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APPENDIX F  
ECOLOGICAL RISK ASSESSMENT 

This appendix presents the approach, analysis, and results of the Ecological Risk Assessment (EcoRA) for 
aquatic and terrestrial receptors potentially exposed to selenium in the vicinity of the Salton Sea, California 
under the potential exposure scenarios evaluated in the Draft Programmatic Environmental Impact Report 
(PEIR).  

INTRODUCTION 
The EcoRA includes evaluation of Existing Conditions, the No Action Alternative that incorporates 
changes that are reasonably expected to occur in the next 75 years (2003 to 2078) if other alternatives are 
not implemented, and eight alternatives. The study area comprises the entire Salton Sea watershed (Figure 
F-1). Within that study area, the Salton Sea Assessment Area that is evaluated in this EcoRA includes the 
Salton Sea itself, estuaries (associated with deltas and drains) where mixing of fresh water inflows and 
saline lake water occurs, freshwater marshes near the Sea, and agricultural lands that contribute drainage 
to the Salton Sea (Figure F-2). 

This EcoRA describes the likelihood and nature of potential exposures of fish and birds to selenium in 
aquatic and terrestrial habitats of the Assessment Area and the possible severity of adverse effects to those 
animals resulting from exposure to selenium. Selenium is a naturally occurring element and an essential 
nutrient for fish and birds. However, when it is present at elevated concentrations in the food web, selenium 
can cause severe adverse effects, especially on reproduction of fish and birds. Elevated concentrations of 
selenium have been measured in various components of the Salton Sea ecosystem, and action alternatives 
may be limited by risks associated with selenium exposure of fish and birds, which are among the valued 
resources of the Study Area. Thus, considerations of the potential ecological risks associated with exposures 
to selenium are important for characterizing existing and potential future conditions.  

Objective and Scope 
The overall objective of the EcoRA is to quantitatively and/or qualitatively evaluate current and potential 
future selenium exposure and risks to ecological receptors (primarily aquatic and benthic invertebrates, 
fish, and birds).  

The scope of this EcoRA includes the following:  

• Identification of potential habitats in the Assessment Area for each exposure scenario; 

• Selection of assessment endpoints and measures; 

• Identification of representative species; 

• Compilation of historic and recent abiotic and biotic selenium data into the Salton Sea Risk 
Assessment Database; 

• Estimation of potential future selenium concentrations in sediment, soil, and surface water based 
on modeling of potential future selenium mass loading/inflows into each habitat being evaluated 
for each alternative; 

• Estimation of potential future selenium concentrations in biota based on biota-sediment 
accumulation factors derived from tissue samples collected from the Salton Sea in recent years; and 
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• Characterization of potential ecological exposure and risks from selenium (independent of other 
water quality parameters) under existing conditions, potential future conditions assuming no 
action, and potential future conditions based on various action alternatives. 

Guidance 
This EcoRA was performed in general accordance with guidance from the U.S. Environmental Protection 
Agency (USEPA, 1998a, 2003) and the California Department of Toxic Substances Control (DTSC, 1996). 

General Assumptions 
This EcoRA was conducted based on the best available information to define various exposure scenarios 
and assumptions. Assumptions specific to each evaluated alternative are more fully described in the 
Problem Formulation and Analysis sections; general assumptions are summarized below:  

• The EcoRA reflects existing conditions, future conditions assuming changes that are reasonably 
expected to occur in the next 75 years (2003 to 2078) if action alternatives are not implemented, 
and potential future conditions under various action alternatives; 

• Conditions in and around the Salton Sea are dynamic. Existing and future ecological conditions 
with respect to selenium depend primarily on selenium inflow water quality from various sources 
and impacts of approved projects within the Study Area;  

• Modeled parameters used in the EcoRA are based on best professional judgment and results of 
related task orders including: 

− Analyses of co-located biota and sediment or surface water samples; 

− Characterization of selenium release and bioavailability from Salton Sea sediments; 

− Laboratory bioaccumulation assays and field sampling results; 

− Alternative-specific surface water inflows and selenium loading estimates; 

− Alternative-specific modeling of salinity, surface water elevation, and area of specific 
restoration features; and 

− Alternative-specific modeling of selenium concentrations in sediment, soil, surface water, and 
biota. 

• The final range of alternatives includes many components, such as conveyance facilities or 
specific types of habitats. Many components are included in two or more of the alternatives. The 
extent to which each of the components will provide viable habitat varies; however, for the 
purposes of this EcoRA, the components are classified as “habitat types”. This EcoRA is being 
conducted for the following habitat types at or near the Salton Sea (as specifically defined for 
each alternative): 

− Salton Sea - Open Water; 
− Salton Sea - Shoreline and Shallow Water; 
− Estuaries (deltas and drains); 
− Marine Sea; 
− Saline Habitat Complex (including Shoreline Waterway); 
− Brine Sink; 
− Lake or Ring; 
− Freshwater Marsh (existing and future wildlife refuges); 
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− Freshwater Reservoir; 
− Exposed Playa (with Air Quality Management); 
− Exposed Playa (non-Air Quality Management); 
− Protective Salt Flat; and 
− Agricultural Land. 

• Potential risks to aquatic and terrestrial receptors are evaluated under the following conditions (a 
brief description of each condition is presented in the following subsection, and detailed 
descriptions of the alternatives are presented in Chapter 3 of the PEIR): 

− Existing Condition – Reflects recent conditions;  

− No Action Alternative-CEQA Conditions – Future condition in 75 years that reflects existing 
conditions plus changes that are reasonably expected to occur in the foreseeable future, if no 
restoration actions have been completed; 

− No Action Alternative-Variability Conditions – A future No Action alternative condition that 
presents a range of estimates of future hydrology considering the uncertainty in future 
conditions; 

− Alternative 1: Saline Habitat Complex I – An alternative that focuses on construction of 
Saline Habitat Complex along the southern end of the shoreline;  

− Alternative 2: Saline Habitat Complex II – An alternative similar to Alternative 1 that would 
focus on creation of Saline Habitat Complex along the northern, southern, and western 
shoreline;  

− Alternative 3: Concentric Rings – An alternative that would create two water bodies (or 
rings) with varying salinity parallel to shoreline; 

− Alternative 4: Concentric Lakes – An alternative that would create four lakes of varying 
salinity parallel to shoreline;  

− Alternative 5: North Sea – An alternative that would create a Marine Sea in the northern 
portion of the existing Sea Bed and Saline Habitat Complex along the southern shoreline; 

− Alternative 6: North Sea Combined – An alternative that would create a Marine Sea in the 
northern portion of the Sea Bed with a Marine Sea Mixing Zone along western and southern 
shorelines and Saline Habitat Complex in the south eastern portion of the Sea Bed; 

− Alternative 7: Combined North and South Lakes – An alternative that would create a Recreational 
Saltwater Lake in the northern portion of the Sea Bed, Recreational Estuary Lake along the 
western and southern shorelines, and Saline Habitat Complex along the eastern edge of the Sea 
Bed. A freshwater reservoir would also be created in the southern end of the Sea Bed; and  

− Alternative 8: South Sea Combined – An alternative that would create a Marine Sea, 
primarily located in the southern portion of the existing Sea Bed and along the western and 
northern shorelines. Saline Habitat Complex would be located on the eastern and western 
portions of the Sea Bed. 

• Transitional phases from the current to any potential future state are not quantitatively evaluated; 

• Selenium is the only analyte being quantitatively evaluated for potential ecological risks to 
aquatic and terrestrial receptors, because it was specifically identified as a chemical of potential 
ecological concern during scoping for the project;  
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• Other water quality parameters (e.g., salinity, dissolved oxygen, turbidity) are not evaluated in 
this EcoRA; 

• The abiotic media of primary ecological concern are sediment, surface water, and soil;  

• The biota of primary concern are aquatic/benthic invertebrates, fish, and birds. These are the only 
receptors for which risks are quantified; 

• Data used in the evaluations consist of measured and estimated selenium concentrations in 
sediment, surface water, soil, and biota;  

• Acreages for the different habitat types for a given alternative may be slightly different from 
those presented in Chapter 3 due to combining or segregating specific features based on 
anticipated potential ecological exposures. Acreages presented in this appendix are those used to 
estimate future sediment, soil, and surface water concentrations as well as weighting of risk in the 
final risk roll-up for each alternative; and 

• Combinations of habitat types and selection of representative species to be evaluated for each 
habitat and alternative were identified during a technical meeting held January 30, 2006. 

Organization 
This EcoRA is organized following the framework recommended by USEPA (1998a), which consists of 
the following three main components: Problem Formulation, Analysis, and Risk Characterization. The 
evaluations conducted as part of this EcoRA are described and discussed in the following sections: 

• Problem Formulation. Contains the information necessary to focus the EcoRA. It describes the 
ecological setting; describes the various exposure scenarios being evaluated; discusses selection 
of ecological restoration goals, assessment endpoints, and measures; presents the ecological 
conceptual site model (which identifies potential exposure pathways and representative species); 
and evaluates the data available for use in the EcoRA; 

• Analysis. Presents the technical evaluation of potential exposures and adverse effects through the 
Exposure Characterization and the Ecological Effects Characterization: 

− Exposure Characterization – Describes exposure assumptions and models used in the 
estimation of risk; and 

− Ecological Effects Characterization – Presents an overview of the toxicity information 
available for selenium for each representative species or functional receptor group;  

• Risk Characterization. Integrates the Problem Formulation and the Analysis to estimate the 
likelihood of impacts to ecological receptors from exposure to selenium. It also provides a 
discussion of uncertainties and limitations associated with the risk assessment data and 
methodology; 

• Conclusions. Summarizes the conclusions that can be drawn about potential ecological risks 
associated with selenium under the exposure scenarios evaluated; 

• References. Presents the references used in preparation of this EcoRA; and 

• Attachments. Contain supporting information for the EcoRA: 

− Attachment F1 – Salton Sea PEIR Risk Assessment Database. Presents the electronic data 
used for the EcoRA; 
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− Attachment F2 – Methodology for Estimating Selenium Concentrations in Surface 
Water, Sediment, Soil, and Biota. Describes the assumptions, methods, and uncertainties 
related to estimating future selenium concentrations in abiotic media; and describes the 
methods used to calculate bioaccumulation factors for biota for use in the food chain 
modeling; 

− Attachment F3 – Risk and Summary Calculations. Presents the sample-specific risk 
calculations used to prepare the risk contour figures, and the roll-up of potential risks used to 
compare alternatives for the Conclusions section. Due to the size of the tables, they are 
presented electronically rather than as part of the main text; and 

− Attachment F4 – Supporting Documentation. Contains the selenium-related documents 
that have been prepared previously in support of this EcoRA. 

PROBLEM FORMULATION 
The Problem Formulation contains background information for the Assessment Area that is used to focus 
the Analysis phase of the EcoRA, including the following:  

• Ecological Setting – Describes the ecological setting of the Assessment Area and biological 
resources of the primary habitats being evaluated in this EcoRA; 

• Description of Alternatives – Describes each of the alternatives being evaluated in this EcoRA;  

• Ecological Restoration Goals, Assessment Endpoints, and Measures – Describes the development 
of restoration goals for the site, the assessment endpoints (or important resources to be protected), 
and measures (means by which the assessment endpoints were evaluated); 

• Ecological Conceptual Site Model – Describes the input parameters used to develop the 
ecological conceptual site model including exposure pathway analyses and identification of 
representative species; and  

• Data Evaluation – Summarizes the sources of abiotic and biotic selenium data included in the 
Salton Sea Risk Assessment Database. 

Ecological Setting 
The following subsections provide an overview of the existing conditions to provide context for the 
EcoRA.  

Salton Sea Watershed 
The Salton Sea watershed is 8,360 square miles (Figure F-1). Very little of the water that maintains the 
Salton Sea originates within the watershed. Precipitation in the watershed averages about 2.3 inches per 
year in the Imperial Valley to over 30 inches per year in the surrounding mountains, resulting in very little 
natural runoff. Most of the water that flows into the Salton Sea is agricultural drainwater that was 
originally diverted from the Colorado River for irrigation use in the Coachella Valley to the north of the 
Sea or the Imperial Valley to the south of the Salton Sea.  

The Salton Sea is the largest lake in California, covering about 365 square miles. It is about 35 miles 
long, 15 miles wide, and contains about 7.4 million acre-feet of water. The Salton Sea water surface 
elevation currently ranges from about 228 feet below mean sea level (msl) to about 229 feet below msl 
and its greatest water depth is only about 50 feet. 
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The Salton Sea was formed between 1905 and 1907 when an unintentional breach of an irrigation canal 
allowed the Colorado River to flow into the basin for almost 18 months. The Salton Sea is a terminal lake 
with no outlet to the ocean. Water is removed by evaporation. A relatively small quantity of water currently 
flows from the Sea to the Coachella Valley groundwater aquifer. Water flowing into the Salton Sea carries 
about 4 million metric tons of salt each year, which is left behind as the water evaporates.  

Before the Salton Sea was formed in the early 1900s, the area periodically alternated from being 
inundated by flows from the Colorado River and being dry. The area would flood and then the water 
would evaporate over many years or decades. Some of the salt left behind from those previous flooding 
events likely dissolved again when the Salton Sea was formed, accounting for the rapid rise in salinity in 
the early 1900s. 

Inflows to the Salton Sea  
The principal tributaries to the Salton Sea are the Whitewater River from the north and the New and 
Alamo rivers from the south (Figure F-1). The Whitewater River conveys flows from agricultural lands, 
wastewater effluent, and stormwater runoff from the Coachella Valley. The New and Alamo rivers 
convey flows from agricultural lands from the Imperial Valley, and the New River also conveys flows 
from agricultural lands and wastewater effluent from Mexico. Minor tributaries to the Salton Sea include 
Salt Creek to the east and San Felipe Creek to the west. Historical average annual inflows to the Salton 
Sea are presented in Table F-1. Additional information regarding inflows and water quality is presented in 
Chapters 5 and 6 of the PEIR. 

Selenium Cycling in the Salton Sea 
The processes involved with selenium cycling in the Salton Sea were presented in greater detail in a 
technical memorandum (DWR, 2005b) and are summarized in this document.  

Selenium cycling in an aquatic ecosystem is shown in Figure F-3. Inorganic forms of selenium (selenate 
and selenite) usually predominate in water, but inorganic as well as organic forms of selenium occur in 
water, sediment, and biological tissues. In an aquatic system, most selenium is generally associated with 
sediments (acting as a sink and reservoir) or plants and animals. In bottom sediments, metal and organic 
selenides are most common (Ohlendorf, 2003). In water, selenate is reduced to selenite and both forms are 
removed from the aqueous phase into sediment. Once in sediment, the selenite is reduced to elemental 
selenium, which may make up 99 percent of the selenium found in sediments. Wetting and drying cycles, as 
normally found in wetlands, are important factors that contribute to selenium mobilization and potential 
toxicity. Selenium is often present in reduced forms (less available and therefore less toxic) when wetlands 
are submerged and have high organic matter. This condition favors volatilization (Masscheleyn and Patrick, 
1993). When the water level is lowered the selenium becomes more oxidized and bioavailable. As a result, 
the initial wetting period increases selenium bioavailability in sediments and organic matter.  

Influent riverine total selenium concentrations to the Salton Sea are commonly in the 5 to 10 µg/L 
concentration range, almost evenly divided between selenate and selenite (Setmire and Schroeder, 1998). 
Upon reaching the Salton Sea, the waterborne selenium is rapidly reduced to less than 2 µg/L and is 
essentially all as selenite or organic selenium. Salton Sea waterborne selenium appears to be rapidly 
assimilated into biota and settles as part of organically rich sediment, particularly in the deepest portions 
of the Salton Sea (Setmire and Schroeder, 1998). In addition to organic particles, the sediment is 
dominated by supersaturated precipitates of calcite and gypsum, all of which contribute to locking 
minerals into the surface sediments (Holdren and Montano, 2002). 

The current, frequently-anoxic character of deep sediments in the Salton Sea acts to lock up most of the 
Salton Sea’s selenium as biologically unavailable (Schroeder et al., 2002). It is hypothesized that 
water-column selenium concentrations could increase to as much as 400 µg/L (from a current average 
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near 1 µg/L) if not held in the low redox sediments as reduced, insoluble compounds (Schroeder and 
Orem, 2000). The resuspension of these selenium- and phosphorus-rich bottom sediments appears to be a 
key factor in promoting and maintaining the Salton Sea’s highly eutrophic character (Anderson and 
Amrhein, 2002; Schladow, 2004), which in turn acts to maintain the anoxia of bottom waters and the 
conversion of sediment selenium to relatively insoluble reduced species. 

The selenium-rich deep-water sediments of the Salton Sea are dominated by selenite, elemental selenium, 
and selenide. Some selenide compounds are lost as gas but the other reduced forms tend to be highly 
adsorbed to the sediments (Schroeder et al., 2002). Although the Salton Sea is shallow, wind-mixed, and 
frequently oxygenated through mixing, oxygenation is countered by oxygen depletion associated with 
excess productivity (hyper-eutrophic conditions). Periods of light winds or reduced photosynthesis 
promote stratification and severe oxygen depletion at depth. In fact, such conditions promote the frequent 
fish kills of the Salton Sea when deep anoxic and hydrogen sulfide-laden water is mixed throughout the 
water column by strong winds. 

The most common forms of selenium in water are selenic and selenious acids. Soluble selenate salts of 
selenic acid are expected to occur in alkaline waters. Sodium selenate is highly mobile due to its high 
solubility and inability to adsorb onto soil particles (ATSDR, 2003). Bender et al. (1991) found that bacteria 
and blue green algae uptake and transform selenate in aquatic systems (as cited in ATSDR, 2003). The 
uptake reduces selenate to elemental selenium, which is physically held within the algal mat. The 
microorganisms were found to then transform soluble selenium into volatile alkyl selenium compounds. 
Selenious acid, a weak acid, and the diselenite ion predominate in waters between pH 3.5 and 9. In general, 
selenites are less soluble in water than the corresponding selenates. In most surface waters, sodium 
predominates as the counter ion of selenate and selenite (White et al., 1991 as cited in ATSDR, 2003).  

Some soils have naturally high concentrations of selenium, and selenium is transported as a result of 
weathering rocks. Irrigation of seleniferous soils can also dissolve and mobilize selenium and then 
transport it to irrigation drains (Ohlendorf, 2003). Transport and partitioning of selenium in soils is highly 
influenced by pH and Eh (oxidation/reduction conditions). Elemental selenium is essentially insoluble and 
stable in soils when anaerobic conditions occur. Heavy metal selenides and selenium sulfides are insoluble 
and will remain in soils with low pH or high organic matter (Kabata-Pendias, 2001). In contrast, selenates 
are very mobile and easily taken up by plants or leached through the soil due to their high solubility and 
low adsorption potential (onto soil particles). Selenates dominate in alkaline, well-oxidized soil 
environments and some (e.g., sodium selenate and potassium selenate) dominate in neutral, well-drained, 
mineral soils. While soluble selenates are responsible for the naturally occurring accumulation of high 
levels of selenium by plants, much of the total selenium measured in soils may be present in other forms. 
Under alkaline and oxidizing conditions, the soluble forms of selenium can be accumulated by plants 
though selenate seems to be the preferred form for uptake.  

Habitats and Biological Resources 
The Salton Sea is a large, shallow, warm, hypereutrophic, and hypersaline lake with salinity 
approximately 1.3 times that of seawater. The Salton Sea receives flow from agricultural drainages; the 
New, Alamo, and Whitewater rivers; and several ephemeral desert creeks. Significant habitats supporting 
distinct biological communities are found in the main body of the Salton Sea, in the New and Alamo river 
deltas, and in isolated marshes on the Salton Sea margin. These areas support a diverse assemblage of 
aquatic and avian resources including those supported on state and federal wildlife refuges (Figure F-4). 
Other habitat areas around the Salton Sea include agricultural fields and drains that may be used by either 
terrestrial or aquatic receptors. 

The habitats of the Salton Sea Assessment Area (either currently present or that may be formed through 
implementation of restoration action alternatives) are described/defined for purposes of the EcoRA in the 
following subsections (habitat types may be combined or segregated slightly differently than how they are 
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used in the remainder of the PEIR. Combination or segregation of habitats was determined based on 
anticipated potential future ecological exposures.  

Salton Sea 
The Salton Sea currently supports a large number of food web organisms (phytoplankton, zooplankton, and 
aquatic and benthic invertebrates), fish, and semi-aquatic birds (Patten et al., 2003; Shuford et al., 2002).  

At the base of the food web, single-celled algae dominate the phytoplankton and phytobenthos. Excessive 
algae growth, stimulated by nutrient inputs, warm water, and shallow water mixing, periodically causes 
extreme water quality fluctuations, including oxygen depletion and toxic levels of hydrogen sulfide. Such 
oxygen depletion events have been blamed as a primary cause of episodic massive fish die-offs at the 
Salton Sea. 

Aquatic and benthic invertebrates feed on the algae and detritus, and in turn provide the primary food 
base for the fishery of the Sea. The bottom-feeding pileworm serves as a major food source for both fish 
and birds, although it was observed that pileworm abundance decreased from 2004 to 2005 (Dexter and 
Hurlbert, 2005). In addition to pileworms, barnacles, amphipods, and a typical marine zooplankton 
assemblage are established in the Salton Sea. Water boatman are also a large component of the Sea’s 
invertebrate community, and at times serve as an important food source for birds and fish. All of the 
resident invertebrates are tolerant of the current conditions of the Salton Sea, but all have individual 
physiological limits that could eventually be exceeded with continued increased salinity or eutrophication. 

Numerous fish introductions have been attempted at the Salton Sea since its creation in 1905. When 
initial attempts to establish a freshwater fishery in the lake failed, over 30 species of marine and estuarine 
fish were introduced to the Salton Sea from the Gulf of California. Only a few of these introduced species 
are believed to persist at the Salton Sea today and are dominated by several species of tilapia, and the 
native desert pupfish (Table F-2). Three larger sportfish, orangemouth corvina, sargo, and gulf croaker 
were present, but have not been found in recent years. As noted in Table F-2, typical warmwater species 
such as common carp, sunfish, western mosquitofish, red shiners and bullheads are found in the drains 
and/or rivers of the Salton Sea watershed. 

The fish community in the Salton Sea is affected by water salinity, and the species composition and 
relative abundance has continued to change since it was established. DFG initiated a standardized fish-
monitoring program in 2003 to document trends in the fish community. Quarterly sampling by 
standardized gill netting techniques is conducted for pelagic, nearshore, and estuarine sites. The initial 
DFG monitoring results and comparisons to earlier assessments indicate substantial changes in the 
sampled species since 2002 (DFG, 2003, 2004). Both the numbers of individual fish and the diversity of 
fish species has decreased. The diversity of the catch, which included tilapia, orangemouth corvina, gulf 
croaker, and sargo in 2002, has shifted to almost entirely tilapia. Earlier data from 1999 and 2000 confirm 
the presence of the historical species assemblage (Riedel et al., 2001). 

It is uncertain whether this recent reduction of the marine sport fish from the Salton Sea represents a 
permanent change in the fish community or whether salinity or other toxicity thresholds for fish survival 
have been reached. Although tilapia have reached low densities, fish samples collected by DFG since the 
summer of 2004 have yielded more young fish than in prior samples. The cause of the apparent 
disappearance of the marine sport species is unknown. It has been hypothesized that all Salton Sea fish 
are stressed due to combined factors of increasing salinity, eutrophication, and extreme water quality 
fluctuations. Fish kills have occurred commonly in the Salton Sea and have been attributed to seasonal 
anoxia (resulting from eutrophication and lake stratification) as well as disease and parasite infection 
(Riedel et al., 2001). 

The Salton Sea and surrounding area is an important stopover on the Pacific Flyway, providing a variety 
of habitats for avian foraging, nesting, and roosting. Over 400 species of birds have been recorded in the 
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Salton Sea area. Some of the species found at the Salton Sea, such as eared grebes, are dependent on the 
open water habitats of the Sea itself, whereas shorebirds, such as the western snowy plover, rely on the 
shoreline and associated habitats along the margins of the Salton Sea. The abundance of fish at the Salton 
Sea attracts many migratory and resident piscivorous (fish-eating) birds. Wintering and migrating eared 
grebes can number in the millions, particularly from January through March, and most are found within 
0.3 mile of the shore.  

Over recent years, the Salton Sea has served as an important foraging area for species such as American 
white pelican, brown pelican, black skimmer, and double-crested cormorant. White pelicans are 
especially attracted to the large expanses of shallow Open Water habitat where fish are present as a forage 
base. Snags protruding from the water are used by cormorants, herons, and egrets for nesting and 
perching. Waters within 0.6 mile of the shoreline are valuable to a diversity of diving waterbirds.  

Shorebirds (e.g., western snowy plover and black-necked stilt), piscivorous birds (e.g., terns, herons, and 
egrets) and waterfowl use the Shoreline and adjacent Shallow Waters for resting and foraging. Rocky, 
inshore substrates in this habitat have a high invertebrate (pileworm and amphipod) production rate 
through summer (Detwiler et al., 2000). These invertebrates as well as smaller fish in shallow waters 
provide a food resource for various species of shorebirds (Salton Sea Authority, 2000). 

Of the over 400 species of birds that have been recorded at and near the Salton Sea, 58 are considered 
special-status species. Thirty of these special-status bird species nest at the Salton Sea. In many cases, a 
substantial proportion of the population of a species may be found at the Salton Sea. Special-status 
species that occur in and adjacent to the Salton Sea include, although are not limited to, the federally 
endangered and California State threatened and fully protected Yuma clapper rail, the federally and 
California State endangered brown pelican and California least tern, and the California State threatened 
and fully protected California black rail and greater sandhill crane. Many of the common and 
special-status avian species found at the Salton Sea are also found along the lower Colorado River, 
including the Yuma clapper rail and California black rail, among others. 

The habitat types defined for the Salton Sea in this appendix include Open Water and Shoreline and 
Shallow Water, which are defined below: 

• Open Water is defined for this EcoRA as those portions of the Salton Sea that are greater than 
3 feet in depth (DWR, 2005c). It also includes valuable habitat features such as islands, and is the 
predominant habitat associated with the Salton Sea. Bird species using the Open Water habitats 
also use the inshore areas. The Open Water habitat classification is only associated with the 
Existing Condition and No Action alternatives; and 

• Shoreline and Shallow Water are considered together as a single habitat type for purposes of 
evaluation. The shoreline is the area immediately adjacent to the Salton Sea, within 150 feet 
(46 meters) of the high-water line (or 3 feet above it). From the high-water line to the 
permanently flooded level is an area that is periodically flooded and exposed as the surface level 
of the Sea changes on a seasonal basis. This area contains un-vegetated mud flat habitat. The 
adjacent Shallow Water extends from the water line to a depth of 3 feet. Pools along the 
shoreline, formed by sand or barnacle-shell bars parallel to shore and connected to the Sea and/or 
drains, are included in this habitat type. These pools vary in size over time due to changes in Sea 
level and evaporation. Most shorebirds and some wading birds utilize the shallower areas 
(< 6 inches), but due to the variation in the shoreline at any given time, the habitat designation 
was extended out to the 3-foot water depth. The Shoreline and Shallow Water habitat 
classification is associated only with the Existing Condition and No Action alternatives. 
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Estuary (Deltas and Drains) 
Estuary habitat occurs at the interface between the saline waters of the Salton Sea and the relatively 
freshwater inflows from rivers, direct drains, and creeks. The primary rivers and creeks that flow into the 
Salton Sea include the New and Alamo rivers and direct drains from the south, the Whitewater River from 
the north, San Felipe Creek from the west, and Salt Creek from the east.  

The delta and shoreline areas of the Salton Sea provide a mix of habitats and associated communities, 
ranging from those of a freshwater marsh, to estuarine, and grading to hypersaline conditions in the Salton 
Sea. The small deltas and marsh habitats created by freshwater inflows to the Salton Sea are a productive 
interface between freshwater and saline conditions for fish species. Recent sampling of fresh, estuarine, 
and Salton Sea habitats has revealed that nearshore and estuarine areas are preferred by tilapia, and 
spawning aggregations have been found along the shoreline. These shallow areas are considered 
important fish habitat for the Salton Sea ecosystem as they are often more oxygenated than the deeper 
waters of the Sea (Riedel et al., 2001).  

Aquatic habitat quality in the New and Alamo rivers is low because of poor water quality, high turbidity, and 
unstable substrates, which inhibit production of benthic invertebrates and rooted vegetation. The aquatic 
resources of the Whitewater River are likely similar to those of the New and Alamo rivers. Fish populations 
in the rivers are probably limited by food availability and water quality, not by flow. Channel catfish, 
common carp, tilapia, largemouth bass, red shiner, western mosquitofish, sailfin molly, threadfin shad, 
yellow bullhead, and flathead catfish are found in the New and Alamo rivers (USACOE, 1996). The desert 
pupfish is a federal and California State endangered species that is found in shoreline pools and some of the 
agricultural drains that discharge directly to the Sea. In addition, isolated populations occur in San Felipe 
Creek and Salt Creek. Desert pupfish are not known to occur, nor are they expected, in the New or Alamo 
rivers because of high sediment loads, excessive velocities, and predators. Studies of desert pupfish ecology 
and habitat at the Salton Sea suggest that desert pupfish abundance is greatest in areas where water quality 
extremes (pH, salinity, dissolved oxygen) act to exclude nonnative species (e.g., tilapia, western 
mosquitofish, molly) (Martin and Saiki, 2005).  

The network of canals that convey water to the agricultural fields provides relatively poor conditions for 
fish and other aquatic organisms. Nonetheless, the canal system supports populations of game and 
nongame fish from three sources: the Colorado River, water service area canals, and fish stocking 
(USACOE, 1996). The canal system supports fish species such as channel catfish, threadfin shad, 
largemouth bass, green sunfish, and flathead catfish. In addition, IID stocks sterile grass carp in the canal 
system as a biological control of aquatic vegetation.  

The network of drains that convey irrigation drainage to the Salton Sea generally provide poor quality 
aquatic habitat because of silty substrates, poor water quality, variable flow, and shallow depth. Portions 
of some drains support rooted vegetation, such as cattails, common reed, or filamentous and mat-forming 
algae. These areas are more frequently found where canal (operational) discharge provides better water 
quality. Vegetation in the drains is regularly cleared as part of ongoing operations and maintenance 
programs. Vegetated portions of the drainage system provide cover for bird species including the Yuma 
clapper rail. 

Fish populations in drain habitat vary greatly because of seasonal and operational changes. The presence 
and abundance of fish in specific drains are affected by the volume and quality of irrigation return flows 
and operational discharge mass, as well as channel character and periodic drain maintenance (dredging). 
At least 13 species of fish are known to inhabit the surface drains that discharge directly to the Salton Sea. 
Tilapia and livebearer species (mollies and mosquitofish) are common in the drains adjacent to the Salton 
Sea. The state and federally endangered desert pupfish also is known to inhabit the terminus of irrigation 
drains that discharge directly into the Salton Sea on both the north and south ends of the Sea. Desert 
pupfish movement between the Salton Sea and nearby drains has been observed (Sutton, 1999). 

2006 F-10 Salton Sea Ecosystem  
Restoration Draft PEIR 



Appendix F 
Ecological Risk Assessment 

Vegetation near shoreline areas is dominated by salt-tolerant species such as tamarisk and iodine bush, 
while deltas and the more inland and riparian marshes are dominated by nonnative freshwater marsh 
plants. These habitats support a variety of sensitive species. Vegetation along the New and Alamo rivers 
is composed of a virtual monoculture of tamarisk, with only a few areas of native vegetation. Tamarisk is 
a non-native species that has invaded riparian areas of the Southwest and readily colonizes non-riparian 
areas with adequate soil moisture. Tamarisk forms dense monocultures with little structural diversity and 
is considered poor-quality habitat for native wildlife species.  

Bird species using the estuary/delta habitats include many that also use the Shoreline and Shallow Water 
habitat. The species diversity and abundance in areas dominated by tamarisk is lower than in stands of native 
riparian vegetation. Some of the bird species potentially using tamarisk scrub and other riparian habitat along 
the New and Alamo rivers include yellow warbler, mourning dove, black-crowned night-heron, and 
phainopepla. 

A number of birds use the Imperial Valley agricultural drains, supply canals, and laterals for foraging, 
nesting, and roosting habitat. Wading birds using this habitat include green heron, great blue heron, and 
great egret. Other riparian and wetland bird species that use this habitat include the red-winged blackbird, 
common yellowthroat, Yuma clapper rail, and black phoebe. Canal embankments and levees provide 
open forage habitat for mourning dove, greater roadrunner, and killdeer. Channel embankments also 
provide burrow sites for burrowing owl, kingfisher, and southern rough-winged swallows. Species of 
waterfowl (broadly considered) using the drains include American coots, mallards, and other ducks. 

Marine Sea  
The Marine Sea habitat classification is similar to existing conditions in the Salton Sea and would be a 
component of some alternatives evaluated in the PEIR. Marine Sea habitat would be created within a 
portion of the existing Sea Bed through construction of barriers, and would be designed to achieve a 
target elevation of -230 feet msl at a target salinity of 30,000 mg/L to 40,000 mg/L.  

The created Marine Sea habitat would be designed to preserve a portion of the Salton Sea Shoreline and 
Shallow Water habitat. Species found in the Marine Sea would likely be similar to those currently found in 
the Open Water and Shoreline and Shallow Water habitats described above. 

Saline Habitat Complex (including Shoreline Waterway) 
The Saline Habitat Complex habitat type is not currently found in the Salton Sea Assessment Area, but may 
be formed in the future under several restoration action alternatives (Alternatives 1, 2, and 5 through 8).  

The most productive invertebrate and fish habitats at the Salton Sea occur within the shallow, saline waters 
up to about 10 feet deep. The Saline Habitat Complex would be created to mimic this important bird 
foraging habitat. It would be comprised of a series of berms and/or levees constructed along the contours 
within the receding Salton Sea to create a habitat with varying salinities and depths (up to 10 feet deep). 
Water management actions would be used to maintain the salinity and other water quality parameters 
within ranges necessary to maintain a productive habitat and a suitable prey base for birds. Salinity in the 
Saline Habitat Complex would range from about 20,000 mg/L potentially up to 200,000 mg/L.  

In the portion of the Saline Habitat Complex where salinities range from 20,000 to 60,000 mg/L, aquatic 
communities would be expected to be similar to the current marine communities within the Salton Sea 
such as algae, aquatic and benthic invertebrates, pileworms, zooplankton, and tilapia or sailfin mollies. 
The hypersaline habitat (greater than 60,000 mg/L) would likely support only the production of brine flies 
and brine shrimp. The birds that would be expected to forage within the Saline Habitat Complex include 
species such as pelicans, black-necked stilt, eared grebe, mallard, black skimmer, and snowy plover. 
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Lakes and Rings 
The Lake and Ring habitat types are not currently found in the Salton Sea Assessment Area, but would be 
formed in two alternatives (Alternatives 3 and 4). 

The Lake habitat type would have varying salinity (ranging from 20,000 to 80,000 mg/L) and depth 
depending on the location of the lake. The Ring habitat type would have salinities ranging from 20,000 to 
40,000 mg/L.  

In Lakes or Rings where salinities range from 20,000 to 60,000 mg/L, aquatic communities would be 
expected to be similar to the current marine communities within the Salton Sea such as algae, aquatic and 
benthic invertebrates, pileworms, zooplankton, and tilapia or sailfin mollies. The hypersaline habitat 
(greater than 60,000 mg/L) would likely support only the production of brine flies and brine shrimp. The 
birds that would be expected to forage within the Lakes or Rings include species such as pelicans, 
black-necked stilts, eared grebes, mallards, black skimmers, and western snowy plovers. 

Pupfish Channel 
The Pupfish Channel habitat classification is not currently found in the Salton Sea Assessment Area, but 
may be constructed in the future under some alternatives.  

Pupfish Channels would be a feature of certain action alternatives that do not have other means of 
providing connectivity for desert pupfish (e.g., Shoreline Waterway). The Pupfish Channel would be an 
unlined excavated channel between existing agricultural drains that would allow movement of the desert 
pupfish between drains. The channels would be excavated below the existing ground surface. The purpose 
of the channels would be to permit desert pupfish movement between drains so that populations do not 
become isolated from one another. 

The Pupfish Channels would be excavated earthen channels up to six feet deep within the uplands (or 
playa) above the water line. The channels would extend from one agricultural drain to the next following 
the elevation contour in order to provide adequate water depth for desert pupfish movement. A depth of 
six feet was selected to minimize the access of desert pupfish predators such as herons. 

In addition to the desert pupfish, it is expected that the aquatic organism communities would be similar to 
those found within the drains themselves. Other aquatic organisms would therefore include algae, aquatic 
and benthic invertebrates, and other fish species such as tilapia, mosquitofish, or sailfin mollies. It is also 
expected that aquatic birds such as mallards and black skimmers would forage within the Pupfish Channels. 

Note: Pupfish Channels that may be created as separate conveyance structures were not evaluated 
quantitatively in this EcoRA. The channels would be excavated in the uplands and would no longer have 
any native sediment and/or soil or baseline selenium concentrations from which future concentrations could 
be estimated. 

Brine Sink 
The Brine Sink habitat classification is not currently present in the Salton Sea Assessment Area, but 
would be a feature of all alternatives evaluated in the PEIR.  

In the earlier phases of project implementation, the Brine Sink would occur as a single hypersaline water 
body. By the end of the 75-year study period, in many alternatives, the Brine Sink would be much smaller 
in size, resulting in two separate hypersaline water bodies within the lowest topographic portions of the 
north and/or south Salton Sea.  

The Brine Sink(s) would undergo a systematic change during the project span (i.e., between 
implementation and the year 2078). In particular, the salinity would steadily increase until it reaches an 
equilibrium (salt-saturated) state at which salt precipitation would become an important salt-mediating 
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factor. There could be periodic reductions in salinity of the Brine Sink (as well as shoreline fluctuations) 
due to variable local rainfall, drainage, or use of water for other features. 

The biological productivity of the Brine Sink is also expected to change in response to the increasing 
salinity. Initially, a range of marine organisms including algae, diatoms, pileworms, zooplankton, and 
salt-tolerant fish, such as tilapia, may be present but would disappear as the water reached hypersaline 
conditions (60,000 mg/L). The marine organisms would be replaced by more salt-tolerant species, such as 
cyanobacteria, brine shrimp, and brine flies. At salinities in excess of 300,000 mg/L even brine shrimp 
would no longer be able to survive and reproduce, so the Brine Sink would be devoid of food items for 
birds. During this transition in aquatic communities, bird species including eared grebes and black 
skimmers would be expected to forage within the Brine Sink until the aquatic food sources became too 
limited to support feeding birds and the salinity conditions made these habitats less attractive to them. 
However, some birds that feed on aquatic invertebrates (such as black-necked stilts and snowy plovers) 
may continue to find food organisms near inflow areas where lower salinity water enters the Brine Sink. 

Freshwater Marsh 
Freshwater Marsh is defined as the existing State wildlife areas, federal wildlife refuges, and privately 
owned duck club marshes located adjacent to and near the Salton Sea as well as anticipated future wildlife 
refuges supplied by lower Colorado River water. Freshwater marsh/wetlands can also be found at 
aquaculture ponds along the southern shore and near the mouth of the Whitewater River to the north. The 
State wildlife areas include adjacent uplands that are managed primarily to provide forage for birds, but 
also to provide habitat for other wildlife species. The marshes range from freshwater to salt marshes and 
are actively managed for one or more marsh habitat functions and values as described elsewhere (DWR, 
2005c).  

The Freshwater Marsh habitats currently found adjacent to the Salton Sea are designed and managed 
primarily for waterfowl uses although specific units within the marshes are also managed to support a 
variety of sensitive species, particularly Yuma clapper rail and California black rail. Other species that 
feed and nest in these marshes include pied-billed grebe, American coot, common moorhen, herons and 
egrets, terns, marsh wrens, and other similar species. 

Freshwater Reservoir 
Freshwater Reservoir is not currently found in the Salton Sea Assessment Area, but would be included as 
part of the Combined North and South Lakes alternative (Alternative 7) and could be included in other 
alternatives. The Freshwater Reservoir habitat would be deeper and provide more open water than the 
Freshwater Marsh; it would provide habitat for freshwater aquatic and benthic communities as well as 
fish. Semi-aquatic birds such as American coot, mallard, black-necked stilt, black skimmer, and Yuma 
clapper rail would potentially use this habitat.  

Exposed Playa with Water-efficient vegetation 
The Exposed Playa (with Air Quality Management water-efficient vegetation) habitat does not occur now 
in the Salton Sea Assessment Area, but may be formed in the future under both No Action Alternative 
and other alternatives, with the exception of Alternative 4 (Concentric Lakes) and Alternative 7 
(Combined North and South Lakes).  

Decreasing inflows and the use of inflow water for Air Quality Management or restoration actions would 
result in declining sea levels and the exposure of the exiting Sea Bed. This Exposed Playa would be 
managed, to the extent feasible, to control emissions of particulate matter that may impair air quality. Under 
several of the alternatives evaluated in the PEIR, all or portions of the Exposed Playa are defined as Air 
Quality Management as discussed in Appendix E. 
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One of the measures identified for control of emissive playa areas is the use of salt- and drought-tolerant 
shrubs (referred to as “water-efficient vegetation”); however, it should be noted that other measures may be 
applied if proven effective by future research. If plants are the selected control technology, it would be 
necessary to avoid using selenium-hyperaccumulators (such as saltbush) or wetland plants (such as 
saltgrass), which are not very drought tolerant. To get the required plant density, the water-efficient 
vegetation habitat would require irrigation and adequate drainage, but the plantings or other land treatments 
would avoid wet ground and standing water areas. In addition to the management of emissive playa through 
use of water-efficient vegetation, other uses of the playa (such as farming) may also be considered.  

It is expected that the water-efficient vegetation would have a relatively low productivity from a wildlife 
standpoint. In addition to the planted or naturally occurring, salt-tolerant plants, it is expected that these 
areas would support terrestrial invertebrates and limited numbers of reptiles (snakes and lizards) and 
small mammals. The loggerhead shrike is a predatory bird species that may forage within this area. 

Exposed Playa without Air Quality Management or Protective Salt Flat 
Exposed Playa (without Air Quality Management) and Protective Salt Flat habitats may be formed in the 
future under some alternatives. Exposed Playa (without water-efficient vegetation) and Protective Salt 
Flat would be formed as was described above for Exposed Playa (with water-efficient vegetation). The 
Exposed Playa (without Air Quality Management) and Protective Salt Flat would not be supplied with 
water other than that occurring through natural sources (e.g., precipitation) or to manage the salt crust.  

If there are variable playa moisture conditions (with the presence of some saturated areas receiving 
periodic inputs from precipitation), a certain amount of sparse natural vegetation can be expected. If 
moisture is insufficient, vegetation would not likely develop because of the high salinity of sediment/soil 
under future conditions.  

It is expected that these habitats would have very low productivity from a wildlife standpoint. However, 
these areas may support some plants and wildlife if water is present, and loggerhead shrikes may forage 
within the Exposed Playa (without Air Quality Management) or Protective Salt Flat. 

Agricultural Lands 
Agricultural Lands are found throughout the Imperial and Coachella valleys adjacent to the Salton Sea 
(Figure F-5). Agricultural Lands, including active and inactive (fallow) fields and the ruderal 
communities along the edges of agricultural fields, are used by a variety of birds and other wildlife 
including invertebrates, reptiles, and mammals. A number of bird species associated with the Salton Sea 
use flooded agricultural fields. Species include great blue herons, green herons, great egrets, cattle egrets, 
rough-winged swallows, white-faced ibis, ring-billed gulls, and shorebirds (Patten et al., 2003). Geese 
also forage on crops in non-flooded fields. Burned asparagus and other crop fields are important wintering 
habitat for mountain plovers, horned larks, and American pipits in the Imperial Valley. American kestrels, 
loggerhead shrikes, and northern harriers are also associated with agriculture. Fields fallowed during crop 
rotation support foraging northern harriers, short-eared owls, western meadowlarks, and sparrows. 
Burrowing owls forage over open fields, with a preference for those with dried, weedy vegetation. 
Burrowing owls are common in the Imperial Valley but uncommon in the Coachella Valley. Nesting 
occurs in burrows, usually modified ground squirrel burrows, in the sides of earthen irrigation ditches 
from late March to June. Abundance is lowest in winter.  

Description of Alternatives 
Chapter 3 describes the No Action Alternative and restoration alternatives in greater detail. The following 
subsections briefly describe the existing conditions and alternatives being evaluated in this EcoRA, 
including the habitats being evaluated, assumptions specific to each alternative, and a figure depicting the 
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alternative. Note: acreages presented for specific habitats in a given alternative may be slightly different 
from those presented in Chapter 3 due to combining or segregating specific features based on anticipated 
potential ecological exposures. Acreages presented in this appendix are those used to estimate future 
sediment, soil, and surface water selenium concentrations. A cross reference of all alternatives and the 
habitats being evaluated is presented in Table F-3. 

Existing Conditions 
The Existing Condition scenario reflects those conditions that have been observed at the Salton Sea in 
recent years. The habitats evaluated under the Existing Conditions scenario include Open Water, 
Shoreline and Shallow Water, Estuary (Alamo River, New River, and Whitewater River estuaries), 
Freshwater Marshes, and Agricultural Lands (Table F-3). The Existing Conditions habitat map is shown 
in Figure F-6. 

Existing habitat conditions in the Salton Sea, bordering estuaries, freshwater marshes, and agricultural 
lands were described previously in the Ecological Setting (Habitats and Biological Resources).  

Several assumptions were used in the evaluation of the Existing Conditions scenario. The general 
assumptions were presented previously in the Introduction to the EcoRA. Additional assumptions specific 
to this scenario are as follows: 

• Data used in the evaluations consist of measured selenium concentrations in sediment, soil, and 
surface water; 

• Biological data consist of measured selenium concentrations in aquatic and terrestrial biota or 
modeled selenium concentrations using Salton Sea-specific values; 

• Measured values are considered to be present at a relatively steady state; and 

• Semi-aquatic birds may use multiple habitats. For purposes of evaluation, eggs collected were 
considered part of the Shoreline and Shallow Water habitat. 

No Action Alternative-CEQA Conditions 
The California Environmental Quality Act (CEQA) requires development of a No Action Alternative that 
reflects existing conditions plus changes that are reasonably expected to occur in the foreseeable future if 
the project is not implemented. These conditions are represented by the No Action Alternative-CEQA 
Conditions. The habitats evaluated under the No Action Alternative-CEQA Conditions scenario include 
Open Water, Shoreline and Shallow Water, Estuary (Alamo River, New River, and Whitewater River 
estuaries), Exposed Playa without Air Quality Management, and Exposed Playa with Air Quality 
Management including water-efficient vegetation (referred to as Exposed Playa [AQM]). A habitat map is 
shown in Figure F-7. 

Under the No Action Alternative-CEQA Conditions, it is assumed that the mechanisms that currently 
remove selenium from the water column would continue to function so that the surface water selenium 
concentrations in the Salton Sea would not be significantly different from current conditions. Selenium 
cycling in the Salton Sea is described in greater detail in the Ecological Conceptual Site Model.  

During the transition period from current to future conditions, the increasing salinity of the Salton Sea 
would continue to affect the assemblage of biota using it. The most significant changes would occur as 
the surface water salinity reaches a level around 60,000 mg/L (Figure F-8). The communities of algae and 
diatoms that currently represent the primary producers and the base of the food web within the Salton Sea 
are expected to be replaced by more salt-tolerant species. Primary consumers currently consisting of 
zooplankton, pileworms, and water column aquatic invertebrates would also be replaced by the more 
salt-tolerant brine shrimp and brine flies. Among the secondary consumers, the most notable changes 
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would occur among the fish communities that would lose the ability to successfully reproduce and survive 
in the Open Water areas. Species such as eared grebe and Wilson’s phalarope may continue to survive as 
secondary consumers of the brine shrimp and brine flies. These two bird species could also be joined by 
California gulls. Tertiary consumers in the bird and fish communities are not expected to be present in the 
future Salton Sea.  

Under No Action Alternative-CEQA Conditions, areas that now provide Shoreline and associated 
Shallow Water habitats would gradually become exposed as dry playa habitat. As the elevation of the 
Salton Sea drops, the groundwater underlying the playas would fall similarly. These exposed areas that 
were formerly lakebed would undergo a transition period from being nearly devoid of vegetation to being 
colonized by some salt-tolerant, wetland species. However, once the reserve soil moisture is exhausted, 
then the species would transition to widely spaced, drought-tolerant scrub species. 

During the initial transition from current to future conditions, it is anticipated that different types of 
salt-tolerant vegetation would become established on the newly exposed areas that have been previously 
free of vegetation because of inundation. Similar to what is currently observed around the margins of the 
Salton Sea, plants such as iodine bush and tamarisk would dominate the newly exposed playa areas and, 
in places, may form thick stands with large barren soil gaps in between. These plants would be able to 
persist for some undetermined period on moisture held within the fine-grained soils. Once stored moisture 
in the soil has been exhausted then the wetland plants would die off and they would gradually be replaced 
by the most drought-tolerant (xerophytic) species. As the groundwater levels fall below the plant root 
zone, the original salt-tolerant wetland plants would die and disappear over most of the playa areas and 
would be replaced by plants that are adapted to desert scrub environments. 

Under No Action Alternative-CEQA Conditions, the elevation of the Salton Sea would decline. As the 
water recedes, the rivers, direct drains, and creeks would continue to flow down-gradient and discharge to 
the Salton Sea. Under these conditions, the current geographic areas that are defined as Estuaries would 
become stranded (exposed); however, it is anticipated that Estuaries would continue to occur. The zones 
where freshwater and hypersaline water mixing occurs would be at the lower elevation of the future 
Salton Sea, where the relatively fresher water discharges. The degree of down-cutting of the lakebed 
sediment would be dictated by the sediment load and flows that occur in each of the water sources. 
Because the lake level would be steadily decreasing and the river flows could potentially be lower, it is 
not expected that the deltas would build up significantly until the lake reaches a long-term equilibrium 
level. Additional information regarding water quality is included in Chapter 6. 

Additional Freshwater Marsh habitat may be created in the future. However, because conditions under the 
No Action Alternative-CEQA Conditions would not affect the concentration of selenium in the lower 
Colorado River, the surface water and sediment conditions within the Freshwater Marshes adjacent to the 
Salton Sea are also expected to remain similar to those under Existing Conditions. The concentrations of 
selenium in surface waters and sediments of other wetlands such as the treatment wetlands along the New 
River are not considered as part of this evaluation. 

No Action Alternative-CEQA Conditions are not anticipated to result in changes to any upland areas 
located upgradient of the hydrologic influence of the Salton Sea. As such, the selenium conditions in 
agricultural habitats are not expected to change significantly from current to future conditions. However, 
Exposed Playa (AQM) would be created.  

Freshwater Marshes and Agricultural Lands were not evaluated under the No Action Alternative-CEQA 
Conditions because conditions are not expected to change significantly in the future. 

No Action Alternative-Variability Conditions 
The No Action Alternative-Variability Conditions was described to present a range of estimates of future 
hydrology considering uncertainty in future conditions. The future hydrologic scenarios were necessary to 
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bracket a reasonable range of potential future hydrologic conditions that may influence the development 
or performance of alternative restoration strategies over the next 75 years. 

The habitats evaluated under the No Action Alternative-Variability Conditions include Salton Sea-Open 
Water, Salton Sea-Shoreline and Shallow Water, Estuary (Alamo, New, and Whitewater river estuaries), 
Exposed Playa without Air Quality Management, and Exposed Playa (AQM). A habitat map is shown in 
Figure F-9. Anticipated long-term future conditions for the Open Water, Shoreline and Shallow Water, 
and Estuary habitats would be similar in nature to those described for the No Action Alternative-CEQA 
Conditions. However, the changes would be somewhat greater because the inflows under No Action 
Alternative-Variability Conditions would be less than those under No Action Alternative-CEQA 
Conditions. 

Freshwater Marshes and Agricultural Lands were not evaluated under the No Action Alternative-Variability 
Condition because conditions are not expected to change significantly in the future. 

Alternative 1 – Saline Habitat Complex I 
The major habitats formed under Alternative 1 would include Saline Habitat Complex, Brine Sink, and 
Exposed Playa (AQM) (Table F-3). A habitat map for this alternative is shown in Figure F-10.  
The Saline Habitat Complex habitat would be divided into Saline Habitat Complex-South (fed by drains) 
and Saline Habitat Complex-South (fed by rivers). Water control facilities would be used to convey water 
in/out and within the saline habitat complexes as well as to control salinity. For purposes of this EcoRA, the 
Saline Habitat Complexes and estuaries are evaluated as a single habitat type. For risk assessment purposes, 
each Saline Habitat Complex was evaluated as a single unit, although it is expected that the cells would 
influence the movement/deposition of sediment and selenium coming into the system. Specifically, most 
selenium probably would be removed from surface waters in the first 1/3 of the complex. 

A Brine Sink located in much of the area of previous Open Water habitat would have an anticipated 
salinity greater than 200,000 mg/L.  

An Exposed Playa (AQM) area would be created between the Brine Sink and the shoreline.  

Alternative 2 – Saline Habitat Complex II 
The major habitats formed under Alternative 2 would include Saline Habitat Complex, Brine Sink, and 
Exposed Playa (AQM) (Table F-3). A habitat map for this alternative is shown in Figure F-11.  
Saline Habitat Complex would be located on the north, west, and south sides of the shoreline. Water 
control facilities, Shoreline Waterway, would be used to convey water in/out and within the saline habitat 
complexes, and would provide desert pupfish connectivity.  

A Brine Sink located in much of the area of previous Open Water habitat would have an anticipated salinity 
greater than 200,000 mg/L. The Brine Sink would rise and fall seasonally depending on seasonal inflows. 

An Exposed Playa (AQM) would be created between the Brine Sink and the current shoreline.  

Several assumptions were used in the evaluation of the Saline Habitat Complex II alternative. The general 
assumptions were presented previously in the Introduction to the EcoRA. Additional assumptions specific 
to this alternative are as follows: 

• Habitats evaluated for Alternative 2 were Saline Habitat Complex-North, Saline Habitat 
Complex-South, Saline Habitat Complex-West, Brine Sink, and Exposed Playa (AQM); and 
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• For risk assessment purposes, each Saline Habitat Complex was evaluated as a single unit, 
although it is expected that the cells would influence the movement/deposition of sediment and 
selenium coming into the system. Specifically, most selenium would be removed from surface 
waters in the first 1/3 of the complex. 

