. Findley, 
Director. Hazardous Waste Division, U.S. EPA, Seattle, Washington from Jonathan 
P. Deason, Director, Office of Environmental Affairs, Washington, D.C. 

-,.... 

o:z;~_1>I"lI:I9-071l1 J9}.lJ1 E-16 ZP3090.11.0 



EMF ERA 
Appendix E 
Revision No. 1 
July 1995 

Page 1 of 2 

Table E-l 

FEDERAL AND STATE LISTED SPECIES OF CONCERN KNOWN TO 
OCCUR WITHIN THE EMF STUDY AREA a 

Statusb 

Ccmmoll Name ScientifiC Name Federal Stafus StafeStatus Habitar: 

Plants 

Slid, spot pcppergrus upidium papilliferllm C2 SC 0 

Green muhly MuhLtmbergi.a racemosa - SC W 

I!l.,ertebratell 

ldaho dunes tiger beetle Cicindda armicola C2 SC 0 

Birds 

Bald cagle HaMulus lII!ucocepho1u.s E E P 

Trumpc:tcr IWM CygflllJ buccinaJor C2 SC P 

Long billed curlew Numeruus amuicanlLJ 3c sC 0 

BlILck tern ChUdo"iru niger C2 sC p 

YeUow-billC<l CUCKOO COCCYllIJ amtricanus 3b SC 0 

MamlWllis 

Pygmy I1lbbit Bracfry lag ILJ idahoeru is C2 Sc 0 

Wolverine ! Gu10 gulo lusclIJ C2 Sc F 

TOWllsend', big-ean::.d bat Pl..ecOIus tow7I.undij C2 sC B 
; 
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a 	spcci.cs I.Ur.tcd hcn::in include only thole rpecia oonaidered to be endangered, threatened, federal candidata 
1fJI'OCic:s, or atA.tc; special 0f IIpcci.&.! co IlCCm . 

b FedenU IIItId Ita.te iItalul are coded u followa: 
E = Eruiangcn:d - tau in danger of extinction throughout all or a aignifica.nt portion of their rIIItIge. 
T = ~ - tu.a likely to be cianified u endangered within the foreseeable future throughout all 

or II .i.gnific.ant portion 0 r its rIIItIgc. 
C2 ;:::: Tu.a. for which information indicat.cs that proposing to lilt II..! endangered or t.luea.tcned is pouibly 

IIlppropi.a.tc, but for which conclusive data are not avllilable. 

3b = Tuonomic ItatU8 is in quation. 

3c = Tuon is more widaprad or abundant than previously believed. 


SC = 	Special Concem - .. lpecia lIuffering a decline thai could threaten the species if aUoW"Cd to continue 
unchcck:od or OCCUrlI in luch ,mall numbera or with Iuch .. mBlriCk.d distribution or specialized 
tulbitat requiremen.lthat it could cuily become ~ed. 

C Habitat I~ are u followa: 
cF = roreal. 

B = Bluff. 

P = Pond, lU.e, opal water. 


W = 	Wetland (i.e. ma.nh, rivcrb4nk). 
o == Open grusy or Ihrubby 11rt:a. 

Source: 	 Bechtel 1994; Martin 1993; SlqJhcm 1993. See Appendix C for con-espondence with fedcrIlil1l1d 
state II.gencie.tl. 
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Previous Studies of Site Contamination 
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Several investigations of contamination of soils. vegetation, fisn, and wildJife have 

been conducted in the vicinity of me 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 WildJife 

Service (USFWS) (Low and Mullins 1990); and a report of fluoride in piscivorous birds 

(Henny and Burke 1990). Eacb of these studies is briefly summarized below. In addition, a 

nu;nber of other previous studies are briefly summarized. based primarily on the literature 

reviews of BEl (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 arid 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 study, two outfalls were active on either side of the river. Phosphate 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 ob~ed. 

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 detennined in vegetation and soil at points 

along a transect from 64 km downwind (northeasterly) to 64 k:m upwind (southwesterly) of 

recycled paper 
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the facilities. Plant species sampled 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 

oonimpacted areas of the western United States. However, concentrations of trace elements 

in vegetation samples taken further than 4 to 8 kID from the facilities were not considered to 

,be particular]y elevated. Chromium. 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, rubidium, 

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 011 the potential impacts of irrigation drainwater to the 

Ameri~ 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 I, 

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 Pormeuf River 

and other locations in the American Falls Reservoir. Sediment and water samples were also 
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analyzed. Concentrations of inorganic contaminants 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 sampling site were not elevated compared to other reservoir sampling sites. 


Sediment concentrations 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 Portneuf 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 

eX}Xlsures to wildlife were DOt quantitatively addressed by Low and Mullins, but the selenium 

concentrations in mallards were considered within the range of concentrations 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 1990 

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 Dot demonstrated 


in this study, DOr.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 BEl (1994) and SIT (1994). The studies described above in Sections F.l through 


F.4 were reviewed by BEl and SIT, along with other relevant studies. Noteworthy studies DOl 


previously 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 confinn 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 Sme River 

plain were investigated recently by the USGS (Des borough et cU. 1988a, 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 meren 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 distan~ from sources in Wyoming. 

F.G ·Summary 

.' The studies reviewed in this section demonstrate historical contamination of soil, 

upland vegetation, sediment, fish, macro invertebrates, and waterfowl in the vicinity of the 

EMF Site. The principal conta.min.a.nts of ecological concern noted by previous authors 

include cadmium, chromium, fluoride, mercury, seJenium, vanadium, and zinc. Potentia! 

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 

copes 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. , 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 are, a general description of how 

contaminants are (or were) released as a result of these processes, and a description 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 sHe-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 are is enriched in many metals, transition elements, and radionuclides. As 

the ore is processed in these facilities, its constituents undergo chemical and physical changes 

arid 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 Simp]ot is a shale mined nearby that consists 

primarily of calcium fluorophosphate (CaFP04). The ore also contains small amounts of 

numerous related substances in which other metals and transition elements, including arsenic, 

cadmium, chromium, magnesium, nickel, uranium, vanadium, and zinc, replace the calc;ium, 

fluoride, and phosphorus in the' chemical structure. The compounds that comprise the are are 

generally stable and relatively insoluble in water, which is why these materials were originaHy 

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 ex.tent 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 to 

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 are. The 

principal products of the complex chemical reactions that occur in the furnaces are gaseous 

elemental phosphorus, carbon monoxide, calcium silicate slag, and ferrophos. 

lContamimmts that originate as constituents of the are 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; 


It Direct air emissions from the process that can eventually settle out on 
area soils; 

41 	 Fugitive dust ernjssions of scrubber solids, slag, and ferrophos that 

result from storing, handling, and using these materials on site; and 


41 	 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 

IlSed to manage these materials, to the groundwater. 


Consequ~ntly, when contamination levels are measured in environmental media on or 

near the, site, the concentrations may reflect contributions of material fonn 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 elemental 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 00 the 

chemical reactions they undergo in the process and the chemical forms'they assume. The 
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conditions that exist during the are not as extreme as that occur in FMC's 

electric in the Simplol 

process can solubilize During Simplot's ore 

processing. the principal sulfuric acid, and phosphoric acid. 

Final products include these materials products. Most of the environ­

mental contamination related to the facility is apparently associated with the production of 

phospboric acid. 

Contaminants that originate as constituents the ore, other raw materials, or 

intermediate or final products manufactured at the have or may be released from the 

process and from the site in ways, including primarily: 

• 	 Fugitive dust and from the ore-handling and 
calcining operations out prior to activation of the slurry 
pipeline ore delivery """""'" in 1; 

III Fugitive dust emissions from raising the on the gypstacks, 
from facil ity roadways and other areas, and other materials 
handling operations; 

III 	 Process air emissions, including sulfur 

III Migration of contaminants via groundwater gypstacks, 
the former Overflow Pond, unlined ponds and ditches; 

• 	 Migration of contaminants via 
followed' by eventual release to the 1.I"'''''''''A','f' 