Alternative 3 – Concentric Rings 
The major habitats formed under Alternative 3 would include Brine Sink, Rings (First Ring and Second 
Ring), and Exposed Playa (AQM) (Table F-3). A habitat map for this alternative is presented in Figure F-12. 

The First Ring would consist of a brackish water body about 10 feet deep, with an approximate salinity of 
20,000 mg/L. To form the ring, a dike would be constructed along the -240 feet msl contour, and a stable 
shoreline would be maintained at a target elevation of -230 feet msl. This elevation would preserve the 
existing shoreline habitat. This ring would also provide connectivity for desert pupfish between drains 
and creek. Water in the First Ring would be circulated to provide an acceptable salinity gradient 
throughout the water body. 

The Second Ring would consist of a marine water body about 10 feet deep, with target salinity between 
30,000 and 40,000 mg/L. To form the ring, a dike would be constructed along the -250 feet msl contour, 
and a stable shoreline would be maintained at a target elevation of -240 feet msl. This elevation would 
create additional shoreline habitat. Similar to the First Perimeter Ring, additional habitat features would 
be included in this ring, and water would be circulated. 

The Brine Sink would have an anticipated salinity greater than 200,000 mg/L. The Brine Sink would rise 
and fall seasonally depending on seasonal inflows. Exposed Playa (AQM) would be located between the 
Second Ring and the Brine Sink.  

Alternative 4 – Concentric Lakes 
The major habitats formed under Alternative 4 would include Brine Sink, Lakes (First, Second, Third, 
and Fourth), and Exposed Playa without long-term Air Quality Management (referred to as “Exposed 
Playa [non-AQM]”) between each Lake (Table F-3). A habitat map for this alternative is presented in 
Figure F-13. 

Four lakes (First Lake, Second Lake, Third Lake, and Fourth Lake) would be constructed under this 
alternative. They would be similar to Saline Habitat Complex in form and function, but would not have 
cells. The lakes would increase in salinity from about 20,000 mg/L in the First Lake to over 45,000 mg/L 
in the Fourth Lake. The First and Second lakes would provide connectivity for desert pupfish between 
drains that discharge along the southern and northern shoreline.  

The Brine Sink would have an anticipated salinity greater than 200,000 mg/L. The Brine Sink would rise 
and fall seasonally depending on seasonal inflows.  

Exposed Playa (non-AQM) would consist of three areas located between each of the lakes and a fifth area 
around the Brine Sink. Water would not be provided to these areas other than from natural sources (e.g., 
run-off, weather). It is assumed that there could still be some sparse vegetation in these areas and so they 
were also evaluated in this EcoRA. 

Alternative 5 – North Sea 
The major habitats formed under Alternative 5 would include Marine Sea, Saline Habitat Complex, Brine 
Sink, and Exposed Playa (AQM) (Table F-3). A habitat map for this alternative is shown in Figure F-14.  
A Marine Sea would be created in the northern portion of the Sea Bed. A stable shoreline would be 
maintained at a target elevation of -230 feet msl with target salinity between 30,000 and 40,000 mg/L. 
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The Marine Sea would preserve a portion of the existing Shoreline and Shallow Water habitat and provide 
desert pupfish connectivity along the northern shoreline.  

Saline Habitat Complex would be constructed in a similar fashion as was described for Alternative 2. 
Water control facilities would be used to convey water in/out and within the Saline Habitat Complex as 
well as maintain a target salinity of 20,000 mg/L. The Shoreline Waterway would also provide 
connectivity between drains that discharge to the Salton Sea for desert pupfish along the southern 
shoreline.  

The Brine Sink would have an anticipated salinity greater than 200,000 mg/L. The Brine Sink would rise 
and fall seasonally depending on seasonal inflows. 

Exposed Playa (AQM) would be created from the shoreline to the Brine Sink. 

Alternative 6 – North Sea Combined 
The major habitats formed under Alternative 6 would include Marine Sea, Saline Habitat Complex, Brine 
Sink, and Exposed Playa (AQM) (Table F-3). A habitat map for this alternative is presented in 
Figure F-15. 

A Marine Sea would be located predominately in the northern portion of the Sea Bed and would extend to 
approximately the Salton Sea State Recreation Area on the east side, along the entire western shore, and 
to the confluence of the Alamo River on the south side of the Sea Bed (Marine Sea Mixing Zone). A 
stable shoreline would be maintained at a target elevation of -230 feet msl, with salinity between 
30,000 and 40,000 mg/L. The Marine Sea would preserve a portion of the existing Shoreline and Shallow 
Water habitat. 

The Saline Habitat Complex would be constructed similar to those described for Alternative 2. Water 
control facilities would be used to convey water in/out and within the Saline Habitat Complex. Desert 
pupfish connectivity would be provided by the Shoreline Waterway along the southern shoreline.  

The Brine Sink would have an anticipated salinity greater than 200,000 mg/L. The Brine Sink would rise 
and fall seasonally depending on seasonal inflows. 

Exposed Playa (AQM) would be created from the shoreline to the Brine Sink.  

Alternative 7 – Combined North and South Lakes 
The major habitats formed under Alternative 7 would include Recreational Saltwater and Recreational 
Estuary lakes (Marine Sea), Saline Habitat Complex (North and East), Brine Sink, Freshwater Reservoir, 
Exposed Playa (non-AQM), and Protective Salt Flat (Table F-3). A habitat map for this alternative is 
presented in Figure F-16. 

A “Marine Sea” refers to the Recreational Saltwater Lake and Recreational Estuary Lake. For purposes of 
this EcoRA the two areas were evaluated together as Marine Sea habitat as they are physically connected. 
Salinity of the Marine Sea would preserve a portion of the existing shallow water and shoreline habitat. 

The Saline Habitat Complex would be located along northern and eastern shorelines.  

The Brine Sink would have an anticipated salinity greater than 200,000 mg/L. The Brine Sink would rise 
and fall seasonally depending on seasonal inflows. 

The IID Freshwater Reservoir would be located in the southern end within the perimeter dike. It was 
assumed for EcoRA purposes that this habitat would be available for freshwater species.  
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Exposed Playa (non-AQM) would be located between the edge of the shoreline and -255 feet msl. A 
Protective Salt Flat would be developed from -255 feet msl to the Brine Sink using flows from the Saline 
Habitat Complex.  

Alternative 8 – South Sea Combined 
The major habitats formed under Alternative 8 would include Marine Sea, Saline Habitat Complex, Brine 
Sink, and Exposed Playa (AQM) (Table F-3). A habitat map for this alternative is presented in 
Figure F-17. 

A Marine Sea would be located predominately in the southern portion of the Sea Bed, with extensions to 
near Bombay Beach on the eastern shoreline and along the western and northern shorelines. The Marine Sea 
would be maintained at a target elevation of -230 feet msl, with target salinity between 30,000 and 
40,000 mg/L. The Marine Sea would preserve a portion of the Sea’s existing shallow water and shoreline 
habitat. 

Saline Habitat Complex would be constructed similar to that described for Alternative 2. Water control 
facilities would be used to convey water in/out and within the Saline Habitat Complex.  

The Brine Sink would have an anticipated salinity greater than 200,000 mg/L. The Brine Sink would rise 
and fall seasonally depending on seasonal inflows. 

Exposed Playa (AQM) would be created from the shoreline to the Brine Sink.  

Ecological Restoration Goals, Assessment Endpoints,  
and Measures 

The identification of ecological restoration goals, assessment endpoints, and measures is critical to the 
EcoRA process. They provide the focus of the EcoRA, link the EcoRA with the Ecosystem Restoration 
Plan, and ensure that the methodologies and results of the EcoRA are technically sound. Most 
importantly, they ensure that the values of the site are considered from an ecological standpoint in the 
restoration process. 

Two objectives of Salton Sea Restoration Act (SB 277, Chapter 611; Fish and Game Code Chapter 13, 
Section 2931(c) are stated as follows: 

Restoration of long-term stable aquatic and shoreline habitats for the historic levels 
and diversity of fish and wildlife that depend on the Salton Sea. 

Protection of water quality. 

The ecological restoration goals state the desired ecological conditions for the site, which for the purposes 
of the EcoRA are to meet the fish- and wildlife-related habitat quality objectives stated above. They must 
be established based on a realistic assessment of the current status of the ecological community and 
potential future conditions in the Assessment Area. The ecological restoration goal as related to selenium 
is as follows: 

Maintenance of sediment and water quality, food sources, and habitat conditions 
capable of supporting fish and wildlife (including special-status species) that are likely 
to be found in the Assessment Area. 

Assessment endpoints express the important ecological values that should be protected at a site 
(Suter, 1990 and 1993; Suter et al., 2000; USEPA, 1998a and 2003). Assessment endpoints are developed 
based on known information concerning the site and the ecological restoration goals.  

2006 F-20 Salton Sea Ecosystem  
Restoration Draft PEIR 



Appendix F 
Ecological Risk Assessment 

The measures used in an EcoRA must be predictive of the assessment endpoints (USEPA, 1998a and 
2003). The three categories of measures are:  

• Measures of Exposure – Used to evaluate how exposures to selenium could occur;  

• Measures of Effects – Used to evaluate the response of the assessment endpoints when exposed to 
selenium; and  

• Measures of Ecosystem and Receptor Characteristics – Used to evaluate the ecosystem 
characteristics that could affect exposure or response to selenium. 

The measures used in this EcoRA are predictive of the assessment endpoints (USEPA, 1998a and 2003). 
Criteria considered in the selection of measures are as follows: 

• Corresponds to or is predictive of an assessment endpoint; 
• Can be readily measured or evaluated; 
• Appropriate to the scale of the site; 
• Appropriate to the temporal dynamics; 
• Appropriate to the exposure pathway; 
• Associated with low natural variability; and 
• Minimally disruptive to ecological community and species variability. 

The assessment endpoints, measures of exposure, and measures of effect for terrestrial and 
aquatic/wetland habitats in the Assessment Area are presented in Table F-4. 

Ecological Conceptual Site Model 
The ecological conceptual site model (CSM) provides an overall picture of potential site-related 
exposures and is used to focus the evaluations conducted in this EcoRA. The ecological CSM is 
developed by combining information on the ecological setting, biological resources, habitats, ecological 
restoration goals, and assessment endpoints and measures with information on sources and cycling of 
selenium, analysis of potentially complete exposure pathways, identification of representative species, 
and an evaluation of available abiotic and biotic selenium data.  

Source Evaluation 
Selenium cycling in the Salton Sea was discussed in greater detail in the Ecological Setting. The 
predominant sources of selenium entering the Assessment Area are irrigation run-off via tail and tilewater 
and natural weathering of soils in the Salton Sea watershed. As previously described, average influent 
riverine selenium concentrations range from 5 to 10 µg/L (Setmire and Schroeder, 1998). Upon reaching 
the Salton Sea, the waterborne selenium is rapidly reduced to less than 2 µg/L. Salton Sea waterborne 
selenium appears to be rapidly assimilated into biota and settles as part of organically rich sediment, 
particularly in the deepest portions of the Salton Sea (Setmire and Schroeder, 1998).  

Sediments in deep portions of the Salton Sea are frequently anoxic under current conditions, which make 
most of the selenium in the Salton Sea biologically unavailable (Schroeder et al., 2002). However, it is 
hypothesized that water-column selenium concentrations could increase to as much as 400 µg/L (from a 
current average near 1 µg/L) if not held in the low redox sediments as reduced, insoluble compounds 
(Schroeder and Orem, 2000). The resuspension of these selenium- and phosphorus-rich bottom sediments 
appears to be a key factor in promoting and maintaining the Salton Sea’s highly eutrophic character 
(Anderson and Amrhein, 2002; Schladow, 2004), which in turn acts to maintain the anoxia of bottom 
waters and the conversion of sediment selenium to relatively insoluble reduced species. 
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In an aquatic system, most selenium is generally associated with sediments (acting as a sink and 
reservoir) or plants and animals. Wetting and drying cycles, as normally found in wetlands, are important 
factors that contribute to selenium mobilization and potential toxicity. Selenium is often present in 
reduced forms (less available and therefore less toxic) when wetlands are submerged and have high 
organic matter. When water levels are lowered through evaporation or drainage/discharge, selenium 
becomes more oxidized and bioavailable. As a result, the initial wetting period increases selenium 
bioavailability in sediments and organic matter. 

Exposure Pathway Analyses 
Exposure pathways are the media and routes through which selenium may reach ecological receptors. 
Potential exposure pathways must meet specific criteria for an exposure to occur. A complete exposure 
pathway must include the following elements: 

• Selenium source (e.g., selenium in sediment, water); 

• Mechanism for selenium release and transport (e.g., surface water runoff, biogeochemical 
processes); 

• Exposure point (e.g., sediment, benthic invertebrates); 

• Feasible route of exposure (e.g., ingestion of selenium contaminated food, sediment, and/or 
surface water); and 

• Receptor (e.g., fish, bird). 

Ecological exposure to selenium under current and future conditions is a function of the selenium 
concentrations in the various abiotic and biotic media and the communities of organisms that may occupy 
each habitat. Historic and recent environmental sampling shows that selenium concentrations in abiotic 
media (e.g., surface water, sediment, and soils) are related to their location relative to the primary source 
of selenium (i.e., the Lower Colorado River irrigation water) and to the secondary and tertiary selenium 
sources such as agricultural drainage water within influent rivers and the sediments within the Salton Sea 
where selenium is accumulating.  

The most important selenium food-chain pathway in the Salton Sea begins with accumulation from sediment 
by benthic invertebrates, particularly pileworms, and includes subsequent uptake by benthic-feeding fish and 
semi-aquatic birds (Setmire et al., 1993). Selenium is transferred through successive trophic levels in the food 
chain, sometimes at increasing concentrations. Selenium concentrations in food-chain organisms of tributary 
rivers and agricultural drains are similar to those of the Salton Sea food chains, but with lower levels at 
similar trophic levels. Setmire et al. (1993) noted that large birds feeding in rivers do not accumulate nearly as 
much selenium as those feeding in the Salton Sea. In general, selenium concentrations at the highest 
freshwater trophic levels were only one-half of those in the Salton Sea. 

Potential exposure pathways for the Salton Sea Assessment Area are described for each habitat below and 
summarized in Table F-5 along with the rationale for inclusion/exclusion in the quantitative and 
qualitative evaluations. The following exposure pathways are evaluated quantitatively for each habitat 
where receptors may occur under the specific exposure scenario (i.e., Existing Conditions, no action, and 
action alternatives):  

• Ingestion and/or direct contact with sediment and/or surface water by aquatic and benthic 
invertebrates; 

• Incidental ingestion of, or direct contact with, sediment and/or surface water by fish; 
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• Food-chain uptake via ingestion of contaminated aquatic plants (including phytoplankton and 
algae), zooplankton, and/or aquatic/benthic invertebrates by fish; 

• Bioaccumulation of selenium in fish tissues (whole body and fillet/muscle); 

• Incidental ingestion of sediment by semi-aquatic birds; 

• Food-chain uptake via ingestion of contaminated sediment, surface water, and dietary 
components (including phytoplankton and algae, zooplankton and other invertebrates, and/or fish) 
by semi-aquatic birds; 

• Bioaccumulation of selenium in semi-aquatic bird eggs; and 

• Food-chain uptake via ingestion of contaminated soil, surface water, and prey (terrestrial 
invertebrates or small mammals) by terrestrial birds. 

Open Water 
Open Water habitat supports piscivorous (fish-eating) birds including the double-crested cormorant and 
the black skimmer, which may nest at the Salton Sea. Omnivorous waterfowl using the Open Water 
habitat include the ruddy duck and northern shoveler. Both of those are primarily winter resident species, 
but they may be numerous in the Open Water habitat and feed by diving (ruddy duck) or at the surface 
(shoveler). Eared grebes feed primarily on invertebrates such as pileworms, water boatmen, and 
amphipods. 

Selenium cycling and transport pathways for the Open Water habitat are shown in Figure F-18. Selenium 
in the water or sediment may be transferred up the food web indirectly through attached or free-floating 
microorganisms (primary producers or consumers) or directly through contact or ingestion of water and 
sediment. As selenium is transferred into the benthic or water-column invertebrates, it may then be 
consumed by fish or birds (secondary or tertiary consumers). 

Shoreline and Shallow Water 
Shorebirds (e.g., western snowy plover and black-necked stilt), piscivorous birds (e.g., terns, herons, and 
egrets), and waterfowl use the Shoreline and adjacent Shallow Waters for resting and foraging. Rocky, 
inshore substrates in this habitat have a high invertebrate (pileworm and amphipod) production rate 
through summer (Detwiler et al., 2000). These invertebrates as well as smaller fish in shallow waters 
provide a food resource for various species (Salton Sea Authority, 2000). Bird species using these habitats 
may include the black-crowned night-heron, gull-billed tern, snowy plover, black-necked stilt, mallard, 
and northern shoveler, which represent a range of diets and foraging methods. 

Figure F-19 presents the selenium cycling and transport pathways for the Shoreline and Shallow Water 
habitat. Selenium in the water or sediment may be transferred up the food web through attached or 
free-floating microorganisms or rooted submerged and emergent plants (primary producers or 
consumers). As selenium is transferred into the benthic or water-column invertebrates, it may then be 
consumed by fish or birds (secondary or tertiary consumers). Alternatively, the selenium pathway to 
higher order aquatic and benthic invertebrates, fish, and birds may also occur directly through contact 
with or ingestion of water and sediment. 

Estuary (Deltas and Drains) 
Estuaries provide forage and prey items for a large number of birds. Fish species using this habitat could 
include tilapia, mosquitofish, sailfin molly, and desert pupfish. The abundance of fish in the river delta 
areas during summer may provide an enhanced feeding area for top predators such as orangemouth 
corvina (if present) and birds. Piscivorous (fish-eating) birds include black-crowned night-heron and 
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gull-billed tern. Invertivorous (invertebrate-eating) birds using this habitat include black-necked stilts and 
Yuma clapper rails. Mallards are representative of omnivorous birds using these habitats. 

Figure F-20 presents the selenium cycling and transport pathways for the Estuary habitat. Selenium in the 
water or sediment may be transferred up the food web indirectly through attached or free-floating 
microorganisms or rooted emergent plants (primary producers or consumers). Selenium may be 
transferred into the benthic or water-column invertebrates, and then consumed by fish or birds (secondary 
or tertiary consumers), or selenium may pass directly to fish and birds through contact with or ingestion 
of water and sediment. 

Marine Sea 
Marine Sea habitat would be similar to the currently existing Open Water and Shoreline and Shallow 
Water habitats described above. Piscivorous birds including the black skimmer may use this future 
habitat. Omnivorous and insectivorous waterbirds that may use this habitat include the mallard, 
black-necked stilt, eared grebe, and snowy plover.  

Selenium cycling and transport pathways for the Marine Sea habitat are shown in Figure F-21. Selenium 
in the water or sediment may be transferred up the food web indirectly through attached or free-floating 
microorganisms (primary producers or consumers) or directly through contact or ingestion of water and 
sediment. As selenium is transferred into the benthic or water-column invertebrates, it may then be 
consumed by fish or birds (secondary or tertiary consumers). 

Saline Habitat Complex (including Shoreline Waterway) 
The most productive invertebrate and fish habitats at the Salton Sea occur within the shallow, saline waters 
up to about 10 feet deep. The saline habitat complex would be created to mimic this important bird foraging 
habitat. In the portion of the Saline Habitat Complex where the salinity is controlled to range from 
20,000 to 60,000 mg/L, aquatic communities are expected to be similar to the current marine communities 
within the Salton Sea such as algae, aquatic and benthic invertebrates, pileworms, zooplankton, and tilapia 
or sailfin mollies. The hypersaline habitat (greater than 60,000 mg/L) would likely support only the 
production of brine flies and brine shrimp. The birds that would be expected to forage within the saline 
habitat complex include black-necked stilt, eared grebe, mallard, black skimmer, and snowy plover. 

Figure F-22 presents the selenium cycling and transport pathways for the Saline Habitat Complex habitat. 
Selenium in the water or sediment may be transferred up the food web indirectly through attached or 
free-floating microorganisms or algae (primary producers or consumers). Selenium may be transferred 
into the benthic or water-column invertebrates, and then consumed by fish or birds (secondary or tertiary 
consumers), or selenium may pass directly to fish and birds through contact with or ingestion of water 
and sediment. 

Lakes and Rings 
Lakes and Rings would be saline water with depths less than 10 feet. The most productive invertebrate 
and fish habitats at the Salton Sea occur within the shallow, saline waters up to about 10 feet deep. The 
Lakes and Rings would be created to mimic this important bird foraging habitat. In the portion of the 
where the salinity is controlled to range from 20,000 to 60,000 mg/L, aquatic communities are expected 
to be similar to the current marine communities within the Salton Sea such as algae, aquatic and benthic 
invertebrates, pileworms, zooplankton, and tilapia or sailfin mollies. 

Figure F-22 presents the selenium cycling and transport pathways for the Lake and Ring habitats. Selenium 
in the water or sediment may be transferred up the food web indirectly through attached or free-floating 
microorganisms or algae (primary producers or consumers). Selenium may be transferred into the benthic or 
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water-column invertebrates, and then consumed by fish or birds (secondary or tertiary consumers), or 
selenium may pass directly to fish and birds through contact with or ingestion of water and sediment. 

Pupfish Channel 
Pupfish Channels would be created as a feature of certain alternatives. Pupfish Channels would be created 
to permit desert pupfish movement between drains so that populations do not become isolated from one 
another. In addition to the desert pupfish, it is expected that the aquatic organism communities would be 
similar to those found within the drains themselves. Other aquatic organisms would therefore include algae, 
aquatic and benthic invertebrates, and other fish species such as tilapia, mosquitofish, or sailfin mollies. It is 
also expected that aquatic birds, including black skimmers, would forage within the Pupfish Channels. 

Figure F-23 presents the selenium cycling and transport pathways for the Pupfish Channel habitat. 
Selenium in the water or sediment may be transferred up the food web indirectly through attached or 
free-floating microorganisms or rooted emergent plants (primary producers or consumers). Selenium may 
be transferred into the benthic or water-column invertebrates, and then consumed by fish or birds 
(secondary or tertiary consumers), or selenium may pass directly to fish and birds through contact with or 
ingestion of water and sediment. 

Pupfish Channels (as specific habitat type) that may be created as a separate feature were not evaluated 
quantitatively in this EcoRA. The channels would be excavated in the uplands and would no longer have 
any native sediment and/or soil or baseline selenium concentrations from which future concentrations could 
be estimated. Desert pupfish (as a receptor) were evaluated quantitatively in other habitat types (e.g., 
Estuaries, Saline Habitat Complexes, Lakes, and Rings), as they may occur there. 

Brine Sink 
The Brine Sink habitat would be used to accept the discharge of waters not used for habitat development 
or air quality management and would change throughout the study period (2003 to 2078). The biological 
productivity of the Brine Sink is also expected to change in response to the increasing salinity. Initially, a 
range of marine organisms including algae, diatoms, pileworms, zooplankton, and salt-tolerant fish, such 
as tilapia, may be present but would disappear as the water reached hypersaline conditions (60,000 mg/L). 
The marine organisms would be replaced by more salt-tolerant species, such as brine shrimp and brine 
flies. Beyond salinities in excess of 200,000 mg/L even brine shrimp would no longer be able to survive 
and reproduce, so the Brine Sink would be devoid of food items. During this transition in aquatic 
communities, bird species including eared grebes and black skimmers would be expected to forage within 
the brine sinks until the aquatic food sources became too limited to support feeding birds and the salinity 
conditions made these habitats less attractive to them. 

Figure F-24 presents the selenium cycling and transport pathways for the Brine Sink habitat. Selenium in 
the water or sediment may be transferred up the food web indirectly through attached or free-floating 
microorganisms or algae (primary producers or consumers). Selenium may be transferred into the benthic 
or water-column invertebrates, and then consumed by fish or birds (secondary or tertiary consumers), or 
selenium may pass directly to fish and birds through contact with or ingestion of water and sediment. 

Freshwater Marsh and IID Freshwater Reservoir 
Freshwater Marsh is designed and managed primarily for waterfowl use and, while the Freshwater Marsh 
supports large numbers of waterfowl, specific units within the marshes are also managed to support a 
variety of sensitive species, particularly Yuma clapper rail and black rail. Other species that feed and nest 
in these marshes include pied-billed grebe, American coot, common moorhen, Yuma clapper rail, herons 
and egrets, terns, marsh wrens, and other similar species.  

Salton Sea Ecosystem F-25 2006 
Restoration Draft PEIR 



Appendix F 
Ecological Risk Assessment 

The IID Freshwater Reservoir would be created as part of selected action alternatives. It is assumed for 
purposes of this EcoRA, that this habitat type may support freshwater plants and wildlife.  

Figure F-25 presents the selenium cycling and transport pathways for the Freshwater Marsh and IID 
Freshwater Reservoir habitat. Selenium in the water and sediment may be transferred up the food web 
indirectly through attached or free-floating microorganism or rooted emergent plants (primary producers or 
consumers). Selenium may be transferred into the benthic or water-column invertebrates, and then 
consumed by fish or birds (secondary or tertiary consumers) or selenium may pass directly to fish and birds 
through contact with or ingestion of water and sediment. 

Exposed Playa (AQM), Exposed Playa (non-AQM), and Protective Salt Flat 
Exposed Playa with water-efficient vegetation (“Exposed Playa [AQM]”) would be established for aid in 
dust control. Salt- and drought-tolerant shrubs would be planted in portions of the Exposed Playa (AQM). 
It is expected that these habitats would have relatively low productivity from a wildlife standpoint. In 
addition to the planted or naturally occurring, salt-tolerant plants, it is expected that these areas would 
support terrestrial invertebrates and limited numbers of reptiles (snakes and lizards) and small mammals. 
The loggerhead shrike is a predatory bird species that is expected to forage within the Exposed Playa 
(AQM) habitat.  

Exposed Playa without Air Quality Management (“Exposed Playa [non-AQM]”) and Protective Salt Flat 
would be created. Water would not be supplied to the Exposed Playa (non-AQM) areas other than what 
would occur through natural sources such as run-off or weather. However, it is expected that sparse 
vegetation would occur and there is a potential for limited support of terrestrial invertebrates and reptiles 
(snakes and lizards) and small mammals. The loggerhead shrike is a predatory bird species that would 
potentially forage within these areas. The Protective Salt Flat would be inundated by water from the 
Saline Habitat Complex that would be concentrated in salt crystallized ponds to salinity greater than 
350,000 mg/L. 

Figure F-26 presents the selenium cycling and transport pathways for the Exposed Playa (AQM), 
Exposed Playa (non-AQM), and Protective Salt Flat habitat. Selenium in the soil may be transferred up 
the food web indirectly through terrestrial plants and invertebrates. Selenium may be consumed by 
terrestrial birds via food chain uptake or through ingestion of soil. 

Agricultural Lands 
Agricultural Lands are used by a variety of wildlife including invertebrates, reptiles, birds, and mammals. 
A number of bird species associated with the Salton Sea use flooded agricultural fields. Species include 
great blue herons, green herons, great egrets, cattle egrets, rough-winged swallows, white-faced ibis, 
ring-billed gulls, and shorebirds (Patten et al., 2003). Geese also forage on crops in non-flooded fields. 
Burned crop fields are important wintering habitat for mountain plovers, horned larks, and American 
pipits in Imperial Valley. Orchards are used by ground doves and lark sparrows. American kestrels, 
loggerhead shrikes, and northern harriers are also associated with agriculture. Fields fallowed during crop 
rotation support foraging northern harriers, short-eared owls, western meadowlarks, and sparrows. 
Burrowing owls forage over open fields, with a preference for those with dried, weedy vegetation. 
Burrowing owls are common in the Imperial Valley but uncommon in Coachella Valley. Nesting occurs 
in burrows, usually modified ground squirrel burrows, in the sides of earthen irrigation ditches from late 
March to June. 

Figure F-27 presents the selenium pathways for the Agricultural Land habitat. Selenium in the water and 
soil may be transferred up the food web indirectly through terrestrial invertebrates or crop plants (primary 
producers or consumers). Selenium may be transferred into the small mammal receptors directly through 
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contact with, or ingestion of, soil. Higher-order consumers are exposed to selenium primarily through 
consumption of invertebrates or other prey items. 

Identification of Representative Species 
Representative species are selected from those species that are known to occur or may occur in each of the 
habitats. They are chosen to reflect the assessment endpoints for the EcoRA and because their exposures are 
expected to represent other species in their functional group or trophic level. Representative species for this 
EcoRA were selected using the following criteria, consistent with USEPA (1998a) guidance: 

• Receptor is a special-status species (e.g., threatened or endangered); 
• Receptor has a small home range; 
• Receptor represents an ecological guild; 
• Receptor is susceptible to bioaccumulation or biomagnification (e.g., higher trophic-level predators); 
• Receptor is likely to be exposed to selenium; 
• Receptor occurs at the Study Area, or habitat is available to support the receptor; 
• Receptor is known or suspected to be sensitive to adverse effects associated with selenium; and 
• Receptor is ecologically important. 

Representative species were assessed at one of three levels: community-level, population-level or 
individual-level. Species assessed at the community level include aquatic and benthic invertebrates. Species 
assessed at the population level include birds and fish (other than special-status species) for which protection 
of populations is important. Fish were evaluated as a functional group rather than selecting representative 
species. Species assessed at the individual level included special-status bird species and desert pupfish. 
Potential representative species, assessment level, and exposure scenarios are shown in Table F-6.  

A brief profile for each selected receptor is presented below. 

Aquatic/Wetland Habitats 
Aquatic habitats in the Assessment Area include both marine/estuarine (Open Water, Shoreline and 
Shallow Water, Estuary, Marine Sea, Saline Habitat Complex, Rings, Lakes, and Brine Sink) and 
freshwater, Freshwater Marsh, IID Freshwater Reservoir) habitats. Representative species for these 
habitats are described below. 

Aquatic and Benthic Invertebrates 
Aquatic and benthic invertebrates were assessed at the community level. Aquatic (water-column organisms) 
and benthic invertebrates (including zooplankton) are found in marine, estuarine, and freshwater habitats. 
Aquatic and benthic invertebrates are primary consumers that fulfill many of the selection criteria. They 
have a relatively small range, have high reproductive rates, and serve an integral role in the aquatic and 
semi-aquatic ecosystem. They may be exposed to selenium in sediment or surface water through ingestion 
and direct contact. They may ingest sediment and surface water during feeding or burrowing. Aquatic and 
benthic invertebrates are a major route of food-chain transfer in the Salton Sea food chain. 

Fish 
Common fish species (e.g., orangemouth corvina, tilapia, sailfin molly) were assessed at the population 
level. The desert pupfish is a federal and California State Endangered species and was assessed at the 
individual level. Fish are secondary or tertiary consumers and may be exposed to selenium in surface 
water and prey items. They are forage for higher tropic-level fish and birds. Fish may be exposed to 
selenium in sediment or surface water through ingestion, dermal contact, and uptake through gills, and by 
feeding on contaminated plants, aquatic invertebrates, or smaller fish. The food-chain pathway is the most 
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important route of exposure for fish, which also are a major route of food-chain transfer to higher trophic 
levels because they are prey for many birds found in the Assessment Area.  

American Coot 
The American coot was assessed at the population level. It is considered one of the most familiar wetland 
birds and is likely the most aquatic, abundant, and widely distributed species of rail in North America 
(Brisbin et al., 2002). In California, it is a common to abundant resident across most of the state below 
elevations of 7,100 feet, and may occur in huge numbers in the vicinity of the Salton Sea (Zeiner et al., 
1990). It inhabits fresh and saline emergent wetlands, wet grasslands, pastures, lacustrine, estuarine, 
cropland, and urban habitats, though it is uncommon on bay tideflats and salt marshes, except in winter 
months. The American coot is diurnal and primarily forages on aquatic vascular plants and algae, consuming 
the foliage and roots of submerged plants (e.g., filamentous algae, pondweeds, and watermilfoil). Coots also 
glean seeds, insects, or small fish from water, soil, and vegetation. Breeding occurs from April to September 
(peaks from May to June) over water in dense, emergent wetlands, generally among the bulrushes or cattails 
and within 2 to 3 feet of open water. Two clutches are produced per year with the first clutch averaging 
9 eggs and the second clutch averaging 6.4 eggs (Zeiner et al., 1990). 

Black-Crowned Night-Heron 
The black-crowned night-heron was assessed at the population level and is a fairly common species found 
on every continent, except Australia and Antarctica (Davis, 1993). It is a yearlong resident in lowlands and 
foothills across much of California, including the Salton Sea. This heron has a highly variable diet that 
includes fish, crustaceans, aquatic insects and other invertebrates, amphibians, reptiles, small mammals, and 
on rare occasions, young birds. It generally feeds nocturnally and near sunset or dawn, usually in shallow 
water by stalking prey. Black-crowned night-herons are colonial nesters that prefer dense vegetation 
including trees, fresh or brackish emergent wetlands, or shrubbery or vine tangles. Breeding takes place in 
spring and summer, beginning in April with pairs tending nests into August (Patten et al., 2003). One brood 
is produced per year, although re-nesting will occur if the first attempt fails (Davis, 1993). Clutch size 
ranges from 3 to 4 eggs, with 5 eggs laid in some cases (Zeiner et al., 1990). 

Black-Necked Stilt 
The black-necked stilt was assessed at the population level and is a yearlong, fairly common resident at 
the Salton Sea (Patten et al., 2003). This diurnal stilt forages in shallow water by gleaning and probing in 
the mud and water. It consumes insects, crustaceans, mollusks, and other aquatic organisms, as well as 
some small fish, and prefers lakeshores, flooded alkali flats, salt ponds, coastal estuaries, and flooded 
fields. Nesting habitat includes friable soil, mudflats, levees, or dry lakeshores near water. Because they 
often nest very close to the water, fluctuations in water levels may greatly affect nesting success. The 
black-necked stilt is considered semicolonial. Nesting activity is concentrated from April through June 
(Patten et al., 2003). The clutch size averages 4 with a range of 3 to 5 (Zeiner et al., 1990). 

Black Skimmer 
The black skimmer is a California Species of Special Concern and was assessed at the individual level. It is 
a fairly common summer resident at the Salton Sea, arriving by late April and departing by October. 
Breeding at the Salton Sea began in the early 1970s and was reported into the 1990s. Habitat requirements 
include shallow, calm water for feeding, and sand bars, beaches, or dikes for roosting and nesting (Zeiner et 
al., 1990). Gochfeld and Burger (1994) report that nesting sites are strongly selected based on the presence 
of other species such as terns, which provide an early warning system and provide some defense against 
intruders. Black skimmers forage on small fish and crustaceans and prefer areas near river mouths and other 
water channels at the Salton Sea. Those breeders present at the Salton Sea are long-distance migrants that 
winter to the south in Mexico and Central America. Nesting at the south end of the Salton Sea begins in 
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May and continues into the early fall, depending on water levels of the Sea (Patten et al., 2003). They nest 
in colonies and produce one clutch per year with 1 to 5 eggs (4 or 5 are most common) (Zeiner et al., 1990). 

Double-Crested Cormorant 
The double-crested cormorant is a California Species of Special Concern and was assessed at the individual 
level. Cormorants are year-long residents along the California coast and the Salton Sea, but are also found 
along the mountains and northeastern plateau in the summer. Cormorants can be tertiary or quaternary 
receptors; they feed primarily on fish, but also feed on crustaceans and aquatic insects. Nesting habitat 
requirements include undisturbed areas near water and may consist of rock ledges on cliffs, rugged slopes, 
and live or dead trees. Breeding at the Salton Sea begins early, with nest building in late January (Patten et 
al., 2003) and may extend to July or August, though only one brood is produced (Zeiner et al., 1990). 
Double-crested cormorants nest in colonies and usually lay 3 or 4 long chalky bluish eggs (Udvardy, 1993). 

Eared Grebe 
The eared grebe was assessed at the population level and is the most abundant member of its family, 
preferring shallow alkaline lakes and ponds (Cullen et al., 1999). It is a common winter resident in 
California, and a yearlong resident at the Salton Sea, with large numbers of individuals at the Sea present 
during November to March. The Salton Sea is considered a major wintering ground for the species. Eared 
grebes feed on aquatic and terrestrial insects, crustaceans, mollusks, other invertebrates, small fish, and 
amphibians. At the Salton Sea, this species has historically fed extensively on pileworms, brine shrimp, 
and brine flies. This grebe is diurnal and forages by diving to capture prey underwater and on the bottom. 
It also takes insects from the water surface. Emergent vegetation, submerged vegetation, or algal mats in 
lacustrine, quiet riverine or estuarine waters are required for breeding. Generally, it nests in dense 
colonies once per year (will re-nest if first nest fails) and has a clutch size of 1-6 eggs, with 3 or 4 eggs 
being the most common. Low water levels may prevent breeding (Zeiner et al., 1990). 

Gull-Billed Tern 
The gull-billed tern is a California Species of Special Concern and was assessed at the individual level. 
Although this tern has a broad distribution, it is seldom considered abundant (Parnell et al. 1995). The 
Salton Sea represents the only breeding location in California, and this species was once considered a fairly 
common summer resident of the Sea. However, breeding numbers began dropping in the 1930s due to 
rising water levels that flooded nesting islands. The largest breeding colonies are located at the southeast 
corner of the Sea (Zeiner et al., 1990). Nesting habitat at the Salton Sea consists of sandy flats with shells 
and debris. Gull-billed terns forage opportunistically in fresh and saline emergent wetlands, lakes, mudflats, 
croplands, and grasslands, and eats grasshoppers, beetles, spiders, earthworms, fish, frogs, lizards, small 
mammals, eggs, and young of other birds. The gull-billed tern arrives at the Salton Sea in mid-March and 
usually departs by early September. Nesting begins as early as mid-April and continues through June 
(Patten et al., 2003). One clutch of 2 to 5 (usually 3) eggs is produced per year (Zeiner et al., 1990). 

Mallard 
The mallard was assessed at the population level and is a common ubiquitous species found in fresh emergent 
wetlands; estuarine, lacustrine, and riverine habitats; ponds; pastures; croplands; and urban parks. In the 
Salton Sea area, the mallard population consists of some residents that are joined by local migrants from 
higher elevations and distant migrants from the north from late September through mid-April (Patten et al., 
2003). The mallard feeds on grains, seeds and leaves of aquatic plants, grasses, and other green vegetation, as 
well as aquatic insects, snails, small crustaceans, earthworms, tadpoles, and small fish. Mallards use several 
feeding strategies: they tip up for food in shallow water; skim and filter food from the water and the bottom; 
glean insects and seeds in fields and along shores; and probe in mud and shallow water. Mallards generally 
nest from March to July, and have a clutch size of 6 to 12 eggs (Zeiner et al., 1990). 

Salton Sea Ecosystem F-29 2006 
Restoration Draft PEIR 



Appendix F 
Ecological Risk Assessment 

Northern Shoveler 
The northern shoveler was assessed at the population level and is a fairly common to common winter 
resident in California. It is rare in the summer and breeds rarely in California. There has been no evidence 
of breeding at the Salton Sea (Patten et al., 2003). Northern shovelers prefer shallow, freshwater, 
lacustrine habitats with emergent wetlands, but are also found on salt ponds, brackish lacustrine, 
estuarine, and saline emergent habitats. They feed on phytoplankton and zooplankton, including algae, 
crustaceans, and insect larvae (Zeiner et al., 1990). The shoveler is unique within its genus in that it has a 
specialized bill for straining food from the water (DuBowy, 1996). This species usually nests in dry areas 
that contain low grass near water, and also uses taller grasses, meadows, hayfields, and marshes of 
bulrushes and saltgrass. Nesting occurs during March to July. It is a solitary breeder that produces one 
clutch of 8 to 12 eggs per season (Zeiner et al., 1990). 

Ruddy Duck 
The ruddy duck is a common to abundant yearlong resident throughout its habitats in California, 
including the Salton Sea, with the greatest numbers occurring from October through April (Patten et al., 
2003). This species was evaluated at the population level. It prefers estuarine and lacustrine habitats, and 
is sometimes found along the coast. Although the ruddy duck forages in both fresh and salt water, it 
breeds exclusively in freshwater habitats, even at the Salton Sea, where it utilizes fresh emergent wetlands 
at river mouths. The diet includes seeds, tubers, foliage, and stems of submerged aquatic plants, algae, 
bulrush seeds, aquatic insects, mollusks, crustaceans, and worms (Zeiner et al., 1990). Aquatic insects, 
crustaceans, zooplankton, and other invertebrates constitute the bulk of the diet (Brua, 2001). While 
foraging, this duck gleans food from the bottom, filters bottom sediments, or filters invertebrates from the 
water. Ruddy ducks require dense, tall, emergent vegetation bordering open water for nesting. At the 
Salton Sea, nesting begins in late March, but takes place mainly in April and May (Patten et al., 2003). It 
is a solitary nester, typically laying one clutch per year, although it can be double-brooded. Clutch size 
ranges from 5 to 15 eggs, with 8 to 10 eggs most common (Zeiner et al., 1990). 

Snowy Plover 
The snowy plover is a California Species of Special Concern that was assessed at the individual level. It 
inhabits beaches, lagoons, and salt-evaporation ponds on coasts and in barren to sparsely vegetated salt 
flats (Page et al., 1995). In California, it is common on sandy marine and estuarine shores in the fall and 
early winter, but is uncommon at the Salton Sea during this time (though a small number of birds are 
year-round residents). It nests within the winter range and inland on the shores of the Salton Sea and 
alkali lakes (Zeiner et al., 1990). Snowy plovers eat terrestrial and aquatic invertebrates, utilizing beaches, 
tide flats, salt flats, and salt ponds while foraging above and below the high water line (Page et al., 1995). 
These plovers feed primarily on brine flies at salt ponds and alkali lakes in California. For nesting, snowy 
plovers require sandy, gravelly, or friable soil substrate in which they make a shallow depression. Nesting 
occurs from mid-March to October (Patten et al., 2003), with solitary breeders producing 2 to 6 eggs 
(average 3 eggs) per clutch (Zeiner et al. 1990). Double brooding is common and triple brooding also 
occurs in areas with long breeding seasons. Snowy plovers also readily re-nest after nest failure (frequent 
among this species), and have been known to nest up to 6 times in a breeding season (Page et al., 1995). 

Yuma Clapper Rail 
The clapper rail is a federally Endangered Species, a California Threatened Species, and a California 
Fully Protected Species and was assessed at the individual level. Clapper rails are yearlong residents in 
coastal wetlands and brackish areas along the California coast. The Yuma clapper rail is found in 
freshwater and brackish emergent wetlands along the Colorado River from Needles southward and at the 
Salton Sea. These birds are opportunistic omnivores that use a variety of foraging strategies and feed on 
crabs, small fish, and other invertebrates in the area. Clapper rails glean, peck, probe, and scavenge from 
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the surface in higher marsh vegetation, along the vegetation and mudflat interface, and along tidal creeks. 
In the Salton Sea vicinity, Yuma clapper rails primarily take crayfish, supplemented with some clams and 
insects. They require shallow water and mudflats for foraging, and emergent wetlands with abundant 
vegetation for nesting. Breeding of this species occurs mid-March through July (Zeiner et al., 1990). An 
average clutch size of 6.7 eggs (range of 5 to 8 eggs) has been reported for Yuma clapper rails nesting in 
the lower Colorado River and Salton Sea (Eddleman and Conway, 1998). 

Terrestrial Habitats 
Terrestrial habitats in the Assessment Area are found in the upland Agricultural Lands. They also would 
be present in areas of the Salton Sea that are exposed as the water level drops, and would include Exposed 
Playa (AQM), Exposed Playa (non-AQM), and Protective Salt Flat. The following representative species 
were assessed in this habitat. 

Loggerhead Shrike 
The loggerhead shrike was assessed at the population level and may be found in future Exposed Playa 
(AQM). The loggerhead shrike is a yearlong resident throughout its habitat in California, including the 
Salton Sea (Yosef, 1996). This bird is a fairly common to common breeder (and common winter visitor) 
throughout the agricultural portions of the Salton Sea but is more numerous in the winter. The loggerhead 
shrike is a California Species of Special Concern. The Salton Sea and the Central Valley support the 
highest densities of loggerhead shrikes in California (Patten et al., 2003). It breeds throughout its range in 
California, except in the northwest, heavily forested higher mountains, and higher portions of deserts. 
Nesting occurs earlier than most sympatric passerines with peak nest initiation usually occurring in April 
(Yosef, 1996). In the Salton Sea, breeding takes place from March through August with young hatching 
as early as mid-March. During the breeding season, this species is fairly common in desert scrub, nesting 
in thorny shrubs and is often scarce in the agricultural areas (Patten et al., 2003). Resident loggerhead 
shrikes use the same habitat all year. The shrike feeds on insects, small- to medium-sized reptiles, small 
mammals, and birds but adjusts its diet to prey availability (Yosef, 1996); the loggerhead frequently feeds 
on Coleoptera and occasionally on Orthoptera and “worms” in the Salton Sea (Patten et al., 2003). This 
species skewers its prey on thorns, sharp twigs, or barbed wire to feed on or to cache for feeding later. 
Foraging occurs in open landscapes characterized by well-spaced, often spiny, shrubs and low trees 
including scrub lands, steppes, deserts, savannas, prairies, agricultural lands, and some suburban areas. 

Western Burrowing Owl 
The western burrowing owl, a California Species of Special Concern, was assessed at the individual level. 
This opportunistic feeder is unique among North American owls in that it is diurnal, forms loose colonies, 
and tolerates human activity. Its habitats consist of dry, open, treeless plains; heavily grazed or low-quality 
grasslands; and desert vegetation. This owl is generally found in association with burrowing mammals. Other 
potential habitats include golf courses, roadsides, airports, and vacant lots. This owl forages mainly on 
arthropods, small mammals, and small birds with diets varying by season. Breeding occurs in shallow 
underground burrows (typically within 3 feet below ground surface). Eggs are present from mid-March to 
May. One clutch is produced each year. Clutch sizes range from 3 to 12 eggs (Sample et al., 1997). 

White-Faced Ibis 
The white-faced ibis is locally common within the United States (Ryder and Manry, 1994), but it is a 
California Species of Special Concern and was assessed at the individual level. Historically somewhat 
common in the San Joaquin Valley, the white-faced ibis no longer breeds regularly at many locations in 
California. At the Salton Sea, it is fairly common from September to April (Patten et al., 2003). The 
white-faced ibis prefers freshwater emergent wetlands, shallow lacustrine waters, and muddy ground of 
wet meadows and irrigated or flooded pastures and croplands. It forages on earthworms, insects, 
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crustaceans, amphibians, small fish, and other invertebrates by probing in the mud or feeding in shallow 
water or on the water surface. For nesting, the white-faced ibis requires extensive marshes, the destruction 
of which is likely the cause for the reduction in breeding in California. Nesting occurs from April to 
August (Patten et al., 2003), and the clutch size ranges from 3 to 5 eggs (Zeiner et al., 1990). The 
white-faced ibis is a colonial nester that produces one brood per year, although it will re-nest if the first 
attempt fails (Ryder and Manry, 1994). 

Data Evaluation 
This EcoRA used both historical and recent data collected for abiotic and biotic media in and around the 
Salton Sea. This section presents the Data Quality Objectives (DQOs) for the respective sources of data, 
describes the evaluation and reduction of the data for use in the EcoRA, and presents summary statistics 
for data in abiotic and biotic media. 

Data Quality Objectives 
The data were evaluated for quality and adequacy for the EcoRA according to guidelines set forth in the 
Data Gaps report (DWR, 2005d) and the Final Sampling and Analysis Plan (SAP) for Data Collection 
(DWR, 2005e). The DQOs for historic and recent data are summarized below. 

Historic Data  
Historic data were previously reviewed for their applicability to the assessment of risks from selenium in 
the Salton Sea ecosystem (DWR, 2005d). The type and quality of data were evaluated because they would 
potentially be used to support decision-making processes. Typically, the environmental studies that are 
intended to support an evaluation/decision process are planned with consideration of the DQOs, as 
documented by USEPA guidance (2000a, b). Historic studies were limited by the data quality approaches 
already applied. Many of the data summarized in the Data Gaps report (DWR, 2005d) were taken from 
peer-reviewed articles, while others were extracted from consultant reports, published and unpublished 
agency reports, and laboratory data summaries with no supporting information. The documentation of 
data quality varied from source to source.  

The representativeness of the sampled media to different areas of the Salton Sea ecosystem was also 
considered (due to limited sample numbers, limited sampling areas, etc.). In addition, it was also 
necessary to determine whether historic sample results were still representative of current conditions. 
These factors were considered in the identification of data gaps and are accounted for in the risk analysis 
evaluation. In the Data Gaps report (DWR, 2005d), the following three categories (qualified with letters 
A, B, and C) were used to represent the different quality assurance/quality control (QA/QC) levels for 
data obtained from the various reports: 

• A – Data that were collected under a sampling and analysis plan (SAP) had full data validation or 
were included in a published agency report or peer-reviewed publication; 

• B – Data that were collected by a public agency or other group (i.e., university or consultant firm) 
with QA/QC procedures, but where QA/QC results have not been formally assessed in the 
referenced document. This group also includes drafts of peer reviewed articles or manuscripts; and 

• C – QA/QC methods were not ascertainable or were non-existent. 

It was presumed that data used in fully reviewed documents, such as agency or peer review publications, 
were of the highest quality. For example, the analyses for all documents produced by the U.S. Fish and 
Wildlife Service (Service) were coordinated through the Service’s Patuxent Analytical Control Facility, 
which is responsible for contracting all sample analyses through certified laboratories. This facility also 
completes data validation for published and unpublished Service reports (pers. com., Carol Roberts, 
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Service). Lower QA/QC data levels were assigned when specific results of the data quality assessment 
were not provided in the report or when no QA/QC information was provided.  

Recent Data 
As described in the Final SAP for Data Collection (DWR, 2005e), the sampling and analysis activities in 
2005 were intended to yield selenium data for use as inputs for assessing potential ecological risks and for 
human health risks from consumption of fish in the Salton Sea. The data are also intended to serve as 
inputs for modeling the selenium cycling dynamics that could be anticipated under different restoration 
scenarios. Additionally, the data are being used to assess the potential for human heath impacts due to 
exposure to near-shore sediments and soils (from inhalation of fugitive dust and other exposure 
pathways). Because of the anticipated use of these data, it was considered important that adequate steps 
be taken to assure that the data are of the highest possible quality.  

The DQO process is a systematic planning process for data collection that has been described as part of 
USEPA’s Total Quality Management activities (USEPA, 2000a, b). The DQO process represents an effort 
to balance the need to minimize the cost and time of data collection with the need to collect data of 
sufficient quality and quantity to support defensible decision-making. The results of the DQO process are 
a series of statements (agreed-upon positions) leading to potential restoration decisions relative to the 
significance of selenium in various environmental media. The DQOs for the analyses for selenium, 
arsenic, and other constituents of potential concern at the Salton Sea were presented in the final SAP 
(DWR, 2005e). Results from the analyses conducted for this assessment were subjected to third-party 
validation, so there is a high degree of confidence in their quality. 

Salton Sea Risk Assessment Database 
The Salton Sea Risk Assessment Database was compiled to include results from historic and recent 
sampling activities. The sources of data included in the database are presented in Table F-7.  

Historic data were incorporated into the electronic database for analysis when it was determined that the 
sample was representative of the media and when individual sample results of adequate quality were 
identified. By combining the historic data with appropriate results from samples collected in 2005, an 
expanded set of data was assembled to represent different media in different habitats being considered for 
the evaluation of selenium risks.  

Using available information on sample locations and sample types, the individual data points were coded 
to allow for the data to be grouped by media, functional group, and tissue type for biota (Table F-8), and 
analyte. Data were then classified by habitat for the Existing Conditions, No Action Alternative, and other 
alternatives. Recent and potential future habitats were defined based on modeling of the conditions 
specified for each alternative (as presented in Chapters 3 and 5). The Salton Sea Risk Assessment 
Database is presented on CD in Attachment F1. 

Sample locations from measured data were identified by northings/eastings, latitude/longitude, or gauging 
station (where recorded) or by visual placement based on information reported in the source document. 
Sampling locations and selenium concentrations for which locational coordinates (were available) are 
shown in Figure F-28 (archived sediment), Figure F-29 (sediment collected in 2005), Figure F-30 (surface 
water), Figure F-31 (food chain biota), Figure F-32 (fish collected from the Salton Sea), and Figure F-33 
through Figure F-36 (fish collected along the lower Colorado River).  

The data on selenium in surface sediments from recent studies (1986 to 2004) were combined with data 
from sediment samples (newly collected and archived samples) analyzed in 2005, to produce a generalized 
contouring of selenium distribution for the Salton Sea (Figure F-37). This figure is intended to give a 
generalized picture of the relative concentrations of selenium in different parts of the Salton Sea. However, 
there are limitations associated with the sediment sample data, spacing, and interpolation that limit the 
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definitiveness of this depiction. Figures F-38, F-39, and F-40 show the selenium contouring based on 
separated data sets according to the year(s) when the samples were collected. These additional selenium 
contour maps demonstrate how different datasets affect the overall selenium contouring and show different 
areas where the separate datasets support each other. 

Preliminary analysis of the fish data collected in 2005 indicated that selenium and arsenic concentrations in 
‘re-constructed’ whole-body fish were apparently lower than the co-located composite fish samples 
analyzed at a different laboratory. The difference could not be explained by the data validation or re-check 
of the calculations used to ‘re-construct’ the whole-body fish, so an independent laboratory comparison of 
the fillets and remainder samples was conducted. Results of the final analyses were incorporated into the 
Salton Sea Risk Assessment Database. Additional supporting information for these results is presented in 
Attachment F4. 

Measured selenium concentrations in sediment, soil, surface water, and biota that satisfied the data 
evaluation process were used for all further evaluations. Concentrations of selenium in potential future 
sediment, soil, surface water, and biota were modeled. Detailed methods for estimating these 
concentrations are presented in Attachment F2 and are summarized below. 