G Fate and Migration of Contaminants in 

In this sectlOln. the fate and 

UIM"",",'" of the EMF Site are discussed by 

..!lO.....".t...~ that control the migration and bioavailabil ity (potential uptake by 

animals) COPCs at the site. Emphasis is pJaced on the and migration 

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 Site are 

numerous. The fate and migration of chemicals in the terrestrial ecosystem dePend in part on 

and chemical processes occurring in soils that may influence the bioavailabiJity of 

constituents in the soil pore water. Geochemical soil properties such as soil pH, 
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potential, cation exchange capacity (CEC), mineralogical composition, soluble cations, base 

saturation, organic matter content, and other environmental factors such as rainfaHand 

infiltration into the soil determine the rates by which chemical reactions (i.e., mineral 

wlubiJ ization, 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. Ion exchange reactions and other specific adsorption 

reactions occur on clay minerals, oxide minerals, and soil organic matter. In general, the 

efficien~y of clay minerals in adsorbing chemicals is related to (1) the surface area of the 

clay, ~) the chemical characteristics of the soil and pore water such as redox potential, soil 

pH. moisture oontent, 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 determine<! from 

soil samples collected during the ecological jnvestiga~ions. These measurements included soil 

pH, CEC. total organic carbon (TOC), and soluble cations (calcium, magnesium, potassium, 

sodium, and iron). Table G-l 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 Ferry Butte sites. 

Convers~ly, the concentrations of magnesium, potassium, and iron in the Bannock Hills SW 

site soil~ were lower compared with the Michaud Flats and Ferry Butte sites. Other soil 

parameters, including CEC, TOC, and iron concentrations, were approximately the sam~ 

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 (CaC03), which buffers the pH at alkaline values. 

High soil alkalinity conditions (PH > 8) and the presence of high concentrations of calcium 

(calcareous soils) tend to render metals such as cadmium and zinc less bioavailable compare<! 

with acidic soils. At high'a1kalinity conditions, metals precipitate out of solution by forming 

insoluble complexes. 

The results of these geochemical analyses suggest that 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, cationic 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 Ukely 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 higb 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 oonditioJ.lS; however,under alkaline 

conditions fluoride ions tend to be relatively more mobile and bioavailable (BOOek et 01. 

1988). The soil chemistry of fluoride ions in alkaline, high soluble calcium conditions suctI 

as those expected to occur in the soil/pore water interphase of the EMF Site soils is controlled 

by the solubility of fluorite (CaF2). 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 

gaseo'\lS 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

lions) for sagebrush (unwashed and washed) and thickspike whealgrass indicates that the UFs .• 

for cadmium and zinc are lower for the Bannock Hills SW site than for Michaud Flats (fable 

G-3), indicating that cadmium and zinc are less bioavailable at the Bannock Hills SW site than 

at Michaud Flats. For fluoride, the UFs for sagebrush (unwashed) and tbickspike wheatgrass 

are higher for the Bannock: Hills SW site than for Michaud Flats. The relative magnitudes of 
. .\., 

the UFs confinn that cadmium and zinc are likely to be mobilized and taken up by plants 

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 concentrations) . 

are provided in Table G-4. 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 site 

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: HiJls SW site than at Michaud Flats, 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 


(Le.• 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 back~round location (Ferry Bune) 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 tendeocy for uptake to decrease at higher contaminant concentrations. At the 

EMF Site, this may be a result, in part, of the fact that contamination is largely confined to 

the upper surface horizon of the soil. 

G.2.2 Riparian Habitat 

Soil geochemical properties were also measured from soil sampJes collec.ted 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 Portnel..lf River site, 

including high CEC and TOe 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 
.1. 

River site (see Table G-3). This could be a result of geochemical 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. 
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Table G-l 

SAGEBRUSH STEPPE HABITAT 
SOLUBLE CATIONS AND OTHER SOIL PARAMETERS 

Minlmum Maximum 
I>et<ctA!d n.t.cted 

Parameter Units" Concentration Conctlltration 

Bannock Hills, SW 

Calcium meql I OOg 0.0734 0.4446 

'Ml.gncaium meq/lOOg O.DlIS 0.0617 

Potauium meq/lOOg 0.0074 0.0374 

Sodium meq/lOOg 0.0100 0.0513 

Jron meq/lOOg 0,0030 0.0639 

pH Standard units 7.68 8.0 

CEC meqllOOg 21.9 28.3 

TOC mglkg 7.210 12.500 

Michaud Flats 

Calcium meq/lOOg 0.0833 0.1966 

Magnesium meq/lOOg 0.0428 0.1580 

Potassium meq/lOOg 0.0159 0.0559 

Sodium meq/lOOg 0.0222 0.0430 

Iron meqllOOg 0.0516 0.1778 

pH Standard units 6.51 7.38 

CEC meq/lOOg 21.6 34.0 

TOC mglkg 9,780 22,900 

Ferry Butte 

Calcium meq/l00g 0.0744 0.2041 

Magnesium meq/lOOg 0.0370 0.2815 

Potaisium meq/IOOg 0.0179 0.0833 

Sodium meq/lOOg 0.0326 0.0361 

Iron meq/l00g 0.0113 0.4759 

pH Standard units 6.62 7.75 

CEC meqllOOg 20.5 26.8 

Key at end of table. G-lO 

AYerage 
Concentration 

o.lm 

0.0319 

0.0193 

0.0259 

0.0207 

7.83 

24.69 

10,308 

0.1275 

0.0695 

0.0256 

0.0277 

0.0832 

7.00 

26.55 

16,038 

0.1199 

0.1421 

0.0501 

0.0342 

0.1942 

7.09 

22.48 

3090.11.0 
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Table G-I 


SAGEBRUSH STEPPE HABIT AT 

SOLUBLE CATIONS AND OTHER SOIL PARAMETERS 


Parameter UDits-

Minimum 
Deteeted 

Ulncentraoon 

Maximum 
Detected 

Concentration 
Avenge 

Concentration 

TOC mglkg 4,610 33,040 10,133 

a To convert mgJ\:g to meqllOOg. the concentration expressed u mglkg was divided by equivalent weight of the 
clement (for iron the equivalent weight wed wu 18.62 grams) mUltiplied time;,; 10. 

Key: 

CEC = c.tion exchange capacity. 
TOC '" Total organic carbon. 

.\ 
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Table G-2 

RIPARIAN HABIT AT 
~(\T niH.'R CATIONS AND OTHER SOIL PARAMETERS 

Minimum Maximum 
Detected Detected "'-''''"'''5''' 

Panmeter UDitsa Concentration ColXentraooo CoDcentraood 

-
, II 

0.3586 

0.0757 

~ 
0.2521 

n. . meqllOOg 0.0210 0.0815 

Sodium meqllOOg 0.1183 0.3678 

Iron meqllOOg 0.0032 0.0913 U.0218 

pH Standard units 7.23 8.63 8.11 

CBC meq/loog 30.0 68.2 43.41 

TOe mglkg 13,300 36,000 22,370 

Snake River 

Calcium meqlloog 0.0758 0.1766 0.1320 

Magnesium meq/loog 0.0288 0.0683 0.0480 

Potas . 0.0113 0.0626 0.0381 II 
". 

Sodium meqllOOg 0.0296 0.0548 0.0387 
~ 

Iron I Standard units 0.0044 O.016g 

pH 7.66 I 8.02 I 7.82 

CEe I 
Il.O I ~~.~I 16.93 

TOe ~ 5,500 26,200 13,026 

a 	To convert mglks 1.0 !.he concentration as mgikg wu divided by equivalent 
weight 0'( !.he element (for iron !.he: equivalent weight used was 18.62 grams) rnultipued times 10. 

Key: 

CEC '" Cation 

TOC '" Total organic carbon. 