Sediment and soil selenium concentrations used for evaluating the future no-action and action alternatives 
included a combination of measured and estimated values. Measured values were those meeting the data 
evaluation process. Estimated selenium concentrations were derived to provide data coverage for all 
potential future habitats. The estimated values were modeled using the selenium contour map (Figure F-37) 
and interpolating selenium concentrations at the intersections (nodes) for a 200-meter grid over the entire 
Salton Sea footprint. The combined measured and estimated database is presented in Attachment F1. The 
combined database was used as the basis for evaluating the no-action and action alternatives. The data were 
assigned habitat codes specific to each alternative and the concentrations were then adjusted by the modeled 
proportional change in selenium loading. The proportional change in selenium loading was calculated based 
on assumptions for future flows and loading for water from each source entering a specified habitat. The 
proportional changes for each alternative and habitat are presented in Table F-9. The measured and 
estimated sediment selenium concentrations for each alternative and habitat were adjusted for future loading 
using the following equation: 
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Where: 

Sedfuture = Future sediment selenium concentration (Total Se, mg/kg, DW) 

Sedcurrent = Current sediment selenium concentration (Total Se, mg/kg, DW) 

f = proportional inflow change multiplier (expressed as (future kg Se/habitat 
acres/year)/(total current kg Se/total lake acres/year)  

 

Future surface water concentrations were estimated based on the projected flow and loading for each 
source to derive a single blended concentration for each habitat with each alternative. The modeling of 
surface water concentrations is presented in Attachment F2 and the resulting concentrations are presented 
in further detail in the Exposure Characterization. Potential future concentrations of selenium in biota 
were estimated as part of the food-chain modeling for fish and birds, which is described in further detail 
in the Exposure Characterization. 
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Summary statistics were calculated for the measured data used in the Existing Conditions scenario and for 
the adjusted measured and estimated data used to evaluate the no-action and action alternatives as 
follows: measured and estimated data for sediment (Table F-10) and soil (Table F-11); and measured data 
for surface water (Table F-12) and biota (Table F-13). In addition, summary statistics were developed by 
species for tissues collected from fish (Table F-14) and birds (Table F-15). All data listed as “selenium” 
represent total selenium or total recoverable selenium unless otherwise specified. 

ANALYSIS 
The Analysis phase links the Problem Formulation with the Risk Characterization and consists of the 
technical evaluation of ecological and chemical data to determine potential for ecological exposure and 
effects. The Analysis phase includes the Exposure Characterization and the Ecological Effects 
Characterization. These two components are used to evaluate the relationships among receptors, potential 
exposures, and potential effects. The results provide the information necessary to estimate potential risks 
to the representative species under the Existing Conditions, no-action alternatives, and action alternatives.  

Exposure Characterization 
The nature and magnitude of the interaction between selenium in environmental media and ecological 
receptors are described and quantified in the Exposure Characterization. The various exposure models 
describe the relationships and equations used to estimate how selenium in a given medium is taken up by 
the receptor via a given exposure route. These relationships may be simple or complex depending on the 
receptor involved and the number of exposure routes evaluated. The exposure models and necessary input 
parameters to the models are described in the following subsections. 

Exposure Models 
Three exposure models were used in this EcoRA, including a concentration-based model, a dosage-based 
model, and a tissue-based model. 

Concentration-Based Model 
The exposure model for many lower trophic level organisms is expressed as the concentration of selenium 
in the medium to which the receptor is most likely exposed. Specifically, the exposure modeling is 
integrated to parallel the toxicity reference value. The representative species for which this exposure 
model was used are as follows: 

• Aquatic invertebrates exposed to surface water; 
• Benthic invertebrates exposed to sediment; 
• Fish exposed to sediment and surface water; and 
• Birds exposed to sediment (non species-specific [in contrast to the species-specific, dosage-based 

model described below, this assessment was based on direct evaluation of the sediment concentration]). 

The concentration-based model was also used for direct comparisons to dietary concentrations of selenium 
that have been associated with specified effects. This exposure model was used to estimate exposure and 
risk to a variety of fish species as a function of dietary concentration. It is recognized that some fish also 
ingest sediment, but the model presented below was generalized and not specific to any given fish species. 
In addition, exposure to fish via sediment also was conducted as described previously. Four generalized 
diets were modeled for fish using different percentages (by volume) of food items, as follows: 

• 100 percent aquatic invertebrates (100AI); 

• 50 percent aquatic invertebrates and 50 percent benthic invertebrates (50AI/50BI); 
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• 50 percent aquatic plants, 25 percent aquatic invertebrates, and 25 percent benthic invertebrates 
(50AP/25AI/25BI); and 

• 100 percent aquatic plants (100AP). 

Dosage-Based Model 
The exposure model used to estimate food-chain uptake and exposure by birds is a dosage-based model. 
This model incorporates exposure to selenium through multiple pathways including ingestion of sediment 
or soil, surface water, and food items. To address these multiple pathways, modeling is required.  

The end product of the exposure estimate from this model is a dosage (milligrams per kilogram receptor 
body weight per day [mg/kg/d]) rather than a medium or tissue concentration, as was the case for 
aquatic/benthic invertebrates and fish. This is a function of both the multiple pathway approach and the 
typical methods used in toxicity testing for birds. The following generalized exposure model, modified 
from Suter et al. (2000), was used: 

∑=
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Where: 

Ej = total exposure (mg/kgbw/day) 

Sedimentj = concentration of chemical in sediment or soil (mg/kg dw) 

Waterj = concentration of chemical in water (mg/L) 

Ps = soil ingestion rate as a proportion of diet 

FIR = total food ingestion rate for the representative species (kgdiet/kgbw/day) 

WIR = total water ingestion rate for the representative species (L/kgbw/day) 

BBij = concentration of chemical (j) in biota type (i) (mg/kg dw) 

Pi = proportion of biota type (i) in diet 

The dosage based model was used in estimating the following food-chain exposures: 

• Semi-aquatic birds – uptake of selenium from ingestion of sediment, surface water, and food 
• Terrestrial birds – uptake of selenium from ingestion of soil, surface water, and food.  

Tissue-Based Model 
The exposure model for bioaccumulation of selenium in tissues is expressed as the concentration of 
selenium in selected tissues for which adverse effects have been documented:  

• Fish – measured selenium concentrations in fillet/muscle and whole body for the Existing 
Condition and modeled whole body concentrations for the no action and action alternatives; and 

• Semi-aquatic birds – measured selenium concentrations in eggs for the Existing Condition and 
modeled egg concentrations for the no action and action alternatives. 
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Whole body selenium concentrations for fish were modeled for the no action and action alternatives using 
selenium concentrations and the Salton Sea-specific biota-sediment accumulation factor (BSAF) 
(described in greater detail below) using the following equation: 

6.4•= sedbodywhole SeSe  

Where: 

Sewhole body = Selenium concentration in whole body fish (mg/kg dw) 

Sesed = Sediment selenium concentration (mg/kg dw) 

In the event that egg concentrations are not available, the waterborne selenium concentration can be used 
to estimate egg selenium concentrations. Data on waterborne selenium and egg concentrations from 
impacted and reference locations in the San Joaquin Valley were evaluated, and a strong correlation 
between the waterborne and mean egg selenium concentrations was noted with the following regression 
equation (Skorupa, 1998a): 

wateregg SeSe log434.044.0log +=  

Where: 

Seegg = Selenium concentration in egg (mg/kg)) 

Sewater = Waterborne selenium concentration (µg/L) 

Parameters Used to Estimate Exposure 
The following parameters are necessary to complete the various exposure models presented above:  

• Abiotic media of concern; 
• Exposure point concentrations for abiotic and biotic media; 
• Receptor-specific exposure factors (or life-history parameters); and 
• Bioaccumulation in food items. 

Abiotic Media of Concern 
The exposure media of concern are those media that each receptor is most likely to contact. Abiotic media 
of concern for representative species were identified in the Exposure Pathway Analysis (Table F-5).  

Exposure Point Concentrations 
Exposure point concentrations represent the concentration most likely to be encountered by the ecological 
receptors. Recent guidance (USEPA, 2002a) recommends that the exposure point concentration represent 
the 95 percent upper confidence limit (95 percent UCL) of the mean. For this EcoRA, these were 
calculated for selenium in each medium and habitat.  

For each case, a 95 percent UCL using an assumption of normality was calculated using the following 
equation: 

UCL x t s
n

= +
⎛
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Where: 

UCL = Upper confidence limit 

x  = mean of the sample data 

t = Student-t statistic (for 95 percent confidence and n samples) 

s = standard deviation of the sample data 

n = number of samples 

This is a well-known and simple calculation, but the normal UCL is known to provide too low of a 
concentration when the data are skewed. Because most environmental data (including the concentrations in 
this study) are skewed, the normal UCL is not typically considered an appropriate estimate of the mean. 

Many methods have been developed for calculating UCLs from distributions where an assumption of 
normality is not accepted (USEPA, 1997, 2002a, 2002b, 2004a). These include four other parametric 
methods (where parametric indicates a reliance on a distributional assumption) including two based on the 
gamma distribution (approximate and adjusted) and two based on the lognormal distribution (Land’s and 
Chebyshev using minimum variance unbiased estimators). In addition, at least ten nonparametric methods 
(not reliant on a distributional assumption) have been proposed for environmental data sets.  

Decision rules suggested by USEPA (2004a) were used in this EcoRA for determining which of these 
methods for calculating UCLs was most appropriate based upon sample size, goodness of fit to 
distributions, variability, and skewness. These rules were applied to cases where at least four samples 
were available. When three or fewer samples were available, the maximum detected concentration was 
assigned as the exposure point concentration. Nondetect values were substituted by a proxy value equal to 
one-half the reporting limit. If the calculated UCL exceeded the maximum detected concentrations the 
maximum detected concentration was assigned as the exposure point concentration. 

In addition, exposure point concentrations based upon measured sample data essentially disregard 
analytical variability, or believe it will be balanced out across samples. The variability in the calculated 
UCLs is thus largely based on spatial variability. When calculating exposure point concentrations with 
modeled data, however, the sample size can be greatly increased without an increase in measured data, 
thereby lowering the UCLs. The modeled data can theoretically decrease the spatial variability, but only 
by relying on the predictive capability of the model. The UCLs/exposure point concentrations calculated 
using a combination of measured and estimated data do not take into account the variability in the 
modeling process. They essentially suggest there is no error in the model, and trust the predicted values as 
being accurate 

Exposure point concentrations for the Existing Condition were based on measured data and were 
calculated as described above for all media (sediment, soil, surface water, and available biota tissue). 
Exposure point concentrations for the future no action and action alternatives were based on a 
combination of measured and estimated data. The exposure point concentrations for future sediment and 
soil were calculated as described above. The exposure point concentrations for future surface water were 
estimated based on the selenium mass inflow and loading model described previously and presented in 
Attachment F2. The exposure point concentrations for future biota tissues were modeled from sediment or 
surface water using the bioaccumulation factors as described under Bioaccumulation Potential below. 

Exposure point concentrations are presented in Table F-16 (sediment), Table F-17 (soil), Table F-18 
(surface water), and Table F-19 (biota). Exposure point concentrations for individual fish (Table F-20) 
and bird (Table F-21) species were also calculated from the available measured data. In addition to the 
exposure point concentrations calculated using the Salton Sea Risk Assessment database for surface water 
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in the New River and Alamo River, a second exposure point concentration was selected from a 
summation completed by IID (2002) to provide a range of risk estimates, as presented in Table F-18.  

Receptor-Specific Exposure Factors 
Species-specific life history parameters are needed to estimate exposure to selenium for each 
representative avian species. These include body weight; food, water, and media ingestion rates; and diet 
composition and respective proportion of each diet component. These parameters were identified through 
a literature search and were adapted to the site-specific conditions around the Salton Sea (Table F-22).  

Bioaccumulation Potential 
The measurement or estimation of concentrations of selenium in wildlife food is necessary to evaluate 
how much of a receptor’s exposure is via food versus direct uptake of contaminated media. Although the 
preferred data are directly measured concentrations in samples collected from the site, such data were not 
available for all food items in all habitats. Therefore, literature-reported values or uptake regression 
models were used when site-specific data were not available. If literature values or reliable regression 
models were not available for a given food type, a default bioaccumulation value of 1 was used.  

Biota-sediment accumulation factors (BSAFs) specific to the Salton Sea were developed for aquatic 
plants (macroalgae), aquatic invertebrates (corixids), benthic invertebrates (pileworms), and fish (tilapia). 
These BSAFs were used for estimating current exposures when tissue data were not available for a given 
habitat and for all modeled future exposures.  

BSAF values measure the relative accumulation of selenium in the tissues of aquatic biota as compared to 
the concentrations of selenium in co-located sediment. Values greater than 1.0 indicate a tendency of the 
organisms to accumulate selenium in exceedance of ambient environmental concentrations. The 
whole-body tissue selenium concentrations of aquatic receptors were compared to co-located sediment 
concentrations. Sediment samples were averaged from the immediate area where the biota were sampled 
as a means of creating an average sediment exposure over some estimate of the receptor’s potential home 
range (interpreted broadly). Whole-body tilapia composite concentrations were compared to sediment 
concentrations averaged over two different potential home ranges; 1) the four, approximately 
evenly-divided, entire lake quadrants, or 2) circular home ranges of 5 miles diameter. Invertebrate (and 
macroalgae) samples were compared to sediment results falling within a 1-mile diameter range around 
each tissue sampling point. 

Corixids (water boatmen) showed a statistically-significant positive relationship between log whole-body 
selenium concentrations and log sediment concentrations (r2 = 0.71, P < 0.05) (with both tissue and 
sediment concentrations on dry-weight basis). The BSAF relationship, useful for predicting change in 
Salton Sea corixid selenium concentration as a function of future sediment values, is: 

))359.0(239.0(10),/( entrationconcsedimentLogdwkgmgionconcentratCorixid •+=  

The other groups of aquatic biota did not show significant regression relationships as determined by 
variation in sediment selenium. Instead, their BSAF values are best represented by simple ratios, as follows: 

BSAF (unitless) = (tissue concentration/sediment concentration) 

Future tissue concentrations may be estimated by multiplying future sediment concentrations (mg/kg, dw) 
times the individual BSAF values. BSAFs for Salton Sea biota were estimated as: 

• Tilapia: 4.6; 
• Pileworms: 4.9; and 
• Macroalgae: 0.4. 
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Bioaccumulation values for the terrestrial food chain pathway included Salton Sea-specific small mammal 
bioaccumulation factor (BAFs), terrestrial invertebrate regression relationship developed from studies 
conducted at Kesterson Reservoir or literature values.  

Bioaccumulation values and models used for aquatic and terrestrial transfer of selenium are summarized 
in Table F-23. 

Ecological Effects Characterization 
The Ecological Effects Characterization consists of an evaluation of available toxicity or other effects 
information that can be used to relate the exposure estimates to a level of adverse effects. The available 
site-specific and literature toxicity information was reviewed to identify toxicity reference values (TRVs) 
that are appropriate for the site and representative species. TRVs relate a specified effect to a given 
selenium concentration, and are used to characterize potential ecological effects. This section provides a 
brief overview of selenium toxicity to the representative species followed by the identification of TRVs.  

Selenium Toxicity 
Waterborne selenium can be acutely toxic to some aquatic invertebrates and fish when concentrations are 
greatly elevated (USEPA, 1987), but concentrations in surface waters of the Assessment Area do not 
reach levels that are likely to cause acute toxicity.  

Effects of chronic exposures of fish and wildlife have been described in several recent reviews (e.g., 
Heinz, 1996; Lemly, 1998; Skorupa, 1998a; DOI, 1998; Eisler, 2000, Ohlendorf, 2003; Hamilton, 2004) 
and are summarized only briefly here. Eggs and larvae of fish are among the most sensitive stages of 
vertebrate animals to direct exposure to waterborne selenium. Excess selenium in the diet of fish leads to 
substitution of selenium for sulfur during protein synthesis. This disrupts normal chemical bonds resulting 
in improperly formed or dysfunctional proteins and enzymes affecting sub-cellular, cellular, organ, and 
system functions. Effects include teratogenicity in developing embryos, reduced survival of fry, and 
reduced health and survival of adult fish. In general, fish studies indicate that under elevated selenium 
conditions, sensitive fish species disappear due to direct mortality or reproductive failure while a few 
tolerant species persist.  

Subacute or chronic selenosis can occur in birds when they are gradually exposed to concentrations of 
selenium ranging from 1 to about 40 mg/kg in their diets (Heinz, 1996; Skorupa, 1998a; USDI, 1998; 
Eisler, 2000; Ohlendorf, 2003). Early life stages of birds are the most sensitive. Selenium accumulates 
and depurates from tissues fairly quickly (i.e., uptake and loss are very responsive to the current level of 
exposure). As a result, symptoms of selenium poisoning in adult birds can be reversed rapidly if the 
source of selenium is eliminated. Embryonic deformities, however, are not reversible. Hatchability of 
fertile eggs is considered the most sensitive endpoint. Dabbling ducks, such as mallards and cinnamon 
teal, are among the most sensitive species. Ohlendorf (2003) used the results of six studies with mallards 
to determine the selenium concentrations in diet and eggs that were associated with reduced egg 
hatchability. Dietary concentrations of 4.87 mg/kg and egg concentrations of 12.5 mg/kg (both on 
dry-weight basis) were associated with a 10 percent reduction in hatchability. Concentrations of 5 to 
20 mg/kg in the diet may result in selenium accumulation in eggs above teratogenic thresholds.  

Toxicity Reference Values 
TRVs were selected based on the assessment level of the representative species (see Table F-6). Where 
possible, a “low” and “high” TRV were selected for each receptor. The low TRV generally corresponds to 
little or no adverse ecological effects. The high TRV generally corresponds to a greater level of adverse 
ecological effect that may have consequences to the receptor population or community. The use of both a 
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low and high TRV provide a range of potential risks for a given receptor group, and provides higher 
confidence in the interpretation of results.  

TRVs were selected for each type of receptor or group, as follows:  

• For representative species assessed at the individual level (i.e., black skimmer, burrowing owl, 
double-crested cormorant, gull-billed tern, snowy plover, white-faced ibis, and Yuma clapper 
rail), exposure resulting in effects greater than those associated with a no observed adverse effect 
level (NOAEL) is considered to pose a potential for adverse ecological effects;  

• For representative bird species assessed at the population level (American coot, black-crowned 
night-heron, eared grebe, loggerhead shrike, mallard, northern shoveler, and ruddy duck), the 
maximum acceptable adverse effect level is approximately a 20 percent reduction in the measured 
attribute. This corresponds to the measurement limits for many field and laboratory tests. Lowest 
observed adverse effect levels (LOAELs) typically correspond to a 20 percent reduction in the 
measured attribute (e.g., reproduction, growth);  

• For representative fish species assessed at the population level or the individual level, chronic 
water quality criteria and effect levels were used. These values are considered appropriate for 
general fish populations as well as special-status species; and 

• For representative species assessed at the community level (aquatic and benthic invertebrates), 
the maximum acceptable adverse effect level is also a 20 percent change in the measured attribute 
(i.e., represented by lowest observed effect concentrations [LOECs]). This is the limit of 
detection for assessing aquatic communities using USEPA rapid bioassessment protocols and 
other community assessments (Suter et al., 2000).  

TRVs for this EcoRA consist of available toxicity or other effects information that can be used to relate 
the exposure estimates to a level of potential adverse effects. Stressor-response (i.e., effects) data that may 
be used to evaluate ecological risks resulting from chemical exposures include the following three general 
categories: literature-derived or site-specific single-chemical toxicity data, site-specific ambient media 
toxicity tests, and site-specific field surveys (Suter et al., 2000). TRVs for each functional group were 
selected based on the available toxicity information. In addition, a range of TRVs (low and high values) 
were identified in order to estimate a range of risks.  

TRVs for aquatic invertebrates are based on exposure to surface water. Most TRVs were developed for 
fish, but were considered applicable to aquatic invertebrates because the TRVs represent effects resulting 
from food-chain bioaccumulation. TRVs were obtained from the review conducted by DOI (1998), which 
included peer-reviewed benchmarks, recommended criteria, and effect levels as well as national ambient 
water quality criteria (AWQC). TRVs for aquatic invertebrates exposed to selenium in surface water are 
presented in Table F-24. 

TRVs for benthic invertebrates are based on exposure to sediment. TRVs were obtained from the review 
conducted by DOI (1998) and are presented in Table F-25. 

TRVs for fish are based on exposure to sediment, surface water, or diet, as well as tissue concentrations 
for fillet/muscle or whole body. The TRVs were obtained from the review conducted by DOI (1998), 
which included peer-reviewed benchmarks, recommended criteria, and effect levels as well as national 
AWQC. TRVs for fish are presented in Table F-26. 

TRVs for birds are based on exposure to sediment, surface water, or diet as well as tissue concentrations 
for eggs. The TRVs were obtained from several sources including the compilation by DOI (1998), 
wildlife toxicity reviews, and literature searches. TRVs for birds are presented in Table F-27. 
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RISK CHARACTERIZATION 
The Risk Characterization evaluates the evidence linking exposures to selenium with their potential 
ecological effects on the representative species identified for the Assessment Area. This evaluation is 
completed through the integration of information gathered in the Problem Formulation and the Analysis 
phases of the EcoRA. For this EcoRA, the evidence evaluated consisted of measured selenium 
concentrations in abiotic media (sediment, soil, and surface water) and biotic media (food-chain biota, 
fish tissues, and bird eggs), interpolated (estimated) selenium concentrations in sediment, 
mass/inflow-modeled concentrations for future surface water, and modeled future biota concentrations; 
exposure estimates for representative species; and toxicity information obtained from site-specific and 
literature sources. Three main components compose the Risk Characterization: Risk Estimation, Risk 
Description, and Uncertainty Analysis. These three components are used together to define the potential 
risks to representative species in the Assessment Area under the conditions defined for the Existing 
Condition, no action alternatives, and action alternatives.  

Risk Estimation 
The Risk Estimation focuses on quantitative methods to evaluate the potential for risk. The results of the 
quantitative risk estimation are presented as hazard quotients (HQs) or probabilities (P) of toxic effects.  

Hazard quotients were developed for two types of comparisons using the indicated equations. 

Direct comparisons of exposure point concentrations in sediment, surface water, or tissue to 
concentration-based TRVs. These comparisons were conducted for aquatic invertebrates and fish exposed 
to surface water; benthic invertebrates, fish, and birds (non species-specific) exposed to sediment; fish 
exposure via dietary modeling; and concentrations of selenium in fish tissues and bird eggs. 
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Comparisons of estimated total exposure dosages via the food-chain uptake model to effects dosage 
TRVs. These comparisons were conducted for semi-aquatic and terrestrial birds (species-specific) 
exposed via food-chain uptake to sediment or soil, surface water, and food. 
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The probability of effects on the hatchability of black-necked stilt eggs was calculated based on the 
logistic equation reported by Skorupa (1998b). The resulting probability reflects the chance that 1 or more 
eggs in a typical clutch of 4 eggs will be inviable.  
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Where:  

P = Probability that >1 egg out of 4 in clutch will be inviable 

Seegg = Egg selenium concentration (mg/kg) 
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The risk estimates were derived from the combinations of assessment endpoint level, representative 
species, exposure medium, exposure point concentration, and TRV developed in the Problem Formulation 
and Analysis. The risk estimation procedures for the Existing Condition are summarized in Table F-28. 
The risk estimation procedures for the no action alternatives are summarized in Table F-29, and the risk 
estimation procedures for the action alternatives are summarized in Table F-30. The risk estimates were 
subsequently evaluated in the Risk Description with the other lines of evidence. 

Aquatic Invertebrates 
Aquatic invertebrates were evaluated for potential risks from selenium in surface water via direct contact 
and ingestion. Exposure point concentrations for selenium were developed from the Salton Sea Risk 
Assessment Database. Additional exposure point concentrations for the Alamo River and New River were 
identified from secondary sources to provide a range of risk estimates. Selenium TRVs were available for 
total selenium, organic selenium, and dissolved organic selenium. Where available, both a low and high 
TRV were identified to give a range of potential risks. The potential risks were estimated using direct 
comparisons of exposure point concentrations to TRVs (concentration-based risk estimates) and are 
presented in Table F-31.  

Benthic Invertebrates 
Benthic invertebrates were evaluated for potential risks from selenium in sediment via direct contact and 
ingestion. Exposure point concentrations for selenium were developed from the Salton Sea Risk 
Assessment Database. Selenium TRVs were available only for total selenium. Both a low and a high TRV 
were identified to give a range of potential risks, which were estimated using direct comparisons of 
sediment exposure point concentrations to TRVs and are presented in Table F-32.  

Fish 
Fish were evaluated for potential risks from selenium in sediment, surface water, dietary uptake, and 
tissue bioaccumulation. Exposure point concentrations for selenium were developed from the Salton Sea 
Risk Assessment Database. Where available, both a low and high TRV were identified to give a range of 
potential risks. The potential risks were estimated using direct comparisons of sediment, surface water, 
and tissue exposure point concentrations to concentration-based TRVs as well as modeled dietary intake 
to dietary concentration TRVs.  

Risk estimates for direct contact/ingestion of selenium in sediment are presented in Table F-33. Risk 
estimates for direct contact/ingestion of selenium in surface water are presented in Table F-34. Dietary 
uptake risks for fish were estimated using four different diets (Table F-35) (a) 100 percent aquatic 
invertebrates (100AI), (b) 50 percent aquatic invertebrates and 50 percent benthic invertebrates 
(50AI/50BI), (c) 50 percent aquatic plants, 25 percent aquatic invertebrates, and 25 percent benthic 
invertebrates (50AP/25AI/25BI), and (d) 100 percent aquatic plants (100AP).  

Potential risks due to bioaccumulation of selenium in fish tissues were estimated using total selenium 
TRVs for fillet/muscle (where measured values were available) and whole body (measured and 
estimated). If measured whole-body selenium concentrations were not available (i.e., Shoreline and 
Shallow Water habitat in the Existing Conditions scenario and all no action and action alternatives), tissue 
concentrations were estimated using the sediment exposure point concentration multiplied by the Salton 
Sea fish BSAF (4.6). Risk estimates are presented in Table F-36 for all fish species grouped together and 
in Table F-37 for individual fish species (measured data only).  

Semi-Aquatic Birds 
Semi-aquatic birds were evaluated for potential risks from selenium directly on the basis of concentrations 
in sediment (which is, however, mediated through the food chain); incidental ingestion of selenium in 
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sediment, surface water, and food (plants, aquatic invertebrates, benthic invertebrates, and/or fish depending 
on the bird species being evaluated) using the food chain uptake model; and bioaccumulation of selenium in 
eggs. Exposure point concentrations for selenium were developed from the Salton Sea Risk Assessment 
Database. Both a low and a high TRV for selenium (total) were identified to give a range of potential risks. 
Those risks were estimated using comparisons of total daily dosage to dosage TRVs for the food-chain 
uptake model and using direct comparisons of exposure point concentrations to concentration-based TRVs 
for sediment as a wetland substrate and for bioaccumulation in eggs. 

Potential risks to semi-aquatic birds exposed to wetlands with contaminated sediment were estimated 
using a sediment selenium concentration TRV (Table F-38). The TRVs used for this comparison were not 
species-specific and were the same TRVs used for benthic invertebrate and fish exposure to selenium in 
sediment.  

Potential risks estimated for food-chain uptake incorporate all portions of the diet into one exposure 
estimate or daily dosage, which is species-specific. The resulting daily dosage was compared to a 
dosage-based TRV, as presented in Table F-39.  

Potential risks from bioaccumulation of selenium in bird eggs were estimated using TRVs for total 
selenium. For alternatives (or habitats) where measured egg selenium concentrations were not available 
(i.e., Salton Sea-Open Water and Alamo River Estuary habitat in the Existing Conditions scenario and all 
no action and action alternatives), egg concentrations were modeled using the surface water exposure 
point concentration and the regression equation relating egg concentrations to surface water selenium 
concentrations (defined above in the Exposure Assessment – Tissue-Based Model). Risk estimates are 
presented in Table F-40 for all bird species grouped together (measured and modeled data) and in 
Table F-41 for individual bird species (measured data only). Both a low and a high TRV were identified 
to give a range of potential risks.  

In addition to the risk estimates based on egg selenium concentrations, the probability of more than 
1 inviable egg in a typical black-necked stilt clutch (4 eggs) was estimated (Table F-42). Probabilities 
ranged from 2.6 percent to 3.1 percent.  

Terrestrial Birds 
Terrestrial birds were evaluated for potential exposure to soil, surface water, and food using the food chain 
uptake model in Exposed Playa (AQM), Exposed Playa (non-AQM), Protective Salt Flat, and Agricultural 
Land habitats. Exposure point concentrations for selenium were developed from the Salton Sea Risk 
Assessment Database. Food-chain uptake for terrestrial birds included ingestion of soil, surface water, and 
dietary items (terrestrial plants, terrestrial invertebrates, or small mammals depending on the bird species 
being evaluated). The resulting daily dosage was compared to a low and high dosage-based TRV for total 
selenium. The risk estimates are presented in Table F-43.  

Potential risks from bioaccumulation of selenium in bird eggs were estimated where measured egg data 
were available (Existing Condition). A model was not available for calculating tissue concentrations from 
other media for terrestrial bird species. The measured egg concentrations were compared to 
concentration-based TRVs for total selenium, as presented in Table F-44.  

Risk Description 
The Risk Description incorporates results of the risk estimates along with other lines of evidence to 
evaluate potential selenium effects on ecological receptors in the Assessment Area under Existing 
Conditions and future no action and action alternatives.  

The overall potential for risk was scaled (low, moderate, or high) to assist review and interpretation by 
those who are not familiar with ecological risk assessments. The scaling took into account the assessment 
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endpoint level for the representative species (community level, population level, or individual level), the 
receptor groups potentially affected, the type of toxicity reference value (no effects vs. low effects levels), 
and the severity of effects associated with the toxicity reference value. Scaling was completed as follows: 

1) Sediment or surface water selenium concentration-based or tissue selenium concentration-based 
exposure models and toxicity reference values (aquatic invertebrates, benthic invertebrates, fish, 
and non-species-specific birds) 

Risk Potential Hazard Quotient 
Low potential risk low TRV HQs<1 
Moderate potential risk low TRV HQ >1 and high TRV HQ <1 
High potential risk high TRV HQ > 1 

 

2) Food-chain uptake exposure models and dosage toxicity reference values (species-specific birds) 

Risk Potential Population-Level Individual-Level 
Low potential risk high TRV HQ <1 low TRV HQ <1 
Moderate potential risk 1<High TRV HQ<5 1< low TRV HQ< 5 
High potential risk high TRV HQ >5 low TRV HQ >5 

 

In addition, a risk contour was developed for the black-necked stilt for each exposure scenario (Existing 
Conditions, no action alternatives, and action alternatives) using sample location-specific sediment 
concentrations and modeled food-chain uptake. The stilt was selected for the risk contours because it was 
evaluated in all aquatic habitats and the resulting risk contour would the most complete coverage of the 
footprint for each alternative. The black-necked stilt was evaluated at the population level, and the hazard 
quotients depicted on the risk contour are based on the LOAEL toxicity reference value (representing a low 
probability of effects to the overall population). Total exposure for the black-necked stilt was estimated from 
ingestion of aquatic invertebrates, benthic invertebrates, sediment, and surface water. The estimated risks 
were primarily due to ingestion of aquatic invertebrates, followed by ingestion of benthic invertebrates. 

The results of the Risk Description for each exposure scenario are summarized in the following 
subsections.  

Existing Conditions 
Potential risks from exposure to selenium in sediment and surface water were estimated for aquatic 
invertebrates, benthic invertebrates, fish, and semi-aquatic birds for all aquatic habitats, and potential 
risks from exposure to selenium in soil were estimated for terrestrial birds in the Agricultural Land 
habitat. Habitats for the Existing Condition were presented in Figure F-6. The risk estimates and overall 
potential for risk in each habitat and receptor are summarized in Table F-45 (sediment), Table F-46 
(surface water), Table F-47 (tissue), and Table F-48 (soil) and are discussed below for each media. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were low in the Alamo and New river estuaries, and 
Freshwater Marsh habitats. Estimated risks were moderate in the Whitewater River Estuary and in the 
Salton Sea (Open Water and Shoreline and Shallow Water habitats). None of the estimated risks were 
ranked as “high.”  
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Estimated risks to population-level receptors were calculated using two methods: (1) concentration-based 
(non species-specific) presented as “fish-sediment”, “fish-diet”, and “bird-sediment” in Table F-45, and 
(2) food-chain uptake modeling (dosage-based for birds) presented for individual bird species in Table F-45. 
The estimated sediment concentration-based risks were low for fish and birds in the Alamo and New river 
estuaries and Freshwater Marsh habitats; and moderate for the Whitewater River Estuary and Salton Sea 
(Open Water, Shoreline and Shallow Water) habitats. Modeled diets for fish resulted in a range of risk 
estimates that indicated potentially high risks in all habitats except Salton Sea (Open Water) and the New 
River Estuary. Food-chain uptake modeling resulted in low potential risks to all population-level birds with 
the exception of the black-crowned night-heron in the Alamo and New river estuary habitats. The food-chain 
uptake model indicated that estimated risks to birds were driven by intake of food items followed by 
incidental ingestion of sediment. Incidental ingestion of surface water (included as part of the food-chain 
uptake model) did not affect overall exposure or risk. The risk contour for the black-necked stilt (Figure F-41) 
indicates that there are no locations where the estimated risks exceed the low potential for adverse effects. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for 
special-status fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and 
dietary modeling were the same as those reported above for population-level fish because the toxicity 
reference values were applicable to both protected and non-protected fish species. Estimated risks for 
individual-level birds were low for the Yuma clapper rail in the New River Estuary and Freshwater Marsh 
habitats. Potential moderate risks were estimated for all other individual-level birds and habitats with the 
exception of the gull-billed tern in the Alamo River Estuary. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Intake of surface water by population- and individual-level birds was included in the 
food-chain uptake model results presented for sediment above. The estimated risks from selenium in 
surface water are summarized Table F-46 and discussed below.  

Estimated risks to community-, population-, and individual-level receptors from water-borne selenium were 
moderate in all habitats with the exception of the Alamo River Estuary (which had high risk potential). 
Estimated risks for other forms of selenium (organic and dissolved organic selenium) were low.  

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body and/or fillet/muscle) were 
moderate in the Salton Sea (Shoreline and Shallow Water habitat), Whitewater River Estuary, and 
Freshwater Marsh habitats. Estimated risks were high in the Alamo and New river estuary habitats. 

Evaluation of risk potential for bioaccumulation in tissues of individual fish species indicated low risks 
(low TRV hazard quotient less than 1) for the following: 

• Estuary-New River: western mosquitofish; and 
• Estuary-Whitewater River: channel catfish, redbelly tilapia, sailfin molly, and western 

mosquitofish. 
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Moderate risk potential (low TRV hazard quotient exceeded 1, but high TRV hazard quotient was less 
than 1) included the following: 

• Salton Sea-Open Water: western mosquitofish and sailfin molly; 
• Estuary-Alamo River: longjaw mudsucker and western mosquitofish; 
• Estuary-New River: longjaw mudsucker and western mosquitofish; 
• Estuary-Whitewater River: common carp, largemouth bass, red shiner, and tilapia (sp.); 
• Freshwater Marsh: sailfin molly; and 
• Lower Colorado River: largemouth bass and tilapia (note: the lower Colorado River was not 

assessed as a habitat associated with the Salton Sea in the EcoRA, but fish samples were collected 
for reference purposes). 

Habitats with whole body bioaccumulation corresponded to high risk potential (high TRV hazard quotient 
exceeded 1) included: 

• Salton Sea-Open Water: gulf croaker, orangemouth corvina, redbelly tilapia, sargo, and tilapia (sp.); 
• Estuary-Alamo River: gulf croaker, orangemouth corvina, sailfin molly, sargo, and tilapia (sp.); 
• Estuary-New River: gulf croaker, orangemouth corvina, and tilapia (sp.); and 
• Lower Colorado River: largemouth bass. 

Estimated risks from bioaccumulation of selenium in bird eggs were low in the Salton Sea (Open Water), 
New and Alamo river estuaries, and Agricultural Land habitats. Estimated risks were moderate in the 
Salton Sea (Shoreline and Shallow Water), Whitewater River Estuary, and Freshwater Marsh habitats.  

Evaluation of risk potential for bioaccumulation in eggs of individual bird species indicated moderate 
risks (hazard quotients using the low TRV exceeded one) for several species and habitats (Table F-41) as 
follows: 

• Salton Sea – Shoreline and Shallow Water: black-necked stilt, black skimmer, great egret, and 
snowy egret; 

• Estuary-Whitewater River: black-crowned night-heron; and 

• Freshwater Marsh: black-necked stilt. 

In addition, the probability that an average clutch (4 eggs) for the black-necked stilt would have one or 
more unviable eggs was estimated based on waterborne selenium concentrations. The probability for 
habitats in the Existing Condition ranged from 2.6 to 3.1 percent. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Agricultural Land habitat (Table F-48). Estimated risks to both the 
western burrowing owl and white-faced ibis were low. 

No Action Alternative-CEQA Conditions 
Potential risks from exposure to selenium in sediment and surface water were estimated for aquatic 
invertebrates, benthic invertebrates, and semi-aquatic birds for Salton Sea and estuary habitats under the 
No Action Alternative-CEQA Conditions (Figure F-7). Potential risks to fish from exposure to selenium 
in sediment and surface water were estimated for the estuary habitats only because under future no action 
conditions, the salinity of the Salton Sea (Open Water, Shoreline and Shallow Water) habitats would 
exceed fish tolerances. Potential risks from exposure selenium to soil were estimated for terrestrial birds 
in the Exposed Playa (AQM) habitat. Future risks in the Freshwater Marsh habitat were not estimated 
because future conditions were not expected to be different from the Existing Condition. The risk 
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estimates and overall potential for risk in each habitat and receptor are summarized in Tables F-45 
through F-48 and are discussed below for sediment, surface water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were low in the Alamo and New river estuaries. Estimated 
risks were moderate in the Whitewater River Estuary and in the Salton Sea (Open Water and Shoreline 
and Shallow Water habitats). None of the estimated risks were in the potentially “high” risk ranking.  

Estimated risks to population-level receptors using sediment concentration-based models were low for 
fish and birds in the New and Alamo river estuary habitats; and moderate for the Whitewater River 
Estuary. Estimated risks to birds (non species specific) were moderate for the Salton Sea (Open Water, 
Shoreline and Shallow Water) habitats. Potential risks to fish were not modeled for those Salton Sea 
habitats because future no action conditions would result in salinity levels exceeding fish tolerances. 
Modeled diets for fish resulted in a range of risk estimates that indicated low risks in the New and Alamo 
river estuaries and potentially high risks in the Whitewater River Estuary. Food-chain uptake modeling 
for semi-aquatic birds resulted in low potential risks to all population-level birds in all habitats. The risk 
contour for the black-necked stilt (Figure F-42) indicates that there are no locations where the estimated 
risks exceed the low potential for adverse effects. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for 
special-status fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and 
dietary modeling were the same as those reported above for population-level fish because the toxicity 
reference values were applicable to both protected and non-protected fish species. Estimated risks for 
individual-level birds were low for all birds evaluated with the exception of the snowy plover (Salton Sea 
Shoreline and Shallow Water habitat) and the black skimmer (Whitewater River Estuary habitat) for 
which estimated risks were moderate. Estimated risks to both birds were primarily due to intake of food 
items with bioaccumulated selenium. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Fish were evaluated in the estuary habitats only. Intake of surface water by population- and 
individual-level birds was included in the food-chain uptake model results presented for sediment above. 
The estimated risks from selenium in surface water are summarized Table F-46 and discussed below.  

Estimated risks to community-, population-, and individual-level receptors from water-borne selenium 
were moderate in all habitats with the exception of the Alamo River Estuary where results indicated a 
high risk potential. Estimated risks to population- and individual-level receptors (fish) were moderate in 
the New and Whitewater river estuaries and high in the Alamo River Estuary. 

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were low in the Alamo and 
New river estuary habitats and high in the Whitewater River Estuary habitat.  
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Estimated risks from bioaccumulation of selenium in bird eggs were low in the Salton Sea (Open Water, 
Shoreline and Shallow Water), New River Estuary, and Whitewater River Estuary habitats. Estimated 
risks were moderate in the Alamo River Estuary habitat. In addition, the probability that an average clutch 
(4 eggs) for the black-necked stilt would have one or more unviable eggs was estimated from waterborne 
selenium concentrations. Resulting percentages ranged from 2.6 to 3.1. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Exposed Playa (AQM) (Table F-48). Estimated risks to the 
loggerhead shrike were low. 

No Action Alternative-Variability Conditions 
Potential risks from exposure to selenium in sediment and surface water were estimated for aquatic 
invertebrates, benthic invertebrates, and semi-aquatic birds for Salton Sea and estuary habitats under the 
No Action Alternative-Variability Conditions (Figure F-9). Potential risks to fish from exposure to 
selenium in sediment and surface water were only estimated for the estuary habitats because under future 
no action conditions, the salinity of the Salton Sea (Open Water, Shoreline and Shallow Water) habitats 
would exceed fish tolerances. Potential risks from exposure to soil were estimated for terrestrial birds in 
the Exposed Playa (AQM) habitat. Future risks in the Freshwater Marsh habitat were not estimated 
because future conditions were not expected to be different from the Existing Condition. The risk 
estimates and overall potential for risk in each habitat and receptor are summarized in Tables F-45 
through F-48 and are discussed below for sediment, surface water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were low in the Alamo and New river estuaries. Estimated 
risks were moderate in the Salton Sea (Open Water and Shoreline and Shallow Water habitats); and 
estimated risks were high in the Whitewater River Estuary.  

Estimated risks to population-level receptors using sediment concentration-based models were low for fish 
and birds in the Alamo and New river estuary habitats; and high for the Whitewater River Estuary. 
Estimated risks to birds (non species specific) were moderate for the Salton Sea (Open Water, Shoreline and 
Shallow Water) habitats. Potential risks to fish were not modeled for the Salton Sea habitats because future 
no action conditions would result in salinity levels exceeding fish tolerances. Modeled diets for fish resulted 
in a range of risk estimates that indicated low risks in the Alamo and New river estuaries and potentially 
high risks in the Whitewater River Estuary. Food-chain uptake modeling for semi-aquatic birds resulted in 
low potential risks to all population-level birds in all habitats, with the exception of the black-necked stilt 
and eared grebe in the Whitewater River Estuary habitat. The risk contour for the black-necked stilt 
(Figure F-43) indicates the slightly higher potential risks associated with the northern end of the Sea, which 
receives input from the Whitewater River. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for 
special-status fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and 
dietary modeling were the same as those reported above for population-level fish because the toxicity 
reference values were applicable to both protected and non-protected fish species. Estimated risks for 
individual-level birds (black skimmer) were low for the Alamo River Estuary, moderate for the Salton 

Salton Sea Ecosystem F-49 2006 
Restoration Draft PEIR 



Appendix F 
Ecological Risk Assessment 

Sea (Shoreline and Shallow Water) and New River Estuary habitats, and high for the Whitewater River 
Estuary habitat. Estimated risks to the black skimmer were primarily due to intake of fish. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Fish receptors were evaluated in the estuary habitats only. Intake of surface water by 
population- and individual-level birds was included in the food-chain uptake model results presented for 
sediment above. The estimated risks from selenium in surface water are summarized Table F-46 and 
discussed below.  

Estimated risks to community-level receptors (aquatic invertebrates) from water-borne selenium were 
moderate in all habitats with the exception of the Alamo River Estuary where results indicated a high risk 
potential. Estimated risks to population- and individual-level receptors (fish) were moderate in the New 
and Whitewater river estuaries and high in the Alamo River Estuary. 

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were low in the Alamo and 
New river estuary habitats and high in the Whitewater River Estuary habitat.  

Estimated risks from bioaccumulation of selenium in bird eggs were low in the Salton Sea (Open Water, 
Shoreline and Shallow Water), New River Estuary, and Whitewater River Estuary habitats. Estimated 
risks were moderate in the Alamo River Estuary habitat. In addition, the probability that an average clutch 
(4 eggs) for the black-necked stilt would have more than one unviable egg was estimated as ranging from 
2.6 to 3.1 percent. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Exposed Playa (AQM) (Table F-48). Estimated risks to the 
loggerhead shrike were low. 

Alternative 1 – Saline Habitat Complex I 
Potential risks from selenium were estimated for four habitats (Brine Sink, Saline Habitat Complex-South 
(Rivers), Saline Habitat Complex-South (Drains), and Exposed Playa (AQM) as defined for Alternative 1 
(Figure F-10). The list of receptors evaluated for all alternatives was refined from the list used to evaluate 
the Existing Condition and the No Action Alternative to include aquatic invertebrates, benthic 
invertebrates, fish (saline habitat complexes only), three population-level semi-aquatic birds, one 
population-level terrestrial bird, and two individual-level semi-aquatic birds. Species evaluated in each 
habitat are presented in Table F-30. The risk estimates and overall potential for risk in each habitat and 
receptor are summarized in Tables F-45 through F-48 and are discussed below for sediment, surface 
water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  
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Estimated risks to community-level receptors were low in the Saline Habitat Complex-South (Rivers) and 
moderate in the Brine Sink and Saline Habitat Complex-South (Drains) habitats.  

Estimated risks to population-level receptors using sediment concentration-based models were low for 
fish and birds in the Saline Habitat Complex-South (Rivers) and moderate in the Saline Habitat 
Complex-South (Drains). Estimated risks to birds (non species-specific) were moderate for the Brine Sink 
habitat. Modeled diets for fish resulted in a range of risk estimates that indicated potentially high risks in 
both Saline Habitat Complex-South (Rivers) and -South (Drains). Food-chain uptake modeling for 
semi-aquatic birds resulted in low potential risks to all population-level birds (all habitats). The risk 
contour for the black-necked stilt (Figure F-44) indicates that estimated risks were low throughout the 
Salton Sea under this alternative. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for 
special-status fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and 
dietary modeling were the same as those reported above for population-level fish because the toxicity 
reference values were applicable to both protected and non-protected fish species. Estimated risks for 
individual-level birds were moderate in Saline Habitat Complex-South (Rivers) and -South (Drains) and 
high in the Brine Sink. Estimated risks to the black skimmer and snowy plover were primarily due to 
intake of fish and benthic invertebrates, respectively. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Intake of surface water by population- and individual-level birds was included in the 
food-chain uptake model results presented for sediment above. The estimated risks from selenium in 
surface water are summarized Table F-46 and discussed below.  

Estimated risks to community-level receptors (aquatic invertebrates) from water-borne selenium were 
high in all habitats. Estimated risks to population-level and individual-level receptors (fish) in both Saline 
Habitat Complex-South (Rivers) and -South (Drains) were high. 

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were moderate for both 
Saline Habitat Complex-South (Rivers) and -South (Drains). Estimated risks from bioaccumulation of 
selenium in bird eggs were moderate in all habitats. In addition, the probability that an average clutch 
(4 eggs) for the black-necked stilt would have one or more unviable eggs was estimated from waterborne 
selenium concentrations. The probability for this alternative ranged from 3.0 to 3.1 percent. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Exposed Playa (AQM) (Table F-48). Estimated risks to the 
loggerhead shrike were low. 

Alternative 2 – Saline Habitat Complex II 
Potential risks from selenium were estimated for five distinct habitat areas (Brine Sink, Saline Habitat 
Complex-North, Saline Habitat Complex-South, Saline Habitat Complex-West, and Exposed Playa 
(AQM) as defined for Alternative 2 (Figure F-11). The risk estimates and overall potential for risk in each 
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habitat and receptor are summarized in Tables F-45 through F-48 and are discussed below for sediment, 
surface water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were low in the Saline Habitat Complex-South and 
moderate in the Brine Sink, Saline Habitat Complex-North and Saline Habitat Complex-West habitats  

Estimated risks to population-level receptors using sediment concentration-based models were low for 
fish and birds in the Saline Habitat Complex-South and moderate in the Saline Habitat Complex-North, 
and Saline Habitat Complex-West. Estimated risks to birds (non species-specific) were moderate for the 
Brine Sink habitat. Modeled diets for fish resulted in a range of risk estimates that indicated potentially 
high risks in all saline habitat complexes. Food-chain uptake modeling for semi-aquatic birds resulted in 
low potential risks to all population-level birds (all habitats). The risk contour for the black-necked stilt 
(Figure F-45) indicates that highest risks are associated with the Brine Sink, but all estimated risks fall 
within the low potential risk category. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for special-status 
fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and dietary modeling 
were the same as those reported above for population-level fish because the toxicity reference values were 
applicable to both protected and non-protected fish species. Estimated risks for individual-level birds were 
moderate in all saline habitat complexes and high in the Brine Sink. Estimated risks to the black skimmer 
and snowy plover were primarily due to intake of fish and benthic invertebrates, respectively. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Intake of surface water by population- and individual-level birds was included in the 
food-chain uptake model results presented for sediment above. The estimated risks from selenium in 
surface water are summarized Table F-46 and discussed below.  

Estimated risks to community- level receptors (aquatic invertebrates), population-level receptors (non 
special status fish), and individual-level receptors (desert pupfish) from water-borne selenium were 
moderate in the Saline Habitat Complex-North and -West habitats and high in the Brine Sink 
(community-level) and Saline Habitat Complex-South.  

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were moderate for both 
Saline Habitat Complex-South and –West, but high in Saline Habitat Complex-North. Estimated risks 
from bioaccumulation of selenium in bird eggs were low in Saline Habitat Complex-North and –West, 
and moderate in the Brine Sink and Saline Habitat Complex-South. In addition, the probability that an 
average clutch (4 eggs) for the black-necked stilt would have one or more unviable eggs was estimated 
from waterborne selenium concentrations and ranged from 2.8 to 3.1 percent. 

2006 F-52 Salton Sea Ecosystem  
Restoration Draft PEIR 



Appendix F 
Ecological Risk Assessment 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Exposed Playa (AQM) (Table F-48). Estimated risks to the 
loggerhead shrike were low. 

Alternative 3 – Concentric Rings 
Potential risks from selenium were estimated for four distinct habitat areas (Brine Sink, First Ring, 
Second Ring, and Exposed Playa (AQM) as defined for Alternative 3 (Figure F-12). The risk estimates 
and overall potential for risk in each habitat and receptor are summarized in Tables F-45 through F-48 
and are discussed below for sediment, surface water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were moderate in all habitats.  

Estimated risks to population-level receptors using sediment concentration-based models were moderate 
for fish and birds in the First and Second Rings. Estimated risks to birds (non species-specific) were also 
moderate for the Brine Sink habitat. Modeled diets for fish resulted in a range of risk estimates that 
indicated potentially high risks in both the First and Second Ring habitats. Food-chain uptake modeling 
for semi-aquatic birds resulted in low high potential risks in the Brine Sink and moderate potential risks 
for the First and Second Rings. The risk contour for the black-necked stilt (Figure F-46) indicates that 
highest risks are associated with the Brine Sink. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for 
special-status fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and 
dietary modeling were the same as those reported above for population-level fish because the toxicity 
reference values were applicable to both protected and non-protected fish species. Estimated risks for 
individual-level birds were moderate in both the First and Second Ring habitats and high in the Brine 
Sink. Estimated risks to the black skimmer and snowy plover were primarily due to intake of fish and 
benthic invertebrates, respectively. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Intake of surface water by population- and individual-level birds was included in the 
food-chain uptake model results presented for sediment above. The estimated risks from selenium in 
surface water are summarized Table F-46 and discussed below.  

Estimated risks to community-level (aquatic invertebrates), population-level (non special-status fish), and 
individual-level (desert pupfish) receptors from water-borne selenium were high in all habitats (where 
evaluated). 

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 
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Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were moderate for the First 
Ring and high for the Second Ring. Estimated risks from bioaccumulation of selenium in bird eggs were 
low in the First Ring and moderate in both the Second Ring and Brine Sink. In addition, the probability 
that an average clutch (4 eggs) for the black-necked stilt would have one or more than one unviable egg 
was estimated from waterborne selenium concentrations and ranged from 2.9 to 3.1 percent. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Exposed Playa (AQM) (Table F-48). Estimated risks to the 
loggerhead shrike were low. 

Alternative 4 – Concentric Lakes 
Potential risks from selenium were estimated for ten distinct habitat areas (Brine Sink; First, Second, 
Third, and Fourth Lakes; and five Exposed Playas) as defined for Alternative 4 (Figure F-13). The risk 
estimates and overall potential for risk in each habitat and receptor are summarized in Tables F-45 
through F-48 and are discussed below for sediment, surface water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were moderate in the First, Second, Third, and Fourth 
Lakes and high in the Brine Sink.  

Estimated risks to population-level receptors using sediment concentration-based models were moderate 
for fish and birds in the First, Second, Third, and Fourth Lakes. Estimated risks to birds (non 
species-specific) were high for the Brine Sink habitat. Modeled diets for fish resulted in a range of risk 
estimates that indicated potentially high risks in the First, Second, Third, and Fourth Lakes. Food-chain 
uptake modeling for semi-aquatic birds resulted in low potential risks for Lakes 1-4 and moderate 
potential risks in the Brine Sink. The risk contour for the black-necked stilt (Figure F-47) indicates that 
highest risks are associated with the Brine Sink. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for special-status 
fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and dietary modeling 
were the same as those reported above for population-level fish because the toxicity reference values were 
applicable to both protected and non-protected fish species. Estimated risks for individual-level birds were 
moderate in the First, Second, Third, and Fourth Lakes and high in the Brine Sink. Estimated risks to the 
black skimmer and snowy plover were primarily due to intake of fish and benthic invertebrates, respectively. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Intake of surface water by population- and individual-level birds was included in the 
food-chain uptake model results presented for sediment above. The estimated risks from selenium in 
surface water are summarized Table F-46 and discussed below.  

Estimated risks to community-level (aquatic invertebrates), population-level (fish), and individual-level 
(desert pupfish) receptors from water-borne selenium were high in all habitats (where evaluated), with the 
exception of the Second Lake which indicated moderate potential risks. 
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Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were moderate for the First 
and Second lakes, and high for the Third and Fourth lakes. Estimated risks from bioaccumulation of 
selenium in bird eggs were low in the Second Lake and moderate in the First, Third, and Fourth Lakes as 
well as the Brine Sink. In addition, the probability that an average clutch (4 eggs) for the black-necked 
stilt would have one or more unviable eggs was estimated from waterborne selenium concentrations and 
ranged from 2.8 to 3.0 percent. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in five Exposed Playa (non-AQM) habitats located between the lakes and 
between the Fourth Lake and the Brine Sink. Estimated risks to the loggerhead shrike were low for all 
habitats (Table F-48).  

Alternative 5 – North Sea 
Potential risks from selenium were estimated for four habitats (Brine Sink, Marine Sea, Saline Habitat 
Complex, and Exposed Playa (AQM) as defined for Alternative 5 (Figure F-14). The risk estimates and 
overall potential for risk in each habitat and receptor are summarized in Tables F-45 through F-48 and are 
discussed below for sediment, surface water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were moderate in all habitats.  