12 
~_~I]I9$.Dl 3090.11.0 
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Table G-3 

SUMMARY OF UPTAKE FACfORS 
FOR VEGETATION 

IUbiiat Cbemial VegdaOOIl l..ocaoon UF 
Percentage or 
Background 

SagebruBh II.A:::ppc Cadmium Sagebru£h (unwuhed) Bllrulook Hills 0.0364 14 

Michaud Flats 0.0602 2J 

Ferry Bulle· 0.2609 -
Sagebrush (washed) Bannodl~ Hills OJ)284 12 

Michaud Flats 0.0522 21 

Ferry Bulle' 0.2441 -
Thickspike Whc:atgnlSs Bannock Hills 0.0198 11 

Michaud Flat! 0.0219 12 

Ferry Butteil. 0.1824 -

Flol.lride Sagebrush (unwashed) Bannock Hills .0.0510 NC 

Michaud Flats 0.0288 NC 

Ferry Butte· - -
Thickspike wheatgra.l!s Bannock Hills 0.0427 NC 

Michaud Flats 0.0125 NC 

Ferry Sutte8 - -
Zinc Sagebrush (unwashed) Bannock: Hills 0.1220 23 

Michaud Flats 0.2454 46 

Ferry ButteR 0.5348 
'. 

-

Sagebrush (washed) Bannock: Hills 0.1016 21 

Michaud Flats 0.2095 43 

ferry BUlleill 0.4891 -
Thickspike whealgntss Bannock Hills 0'()449 31 

Michaud Flats O.069l 47 

Ferry Buttell 0.1457 -

Key al end of table. G-13 
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Table G-3 

SUMMARY OF UPTAKE FACTORS 
FOR VEGETATION 

Percentage of 
Habitat Chemieal Vegetaoon Location UF Background 

Riparian Cadmium Russian ouve Portneuf River 0.0170 3 

Swe Itiver" 0.5916 -
.,: 

Zinc Russian olive Portneuf River 0.0900 30 
. ". ' . 

a. 8ackgrou.nd location. 

Key: 

UF =-' Uptake factor. 

NC == Not calcul.at.c:d. 


Snake RiverA 0.2982 -


G-14 
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Fluoride Whole body 

Femur 

Zinc Whole bOOy Bannock Hills 

Michaud FJ.at!l 

Ferry Butte' 

CF 

...,""'......... MICE 

Background 

0.0226 

0.0103 11 

0.0971 

0.0884 NC 

0.0507 NC 

0.2044 57 

0.3533 99 

0.3587 

a Background location. 

Key: 

CF Concentration factor. 
NC ::::: Not Cll.lcuLated. 

G-lS 
l'uIJRIa\lI'.1 L 0 
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H Toxicity Testing the IWW Ditch Outfall 
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Water and sediment samples collected from the industrial waste water (IWW) ditch 

and its outfaJl 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 outfaJ!. 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. Sedimem was collected from 

three locations in th'e Portneuf River: at the IWW ditch outfall (Sampling Station 17); 

upstream of the rww ditch outfall (Sampling Station 21); and downstream of the rww 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

steel spoon andlor scoop, screened through .a No.4 stainless-steel sieve to remove rocks and 

large gravel, and composited in a 2-gaHon plastic pail. Subsamples for chemical analysis 

were taken from the large composite sample at each ·station, and the remainder was used in 

JO-day toxicity tests with the amphipod Hyalella azteca and larvae of the midge Chironomus 

temans 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 .\ 

Survival and growth of H. azteca and C. tentan.s in the three field sediment samples 

and laboratory control sample (silica sand) are shown in Table H-l. Upstream sediment 

coHected 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. azIeca or C. 

lemans was observed in the tests. Survival and growth of the two test organisms were not 

significantly differenrin sediment from the two potentially impacted stations (16 and 17) 

compared with survival and growth in the control sed iment and sil ica sand. Statistical 

comparisons between potentially impacted stations and controls were made using the same 

....ulug~ ..nd envirun~~090.11.0H-3 
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approach applied to data from the other ecological investigations at the site (see 

C). including the use of an 80%' confidence level to minimize the probability of 

Type II error (EPA 1992). The results suggest that Portneuf River sediment at the IWW 

ditch and downstream to Station 16 has not been contaminated to a toxic level by 

IWW ditch. 