Estimated risks to population-level receptors using sediment concentration-based models were moderate 
for fish and birds in all habitats. Modeled diets for fish resulted in a range of risk estimates that indicated 
potentially high risks in the Marine Sea and Saline Habitat Complex. Food-chain uptake modeling for 
semi-aquatic birds resulted in low potential risks for the Saline Habitat Complex and moderate potential 
risks in the Brine Sink and Marine Sea. The risk contour for the black-necked stilt (Figure F-48) indicates 
that highest risks are associated with the northern portions of the configuration including the Brine Sink 
and Marine Sea. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for 
special-status fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and 
dietary modeling were the same as those reported above for population-level fish because the toxicity 
reference values were applicable to both protected and non-protected fish species. Estimated risks for 
individual-level birds were moderate in the Saline Habitat Complex and high in the Brine Sink and 
Marine Sea. Estimated risks to the black skimmer and snowy plover were primarily due to intake of fish 
and benthic invertebrates, respectively. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 

Salton Sea Ecosystem F-55 2006 
Restoration Draft PEIR 



Appendix F 
Ecological Risk Assessment 

receptors. Intake of surface water by population- and individual-level birds was included in the 
food-chain uptake model results presented for sediment above. The estimated risks from selenium in 
surface water are summarized Table F-46 and discussed below.  

Estimated risks to community-level (aquatic invertebrates) receptors from water-borne selenium were 
moderate in the Brine Sink and high in both the Marine Sea and Saline Habitat Complex. Estimated risks 
to population-level (fish) and individual-level (desert pupfish) were high in the Saline Habitat Complex. 

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were moderate for the Saline 
Habitat Complex, but high for the Marine Sea. Estimated risks from bioaccumulation of selenium in bird 
eggs were low in the Brine Sink and moderate in the Marine Sea and Saline Habitat Complex. In addition, 
the probability that an average clutch (4 eggs) for the black-necked stilt would have one or more than one 
unviable egg was estimated from waterborne selenium concentrations and ranged from 2.8 to 3.0 percent. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Exposed Playa (AQM). Estimated risks to the loggerhead shrike were 
low for all habitats (Table F-48).  

Alternative 6 – North Sea Combined 
Potential risks from selenium were estimated for four habitats (Brine Sink, Marine Sea, Saline Habitat 
Complex, and Exposed Playa (Exposed Playa [AQM]) as defined for Alternative 6 (Figure F-15). The 
risk estimates and overall potential for risk in each habitat and receptor are summarized in Tables F-45 
through F-48 and are discussed below for sediment, surface water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were low in the Saline Habitat Complex, moderate in the 
Marine Sea, and high in the Brine Sink.  

Estimated risks to population-level receptors using sediment concentration-based models were low in the 
Saline Habitat Complex, moderate in the Marine Sea, and high in the Brine Sink. Modeled diets for fish 
resulted in a range of risk estimates that indicated potentially high risks in the Marine Sea and Saline 
Habitat Complex. Food-chain uptake modeling for semi-aquatic birds resulted in low potential for risk to 
population-level receptors in the Saline Habitat Complex, and low (black-necked stilt and mallard) to 
moderate (eared grebe) potential risks for the Marine Sea. The risk contour for the black-necked stilt 
(Figure F-49) indicates that highest risks are associated with the northern portions of the configuration 
including the Brine Sink and Marine Sea. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for 
special-status fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and 
dietary modeling were the same as those reported above for population-level fish because the toxicity 
reference values were applicable to both protected and non-protected fish species. Estimated risks for 
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individual-level birds were moderate in the Saline Habitat Complex ands Marine Sea (black skimmer) and 
high for snowy plover in all habitats. Estimated risks to the black skimmer and snowy plover were 
primarily due to intake of fish and benthic invertebrates, respectively. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Intake of surface water by population- and individual-level birds was included in the 
food-chain uptake model results presented for sediment above. The estimated risks from selenium in 
surface water are summarized Table F-46 and discussed below.  

Estimated risks to community-, population-, and individual-level receptors from water-borne selenium 
were high for all habitats (where evaluated). 

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were moderate for the 
Saline Habitat Complex, but high for the Marine Sea. Estimated risks from bioaccumulation of selenium 
in bird eggs were low in the Brine Sink and moderate in the Marine Sea and Saline Habitat Complex. In 
addition, the probability that an average clutch (4 eggs) for the black-necked stilt would have one or more 
than one unviable egg was estimated from waterborne selenium concentrations and the resulting 
percentages ranged from 2.9 to 3.0. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Exposed Playa (AQM). Estimated risks to the loggerhead shrike were 
low for all habitats (Table F-48). 

Alternative 7 – Combined North and South Lakes 
Potential risks from selenium were estimated for eight habitats (Brine Sink, Marine Sea (Recreational 
Saltwater and Recreational Estuary lakes), Saline Habitat Complex-East, Saline Habitat Complex-North, 
IID Freshwater Reservoir, Protective Salt Flat, Exposed Playa (1 and 2) as defined for Alternative 7 
(Figure F-16). The risk estimates and overall potential for risk in each habitat and receptor are 
summarized in Tables F-45 through F-48 and are discussed below for sediment, surface water, tissue, and 
soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were low in the Saline Habitat Complex-East and IID 
Freshwater Reservoir. Estimated risks were moderate in the Brine Sink, Marine Sea, and Saline Habitat 
Complex-North. 

Estimated risks to population-level receptors using sediment concentration-based models were low in the 
Saline Habitat Complex-East and IID Freshwater Reservoir. Estimated risks were moderate in the Brine 
Sink, Marine Sea, and Saline Habitat Complex-North. Modeled diets for fish resulted in a range of risk 
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estimates that indicated low potential risks in the Saline Habitat Complex-East and IID Freshwater 
Reservoir, but potentially high in the Marine Sea and Saline Habitat Complex-North. Food-chain uptake 
modeling for semi-aquatic birds resulted in low potential for risk to population-level receptors in the 
Brine Sink, Saline Habitat Complex-East, Saline Habitat Complex-North, and IID Freshwater Reservoir. 
Moderate potential risks were estimated for eared grebe in the Marine Sea. The risk contour for the 
black-necked stilt (Figure F-50) indicates that highest risks are associated with the northern portions of 
the configuration including the Brine Sink, Marine Sea, and Saline Habitat Complex-North. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for special-status 
fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and dietary modeling 
were the same as those reported above for population-level fish because the toxicity reference values were 
applicable to both protected and non-protected fish species. Estimated risks for individual-level birds were 
low for the IID Freshwater Reservoir, moderate in the Saline Habitat Complex-East (snowy plover), and 
Saline Habitat Complex-North (black skimmer and snowy plover). Estimated risks were potentially high for 
Brine Sink (snowy plover) and Marine Sea (black skimmer and snowy plover). Estimated risks to the black 
skimmer and snowy plover were primarily due to intake of fish and benthic invertebrates, respectively. 

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates) and population-level (non special-status fish) receptors. Intake of surface water by 
population- and individual-level birds was included in the food-chain uptake model results presented for 
sediment above. The estimated risks from selenium in surface water are summarized Table F-46 and 
discussed below.  

Estimated risks to community-level (aquatic invertebrates) receptors from water-borne selenium were 
high for the Brine Sink and Marine Sea. Estimated risks were moderate for all other habitats. Estimated 
risks for population-level and individual-level receptors were high for the Marine Sea and moderate for 
all other habitats where fish were evaluated. 

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were low for Brine Sink, 
Saline Habitat Complex-East, and IID Freshwater Reservoir; and high for Marine Sea and Saline Habitat 
Complex-North. Estimated risks from bioaccumulation of selenium in bird eggs were low in all habitats 
with the exception of the Marine Sea which had a moderate potential risk. The probability that an average 
clutch (4 eggs) for the black-necked stilt would have one or more unviable eggs was estimated from 
waterborne selenium concentrations and ranged from 2.6 to 3.0 percent. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Protective Salt Flat, and Exposed Playa (1 and 2). Estimated risks to 
the loggerhead shrike were low for all habitats (Table F-48). 

Alternative 8 – South Sea Combined 
Potential risks from selenium were estimated for four habitats (Brine Sink, Marine Sea, Saline Habitat 
Complex, and Exposed Playa (AQM) as defined for Alternative 8 (Figure F-17). The risk estimates and 
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overall potential for risk in each habitat and receptor are summarized in Tables F-45 through F-48 and are 
discussed below for sediment, surface water, tissue, and soil exposure pathways. 

Sediment 
Potential risks from selenium via sediment exposure pathways were estimated for community-level 
(benthic invertebrates), population-level (non special-status fish and birds), and individual-level 
(special-status fish and birds) receptors. The results are summarized in Table F-45 and discussed below.  

Estimated risks to community-level receptors were moderate in all habitats. 

Estimated risks to population-level receptors using sediment concentration-based models were moderate in 
all habitats. Modeled diets for fish resulted in a range of risk estimates that indicated potentially high risks 
in both the Marine Sea and Saline Habitat Complex. Food-chain uptake modeling for semi-aquatic birds 
resulted in low potential for risk to population-level receptors in the Marine Sea and Saline Habitat 
Complex. Moderate potential risks were estimated for the Brine Sink. The risk contour for the black-necked 
stilt (Figure F-51) indicates that highest risks are associated with the northern portions of the configuration 
including the Brine Sink northern portion of the Marine Sea where the Whitewater River enters. 

Estimated risks to individual-level receptors were also calculated using the sediment concentration-based, 
dietary modeling (fish), and food-chain uptake modeling (birds) methods. Estimated risks for special-status 
fish (desert pupfish) via direct comparisons to selenium concentrations in sediment and dietary modeling 
were the same as those reported above for population-level fish because the toxicity reference values were 
applicable to both protected and non-protected fish species. Estimated risks for individual-level birds were 
moderate for the Marine Sea and Saline Habitat Complex and high for the Brine Sink.  

Surface Water 
Potential risks from selenium via surface water exposure pathways were estimated for community-level 
(aquatic invertebrates), population-level (non special-status fish), and individual-level (desert pupfish) 
receptors. Intake of surface water by population- and individual-level birds was included in the 
food-chain uptake model results presented for sediment above. The estimated risks from selenium in 
surface water are summarized Table F-46 and discussed below.  

Estimated risks to community-, population-, and individual-level (fish) receptors from water-borne 
selenium were high for all habitats (where evaluated). 

Tissue 
Potential risks from selenium via tissue bioaccumulation were estimated for population-level receptors 
(non special-status fish and birds). The results are summarized in Table F-47 and discussed below. 

Estimated risks from bioaccumulation of selenium in fish tissue (whole body) were moderate for the 
Marine Sea and high for the Saline Habitat Complex. Estimated risks from bioaccumulation of selenium 
in bird eggs were moderate in all habitats. The probability that an average clutch (4 eggs) for the 
black-necked stilt would have one or more unviable eggs was estimated from waterborne selenium 
concentrations and ranged from 2.9 to 3.0 percent. 

Soil 
Potential risks from selenium via soil exposure pathways were estimated for population-level (non 
special-status bird) receptors in the Exposed Playa (AQM). Estimated risks to the loggerhead shrike were 
low for all habitats (Table F-48). 
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Uncertainty Analysis 
Uncertainties are inherent in all aspects of an EcoRA. The nature and magnitude of uncertainties depend 
on the amount and quality of the data available, the degree of knowledge concerning site conditions, and 
the assumptions made to perform the risk assessment. A qualitative evaluation of the major uncertainties 
associated with this assessment, in no particular order of importance, is outlined below. 

Problem Formulation 
Representative species were selected to reduce uncertainty and to focus on species that are both 
maximally exposed and representative of the wildlife using habitat types under recent and potential future 
conditions in the Assessment Area. However, differences among species, including physiology, 
reproductive biology, or foraging habits, can result in different exposures and sensitivities.  

Future sediment concentrations were estimated based on anticipated sources, mass, and loading of selenium 
to specific habitats in each no action and action alternative (as described in greater detail in Attachment F2). 
Statistically significant differences between measured and estimated sediment selenium concentrations were 
observed for at least one habitat in each alternative. However, because the ranges of measured and 
estimated sample concentrations broadly overlap, these differences likely have limited influence on overall 
uncertainty associated with the underlying sediment data. The number of acres per measured sample for 
each habitat within an alternative and over all habitats within an alternative is a more important measure of 
uncertainty associated with the data used for the risk evaluation. Lower number of acres per measured 
sample results in lower uncertainty. Although the two no action alternatives had the lowest median number 
of acres per measured sample across all habitats, and among the narrowest range of acres/sample ratios, 
both of these alternatives had at least two habitats that had no measured sediment samples. The complete 
absence of samples from some habitats creates substantial uncertainties for these two alternatives. Among 
the remaining alternatives, Alternative 1 and 2 had the lowest number of acres per measured sample (as 
both median and habitat-specific values); the Alternatives 5 and 6 were intermediate, followed by 
Alternative 7. Alternatives 3, 4, and 8 had the most. Based on these data, uncertainty associated with 
underlying sediment data for each alternative was ranked in increasing order as follows:  

Alternative 1 = Alternative 2 < No Action Alternative-CEQA Conditions = No Action 
Alternative-Variability Conditions < Alternative 5 = Alternative 6 < Alternative 7< Alternative 
3<Alternative 4 < Alternative 8 

In addition, the modeling did not consider the changes (reductions in concentration) that would occur in 
sequential “cells” as water would flow through the saline habitat complexes. Similarly, different regions 
of the Rings or Lakes of Alternatives 3 and 4 were not quantitatively evaluated. The selenium that enters 
a particular habitat will not be uniformly distributed in the water and to the sediment throughout that 
habitat. It is expected the distribution would be affected by currents and flow paths, etc., so that some 
areas would receive more deposition (resulting in greater risk on a localized basis) than others. 

Future concentrations in dietary items used in the food-chain model for exposure and risk to semi-aquatic 
and terrestrial birds were based on bioaccumulation factors generated from site-specific data or obtained 
in the literature. It was noted that in some cases (e.g., black-crowned night-heron) the future modeled 
food concentrations were less than those currently measured in field-collected tissues. As such, there is a 
potential for underestimating dietary concentrations that were the risk driver for birds. 

It should be noted that because sample sizes for data upon which the site-specific terrestrial 
bioaccumulation models were small and collected from a spatially limited areas, the degree to which these 
models represent the Salton Sea area as a whole is unknown. 
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Analysis 
Uncertainties in the Analysis phase include those associated with both the Exposure Characterization and 
the Ecological Effects Characterization.  

Exposure Characterization  
Avian life history data specific to the Salton Sea Assessment Area were not available; therefore, exposure 
parameters were obtained from the literature, or modeled according to allometric relationships (e.g., food 
ingestion rates). The estimated diet composition, including food, water, and soil, may not accurately reflect 
individuals present at the Sea, and the calculated risks may be either overestimated or underestimated. 

Several exposure routes were considered minor and were not included in the exposure analysis. Although 
exposure via these other routes still contributes to the total risk to each receptor, potential risks could have 
been underestimated because these routes were not quantified. 

As described above under Problem Formulation, much of the exposure estimation for future conditions 
was based on modeled concentrations and loading. Because of the inherent uncertainties in modeling 
those parameters, further sampling should be conducted when project-specific assessments are to be done. 

Ecological Effects Characterization 
Toxicity data was obtained from a number of sources including site-specific values and literature-derived 
values. Effects observed by receptors in the Assessment Area may or may not be similar to those reported 
in laboratory species; therefore, risk may be either overestimated or underestimated. 

A range of toxicity data were not available for all selenium forms and/or media considered in this EcoRA. 
Potential risks associated with these forms or media were not evaluated and risks may be overestimated or 
underestimated. 

Bioavailability of selenium was assumed to be 100 percent. This is a conservative estimate and may 
overestimate risk to receptors at the site.  

Toxicity data were not available for each representative species considered in this EcoRA, and it was 
necessary to extrapolate toxicity values from test species to site receptor species. Therefore, risk may be 
either overestimated or underestimated. 

This assessment focused exclusively on selenium. Other contaminants are present in the Salton Sea. 
Receptors resident at the Salton Sea therefore may be exposed to contaminants other than selenium. 
Interactive effects between selenium and other contaminants may occur. These interactions could result in 
either under or overestimation of risk. 

Risk Characterization 
Potential ecological risks were quantified using the forward hazard quotient approach. The magnitude of 
the hazard quotient indicates potential for ecological risk, but is not an exact estimation of risk. For 
example, the actual risk from a chemical with a hazard quotient of 10 could be less than that for a 
chemical with a hazard quotient of 2 because of uncertainties involved in estimating exposure, selection 
of effects criteria (toxicity reference values), or other field conditions.  

Data necessary to estimate potential risks from all pathways for all chemicals in the food-chain uptake 
model were not always available. For these chemicals and areas, the food-chain uptake model was 
completed using the available data or modeled data. 

The changes in species composition, diversity, or abundance that would result from the substantial 
increases in salinity could not be quantified for the No Action Alternative-CEQA Conditions or No 
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Action Alternative-Variability Conditions. The adverse effects resulting from increased salinity must be 
accounted for qualitatively when making risk management decisions.  

CONCLUSIONS 
This section presents the overall conclusions for the EcoRA. The risk assessment provides a quantitative 
and qualitative appraisal of the actual or potential effects of selenium on aquatic and terrestrial organisms.  

Potential risks due to selenium present in sediments, soils, surface water, or bioaccumulated into fish or 
bird tissues were assessed in this EcoRA to the extent that data were available. Sediment, soil, surface 
water, and tissue data were compiled from historical and current field sampling events and were compiled 
into the Salton Sea Risk Assessment Database. Data were coded for quality and those data that were 
considered of sufficient quality for risk assessment purposes were used in this EcoRA.  

Risk evaluations were completed for several ecological receptors from various functional groups and 
potentially inhabiting a variety of habitats. The Existing Conditions, No Action Alternative, and eight other 
alternatives were evaluated, and the results were tabulated and area weighted based on number of receptors 
evaluated, number of habitats evaluated, and number of moderate or high potential risks for each assessment 
level (community-, population- or individual-level) and overall for each alternative. These results are 
presented in Table F-49, with full tabulation presented in Attachment F3, Table 3-12. 

The various alternatives ranked in order of increasing selenium risk were as follows: 

• No Action Alternative-Variability Conditions;  
• No Action Alternative-CEQA Conditions;  
• Alternative 2: Saline Habitat Complex II; 
• Alternative 1: Saline Habitat Complex I; 
• Alternative 3: Concentric Rings; 
• Alternative 8: South Sea Combined; 
• Alternative 6:North Sea Combined; 
• Alternative 7: Combined North and South Lakes; 
• Alternative 5: North Sea; and 
• Alternative 4: Concentric Lakes. 

The No Action Alternative appear to show the lowest potential selenium risk, but the adverse effects 
resulting from increased salinity could not be quantified. It is anticipated that no action would result in 
substantial increases in salinity, which, in turn, would result in significant changes to overall species 
diversity and abundance of animals associated with the Salton Sea. 

In addition, potential adverse ecological effects from other general chemistry parameters (e.g., dissolved 
oxygen, nitrate/nitrite, and ammonia) were not quantified in this EcoRA. These parameters also have the 
potential to cause adverse effects such as periodic fish kills. More detailed information regarding water 
quality is presented in Chapter 6. 

Overall, the evaluation conducted was generalized and may not reflect localized (but sometimes 
substantial) areas with elevated concentrations of selenium. 

The highest estimated risks were often associated with the Brine Sink and habitats fed by the Whitewater 
River (due to elevated selenium concentrations in sediment near the river mouth). Any habitats (e.g., 
Saline Habitat Complex, Marine Sea, etc.) created in the northern-most portion of the existing sea bed 
(where the highest selenium concentrations occur in existing sediment) are expected to result in the 
highest levels of exposure and risk to fish and birds. As such, the value of habitats created over the 
northern area sediments would be diminished as a result of selenium in the underlying sediment. 
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Most of the southern portion has generally lower selenium concentrations now, but loading in the future 
will increase selenium exposure and deposition to sediment in the southern habitats.  

Alternatives that would result in reduced selenium loading in habitats most critical to fish and 
semi-aquatic birds (saline habitat complexes and marine seas), and that would maximize the size of these 
habitats relative to habitats that typically have greater selenium concentrations/potential risk (i.e., brine 
sinks), would be the best from an ecological risk standpoint. 

FURTHER STUDIES 
This EcoRA was completed using the best available data and modeling techniques, but there were several 
limitations/uncertainties that should be reduced when project-specific assessments are performed.  

The modeling process used to derive future sediment concentrations was based on the best available 
information on potential selenium mass and loading from various sources to each habitat as defined for 
the specific alternative. However, the resulting selenium concentrations were considered to be fairly 
conservative estimates, because they do not show large future increases in selenium risk in most habitats.  

The measured sediment and biota samples were focused on the shoreline and outer margins of the Open 
Water of the Salton Sea. Very few data were available for the interior portions of the Sea, and very few 
co-located biota and sediment or water samples were available. Many of the evaluations for various 
habitats/alternatives were based almost exclusively on estimated concentrations. Further sampling should 
be conducted to reduce this uncertainty.  
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TABLES 

 



Alamo River 624,320 49
New River 440,974 34
Imperial Irrigation District Drains to 
Salton Sea

93,850 7

Surface Water Flows from Coachella 
Valley Water District (includes 
Whitewater River)

113,830 9

Subsurface Flows from Coachella Valley 
Water District

1,422 0.1

Other Inflows* 20,530 0.9
Total Inflow 1,284,926 100
Note: See Appendix H-2
* Other inflows includes surface inflow from San Felipe Creek and Salt Creek, surface inflow from other areas not tributary to 
the Imperial or Coachella valleys, subsurface inflows, and unaccounted inflows. Unaccounted inflows of about 37,200 acre-feet 
should be considered to be a residual error in the above estimates and not actual inflow.

Table F-1
Historical Average Annual Inflows to the Salton Sea (1950-1999)

Source of Inflow
Percent of Contribution of 

Total Inflow (acre-feet)
Total Average Annual Inflow (acre 

feet)

Salton Sea Ecosystem Restoration Draft PEIR 1 of 1  2006



Common Name Sea Estuary Rivers/Creeks Drains
Channel catfish ●
Common carp ● ● ●
Desert pupfish ● creeks only ●
Flathead catfish ●
Gulf croaker ● ●
Hybrid Mozambique tilapia ● ● creeks only ●
Largemouth bass ● someb

Longjaw mudsucker ● ● ●
Orangemouth corvina ● ●
Porthole livebearer ●
Red shiner ● ●
Redbelly tilapia ●
Sailfin molly ● ● ● ●
Sargo ● ●
Striped mullet ● ● ●
Sunfish ● ●
Threadfin shad ● ● someb

Tilapia (species not specified) ● ● ● ●
Western mosquitofish ● ● ● ●
Yellow bullhead ● ●

bFound in drains, but not in those that discharge directly into the Salton Sea.

Habitats
Fish Assemblage of the Salton Seaa

Table F-2

aSpecies listed provide an overview of types of fish found historically and/or in recent years.  It is not a complete listing of fish 
species that may be currently present in the various habitats.
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Alternative
Open 
Water

Shoreline 
and 

Shallow 
Water

Estuary 
(Deltas 

and 
Drains)

Marine 
Sea

Saline 
Habitat 

Complex
(plus 

Shoreline 
Waterway)

Lake or 
Ring

Brine 
Sink

Freshwater 
Marsh

or
Reservoir

Exposed 
Playa (with 

Water 
Efficient 

Vegetation)

Exposed Playa
(without Air 

Quality 
Management)

or
Protective Salt 

Flat
Agricultural 

Lands

Existing Conditions ● ● ● ● ●
No Action Alternative - CEQA Conditions ● ● ● ●
No Action Alternative - Variability Conditions ● ● ● ●
1. Saline Habitat Complex I ● ● ●
2. Saline Habitat Complex II ● ● ●
3. Concentric Rings ● ● ●
4. Concentric Lakes ● ● ●
5. North Sea ● ● ● ●
6. North Sea Combined ● ● ● ●
7. Combined North and South Lakes ● ● ● ● ●
8. South Sea Combined ● ● ● ●

Habitat Types

Table F-3
Habitats Evaluated in Each Alternative

Salton Sea Ecosystem Restoration Draft PEIR Page 1 of 1  2006



Assessment Endpoint Measures of Exposure Measures of Effect
Aquatic/Wetland Habitats
Aquatic invertebrate community 
composition, density, and diversity.

Concentrations of selenium in surface 
water.

Concentrations of selenium in surface 
water that adversely affect aquatic 
invertebrate communities.

Benthic invertebrate community 
composition, density, and diversity.

Concentrations of selenium in sediment. Concentrations of selenium in sediment 
that adversely affect benthic invertebrate 
communities.

Survival, reproduction, growth, and 
abundance of fish populations.

Concentrations of selenium in sediment, 
surface water, food items, and tissues of 
exposed fish. 

Concentrations of selenium in sediment, 
surface water, food items, and tissue that 
adversely affect fish survival, reproduction, 
or growth.

Survival, reproduction, growth, and 
abundance of populations of semi-
aquatic bird species.

Concentrations of selenium in sediment, 
surface water, food items, and eggs of 
exposed birds. 

Concentrations of selenium in sediment, 
surface water, food items, and tissue that 
adversely affect bird survival, reproduction, 
or growth.

Survival, reproduction, growth and 
abundance of individuals of special-
status semi-aquatic bird species.

Concentrations of selenium in sediment, 
surface water, food items, and eggs of 
exposed birds. 

Concentrations of selenium in sediment, 
surface water, food items, and tissue that 
adversely affect bird survival, reproduction, 
or growth.

Terrestrial Habitats
Survival, reproduction, growth, and 
abundance of populations of terrestrial 
bird species.

Concentrations of selenium in sediment, 
surface water, food items, and eggs.

Concentrations of selenium in sediment, 
surface water, food items, and eggs that 
adversely affect bird survival, reproduction, 
or growth.

Survival, reproduction, growth and 
abundance of individuals of special-
status terrestrial bird species. 

Concentrations of selenium in soil, 
surface water, and food items. 

Concentrations of selenium in sediment, 
surface water, or food that adversely affect 
survival, reproduction, or growth of 
individual birds.

Table F-4
Assessment Endpoints and Measures
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Receptor Exposure Media

Potential 
Exposure 
Pathways

Exposure 
Pathway 

Potentially 
Complete

Pathway 
Retained for 

Analysis Rationale
Aquatic/Wetland Habitats
Aquatic 
Invertebrates

Surface water Direct contact Yes Yes Water column invertebrates (e.g., corixids) 
are in direct contact with selenium in 
surface water.

Benthic 
Invertebrates

Sediment Ingestion Yes Yes Ingestion of sediment is considered the 
primary route of exposure to selenium.

Direct contact Yes Yes Invertebrates, especially benthic species, 
are often in direct contact with selenium in 
sediments that may be transmitted through 
moist dermal layers (although the 
significance of this transfer is not know).

Surface water Direct contact Yes No Can be an important route of exposure, but 
toxicity data to quantify this route is 
unavailable. 

Fish Sediment Direct contact Yes Yes Direct contact/uptake of selenium in 
sediment is a potential route of exposure for 
some fish species.

Surface water Direct contact Yes Yes Direct contact/uptake of selenium in surface 
water is a potential route of exposure for 
fish species.

Forage and prey 
species

Food-chain 
transfer

Yes Yes Food-chain transport could occur through 
intake of contaminated aquatic/benthic 
invertebrates and fish, and is the main route 
of exposure.

Semi-Aquatic 
Birds

Sediment Ingestion Yes Yes Ingestion of sediment is considered a 
potential route of exposure to selenium.

Dermal/Direct 
Contact

Yes No Direct contact with sediments is considered 
a minor route of exposure, and little toxicity 
information exists on dermal contact with 
selenium.

Surface water Ingestion Yes Yes Ingestion of surface water is considered a 
potential route of exposure to selenium in 
these media.

Dermal/Direct 
Contact

Yes No Direct contact with surface water is 
considered a minor route of exposure, and 
little toxicity information exists on dermal 
contact with selenium.

Forage and prey 
species

Food-chain 
transfer

Yes Yes Food-chain transport could occur through 
intake of contaminated aquatic/benthic 
invertebrates and fish, and is the primary 
route of exposure for semi-aquatic birds.

Table F-5
Exposure Pathway Analyses

Salton Sea Ecosystem Restoration Draft PEIR Page 1 of 2  2006



Receptor Exposure Media

Potential 
Exposure 
Pathways

Exposure 
Pathway 

Potentially 
Complete

Pathway 
Retained for 

Analysis Rationale

Table F-5
Exposure Pathway Analyses

Terrestrial Habitats
Birds Soil Ingestion Yes Yes Ingestion of soil is considered a potential 

route of exposure to selenium.

Inhalation of 
particulates

Yes No Inhalation of particulates is not considered a 
major exposure pathway to selenium.  Little 
or no toxicity information is available on 
inhalation of selenium.

Dermal/Direct 
Contact

Yes No Dermal contact could be a viable route of 
exposure; however, little toxicity information 
exists on dermal contact with selenium.

Surface water Ingestion Yes Yes Ingestion of surface water is considered a 
potential route of exposure to selenium.

Dermal/Direct 
Contact

Yes No Dermal contact could be a viable route of 
exposure; however, little toxicity information 
exists on dermal contact with selenium.

Forage and prey 
species

Food-chain 
transfer

Yes Yes Food-chain transport could occur through 
intake of contaminated plants or wildlife, 
and is the main concern for birds.
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Planktivore Piscivore Carnivore Carnivore

Alternative/Habitat
Aquatic 

Invertebrates
Benthic 

Invertebrates Fish

Black-
necked 

Stilt
Eared 
Grebe

American 
Coot Mallard

Northern 
Shoveler

Ruddy 
Duck

Black-
crowned 

Night-
Heron

Loggerhead 
Shrike

Snowy 
Plovera

White-
faced 
Ibisa

Yuma 
Clapper 

Raila

Western 
Burrowing 

Owla
Black 

Skimmera

Double-
crested 

Cormoranta
Gull-billed 

Terna

Existing Conditions
Salton Sea-Open Water ● ● ● ● ● ● ● ●
Salton Sea-Shoreline and Shallow Water ● ● ● ● ● ● ● ● ● ●
Estuary-Alamo River ● ● ● ● ● ● ● ● ● ● ●
Estuary-New River ● ● ● ● ● ● ● ● ● ● ●
Estuary-Whitewater River ● ● ● ● ● ● ● ● ● ● ●
Freshwater Marsh ● ● ● ● ● ● ● ● ●
Agricultural Lands ● ●
No Action Alternative-CEQA Conditions
Salton Sea-Open Water ● ● ●
Salton Sea-Shoreline and Shallow Water ● ● ● ● ● ● ●b

Estuary-Alamo River ● ● ● ● ● ● ●
Estuary-New River ● ● ● ● ● ● ●
Estuary-Whitewater River ● ● ● ● ● ● ●
Exposed Playa (AQM) ●
No Action Alternative-Variability Conditions
Salton Sea-Open Water ● ● ●
Salton Sea-Shoreline and Shallow Water ● ● ● ● ● ● ●b

Estuary-Alamo River ● ● ● ● ● ● ●
Estuary-New River ● ● ● ● ● ● ●
Estuary-Whitewater River ● ● ● ● ● ● ●
Exposed Playa (AQM) ●
Alternative 1: Saline Habitat Complex I
Brine Sink ● ● ● ●
Saline Habitat Complex-South (Drains) ● ● ● ● ● ● ● ●
Saline Habitat Complex-South (Rivers) ● ● ● ● ● ● ● ●
Exposed Playa (AQM) ●
Alternative 2: Saline Habitat Complex II
Brine Sink ● ● ● ●
Saline Habitat Complex-North ● ● ● ● ● ● ● ●
Saline Habitat Complex-South ● ● ● ● ● ● ● ●
Saline Habitat Complex-West ● ● ● ● ● ● ● ●
Exposed Playa (AQM) ●
Alternative 3: Concentric Rings
Brine Sink ● ● ● ●
First Ring ● ● ● ● ● ● ● ●
Second Ring ● ● ● ● ● ● ● ●
Exposed Playa (AQM) ●

Assessment Level and Representative Species

Table F-6
Representative Species for Aquatic and Terrestrial Habitats

Community Level Invertivore Piscivore
Individual Level

Invertivore Omnivore
Population Level
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Planktivore Piscivore Carnivore Carnivore

Alternative/Habitat
Aquatic 

Invertebrates
Benthic 

Invertebrates Fish

Black-
necked 

Stilt
Eared 
Grebe

American 
Coot Mallard

Northern 
Shoveler

Ruddy 
Duck

Black-
crowned 

Night-
Heron

Loggerhead 
Shrike

Snowy 
Plovera

White-
faced 
Ibisa

Yuma 
Clapper 

Raila

Western 
Burrowing 

Owla
Black 

Skimmera

Double-
crested 

Cormoranta
Gull-billed 

Terna

Assessment Level and Representative Species

Table F-6
Representative Species for Aquatic and Terrestrial Habitats

Community Level Invertivore Piscivore
Individual Level

Invertivore Omnivore
Population Level

Alternative 4: Concentric Lakes
Brine Sink ● ● ● ●
First Lake ● ● ● ● ● ● ● ●
Second Lake ● ● ● ● ● ● ● ●
Third Lake ● ● ● ● ● ● ● ●
Fourth Lake ● ● ● ● ● ● ● ●
Exposed Playa 1 ●
Exposed Playa 2 ●
Exposed Playa 3 ●
Exposed Playa 4 ●
Exposed Playa 5 ●
Alternative 5: North Sea
Brine Sink ● ● ● ●
Marine Sea ● ● ● ● ● ● ● ●
Saline Habitat Complex ● ● ● ● ● ● ● ●
Exposed Playa (AQM) ●
Alternative 6: North Sea Combined
Brine Sink ● ● ● ●
Marine Sea ● ● ● ● ● ● ● ●
Saline Habitat Complex ● ● ● ● ● ● ● ●
Exposed Playa (AQM) ●
Alternative 7: Combined North and South Lakes
Brine Sink ● ● ● ●
Marine Sea ● ● ● ● ● ● ● ●
Saline Habitat Complex-East ● ● ● ● ● ● ● ●
Saline Habitat Complex-North ● ● ● ● ● ● ● ●
IID Freshwater Reservoir ● ● ● ● ● ● ● ●
Exposed Playa 1 ●
Exposed Playa 2 ●
Protective Salt Flat ●
Alternative 8: South Sea Combined
Brine Sink ● ● ● ●
Marine Sea ● ● ● ● ● ● ● ●
Saline Habitat Complex ● ● ● ● ● ● ● ●
Exposed Playa (AQM) ●
Notes:
a   Special-status species
b   Although fish may not be present, concentrations in fish were modeled using site-specific bioaccumulation factors to enable comparisions among alternatives
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Media Data Quality Primary Source
Sediment A CH2M Hill sampling for DWR (2005f)

USGS archived sample
New River Wetland Data Summary, 2005
Roberts and Berg, 2000
Schroeder, 2004
Setmire et al., 1990
Skorupa, 1998b

B Levine Fricke, 1999
Roline and Nelson, 2004

C U.C. Riverside data provided by Salton Sea Science office (unpublished)
Soil A CH2M Hill sampling for DWR (2005f)

Schroeder et al., 1993
Surface  water A CH2M Hill sampling for DWR (2005f)

Holdren ( unpublished data)
Holdren and Montano, 2002
New River Wetland Data Summary, 2005
Seiler et al., 2004
Setmire and Schroeder, 1998
Setmire et al., 1990
Skorupa, 1998b

B Roline and Nelson, 2004
C U.C. Riverside data provided by Salton Sea Science office (unpublished)

Drain water A Setmire et al., 1990
Pore water A CH2M Hill sampling for DWR (2005f)
Sump water A Setmire et al., 1993
Biota A CH2M Hill sampling for DWR (2005f)

Audet et al. (undated)
Bennett, 1998
National Irrigation Water Quality Program (website)
New River Wetland Data Summary, 2005
Ohlendorf and Marois, 1990
Roberts, C./USFWS personal communication with Harry 
Ohlendorf/CH2M HILL,  2005
Skorupa unpublished report, 2003

B Gersberg and Wright undated
Moreau et al.. 2004a
Moreau et al., 2004b
Roline and Nelson, 2004
Toxic Substances Monitoring Program website data from 1978 to 2000

Notes:
QA/QC   =   Quality assurance/qualtiy control

Data Quality 
A           =   Peer reviewed or agency publication or detailed QA/QC program.
B           =   Unpublished report or limited QA/QC information provided.
C           =   Little or no QA/QC information available.

Table F-7
Sources of Data for the Ecological Risk Assessment
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Habitat/Functional Group Species Tissue
Open Water
Aquatic plant Algae Whole plant

Filamentous algae Whole plant
Macroalgae Whole plant
Plankton* Whole plant

Rooted Aquatic Plant Cattail Whole plant
Aquatic invertebrate Plankton* Whole body

Water boatman Whole body
Benthic invertebrate Amphipod (gammarids) Whole body
Fish Gulf croaker Whole body

Orangemouth corvina Whole body
Redbelly tilapia Whole body
Sailfin molly Whole body
Sargo Whole body
Tilapia Muscle
Tilapia Whole body
Western mosquitofish Whole body

Bird Brown pelican Liver
White pelican Liver

Shoreline and Shallow Water
Aquatic plant Algae Whole plant

Filamentous algae Whole plant
Macroalgae Whole plant

Aquatic invertebrate Water boatman Whole body
Benthic invertebrate Pileworm Whole body
Fish Gulf croaker Whole body

Sailfin molly Whole body
Tilapia Whole body

Bird Black skimmer Egg
Black-crowned night-heron Egg
Black-necked stilt Egg
Caspian tern Egg
Eared grebe Liver
Great egret Egg
Ruddy duck Liver
Snowy egret Egg

Estuary—Alamo River
Aquatic invertebrate Water boatman Whole body
Benthic invertebrate Asiatic river clam Soft tissue

Crayfish Whole body
Pileworm Whole body

Fish Gulf croaker Whole body
Longjaw mudsucker Whole body
Orangemouth corvina Whole body
Sailfin molly Whole body
Sargo Whole body
Tilapia Whole body
Western mosquitofish Whole body

Table F-8
Species and Tissue Groupings for Measured Biological Data
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Habitat/Functional Group Species Tissue

Table F-8
Species and Tissue Groupings for Measured Biological Data

Bird American coot Liver
Black-necked stilt Liver
Black-necked stilt Whole body
Cormorant spp. Liver
Great blue heron Liver
Gull Liver
Northern shoveler Liver
Northern shoveler Muscle
Ruddy duck Liver

Estuary—New River
Aquatic invertebrate Water boatman Whole body
Benthic invertebrate Asiatic river clam Soft tissue

Crayfish Whole body
Fish Gulf croaker Whole body

Longjaw mudsucker Whole body
Orangemouth corvina Whole body
Tilapia Whole body
Western mosquitofish Whole body

Bird Black-necked stilt Egg
Black-necked stilt Liver
Black-necked stilt Whole body
Cattle egret Liver
Eared grebe Liver
Gull Liver
Northern shoveler Liver
Ruddy duck Liver

Estuary—Whitewater River
Benthic invertebrate Asiatic river clam Soft tissue
Fish Channel catfish Whole body

Common carp Whole body
Largemouth bass Whole body
Red shiner Whole body
Red shiner Whole body
Redbelly tilapia Whole body
Sailfin molly Whole body
Sailfin molly/mosquitofish Whole body
Tilapia Whole body

Bird American coot Liver
Black-crowned night-heron Egg
Black-necked stilt Liver
Northern shoveler Liver
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Habitat/Functional Group Species Tissue

Table F-8
Species and Tissue Groupings for Measured Biological Data

Freshwater Marsh
Aquatic plant Algae Whole plant

Filamentous algae Whole plant
Periphyton* Whole plant

Rooted aquatic plant Cattail Whole plant
Aquatic invertebrate Mixed invertebrates* Whole body

Periphyton* Whole body
Benthic invertebrate Asiatic river clam Soft tissue

Mixed invertebrates* Whole body
Pileworm Whole body

Fish Sailfin molly Whole body
Bird Black-necked stilt Egg

Black-necked stilt Whole body
Clapper rail Whole body
Northern shoveler Liver
Northern shoveler Muscle
Ruddy duck Liver
Ruddy duck Muscle

Lower Colorado River
Fish Channel catfish Whole body

Largemouth bass Whole body
Tilapia Whole body

Agricultural Lands
Bird Eared grebe Liver

White-faced ibis Egg
Notes:

     

*   Data consisted of a composite sample that included more than one functional group.  This data was evaluated as part of both functional 
groups.
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Scenario/Habitat

Proportional Change in 
Selenium Mass
flow/Loadinga

No Action Alternative-CEQA Conditions
Salton Sea—Open Water 1.014
Salton Sea—Shoreline and Shallow Water 1.014
Estuary—Alamo River 1.014
Estuary—New River 1.014
Estuary—Whitewater River 1.014
Exposed Playa (AQM) 0.126
No Action Alternative-Variability Conditions
Salton Sea—Open Water 1.007
Salton Sea—Shoreline and Shallow Water 1.007
Estuary—Alamo River 1.007
Estuary—New River 1.007
Estuary—Whitewater River 1.007
Exposed Playa (AQM) 0.12
Alternative 1: Saline Habitat Complex I
Brine Sink 0.885
Saline Habitat Complex-South (Drains) 0.731
Saline Habitat Complex-South (Rivers) 0.986
Exposed Playa (AQM) 0.091
Alternative 2: Saline Habitat Complex II
Brine Sink 1.101
Saline Habitat Complex-North 0.432
Saline Habitat Complex-South 1.059
Saline Habitat Complex-West 0.612
Exposed Playa (AQM) 0.055
Alternative 3: Concentric Rings
Brine Sink 1.261
First Ring 0.894
Second Ring 1.252
Exposed Playa (AQM) 0.074
Alternative 4: Concentric Lakes
Brine Sink 1.853
First Lake 1.416
Second Lake 0.712
Third Lake 1.295
Fourth Lake 1.309
Exposed Playa 1 1b

Exposed Playa 2 1b

Exposed Playa 3 1b

Exposed Playa 4 1b

Exposed Playa 5 1b

Table F-9
Proportional Change in Future Selenium Mass Inflows/Loading
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Scenario/Habitat

Proportional Change in 
Selenium Mass
flow/Loadinga

Table F-9
Proportional Change in Future Selenium Mass Inflows/Loading

Alternative 5: North Sea
Brine Sink 1.212
Marine Sea 1.278
Saline Habitat Complex 1.031
Exposed Playa (AQM) 0.085
Alternative 6: North Sea Combined
Brine Sink 1.122
Marine Sea 1.216
Saline Habitat Complex 1.24
Exposed Playa (AQM) 0.105
Alternative 7: Combined North and South Lakes
Brine Sink 0.764
Marine Sea 1.378
Saline Habitat Complex-East 0.178
Saline Habitat Complex-North 0.178
IID Freshwater Reservoir 1b

Exposed Playa 1 1b

Exposed Playa 2 1b

Protective Salt Flat 1b

Alternative 8: South Sea Combined
Brine Sink 0.36
Marine Sea 1.213
Saline Habitat Complex 1.092
Exposed Playa (AQM) 0.124
Notes:
a   Modeled as presented in Attachment 2.

b   Inflows of selenium source water were not expected/modeled to this habitat so a default value of 1 
was used (i.e., underlying sediment concentrations were not adjusted for future loading).
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Habitat/ Parameter

 Number 
of 

Detects

 Number 
of 

Analyses
 Percent 
Detects

 Minimum 
Detected 

Value
(mg/kg)

 Maximum 
Detected 

Value
(mg/kg)

 Minimum 
Non-detected 

Value
(mg/kg)

 Maximum 
Non-detected 

Value
mg/kg)

 Arithmetic 
Mean Value

(mg/kg)

 Standard 
Deviation
(mg/kg)

95% Upper 
Confidence 

Limit 
(Normal)
(mg/kg)

Existing Conditions
Salton Sea—Open Water 282 313 90 0.30 18.60 0.10 1.90 2.12 2.21 2.32
Salton Sea—Shoreline and Shallow Water 32 50 64 0.19 4.90 0.16 3.10 1.32 1.13 1.59
Estuary—Alamo River 4 5 80 0.27 0.80 0.14 0.14 0.36 0.27 0.62
Estuary—New River 5 6 83 0.12 0.60 0.11 0.11 0.27 0.20 0.43
Estuary—Whitewater River 4 5 80 0.31 2.70 0.11 0.11 0.93 1.05 1.93
Freshwater Marsh 1 1 100 0.70 0.70 na na na na na
No Action Alternative-CEQA Conditions
Salton Sea—Open Water -- 16828 -- 0.08 11.08 -- -- 2.45 1.46 2.47
Salton Sea—Shoreline and Shallow Water -- 980 -- 0.05 5.61 -- -- 1.49 1.15 1.55
Estuary—Alamo River -- 25 -- 0.25 0.38 -- -- 0.29 0.03 0.31
Estuary—New River -- 20 -- 0.51 0.60 -- -- 0.56 0.12 0.61
Estuary—Whitewater River -- 4 -- 1.62 2.57 -- -- 2.14 0.39 2.60
No Action Alternative-Variability Conditions
Salton Sea—Open Water -- 12908 -- 0.15 11.04 -- -- 2.66 1.43 2.69
Salton Sea—Shoreline and Shallow Water -- 1101 -- 0.10 11.04 -- -- 1.88 1.39 1.95
Estuary—Alamo River -- 29 -- 0.32 0.37 -- -- 0.35 0.02 0.36
Estuary—New River -- 15 -- 0.76 0.90 -- -- 0.83 0.04 0.85
Estuary—Whitewater River -- 5 -- 2.72 4.69 -- -- 3.72 0.72 4.40
Alternative 1: Saline Habitat Complex I
Brine Pool -- 12080 -- 0.14 10.37 -- -- 2.54 1.35 2.56
Saline Habitat Complex-South (Drains) -- 717 -- 0.16 3.75 -- -- 1.08 0.59 1.12
Saline Habitat Complex-South (Rivers) -- 3324 -- 0.05 3.21 -- -- 0.90 0.43 0.91
Alternative 2: Saline Habitat Complex II
Brine Pool -- 7002 -- 0.32 11.56 -- -- 3.21 1.57 3.24
Saline Habitat Complex-North -- 1151 -- 0.42 7.88 -- -- 2.50 0.76 2.54
Saline Habitat Complex-South -- 5678 -- 0.05 3.93 -- -- 0.97 0.48 0.98
Saline Habitat Complex-West -- 983 -- 0.09 3.39 -- -- 1.59 0.60 1.62
Alternative 3: Concentric Rings
Brine Sink -- 5763 -- 0.34 12.44 -- -- 3.52 1.70 3.56
First Ring -- 2651 -- 0.10 6.72 -- -- 1.58 0.98 1.61
Second Ring -- 3769 -- 0.06 8.56 -- -- 1.70 1.25 1.73

Table F-10
Summary Statistics for Measured and Estimated Selenium Concentrations in Sediment
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Habitat/ Parameter

 Number 
of 

Detects

 Number 
of 

Analyses
 Percent 
Detects

 Minimum 
Detected 

Value
(mg/kg)

 Maximum 
Detected 

Value
(mg/kg)

 Minimum 
Non-detected 

Value
(mg/kg)

 Maximum 
Non-detected 

Value
mg/kg)

 Arithmetic 
Mean Value

(mg/kg)

 Standard 
Deviation
(mg/kg)

95% Upper 
Confidence 

Limit 
(Normal)
(mg/kg)

Table F-10
Summary Statistics for Measured and Estimated Selenium Concentrations in Sediment

Alternative 4: Concentric Lakes
Brine Sink -- 2261 -- 1.26 15.69 -- -- 5.61 2.35 5.69
First Lake -- 607 -- 0.15 4.95 -- -- 1.51 0.87 1.57
Second Lake -- 2332 -- 0.05 6.51 -- -- 1.30 0.93 1.34
Third Lake -- 2063 -- 0.11 12.62 -- -- 2.01 1.46 2.07
Fourth Lake -- 4390 -- 0.22 9.81 -- -- 2.48 1.30 2.52
Alternative 5: North Sea
Brine Sink -- 1064 -- 0.98 9.73 -- -- 3.76 1.69 3.85
Marine Sea -- 6361 -- 0.37 12.53 -- -- 3.90 1.45 3.93
Saline Habitat Complex -- 4737 -- 0.05 3.88 -- -- 1.00 0.49 1.01
Alternative 6: North Sea Combined
Brine Sink -- 1077 -- 1.48 11.65 -- -- 4.77 2.04 4.88
Marine Sea -- 7588 -- 0.08 12.18 -- -- 3.02 1.46 3.05
Saline Habitat Complex -- 2937 -- 0.06 2.24 -- -- 0.91 0.38 0.93
Alternative 7: Combined North and South Lakes
Brine Sink -- 1271 -- 0.26 7.76 -- -- 2.82 1.42 2.88
Marine Sea -- 10210 -- 0.09 13.08 -- -- 3.16 1.72 3.19
Saline Habitat Complex-East -- 1131 -- 0.04 1.24 -- -- 0.58 0.19 0.59
Saline Habitat Complex-North -- 182 -- 0.34 4.18 -- -- 1.94 0.57 2.01
IID Freshwater Reservoir -- 1109 -- 0.07 1.50 -- -- 0.56 0.27 0.58
Alternative 8: South Sea Combined
Brine Sink -- 579 -- 1.35 7.48 -- -- 3.58 1.20 3.66
Marine Sea -- 8299 -- 0.06 8.41 -- -- 1.36 1.05 1.38
Saline Habitat Complex -- 1650 -- 0.12 4.41 -- -- 1.79 0.80 1.83
Notes:
mg/kg - milligrams per kilogram
na -  Not applicable

-- All non-detected values were adjusted to 1/2 the reporting limit in order to interpolate mesured concentrations over the entire Salton Sea; therefore, number of detects, percentage of detects, and 
mininum/maximum non-detected values could not be calculated.
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 Parameter

 Number 
of 

Detects

 Number 
of 

Analyses
 Percent 
Detects

 Minimum 
Detected 

Value
(mg/kg)

 Maximum 
Detected 

Value
(mg/kg)

 Minimum 
Non-detected 

Value
(mg/kg)

 Maximum 
Non-detected 

Value
mg/kg)

 Arithmetic 
Mean Value

(mg/kg)

 Standard 
Deviation
(mg/kg)

95% Upper 
Confidence 

Limit 
(Normal)
(mg/kg)

Existing Conditions
Agricultural Land 307 319 96 0.10 1.60 0.10 0.20 0.27 0.20 0.29
No Action Alternative-CEQA Conditions
Exposed Playa (AQM) -- 4096 -- 0.04 4.28 -- -- 0.88 0.62 0.89
No Action Alternative-Variability Conditions
Exposed Playa (AQM) -- 6640 -- 0.03 4.26 -- -- 0.80 0.58 0.82
Alternative 1: Saline Habitat Complex I
Exposed Playa (AQM) -- 7435 -- 0.05 6.00 -- -- 1.10 0.67 1.11
Alternative 2: Saline Habitat Complex II
Exposed Playa (AQM) -- 8740 -- 0.05 4.48 -- -- 1.14 0.61 1.15
Alternative 3: Concentric Rings
Exposed Playa (AQM) -- 11370 -- 0.04 5.91 -- -- 1.11 0.68 1.12
Alternative 4: Concentric Lakes
Exposed Playa 1 -- 113 -- 0.18 4.33 -- -- 1.43 0.73 1.54
Exposed Playa 2 -- 2196 -- 0.10 7.10 -- -- 1.81 1.10 1.85
Exposed Playa 3 -- 2908 -- 0.05 5.83 -- -- 1.54 1.15 1.57
Exposed Playa 4 -- 1733 -- 0.15 8.03 -- -- 1.91 1.23 1.96
Exposed Playa 5 -- 4922 -- 0.30 8.00 -- -- 2.70 1.22 2.73
Alternative 5: North Sea
Exposed Playa (AQM) -- 11391 -- 0.05 4.34 -- -- 1.02 0.59 1.03
Alternative 6: North Sea Combined
Exposed Playa (AQM) -- 11953 -- 0.04 4.42 -- -- 1.09 0.62 1.10
Alternative 7: Combined North and South Lakes
Exposed Playa 1 -- 1795 -- 0.12 6.03 -- -- 1.74 1.00 1.78
Exposed Playa 2 -- 1221 -- 0.05 4.21 -- -- 1.49 0.81 1.53
Protective Salt Flat -- 6547 -- 0.12 8.00 -- -- 1.97 1.19 1.99
Alternative 8: South Sea Combined
Exposed Playa (AQM) -- 13026 -- 0.06 6.18 -- -- 1.53 0.68 1.54
Notes:
mg/kg = milligrams per kilogram

Table F-11
Summary Statistics for Measured and Estimated Selenium Concentrations in Soil

-- All non-detected values were adjusted to 1/2 the reporting limit in order to interpolate mesured concentrations over the entire Salton Sea; therefore, number of detects, percentage of 
detects, and mininum/maximum non-detected values could not be calculated.
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Scenario/Habitat Parameter

 Number 
of 

Detects

 Number 
of 

Analyses
Percent 
Detects

 Minimum 
Detected 

Value
(µg/L)

 Maximum 
Detected 

Value
(µg/L)

 Minimum 
Non-detected 

Value
(µg/L)

 Maximum 
Non-detected 

Value
(µg/L)

 Arithmetic 
Mean Value

(µg/L)

 Standard 
Deviation

(µg/L)

95% Upper 
Confidence 

Limit 
(Normal)

(µg/L)
Existing Conditions
Salton Sea-Open Water  Selenium 45 53 85 0.001 6.00 0.001 0.04 0.82 0.97 1.04

 Selenium, dissolved organic 16 16 100 0.43 0.83 -- -- 0.61 0.10 0.65
 Selenium, organic 6 6 100 0.54 1.17 -- -- 0.81 0.21 0.98

Salton Sea—Shoreline and Shallow Water  Selenium -- -- -- -- -- -- -- -- -- --
Estuary—Alamo River  Selenium 10 10 100 0.005 9.00 -- -- 4.56 3.29 6.47

 Selenium, organic 1 1 100 0.28 0.28 -- -- -- -- --
Estuary—New River  Selenium 9 9 100 0.003 4.00 -- -- 2.40 1.81 3.53

 Selenium, organic 1 1 100 0.47 0.47 -- -- -- -- --
Estuary—Whitewater River  Selenium 8 8 100 0.00 3.15 -- -- 1.61 1.36 2.52

 Selenium, organic 1 1 100 0.13 0.13 -- -- -- -- --
Freshwater Marsh  Selenium -- -- -- -- -- -- -- -- -- --
Notes:
Selenium—refers to total (dissolved plus particulate-bound) recoverable selenium (all forms).

-- not applicable or not available
µg/L = micrograms per liter

Table F-12
Summary Statistics for Measured Concentrations in Surface Water
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Scenario/Habitat Functional Group  TissueType

 Number 
of 

Detects

 Number 
of 

Analyses
 Percent 
Detects

 Minimum 
Detected 

Value
(mg/kg dw)

 Maximum 
Detected 

Value
(mg/kg dw)

 Minimum 
Non-detected 

Value
(mg/kg dw)

 Maximum 
Non-detected 

Value
(mg/kg dw)

 Arithmetic 
Mean Value
(mg/kg dw)

 Standard 
Deviation

95% Upper 
Confidence 

Limit 
(Normal)

(mg/kg dw)
Existing Conditions
Salton Sea—Open Water Aquatic invertebrate Whole body 16 18 89 0.2 2.9 0.2 0.2 1.35 1.07 1.79

Aquatic plant Whole plant 30 40 75 0.2 2.2 0.2 1.1 0.834 0.528 0.974
Benthic invertebrate Whole body 1 1 100 1.6 1.6 -- -- -- -- --
Fish Fillet/muscle 11 11 100 6.76 13 -- -- 8.98 2.1 10.1

Whole body 126 126 100 4.37 25.7 -- -- 10.4 4.06 11
Aquatic invertebrate Whole body 17 17 100 1.1 11 -- -- 2.74 2.3 3.71
Aquatic plant Whole plant 12 12 100 0.4 1.3 -- -- 0.722 0.277 0.865
Benthic invertebrate Whole body 6 6 100 0.82 12.1 -- -- 6.64 4.55 10.4
Bird Egg 121 121 100 0.54 14.2 -- -- 5.98 2.24 6.31

Liver 8 8 100 2.7 53 -- -- 26 17.5 37.7
Estuary—Alamo River Aquatic invertebrate Whole body 2 2 100 2.6 3.3 -- -- -- 0.495 --

Benthic macroinvertebrate Soft tissue 4 4 100 0.7 5.7 -- -- 4.25 2.38 7.05
Whole body 2 2 100 3.3 12 -- -- -- 6.15 --

Bird Liver 12 12 100 7 42 -- -- 17.6 8.95 22.9
Muscle 1 1 100 6 6 -- -- -- -- --
Whole body 5 5 100 4.7 8.6 -- -- 5.84 1.59 7.36

Fish Whole body 33 33 100 4.3 27.9 -- -- 11.5 5.55 13.1
Estuary—New River Aquatic invertebrate Whole body 2 2 100 1.4 2 -- -- -- 0.424 --

Benthic macroinvertebrate Soft tissue 1 1 100 6.4 6.4 -- -- -- -- --
Whole body 2 2 100 2.5 2.9 -- -- -- 0.283 --

Bird Egg 10 10 100 1.9 3.7 -- -- 2.81 0.569 3.14
Liver 9 9 100 2.7 27 -- -- 14.8 10.4 21.3
Whole body 5 5 100 3.9 7.2 -- -- 5.88 1.72 7.52

Fish Whole body 23 23 100 3.5 17 -- -- 9.67 4.23 11.2
Estuary—Whitewater River Benthic macroinvertebrate Soft tissue 1 1 100 5.4 5.4 -- -- -- -- --

Bird Egg 10 10 100 3.3 7.85 -- -- 6.34 1.33 7.11
Liver 3 3 100 14 19 -- -- -- 2.52 --

Fish Whole body 18 18 100 1.3 7.99 -- -- 3.94 2.09 4.8
Freshwater Marsh Aquatic invertebrate Whole body 2 2 100 0.7 3.1 -- -- -- 1.7 --

Aquatic plant Whole plant 2 3 67 0.7 1.3 0.9 0.9 -- 0.437 --
Benthic macroinvertebrate Soft tissue 3 3 100 2.9 6.3 -- -- -- 1.7 --

Whole body 6 6 100 0.8 3.4 -- -- 2 1.03 2.85
Bird Egg 109 109 100 1.6 35 -- -- 5.74 3.35 6.27

Liver 66 66 100 5.2 47 -- -- 15 8.19 16.7
Muscle 20 20 100 2.7 12 -- -- 5.31 2.06 6.1
Whole body 6 6 100 3.2 6.7 -- -- 4.33 1.29 5.4

Fish Whole body 1 1 100 5.3 5.3 -- -- -- -- --
Lower Colorado River Fish Whole body 18 18 100 2.5 9.5 -- -- 6.32 2.37 7.29
Agricultural Land Bird Egg 5 5 100 3.3 4.28 -- -- 3.64 0.379 4

Liver 3 3 100 34 47 -- -- -- 6.81 --
Notes:
-- = not available or not applicable
mg/kg = milligrams per kilogram

Table F-13
Summary Statistics for Measured Selenium Concentrations in Biota

Salton Sea—Shoreline and 
Shallow Water
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Scenario/Habitat Functional Group  TissueType

 Number 
of 

Detects

 Number 
of 

Analyses
 Percent 
Detects

 Minimum 
Detected 

Value
(mg/kg dw)

 Maximum 
Detected 

Value
(mg/kg dw)

Minimum Non-
detected 

Value
(mg/kg dw)

 Maximum 
Non-detected 

Value
(mg/kg dw)

 Arithmetic 
Mean Value
(mg/kg dw)

 Standard 
Deviation

95% Upper 
Confidence 

Limit 
(Normal)

(mg/kg dw)
Existing Conditions

 Gulf croaker  Whole body 19 19 100 7.2 25.73 -- -- 12.8 3.97 14.5
 Mosquitofish  Whole body 1 1 100 4.7 4.7 -- -- -- -- --
 Orangemouth corvina  Whole body 26 26 100 4.5 20 -- -- 11.2 4.43 14.6
 Redbelly tilapia  Whole body 2 2 100 9.7 10.7 -- -- -- 0.707 --
 Sailfin molly  Whole body 2 2 100 4.9 5.8 -- -- -- 0.636 --
 Sargo  Whole body 9 9 100 7 18.7 -- -- 10.2 4.07 12.8
 Tilapia  Muscle 11 11 100 6.76 13 -- -- 8.98 2.1 10.1
 Tilapia  Whole body 67 67 100 4.4 22.2 -- -- 9.33 3.35 10

Salton Sea—Shoreline
 and Shallow Water

-- -- -- -- -- -- -- -- -- -- -- --

Estuary—Alamo River  Gulf croaker  Whole body 4 4 100 7.2 12.87 -- -- 9.43 2.52 12.4
 Longjaw mudsucker  Whole body 1 1 100 7.2 7.2 -- -- -- -- --
 Mosquitofish  Whole body 2 2 100 6.3 7.6 -- -- -- 0.919 --
 Orangemouth corvina  Whole body 1 1 100 20 20 -- -- -- -- --
 Sailfin molly  Whole body 1 1 100 11 11 -- -- -- -- --
 Sargo  Whole body 3 3 100 5.85 7.95 -- -- -- 1.1 --
 Tilapia  Whole body 21 21 100 4.3 27.9 -- -- 12.8 5.96 15

Estuary—New River  Gulf croaker  Whole body 3 3 100 12 16 -- -- -- 2.31 --
 Longjaw mudsucker  Whole body 1 1 100 6.1 6.1 -- -- -- -- --
 Mosquitofish  Whole body 1 1 100 3.5 3.5 -- -- -- -- --
 Orangemouth corvina  Whole body 11 11 100 3.92 12.88 -- -- 9.3 3.05 11
 Tilapia  Whole body 7 7 100 4.3 17 -- -- 10.1 5.72 14.3

Estuary—Whitewater River  Channel catfish  Whole body 2 2 100 1.3 1.3 -- -- -- -- --
 Common carp  Whole body 2 2 100 3.7 6.7 -- -- -- 2.12 --
 Largemouth bass  Whole body 1 1 100 7 7 -- -- -- -- --
 Red shiner  Whole body 3 3 100 1.5 4.7 -- -- -- 3.13 --
 Redbelly tilapia  Whole body 1 1 100 1.9 1.9 -- -- -- -- --
 Sailfin molly  Whole body 1 1 100 3.7 3.7 -- -- -- -- --
 Sailfin molly/mosquitofish  Whole body 1 1 100 2.3 2.3 -- -- -- -- --
 Tilapia  Whole body 7 7 100 2.9 7.99 -- -- 4.84 1.99 6.3

Freshwater Marsh  Sailfin molly  Whole body 1 1 100 5.3 5.3 -- -- -- -- --
Lower Colorado River  Channel catfish  Whole body 4 4 100 2.5 3.9 -- -- 3.25 0.574 3.93

 Largemouth bass  Whole body 10 10 100 6.3 9.5 -- -- 8.17 1.2 8.87
 Tilapia Whole body 4 4 100 4.6 4.9 . . 4.75 0.129 4.9

Notes:
-- = not available or not applicable
mg/kg = milligrams per kilogram

Table F-14
Summary Statistics for Measured Selenium Concentrations in Selected Fish Species
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Scenario/Habitat Functional Group  TissueType

 Number 
of 

Detects

 Number 
of 

Analyses
 Percent 
Detects

 Minimum 
Detected 

Value
(mg/kg dw)

 Maximum 
Detected 

Value
(mg/kg dw)

 Minimum 
Non-detected 

Value
(mg/kg dw)

 Maximum 
Non-detected 

Value
(mg/kg dw)

 Arithmetic 
Mean Value
(mg/kg dw)

 Standard 
Deviation

95% Upper 
Confidence 

Limit 
(Normal)

(mg/kg dw)
Existing Conditions

 Brown pelican  Liver 16 16 100 3.11 35.4 -- -- 13.6 8.52 17.4
 Eared grebe  Liver 3 3 100 32 35 -- -- -- 1.53 --
 Not specified  Egg 2 2 100 1.6 35 -- -- -- 23.6 --
 Not specified Liver or Kidney 2 2 100 2.7 42 -- -- -- 27.8 --
 Not specified  Muscle 2 2 100 2.7 7.2 -- -- -- 3.18 --
 White pelican  Liver 10 10 100 4.28 20.14 -- -- 13.4 4.64 16.1
 Black skimmer  Egg 44 44 100 3.246 8.917 -- -- 6.03 1.38 6.39
 Black-crowned night-heron  Egg 2 2 100 0.92 1.4 -- -- -- 0.339 --
 Black-necked stilt  Egg 40 40 100 3.7 14.2 -- -- 6.9 2.58 7.59
 Caspian tern  Egg 5 5 100 1.405 3.806 -- -- 2.81 1.15 3.91
 Eared grebe  Liver 6 6 100 2.7 53 -- -- 29.1 19 44.7
 Great egret  Egg 18 18 100 0.54 9.9 -- -- 5.61 2.33 6.57
 Ruddy duck  Liver 2 2 100 9.2 24 -- -- -- 10.5 --
 Snowy egret  Egg 12 12 100 3.5 8.3 -- -- 5.34 1.46 6.1
 American coot  Liver 1 1 100 21 21 -- -- -- -- --
 Black-necked stilt  Liver 1 1 100 20 20 -- -- -- -- --
 Black-necked stilt  Whole body 5 5 100 4.7 8.6 -- -- 5.84 1.59 7.36
 Cormorant spp.  Liver 2 2 100 18 42 -- -- -- 17 --
 Great blue heron  Liver 1 1 100 15 15 -- -- -- -- --
 Gull  Liver 1 1 100 14 14 -- -- -- -- --
 Northern shoveler  Liver 5 5 100 12 24 -- -- 18.5 5.2 24.6
 Northern shoveler  Muscle 1 1 100 6 6 -- -- -- -- --
 Ruddy duck  Liver 1 1 100 7 7 -- -- -- -- --
 Black-necked stilt  Egg 10 10 100 1.9 3.7 -- -- 2.81 0.569 3.14
 Black-necked stilt  Liver 1 1 100 27 27 -- -- -- -- --
 Black-necked stilt  Whole body 5 5 100 3.9 7.2 -- -- 5.88 1.72 7.52
 Cattle egret  Liver 1 1 100 5.2 5.2 -- -- -- -- --
 Eared grebe  Liver 2 2 100 2.7 3.3 -- -- -- 0.424 --
 Gull  Liver 1 1 100 14 14 -- -- -- -- --
 Northern shoveler  Liver 3 3 100 8.3 26 -- -- -- 9 --
 Ruddy duck  Liver 1 1 100 27 27 -- -- -- -- --

Estuary—Alamo River

Estuary—New River

Table F-15
Summary Statistics for Measured Selenium Concentrations in Selected Bird Species

Salton Sea—Open Water

Salton Sea—Shoreline
 and Shallow Water
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Scenario/Habitat Functional Group  TissueType

 Number 
of 

Detects

 Number 
of 

Analyses
 Percent 
Detects

 Minimum 
Detected 

Value
(mg/kg dw)

 Maximum 
Detected 

Value
(mg/kg dw)

 Minimum 
Non-detected 

Value
(mg/kg dw)

 Maximum 
Non-detected 

Value
(mg/kg dw)

 Arithmetic 
Mean Value
(mg/kg dw)

 Standard 
Deviation

95% Upper 
Confidence 

Limit 
(Normal)

(mg/kg dw)

Table F-15
Summary Statistics for Measured Selenium Concentrations in Selected Bird Species

 American coot  Liver 1 1 100 14 14 -- -- -- -- --
 Black-crowned night-heron  Egg 10 10 100 3.3 7.85 -- -- 6.34 1.33 7.11
 Black-necked stilt  Liver 1 1 100 19 19 -- -- -- -- --
 Northern shoveler  Liver 1 1 100 17 17 -- -- -- -- --
 Black-necked stilt  Egg 109 109 100 1.6 35 -- -- 5.74 3.35 6.27
 Black-necked stilt  Whole body 5 5 100 3.2 6.7 -- -- 4.24 1.42 5.6
 Clapper rail  Whole body 1 1 100 4.8 4.8 -- -- -- -- --
 Northern shoveler  Liver 13 13 100 9.1 47 -- -- 24 12.3 30.1
 Northern shoveler  Muscle 3 3 100 3.8 12 -- -- -- 4.5 --
 Ruddy duck  Liver 53 53 100 5.2 26 -- -- 12.8 4.88 13.9
 Ruddy duck  Muscle 17 17 100 2.7 7.2 -- -- 5.04 1.41 5.63

Notes:
-- = not available or not applicable
dw = dry weight
mg/kg = milligrams per kilogram

Estuary—Whitewater 
River

Freshwater Marsh
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Habitat

 Exposure Point 
Concentration 

(mg/kg) Basis Data Types
Existing Conditions
Salton Sea—Open Water 2.9  97.5% Chebyshev (Mean, Sd) UCL Measured Data
Salton Sea—Shoreline and Shallow Water 1.67  95% Approximate Gamma UCL Measured Data
Estuary—Alamo River 0.621  95% Student's-t UCL Measured Data
Estuary—New River 0.433  95% Student's-t UCL Measured Data
Estuary—Whitewater River 1.93 95% Student's t-UCL Measured Data
Freshwater Marsh 0.7  Maximum Result Measured Data
No Action Alternative-CEQA Conditions
Salton Sea—Open Water 2.5  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Salton Sea—Shoreline and Shallow Water 1.65  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Estuary—Alamo River 0.305  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Estuary—New River 0.604  Maximum Result Load Adjusted Measured/Estimated Data
Estuary—Whitewater River 2.57  Maximum Result Load Adjusted Measured/Estimated Data
No Action Alternative-Variability Conditions
Salton Sea—Open Water 2.72  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Salton Sea—Shoreline and Shallow Water 2.06  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Estuary—Alamo River 0.357  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Estuary—New River 0.853  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Estuary—Whitewater River 4.4  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Alternative 1: Saline Habitat Complex I
Brine Pool 2.6  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex-South (Drains) 1.12  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex-South (Rivers) 0.93  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 2: Saline Habitat Complex II
Brine Pool 3.29  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex-North 2.54  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex-South 1  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex-West 1.62  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Alternative 3: Concentric Rings
Brine Sink 3.62  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
First Ring 1.66  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Second Ring 1.79  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 4: Concentric Lakes
Brine Sink 5.69  95% Student's-t UCL Load Adjusted Measured/Estimated Data
First Lake 1.67  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Second Lake 1.39  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Third Lake 2.15  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Fourth Lake 2.57  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 5: North Sea
Brine Sink 3.85  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Marine Sea 3.93  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex 1.03  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 6: North Sea Combined
Brine Sink 4.88  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Marine Sea 3.1  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex 0.945  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 7: Combined North and South Lakes
Brine Sink 2.99  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Marine Sea 3.23  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex-East 0.587  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex-North 2.01  95% Student's-t UCL Load Adjusted Measured/Estimated Data
IID Freshwater Reservoir 0.575  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Alternative 8: South Sea Combined
Brine Sink 3.66  95% Approximate Gamma UCL Load Adjusted Measured/Estimated Data
Marine Sea 1.41  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Saline Habitat Complex 1.83  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Notes:
mg/kg = milligrams per kilogram

Table F-16
Exposure Point Concentrations for Selenium in Sediment

Salton Sea Ecosystem Restoration Draft PEIR Page 1 of 1  2006



Scenario/Habitat

 Exposure Point 
Concentration 

(mg/kg) Basis Data Type
Existing Conditions
Agricultural Lands 0.321  95% Chebyshev (Mean, Sd) UCL Measured Data
No Action Alternative-CEQA Conditions
Exposed Playa (AQM) 0.92  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
No Action Alternative-Variability Conditions
Exposed Playa (AQM) 0.835  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 1: Saline Habitat Complex I
Exposed Playa (AQM) 1.14  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 2: Saline Habitat Complex II
Exposed Playa (AQM) 1.17  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 3: Concentric Rings
Exposed Playa (AQM) 1.14  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 4: Concentric Lakes
Exposed Playa 1 1.54  95% Student's-t UCL Load Adjusted Measured/Estimated Data
Exposed Playa 2 1.91  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Exposed Playa 3 1.63  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Exposed Playa 4 2.04  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Exposed Playa 5 2.77  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 5: North Sea
Exposed Playa (AQM) 1.05  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 6: North Sea Combined
Exposed Playa (AQM) 1.11  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 7: Combined North and South Lakes
Exposed Playa 1 1.85  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Exposed Playa 2 1.59  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Protective Salt Flat 2.03  95% Chebyshev (Mean, Sd) UCL Load Adjusted Measured/Estimated Data
Alternative 8: South Sea Combined
Exposed Playa (AQM) 1.54 95% Student's t-UCL Load Adjusted Measured/Estimated Data
Notes:
mg/kg = milligrams per kilogram

Table F-17
Exposure Point Concentrations for Selenium in Soil
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Scenario/Habitat/Parameter

Exposure Point 
Concentration

(µg/L) Basis Data Type
Existing Conditions
Salton Sea—Open Water
 Selenium 2.15 99% Chebyshev (Mean, Sd) UCL Measured Data
 Selenium, dissolved organic 0.653 95% Student's-t UCL Measured Data
 Selenium, organic 0.98 95% Student's-t UCL Measured Data
Salton Sea—Shoreline and Shallow Water
Seleniuma 2.15 99% Chebyshev (Mean, Sd) UCL Measured Data
Estuary—Alamo River
 Selenium 5.97 Low Value -  95% Hall's Bootstrap UCL Measured Data
 Selenium 8 High Value IID 2002
 Selenium, organic 0.276 Maximum Result Measured Data
Estuary—New River
 Selenium 3.14 Low Value -  95% Hall's Bootstrap UCL Measured Data
 Selenium 4 High Value IID 2002
 Selenium, organic 0.471 Maximum Result Measured Data
Estuary—Whitewater River
 Selenium 2.2 95% Hall's Bootstrap UCL Measured Data
 Selenium, organic 0.127 Maximum Result Measured Data
Freshwater Marsh
 Selenium 2.5 Lower Colorado River Concentration IID 2002
Agricultural Land
 Selenium 2.5 Lower Colorado River Concentration IID 2002
No Action Alternative-CEQA Conditionsb

Salton Sea—Open Water 2.15 Blending Model Estimated Future Concentration
Salton Sea—Shoreline and Shallow Water 2.15 Blending Model Estimated Future Concentration
Estuary—Alamo River 10 Blending Model Estimated Future Concentration
Estuary—New River 4.6 Blending Model Estimated Future Concentration
Estuary—Whitewater River 3.5 Blending Model Estimated Future Concentration
No Action Alternative-Variability Conditionsb

Salton Sea—Open Water 2.15 Blending Model Estimated Future Concentration
Salton Sea—Shoreline and Shallow Water 2.15 Blending Model Estimated Future Concentration
Estuary—Alamo River 10 Blending Model Estimated Future Concentration
Estuary—New River 4.6 Blending Model Estimated Future Concentration
Estuary—Whitewater River 3.5 Blending Model Estimated Future Concentration
Alternative 1: Saline Habitat Complex Ib

Brine Pool 6.98 Blending Model Estimated Future Concentration
Saline Habitat Complex-South (Drains) 8.66 Blending Model Estimated Future Concentration
Saline Habitat Complex-South (Rivers) 8.4 Blending Model Estimated Future Concentration
Exposed Playa (AQM) 6.09 Blending Model Estimated Future Concentration
Alternative 2: Saline Habitat Complex IIb

Brine Pool 7.24 Blending Model Estimated Future Concentration
Saline Habitat Complex-North 3.65 Blending Model Estimated Future Concentration
Saline Habitat Complex-South 8.69 Blending Model Estimated Future Concentration
Saline Habitat Complex-West 4.89 Blending Model Estimated Future Concentration
Exposed Playa (AQM) 5.11 Blending Model Estimated Future Concentration
Alternative 3: Concentric Ringsb

Brine Sink 7.03 Blending Model Estimated Future Concentration
First Ring 5.94 Blending Model Estimated Future Concentration
Second Ring 8.78 Blending Model Estimated Future Concentration
Exposed Playa (AQM) 6.67 Blending Model Estimated Future Concentration
Alternative 4: Concentric Lakesb

Brine Sink 7.85 Blending Model Estimated Future Concentration
First Lake 8.19 Blending Model Estimated Future Concentration
Second Lake 4.26 Blending Model Estimated Future Concentration
Third Lake 7.35 Blending Model Estimated Future Concentration
Fourth Lake 8.17 Blending Model Estimated Future Concentration
Exposed Playa 1 -- -- --
Exposed Playa 2 -- -- --
Exposed Playa 3 -- -- --
Exposed Playa 4 -- -- --
Exposed Playa 5 -- -- --

Table F-18
Exposure Point Concentrations for Selenium in Surface Water

Salton Sea Ecosystem Restoration Draft PEIR Page 1 of 2  2006



Scenario/Habitat/Parameter

Exposure Point 
Concentration

(µg/L) Basis Data Type

Table F-18
Exposure Point Concentrations for Selenium in Surface Water

Alternative 5: North Seab

Brine Sink 4.51 Blending Model Estimated Future Concentration
Marine Sea 7.52 Blending Model Estimated Future Concentration
Saline Habitat Complex 8.23 Blending Model Estimated Future Concentration
Exposed Playa (AQM) 6.74 Blending Model Estimated Future Concentration
Alternative 6: North Sea Combinedb

Brine Sink 5.41 Blending Model Estimated Future Concentration
Marine Sea 7.17 Blending Model Estimated Future Concentration
Saline Habitat Complex 8.42 Blending Model Estimated Future Concentration
Exposed Playa (AQM) 7.3 Blending Model Estimated Future Concentration
Alternative 7: Combined North and South Lakesb

Brine Sink 5.49 Blending Model Estimated Future Concentration
Marine Sea 7.72 Blending Model Estimated Future Concentration
Saline Habitat Complex-East 2.15 Blending Model Estimated Future Concentration
Saline Habitat Complex-North 2.15 Blending Model Estimated Future Concentration
IID Freshwater Reservoir 2.5 Lower Colorado River Concentration IID 2002
Exposed Playa 1 -- -- --
Exposed Playa 2 -- -- --
Protective Salt Flat -- -- --
Alternative 8: South Sea Combinedb

Brine Sink 6.59 Blending Model Estimated Future Concentration
Marine Sea 6.95 Blending Model Estimated Future Concentration
Saline Habitat Complex 7.67 Blending Model Estimated Future Concentration
Exposed Playa (AQM) 10.59 Blending Model Estimated Future Concentration
Notes:
-- = not available or not applicable
a   Selenium data were not available so selenium data for Open Water were used as a surrogate.
b   All exposure point concentrations are for selenium. 
µg/L = micrograms per liter
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Habitat/ Functional Groupa  TissueType  Parameter

Exposure Point 
Concentration

(mg/kg) Basis Data Type
Existing Conditions
Salton Sea—Open Water
 Aquatic invertebrate  Whole body  Selenium 2.1  95% Approximate Gamma UCL Measured Data
 Aquatic plant  Whole plant  Selenium 1  95% Approximate Gamma UCL Measured Data
 Benthic macroinvertebrate  Whole body  Selenium 1.6  Maximum Result Measured Data
 Fish  Fillet/muscle  Selenium 10.1  95% Student's-t UCL Measured Data
 Fish  Whole body  Selenium 11  95% Student's-t UCL Measured Data
Salton Sea—Shoreline and Shallow Water
 Aquatic invertebrate  Whole body  Selenium 3.62  95% Approximate Gamma UCL Measured Data
 Aquatic plant  Whole plant  Selenium 0.865  95% Student's-t UCL Measured Data
 Benthic macroinvertebrate  Whole body  Selenium 10.4  95% Student's-t UCL Measured Data
 Bird  Egg  Selenium 6.31  95% Student's-t UCL Measured Data
 Bird  Liver  Selenium 37.7  95% Student's-t UCL Measured Data
Estuary—Alamo River
 Aquatic invertebrate  Whole body  Selenium 3.3  Maximum Result Measured Data
 Benthic macroinvertebrate  Soft tissue  Selenium 5.7  Maximum Result Measured Data
 Benthic macroinvertebrate  Whole body  Selenium 12  Maximum Result Measured Data
 Bird  Liver  Selenium 22.9  95% Student's-t UCL Measured Data
 Bird  Muscle  Selenium 6  Maximum Result Measured Data
 Bird  Whole body  Selenium 7.36  95% Student's-t UCL Measured Data
 Fish  Whole body  Selenium 13.1  95% Approximate Gamma UCL Measured Data
 Terrestrial plant  Whole plant  Selenium 0.7  Maximum Result Measured Data
Estuary—New River
 Aquatic invertebrate  Whole body  Selenium 2  Maximum Result Measured Data
 Benthic macroinvertebrate  Soft tissue  Selenium 6.4  Maximum Result Measured Data
 Benthic macroinvertebrate  Whole body  Selenium 2.9  Maximum Result Measured Data
 Bird  Egg  Selenium 3.14  95% Student's-t UCL Measured Data
 Bird  Liver  Selenium 21.3  95% Student's-t UCL Measured Data
 Bird  Whole body  Selenium 7.2  Maximum Result Measured Data
 Fish  Whole body  Selenium 11.2  95% Student's-t UCL Measured Data
 Terrestrial plant  Whole plant  Selenium 0.8  Maximum Result Measured Data
Estuary—Whitewater River
 Benthic macroinvertebrate  Soft tissue  Selenium 5.4  Maximum Result Measured Data
 Bird  Egg  Selenium 7.11  95% Student's-t UCL Measured Data
 Bird  Liver  Selenium 19  Maximum Result Measured Data
 Fish  Whole body  Selenium 4.8  95% Student's-t UCL Measured Data
 Terrestrial plant  Whole plant  Selenium 0.2  Maximum Result Measured Data
Freshwater Marsh
 Aquatic invertebrate  Whole body  Selenium 3.1  Maximum Result Measured Data
 Aquatic plant  Whole plant  Selenium 1.3  Maximum Result Measured Data
 Benthic macroinvertebrate  Soft tissue  Selenium 6.3  Maximum Result Measured Data
 Benthic macroinvertebrate  Whole body  Selenium 2.85  95% Student's-t UCL Measured Data
 Bird  Egg  Selenium 6.27  95% Student's-t UCL Measured Data
 Bird  Liver  Selenium 16.7  95% Student's-t UCL Measured Data
 Bird  Muscle  Selenium 6.13  95% Approximate Gamma UCL Measured Data
 Bird  Whole body  Selenium 5.4  95% Student's-t UCL Measured Data
 Fish  Whole body  Selenium 5.3  Maximum Result Measured Data
Agricultural Land
 Bird  Egg  Selenium 4  95% Student's-t UCL Measured Data
 Bird  Liver  Selenium 47  Maximum Result Measured Data
Notes:
a Species sampled in each functional group are presented in Table F-8.
--  = not available or not applicable
mg/kg = milligrams per kilogram

Table F-19
Exposure Point Concentrations for Selenium in Biota
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Scenario/Habitat Functional Group  TissueType

Exposure Point 
Concentration 

(mg/kg) Basis
Existing Conditions
Salton Sea—Open Water  Gulf croaker  Whole body 14.4  95% Approximate Gamma UCL 

 Mosquitofish  Whole body 4.7  Maximum Result 
 Orangemouth corvina  Whole body 14.6  95% Student's-t UCL 
 Redbelly tilapia  Whole body 10.7  Maximum Result 
 Sailfin molly  Whole body 5.8  Maximum Result 
 Sargo  Whole body 13.1  95% Approximate Gamma UCL 
 Tilapia  Whole body 10  95% Student's-t UCL 

Salton Sea—Shoreline
 and Shallow Water

-- -- --

Estuary—Alamo River  Gulf croaker  Whole body 12.4  95% Student's-t UCL 
 Longjaw mudsucker  Whole body 7.2  Maximum Result 
 Mosquitofish  Whole body 7.6  Maximum Result 
 Orangemouth corvina  Whole body 20  Maximum Result 
 Sailfin molly  Whole body 11  Maximum Result 
 Sargo  Whole body 7.95  Maximum Result 
 Tilapia  Whole body 15.3  95% Approximate Gamma UCL 

Estuary—New River  Gulf croaker  Whole body 16  Maximum Result 
 Longjaw mudsucker  Whole body 6.1  Maximum Result 
 Mosquitofish  Whole body 3.5  Maximum Result 
 Orangemouth corvina  Whole body 11  95% Student's-t UCL 
 Tilapia  Whole body 14.3  95% Student's-t UCL 

Estuary—Whitewater River  Channel catfish  Whole body 1.27  Maximum Result 
 Common carp  Whole body 6.67  Maximum Result 
 Largemouth bass  Whole body 7  Maximum Result 
 Red shiner  Whole body 4.7  Maximum Result 
 Redbelly tilapia  Whole body 1.87  Maximum Result 
 Sailfin molly  Whole body 3.7  Maximum Result 
 Sailfin molly/mosquitofish  Whole body 2.3  Maximum Result 
 Tilapia  Whole body 6.3  95% Student's-t UCL 

Freshwater Marsh  Sailfin molly  Whole body 5.3  Maximum Result 
Notes:
-- = not available or not applicable
mg/kg = milligrams per kilogram

Table F-20
Exposure Point Concentrations for Selenium in Selected Fish Species - Whole Body
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Scenario/Habitat Functional Group
 Tissue 

Type

Exposure 
Point 

Concentration 
(mg/kg) Basis

Existing Conditions
Salton Sea—Open Water -- -- -- --
Salton Sea—Shoreline  Black skimmer  Egg 6.39  95% Student's-t UCL 

 Black-crowned night-heron  Egg 1.4  Maximum Result 
 Black-necked stilt  Egg 7.59  95% Student's-t UCL 
 Caspian tern  Egg 3.81  Maximum Result 
 Great egret  Egg 6.57  95% Student's-t UCL 
 Snowy egret  Egg 6.1  95% Student's-t UCL 

Estuary—Alamo River -- -- -- --
Estuary—New River  Black-necked stilt  Egg 3.14  95% Student's-t UCL 
Estuary—Whitewater River  Black-crowned night-heron  Egg 7.11  95% Student's-t UCL 
Freshwater Marsh  Black-necked stilt Egg 6.27  95% Student's-t UCL 
Notes:
-- = not available or not applicable
mg/kg = milligrams per kilogram

Table F-21
Exposure Point Concentrations for Selenium in Selected Bird Species - Eggs
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Exposure Factors
Body Weight Ingestion rate—food dry wt. Ingestion rate—water

Species
Mean
(kg) Notes Reference

Body Weight 
Adjusted Rate
(kg/kgbw-d) Notes Reference (L/kgbw-d) Notes Reference

Aquatic 
Plants

Aquatic 
Invertebrates

Benthic 
Invertebrates Fish

Terrestrial 
Plants

Terrestrial 
Invertebrates

Amphibians/ 
Reptiles Mammals Diet Type Major food items/Notes Reference Soil Sediment Notes Reference Hectares Notes Reference

Semi-Aquatic Birds
American coot 0.589 mean for adult 

males and 
females across 
range

Brisbin et al. 
2002

0.086 allometric 
estimation for 'all 
birds' normalized 
to kg/kgbw-d

Nagy 2001 0.07 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

89 6 5 -- -- -- -- -- Literature Diet mostly aquatic vascular 
plants and algae and aquatic 
or benthic invertebrates; 
animal matter said to be 
insects and mollusks, split 
11% between

Brisbin et al.2002 -- 2 foraging behavior 
does not include 
probing sediment, 
instead pulls 
vegetation

adapted from Beyer 
et al.1994 (lowest 
waterfowl value 
presented)

<0.1-0.15 same as territory size 
during breeding; 
decreases as ratio of 
open water to nesting 
cover increases

Brisbin et al.2002

89 6 5 -- -- -- -- -- Salton Sea Diet Aquatic invert (water-
boatmen); Benthic invert 
(amphipods, midge larvae), 
emergent plants (cattail, 
bulrush)

Black skimmer 0.315 mean for adult 
males and 
females

Gochfeld and 
Burger 1994

0.14 allometric 
estimation for 
'Charadriiformes' 
birds normalized to 
kg/kgbw-d

Nagy 2001 0.09 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- -- -- 100 -- -- -- Literature Diet primarily fish, but 
occasionally small 
crustaceans

Gochfeld and 
Burger 1994

-- 0 foraging behavior (i.e., 
skimming water 
surface) indicates low 
potential for sediment 
ingestion; therefore, 
assumed to be zero

foraging distance from 
colonies reported at < 8 
km on Long Island, NY 
and 5.2 km in Georgia

Gochfeld and 
Burger 1994

-- -- -- 100 -- -- -- Salton Sea Diet Fish (juvenile tilapia, 
mosquitofish, sailfin molly, 
desert pupfish)

Black-crowned 
night-heron

0.883 adult males 
and females

Dunning 1993 0.08 allometric 
estimation for 'all 
birds' normalized 
to kg/kgbw-d

Nagy 2001 0.061 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- 36 -- 49 -- 2 9 4 Literature Diet opportunistically feeds on 
fish, mollusks, crustaceans, 
and insects; given site 
conditions, assumed to be 
100% fish

Palmer 1988 1 4 estimated from diet 
and soil/sediment 
intake information

adapted from Beyer 
et al. 1994

foraged up to 8 km 
from nesting area in 
North Carolina

Zeiner et al. 1990

-- -- -- 100 -- -- -- -- Salton Sea Diet Fish (juvenile tilapia, 
mosquitofish, sailfin molly, 
desert pupfish)

Black-necked stilt 0.203 mean Coleman 1981 0.15 allometric 
estimation for 
'Charadriiformes' 
birds normalized to 
kg/kgbw-d

Nagy 2001 0.099 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- 85 12 3 -- -- -- -- Literature Diet primarily aquatic and benthic 
invertebrates and some fish; 
literature indicates 97% 
aquatic 
invertebrates—based on 
diet, 85% aquatic and 12% 
benthic assumed; assumed 
to eat only inverts at site

Robinson et al. 
1999

-- 17 stilt sandpiper
Kansas

Beyer et al. 1994 10-100 J.P. 
Skorupa/USFWS 
Pers. Comm with 
H. Ohlendorf, 
10/15/97

-- 85 15 -- -- -- -- -- Salton Sea Diet Aquatic invert (water-
boatmen); Benthic invert 
(amphipods, midge larvae, 
or pileworms)

Double-crested 
cormorant

2.33 mean for adult 
males and 
females

Glahn and 
McCoy 1995

0.062 allometric 
estimation for 
'marine birds' 
normalized to 
kg/kgbw-d

Nagy 2001 0.045 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- 10 -- 90 -- -- -- -- values estimated 
based on information 
in source

predominantly fish, but also 
crustaceans and aquatic 
insects; at Salton Sea, only 
fish 

Clapp et al. 1982 -- 2 as a piscivorous 
species sediment 
ingestion expected to 
be low

adapted from Beyer 
et al.1994 (lowest 
waterfowl value 
presented)

1570 estimated from 15.7km 
diameter feeding 
territory

King et al. 1995

-- -- -- 100 -- -- -- -- Salton Sea Diet Fish (tilapia or other)
Eared grebe 0.404 mean of fall 

and spring 
weights for 
adult males 
and females

Cullen et al. 
1999

0.09 allometric 
estimation for 
'insectivorous 
birds' normalized 
to kg/kgbw-d

Nagy 2001 0.08 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- 50 50 -- -- -- -- -- Literature Diet wide variety of aquatic prey; 
invertebrates (small 
crustaceans, especially brine 
shrimp), insects, and less 
frequently small fish, 
mollusks, and amphibians; 
assumed equal distribution 
of aquatic and benthic 
inverts for literature; 
historically pileworms major 
dietary item at Salton Sea

Cullen et al. 1999 -- 5 estimated from diet 
and soil/sediment 
intake information

adapted from Beyer 
et al. 1994

NA

-- 50 50 -- -- -- -- -- Salton Sea Diet Aquatic invert (water-
boatmen), benthic invert 
(amphipods, pileworms)

Gull-billed tern 0.174 adult males 
and females
from various 
locations

Parnell et al. 
1995

0.16 allometric 
estimation for 
'Charadriiformes' 
birds normalized to 
kg/kgbw-d

Nagy 2001 0.105 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- 10 -- 80 -- 5 5 -- no percent diet 
information available

opportunistically forage on 
fish, terrestrial and aquatic 
insects, lizards; literature diet 
estimated; given site 
conditions, assumed 100% 
fish

Parnell et al. 1995 -- 0 generally captures 
prey in air or from 
surface of water; 
therefore, sediment 
ingestion assumed to 
be zero 

Parnell et al. 1995 NA

-- -- -- 100 -- -- -- -- Salton Sea Diet Fish (juvenile tilapia, 
mosquitofish, sailfin molly, 
desert pupfish)

Mallard 1.134 adult males 
and females
throughout 
North America

Nelson & Martin 
1953 in USEPA 
1993

0.07 allometric 
estimation for 'all 
birds' normalized 
to kg/kgbw-d

Nagy 2001 0.057 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

30 45 25 -- -- -- -- -- Literature Diet diet includes gastropods, 
insects, crustaceans, 
annelids, plants; data for 
breeding female in June in 
ND prairie potholes

USEPA 1993 -- 3.3 Beyer et al. 1994 468 spring home range for 
females in ND prairie 
potholes

USEPA 1993

Table F-22
Exposure Factors for Representative Species

Biotic Dietary Items (% Diet) Foraging RangeAbiotic Media Ingestion (% diet)
Feeding Habits and Foraging Range
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Exposure Factors
Body Weight Ingestion rate—food dry wt. Ingestion rate—water

Species
Mean
(kg) Notes Reference

Body Weight 
Adjusted Rate
(kg/kgbw-d) Notes Reference (L/kgbw-d) Notes Reference

Aquatic 
Plants

Aquatic 
Invertebrates

Benthic 
Invertebrates Fish

Terrestrial 
Plants

Terrestrial 
Invertebrates

Amphibians/ 
Reptiles Mammals Diet Type Major food items/Notes Reference Soil Sediment Notes Reference Hectares Notes Reference

Table F-22
Exposure Factors for Representative Species

Biotic Dietary Items (% Diet) Foraging RangeAbiotic Media Ingestion (% diet)
Feeding Habits and Foraging Range

30 45 25 -- -- -- -- -- Salton Sea Diet Aquatic invert (water-
boatmen), benthic invert 
(amphipods, pileworms, 
barnacles), phytoplankton, 
zooplankton, submerged and 
emergent plants (Ruppia, 
bulrush)

Northern shoveler 0.511 adult males 
and females 
throughout 
year

Dubowy 1996 0.09 allometric 
estimation for 'all 
birds' normalized 
to kg/kgbw-d

Nagy 2001 0.074 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

10 70 20 -- -- -- -- -- Literature Diet primarily small nectonic 
(swimming) invertebrates 
(mostly cladocerans) and 
seeds; percent aquatic and 
benthic inverts estimated

Dubowy 1996 -- 3.3 assumed to be similar 
to mallard based on 
diet and foraging 
behavior

adapted from Beyer 
et al. 1994

20-80 information from 
Alberta and Manitoba; 
80 ha represents 
calculation for one 
radio-tracked female 
over 4 nesting seasons 

Dubowy 1996

10 70 20 -- -- -- -- -- Salton Sea Diet Aquatic invert (water-
boatmen), benthic invert 
(amphipods, pileworms, 
barnacles), phytoplankton, 
zooplankton, submerged and 
emergent plants (Ruppia, 
bulrush)

Ruddy duck 0.564 mean of adult 
males and 
females 
throughout 
year

Brua 2001 0.09 allometric 
estimation for 'all 
birds'  normalized 
to kg/kgbw-d

Nagy 2001 0.071 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

11 29 60 -- -- -- -- -- Literature Diet primarily aquatic insects, 
crustaceans, zooplankton, 
and other invertebrates with 
small amounts of aquatic 
vegetation and seeds; 
percent aquatic and benthic 
inverts estimated

Brua 2001 -- 3.3 assumed to be similar 
to mallard based on 
diet and foraging 
behavior

adapted from Beyer 
et al. 1994

NA

11 29 60 -- -- -- -- -- Salton Sea Diet Aquatic invert (water-
boatmen), benthic invert 
(amphipods, pileworms, 
barnacles), phytoplankton, 
zooplankton

Snowy plover 0.046 Page et al. 1995 0.22 allometric 
estimation for 
'Charadriiformes' 
birds normalized to 
kg/kgbw-d

Nagy 2001 0.163 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- 40 60 -- -- -- -- -- Literature Diet terrestrial and aquatic 
invertebrates; percentage of 
aquatic inverts split into 
aquatic and benthic inverts 
based on diet

Page et al. 1995 -- 20 estimated from diet 
and soil/sediment 
intake information

adapted from Beyer 
et al. 1994

917 based on radiotagged 
plovers at Great Salt 
Plains, OK

Page et al. 1995

-- 40 60 -- -- -- -- -- Salton Sea Diet Aquatic invert (water-
boatmen), benthic invert 
(amphipods, pileworms)

Yuma clapper rail 0.293 mean of adult 
male and 
female; data 
specific to 
Yuma 
subspecies

Eddleman and 
Conway 1998

0.11 or 0.10 allometric 
estimation for 'all 
birds' or 
insectivorous birds' 
normalized to 
kg/kgbw-d

Nagy 2001 0.09 allometric 
estimation for 
'all birds' 
normalized to 
L/kgbw-d; 
capable of 
drinking salt 
water (has salt 
glands)

Calder & Braun, 
1983 in USEPA 
1993

-- 15 80 5 -- -- -- -- Literature Diet predominantly crustaceans, 
if available; opportunistically 
eat small crabs, slugs, 
minnows, aquatic insects, 
grasshoppers, small 
vertebrates, seed, 
amphipods; data specific to 
Yuma subspecies; assumed 
no fish in diet at site

Eddleman and 
Conway 1998

-- 10 median value for 
waterfowl and 
shorebirds assumed to 
be representative of 
plovers

adapted from Beyer 
et al. 1994

0.4-1.4; 4.69 No data for Yuma 
subspecies; Data for 
Light-footed 
subspecies from S. 
California and 
California subspecies 
from SF Bay (95% area 
use)

Eddleman and 
Conway 1998; 
Albertson 1995

-- 17 83 -- -- -- -- -- Salton Sea Diet Aquatic invert (water-
boatmen); Benthic invert 
(amphipods, midge larvae)

Terrestrial Birds
Burrowing owl 0.154 average of 

males and 
females 
throughout 
North America

Earhart and 
Johnson 1970 in 
Sample 
et al. 1997

0.16 allometric 
estimation for 
'carnivorous birds' 
normalized to 
kg/kgbw-d

Nagy 2001 0.11 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- -- -- -- -- 44 -- 56 Literature Diet primarily small mammals, 
small birds, and insects; 
mean total biomass 
observed in pellets over four 
seasons; percent data 
normalized to 100%

Thomsen, 1971 in 
Sample et al., 1997

4.13 -- sand and dirt in pellets Thomsen 1971 in 
Sample et al.1997

1-277
mean fixed 

kernal = 118

home range in San 
Joaquin Valley, CA

Gervais et al. 
2003

-- -- -- -- -- 44 -- 56 Salton Sea Diet Small mammals, terrestrial 
invert (grasshoppers), 
reptiles (snakes, lizards)

Loggerhead Shrike 0.0477 adult males 
and females in 
south central 
Florida

Yosef 1996 0.185 allometric 
estimation for 
'passerine' birds 
normalized to 
kg/kgbw-d

Nagy 2001 0.103 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- -- -- -- -- 85 -- 15 Salton Sea Diet Arthropods, reptiles, small 
mammals

Yosef 1996 2 -- assumed low soil 
ingestion

adapted from Beyer 
et al. 1994

8.5 mean for California Yosef 1996

White-faced ibis 0.613 Mean of male 
and female 
adults

Ryder and 
Manny 1994

0.08 allometric 
estimation for 'all 
birds' normalized 
to kg/kgbw-d

Nagy 2001 0.069 allometric 
estimation for 
'birds' 
normalized to 
L/kgbw-d

Calder & Braun, 
1983 in USEPA 
1993

-- 20 -- -- -- 80 -- -- Aquatic and moist soil 
invertebrates, especially 
earthworms and larval 
insects, also leeches and 
snails; assumed 100% 
terrestrial at site

Ryder and Manny 
1994

10 -- assumed to be similar 
to American woodcock 
based on diet and 
foraging behavior

adapted from Beyer 
et al. 1994

3-4 km from nest (up to 
18 km) in Nevada; 
breeding adults and 
fledglings 40-48 km 
from colony in Idaho

Ryder and Manny 
1994

-- -- -- -- -- 100 -- -- Salton Sea Diet Terrestrial invert (earth-
worms, grasshoppers)

Notes:
Nagy 2001 regression equation format --> dry matter g/day = a (grams body weight)b
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Exposure Factors
Body Weight Ingestion rate—food dry wt. Ingestion rate—water

Species
Mean
(kg) Notes Reference

Body Weight 
Adjusted Rate
(kg/kgbw-d) Notes Reference (L/kgbw-d) Notes Reference

Aquatic 
Plants

Aquatic 
Invertebrates

Benthic 
Invertebrates Fish

Terrestrial 
Plants

Terrestrial 
Invertebrates

Amphibians/ 
Reptiles Mammals Diet Type Major food items/Notes Reference Soil Sediment Notes Reference Hectares Notes Reference

Table F-22
Exposure Factors for Representative Species

Biotic Dietary Items (% Diet) Foraging RangeAbiotic Media Ingestion (% diet)
Feeding Habits and Foraging Range

Group a b
all birds 0.638 0.685
Charadriiformes (shorebirds, gulls, auks) 0.522 0.769
marine birds 0.88 0.658
insectivorous birds 0.54 0.705
omnivorous birds 0.67 0.627
passerine birds 0.63 0.683
carnivorous birds 0.849 0.663
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Pathway Intercept (B0) Slope (B1) Regression Equation Comments Source
Aquatic Transfer 
Sediment to aquatic plants 0.4 -- -- -- derived based on relationship 

between Salton Sea sediment and 
macroalgae concentrations

Salton Sea database

Sediment to aquatic invertebrates -- 0.239 0.359 log(invertebrate) = B0+B1(log[sediment]) derived based on relationship 
between Salton Sea sediment and 
corixid tissue concentrations

Salton Sea database

Sediment to benthic invertebrates 4.9 -- -- -- derived based on relationship 
between Salton Sea sediment and 
pileworm tissue concentrations

Salton Sea database

Sediment to fish 4.6 -- -- -- derived based on relationship 
between Salton Sea sediment and 
tilapia tissue concentrations

Salton Sea database

Terrestrial Transfer
Soil to terrestrial invertebrates -- -0.075 0.733 ln(worm) = B0+B1(ln[soil]) Depurated earthworms.

For use is estimating exposure to 
white-faced ibis.

Sample et al. 1999

-- 0.8 0.22 log(invertebrate) = B0+B1(log[soil]) Derived from Kesterson and Salton 
Sea-specific data.
For use in estimating exposure to 
loggerhead shrike.

Salton Sea database and 
Kesterson Reservoir (G. 
Santolo unpublished data)

Soil to small mammals 3.5 -- -- -- median value based on Salton Sea 
small mammal data

Salton Sea database

Notes :
-- not applicable

Regression Model Parameters

BSAF/BAF

Table F-23
Bioaccumulation Values and Models for Selenium Transfer in Aquatic and Terrestrial Systems
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Exposure/ Media Value Units Endpoint Effect Measured/Observed Source Value Units Endpoint Effect Measured/Observed Source
Surface watera,b

(total recoverable)
2 µg/L toxicity 

threshold
food-chain bioaccumulation and 
reproductive failure in fish

Lemly 1996; 
USDI 1998

5 µg/L AWQC-CCC criterion continuous concentration USEPA 2002c

Surface watera,b

(dissolved—inorganic)
2 µg/L toxicity 

threshold
food-chain bioaccumulation and 
reproductive failure in fish

Lemly 1996; 
USDI 1998

-- -- -- -- --

Surface watera,b

(dissolved—organic)
1 µg/L toxicity 

threshold
food-chain bioaccumulation and 
reproductive failure in fish

Lemly 1996; 
USDI 1998

-- -- -- -- --

Notes:
aTRVs used for both estuarine/marine and freshwater sources.
bTRVs were developed for fish, but are considered applicable to aquatic invertebrates.
-- not available or high TRV was similar to low TRV so only one TRV was used.
AWQC—ambient water quality criterion
CCC—criterion continuous concentration
TRV—toxicity reference value

Low Toxicity Reference Value High Toxicity Reference Value

Table F-24
Selenium Toxicity Reference Values for Aquatic Invertebrates
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Exposure/ 
Media

Value
(mg/kg dw) Endpoint Effect Measured/Observed Source

Value
(mg/kg dw) Endpoint Effect Measured/Observed Source

Sediment* 1 level of 
concern

appears to be related to adverse 
effects to some receptors

USDI 1998 4 toxicity 
threshold

appears to be related to adverse 
effects to some receptors

USDI 1998

Notes:
*Low and high TRVs used for both estuarine/marine and freshwater sources.