COJlllalnmlant levels in sediment from stations 16, 17, and 21 are in Table H-2. 

known to be elevated in soil from the 

vanadium, were present at a higher concentration 

17, than at u .... " ....,." Station . Cadmium in was approximate] y 3 

gre;llter than in any sediment sample collected the delta during the 

delta study. However, the SEM/AVS ratio for sediment stations 16 and 

17 was 1.0. suggesting that divalent metals such as cadmium and zinc are bound by 
',J,'. 

sulfide and therefore are not bioavailable (DiToro et aJ. 1992). 

H.3 	Conclusions 

Site to be present in sediment from the near the\..1"..# ... "", ... 

IWW ditch outfall, but at levels not toxic to benthic organisms, most Iik;ely UVI.,<1I.1"'" 

contaminants are not bioavailable. Metal contamination at the site is largely a result phos* 

pnate ore particles and slag, These relatively immobile mineral forms also may the 

predominant m.etals in Portneuf River sediment near Since benthic test 

organisms were not aftla.ctf~ at the elevated concentrations of metals found at rww ditch 

outfall,;.impacts of ... V" ....... HH'...""" to life are expected to 


H 

and Materials (ASTM), 1993, Standard Guide for Conducting 
with Freshwater Invertebrates, in ASTM Standards on 

Evaluation, ASTM, Philadelphia, Pennsylvania, pp. 
254-320. 

DiToro, et aI .• Volatile Sulfide Predicts the Acute Toxicity of Cadmium 
Nickel in u ......."".· Environmental Science and Technology, 26:96-1Ol. 

United States Environmental Protection Agency (EPA), 1992, Final Guidance jor 
UseabUiry in Risk Assessmenl, Office of Solid Waste and Emergency Response, 
Washington. D .• 928S.7..Q9A/FS. 
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Table H·l 

RESULTS OF SEDIMENT TOXICITY TESTS WITH 

HYALEILA AZTECA AND CHIRONOMUS TENTANS 


Tat 
Organism 

H. Ql.ltlcQ, 

C. fenlam 

Sedimmt 

Samploe 


Lab oontrot4 

Station 16 

Station 17 

Station 2I e 

Lab oontrot4 

Station 16 

Station 17 

Station 21 c 

l()...day Suni"lIIl 
(perc.ent) 

9sb 
d90 ns

ru;d88 

98 

7fJ' 
ru;d96 

92 nld 

83 

Mean (± standard deviation) Dry 

Weigbt of Sunivillg OrpnBsms (mg) 


0.34 (±O.OO) 

0.32 (±O.OO) old 

d0.33 (±O.OO) ns

0.33 (±O.OS) 

1.54 (±O.46) 

d1.97 (±O.IS) na

d1.48 (±O.19) nll

1.86 (±O.23) 

a Silica sa.nd. 


b The minimum ac«:ptable average: lurvivd in the labomory control ill 80% for H. a:t.leca ILIld 70% of 


C. feMllJ' (ASTM 1993). 

C Fic:Jd control wnple. 


d ns = Not ligniflCMt1y different from either laboratory or upstream control. 


H-5 
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::x: 
I 


C1\ 


Analyle 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron. 

Cadmium 

I Calcium 

Chromium 

Cobalt 

Copper 

[ron 

Lead 

MagTIClJium 

Manganese 

Table H·l 

RESULTS CHEMICAL ANALYSES ON PORTNEUF RIVER 
SEDIMENT USED IN BIOASSAYS WITH HYALElLA AZTECA AND CHIRONOMUS TENTANS 

Station 16 StaUoa 11 StlllUoa 21 

RtpO!1.fd R~~n Reported Review 
Unitt CODC:mtrIUoD Qualilien llrJ.en CoDC:mtrllltiol1 Qullifaen 