Low Toxicity Reference Value High Toxicity Reference Value

Table F-25
Selenium Toxicity Reference Values for Benthic Invertebrates
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Exposure/ Media Value Units Endpoint Effect Measured/Observed Source Value Units Endpoint Effect Measured/Observed Source
Muscle -- mg/kg dw -- -- -- 8 mg/kg dw toxicity 

threshold
reproductive failure Lemly 1996

Whole body 4 mg/kg dw toxicity 
threshold

mortality of juveniles and 
reproductive failure

Lemly 1996; 
USDI 1998

7.91 mg/kg dw toxicity 
threshold

mortality of juveniles when cold-
stressed

USEPA 2004c

Diet -- mg/kg dw -- -- -- 3 mg/kg dw toxicity 
threshold

reproductive failure in fish Lemly 1996; 
USDI 1998

Sediment 1 mg/kg dw level of 
concern

appears to be related to adverse 
effects to some receptors

USDI 1998 4 mg/kg dw toxicity 
threshold

appears to be related to adverse 
effects to some receptors

USDI 1998

Surface water
(total recoverable)

2 µg/L toxicity 
threshold

food-chain bioaccumulation and 
reproductive failure in fish

Lemly 1996; 
USDI 1998

5 µg/L AWQC-CCC criterion continuous concentration USEPA 2002c

Surface water
(dissolved—inorganic)

2 µg/L toxicity 
threshold

food-chain bioaccumulation and 
reproductive failure in fish

Lemly 1996; 
USDI 1998

-- -- -- -- --

Surface water
(dissolved—organic)

1 µg/L toxicity 
threshold

food-chain bioaccumulation and 
reproductive failure in fish

Lemly 1996; 
USDI 1998

-- -- -- -- --

Notes:
-- not available or high TRV was similar to low TRV so only one TRV was used.
AWQC—ambient water quality criterion
CCC—criterion continuous concentration
TRV—toxicity reference value

Low Toxicity Reference Value High Toxicity Reference Value

Table F-26
Selenium Toxicity Reference Values for Fish
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Exposure Value Units Endpoint Effects Measured/Observed Source Value Units Endpoint Effects Measured/Observed Source
Diet 0.4 mg/kgbw-d NOAEL hatchling body weight, offspring 

survival, ducklings per brood, 
malformed embryos

Heinz et al. 1989, 
CH2M HILL 2000 

0.8 mg/kgbw-d LOAEL hatchling body weight, offspring 
survival, ducklings per brood, 
malformed embryos

Heinz et al. 1989, 
CH2M HILL 2000 

Eggs 6 mg/kg dw toxicity 
threshold

appear to be related to adverse 
effects to some receptors

USDI 1998 12.5 mg/kg dw EC10 caused an effect on egg hatchability 
in 10 percent of eggs

Ohlendorf 2003

Sediment 1 mg/kg dw level of 
concern

appears to be related to adverse 
effects to some receptors

USDI 1998 4 mg/kg dw toxicity 
threshold

appears to be related to adverse 
effects to some receptors

USDI 1998

Notes:
EC10 = Concentration resulting in a 10% effect level in the measured endpoint.
TRV = Toxicity reference value
LOAEL = Lowest observed adverse effect level
NOAEL = No observed adverse effect level

Low Toxicity Reference Value High Toxicity Reference Value

Table F-27
Selenium Toxicity Reference Values for Birds
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Assessment 
Endpoint Level OW SL ES FM AG AQM Representative Species Exposure Medium

Exposure Point 
Concentration Toxicity Reference Values

Aquatic Habitats

● ● ● ● Aquatic invertebrates surface water 95UCL* surface water (Low and High TRV)

● ● ● ● Benthic invertebrates sediment 95UCL* sediment (Low and High TRV)

● ● ● ● Fish

sediment
surface water
diet
tissue

95UCL*

sediment (Low and High TRV)
surface water (Low and High TRV)
dietary (Low and High TRV)
tissue (Low and High TRV)

● ● American coot

● ● ● Black-crowned night-heron

● ● ● Black-necked stilt

● ● ● Eared grebe

● ● ● Mallard

● ● Northern shoveler

● Ruddy duck

● ● ● ● Desert pupfish

sediment
surface water
diet
tissue

95UCL* sediment (Low and High TRV)
surface water (Low and High TRV)
dietary (Low and High TRV)
tissue (Low and High TRV)

● ● ● Black skimmer

● Double-crested cormorant

● ● Gull-billed tern

● Snowy plover

● ● Yuma clapper rail

Terrestrial Habitats
Population-level

● White-faced ibis
food-chain uptake (soil-based) 95UCL* in abiotic 

media and field 
collected tissue

ingestion (LOAEL)

Individual-level
● Burrowing owl

food-chain uptake (soil-based) 95UCL* in abiotic 
media and field 
collected tissue

Ingestion (NOAEL)

Notes:
* Exposure point concentration was determined based on distribution of data and current statistical models. Habitat Types Evaluated:

The maximum detect was used if the 95UCL exceeded the maximum detected value. OW - Open Water
bgs = below ground surface SL - Shoreline and Shallow Water
LOAEL = lowest observed adverse effect level ES - Estuary (Delta and Drain)
NOAEL = no observed adverse effect level FM - Freshwater Marsh
TRV = toxicity reference value AQM - Exposed Playa (AQM)
95UCL = 95 percent upper confidence limit of mean AG - Agricultural Lands

95UCL* in abiotic 
media and field 
collected tissue

ingestion (NOAEL)
sediment (Low and High TRV)
eggs (Low and High TRV)

food-chain uptake (sediment based)
sediment
eggs (measured)

95UCL* in abiotic 
media and field 
collected tissueIndividual-level

Summary of Risk Estimation Procedures for Existing Conditions
Table F-28

Habitats Evaluated

ingestion (LOAEL)
sediment (Low and High TRV)
eggs (Low and High TRV)
stilt egg (P >1 inviable egg)

Marine ------> Freshwater Terrestrial

Community-level

Population-level

food-chain uptake (sediment based)
sediment
eggs (measured and modeled)
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Assessment 
Endpoint Level OW SL ES AQM Representative Species Exposure Medium

● ● ● Aquatic invertebrates surface water 95UCL* of load adjusted values surface water (Low and High TRV)
● ● ● Benthic invertebrates sediment 95UCL of load adjusted values sediment (Low and High TRV)

●

Fish sediment
surface water
tissue (modeled)
food-chain uptake

95UCL of load adjusted values sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet TRV

● ● ● Black-necked stilt
● ● ● Eared grebe

● ● Mallard

●
Loggerhead shrike food-chain uptake (soil based) 95UCL of load adjusted values ingestion (LOAEL)

Individual-level

●

Desert pupfish sediment
surface water
tissue (modeled)
food-chain uptake

95UCL of load adjusted values sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet TRV

● ●
Black skimmer sediment

food-chain uptake (sediment-based)
sediment (Low and High TRV)
ingestion (NOAEL)

● ● ●
Snowy plover

Notes:
*Exposure point concentration will be determined (or modeled) based on distribution of data and current statistical models.
    The maximum detect will be used if the 95UCL exceeds the maximum detected value.

N/A =  Not applicable Habitat Types Evaluated:
LOAEL = lowest observed adverse effect level OW - Open Water
NOAEL = no observed adverse effect level SL - Shoreline and Shallow Water
TRV = toxicity reference value ES - Estuary (Delta and Drain)
95UCL = 95 percent upper confidence limit of mean AQM - Exposed Playa (AQM)

sediment (Low and High TRV)
ingestion (LOAEL)
eggs (Low and High TRV)
stilt egg (P>1 inviable egg)

95UCL of load adjusted values

Table F-29
Summary of Risk Estimation Procedures for the No Action Alternatives (CEQA and Variablility Conditions)

Toxicity Reference Values Based On
Community-level

95UCL* of load adjusted values

Concentrations in food items 
modeled using site-specific 
bioaccumulation factors.

Habitats Evaluated

Population-level

Exposure Point Concentrations

sediment
food-chain uptake (sediment-based)
egg (modeled)
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Lake or Ring

surface water -- Aquatic invertebrates -- Aquatic invertebrates -- -- -- Note c. surface water (Low and High TRV)
sediment -- Benthic invertebrates -- Benthic invertebrates -- -- -- Note c. sediment (Low and High TRV)
sediment
surface water
tissue (modeled)
food-chain uptake

-- Fish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

-- Black-necked stilt -- Black-necked stilt -- Loggerhead shrike -- Note c.
Eared grebe
Mallard

sediment
surface water
tissue (modeled)
food-chain uptake

-- Desert pupfish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

-- Black skimmer -- Snowy plover -- -- -- Note c.
Snowy plover

surface water -- Aquatic invertebrates -- Aquatic invertebrates -- Note c. surface water (Low and High TRV)
sediment -- Benthic invertebrates -- Benthic invertebrates -- Note c. sediment (Low and High TRV)

Population-level sediment
surface water
tissue (modeled)
food-chain uptake

-- Fish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

-- Black-necked stilt -- Black-necked stilt -- Loggerhead shrike -- Note c.
Eared grebe
Mallard

sediment
surface water
tissue (modeled)
food-chain uptake

-- Desert pupfish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

-- Black skimmer -- Snowy plover -- -- -- Note c.
Snowy plover

surface water -- -- Aquatic invertebrates Aquatic invertebrates -- -- -- Note c. surface water (Low and High TRV)
sediment -- -- Benthic invertebrates Benthic invertebrates -- -- -- Note c. sediment (Low and High TRV)
sediment
surface water
tissue (modeled)
food-chain uptake

-- -- Fish -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

-- -- Black-necked stilt Black-necked stilt -- Loggerhead shrike -- Note c.
Eared grebe
Mallard

sediment
surface water
tissue (modeled)
food-chain uptake

-- -- Desert pupfish -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

-- -- Black skimmer Snowy plover -- -- -- Note c.
Snowy plover

Individual-level

sediment (Low and High TRV)
ingestion (LOAEL)
stilt egg (P>1 inviable egg)

sediment (Low and High TRV)
ingestion (LOAEL)
stilt egg (P>1 inviable egg)

Assessment 
Endpoint Level

sediment (Low and High TRV)
(ingestion (NOAEL)

Summary of Risk Estimation Procedures for the Restoration Alternatives (1-8)

Community-level

Population-level

sediment
food-chain uptake
stilt egg (modeled)

sediment-direct contact
food-chain uptake

sediment (Low and High TRV)
ingestion (LOAEL)
stilt egg (P>1 inviable egg)

sediment contact TRV
ingestion (NOAEL)

Exposed Playa
(non-AQM)

or
Protective Salt Flat

Table F-30

1.  Saline Habitat 
Complex I 

Community-level

Population-level

Saline Habitat 
Complex 

(plus Shoreline 
Waterway)Alternatives

3. Concentric Rings

2.  Saline Habitat 
Complex II   

Community-level

Individual-level

Individual-level

sediment
food-chain uptake
stilt egg (modeled)

sediment
food-chain uptake

sediment
food-chain uptake
stilt egg (modeled)

Exposure Medium Brine Sink Toxicity Reference ValuesMarine Seab

Habitatsa and Representative Species

IID Freshwater 
Reservoir

Exposure Point 
Concentrations

Exposed Playa 
(AQM)

sediment-direct contact
food-chain uptake

sediment contact TRV
ingestion (NOAEL)
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Lake or RingAssessment 
Endpoint Level

Summary of Risk Estimation Procedures for the Restoration Alternatives (1-8)

Exposed Playa
(non-AQM)

or
Protective Salt Flat

Table F-30

Saline Habitat 
Complex 

(plus Shoreline 
Waterway)Alternatives Exposure Medium Brine Sink Toxicity Reference ValuesMarine Seab

Habitatsa and Representative Species

IID Freshwater 
Reservoir

Exposure Point 
Concentrations

Exposed Playa 
(AQM)

surface water -- -- Aquatic invertebrates Aquatic invertebrates -- -- -- Note c. surface water (Low and High TRV)
sediment -- -- Benthic invertebrates Benthic invertebrates -- -- -- Note c. sediment (Low and High TRV)
sediment
surface water
tissue (modeled)
food-chain uptake

-- -- Fish -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

-- -- Black-necked stilt Black-necked stilt -- -- Loggerhead shrike Note c.
-- -- Eared grebe --
-- -- Mallard --

sediment
surface water
tissue (modeled)
food-chain uptake

-- -- Desert pupfish -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

-- -- Black skimmer Snowy plover -- -- -- Note c.
Snowy plover

surface water Aquatic invertebrates Aquatic invertebrates -- Aquatic invertebrates -- -- -- Note c. surface water (Low and High TRV)
sediment Benthic invertebrates Benthic invertebrates -- Benthic invertebrates -- -- -- Note c. sediment (Low and High TRV)
sediment
surface water
tissue (modeled)
food-chain uptake

Fish Fish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

Black-necked stilt Black-necked stilt -- Black-necked stilt -- Loggerhead shrike -- Note c.
Eared grebe Eared grebe
Mallard Mallard

sediment
surface water
tissue (modeled)
food-chain uptake

Desert pupfish Desert pupfish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

Black skimmer Black skimmer -- Snowy plover -- -- -- Note c.
Snowy plover Snowy plover

surface water Aquatic invertebrates Aquatic invertebrates -- Aquatic invertebrates -- -- -- Note c. surface water (Low and High TRV)
sediment Benthic invertebrates Benthic invertebrates -- Benthic invertebrates -- -- -- Note c. sediment (Low and High TRV)
sediment
surface water
tissue (modeled)
food-chain uptake

Fish Fish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

Black-necked stilt Black-necked stilt -- Black-necked stilt -- Loggerhead shrike -- Note c.
Eared grebe Eared grebe
Mallard Mallard

sediment
surface water
tissue (modeled)
food-chain uptake

Desert pupfish Desert pupfish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

Black skimmer Black skimmer -- Snowy plover -- -- -- Note c.
Snowy plover Snowy plover

Individual-level

Individual-level

Individual-level

Population-level

Community-level

Population-level

sediment (Low and High TRV)
ingestion (LOAEL)
stilt egg (P>1 inviable egg)

sediment (Low and High TRV)
ingestion (LOAEL)
stilt egg (P>1 inviable egg)

sediment (Low and High TRV)
(ingestion (NOAEL)

sediment (Low and High TRV)
(ingestion (NOAEL)

sediment (Low and High TRV)
ingestion (LOAEL)
stilt egg (P>1 inviable egg)

sediment (Low and High TRV)
(ingestion (NOAEL)

4. Concentric Lakes

5.  North Sea

Population-level

Community-level

6.  North Sea Combined Community-level

sediment
food-chain uptake
stilt egg (modeled)

sediment
food-chain uptake
stilt egg (modeled)

sediment-direct contact
food-chain uptake

sediment-direct contact
food-chain uptake

sediment
food-chain uptake
stilt egg (modeled)

sediment-direct contact
food-chain uptake
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Lake or RingAssessment 
Endpoint Level

Summary of Risk Estimation Procedures for the Restoration Alternatives (1-8)

Exposed Playa
(non-AQM)

or
Protective Salt Flat

Table F-30

Saline Habitat 
Complex 

(plus Shoreline 
Waterway)Alternatives Exposure Medium Brine Sink Toxicity Reference ValuesMarine Seab

Habitatsa and Representative Species

IID Freshwater 
Reservoir

Exposure Point 
Concentrations

Exposed Playa 
(AQM)

Community-level surface water Aquatic invertebrates Aquatic invertebrates -- Aquatic invertebrates Aquatic invertebrates -- -- Note c. surface water (Low and High TRV)
sediment Benthic invertebrates Benthic invertebrates -- Benthic invertebrates Benthic invertebrates -- -- Note c. sediment (Low and High TRV)
sediment
surface water
tissue (modeled)
food-chain uptake

Fish Fish -- -- Fish -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

Population-level Black-necked stilt Black-necked stilt -- Black-necked stilt American coot -- Loggerhead shrike Note c.
Eared grebe Eared grebe Eared grebe Black-necked stilt
Mallard Mallard Mallard Mallard

sediment
surface water
tissue (modeled)
food-chain uptake

Desert pupfish Desert pupfish -- -- Desert pupfish -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

Black skimmer Black skimmer -- Black skimmer Black skimmer -- -- Note c.
Snowy plover Snowy plover Snowy plover Yuma clapper rail

surface water Aquatic invertebrates Aquatic invertebrates -- Aquatic invertebrates -- -- -- Note c. surface water (Low and High TRV)
sediment Benthic invertebrates Benthic invertebrates -- Benthic invertebrates -- -- -- Note c. sediment (Low and High TRV)
sediment
surface water
tissue (modeled)
food-chain uptake

Fish Fish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

Black-necked stilt Black-necked stilt -- Black-necked stilt -- Loggerhead shrike -- Note c.
Eared grebe Eared grebe
Mallard Mallard

sediment
surface water
tissue (modeled)
food-chain uptake

Desert pupfish Desert pupfish -- -- -- -- -- Note c. sediment (Low and High TRV)
surface water (Low and High TRV)
tissue (Low and High TRV)
diet (TRV)

Black skimmer Black skimmer -- Snowy plover -- -- -- Note c.
Snowy plover Snowy plover

Notes:
a Each alternative may have more than 1 area of a given habitat type. Multiple areas of a single habitat type were evaluated separately as necessary based on physical connectivity and/or water sources.
b Marine Sea habitat includes areas labeled "Recreational Saltwater Lake" in Alternative 7.
c Exposure point concentrations for each medium were calculated as follows:
          Sediment =  the 95%UCL of measured plus estimated concentrations in sediment adjusted by the proportional change in selenium mass loading/inflow for each alternative and habitat (See Attachment 2).
          Surface water = the blended water concentration estimated from anticipated future flows and loading for each source (see Attachment 2).
          Soil =  the 95%UCL of measured plus estimated concentrations in soil adjusted by the proportional change in selenium mass loading/inflow for each alternative and habitat (See Attachment 2).
          Biota  = Concentrations in food items to modeled using Salton Sea-specific or literature bioaccumulation factors. 

-- = Not applicable, habitat not present or not evaluated in this alternative.
LOAEL = Lowest observed adverse effect level
NOAEL = No observed adverse effect level
TRV = Toxicity reference value
95UCL = 95 percent upper confidence limit of mean

sediment (Low and High TRV)
(ingestion (NOAEL)

sediment (Low and High TRV)
ingestion (LOAEL)
stilt egg (P>1 inviable egg)

sediment
food-chain uptake
stilt egg (modeled)

sediment-direct contact
food-chain uptake

Individual-level

8.  South Sea Combined Community-level

Population-level

Individual-level

sediment (Low and High TRV)
ingestion (LOAEL)
stilt egg (P>1 inviable egg)

sediment (Low and High TRV)
(ingestion (NOAEL)

7.  Combined North and 
South Lakes (Salton Sea 

Authority's plan)

sediment
food-chain uptake
stilt egg (modeled)

sediment-direct contact
food-chain uptake
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Scenario/Habitat/Analyte Low TRV High TRV
EPC/

Low TRV
EPC/

High TRV
Existing Conditions
Salton Sea—Open Water
 Selenium 2.15 2 5 1.1 0.43
 Selenium, dissolved organic 0.653 1 -- 0.7 --
 Selenium, organic 0.98 1 -- 0.98 --
Salton Sea—Shoreline and Shallow Water
 Seleniuma 2.15 2 5 1.1 0.43
Estuary—Alamo River
 Selenium  (low EPC) 5.57 2 5 2.8 1.1
 Selenium (high EPC) 8 2 5 4.0 1.6
 Selenium, organic 0.276 1 -- 0.3 --
Estuary—New River
 Selenium  (low EPC) 3.14 2 5 1.6 0.628
 Selenium (high EPC) 4 2 5 2.0 0.8
 Selenium, organic 0.471 1 -- 0.5 --
Estuary—Whitewater River
 Selenium 2.2 2 5 1.1 0.44
 Selenium, organic 0.127 1 -- 0.1 --
Freshwater Marsh
 Seleniumb 2.5 2 5 1.3 0.5
Agricultural Land
 Seleniumb 2.5 2 5 1.3 0.5
No Action Alternative-CEQA Conditionsc

Salton Sea—Open Water 2.15 2 5 1.1 0.4
Salton Sea—Shoreline and Shallow Water 2.15 2 5 1.1 0.4
Estuary—Alamo River 10 2 5 5.0 2.0
Estuary—New River 4.6 2 5 2.3 0.9
Estuary—Whitewater River 3.5 2 5 1.8 0.7
No Action Alternative-Variability Conditionsc

Salton Sea—Open Water 2.15 2 5 1.1 0.4
Salton Sea—Shoreline and Shallow Water 2.15 2 5 1.1 0.4
Estuary—Alamo River 10 2 5 5.0 2.0
Estuary—New River 4.6 2 5 2.3 0.9
Estuary—Whitewater River 3.5 2 5 1.8 0.7
Alternative 1: Saline Habitat Complex Ic

Brine Sink 6.98 2 5 3.5 1.4
Saline Habitat Complex-South (Drains) 8.66 2 5 4.3 1.7
Saline Habitat Complex-South (Rivers) 8.4 2 5 4.2 1.7
Alternative 2: Saline Habitat Complex IIc

Brine Sink 7.24 2 5 3.6 1.4
Saline Habitat Complex-North 3.65 2 5 1.8 0.7
Saline Habitat Complex-South 8.69 2 5 4.3 1.7
Saline Habitat Complex-West 4.89 2 5 2.4 1.0
Alternative 3: Concentric Ringsc

Brine Sink 7.03 2 5 3.5 1.4
First Ring 5.94 2 5 3.0 1.2
Second Ring 8.78 2 5 4.4 1.8

Table F-31
Risk Estimation for Aquatic Invertebrates Exposed to Selenium in Surface Water

Toxicity Reference Values
(µg/L) Hazard QuotientsExposure Point 

Concentration
(µg/L)
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Scenario/Habitat/Analyte Low TRV High TRV
EPC/

Low TRV
EPC/

High TRV

Table F-31
Risk Estimation for Aquatic Invertebrates Exposed to Selenium in Surface Water

Toxicity Reference Values
(µg/L) Hazard QuotientsExposure Point 

Concentration
(µg/L)

Alternative 4: Concentric Lakesc

Brine Sink 7.85 2 5 3.9 1.6
First Lake 8.19 2 5 4.1 1.6
Second Lake 4.26 2 5 2.1 0.9
Third Lake 7.35 2 5 3.7 1.5
Fourth Lake 8.17 2 5 4.1 1.6
Alternative 5: North Seac

Brine Sink 4.51 2 5 2.3 0.9
Marine Sea 7.52 2 5 3.8 1.5
Saline Habitat Complex 8.23 2 5 4.1 1.6
Alternative 6: North Sea Combinedc

Brine Sink 5.41 2 5 2.7 1.1
Marine Sea 7.17 2 5 3.6 1.4
Saline Habitat Complex 8.42 2 5 4.2 1.7
Alternative 7: Combined North and South Lakesc

Brine Sink 5.49 2 5 2.7 1.1
Marine Sea 7.72 2 5 3.9 1.5
Saline Habitat Complex-East 2.15 2 5 1.1 0.4
Saline Habitat Complex-North 2.15 2 5 1.1 0.4
IID Freshwater Reservoir 2.5 2 5 1.3 0.5
Alternative 8: South Sea Combinedc

Brine Sink 6.59 2 5 3.3 1.3
Marine Sea 6.95 2 5 3.5 1.4
Saline Habitat Complex 7.67 2 5 3.8 1.5
Notes:
a   Selenium data were not available so selenium data for Open Water were used as a surrogate.
b   Selenium data were not available so selenium data for the Lower Colorado River were used as a surrogate.
c   All exposure point concentrations are for selenium. 
--     =  not available or not applicable
HQ   =  hazard quotient
µg/L =  micrograms per liter
TRV =  toxicity reference value
Bold =  Hazard quotient >1
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Scenario/Habitat Low TRV High TRV Low TRV HQ High TRV HQ
Existing Conditions
Salton Sea—Open Water 2.9 1 4 2.9 0.7
Salton Sea—Shoreline and Shallow Water 1.67 1 4 1.7 0.4
Estuary—Alamo River 0.621 1 4 0.6 0.2
Estuary—New River 0.433 1 4 0.4 0.1
Estuary—Whitewater River 1.93 1 4 1.9 0.5
Freshwater Marsh 0.7 1 4 0.7 0.2
No Action Alternative-CEQA Conditions
Salton Sea—Open Water 2.5 1 4 2.5 0.6
Salton Sea—Shoreline and Shallow Water 1.65 1 4 1.7 0.4
Estuary—Alamo River 0.305 1 4 0.3 0.1
Estuary—New River 0.604 1 4 0.6 0.2
Estuary—Whitewater River 2.57 1 4 2.6 0.6
No Action Alternative-Variability Conditions
Salton Sea—Open Water 2.72 1 4 2.7 0.7
Salton Sea—Shoreline and Shallow Water 2.06 1 4 2.1 0.5
Estuary—Alamo River 0.357 1 4 0.4 0.1
Estuary—New River 0.853 1 4 0.9 0.2
Estuary—Whitewater River 4.4 1 4 4.4 1.1
Alternative 1: Saline Habitat Complex I
Brine Sink 2.6 1 4 2.6 0.7
Saline Habitat Complex-South (Drains) 1.12 1 4 1.1 0.3
Saline Habitat Complex-South (Rivers) 0.93 1 4 0.9 0.2
Alternative 2: Saline Habitat Complex II
Brine Sink 3.29 1 4 3.3 0.8
Saline Habitat Complex-North 2.54 1 4 2.5 0.6
Saline Habitat Complex-South 1.0 1 4 1.0 0.2
Saline Habitat Complex-West 1.62 1 4 1.6 0.4
Alternative 3: Concentric Rings
Brine Sink 3.62 1 4 3.6 0.9
First Ring 1.66 1 4 1.7 0.4
Second Ring 1.79 1 4 1.8 0.4
Alternative 4: Concentric Lakes
Brine Sink 5.69 1 4 5.7 1.4
First Lake 1.67 1 4 1.7 0.4
Second Lake 1.39 1 4 1.4 0.3
Third Lake 2.15 1 4 2.2 0.5
Fourth Lake 2.56 1 4 2.6 0.6
Alternative 5: North Sea
Brine Sink 3.85 1 4 3.9 1.0
Marine Sea 3.93 1 4 3.9 1.0
Saline Habitat Complex 1.03 1 4 1.0 0.3
Alternative 6: North Sea Combined
Brine Sink 4.88 1 4 4.9 1.2
Marine Sea 3.1 1 4 3.1 0.8
Saline Habitat Complex 0.945 1 4 0.9 0.2

Table F-32
Risk Estimation for Benthic Invertebrates Exposed to Selenium in Sediment

Toxicity Reference Values
(mg/kg) Hazard Quotients Exposure Point 

Concentration 
(mg/kg)
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Scenario/Habitat Low TRV High TRV Low TRV HQ High TRV HQ

Table F-32
Risk Estimation for Benthic Invertebrates Exposed to Selenium in Sediment

Toxicity Reference Values
(mg/kg) Hazard Quotients Exposure Point 

Concentration 
(mg/kg)

Alternative 7: Combined North and South Lakes
Brine Sink 2.99 1 4 3.0 0.7
Marine Sea 3.23 1 4 3.2 0.8
Saline Habitat Complex-East 0.587 1 4 0.6 0.1
Saline Habitat Complex-North 2.01 1 4 2.0 0.5
IID Freshwater Reservoir 0.575 1 4 0.6 0.1
Alternative 8: South Sea Combined
Brine Sink 3.66 1 4 3.7 0.9
Marine Sea 1.41 1 4 1.4 0.4
Saline Habitat Complex 1.83 1 4 1.8 0.5
Notes:
HQ = hazard quotient
mg/kg = milligrams per kilogram
TRV = toxicity reference value
Bold = hazard quotient >1
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Scenario/Habitat Low TRV High TRV Low TRV HQ High TRV HQ
Existing Conditios
Salton Sea—Open Water 2.9 1 4 2.9 0.7
Salton Sea—Shoreline and Shallow Water 1.67 1 4 1.7 0.4
Estuary—Alamo River 0.621 1 4 0.6 0.2
Estuary—New River 0.433 1 4 0.4 0.1
Estuary—Whitewater River 1.93 1 4 1.9 0.5
Freshwater Marsh 0.7 1 4 0.7 0.2
No Action Alternative - CEQA Conditions
Estuary—Alamo River 0.305 1 4 0.3 0.1
Estuary—New River 0.604 1 4 0.6 0.2
Estuary—Whitewater River 2.57 1 4 2.6 0.6
No Action Alternative - Variability Conditions
Estuary—Alamo River 0.357 1 4 0.4 0.1
Estuary—New River 0.853 1 4 0.9 0.2
Estuary—Whitewater River 4.4 1 4 4.4 1.1
Alternative 1: Saline Habitat Complex I
Saline Habitat Complex-South (Drains) 1.12 1 4 1.1 0.3
Saline Habitat Complex-South (Rivers) 0.93 1 4 0.9 0.2
Alternative 2: Saline Habitat Complex II
Saline Habitat Complex-North 2.54 1 4 2.5 0.6
Saline Habitat Complex-South 1.0 1 4 1.0 0.2
Saline Habitat Complex-West 1.62 1 4 1.6 0.4
Alternative 3: Concentric Rings
First Ring 1.66 1 4 1.7 0.4
Second Ring 1.79 1 4 1.8 0.4
Alternative 4: Concentric Lakes
First Lake 1.67 1 4 1.7 0.4
Second Lake 1.39 1 4 1.4 0.3
Third Lake 2.15 1 4 2.2 0.5
Fourth Lake 2.56 1 4 2.6 0.6
Alternative 5: North Sea
Marine Sea 3.93 1 4 3.9 1.0
Saline Habitat Complex 1.03 1 4 1.0 0.3
Alternative 6: North Sea Combined
Marine Sea 3.1 1 4 3.1 0.8
Saline Habitat Complex 0.945 1 4 0.9 0.2
Alternative 7: Combined North and South Lakes
Marine Sea 3.23 1 4 3.2 0.8
Saline Habitat Complex-East 0.587 1 4 0.6 0.1
Saline Habitat Complex-North 2.01 1 4 2.0 0.5
IID Freshwater Reservoir 0.575 1 4 0.6 0.1
Alternative 8: South Sea Combined
Marine Sea 1.41 1 4 1.4 0.4
Saline Habitat Complex 1.83 1 4 1.8 0.5
Notes:
a Fish species include both individual-level/special-status (desert pupfish) and population-level/non special-status fish (e.g., tilapia).
HQ = hazard quotient
mg/kg = milligrams per kilogram
TRV = toxicity reference value
Bold = hazard quotient >1

Table F-33
Risk Estimation for Fisha Exposed to Selenium in Sediment

Toxicity Reference Values
(mg/kg) Hazard Quotients

 Exposure Point 
Concentration 

(mg/kg)
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Scenario/Habitat Low TRV High TRV
EPC/

Low TRV
EPC/

High TRV
Existing Conditions
Salton Sea—Open Water
 Selenium 2.15 2 5 1.1 0.4
 Selenium, dissolved organic 0.653 1 -- 0.7 --
 Selenium, organic 0.98 1 -- 0.98 --
Salton Sea—Shoreline and Shallow Water
 Seleniumb 2.15 2 5 1.1 0.4
Estuary—Alamo River
 Selenium  (low EPC) 5.57 2 5 2.8 1.1
 Selenium  (high EPC) 8 2 5 4.0 1.6
 Selenium, organic 0.276 1 -- 0.3 --
Estuary—New River
 Selenium  (low EPC) 3.14 2 5 1.6 0.6
 Selenium  (high EPC) 4 2 5 2.0 0.8
 Selenium, organic 0.471 1 -- 0.5 --
Estuary—Whitewater River
 Selenium 2.2 2 5 1.1 0.4
 Selenium, organic 0.127 1 -- 0.1 --
Freshwater Marsh
 Selenium c 2.5 2 5 1.3 0.5
Agricultural Land
 Selenium c 2.5 2 5 1.3 0.5
No Action Alternative-CEQA Conditionsd

Estuary—Alamo River 10 2 5 5.0 2.0
Estuary—New River 4.6 2 5 2.3 0.9
Estuary—Whitewater River 3.5 2 5 1.8 0.7
No Action Alternative - Variability Conditionsd

Estuary—Alamo River 10 2 5 5.0 2.0
Estuary—New River 4.6 2 5 2.3 0.9
Estuary—Whitewater River 3.5 2 5 1.8 0.7
Alternative 1: Saline Habitat Complex Id

Saline Habitat Complex-South (Drains) 8.66 2 5 4.3 1.7
Saline Habitat Complex-South (Rivers) 8.4 2 5 4.2 1.7
Alternative 2: Saline Habitat Complex IId

Saline Habitat Complex-North 3.65 2 5 1.8 0.7
Saline Habitat Complex-South 8.69 2 5 4.3 1.7
Saline Habitat Complex-West 4.89 2 5 2.4 1.0
Alternative 3: Concentric Ringsd

First Ring 5.94 2 5 3.0 1.2
Second Ring 8.78 2 5 4.4 1.8
Alternative 4: Concentric Lakesd

First Lake 8.19 2 5 4.1 1.6
Second Lake 4.26 2 5 2.1 0.9
Third Lake 7.35 2 5 3.7 1.5
Fourth Lake 8.17 2 5 4.1 1.6

Table F-34
Risk Estimation for Fisha Exposed to Selenium in Surface Water

Toxicity Reference Values
(µg/L) Hazard QuotientsExposure Point 

Concentration
(µg/L)
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Scenario/Habitat Low TRV High TRV
EPC/

Low TRV
EPC/

High TRV

Table F-34
Risk Estimation for Fisha Exposed to Selenium in Surface Water

Toxicity Reference Values
(µg/L) Hazard QuotientsExposure Point 

Concentration
(µg/L)

Alternative 5: North Sead

Marine Sea 7.52 2 5 3.8 1.5
Saline Habitat Complex 8.23 2 5 4.1 1.6
Alternative 6: North Sea Combinedd

Marine Sea 7.17 2 5 3.6 1.4
Saline Habitat Complex 8.42 2 5 4.2 1.7
Alternative 7: Combined North and South Lakesd

Marine Sea 7.72 2 5 3.9 1.5
Saline Habitat Complex-East 2.15 2 5 1.1 0.4
Saline Habitat Complex-North 2.15 2 5 1.1 0.4
IID Freshwater Reservoir 2.5 2 5 1.3 0.5
Alternative 8: South Sea Combinedd

Marine Sea 6.95 2 5 3.5 1.4
Saline Habitat Complex 7.67 2 5 3.8 1.5
Notes:
a Fish species include both individual-level/special-status (desert pupfish) and population-level/non special-status fish (e.g., tilapia).
bSelenium data were not available so selenium data for Open Water were used as a surrogate.
cSelenium data were not available so selenium data for the Lower Colorado River were used as a surrogate.
d All exposure point concentrations are for selenium. 
-- = not available or not applicable
HQ = hazard quotient
µg/L = micrograms per liter
TRV = toxicity reference value
Bold = Hazard quotient >1
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Sediment
Aquatic 
Plants

Aquatic 
Invertebrates

Benthic 
Invertebrates

Aquatic 
Plants

Aquatic 
Invertebrates

Benthic 
Invertebrates

Existing Conditions
Salton Sea - Open Water
Fish sp. 2.9 1 2.1 1.6 0 1 0 2.10 3 0.7
Fish sp. 2.9 1 2.1 1.6 0 0.5 0.5 1.85 3 0.6
Fish sp. 2.9 1 2.1 1.6 0.5 0.25 0.25 1.43 3 0.5
Fish sp. 2.9 1 2.1 1.6 1 0 0 1.00 3 0.3
Salton Sea - Shoreline and Shallow Water
Fish sp. 1.67 0.865 3.62 10.4 0 1 0 3.62 3 1.2
Fish sp. 1.67 0.865 3.62 10.4 0 0.5 0.5 7.01 3 2.3
Fish sp. 1.67 0.865 3.62 10.4 0.5 0.25 0.25 3.94 3 1.3
Fish sp. 1.67 0.865 3.62 10.4 1 0 0 0.87 3 0.3
Estuary - Alamo River
Fish sp. 0.621 0.25 3.3 12 0 1 0 3.30 3 1.1
Fish sp. 0.621 0.25 3.3 12 0 0.5 0.5 7.65 3 2.6
Fish sp. 0.621 0.25 3.3 12 0.5 0.25 0.25 3.95 3 1.3
Fish sp. 0.621 0.25 3.3 12 1 0 0 0.25 3 0.1
Estuary - New River
Fish sp. 0.433 0.17 2 2.9 0 1 0 2.00 3 0.7
Fish sp. 0.433 0.17 2 2.9 0 0.5 0.5 2.45 3 0.8
Fish sp. 0.433 0.17 2 2.9 0.5 0.25 0.25 1.31 3 0.4
Fish sp. 0.433 0.17 2 2.9 1 0 0 0.17 3 0.1
Estuary - Whitewater River
Fish sp. 1.93 0.77 2.20 5.4 0 1 0 2.20 3 0.7
Fish sp. 1.93 0.77 2.20 5.4 0 0.5 0.5 3.80 3 1.3
Fish sp. 1.93 0.77 2.20 5.4 0.5 0.25 0.25 2.28 3 0.8
Fish sp. 1.93 0.77 2.20 5.4 1 0 0 0.77 3 0.3
Freshwater Marsh
Fish sp. 0.7 1.30 3.1 2.85 0 1 0 3.10 3 1.03
Fish sp. 0.7 1.30 3.1 2.85 0 0.5 0.5 2.98 3 0.99
Fish sp. 0.7 1.30 3.1 2.85 0.5 0.25 0.25 2.14 3 0.7
Fish sp. 0.7 1.30 3.1 2.85 1 0 0 1.30 3 0.4
No Action Alternative - CEQA Conditions
Estuary—Alamo River
Fish sp. 0.305 0.12 1.13 1.49 0 1 0 1.13 3 0.4
Fish sp. 0.305 0.12 1.13 1.49 0 0.5 0.5 1.31 3 0.4
Fish sp. 0.305 0.12 1.13 1.49 0.5 0.25 0.25 0.72 3 0.2
Fish sp. 0.305 0.12 1.13 1.49 1 0 0 0.12 3 0.04
Estuary—New River
Fish sp. 0.604 0.24 1.45 2.96 0 1 0 1.45 3 0.5
Fish sp. 0.604 0.24 1.45 2.96 0 0.5 0.5 2.20 3 0.7
Fish sp. 0.604 0.24 1.45 2.96 0.5 0.25 0.25 1.22 3 0.4
Fish sp. 0.604 0.24 1.45 2.96 1 0 0 0.24 3 0.1
Estuary—Whitewater River
Fish sp. 2.57 1.03 2.43 12.59 0 1 0 2.43 3 0.8
Fish sp. 2.57 1.03 2.43 12.59 0 0.5 0.5 7.51 3 2.5
Fish sp. 2.57 1.03 2.43 12.59 0.5 0.25 0.25 4.27 3 1.4
Fish sp. 2.57 1.03 2.43 12.59 1 0 0 1.03 3 0.3
No Action Alternative - Variability Conditions
Estuary—Alamo River
Fish sp. 0.357 0.14 1.20 1.75 0 1 0 1.20 3 0.4
Fish sp. 0.357 0.14 1.20 1.75 0 0.5 0.5 1.47 3 0.5
Fish sp. 0.357 0.14 1.20 1.75 0.5 0.25 0.25 0.81 3 0.3
Fish sp. 0.357 0.14 1.20 1.75 1 0 0 0.14 3 0.05

Table F-35
Risk Estimation for Fisha Exposed to Selenium in the Diet

Exposure Point Concentrationsb

(mg/kg dw) Dietary Composition (fraction)
Toxicity 

Refernce Value
(mg/kg dw)

Hazard 
Quotient

Scenario/ 
Habitat/

Receptor

Total 
Exposure 

(mg/kg dw)
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Sediment
Aquatic 
Plants

Aquatic 
Invertebrates

Benthic 
Invertebrates

Aquatic 
Plants

Aquatic 
Invertebrates

Benthic 
Invertebrates

Table F-35
Risk Estimation for Fisha Exposed to Selenium in the Diet

Exposure Point Concentrationsb

(mg/kg dw) Dietary Composition (fraction)
Toxicity 

Refernce Value
(mg/kg dw)

Hazard 
Quotient

Scenario/ 
Habitat/

Receptor

Total 
Exposure 

(mg/kg dw)
Estuary—New River
Fish sp. 0.853 0.34 1.64 4.18 0 1 0 1.64 3 0.5
Fish sp. 0.853 0.34 1.64 4.18 0 0.5 0.5 2.91 3 0.97
Fish sp. 0.853 0.34 1.64 4.18 0.5 0.25 0.25 1.62 3 0.5
Fish sp. 0.853 0.34 1.64 4.18 1 0 0 0.34 3 0.1
Estuary—Whitewater River
Fish sp. 4.4 1.76 2.95 21.56 0 1 0 2.95 3 0.98
Fish sp. 4.4 1.76 2.95 21.56 0 0.5 0.5 12.26 3 4.1
Fish sp. 4.4 1.76 2.95 21.56 0.5 0.25 0.25 7.01 3 2.3
Fish sp. 4.4 1.76 2.95 21.56 1 0 0 1.76 3 0.6
Alternative 1: Saline Habitat Complex I
Saline Habitat Complex-South (Drains)
Fish sp. 1.12 0.45 1.81 5.49 0 1 0 1.81 3 0.6
Fish sp. 1.12 0.45 1.81 5.49 0 0.5 0.5 3.65 3 1.2
Fish sp. 1.12 0.45 1.81 5.49 0.5 0.25 0.25 2.05 3 0.7
Fish sp. 1.12 0.45 1.81 5.49 1 0 0 0.45 3 0.1
Saline Habitat Complex-South (Rivers)
Fish sp. 0.93 0.37 1.69 4.56 0 1 0 1.69 3 0.6
Fish sp. 0.93 0.37 1.69 4.56 0 0.5 0.5 3.12 3 1.04
Fish sp. 0.93 0.37 1.69 4.56 0.5 0.25 0.25 1.75 3 0.6
Fish sp. 0.93 0.37 1.69 4.56 1 0 0 0.37 3 0.1
Alternative 2: Saline Habitat Complex II
Saline Habitat Complex - North
Fish sp. 2.54 1.02 2.42 12.45 0 1 0 2.42 3 0.8
Fish sp. 2.54 1.02 2.42 12.45 0 0.5 0.5 7.43 3 2.5
Fish sp. 2.54 1.02 2.42 12.45 0.5 0.25 0.25 4.23 3 1.4
Fish sp. 2.54 1.02 2.42 12.45 1 0 0 1.02 3 0.3
Saline Habitat Complex - South
Fish sp. 0.9996 0.40 1.73 4.90 0 1 0 1.73 3 0.6
Fish sp. 0.9996 0.40 1.73 4.90 0 0.5 0.5 3.32 3 1.1
Fish sp. 0.9996 0.40 1.73 4.90 0.5 0.25 0.25 1.86 3 0.6
Fish sp. 0.9996 0.40 1.73 4.90 1 0 0 0.40 3 0.1
Saline Habitat Complex - West
Fish sp. 1.62 0.65 2.06 7.94 0 1 0 2.06 3 0.7
Fish sp. 1.62 0.65 2.06 7.94 0 0.5 0.5 5.00 3 1.7
Fish sp. 1.62 0.65 2.06 7.94 0.5 0.25 0.25 2.82 3 0.9
Fish sp. 1.62 0.65 2.06 7.94 1 0 0 0.65 3 0.2
Alternative 3: Concentric Rings
First Ring
Fish sp. 1.66 0.66 2.08 8.13 0 1 0 2.08 3 0.7
Fish sp. 1.66 0.66 2.08 8.13 0 0.5 0.5 5.11 3 1.7
Fish sp. 1.66 0.66 2.08 8.13 0.5 0.25 0.25 2.89 3 1.0
Fish sp. 1.66 0.66 2.08 8.13 1 0 0 0.66 3 0.2
Second Ring
Fish sp. 1.79 0.72 2.14 8.77 0 1 0 2.14 3 0.7
Fish sp. 1.79 0.72 2.14 8.77 0 0.5 0.5 5.45 3 1.8
Fish sp. 1.79 0.72 2.14 8.77 0.5 0.25 0.25 3.08 3 1.0
Fish sp. 1.79 0.72 2.14 8.77 1 0 0 0.72 3 0.2
Alternative 4: Concentric Lakes
First Lake
Fish sp. 1.67 0.67 2.08 8.18 0 1 0 2.08 3 0.7
Fish sp. 1.67 0.67 2.08 8.18 0 0.5 0.5 5.13 3 1.7
Fish sp. 1.67 0.67 2.08 8.18 0.5 0.25 0.25 2.90 3 0.97
Fish sp. 1.67 0.67 2.08 8.18 1 0 0 0.67 3 0.2
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Sediment
Aquatic 
Plants

Aquatic 
Invertebrates
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Invertebrates

Aquatic 
Plants

Aquatic 
Invertebrates

Benthic 
Invertebrates

Table F-35
Risk Estimation for Fisha Exposed to Selenium in the Diet

Exposure Point Concentrationsb

(mg/kg dw) Dietary Composition (fraction)
Toxicity 

Refernce Value
(mg/kg dw)

Hazard 
Quotient

Scenario/ 
Habitat/

Receptor

Total 
Exposure 

(mg/kg dw)
Second Lake
Fish sp. 1.39 0.56 1.95 6.81 0 1 0 1.95 3 0.7
Fish sp. 1.39 0.56 1.95 6.81 0 0.5 0.5 4.38 3 1.5
Fish sp. 1.39 0.56 1.95 6.81 0.5 0.25 0.25 2.47 3 0.8
Fish sp. 1.39 0.56 1.95 6.81 1 0 0 0.56 3 0.2
Third Lake
Fish sp. 2.15 0.86 2.28 10.54 0 1 0 2.28 3 0.8
Fish sp. 2.15 0.86 2.28 10.54 0 0.5 0.5 6.41 3 2.1
Fish sp. 2.15 0.86 2.28 10.54 0.5 0.25 0.25 3.63 3 1.2
Fish sp. 2.15 0.86 2.28 10.54 1 0 0 0.86 3 0.3
Fourth Lake
Fish sp. 2.56 1.02 2.43 12.54 0 1 0 2.43 3 0.8
Fish sp. 2.56 1.02 2.43 12.54 0 0.5 0.5 7.49 3 2.5
Fish sp. 2.56 1.02 2.43 12.54 0.5 0.25 0.25 4.26 3 1.4
Fish sp. 2.56 1.02 2.43 12.54 1 0 0 1.02 3 0.3
Alternative 5: North Sea
Marine Sea
Fish sp. 3.93 1.57 2.83 19.26 0 1 0 2.83 3 0.9
Fish sp. 3.93 1.57 2.83 19.26 0 0.5 0.5 11.05 3 3.7
Fish sp. 3.93 1.57 2.83 19.26 0.5 0.25 0.25 6.31 3 2.1
Fish sp. 3.93 1.57 2.83 19.26 1 0 0 1.57 3 0.5
Saline Habitat Complex
Fish sp. 1.03 0.41 1.75 5.05 0 1 0 1.75 3 0.6
Fish sp. 1.03 0.41 1.75 5.05 0 0.5 0.5 3.40 3 1.1
Fish sp. 1.03 0.41 1.75 5.05 0.5 0.25 0.25 1.91 3 0.6
Fish sp. 1.03 0.41 1.75 5.05 1 0 0 0.41 3 0.1
Alternative 6: North Sea Combined
Marine Sea
Fish sp. 3.1 1.24 2.60 15.19 0 1 0 2.60 3 0.9
Fish sp. 3.1 1.24 2.60 15.19 0 0.5 0.5 8.90 3 3.0
Fish sp. 3.1 1.24 2.60 15.19 0.5 0.25 0.25 5.07 3 1.7
Fish sp. 3.1 1.24 2.60 15.19 1 0 0 1.24 3 0.4
Saline Habitat Complex
Fish sp. 0.945 0.38 1.70 4.63 0 1 0 1.70 3 0.6
Fish sp. 0.945 0.38 1.70 4.63 0 0.5 0.5 3.16 3 1.1
Fish sp. 0.945 0.38 1.70 4.63 0.5 0.25 0.25 1.77 3 0.6
Fish sp. 0.945 0.38 1.70 4.63 1 0 0 0.38 3 0.1
Alternative 7: Combined North and South Lakes
Marine Sea
Fish sp. 3.23 1.29 2.64 15.83 0 1 0 2.64 3 0.9
Fish sp. 3.23 1.29 2.64 15.83 0 0.5 0.5 9.23 3 3.1
Fish sp. 3.23 1.29 2.64 15.83 0.5 0.25 0.25 5.26 3 1.8
Fish sp. 3.23 1.29 2.64 15.83 1 0 0 1.29 3 0.4
Saline Habitat Complex-East
Fish sp. 0.587 0.23 1.43 2.88 0 1 0 1.43 3 0.5
Fish sp. 0.587 0.23 1.43 2.88 0 0.5 0.5 2.15 3 0.7
Fish sp. 0.587 0.23 1.43 2.88 0.5 0.25 0.25 1.19 3 0.4
Fish sp. 0.587 0.23 1.43 2.88 1 0 0 0.23 3 0.1
Saline Habitat Complex-North
Fish sp. 2.01 0.80 2.23 9.85 0 1 0 2.23 3 0.7
Fish sp. 2.01 0.80 2.23 9.85 0 0.5 0.5 6.04 3 2.0
Fish sp. 2.01 0.80 2.23 9.85 0.5 0.25 0.25 3.42 3 1.1
Fish sp. 2.01 0.80 2.23 9.85 1 0 0 0.80 3 0.3
IID Freshwater Reservoir
Fish sp. 0.575 0.23 1.42 2.82 0 1 0 1.42 3 0.5
Fish sp. 0.575 0.23 1.42 2.82 0 0.5 0.5 2.12 3 0.7
Fish sp. 0.575 0.23 1.42 2.82 0.5 0.25 0.25 1.17 3 0.4
Fish sp. 0.575 0.23 1.42 2.82 1 0 0 0.23 3 0.1
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Table F-35
Risk Estimation for Fisha Exposed to Selenium in the Diet

Exposure Point Concentrationsb

(mg/kg dw) Dietary Composition (fraction)
Toxicity 

Refernce Value
(mg/kg dw)

Hazard 
Quotient

Scenario/ 
Habitat/

Receptor

Total 
Exposure 

(mg/kg dw)
Alternative 8: South Sea Combined
Marine Sea
Fish sp. 1.41 0.56 1.96 6.91 0 1 0 1.96 3 0.7
Fish sp. 1.41 0.56 1.96 6.91 0 0.5 0.5 4.44 3 1.5
Fish sp. 1.41 0.56 1.96 6.91 0.5 0.25 0.25 2.50 3 0.8
Fish sp. 1.41 0.56 1.96 6.91 1 0 0 0.56 3 0.2
Saline Habitat Complex
Fish sp. 1.83 0.73 2.15 8.97 0 1 0 2.15 3 0.7
Fish sp. 1.83 0.73 2.15 8.97 0 0.5 0.5 5.56 3 1.9
Fish sp. 1.83 0.73 2.15 8.97 0.5 0.25 0.25 3.15 3 1.05
Fish sp. 1.83 0.73 2.15 8.97 1 0 0 0.73 3 0.2
Notes:
a Fish species include both individual-level/special-status (desert pupfish) and population-level/non special-status fish (e.g., tilapia).
b Selenium concentrations in biota were calculated using sediment concentrations and Salton Sea-specific biota:sediment accumulation factors (BSAFs) or regression
  models as follows:

[aquatic plants] = [sediment] * 0.4
[aquatic invertebrate] = 10^(0.239+(0.359*Log[sediment])
[benthic invertebrate] = [sediment] * 4.9

--  = not available
HQ = hazard quotient
mg/kg dw = milligrams per kilogram dry weight
TRV = toxicity reference value
Bold = hazard quotient >1
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Scenario/Habitat/Tissue Sediment Tissue Low TRV High TRV Low TRV HQ High TRV HQ
Existing Conditions
Salton Sea - Open Water
 Fillet/muscle na 10.1 -- 8 -- 1.3
 Whole body na 11 4 7.91 2.8 1.4
Salton Sea - Shoreline and Shallow Water
 Fillet/muscle na -- -- 8 -- --
 Whole body b 1.67 7.68 4 7.91 1.9 0.97
Estuary - Alamo River
 Fillet/muscle na -- -- 8 -- --
 Whole body na 13.1 4 7.91 3.3 1.7
Estuary - New River
 Fillet/muscle na -- -- 8 -- --
 Whole body na 11.2 4 7.91 2.8 1.4
Estuary - Whitewater River
 Fillet/muscle na -- -- 8 -- --
 Whole body na 4.8 4 7.91 1.2 0.6
Freshwater Marsh
 Fillet/muscle na -- -- 8 -- --
 Whole body na 5.3 4 7.91 1.3 0.7
Lower Colorado River
 Fillet/muscle na -- -- 8 -- --
 Whole body na 7.29 4 7.91 1.8 0.9
No Action Alternative - CEQA Conditionsb,c

Estuary - Alamo River 0.305 1.40 4 7.91 0.4 0.2
Estuary - New River 0.604 2.78 4 7.91 0.7 0.4
Estuary - Whitewater River 2.57 11.82 4 7.91 3.0 1.5
No Action Alternative-Variability Conditionsb,c

Estuary—Alamo River 0.357 1.64 4 7.91 0.4 0.2
Estuary—New River 0.853 3.92 4 7.91 0.98 0.5
Estuary—Whitewater River 4.4 20.24 4 7.91 5.1 2.6
Alternative 1: Saline Habitat Complex Ib,c

Saline Habitat Complex-South (Drains) 1.12 5.15 4 7.91 1.3 0.7
Saline Habitat Complex-South (Rivers) 0.93 4.28 4 7.91 1.1 0.5
Alternative 2: Saline Habitat Complex IIb,c

Saline Habitat Complex-North 2.54 11.68 4 7.91 2.9 1.5
Saline Habitat Complex-South 1 4.60 4 7.91 1.2 0.6
Saline Habitat Complex-West 1.62 7.45 4 7.91 1.9 0.9
Alternative 3: Concentric Ringsb,c

First Ring 1.66 7.64 4 7.91 1.9 0.97
Second Ring 1.79 8.23 4 7.91 2.1 1.04
Alternative 4: Concentric Lakesb,c

First Lake 1.67 7.68 4 7.91 1.9 0.97
Second Lake 1.39 6.39 4 7.91 1.6 0.8
Third Lake 2.15 9.89 4 7.91 2.5 1.3
Fourth Lake 2.56 11.78 4 7.91 2.9 1.5
Alternative 5: North Seab,c

Marine Sea 3.93 18.08 4 7.91 4.5 2.3
Saline Habitat Complex 1.03 4.74 4 7.91 1.2 0.6

Table F-36
Risk Estimation for Fish Based on Biaccumulation of Selenium in Tissues

Toxicity Reference Value
(mg/kg dw) Hazard Quotients

 Exposure Point 
Concentrationa

(mg/kg)
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Scenario/Habitat/Tissue Sediment Tissue Low TRV High TRV Low TRV HQ High TRV HQ

Table F-36
Risk Estimation for Fish Based on Biaccumulation of Selenium in Tissues

Toxicity Reference Value
(mg/kg dw) Hazard Quotients

 Exposure Point 
Concentrationa

(mg/kg)

Alternative 6: North Sea Combinedb,c

Marine Sea 3.1 14.26 4 7.91 3.6 1.8
Saline Habitat Complex 0.945 4.35 4 7.91 1.1 0.5
Alternative 7: Combined North and South Lakesb,c

Marine Sea 3.23 14.86 4 7.91 3.7 1.9
Saline Habitat Complex-East 0.587 2.70 4 7.91 0.7 0.3
Saline Habitat Complex-North 2.01 9.25 4 7.91 2.3 1.2
IID Freshwater Reservoir 0.575 2.65 4 7.91 0.7 0.3
Alternative 8: South Sea Combinedb,c

Marine Sea 1.41 6.49 4 7.91 1.6 0.8
Saline Habitat Complex 1.83 8.42 4 7.91 2.1 1.1
Notes:
a All exposure point concentrations are for selenium
b Fish species include both individual-level/special-status (desert pupfish) and population-level/non special-status fish (e.g., tilapia).
c Exposure point concentrations are whole body values modeled from selenium concentration and fish BSAF.
         [fish whole body Se] = [sediment Se] * 4.6

-- = not available
na = not applicable (measured tissue concentrations were available).
HQ = hazard quotient
mg/kg dw = milligrams per kilogram dry weight
TRV = toxicity reference value
Bold = hazard quotient >1
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Scenario/Habitat Functional Group  TissueType Low TRV High TRV HQ
g
HQ

Existing Conditions
Salton Sea—Open Water  Gulf croaker  Whole body 14.4 4 7.91 3.6 1.8

 Orangemouth corvina  Whole body 14.6 4 7.91 3.7 1.8
 Mosquitofish  Whole body 4.7 4 7.91 1.2 0.6
 Redbelly tilapia  Whole body 10.7 4 7.91 2.7 1.4
 Sailfin molly  Whole body 5.8 4 7.91 1.5 0.7
 Sargo  Whole body 13.1 4 7.91 3.3 1.7
 Tilapia  Whole body 10 4 7.91 2.5 1.3