~ ~ 1,930 

8 0.67 J8 

mglkg 2.4 2.S 2.1 

mglkg 7S.8 102 49.1 

mglkg 0.21 I ~ 0.11 
I .­mg/kg 

~ 
0,70 I ~ 0.« J8 

104,000 I 95,600 

~ 
I 

mg/kg 5.1 18 

mglkg 1.7 U 2.7 2.4 

mg/kg 4.9 12.9 1.3 

mg/kg 6,990 4,850 7,290 

mg/kg 5.3 J8 .3.9 I 18 6.4 J8 

mg/kg 3,120 J16 1,640.1 J16 2,430 JI6 

mglkg· 1,120 I J16 190 116 

Key lit encl • table. 
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ADIIyte 

I~ 
I~ 

Potusium 

Selenium 

I Silver 

I Sodium 

Thallium 

V8IIIdium 

Zinc 

AVS 

SEM (sum) 

SEM/AVS 

SBM-Cadmium 

SEM~~ 

Table H·2 

RESULTS OF CHEMICAL ANALYSES ON PORTNEUF RIVER 
SEDIMENT USED IN BIOASSAYS WITH HYALEUA. AZTECA AND CHIRONOMUS ll!.lYFANS 

Stadol] 16 Statioo 11 Statio .. 11 

ReporUd Review Reported Reriew 
,.. .II Re'f\ew 

Units Cooeeotntion QuIIif'IIen CoDCeot:ntion Qullifien 
,. -"t""''''''': 

Qual.lf"lft"I,-~-

mglkg 0.05 U 0.05 U 0.06 U 

mglkg 34.1 22.8 28.4 

mglkg 6.0 6.6 5.4 

ft 186 581 358 

tE 
0.36 UJ8 0.29 UJ8 0.28 WI!! 

2.3 l8 2.1 J8 2.1 J8 

135 224 80.0 

mglkg 0.37 U 0.30 U 0.26 U 

mglk~ 10.2 J8 6.4 J8 4.2 J8 

mglkg 27.7 49.0 18.3 

;tmoVg 0.187 0.184 0.20 

j.(mollg 0.142 0.130 0.133 

- .:;... 0.162 0.711 0.67 

p.moV, 0.00062 Jl4, 10 0.0019 Jl4, 10 O.OOO17~ 
~mollg 0.026 Jl4. 10 0.025 114,10 0.014 un, 14. 10 

Key at end of table. 
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Tab!e H-2 

RESULTS OF CHEMICA.L ANALYSES ON PORTNEUF RIVER· 
SEDIMENT USED IN BIOASSAYS WITH HYALEILA. AZTECA AND CHIRONOMUS TENTANS 

ADaIJte Units 

SEM-Nickel "mollg 

SEM-Lead 

- _. 
pmollg 

mglkg 

roc mglkg 

StatIon .6 

Reported Rniew 
Cooantratioa Qual.if zen 

0.041 J14,10 

0.012 114, 10, 16 

0.063 un, t4, 10 

245 158,8, 10 

14,600 158,8 

Station 11 Station 21 

Reported Reflew Reported Rniew 
ColXeDtration ......... COIICftltratio. Qualifkn... 

0.011 Ul1, 14, 10 0.082 Jl4, 10 

0.0060 114, 10, 16 0.008 J14, 10, 16 

0.080 J14, 10 0.029 un, 14, 10 

312 158,8, 10 183 lB, 10 

18,000 JS8, II 20,300 J58,8 

AVS Acid volatile sulfide. . 

SEM Si.muilaJl'looluly extracted metals. 
TOC= CI..I'bon. 

~)3090.ll.0 
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This appendix provides a iiterature survey of some documented ecological effects of 

fluoride. The following published infonnation is reviewed: 

.. 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 

focuses 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 fluorides, 

which occur natura.lly 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 nonnal soils is 150 to 

400 mg/kg DW. The fluoride content of plants in uncontaminated areas generally does not 

exceed !lPproximately 30 mglkg DW (Kabata-Pendias·and Pendias 1992). 

Concentrations of fluoride in plants co!lected 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 OW in 

75 grass samples, and 3.5 mglkg DW in six. sagebrush samples (Kay et ai. 1915a). In 

addition, the average concentration of fluoride in six vegetation sampleS from a "low-flubrid~· 

study area in Utah was 8.0 mg/kg (Shupe el al. 1984). 