Salton Sea—Shoreline and 
Shallow Water

-- -- -- 4 7.91 -- --

Estuary—Alamo River  Gulf croaker  Whole body 12.4 4 7.91 3.1 1.6
 Longjaw mudsucker  Whole body 7.2 4 7.91 1.8 0.9
 Mosquitofish  Whole body 7.6 4 7.91 1.9 0.96
 Orangemouth corvina  Whole body 20 4 7.91 5.0 2.5
 Sailfin molly  Whole body 11 4 7.91 2.8 1.4
 Sargo  Whole body 7.95 4 7.91 2.0 1.0
 Tilapia  Whole body 15.3 4 7.91 3.8 1.9

Estuary—New River  Gulf croaker  Whole body 16 4 7.91 4.0 2.0
 Longjaw mudsucker  Whole body 6.1 4 7.91 1.5 0.8
 Mosquitofish  Whole body 3.5 4 7.91 0.9 0.4
 Orangemouth corvina  Whole body 11 4 7.91 2.8 1.4
 Tilapia  Whole body 14.3 4 7.91 3.6 1.8

Estuary—Whitewater River  Channel catfish  Whole body 1.27 4 7.91 0.3 0.2
 Common carp  Whole body 6.67 4 7.91 1.7 0.8
 Largemouth bass  Whole body 7 4 7.91 1.8 0.9
 Red shiner  Whole body 4.7 4 7.91 1.2 0.6
 Redbelly tilapia  Whole body 1.87 4 7.91 0.5 0.2
 Sailfin molly  Whole body 3.7 4 7.91 0.9 0.5
 Sailfin molly/mosquitofish  Whole body 2.3 4 7.91 0.6 0.3
 Tilapia  Whole body 6.3 4 7.91 1.6 0.8

Freshwater Marsh  Sailfin molly  Whole body 5.3 4 7.91 1.3 0.7
Notes:
HQ = hazard quotient
mg/kg = milligrams per kilogram
TRV = toxicity reference value
Bold = hazard quotient >1

Toxicity Refernce Value
(mg/kg dw) Hazard Quotients

Exposure Point 
Concentration 

(mg/kg)

Table F-37
Risk Estimation for Selected Fish Species Based on Measured Whole Body Selenium Concentrations
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Scenario/Habitat Low TRV High TRV Low TRV HQ High TRV HQ
Existing Conditions
Salton Sea—Open Water 2.9 1 4 2.9 0.7
Salton Sea—Shoreline and Shallow Water 1.67 1 4 1.7 0.4
Estuary—Alamo River 0.621 1 4 0.6 0.2
Estuary—New River 0.433 1 4 0.4 0.1
Estuary—Whitewater River 1.93 1 4 1.9 0.5
Freshwater Marsh 0.7 1 4 0.7 0.2
No Action Alternative-CEQA Conditions
Salton Sea—Open Water 2.5 1 4 2.5 0.6
Salton Sea—Shoreline and Shallow Water 1.65 1 4 1.7 0.4
Estuary—Alamo River 0.305 1 4 0.3 0.1
Estuary—New River 0.604 1 4 0.6 0.2
Estuary—Whitewater River 2.57 1 4 2.6 0.6
No Action Alternative-Variability Conditions
Salton Sea—Open Water 2.72 1 4 2.7 0.7
Salton Sea—Shoreline and Shallow Water 2.06 1 4 2.1 0.5
Estuary—Alamo River 0.357 1 4 0.4 0.1
Estuary—New River 0.853 1 4 0.9 0.2
Estuary—Whitewater River 4.4 1 4 4.4 1.1
Alternative 1: Saline Habitat Complex I
Brine Sink 2.6 1 4 2.6 0.7
Saline Habitat Complex-South (Drains) 1.12 1 4 1.1 0.3
Saline Habitat Complex-South (Rivers) 0.93 1 4 0.9 0.2
Alternative 2: Saline Habitat Complex II
Brine Sink 3.29 1 4 3.3 0.8
Saline Habitat Complex-North 2.54 1 4 2.5 0.6
Saline Habitat Complex-South 1.0 1 4 0.99 0.2
Saline Habitat Complex-West 1.62 1 4 1.6 0.4
Alternative 3: Concentric Rings
Brine Sink 3.62 1 4 3.6 0.9
First Ring 1.66 1 4 1.7 0.4
Second Ring 1.79 1 4 1.8 0.4
Alternative 4: Concentric Lakes
Brine Sink 5.69 1 4 5.7 1.4
First Lake 1.67 1 4 1.7 0.4
Second Lake 1.39 1 4 1.4 0.3
Third Lake 2.15 1 4 2.2 0.5
Fourth Lake 2.56 1 4 2.6 0.6
Alternative 5: North Sea
Brine Sink 3.85 1 4 3.9 0.96
Marine Sea 3.93 1 4 3.9 0.98
Saline Habitat Complex 1.03 1 4 1.03 0.3
Alternative 6: North Sea Combined
Brine Sink 4.88 1 4 4.9 1.2
Marine Sea 3.1 1 4 3.1 0.8
Saline Habitat Complex 0.945 1 4 0.9 0.2

Table F-38
Risk Estimation for Semi-Aquatic Birds Exposed to Selenium in Sediment

Toxicity Reference Values
(mg/kg) Hazard Quotients

 Exposure Point 
Concentration 

(mg/kg)
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Scenario/Habitat Low TRV High TRV Low TRV HQ High TRV HQ

Table F-38
Risk Estimation for Semi-Aquatic Birds Exposed to Selenium in Sediment

Toxicity Reference Values
(mg/kg) Hazard Quotients

 Exposure Point 
Concentration 

(mg/kg)
Alternative 7: Combined North and South Lakes
Brine Sink 2.99 1 4 3.0 0.7
Marine Sea 3.23 1 4 3.2 0.8
Saline Habitat Complex-East 0.587 1 4 0.6 0.1
Saline Habitat Complex-North 2.01 1 4 2.0 0.5
IID Freshwater Reservoir 0.575 1 4 0.6 0.1
Alternative 8: South Sea Combined
Brine Sink 3.66 1 4 3.7 0.9
Marine Sea 1.41 1 4 1.4 0.4
Saline Habitat Complex 1.83 1 4 1.8 0.5
Notes:
HQ = hazard quotient
mg/kg = milligrams per kilogram
TRV = toxicity reference value
Bold = hazard quotient >1
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Scenario/Habitat/Receptor
Sediment
(mg/kg)

Surface 
Water
(µg/L)

Aquatic 
Plant

Aquatic 
Invertebrate

Benthic 
Invertebrate Fish

Body 
weight 

(kg)

Food 
Ingestion 

Rate 
(kg/kg/d)

Water 
Ingestion 

Rate 
(L/kg/d) Sediment

Aquatic 
Plant

Aquatic 
Invertebrate

Benthic 
Invertebrate Fish Sediment

Surface 
Water

Aquatic 
Plant

Aquatic 
Invertebrate

Benthic 
Invertebrate Fish Total

Normalized 
Dosage 
NOAEL 

(mg/kgbw-d)

Normalized 
Dosage 
LOAEL 

(mg/kgbw-d) NOAEL LOAEL
Existing Conditions
Salton Sea - Open Water
Black skimmer 2.9 2.15 1 2.1 1.6 11 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0002 0 0 0 1.5400 1.54 0.4 0.8 3.9 1.9
Double-crested cormorant 2.9 2.15 1 2.1 1.6 11 2.33 0.062 0.045 0.02 -- -- -- 1 0.0036 0.0001 0 0 0 0.6820 0.69 0.4 0.8 1.7 0.9
Eared grebe 2.9 2.15 1 2.1 1.6 11 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0131 0.0002 0 0.0945 0.0720 0 0.18 0.4 0.8 0.4 0.2
Northern shoveler 2.9 2.15 1 2.1 1.6 11 0.511 0.09 0.074 0.033 0.1 0.7 0.2 -- 0.0086 0.0002 0.0090 0.1323 0.0288 0 0.18 0.4 0.8 0.4 0.2
Ruddy duck 2.9 2.15 1 2.1 1.6 11 0.564 0.09 0.071 0.033 0.11 0.29 0.6 -- 0.0086 0.0002 0.0099 0.0548 0.0864 0 0.16 0.4 0.8 0.4 0.2
Salton Sea - Shoreline and Shallow Water
Black skimmer 1.67 2.15 0.865 3.62 10.4 7.68 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0002 0 0 0 1.0755 1.08 0.4 0.8 2.7 1.3
Black-crowned night heron 1.67 2.15 0.865 3.62 10.4 7.68 0.883 0.08 0.061 0.05 -- -- -- 1 0.0067 0.0001 0 0 0 0.6146 0.62 0.4 0.8 1.6 0.8
Black-necked stilt 1.67 2.15 0.865 3.62 10.4 7.68 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0426 0.0002 0 0.4616 0.2340 0 0.74 0.4 0.8 1.8 0.9
Eared grebe 1.67 2.15 0.865 3.62 10.4 7.68 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0075 0.0002 0 0.1629 0.4680 0 0.64 0.4 0.8 1.6 0.8
Mallard 1.67 2.15 0.865 3.62 10.4 7.68 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0039 0.0001 0.0182 0.1140 0.1820 0 0.32 0.4 0.8 0.8 0.4
Northern shoveler 1.67 2.15 0.865 3.62 10.4 7.68 0.511 0.09 0.074 0.033 0.1 0.7 0.2 -- 0.0050 0.0002 0.0078 0.2281 0.1872 0 0.43 0.4 0.8 1.1 0.5
Snowy plover 1.67 2.15 0.865 3.62 10.4 7.68 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0735 0.0004 0 0.3186 1.3728 0 1.77 0.4 0.8 4.4 2.2
Estuary - Alamo River (low surface water EPC)
American coot 0.621 5.97 0.25 3.3 12 13.1 0.589 0.086 0.07 0.02 0.89 0.06 0.05 -- 0.0011 0.0004 0.0190 0.0170 0.0516 0 0.09 0.4 0.8 0.2 0.1
Black skimmer 0.621 5.97 0.25 3.3 12 13.1 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0005 0 0 0 1.8340 1.83 0.4 0.8 4.6 2.3
Black-crowned night heron 0.621 5.97 0.25 3.3 12 13.1 0.883 0.08 0.061 0.05 -- -- -- 1 0.0025 0.0004 0 0 0 1.0480 1.05 0.4 0.8 2.6 1.3
Black-necked stilt 0.621 5.97 0.25 3.3 12 13.1 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0158 0.0006 0 0.4208 0.2700 0 0.71 0.4 0.8 1.8 0.9
Eared grebe 0.621 5.97 0.25 3.3 12 13.1 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0028 0.0005 0 0.1485 0.5400 0 0.69 0.4 0.8 1.7 0.9
Gull-billed tern 0.621 5.97 0.25 3.3 12 13.1 0.174 0.16 0.105 0 -- -- -- 1 0.0000 0.0006 0 0 0 2.0960 2.10 0.4 0.8 5.2 2.6
Mallard 0.621 5.97 0.25 3.3 12 13.1 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0014 0.0003 0.0052 0.1040 0.2100 0 0.32 0.4 0.8 0.8 0.4
Yuma clapper rail 0.621 5.97 0.25 3.3 12 13.1 0.293 0.11 0.09 0.1 -- 0.17 0.83 -- 0.0068 0.0005 0 0.0617 1.0956 0 1.16 0.4 0.8 2.9 1.5
Estuary - Alamo River (high surfac water EPC)
American coot 0.621 8 0.25 3.3 12 13.1 0.589 0.086 0.07 0.02 0.89 0.06 0.05 -- 0.0011 0.0006 0.0190 0.0170 0.0516 0 0.09 0.4 0.8 0.2 0.1
Black skimmer 0.621 8 0.25 3.3 12 13.1 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0007 0 0 0 1.8340 1.83 0.4 0.8 4.6 2.3
Black-crowned night heron 0.621 8 0.25 3.3 12 13.1 0.883 0.08 0.061 0.05 -- -- -- 1 0.0025 0.0005 0 0 0 1.0480 1.05 0.4 0.8 2.6 1.3
Black-necked stilt 0.621 8 0.25 3.3 12 13.1 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0158 0.0008 0 0.4208 0.2700 0 0.71 0.4 0.8 1.8 0.9
Eared grebe 0.621 8 0.25 3.3 12 13.1 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0028 0.0006 0 0.1485 0.5400 0 0.69 0.4 0.8 1.7 0.9
Gull-billed tern 0.621 8 0.25 3.3 12 13.1 0.174 0.16 0.105 0 -- -- -- 1 0.0000 0.0008 0 0 0 2.0960 2.10 0.4 0.8 5.2 2.6
Mallard 0.621 8 0.25 3.3 12 13.1 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0014 0.0005 0.0052 0.1040 0.2100 0 0.32 0.4 0.8 0.8 0.4
Yuma clapper rail 0.621 8 0.25 3.3 12 13.1 0.293 0.11 0.09 0.1 -- 0.17 0.83 -- 0.0068 0.0007 0 0.0617 1.0956 0 1.16 0.4 0.8 2.9 1.5
Estuary - New River (low surface water EPC)
American coot 0.433 3.14 0.17 2 2.9 11.2 0.589 0.086 0.07 0.02 0.89 0.06 0.05 -- 0.0007 0.0002 0.0133 0.0103 0.0125 0 0.04 0.4 0.8 0.1 0.0
Black skimmer 0.433 3.14 0.17 2 2.9 11.2 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0003 0 0 0 1.5680 1.57 0.4 0.8 3.9 2.0
Black-crowned night heron 0.433 3.14 0.17 2 2.9 11.2 0.883 0.08 0.061 0.05 -- -- -- 1 0.0017 0.0002 0 0 0 0.8960 0.90 0.4 0.8 2.2 1.1
Black-necked stilt 0.433 3.14 0.17 2 2.9 11.2 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0110 0.0003 0 0.2550 0.0653 0 0.33 0.4 0.8 0.8 0.4
Eared grebe 0.433 3.14 0.17 2 2.9 11.2 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0019 0.0003 0 0.0900 0.1305 0 0.22 0.4 0.8 0.6 0.3
Gull-billed tern 0.433 3.14 0.17 2 2.9 11.2 0.174 0.16 0.105 0 -- -- -- 1 0.0000 0.0003 0 0 0 1.7920 1.79 0.4 0.8 4.5 2.2
Mallard 0.433 3.14 0.17 2 2.9 11.2 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0010 0.0002 0.0036 0.0630 0.0508 0 0.12 0.4 0.8 0.3 0.1
Yuma clapper rail 0.433 3.14 0.17 2 2.9 11.2 0.293 0.11 0.09 0.1 -- 0.17 0.83 -- 0.0048 0.0003 0 0.0374 0.2648 0 0.31 0.4 0.8 0.8 0.4
Estuary - New River (high surface water EPC)
American coot 0.433 4 0.17 2 2.9 11.2 0.589 0.086 0.07 0.02 0.89 0.06 0.05 -- 0.0007 0.0003 0.0133 0.0103 0.0125 0 0.04 0.4 0.8 0.1 0.0
Black skimmer 0.433 4 0.17 2 2.9 11.2 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0004 0 0 0 1.5680 1.57 0.4 0.8 3.9 2.0
Black-crowned night heron 0.433 4 0.17 2 2.9 11.2 0.883 0.08 0.061 0.05 -- -- -- 1 0.0017 0.0002 0 0 0 0.8960 0.90 0.4 0.8 2.2 1.1
Black-necked stilt 0.433 4 0.17 2 2.9 11.2 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0110 0.0004 0 0.2550 0.0653 0 0.33 0.4 0.8 0.8 0.4
Eared grebe 0.433 4 0.17 2 2.9 11.2 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0019 0.0003 0 0.0900 0.1305 0 0.22 0.4 0.8 0.6 0.3
Gull-billed tern 0.433 4 0.17 2 2.9 11.2 0.174 0.16 0.105 0 -- -- -- 1 0.0000 0.0004 0 0 0 1.7920 1.79 0.4 0.8 4.5 2.2
Mallard 0.433 4 0.17 2 2.9 11.2 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0010 0.0002 0.0036 0.0630 0.0508 0 0.12 0.4 0.8 0.3 0.1
Yuma clapper rail 0.433 4 0.17 2 2.9 11.2 0.293 0.11 0.09 0.1 -- 0.17 0.83 -- 0.0048 0.0004 0 0.0374 0.2648 0 0.31 0.4 0.8 0.8 0.4
Estuary - Whitewater River
American coot 1.93 2.2 0.77 2.20 9.46 4.8 0.589 0.086 0.07 0.02 0.89 0.06 0.05 -- 0.0033 0.0002 0.0591 0.0113 0.0407 0 0.11 0.4 0.8 0.3 0.1
Black skimmer 1.93 2.2 0.77 2.20 9.46 4.8 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0002 0 0 0 0.6720 0.67 0.4 0.8 1.7 0.8
Black-crowned night heron 1.93 2.2 0.77 2.20 9.46 4.8 0.883 0.08 0.061 0.05 -- -- -- 1 0.0077 0.0001 0 0 0 0.3840 0.39 0.4 0.8 0.98 0.5
Black-necked stilt 1.93 2.2 0.77 2.20 9.46 4.8 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0492 0.0002 0 0.2799 0.2128 0 0.54 0.4 0.8 1.4 0.7
Eared grebe 1.93 2.2 0.77 2.20 9.46 4.8 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0087 0.0002 0 0.0988 0.4256 0 0.53 0.4 0.8 1.3 0.7
Gull-billed tern 1.93 2.2 0.77 2.20 9.46 4.8 0.174 0.16 0.105 0 -- -- -- 1 0.0000 0.0002 0 0 0 0.7680 0.77 0.4 0.8 1.9 0.96
Mallard 1.93 2.2 0.77 2.20 9.46 4.8 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0045 0.0001 0.0162 0.0692 0.1655 0 0.26 0.4 0.8 0.6 0.3
Yuma clapper rail 1.93 2.2 0.77 2.20 9.46 4.8 0.293 0.11 0.09 0.1 -- 0.17 0.83 -- 0.0212 0.0002 0 0.0411 0.8634 0 0.93 0.4 0.8 2.3 1.2
Freshwater Marsh
American coot 0.7 2.5 1.3 3.1 2.85 5.3 0.589 0.086 0.07 0.02 0.89 0.06 0.05 -- 0.0012 0.0002 0.0995 0.0160 0.0123 0 0.13 0.4 0.8 0.3 0.16
Black-crowned night heron 0.7 2.5 1.3 3.1 2.85 5.3 0.883 0.08 0.061 0.05 -- -- -- 1 0.0028 0.0002 0 0 0 0.4240 0.43 0.4 0.8 1.1 0.5
Black-necked stilt 0.7 2.5 1.3 3.1 2.85 5.3 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0179 0.0002 0 0.3953 0.0641 0 0.48 0.4 0.8 1.2 0.6

Table F-39
Exposure and Risk Estimation for Semi-Aquatic Birds Exposed to Selenium via Food-Chain Uptake

Hazard QuotientsToxicity Reference Values
Abiotic Exposure 

Point Concentrations
Biota Exposure Point Concentrations

 (mg/kg dw)
Exposure Factors

Estimated Exposures (mg/kg/d)Dietary Intake (fraction)
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Table F-39
Exposure and Risk Estimation for Semi-Aquatic Birds Exposed to Selenium via Food-Chain Uptake

Hazard QuotientsToxicity Reference Values
Abiotic Exposure 

Point Concentrations
Biota Exposure Point Concentrations

 (mg/kg dw)
Exposure Factors

Estimated Exposures (mg/kg/d)Dietary Intake (fraction)

Gull-billed tern 0.7 2.5 1.3 3.1 2.85 5.3 0.174 0.16 0.105 0 -- -- -- 1 0.0000 0.0003 0 0 0 0.8480 0.85 0.4 0.8 2.1 1.1
Mallard 0.7 2.5 1.3 3.1 2.85 5.3 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0016 0.0001 0.0273 0.0977 0.0499 0 0.18 0.4 0.8 0.4 0.2
Yuma clapper rail 0.7 2.5 1.3 3.1 2.85 5.3 0.293 0.11 0.09 0.1 -- 0.17 0.83 -- 0.0077 0.0002 0 0.0580 0.2602 0 0.33 0.4 0.8 0.8 0.4
No Action Alternative - CEQA Conditions
Salton Sea - Open Water
Black-necked stilt 2.5 2.15 1.00 2.41 12.25 11.50 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0638 0.0002 0 0.3072 0.2756 0 0.65 0.4 0.8 1.6 0.8
Eared grebe 2.5 2.15 1.00 2.41 12.25 11.50 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0113 0.0002 0 0.1084 0.5513 0 0.67 0.4 0.8 1.7 0.8
Snowy plover 2.5 2.15 1.00 2.41 12.25 11.50 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1100 0.0004 0 0.2120 1.6170 0 1.94 0.4 0.8 4.8 2.4
Salton Sea - Shoreline and Shallow Water
Black skimmer 1.65 2.15 0.66 2.08 8.09 7.59 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0002 0 0 0 1.0626 1.06 0.4 0.8 2.7 1.3
Black-necked stilt 1.65 2.15 0.66 2.08 8.09 7.59 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0421 0.0002 0 0.2646 0.1819 0 0.49 0.4 0.8 1.2 0.6
Eared grebe 1.65 2.15 0.66 2.08 8.09 7.59 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0074 0.0002 0 0.0934 0.3638 0 0.46 0.4 0.8 1.2 0.6
Mallard 1.65 2.15 0.66 2.08 8.09 7.59 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0038 0.0001 0.0139 0.0654 0.1415 0 0.22 0.4 0.8 0.6 0.3
Snowy plover 1.65 2.15 0.66 2.08 8.09 7.59 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0726 0.0004 0 0.1826 1.0672 0 1.32 0.4 0.8 3.3 1.7
Estuary - Alamo River
Black skimmer 0.305 10 0.12 1.13 1.49 1.40 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0009 0 0 0 0.1964 0.20 0.4 0.8 0.5 0.2
Black-necked stilt 0.305 10 0.12 1.13 1.49 1.40 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0078 0.0010 0 0.1443 0.0336 0 0.19 0.4 0.8 0.5 0.2
Eared grebe 0.305 10 0.12 1.13 1.49 1.40 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0014 0.0008 0 0.0509 0.0673 0 0.12 0.4 0.8 0.3 0.2
Mallard 0.305 10 0.12 1.13 1.49 1.40 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0007 0.0006 0.0026 0.0357 0.0262 0 0.07 0.4 0.8 0.2 0.1
Snowy plover 0.305 10 0.12 1.13 1.49 1.40 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0134 0.0016 0 0.0996 0.1973 0 0.31 0.4 0.8 0.8 0.4
Estuary - New River
Black skimmer 0.604 4.6 0.24 1.45 2.96 2.78 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0004 0 0 0 0.3890 0.39 0.4 0.8 0.97 0.5
Black-necked stilt 0.604 4.6 0.24 1.45 2.96 2.78 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0154 0.0005 0 0.1845 0.0666 0 0.27 0.4 0.8 0.7 0.3
Eared grebe 0.604 4.6 0.24 1.45 2.96 2.78 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0027 0.0004 0 0.0651 0.1332 0 0.20 0.4 0.8 0.5 0.3
Mallard 0.604 4.6 0.24 1.45 2.96 2.78 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0014 0.0003 0.0051 0.0456 0.0518 0 0.10 0.4 0.8 0.3 0.1
Snowy plover 0.604 4.6 0.24 1.45 2.96 2.78 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0266 0.0007 0 0.1273 0.3907 0 0.55 0.4 0.8 1.4 0.7
Estuary - Whitewater River
Black skimmer 2.57 3.5 1.03 2.43 12.59 11.82 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0003 0 0 0 1.6551 1.66 0.4 0.8 4.1 2.1
Black-necked stilt 2.57 3.5 1.03 2.43 12.59 11.82 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0655 0.0003 0 0.3102 0.2833 0 0.66 0.4 0.8 1.6 0.8
Eared grebe 2.57 3.5 1.03 2.43 12.59 11.82 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0116 0.0003 0 0.1095 0.5667 0 0.69 0.4 0.8 1.7 0.9
Mallard 2.57 3.5 1.03 2.43 12.59 11.82 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0059 0.0002 0.0216 0.0766 0.2204 0 0.32 0.4 0.8 0.8 0.4
Snowy plover 2.57 3.5 1.03 2.43 12.59 11.82 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1131 0.0006 0 0.2141 1.6623 0 1.99 0.4 0.8 5.0 2.5
No Action Alternative - Variability Conditions
Salton Sea - Open Water
Black-necked stilt 2.72 2.15 1.09 2.48 13.33 12.51 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0694 0.0002 0 0.3166 0.2999 0 0.69 0.4 0.8 1.7 0.9
Eared grebe 2.72 2.15 1.09 2.48 13.33 12.51 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0122 0.0002 0 0.1117 0.5998 0 0.72 0.4 0.8 1.8 0.9
Snowy plover 2.72 2.15 1.09 2.48 13.33 12.51 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1197 0.0004 0 0.2185 1.7593 0 2.10 0.4 0.8 5.2 2.6
Salton Sea - Shoreline and Shallow Water
Black skimmer 2.06 2.15 0.82 2.25 10.09 9.48 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0002 0 0 0 1.3266 1.33 0.4 0.8 3.3 1.7
Black-necked stilt 2.06 2.15 0.82 2.25 10.09 9.48 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0525 0.0002 0 0.2865 0.2271 0 0.57 0.4 0.8 1.4 0.7
Eared grebe 2.06 2.15 0.82 2.25 10.09 9.48 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0093 0.0002 0 0.1011 0.4542 0 0.56 0.4 0.8 1.4 0.7
Mallard 2.06 2.15 0.82 2.25 10.09 9.48 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0048 0.0001 0.0173 0.0708 0.1766 0 0.27 0.4 0.8 0.7 0.3
Snowy plover 2.06 2.15 0.82 2.25 10.09 9.48 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0906 0.0004 0 0.1978 1.3324 0 1.62 0.4 0.8 4.1 2.0
Estuary - Alamo River
Black skimmer 0.357 10 0.14 1.20 1.75 1.64 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0009 0 0 0 0.2299 0.23 0.4 0.8 0.6 0.3
Black-necked stilt 0.357 10 0.14 1.20 1.75 1.64 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0091 0.0010 0 0.1527 0.0394 0 0.20 0.4 0.8 0.5 0.3
Eared grebe 0.357 10 0.14 1.20 1.75 1.64 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0016 0.0008 0 0.0539 0.0787 0 0.14 0.4 0.8 0.3 0.2
Mallard 0.357 10 0.14 1.20 1.75 1.64 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0008 0.0006 0.0030 0.0377 0.0306 0 0.07 0.4 0.8 0.2 0.1
Snowy plover 0.357 10 0.14 1.20 1.75 1.64 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0157 0.0016 0 0.1054 0.2309 0 0.35 0.4 0.8 0.9 0.4
Estuary - New River
Black skimmer 0.853 4.6 0.34 1.64 4.18 3.92 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0004 0 0 0 0.5493 0.55 0.4 0.8 1.4 0.7
Black-necked stilt 0.853 4.6 0.34 1.64 4.18 3.92 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0218 0.0005 0 0.2088 0.0940 0 0.33 0.4 0.8 0.8 0.4
Eared grebe 0.853 4.6 0.34 1.64 4.18 3.92 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0038 0.0004 0 0.0737 0.1881 0 0.27 0.4 0.8 0.7 0.3
Mallard 0.853 4.6 0.34 1.64 4.18 3.92 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0020 0.0003 0.0072 0.0516 0.0731 0 0.13 0.4 0.8 0.3 0.2
Snowy plover 0.853 4.6 0.34 1.64 4.18 3.92 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0375 0.0007 0 0.1441 0.5517 0 0.73 0.4 0.8 1.8 0.9
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Table F-39
Exposure and Risk Estimation for Semi-Aquatic Birds Exposed to Selenium via Food-Chain Uptake

Hazard QuotientsToxicity Reference Values
Abiotic Exposure 

Point Concentrations
Biota Exposure Point Concentrations

 (mg/kg dw)
Exposure Factors

Estimated Exposures (mg/kg/d)Dietary Intake (fraction)

Estuary - Whitewater River
Black skimmer 4.4 3.5 1.76 2.95 21.56 20.24 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0003 0 0 0 2.8336 2.83 0.4 0.8 7.1 3.5
Black-necked stilt 4.4 3.5 1.76 2.95 21.56 20.24 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.1122 0.0003 0 0.3763 0.4851 0 0.97 0.4 0.8 2.4 1.2
Eared grebe 4.4 3.5 1.76 2.95 21.56 20.24 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0198 0.0003 0 0.1328 0.9702 0 1.12 0.4 0.8 2.8 1.4
Mallard 4.4 3.5 1.76 2.95 21.56 20.24 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0102 0.0002 0.0370 0.0930 0.3773 0 0.52 0.4 0.8 1.3 0.6
Snowy plover 4.4 3.5 1.76 2.95 21.56 20.24 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1936 0.0006 0 0.2597 2.8459 0 3.30 0.4 0.8 8.2 4.1
Alternative 1: Saline Habitat Complex I
Brine Pool
Black-necked stilt 2.6 6.98 1.04 2.44 12.74 11.96 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0663 0.0007 0 0.3115 0.2867 0 0.67 0.4 0.8 1.7 0.8
Snowy plover 2.6 6.98 1.04 2.44 12.74 11.96 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1144 0.0011 0 0.2150 1.6817 0 2.01 0.4 0.8 5.0 2.5
Saline Habitat Complex-South (Drains)
Black skimmer 1.12 8.66 0.45 1.81 5.49 5.15 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0008 0 0 0 0.7213 0.72 0.4 0.8 1.8 0.9
Black-necked stilt 1.12 8.66 0.45 1.81 5.49 5.15 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0286 0.0009 0 0.2302 0.1235 0 0.38 0.4 0.8 0.96 0.5
Eared grebe 1.12 8.66 0.45 1.81 5.49 5.15 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0050 0.0007 0 0.0813 0.2470 0 0.33 0.4 0.8 0.8 0.4
Mallard 1.12 8.66 0.45 1.81 5.49 5.15 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0026 0.0005 0.0094 0.0569 0.0960 0 0.17 0.4 0.8 0.4 0.2
Snowy plover 1.12 8.66 0.45 1.81 5.49 5.15 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0493 0.0014 0 0.1589 0.7244 0 0.93 0.4 0.8 2.3 1.2
Saline Habitat Complex-South (Rivers)
Black skimmer 0.93 8.4 0.37 1.69 4.56 4.28 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0008 0 0 0 0.5989 0.60 0.4 0.8 1.5 0.7
Black-necked stilt 0.93 8.4 0.37 1.69 4.56 4.28 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0237 0.0008 0 0.2154 0.1025 0 0.34 0.4 0.8 0.9 0.4
Eared grebe 0.93 8.4 0.37 1.69 4.56 4.28 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0042 0.0007 0 0.0760 0.2051 0 0.29 0.4 0.8 0.7 0.4
Mallard 0.93 8.4 0.37 1.69 4.56 4.28 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0021 0.0005 0.0078 0.0532 0.0797 0 0.14 0.4 0.8 0.4 0.2
Snowy plover 0.93 8.4 0.37 1.69 4.56 4.28 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0409 0.0014 0 0.1487 0.6015 0 0.79 0.4 0.8 2.0 0.99
Alternative 2: Saline Habitat Complex II
Brine Sink
Black-necked stilt 3.29 7.24 1.31 2.66 16.11 15.12 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0838 0.0007 0 0.3389 0.3624 0 0.79 0.4 0.8 2.0 0.98
Snowy plover 3.29 7.24 1.31 2.66 16.11 15.12 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1446 0.0012 0 0.2339 2.1262 0 2.51 0.4 0.8 6.3 3.1
Saline Habitat Complex - North
Black-necked stilt 2.54 3.65 1.02 2.42 12.45 11.69 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0648 0.0004 0 0.3089 0.2801 0 0.65 0.4 0.8 1.6 0.8
Black skimmer 2.54 3.65 1.02 2.42 12.45 11.69 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0003 0 0 0 1.6360 1.64 0.4 0.8 4.1 2.0
Eared grebe 2.54 3.65 1.02 2.42 12.45 11.69 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0114 0.0003 0 0.1090 0.5602 0 0.68 0.4 0.8 1.7 0.9
Mallard 2.54 3.65 1.02 2.42 12.45 11.69 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0059 0.0002 0.0213 0.0763 0.2178 0 0.32 0.4 0.8 0.8 0.4
Snowy plover 2.54 3.65 1.02 2.42 12.45 11.69 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1118 0.0006 0 0.2132 1.6431 0 1.97 0.4 0.8 4.9 2.5
Saline Habitat Complex - South
Black skimmer 0.9996 8.69 0.40 1.73 4.90 4.60 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0008 0 0 0 0.6438 0.64 0.4 0.8 1.6 0.8
Black-necked stilt 0.9996 8.69 0.40 1.73 4.90 4.60 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0255 0.0009 0 0.2210 0.1102 0 0.36 0.4 0.8 0.9 0.4
Eared grebe 0.9996 8.69 0.40 1.73 4.90 4.60 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0045 0.0007 0 0.0780 0.2204 0 0.30 0.4 0.8 0.8 0.4
Mallard 0.9996 8.69 0.40 1.73 4.90 4.60 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0023 0.0005 0.0084 0.0546 0.0857 0 0.15 0.4 0.8 0.4 0.2
Snowy plover 0.9996 8.69 0.40 1.73 4.90 4.60 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0440 0.0014 0 0.1526 0.6466 0 0.84 0.4 0.8 2.1 1.1
Saline Habitat Complex - West
Black skimmer 1.62 4.89 0.65 2.06 7.96 7.47 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0004 0 0 0 1.0459 1.05 0.4 0.8 2.6 1.3
Black-necked stilt 1.62 4.89 0.65 2.06 7.96 7.47 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0414 0.0005 0 0.2631 0.1791 0 0.48 0.4 0.8 1.2 0.6
Eared grebe 1.62 4.89 0.65 2.06 7.96 7.47 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0073 0.0004 0 0.0929 0.3581 0 0.46 0.4 0.8 1.1 0.6
Mallard 1.62 4.89 0.65 2.06 7.96 7.47 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0038 0.0003 0.0136 0.0650 0.1393 0 0.22 0.4 0.8 0.6 0.3
Snowy plover 1.62 4.89 0.65 2.06 7.96 7.47 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0715 0.0008 0 0.1816 1.0504 0 1.30 0.4 0.8 3.3 1.6
Alternative 3: Concentric Rings
Brine Sink
Black-necked stilt 3.62 7.03 1.45 2.75 17.74 16.65 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0923 0.0007 0 0.3508 0.3991 0 0.84 0.4 0.8 2.1 1.1
Snowy plover 3.62 7.03 1.45 2.75 17.74 16.65 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1593 0.0011 0 0.2421 2.3414 0 2.74 0.4 0.8 6.9 3.4
First Ring
Black skimmer 1.66 5.94 0.66 2.08 8.13 7.64 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0005 0 0 0 1.0690 1.07 0.4 0.8 2.7 1.3
Black-necked stilt 1.66 5.94 0.66 2.08 8.13 7.64 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0423 0.0006 0 0.2652 0.1830 0 0.49 0.4 0.8 1.2 0.6
Eared grebe 1.66 5.94 0.66 2.08 8.13 7.64 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0075 0.0005 0 0.0936 0.3660 0 0.47 0.4 0.8 1.2 0.6
Mallard 1.66 5.94 0.66 2.08 8.13 7.64 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0038 0.0003 0.0139 0.0655 0.1423 0 0.23 0.4 0.8 0.6 0.3
Snowy plover 1.66 5.94 0.66 2.08 8.13 7.64 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0730 0.0010 0 0.1830 1.0737 0 1.33 0.4 0.8 3.3 1.7
Second Ring
Black-necked stilt 1.79 8.78 0.72 2.14 8.77 8.23 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0456 0.0009 0 0.2724 0.1973 0 0.52 0.4 0.8 1.3 0.6
Black skimmer 1.79 8.78 0.72 2.14 8.77 8.23 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0008 0 0 0 1.1528 1.15 0.4 0.8 2.9 1.4
Eared grebe 1.79 8.78 0.72 2.14 8.77 8.23 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0081 0.0007 0 0.0962 0.3947 0 0.50 0.4 0.8 1.2 0.6
Mallard 1.79 8.78 0.72 2.14 8.77 8.23 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0041 0.0005 0.0150 0.0673 0.1535 0 0.24 0.4 0.8 0.6 0.3
Snowy plover 1.79 8.78 0.72 2.14 8.77 8.23 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0788 0.0014 0 0.1880 1.1578 0 1.43 0.4 0.8 3.6 1.8
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Table F-39
Exposure and Risk Estimation for Semi-Aquatic Birds Exposed to Selenium via Food-Chain Uptake

Hazard QuotientsToxicity Reference Values
Abiotic Exposure 

Point Concentrations
Biota Exposure Point Concentrations

 (mg/kg dw)
Exposure Factors

Estimated Exposures (mg/kg/d)Dietary Intake (fraction)

Alternative 4: Concentric Lakes
Brine Sink
Black-necked stilt 5.69 7.85 2.28 3.24 27.88 26.17 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.1451 0.0008 0 0.4127 0.6273 0 1.19 0.4 0.8 3.0 1.5
Snowy plover 5.69 7.85 2.28 3.24 27.88 26.17 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.2504 0.0013 0 0.2848 3.6803 0 4.22 0.4 0.8 10.5 5.3
First Lake
Black-necked stilt 1.67 8.19 0.67 2.08 8.18 7.68 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0426 0.0008 0 0.2657 0.1841 0 0.49 0.4 0.8 1.2 0.6
Black skimmer 1.67 8.19 0.67 2.08 8.18 7.68 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0007 0 0 0 1.0755 1.08 0.4 0.8 2.7 1.3
Eared grebe 1.67 8.19 0.67 2.08 8.18 7.68 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0075 0.0007 0 0.0938 0.3682 0 0.47 0.4 0.8 1.2 0.6
Mallard 1.67 8.19 0.67 2.08 8.18 7.68 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0039 0.0005 0.0140 0.0657 0.1432 0 0.23 0.4 0.8 0.6 0.3
Snowy plover 1.67 8.19 0.67 2.08 8.18 7.68 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0735 0.0013 0 0.1834 1.0802 0 1.34 0.4 0.8 3.3 1.7
Second Lake
Black-necked stilt 1.39 4.26 0.56 1.95 6.81 6.39 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0354 0.0004 0 0.2488 0.1532 0 0.44 0.4 0.8 1.1 0.5
Black skimmer 1.39 4.26 0.56 1.95 6.81 6.39 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0004 0 0 0 0.8952 0.90 0.4 0.8 2.2 1.1
Eared grebe 1.39 4.26 0.56 1.95 6.81 6.39 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0063 0.0003 0 0.0878 0.3065 0 0.40 0.4 0.8 1.002 0.5
Mallard 1.39 4.26 0.56 1.95 6.81 6.39 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0032 0.0002 0.0117 0.0615 0.1192 0 0.20 0.4 0.8 0.5 0.2
Snowy plover 1.39 4.26 0.56 1.95 6.81 6.39 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0612 0.0007 0 0.1717 0.8991 0 1.13 0.4 0.8 2.8 1.4
Third Lake
Black skimmer 2.15 7.35 0.86 2.28 10.54 9.89 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0007 0 0 0 1.3846 1.39 0.4 0.8 3.5 1.7
Black-necked stilt 2.15 7.35 0.86 2.28 10.54 9.89 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0548 0.0007 0 0.2910 0.2370 0 0.58 0.4 0.8 1.5 0.7
Eared grebe 2.15 7.35 0.86 2.28 10.54 9.89 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0097 0.0006 0 0.1027 0.4741 0 0.59 0.4 0.8 1.5 0.7
Mallard 2.15 7.35 0.86 2.28 10.54 9.89 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0050 0.0004 0.0181 0.0719 0.1844 0 0.28 0.4 0.8 0.7 0.3
Snowy plover 2.15 7.35 0.86 2.28 10.54 9.89 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0946 0.0012 0 0.2008 1.3906 0 1.69 0.4 0.8 4.2 2.1
Fourth Lake
Black skimmer 2.56 8.17 1.02 2.43 12.54 11.78 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0007 0 0 0 1.6486 1.65 0.4 0.8 4.1 2.1
Black-necked stilt 2.56 8.17 1.02 2.43 12.54 11.78 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0653 0.0008 0 0.3098 0.2822 0 0.66 0.4 0.8 1.6 0.8
Eared grebe 2.56 8.17 1.02 2.43 12.54 11.78 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0115 0.0007 0 0.1093 0.5645 0 0.69 0.4 0.8 1.7 0.9
Mallard 2.56 8.17 1.02 2.43 12.54 11.78 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0059 0.0005 0.0215 0.0765 0.2195 0 0.32 0.4 0.8 0.8 0.4
Snowy plover 2.56 8.17 1.02 2.43 12.54 11.78 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1126 0.0013 0 0.2138 1.6558 0 1.98 0.4 0.8 5.0 2.5
Alternative 5: North Sea
Brine Sink
Black-necked stilt 3.85 4.51 1.54 2.81 18.87 17.71 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0982 0.0004 0 0.3587 0.4245 0 0.88 0.4 0.8 2.2 1.1
Snowy plover 3.85 4.51 1.54 2.81 18.87 17.71 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1694 0.0007 0 0.2476 2.4902 0 2.91 0.4 0.8 7.3 3.6
Marine Sea
Black-necked stilt 3.93 7.52 1.57 2.83 19.26 18.08 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.1002 0.0007 0 0.3613 0.4333 0 0.90 0.4 0.8 2.2 1.1
Black skimmer 3.93 7.52 1.57 2.83 19.26 18.08 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0007 0 0 0 2.5309 2.53 0.4 0.8 6.3 3.2
Eared grebe 3.93 7.52 1.57 2.83 19.26 18.08 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0177 0.0006 0 0.1275 0.8666 0 1.01 0.4 0.8 2.5 1.3
Mallard 3.93 7.52 1.57 2.83 19.26 18.08 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0091 0.0004 0.0330 0.0893 0.3370 0 0.47 0.4 0.8 1.2 0.6
Snowy plover 3.93 7.52 1.57 2.83 19.26 18.08 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1729 0.0012 0 0.2494 2.5419 0 2.97 0.4 0.8 7.4 3.7
Saline Habitat Complex
Black skimmer 1.03 8.23 0.41 1.75 5.05 4.74 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0007 0 0 0 0.6633 0.66 0.4 0.8 1.7 0.8
Black-necked stilt 1.03 8.23 0.41 1.75 5.05 4.74 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0263 0.0008 0 0.2234 0.1136 0 0.36 0.4 0.8 0.9 0.5
Eared grebe 1.03 8.23 0.41 1.75 5.05 4.74 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0046 0.0007 0 0.0789 0.2271 0 0.31 0.4 0.8 0.8 0.4
Mallard 1.03 8.23 0.41 1.75 5.05 4.74 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0024 0.0005 0.0087 0.0552 0.0883 0 0.16 0.4 0.8 0.4 0.2
Snowy plover 1.03 8.23 0.41 1.75 5.05 4.74 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0453 0.0013 0 0.1542 0.6662 0 0.87 0.4 0.8 2.2 1.1
Alternative 6: North Sea Combined
Brine Sink
Black-necked stilt 4.88 5.41 1.95 3.06 23.91 22.45 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.1244 0.0005 0 0.3905 0.5380 0 1.05 0.4 0.8 2.6 1.3
Snowy plover 4.88 5.41 1.95 3.06 23.91 22.45 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.2147 0.0009 0 0.2695 3.1564 0 3.64 0.4 0.8 9.1 4.6
Marine Sea
Black-necked stilt 3.1 7.17 1.24 2.60 15.19 14.26 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0791 0.0007 0 0.3318 0.3418 0 0.75 0.4 0.8 1.9 0.9
Black skimmer 3.1 7.17 1.24 2.60 15.19 14.26 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0006 0 0 0 1.9964 2.00 0.4 0.8 5.0 2.5
Eared grebe 3.1 7.17 1.24 2.60 15.19 14.26 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0140 0.0006 0 0.1171 0.6836 0 0.82 0.4 0.8 2.0 1.02
Mallard 3.1 7.17 1.24 2.60 15.19 14.26 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0072 0.0004 0.0260 0.0820 0.2658 0 0.38 0.4 0.8 0.95 0.5
Snowy plover 3.1 7.17 1.24 2.60 15.19 14.26 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1364 0.0012 0 0.2290 2.0051 0 2.37 0.4 0.8 5.9 3.0
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Table F-39
Exposure and Risk Estimation for Semi-Aquatic Birds Exposed to Selenium via Food-Chain Uptake

Hazard QuotientsToxicity Reference Values
Abiotic Exposure 

Point Concentrations
Biota Exposure Point Concentrations

 (mg/kg dw)
Exposure Factors

Estimated Exposures (mg/kg/d)Dietary Intake (fraction)

Saline Habitat Complex
Black skimmer 0.945 8.42 0.38 1.70 4.63 4.35 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0008 0 0 0 0.6086 0.61 0.4 0.8 1.5 0.8
Black-necked stilt 0.945 8.42 0.38 1.70 4.63 4.35 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0241 0.0008 0 0.2166 0.1042 0 0.35 0.4 0.8 0.9 0.4
Eared grebe 0.945 8.42 0.38 1.70 4.63 4.35 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0043 0.0007 0 0.0765 0.2084 0 0.29 0.4 0.8 0.7 0.4
Mallard 0.945 8.42 0.38 1.70 4.63 4.35 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0022 0.0005 0.0079 0.0535 0.0810 0 0.15 0.4 0.8 0.4 0.2
Snowy plover 0.945 8.42 0.38 1.70 4.63 4.35 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0416 0.0014 0 0.1495 0.6112 0 0.80 0.4 0.8 2.0 1.005
Alternative 7: Combined North and South Lakes
Brine Sink
Black-necked stilt 2.99 5.49 1.20 2.57 14.65 13.75 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0762 0.0005 0 0.3275 0.3296 0 0.73 0.4 0.8 1.8 0.9
Snowy plover 2.99 5.49 1.20 2.57 14.65 13.75 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1316 0.0009 0 0.2261 1.9339 0 2.29 0.4 0.8 5.7 2.9
Marine Sea
Black-necked stilt 3.23 7.72 1.29 2.64 15.83 14.86 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0824 0.0008 0 0.3368 0.3561 0 0.78 0.4 0.8 1.9 0.97
Black skimmer 3.23 7.72 1.29 2.64 15.83 14.86 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0007 0 0 0 2.0801 2.08 0.4 0.8 5.2 2.6
Eared grebe 3.23 7.72 1.29 2.64 15.83 14.86 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0145 0.0006 0 0.1189 0.7122 0 0.85 0.4 0.8 2.1 1.1
Mallard 3.23 7.72 1.29 2.64 15.83 14.86 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0075 0.0004 0.0271 0.0832 0.2770 0 0.40 0.4 0.8 0.99 0.5
Snowy plover 3.23 7.72 1.29 2.64 15.83 14.86 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1421 0.0013 0 0.2324 2.0892 0 2.46 0.4 0.8 6.2 3.1
Saline Habitat Complex-East
Black skimmer 0.587 2.15 0.23 1.43 2.88 2.70 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0002 0 0 0 0.3780 0.38 0.4 0.8 0.9 0.5
Black-necked stilt 0.587 2.15 0.23 1.43 2.88 2.70 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0150 0.0002 0 0.1826 0.0647 0 0.26 0.4 0.8 0.7 0.3
Eared grebe 0.587 2.15 0.23 1.43 2.88 2.70 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0026 0.0002 0 0.0644 0.1294 0 0.20 0.4 0.8 0.5 0.2
Mallard 0.587 2.15 0.23 1.43 2.88 2.70 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0014 0.0001 0.0049 0.0451 0.0503 0 0.10 0.4 0.8 0.3 0.1
Snowy plover 0.587 2.15 0.23 1.43 2.88 2.70 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0258 0.0004 0 0.1260 0.3797 0 0.53 0.4 0.8 1.3 0.7
Saline Habitat Complex-North
Black skimmer 2.01 2.15 0.80 2.23 9.85 9.25 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0002 0 0 0 1.2944 1.29 0.4 0.8 3.2 1.6
Black-necked stilt 2.01 2.15 0.80 2.23 9.85 9.25 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0513 0.0002 0 0.2840 0.2216 0 0.56 0.4 0.8 1.4 0.7
Eared grebe 2.01 2.15 0.80 2.23 9.85 9.25 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0090 0.0002 0 0.1002 0.4432 0 0.55 0.4 0.8 1.4 0.7
Mallard 2.01 2.15 0.80 2.23 9.85 9.25 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0046 0.0001 0.0169 0.0702 0.1724 0 0.26 0.4 0.8 0.7 0.3
Snowy plover 2.01 2.15 0.80 2.23 9.85 9.25 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0884 0.0004 0 0.1960 1.3001 0 1.58 0.4 0.8 4.0 2.0
IID Freshwater Reservoir
American coot 0.575 2.5 0.23 1.42 2.82 2.65 0.589 0.086 0.07 0.02 0.89 0.06 0.05 -- 0.0010 0.0002 0.0176 0.0073 0.0121 0 0.04 0.4 0.8 0.1 0.05
Black skimmer 0.575 2.5 0.23 1.42 2.82 2.65 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0002 0 0 0 0.3703 0.37 0.4 0.8 0.9 0.5
Black-necked stilt 0.575 2.5 0.23 1.42 2.82 2.65 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0147 0.0002 0 0.1812 0.0634 0 0.26 0.4 0.8 0.6 0.3
Mallard 0.575 2.5 0.23 1.42 2.82 2.65 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0013 0.0001 0.0048 0.0448 0.0493 0 0.10 0.4 0.8 0.3 0.1
Yuma clapper rail 0.575 2.5 0.23 1.42 2.82 2.65 0.293 0.11 0.09 0.1 -- 0.17 0.83 -- 0.0063 0.0002 0 0.0266 0.2572 0 0.29 0.4 0.8 0.7 0.4
Alternative 8: South Sea Combined
Brine Sink
Black-necked stilt 3.66 6.59 1.46 2.76 17.93 16.84 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0933 0.0007 0 0.3522 0.4035 0 0.85 0.4 0.8 2.1 1.1
Snowy plover 3.66 6.59 1.46 2.76 17.93 16.84 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.1610 0.0011 0 0.2431 2.3673 0 2.77 0.4 0.8 6.9 3.5
Marine Sea
Black-necked stilt 1.41 6.95 0.56 1.96 6.91 6.49 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0360 0.0007 0 0.2501 0.1555 0 0.44 0.4 0.8 1.1 0.6
Black skimmer 1.41 6.95 0.56 1.96 6.91 6.49 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0006 0 0 0 0.9080 0.91 0.4 0.8 2.3 1.1
Eared grebe 1.41 6.95 0.56 1.96 6.91 6.49 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0063 0.0006 0 0.0883 0.3109 0 0.41 0.4 0.8 1.02 0.5
Mallard 1.41 6.95 0.56 1.96 6.91 6.49 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0033 0.0004 0.0118 0.0618 0.1209 0 0.20 0.4 0.8 0.5 0.2
Snowy plover 1.41 6.95 0.56 1.96 6.91 6.49 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0620 0.0011 0 0.1726 0.9120 0 1.15 0.4 0.8 2.9 1.4
Saline Habitat Complex
Black skimmer 1.83 7.67 0.73 2.15 8.97 8.42 0.315 0.14 0.09 0 -- -- -- 1 0.0000 0.0007 0 0 0 1.1785 1.18 0.4 0.8 2.9 1.5
Black-necked stilt 1.83 7.67 0.73 2.15 8.97 8.42 0.203 0.15 0.099 0.17 -- 0.85 0.15 -- 0.0467 0.0008 0 0.2746 0.2018 0 0.52 0.4 0.8 1.3 0.7
Eared grebe 1.83 7.67 0.73 2.15 8.97 8.42 0.404 0.09 0.08 0.05 -- 0.5 0.5 -- 0.0082 0.0006 0 0.0969 0.4035 0 0.51 0.4 0.8 1.3 0.6
Mallard 1.83 7.67 0.73 2.15 8.97 8.42 1.134 0.07 0.057 0.033 0.3 0.45 0.25 -- 0.0042 0.0004 0.0154 0.0678 0.1569 0 0.24 0.4 0.8 0.6 0.3
Snowy plover 1.83 7.67 0.73 2.15 8.97 8.42 0.046 0.22 0.163 0.2 -- 0.4 0.6 -- 0.0805 0.0013 0 0.1895 1.1836 0 1.45 0.4 0.8 3.6 1.8
Notes:
--  = not available
aSelenium concentrations in biota were based on field-collected samples where available.  If field-collected samples were not available, biota concentrations were calculated using sediment concentrations and Salton Sea-specific BSAFs or regression models. These values are shown in italics and were estimated as follows:
          [aquatic plants] = [sediment] * 0.4
          [aquatic invertebrate] = 10^(0.239=(0.359*Log[sediment])
          [benthic invertebrate] = [sediment] * 4.9
HQ = hazard quotient
mg/kg dw = milligrams per kilogram dry weight
TRV = toxicity reference value
Bold = hazard quotient >1
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Scenario/Habitat
Surface Water 

(µg/L)

Egg Selenium 
Concentrationa

(mg/Kg) Low TRV High TRV Low TRV HQ High TRV HQ
Existing Conditions
Salton Sea - Open Water 2.15 3.84 6 12.5 0.6 0.3
Salton Sea - Shoreline and Shallow Water na 6.31 6 12.5 1.1 0.5
Estuary - Alamo River 5.97 5.98 6 12.5 0.997 0.5
Estuary - New River na 3.14 6 12.5 0.5 0.3
Estuary - Whitewater River na 7.11 6 12.5 1.2 0.6
Freshwater Marsh na 6.27 6 12.5 1.05 0.5
No Action Alternative - CEQA Conditionsb

Salton Sea—Open Water 2.15 3.84 6 12.5 0.6 0.3
Salton Sea—Shoreline and Shallow Water 2.15 3.84 6 12.5 0.6 0.3
Estuary—Alamo River 10 7.48 6 12.5 1.2 0.6
Estuary—New River 4.6 5.34 6 12.5 0.9 0.4
Estuary—Whitewater River 3.5 4.74 6 12.5 0.8 0.4
No Action Alternative-Variability Conditionsb

Salton Sea—Open Water 2.15 3.84 6 12.5 0.6 0.3
Salton Sea—Shoreline and Shallow Water 2.15 3.84 6 12.5 0.6 0.3
Estuary—Alamo River 10 7.48 6 12.5 1.2 0.6
Estuary—New River 4.6 5.34 6 12.5 0.9 0.4
Estuary—Whitewater River 3.5 4.74 6 12.5 0.8 0.4
Alternative 1: Saline Habitat Complex Ib