Regional background levels of fluoride in animal bones have also been reported. Kay 

e{ ai. (1975a) determined baseline concentrations of fluoride in bones of 41 species of wildlife 

in the western U.S. Average fluoride levels in femurs of various mammalian species ranged 

from 64 rng/1r::g OW (Richardson ground squirrel [Spermophilus richardsoni!l) to 589 mgfkg 

OW (masked shrew [Sorex cinereusJ). The mean femur fluoride level in 70 deer mouse· 

(Peromyscus manicu/aJus) samples was 143 mg/kg DW, with a standard deviation of 66 

mg/1r::g DW. Concentrations of fluoride in bones of herbivores were 20 to 50 times greater 

1-3 
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than concentrations in vegetation, and fluoride generally was found at higher concentrations in 

predators than in prey (Kay et oJ. 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 

reportoo;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 (Microtus 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 Rheavily polluted" site, bone fluoride levels in 36 field voles ranged from 

910 toJl,OOO mg/kg (mean of7,148 mg/kg; standard deviation of2,413 mg/kg). Back­

ground levels of bone fluoride in 48 field voles ranged from 23 to S40 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 (Odocoi/eus hemionus) and white-tailed (Odocoileus 

virginianus) deer were 5 to 50 times higher at contaminated sites in Montana compared to 

control sites (Kay et ai. 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 ai. 1982). 

1.3 Mamnlalian and Avian Toxicity \ 

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 et ai. 1987; Bird and Massari 1983; Hoffman et ai. 1985; Pattee et ai. 1988; Shupe 

et oJ. 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 

ZP3090.11.014 
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reproduction have also been documented, including reduced fertility and survival of young. 

From laboratory tests, mammalian and avian NOAELs 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 (l993) concluded that bone strength in animals fed a nutritionally adequate diet 

is not adversely affected unless chronic exposure to fluoride is at least 50 mg/kg in diet or 50 

mglL in water. Consistent with this recommendation, Shupe et aI. (1987) reported effects to 

mink bones at doses above 50. mglkg fresh weight (FW), or 125 mg/kg DW fluoride in food 

(a NOAEL of approximately 12.8 mg/kg-bw/day of fluor·ide). For larger herbivores such as 

whitetail deer, 25 to 50 mg/kg OW in food items resulted in some degeneration of the teeth 

and long bones (Suttie et aI. 1985). Threshold tolerance levels of fluoride in feed for·,· 

domestic livestock: range from 30 mg/kg OW to 60 mglkg OW, 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 el al. (1988) reported 232 mg/kg fluoride wet weight (200 mg/kg fluoride added to 32 

mg/kg in Donnal diet) resulted iri decreased hatching success in eastern screech owls (Orus 

asia). A dose of 56.5 mg/kg fluoride (approximately 7.8 mg/kg/day) had no adverse effects 

on reproduction (Opresko et al. 1994). 

From the available infonnation, the mink NOAEL for bone of 12.8 mg/kg/day 

(Shupe et 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 sufficiently 

protective of bird life at the EMF Site. 

Bone levels of fluoride are sometimes measured in association with toxicity tests and 
.~ 

fieJd studies. For example, in a 30-day exposure of wood mice (Apodemus sylvaticus) to 200· 

mg/L sodium fluoride (NaF) in drinking water, mouse femurs contained a mean concentration 

of 2,108 mglkg OW of fluoride, which was approximately 3 times the control concentration 

(Cooke et ai. 1990). In mink, average femur concentrations of 2,213 mg/kg OW in kits and 

2,485 mg/kg OW in adults were associated with the dietary dose of 125 mg/kg DW (Shupe et 

al. 1987). According to Puis (1988), bone levels in cattle are normally below 1,800 mg/kg 

OW. Therefore. femur bone concentrations of greater than 2,000 mg/kg OW would appear 

to be abnonnally high in mammals and indicative of potentially toxic exposure. 

1-5 
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1.4 	 Phytotoxicity 

According to Kabata-Pendias and Pendias (1992), plant 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 defamation of fruits. 

Concentratioru 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 Of toxic. 
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