Brine Sink 6.98 6.40 6 12.5 1.1 0.5
Saline Habitat Complex-South (Drains) 8.66 7.03 6 12.5 1.2 0.6
Saline Habitat Complex-South (Rivers) 8.4 6.94 6 12.5 1.2 0.6
Alternative 2: Saline Habitat Complex IIb

Brine Sink 7.24 6.50 6 12.5 1.1 0.5
Saline Habitat Complex-North 3.65 4.83 6 12.5 0.8 0.4
Saline Habitat Complex-South 8.69 7.04 6 12.5 1.2 0.6
Saline Habitat Complex-West 4.89 5.48 6 12.5 0.9 0.4
Alternative 3: Concentric Ringsb

Brine Sink 7.03 6.42 6 12.5 1.1 0.5
First Ring 5.94 5.97 6 12.5 0.99 0.5
Second Ring 8.78 7.07 6 12.5 1.2 0.6
Alternative 4: Concentric Lakesb

Brine Sink 7.85 6.74 6 12.5 1.1 0.5
First Lake 8.19 6.86 6 12.5 1.1 0.5
Second Lake 4.26 5.17 6 12.5 0.9 0.4
Third Lake 7.35 6.55 6 12.5 1.1 0.5
Fourth Lake 8.17 6.85 6 12.5 1.1 0.5
Alternative 5: North Seab

Brine Sink 4.51 5.30 6 12.5 0.9 0.4
Marine Sea 7.52 6.61 6 12.5 1.1 0.5
Saline Habitat Complex 8.23 6.88 6 12.5 1.1 0.6
Alternative 6: North Sea Combinedb

Brine Sink 5.41 5.73 6 12.5 1.0 0.5
Marine Sea 7.17 6.48 6 12.5 1.1 0.5
Saline Habitat Complex 8.42 6.94 6 12.5 1.2 0.6
Alternative 7: Combined North and South Lakesb

Brine Sink 5.49 5.77 6 12.5 0.96 0.5
Marine Sea 7.72 6.69 6 12.5 1.1 0.5
Saline Habitat Complex-East 2.15 3.84 6 12.5 0.6 0.3
Saline Habitat Complex-North 2.15 3.84 6 12.5 0.6 0.3
IID Freshwater Reservoir 2.5 4.10 6 12.5 0.7 0.3

Exposure Point Concentrations

Table F-40
Risk Estimation for Birds Based on Measured or Modeled Egg Selenium Concentrations

Toxicity Reference Value
(mg/kg dw) Hazard Quotients
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Scenario/Habitat
Surface Water 

(µg/L)

Egg Selenium 
Concentrationa

(mg/Kg) Low TRV High TRV Low TRV HQ High TRV HQ

Exposure Point Concentrations

Table F-40
Risk Estimation for Birds Based on Measured or Modeled Egg Selenium Concentrations

Toxicity Reference Value
(mg/kg dw) Hazard Quotients

Alternative 8: South Sea Combinedb

Brine Sink 6.59 6.24 6 12.5 1.04 0.5
Marine Sea 6.95 6.39 6 12.5 1.1 0.5
Saline Habitat Complex 7.67 6.67 6 12.5 1.1 0.5
Notes:
a All exposure point concentrations are for selenium
b  Estimation of black-necked stilt egg concentration based on surface water concentration was calculated as follows (Ohlendorf et al. 1993):
          log egg [Se] = 0.44 + 0.434 log water [Se]

-- = not available
na = not applicable (measured tissue concentrations were available for the Recent Condition).
HQ = hazard quotient
mg/kg dw = milligrams per kilogram dry weight
µg/L = micrograms per liter
TRV = toxicity reference value
Bold = hazard quotient >1
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Scenario/Habitat Functional Group  Tissue Type Low TRV High TRV
Low TRV 

HQ
High TRV 

HQ
Existing Conditions
Salton Sea—Open Water -- -- -- 6 12.5 -- --

 Black skimmer  Egg 6.39 6 12.5 1.1 0.5
 Black-crowned night-heron  Egg 1.4 6 12.5 0.2 0.1
 Black-necked stilt  Egg 7.59 6 12.5 1.3 0.6
 Caspian tern  Egg 3.81 6 12.5 0.6 0.3
 Great egret  Egg 6.57 6 12.5 1.1 0.5
 Snowy egret  Egg 6.1 6 12.5 1.02 0.5

Estuary—Alamo River -- -- -- 6 12.5 -- --
Estuary—New River  Black-necked stilt  Egg 3.14 6 12.5 0.5 0.3
Estuary—Whitewater River  Black-crowned night-heron  Egg 7.11 6 12.5 1.2 0.6
Freshwater Marsh  Black-necked stilt  Egg 6.27 6 12.5 1.05 0.5
Notes:
-- = not available
HQ = hazard quotient
mg/kg = milligrams per kilogram
TRV = toxicity reference value
Bold = hazard quotient >1

Table F-41
Risk Estimation for Selected Bird Species Based on Measured Egg Selenium Concentrations

Salton Sea—Shoreline
 and Shallow Water

Toxicity Reference 
Value

(mg/kg dw) Hazard QuotientsExposure Point 
Concentration 

(mg/kg)
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Existing Conditions
Salton Sea—Open Water 2.15 3.84 2.6%
Salton Sea—Shoreline and Shallow Water na 6.31 3.0%
Estuary—Alamo River 5.97 5.98 2.9%
Estuary—New River na 3.14 2.6%
Estuary—Whitewater River na 7.11 3.1%
Freshwater Marsh na 6.27 2.9%
No Action Alternative-CEQA Conditions
Salton Sea—Open Water 2.15 3.84 2.6%
Salton Sea—Shoreline and Shallow Water 2.15 3.84 2.6%
Estuary—Alamo River 10 7.48 3.1%
Estuary—New River 4.6 5.34 2.8%
Estuary—Whitewater River 3.5 4.74 2.8%
No Action Alternative-Variability Conditions
Salton Sea—Open Water 2.15 3.84 2.6%
Salton Sea—Shoreline and Shallow Water 2.15 3.84 2.6%
Estuary—Alamo River 10 7.48 3.1%
Estuary—New River 4.6 5.34 2.8%
Estuary—Whitewater River 3.5 4.74 2.8%
Alternative 1: Saline Habitat Complex I
Brine Sink 6.98 6.40 3.0%
Saline Habitat Complex-South (Drains) 8.66 7.03 3.1%
Saline Habitat Complex-South (Rivers) 8.4 6.94 3.0%
Alternative 2: Saline Habitat Complex II
Brine Sink 7.24 6.50 3.0%
Saline Habitat Complex-North 3.65 4.83 2.8%
Saline Habitat Complex-South 8.69 7.04 3.1%
Saline Habitat Complex-West 4.89 5.48 2.8%
Alternative 3: Concentric Rings
Brine Sink 7.03 6.42 3.0%
First Ring 5.94 5.97 2.9%
Second Ring 8.78 7.07 3.1%
Alternative 4: Concentric Lakes
Brine Sink 7.85 6.74 3.0%
First Lake 8.19 6.86 3.0%
Second Lake 4.26 5.17 2.8%
Third lake 7.35 6.55 3.0%
Fourth Lake 8.17 6.85 3.0%
Alternative 5: North Sea
Brine Sink 4.51 5.30 2.8%
Marine Sea 7.52 6.61 3.0%
Saline Habitat Complex 8.23 6.88 3.0%
Alternative 6: North Sea Combined
Brine Sink 5.41 5.73 2.9%
Marine Sea 7.17 6.48 3.0%
Saline Habitat Complex 8.42 6.94 3.0%

Surface Water Selenium 
Exposure Point 
Concentration 

(µg/L)Scenario/Habitat

Table F-42
Probability of Inviable Black-necked Stilt Eggs Based on Blended Surface Water Selenium Concentrations

Estimated Egg Selenium 
Concentrationa

(mg/Kg)
Estimated Likelihood 

of >1 Inviable Eggb
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Surface Water Selenium 
Exposure Point 
Concentration 

(µg/L)Scenario/Habitat

Table F-42
Probability of Inviable Black-necked Stilt Eggs Based on Blended Surface Water Selenium Concentrations

Estimated Egg Selenium 
Concentrationa

(mg/Kg)
Estimated Likelihood 

of >1 Inviable Eggb

Alternative 7: Combined North and South Lakes
Brine Sink 5.49 5.77 2.9%
Marine Sea 7.72 6.69 3.0%
Saline Habitat Complex-East 2.15 3.84 2.6%
Saline Habitat Complex-North 2.15 3.84 2.6%
IID Freshwater Reservoir 2.5 4.10 2.7%
Alternative 8: South Sea Combined
Brine Sink 6.59 6.24 2.9%
Marine Sea 6.95 6.39 3.0%
Saline Habitat Complex 7.67 6.67 3.0%
Notes:
a Estimation of egg concentration based on surface water concentration was calculated as follows (Ohlendorf et al. 1993):
         log egg [Se] = 0.44 + 0.434 log water [Se]

b Probability of >1 inviable egg in a clutch size of 4 egss calculated as follows (Skorupa 1998):
          P(>1 inviable egg) = exp(-2.327+0.0503[egg Se]) / 1+ {exp(-2.327 + 0.0503[egg Se])}

na = Not applicable, measured concentrations in eggs were available.
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Scenario/Habitat Receptor
Soil

(mg/kg)

Surface 
Water
(µg/L)

Terrestrial 
Plant

Terrestrial 
Invertebrate

Small 
Mammal

Sediment 
or Soil

Terrestrial 
Plant

Terrestrial 
Invertebrate

Small 
Mammal Soil

Surface 
Water

Terrestrial 
Plant

Terrestrial 
Invertebrate

Small 
Mammal Total

Normalized 
Dosage 
NOAEL 

(mg/kgbw-d)

Normalized 
Dosage 
LOAEL 

(mg/kgbw-d) NOAEL LOAEL
Existing Conditions
Agricultural Land Burrowing owl 0.321 181 0.14 1.73 1.12 0.154 0.16 0.11 0.0413 -- 0.44 0.56 0.0021 0.0199 0 0.1220 0.1007 0.24 0.4 0.8 0.61 0.3

White-faced ibis 0.321 181 0.14 0.40 1.12 0.613 0.08 0.069 0.1 -- 1 -- 0.0026 0.0125 0 0.0323 0 0.05 0.4 0.8 0.12 0.1
No Action Alternative-CEQA Conditions
Exposed Playa (AQM) Loggerhead shrike 0.92 -- 0.46 2.19 3.22 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0034 0 0 0.3436 0.0894 0.44 0.4 0.8 1.1 0.5
No Action Alternative-Variability Conditions
Exposed Playa (AQM) Loggerhead shrike 0.835 -- 0.42 2.14 2.92 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0031 0 0 0.3364 0.0811 0.42 0.4 0.8 1.1 0.5
Alternative 1: Saline Habitat Complex I
Exposed Playa (AQM) Loggerhead shrike 1.14 6.09 0.59 2.29 3.99 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0042 0.0006 0 0.3602 0.1107 0.48 0.4 0.8 1.2 0.6
Alternative 2: Saline Habitat Complex II
Exposed Playa (AQM) Loggerhead shrike 1.17 5.11 0.60 2.30 4.10 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0043 0.0005 0 0.3623 0.1136 0.48 0.4 0.8 1.2 0.6
Alternative 3: Concentric Rings
Exposed Playa (AQM) Loggerhead shrike 1.14 6.67 0.59 2.29 3.99 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0042 0.0007 0 0.3602 0.1107 0.48 0.4 0.8 1.2 0.6
Alternative 4: Concentric Lakes
Exposed Playa 1 Loggerhead shrike 1.54 0 0.82 2.45 5.39 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0057 0.0000 0 0.3848 0.1496 0.54 0.4 0.8 1.4 0.7
Exposed Playa 2 Loggerhead shrike 1.91 0 1.04 2.57 6.69 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0071 0.0000 0 0.4035 0.1855 0.60 0.4 0.8 1.5 0.7
Exposed Playa 3 Loggerhead shrike 1.63 0 0.87 2.48 5.71 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0060 0.0000 0 0.3897 0.1583 0.55 0.4 0.8 1.4 0.7
Exposed Playa 4 Loggerhead shrike 2.04 0 1.12 2.60 7.14 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0075 0.0000 0 0.4094 0.1981 0.62 0.4 0.8 1.5 0.8
Exposed Playa 5 Loggerhead shrike 2.77 0 1.56 2.78 9.70 0.0477 0.185 0.103 0.02 -- 0.85 0.15 0.0102 0.0000 0 0.4379 0.2690 0.72 0.4 0.8 1.8 0.9
Alternative 5: North Sea
Exposed Playa (AQM) Loggerhead shrike 1.05 6.74 0.54 2.25 3.68 0.05 0.19 0.10 0.02 -- 0.85 0.15 0.0039 0.0007 0 0.3537 0.1020 0.46 0.4 0.8 1.2 0.6
Alternative 6: North Sea Combined
Exposed Playa (AQM) Loggerhead shrike 1.11 7.30 0.57 2.28 3.89 0.05 0.19 0.10 0.02 -- 0.85 0.15 0.0041 0.0008 0 0.3581 0.1078 0.47 0.4 0.8 1.2 0.6
Alternative 7: Combined North and South Lakes
Exposed Playa 1 Loggerhead shrike 1.85 0 1.00 2.55 6.48 0.05 0.19 0.10 0.02 -- 0.85 0.15 0.0068 0.0000 0 0.4007 0.1797 0.59 0.4 0.8 1.5 0.7
Exposed Playa 2 Loggerhead shrike 1.59 0 0.85 2.46 5.57 0.05 0.19 0.10 0.02 -- 0.85 0.15 0.0059 0.0000 0 0.3876 0.1544 0.55 0.4 0.8 1.4 0.7
Protective Slat Flat Loggerhead shrike 2.03 0 1.11 2.60 7.11 0.05 0.19 0.10 0.02 -- 0.85 0.15 0.0075 0.0000 0 0.4090 0.1972 0.61 0.4 0.8 1.5 0.8
Alternative 8: South Sea Combined
Exposed Playa (AQM) Loggerhead shrike 1.54 10.59 0.82 2.45 5.39 0.05 0.19 0.10 0.02 -- 0.85 0.15 0.0057 0.0011 0 0.3848 0.1496 0.54 0.4 0.8 1.4 0.7
Notes:
aConcentrations in biota were calculated using BAFs or regression models developed from Kesterson data or by using literature regression models.
--  = not available
HQ = hazard quotient
mg/kg dw = milligrams per kilogram dry weight
Bold = hazard quotient >1

Food 
Ingestion 

Rate (kg/kg/d)

Water 
Ingestion 

Rate 
(L/kg/d)

Table F-43
Exposure and Risk Estimation for Terrestrial Birds Exposed to Selenium via Food Chain Uptake

Hazard QuotientsToxicity Reference Values

Abiotic Exposure 
Point Concentrations 

(mg/kg dw)
Biota Exposure Point Concentrationsa

(mg/kg dw)

Exposure Factors

Estimated Exposures (mg/kg/d)Dietary Intake (fraction)

Body 
weight 

(kg)
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Scenario/Habitat  Parameter Low TRV High TRV Low TRV HQ High TRV HQ
Existing Conditions
Agricultural Land  Selenium 4 6 12.5 0.7 0.3
Notes:
--  = not available
HQ = hazard quotient
mg/kg dw = milligrams per kilogram dry weight
TRV = toxicity reference value
Bold = hazard quotient >1

Table F-44
Risk Estimation for Terrestrial Birds Based on Measured Egg Selenium Concentrations

Toxicity Reference Value
(mg/kg dw) Hazard Quotients

 Exposure Point 
Concentration

(mg/kg)
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Representative Receptor Low TRV High TRV Potentiala Comments
Existing Conditions
Salton Sea—Open Water
Community Benthic invertebrates 2.9 <1 Moderate

Fish—sediment 2.9 <1 Moderate
Fish—diet trv <1 Low
Birds—sediment 2.9 <1 Moderate
Eared grebe <1 <1 Low
Northern shoveler <1 <1 Low
Ruddy duck <1 <1 Low
Pupfish—sediment 2.9 <1 Moderate
Pupfish—diet trv <1 Low
Black skimmer 3.9 1.9 Moderate
Double-crested cormorant 1.7 <1 Moderate

Salton Sea—Shoreline and Shallow Water
Community Benthic invertebrates 1.7 <1 Moderate

Fish—sediment 1.7 <1 Moderate
Fish—diet trv <1-2.3 potentially High
Birds—sediment 1.7 <1 Moderate
Black-crowned night-heron 1.6 <1 Low
Black-necked stilt 1.8 <1 Low
Eared grebe 1.6 <1 Low
Mallard <1 <1 Low
Northern shoveler 1.1 <1 Low
Pupfish—sediment 1.7 <1 Moderate
Pupfish—diet trv <1-2.3 potentially High
Black skimmer 2.7 1.3 Moderate
Snowy plover 4.4 2.2 Moderate

Estuary—Alamo River
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 - 2.6 potentially High
Birds—sediment <1 <1 Low
American coot <1 <1 Low
Black-crowned night-heron 2.6 1.3 Moderate
Black-necked stilt 1.8 <1 Low
Eared grebe 1.7 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 - 2.6 potentially High
Black skimmer 4.6 2.3 Moderate
Gull-billed tern 5.2 2.6 High
Yuma clapper rail 2.9 1.5 Moderate

Population

Individual

Population

Individual

Population

Individual

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment

Estimated risks to birds (species-specific) are driven by 
food-chain uptake followed by direct ingestion of 
sediment. Surface water concentrations did not affect 
total exposure/potential risk.

Lowest estimated risks to population-level birds.

Highest estimated risks to pupfish (sediment) and 
black skimmer. 

Estimated risks to birds (species-specific) are driven by 
food-chain uptake followed by direct ingestion of 
sediment. Surface water concentrations did not affect 
total exposure/potential risk.

Lowest estimated risks to benthic invertebrates, fish 
(sediment), and population-level birds.

Highest estimated risks to population-level and 
individual-level fish (diet) and snowy plover.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake followed by direct ingestion of 
sediment. Surface water concentrations did not affect 
total exposure/potential risk. 

Lowest estimated risks to benthic invertebrates, fish 
(from sediment), and most population-level birds. 

Black-crowned night-heron had highest estimated risk 
for population-level birds.

Highest estimated risks to popullation-level and 
individual-level fish (diet) and gull-billed tern
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Estuary—New River
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 Low
Birds—sediment <1 <1 Low
American coot <1 <1 Low
Black-crowned night-heron 2.2 1.1 Moderate
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 Low
Black skimmer 3.9 2.0 Moderate
Gull-billed tern 4.5 2.2 Moderate
Yuma clapper rail <1 <1 Low

Estuary—Whitewater River
Community Benthic invertebrates 1.9 <1 Moderate

Fish—sediment 1.9 <1 Moderate
Fish—diet trv <1-1.3 potentially High
Birds—sediment 1.9 <1 Moderate
American coot <1 <1 Low
Black-crowned night-heron <1 <1 Low
Black-necked stilt 1.4 <1 Low
Eared grebe 1.3 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.9 <1 Moderate
Pupfish—diet trv <1-1.3 potentially High
Black skimmer 1.7 <1 Moderate
Gull-billed tern 1.9 <1 Moderate
Yuma clapper rail 2.3 1.2 Moderate

Freshwater Marsh
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 - 1.03 potentially High
Birds—sediment <1 <1 Low
American coot <1 <1 Low
Black-crowned night-heron 1.1 <1 Low
Black-necked stilt 1.2 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 - 1.03 potentially High
Gull-billed tern 2.1 1.1 Moderate
Yuma clapper rail <1 <1 Low

Population

Individual

Individual

Population

Individual

Population

Estimated risks to birds (species-specific) are driven by 
food-chain uptake followed by direct ingestion of 
sediment. Surface water concentrations did not affect 
total exposure/potential risk.

Lowest estimated risks to benthic invertebrates, fish 
(sediment), and population-level birds.

Highest estimated risks to individual-level receptors 
(gull-billed tern) and fish (diet).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake followed by direct ingestion of 
sediment. Surface water concentrations did not affect 
total exposure/potential risk.

Lowest estimated risks to select population-level birds. 

Highest estimated risks to population-level and 
individual-level fish (diet) and individual-level birds 
(Yuma clapper rail).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake followed by direct ingestion of 
sediment. Surface water concentrations did not affect 
total exposure/potential risk.

Lowest estimated risks to benthic invertebrates, fish, 
and population-level birds.

Highest estimated risks to black-crowned night-heron 
and gull-billed tern.
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
No Action Alternative - CEQA Conditions
Salton Sea—Open Water

Community Benthic invertebrates 2.5 <1 Moderate

Bird—sediment 2.5 <1 Moderate

Black-necked stilt 1.6 <1 Low

Eared grebe 1.7 <1 Low

Individual Snowy plover 4.8 2.4 Moderate

Salton Sea—Shoreline and Shallow Water

Community Benthic invertebrates 1.7 <1 Moderate

Bird—sediment 1.7 <1 Moderate

Black-necked stilt 1.2 <1 Low

Eared grebe 1.2 <1 Low

Mallard <1 <1 Low

Black skimmer 2.7 1.3 Moderate

Snowy plover 3.3 1.7 Moderate

Estuary—Alamo River
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 Low
Bird—sediment <1 <1 Low
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 Low
Black skimmer <1 <1 Low
Snowy plover <1 <1 Low

Estuary—New River
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 Low
Bird—sediment <1 <1 Low
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 Low
Black skimmer <1 <1 Low
Snowy plover 1.4 <1 Moderate

Individual

Individual

Population

Population

Population

Population

Individual

Risks are low for all receptors with the exception of 
snowy plover (moderate).

Lowest estimated risk to population-level birds.

Highest estimated risks to benthic invertebrates and 
birds exposed to sediment.

Black-necked stilt and snowy plover are not likely to 
use Open Water habitat under future conditions, but 
they were included in the assessment  as a 
conservative approach for making equivalent 
comparisons to habitats defined in the action 
alternatives (i.e., so the same numbers of receptors 
are included and comparisons can be made on an 
equal basis).

Estimated risk to birds (species-specific) is driven by 
food-chain uptake (primarily benthic invertebrates) 
followed by direct ingestion of sediment. Exposure 
from ingestion of surface water is minimal.

Lowest estimated risks to population-level birds.

Highest estimated risks to individual-level (snowy 
plover), benthic invertebrates, and birds (sediment).

Future conditions may not provide food resources for 
black skimmer.  However, assessment of this receptor 
was completed as a conservative measure and for use 
in comparisons to habitats defined for the action 
alternatives.

Risks are low for all receptors. 
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Estuary—Whitewater River
Community Benthic invertebrates 2.6 <1 Moderate

Fish—sediment 2.6 <1 Moderate
Fish—diet trv <1-2.5 potentially High
Bird—sediment 2.6 <1 Moderate
Black-necked stilt 1.6 <1 Low
Eared grebe 1.7 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 2.6 <1 Moderate
Pupfish—diet trv <1-2.5 potentially High
Black skimmer 4.1 2.1 Moderate
Snowy plover 4.98 2.5 Moderate

No Action Alternative - Variability Conditions
Salton Sea—Open Water

Community Benthic invertebrates 2.7 <1 Moderate

Birds—sediment 2.7 <1 Moderate

Black-necked stilt 1.7 <1 Low

Eared grebe 1.8 <1 Low

Individual Snowy plover 5.2 2.6 High

Salton Sea—Shoreline and Shallow Water

Community Benthic invertebrates 2.1 <1 Moderate

Birds—sediment 2.1 <1 Moderate

Black-necked stilt 1.4 <1 Low

Eared grebe 1.4 <1 Low

Mallard <1 <1 Low

Black skimmer 3.3 1.7 Moderate

Snowy plover 4.1 2.0 Moderate

Estuary—Alamo River
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 Low
Birds—sediment <1 <1 Low
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 Low
Black skimmer <1 <1 Low
Snowy plover <1 <1 Low

Individual

Population

Individual

Individual

Population

Population

Population

Risks are low for all receptors. 

Lowest estimated risk to population-level birds.

Highest estimated risks to benthic invertebrates and 
birds exposed to sediment.

Black-necked stilt and snowy plover are not likely to 
use Open Water habitat under future conditions, but 
they were included in the assessment  as a 
conservative approach for making equivalent 
comparisons to habitats defined in the action 
alternatives (i.e., so the same numbers of receptors 
are included and comparisons can be made on an

Estimated risk to birds (species-specific) is driven by 
food-chain uptake (primarily benthic invertebrates) 
followed by direct ingestion of sediment. Exposure 
from ingestion of surface water is minimal.

Lowest estimated risks to population-level birds.

Highest estimated risks to individual-level (snowy 
plover), benthic invertebrates, and birds (sediment).

Future conditions may not provide food resources for 
black skimmer.  However, assessment of this receptor 
was completed as a conservative measure and for use 
in comparisons to habitats defined for the action 
alternatives

Estimated risks to birds (species-specific) are driven by 
food-chain uptake (primarily fish). Exposure from 
ingestion of sediment and surface water is minimal.

Lowest estimated risks to population-level birds. 

Highest estimated risks to individual-level birds (black 
skimmer) and fish (diet).
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Estuary—New River
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 Low
Birds—sediment <1 <1 Low
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 Low
Black skimmer 1.4 <1 Moderate
Snowy plover 1.8 <1 Moderate

Estuary—Whitewater River
Community Benthic invertebrates 4.4 1.1 High

Fish—sediment 4.4 1.1 High
Fish—diet trv <1-4.1 potentially High
Birds—sediment 4.4 1.1 High
Black-necked stilt 2.4 1.2 Moderate
Eared grebe 2.8 1.4 Moderate
Mallard 1.3 <1 Low

Individual Pupfish—sediment 4.4 1.1 High
Pupfish—diet trv <1-4.1 potentially High
Black skimmer 7.1 3.5 High
Snowy plover 8.2 4.1 High

Alternative 1: Saline Habitat Complex I
Brine Sink

Community Benthic invertebrates 2.6 <1 Moderate

Birds—sediment 2.6 <1 Moderate

Black-necked stilt 1.7 <1 Low

Individual Snowy plover 5.03 2.5 High

Saline Habitat Complex-South (Drains)
Community Benthic invertebrates 1.1 <1 Moderate

Fish—sediment 1.1 <1 Moderate
Fish—diet trv <1 to 1.2 potentially High
Birds—sediment 1.1 <1 Moderate
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low

Population

Population

Population

Population

Individual

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Ingestion of sediment and surface 
water did not affect total exposure/potential risk.

Lowest estimated risk to benthic invertebrates, fish 
(sediment), and population-level birds

Moderate estimated risk to fish (diet) and individual-

Estimated risks to birds (species-specific) are driven by 
food-chain uptake followed by direct ingestion of 
sediment. Surface water concentrations did not affect 
total exposure/potential risk.

Moderate estimated risks to most population-level 
birds.

High estimated risk to the benthic invertebrates, fish 
(sediment and diet), and individual-level birds.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Ingestion of sediment and surface 
water did not affect total exposure/potential risk.

Estimated risks lowest for population-level birds and 
highest for individual-level birds.

Risks are low for all receptors. 
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Individual Pupfish—sediment 1.1 <1 Moderate

Pupfish—diet trv <1 to 1.2 potentially High
Black skimmer 1.8 <1 Moderate
Snowy Plover 2.3 1.2 Moderate

Saline Habitat Complex-South (Rivers)
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 to 1.04 potentially High
Birds—sediment <1 <1 Low
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 to 1.04 potentially High
Black skimmer 1.5 <1 Moderate
Snowy plover 2.0 <1 Moderate

Alternative 2: Saline Habitat Complex II
Brine Sink

Community Benthic invertebrates 3.3 <1 Moderate

Bird—sediment 3.3 <1 Moderate

Black-necked stilt 2.0 <1 Low

Individual Snowy plover 6.3 3.1 High

Saline Habitat Complex- North
Community Benthic invertebrates 2.5 <1 Moderate

Fish—sediment 2.5 <1 Moderate
Fish—diet trv <1-2.5 potentially High
Bird—sediment 2.5 <1 Moderate
Black-necked stilt 1.6 <1 Low
Eared grebe 1.7 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 2.5 <1 Moderate
Pupfish—diet trv <1-2.5 potentially High
Black skimmer 4.1 2.0 Moderate
Snowy plover 4.9 2.5 Moderate

Saline Habitat Complex-South
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1-1.1 potentially High
Bird—sediment <1 <1 Low
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low

Individual

Individual

Population

Population

Population

Population

Moderate estimated risk to fish (diet) and individual
level birds.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Ingestion of sediment and surface 
water did not affect total exposure/potential risk.

Lowest estimated risk to benthic invertebrates, fish and 
birds (sediment), and population-level birds

Moderate estimated risk to individual-level birds.

Highest estimated risk to fish (diet).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Lowest estimated risks to population-level birds.

Moderate risks to benthic invertebrates, birds 
(sediment), and individual-level birds.

Highest estimated risks to fish (diet).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Lowest estimated risks to benthic invertebrates, fish 
and birds (sediment), and population-level birds.

Moderate estimated risks to individual-level birds.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake (primarily benthic invertebrates). 
Surface water concentrations have only minimal affect 
on total exposure/potential risk.

Lowest estimated risks to benthic invertebrates and 
population-level birds.

Highest estimated risks to individual-level birds (snowy 
plover).
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1-1.1 potentially High
Black skimmer 1.6 <1 Moderate
Snowy plover 2.1 1.1 Moderate

Saline Habitat Complex- West
Community Benthic invertebrates 1.6 <1 Moderate

Fish—sediment 1.6 <1 Moderate
Fish—diet trv <1-1.7 potentially High
Bird—sediment 1.6 <1 Moderate
Black-necked stilt 1.2 <1 Low
Eared grebe 1.1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.6 <1 Moderate
Pupfish—diet trv <1-1.7 potentially High
Black skimmer 2.6 1.3 Moderate
Snowy plover 3.3 1.6 Moderate

Alternative 3: Concentric Rings
Brine Sink

Community Benthic invertebrates 3.6 <1 Moderate

Bird—sediment 3.6 <1 Moderate

Black-necked stilt 2.1 1.1 Moderate

Individual Snowy plover 6.9 3.4 High

First Ring
Community Benthic invertebrates 1.7 <1 Moderate

Fish—sediment 1.7 <1 Moderate
Fish—diet trv <1 - 1.7 potentially High
Bird—sediment 1.7 <1 Moderate
Black-necked stilt 1.2 <1 Low
Eared grebe 1.2 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.7 <1 Moderate
Pupfish—diet trv <1 - 1.7 potentially High
Black skimmer 2.7 1.3 Moderate
Snowy plover 3.3 1.7 Moderate

Second Ring
Community Benthic invertebrates 1.8 <1 Moderate

Fish—sediment 1.8 <1 Moderate
Fish—diet trv <1 - 1.8 potentially High
Bird—sediment 1.8 <1 Moderate
Black-necked stilt 1.3 <1 Low
Eared grebe 1.2 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.8 <1 Moderate
Pupfish—diet trv <1 - 1.8 potentially High
Black skimmer 2.9 1.4 Moderate
Snowy plover 3.6 1.8 Moderate

Individual

Population

Population

Individual

Population

Individual

Individual

Population

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Lowest estimated risks to population-level birds.

Moderate risks to benthic invertebrates, birds 
(sediment), and individual-level birds.

Highest estimated risks to fish (diet).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake (primarily benthic invertebrates). 
Surface water concentrations have only minimal affect 
on total exposure/potential risk.

Moderate stimated risks to benthic invertebrates and 
population-level birds.

Highest estimated risks to individual-level birds (snowy 
plover).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Lowest estimated risks to population-level birds.

Moderate risks to benthic invertebrates, fish and birds 
(sediment), and individual-level birds.

Highest estimated risks to fish (diet).

Highest estimated risks to fish (diet). 

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Lowest estimated risks to population-level birds.

Moderate level risks to benthic invertebrates, birds 
(sediment), and individual-level birds.

Highest estimated risks to fish (diet).
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Alternative 4: Concentric Lakes
Brine Sink

Community Benthic invertebrates 5.7 1.4 High

Bird—sediment 5.7 1.4 High

Black-necked stilt 3.0 1.5 Moderate

Individual Snowy plover 10.5 5.3 High

First Lake
Community Benthic invertebrates 1.7 <1 Moderate

Fish—sediment 1.7 <1 Moderate
Fish—diet trv <1-1.7 potentially High
Bird—sediment 1.7 <1 Moderate
Black-necked stilt 1.2 <1 Low
Eared grebe 1.2 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.7 <1 Moderate
Pupfish—diet trv <1-1.7 potentially High
Black skimmer 2.7 1.3 Moderate
Snowy plover 3.3 1.7 Moderate

Second Lake
Community Benthic invertebrates 1.4 <1 Moderate

Fish—sediment 1.4 <1 Moderate
Fish—diet trv <1-1.5 potentially High
Bird—sediment 1.4 <1 Moderate
Black-necked stilt 1.1 <1 Low
Eared grebe 1.002 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.4 <1 Moderate
Pupfish—diet trv <1-1.5 potentially High
Black skimmer 2.2 1.1 Moderate
Snowy plover 2.8 1.4 Moderate

Third Lake
Community Benthic invertebrates 2.2 <1 Moderate

Fish—sediment 2.2 <1 Moderate
Fish—diet trv <1-2.1 potentially High
Bird—sediment 2.2 <1 Moderate
Black-necked stilt 1.5 <1 Low
Eared grebe 1.5 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 2.2 <1 Moderate
Pupfish—diet trv <1-2.1 potentially High
Black skimmer 3.5 1.7 Moderate
Snowy plover 4.2 2.1 Moderate

Individual

Population

Individual

Population

Population

Individual

Population

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Lowest estimated risks to population-level birds 
exposed through the food-chain.

High estimated risk to all receptors except the black-
necked stilt. Risk to the stilt was moderate.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Low estimated risks to population-level birds exposed 
through the food-chain.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and individual-level birds.

Highest estimated risks to fish (diet). 

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Low estimated risks to population-level birds exposed 
through the food-chain.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and individual-level birds.

Highest estimated risks to fish (diet). 

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Low estimated risks to population-level birds exposed 
through the food-chain.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and individual-level birds.

Highest estimated risks to fish (diet). 
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Fourth Lake
Community Benthic invertebrates 2.6 <1 Moderate

Fish—sediment 2.6 <1 Moderate
Fish—diet trv <1-2.5 potentially High
Bird—sediment 2.6 <1 Moderate
Black-necked stilt 1.6 <1 Low
Eared grebe 1.7 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 2.6 <1 Moderate
Pupfish—diet trv <1-2.5 potentially High
Black skimmer 4.1 2.1 Moderate
Snowy plover 4.96 2.5 Moderate

Alternative 5: North Sea
Brine Sink

Community Benthic invertebrates 3.9 <1 Moderate

Bird—sediment 3.9 <1 Moderate

Black-necked stilt 2.2 1.1 Moderate

Individual Snowy plover 7.3 3.6 High

Marine Sea
Community Benthic invertebrates 3.9 <1 Moderate

Fish—sediment 3.9 <1 Moderate
Fish—diet trv <1-3.7 potentially High
Bird—sediment 3.9 <1 Moderate
Black-necked stilt 2.2 1.1 Moderate
Eared grebe 2.5 1.3 Moderate
Mallard 1.2 <1 Low
Pupfish—sediment 3.9 <1 Moderate
Pupfish—diet trv <1-3.7 potentially High
Black skimmer 6.3 3.2 High
Snowy plover 7.4 3.7 High

Saline Habitat Complex
Community Benthic invertebrates 1.03 <1 Moderate

Fish—sediment 1.03 <1 Moderate
Fish—diet trv <1-1.1 potentially High
Bird—sediment 1.03 <1 Moderate
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.03 <1 Moderate
Pupfish—diet trv <1-1.1 potentially High
Black skimmer 1.7 <1 Moderate
Snowy plover 2.2 1.1 Moderate

Population

Individual

Individual

Population

Population

Individual

Population

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Lowest estimated risks to mallard.

Moderate estimated risks to benthic invertebrates, 
birds (sediment), and population-level birds (stilt and 
grebe).

Highest estimated risks to fish exposed through diet 
and individual-level birds.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake (primarily benthic invertebrates). 
Surface water concentrations have only minimal affect 
on total exposure/potential risk.

Moderate estimated risks to benthic invertebrates, 
birds (sediment), and population-level birds.

Highest estimated risks to individual-level birds (snowy 
plover).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Low estimated risks to population-level birds exposed 
through the food-chain.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and individual-level birds.

Highest estimated risks to fish (diet). 

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Low estimated risks to population-level birds exposed 
through the food-chain.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and individual-level birds.

Highest estimated risks to fish (diet). 
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Alternative 6: North Sea Combined
Brine Sink

Community Benthic invertebrates 4.9 1.2 High

Birds—sediment 4.9 1.2 High

Black-necked stilt 2.6 1.3 Moderate

Individual Snowy Plover 9.1 4.6 High

Marine Sea
Community Benthic invertebrates 3.1 <1 Moderate

Fish—sediment 3.1 <1 Moderate
Fish—diet trv <1 to 3.0 potentially High
Birds—sediment 3.1 <1 Moderate
Black-necked stilt 1.9 <1 Low
Eared grebe 2.0 1.02 Moderate
Mallard <1 <1 Low
Pupfish—sediment 3.1 <1 Moderate
Pupfish—diet trv <1 to 3.0 potentially High
Black skimmer 4.99 2.5 Moderate
Snowy Plover 5.9 3.0 High

Saline Habitat Complex
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 to 1.1 potentially High
Birds—sediment <1 <1 Low
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 to 1.1 potentially High
Black skimmer 1.5 <1 Moderate
Snowy Plover 2.0 1.005 Moderate

Alternative 7: Combined North and South Lakes
Brine Sink

Community Benthic invertebrates 3.0 <1 Moderate

Bird—sediment 3.0 <1 Moderate

Black-necked stilt 1.8 <1 Low

Individual Snowy plover 5.7 2.9 High

Individual

Population

Individual

Population

Population

Population

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Ingestion of sediment and surface 
water did not affect total exposure/potential risk.

Moderate estimated risk to population-level birds.

Highest estimated risk to the benthic invertebrates and 
birds (sediment) and individual-level birds.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Ingestion of sediment and surface 
water did not affect total exposure/potential risk.

Lowest estimated risk to mallard.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and some population-level birds 
(grebe).

Highest estimated risk to fish (diet) and the snowy 
plover.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Ingestion of sediment and surface 
water did not affect total exposure/potential risk.

Low estimated risk to benthic invertebrates, fish and 
birds (sediment), and population-level birds.

Moderate estimated risks to individual-level birds.

Highest estimated risk to fish (diet).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake (primarily benthic invertebrates). 
Surface water concentrations have only minimal affect 
on total exposure/potential risk.

Lowest estimated risks to population-level birds 
exposed through diet.

Highest estimated risks to individual-level birds (snowy 
plover).
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Marine Sea
Community Benthic invertebrates 3.2 <1 Moderate

Fish—sediment 3.2 <1 Moderate
Fish—diet trv <1 to 3.1 potentially High
Birds—sediment 3.2 <1 Moderate
Black-necked stilt 1.9 <1 Low
Eared grebe 2.1 1.1 Moderate
Mallard <1 <1 Low
Pupfish—sediment 3.2 <1 Moderate
Pupfish—diet trv <1 to 3.1 potentially High
Black skimmer 5.2 2.6 High
Snowy Plover 6.2 3.1 High

Saline Habitat Complex-East
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 Low
Birds—sediment <1 <1 Low
Black-necked stilt <1 <1 Low
Eared grebe <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 Low
Black skimmer <1 <1 Low
Snowy Plover 1.3 <1 Moderate

Saline Habitat Complex-North
Community Benthic invertebrates 2.0 <1 Moderate

Fish—sediment 2.0 <1 Moderate
Fish—diet trv <1 to 2.0 potentially High
Birds—sediment 2.0 <1 Moderate
Black-necked stilt 1.4 <1 Low
Eared grebe 1.4 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 2.0 <1 Moderate
Pupfish—diet trv <1 to 2.0 potentially High
Black skimmer 3.2 1.6 Moderate
Snowy Plover 4.0 2.0 Moderate

IID Freshwater Reservoir
Community Benthic invertebrates <1 <1 Low

Fish—sediment <1 <1 Low
Fish—diet trv <1 Low
Birds—sediment <1 <1 Low
American coot <1 <1 Low
Black-necked stilt <1 <1 Low
Mallard <1 <1 Low
Pupfish—sediment <1 <1 Low
Pupfish—diet trv <1 Low
Black skimmer <1 <1 Low
Yuma clapper rail <1 <1 Low

Population

Individual

Population

Individual

Population

Individual

Population

Individual

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Ingestion of sediment and surface 
water did not affect total exposure/potential risk.

Moderate estimated risk to the snowy plover. Low 
estimated risk to all other receptors.

Risks to all receptors are low.

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Low estimated risks to population-level birds exposed 
through the food-chain.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and individual-level birds.

Highest estimated risks to fish (diet). 

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Ingestion of sediment and surface 
water did not affect total exposure/potential risk.

Lowest estimated risk to black-necked stilt and 
mallard.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and eared grebe.

Highest estimated risk to fish (diet) and individual-level 
birds.
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Representative Receptor Low TRV High TRV Potentiala Comments

Table F-45
Summary of Predicted Risks from Selenium via Sediment Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Alternative 8: South Sea Combined
Brink Sink

Community Benthic invertebrates 3.7 <1 Moderate

Birds-sediment 3.7 <1 Moderate

Black-necked stilt 2.1 1.2 Moderate

Individual Snowy plover 6.9 3.5 High

Marine Sea
Community Benthic invertebrates 1.4 <1 Moderate

Fish—sediment 1.4 <1 Moderate
Fish—diet trv <1-1.5 potentially High
Birds-sediment 1.4 <1 Moderate
Black-necked stilt 1.1 <1 Low
Eared grebe 1.02 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.4 <1 Moderate
Pupfish—diet trv <1-1.5 potentially High
Black skimmer 2.3 1.1 Moderate
Snowy plover 2.9 1.4 Moderate

Saline Habitat Complex
Community Benthic invertebrates 1.8 <1 Moderate

Fish—sediment 1.8 <1 Moderate
Fish—diet trv <1-1.9 potentially High
Birds-sediment 1.8 <1 Moderate
Black-necked stilt 1.3 <1 Low
Eared grebe 1.3 <1 Low
Mallard <1 <1 Low
Pupfish—sediment 1.8 <1 Moderate
Pupfish—diet trv <1-1.9 potentially High
Black skimmer 2.9 1.5 Moderate
Snowy plover 3.6 1.8 Moderate

Notes:
a Potential risk was scaled based on the severity of effects reflected by the TRVs. The potential risk was scaled as follows:
     1) Risk potential for concentration-based exposures

Risk Potential
Low potential risk low TRV HQs<1
Moderate potential risk low TRV HQ >1 and high TRV HQ <1
High potential risk high TRV HQ > 1

     2) Risk potential for birds via food-chain uptake
Risk Potential Individual-Level
Low potential risk high TRV HQ <1 low TRV HQ <1
Moderate potential risk 1<High TRV HQ<5 1< low TRV HQ< 5
High potential risk high TRV HQ >5 low TRV HQ >5

--  = risk not estimated for this receptor/habitat/condition
HQ = hazard quotient
trv = no TRV available (as used in body of table)
TRV = toxicity reference value (as used in risk potential footnote)

Individual

Population

Population

Individual

Population

Hazard Quotient

Population-Level

Estimated risks to birds (species-specific) are driven by 
food-chain upake (primarily benthic invertebrates) 
followed by direct ingestion of sediment. Exposure 
from ingestion of surface water is minimal.

Highest estimated risks to individual-level birds (snowy 
plover).

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Low estimated risks to population-level birds exposed 
through the food-chain.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and individual-level birds.

Highest estimated risks to fish (diet). 

Estimated risks to birds (species-specific) are driven by 
food-chain uptake. Surface water concentrations have 
minimal affect on total exposure/potential risk.

Low estimated risks to population-level birds exposed 
through the food-chain.

Moderate estimated risks to benthic invertebrates, fish 
and birds (sediment), and individual-level birds.

Highest estimated risks to fish (diet). 
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Representative 
Receptor Selenium Form Low TRV High TRV Potentiala Comments

Existing Conditions
Salton Sea—Open Water

 Selenium 1.1 <1 Moderate
 Selenium, dissolved 
organic <1 trv

 Selenium, organic <1 trv
 Selenium 1.1 <1 Moderate
 Selenium, dissolved 
organic <1 trv

 Selenium, organic <1 trv
 Selenium 1.1 <1 Moderate
 Selenium, dissolved 
organic <1 trv

 Selenium, organic <1 trv
Salton Sea—Shoreline and Shallow Water
Community Aquatic invertebrates  Selenium 1.1 <1 Moderate
Population Fish  Selenium 1.1 <1 Moderate
Individual Pupfish  Selenium 1.1 <1 Moderate
Estuary—Alamo River

 Selenium 3.0-4.0 1.2-1.6 High
 Selenium, organic <1 trv Low
 Selenium 3.0-4.0 1.2-1.6 High
 Selenium, organic <1 trv Low
 Selenium 3.0-4.0 1.2-1.6 High
 Selenium, organic <1 trv Low

Estuary—New River
 Selenium 1.6-2 <1 Moderate
 Selenium, organic <1 trv Low
 Selenium 1.6-2 <1 Moderate
 Selenium, organic <1 trv Low
 Selenium 1.6-2 <1 Moderate
 Selenium, organic <1 trv Low

Estuary—Whitewater River
 Selenium 1.1 <1 Moderate
 Selenium, organic <1 trv Low
 Selenium 1.1 <1 Moderate
 Selenium, organic <1 trv Low
 Selenium 1.1 <1 Moderate
 Selenium, organic <1 trv Low

Freshwater Marsh
Community Aquatic invertebrates  Selenium 1.3 <1 Moderate
Population Fish  Selenium 1.3 <1 Moderate
Individual Pupfish  Selenium 1.3 <1 Moderate
Agricultural Land
Community Aquatic invertebrates  Selenium 1.3 <1 Moderate
Population Fish  Selenium 1.3 <1 Moderate
Individual Pupfish  Selenium 1.3 <1 Moderate
No Action Alternative - CEQA Conditions
Salton Sea—Open Water

Community Aquatic invertebrates  Selenium 1.1 <1 Moderate Risks are moderate for aquatic 
invertebrates.

Salton Sea—Shoreline and Shallow Water

Community Aquatic invertebrates  Selenium 1.1 <1 Moderate Risks are moderate for aquatic 
invertebrates.

Moderate potential risk.

Risk to organic selenium lower than to 
total selenium.

Moderate potential risk.

Risk to organic selenium lower than to 
total selenium.

Risk to organic selenium lower than to 
total selenium.

Range of potential risks from selenium 
due to use of low and high EPC for New 
River.

Risk to organic selenium lower than to 
total selenium.

Range of potential risks from selenium 
due to use of low and high EPC for 
Alamo River.

Moderate potential risk.

Table F-46
Summary of Predicted Risks from Selenium via Surface Water Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment

Low

Low

Community

Individual

Population Fish
Low

Individual

Aquatic invertebrates

Pupfish

Aquatic invertebrates

Pupfish

Aquatic invertebrates

Pupfish

Aquatic invertebrates

Pupfish

Community

Fish

Population Fish

Population Fish

Community

Individual

Community

Individual

Population
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Representative 
Receptor Selenium Form Low TRV High TRV Potentiala Comments

Table F-46
Summary of Predicted Risks from Selenium via Surface Water Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Estuary—Alamo River
Community Aquatic invertebrates  Selenium 5.0 2.0 High
Population Fish  Selenium 5.0 2.0 High
Individual Pupfish  Selenium 5.0 2.0 High
Estuary—New River
Community Aquatic invertebrates  Selenium 2.3 <1 Moderate
Population Fish  Selenium 2.3 <1 Moderate
Individual Pupfish  Selenium 2.3 <1 Moderate
Estuary—Whitewater River
Community Aquatic invertebrates  Selenium 1.8 <1 Moderate
Population Fish  Selenium 1.8 <1 Moderate
Individual Pupfish  Selenium 1.8 <1 Moderate
No Action Alternative - Variablity Conditions
Salton Sea—Open Water

Community Aquatic invertebrates Selenium 1.1 <1 Moderate Moderate estimated risk to aquatic 
invertebrates.

Salton Sea—Shoreline and Shallow Water

Community Aquatic invertebrates Selenium 1.1 <1 Moderate Moderate estimated risk to aquatic 
invertebrates.

Estuary—Alamo River
Community Aquatic invertebrates Selenium 5.0 2.0 High
Population Fish Selenium 5.0 2.0 High
Individual Pupfish Selenium 5.0 2.0 High
Estuary—New River
Community Aquatic invertebrates Selenium 2.3 <1 Moderate
Population Fish Selenium 2.3 <1 Moderate
Individual Pupfish Selenium 2.3 <1 Moderate
Estuary—Whitewater River
Community Aquatic invertebrates Selenium 1.8 <1 Moderate
Population Fish Selenium 1.8 <1 Moderate
Individual Pupfish Selenium 1.8 <1 Moderate
Alternative 1: Saline Habitat Complex I
Brine Sink

Community Aquatic invertebrates Selenium 3.5 1.4 High
Estimated risks a result of elevated 
predicted selenium concentrations in 
surface water.

Saline Habitat Complex-South (Drains)
Community Aquatic invertebrates Selenium 4.3 1.7 High
Population Fish Selenium 4.3 1.7 High
Individual Pupfish Selenium 4.3 1.7 High
Saline Habitat Complex-South (Rivers)
Community Aquatic invertebrates Selenium 4.2 1.7 High
Population Fish Selenium 4.2 1.7 High
Individual Pupfish Selenium 4.2 1.7 High
Alternative 2: Saline Habitat Complex II
Brine Sink

Community Aquatic invertebrates  Selenium 3.6 1.4 High
Estimated risks a result of elevated 
predicted selenium concentrations in 
surface water.

Saline Habitat Complex-North
Community Aquatic invertebrates  Selenium 1.8 <1 Moderate
Population Fish  Selenium 1.8 <1 Moderate
Individual Pupfish  Selenium 1.8 <1 Moderate

Estimated risks are a result of elevated 
predicted selenium concentrations in 
surface water.

Estimated risks are a result of elevated 
predicted selenium concentrations in 
surface water.

All risks moderate.

Moderate estimated risk to aquatic 
invertebrates and fish.

Moderate estimated risk to aquatic 
invertebrates and fish.

Estimated risks are a result of elevated 
predicted selenium concentrations in 
surface water.

Estimated risks are a result of elevated 
predicted selenium concentrations in 
surface water.

Risks are moderate for all receptors.

Risks are moderate for all receptors.
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Representative 
Receptor Selenium Form Low TRV High TRV Potentiala Comments

Table F-46
Summary of Predicted Risks from Selenium via Surface Water Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Saline Habitat Complex-South
Community Aquatic invertebrates  Selenium 4.3 1.7 High
Population Fish  Selenium 4.3 1.7 High
Individual Pupfish  Selenium 4.3 1.7 High
Saline Habitat Complex-West
Community Aquatic invertebrates  Selenium 2.4 <1 Moderate
Population Fish  Selenium 2.4 <1 Moderate
Individual Pupfish  Selenium 2.4 <1 Moderate
Alternative 3: Concentric Rings
Brine Sink

Community Aquatic invertebrates Selenium 3.5 1.4 High
Estimated risks a result of elevated 
predicted selenium concentrations in 
surface water.

First Ring
Community Aquatic invertebrates Selenium 3.0 1.2 High
Population Fish Selenium 3.0 1.2 High
Individual Pupfish Selenium 3.0 1.2 High
Second Ring
Community Aquatic invertebrates Selenium 4.4 1.8 High
Population Fish Selenium 4.4 1.8 High
Individual Pupfish Selenium 4.4 1.8 High
Alternative 4: Concentric Lakes
Brine Sink

Community Aquatic invertebrates  Selenium 3.9 1.6 High
Estimated risks a result of elevated 
predicted selenium concentrations in 
surface water.

First Lake
Community Aquatic invertebrates  Selenium 4.1 1.6 High
Population Fish  Selenium 4.1 1.6 High
Individual Pupfish  Selenium 4.1 1.6 High
Second Lake
Community Aquatic invertebrates  Selenium 2.1 <1 Moderate
Population Fish  Selenium 2.1 <1 Moderate
Individual Pupfish  Selenium 2.1 <1 Moderate
Third Lake
Community Aquatic invertebrates  Selenium 3.7 1.5 High
Population Fish  Selenium 3.7 1.5 High
Individual Pupfish  Selenium 3.7 1.5 High
Fourth Lake
Community Aquatic invertebrates  Selenium 4.1 1.6 High
Population Fish  Selenium 4.1 1.6 High
Individual Pupfish  Selenium 4.1 1.6 High
Alternative 5: North Sea
Brine Sink
Community Aquatic invertebrates  Selenium 2.3 <1 Moderate Potential risk is moderate.
Marine Sea
Community Aquatic invertebrates  Selenium 3.8 1.5 High
Population Fish  Selenium 3.8 1.5 High
Individual Pupfish  Selenium 3.8 1.5 High
Saline Habitat Complex
Community Aquatic invertebrates  Selenium 4.1 1.6 High
Population Fish  Selenium 4.1 1.6 High
Individual Pupfish  Selenium 4.1 1.6 High

Risks are a result of  elevated selenium 
predicted in surface water.

Risks a result of  elevated selenium 
predicted in surface water.

Estimated risks a result of elevated 
predicted selenium concentrations in 
surface water.

All risks moderate.

Estimated risks a result of elevated 
predicted selenium concentrations in 
surface water.

All risks moderate.

Risks a result of  elevated selenium 
predicted in surface water.

Risks a result of  elevated selenium 
predicted in surface water.

Estimated risks a result of elevated 
predicted selenium concentrations in 
surface water.

Estimated risks a result of elevated 
predicted selenium concentrations in 
surface water.
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Representative 
Receptor Selenium Form Low TRV High TRV Potentiala Comments

Table F-46
Summary of Predicted Risks from Selenium via Surface Water Exposure Routes

Hazard Quotients Overall Potential for RiskHabitat/ Level 
of 

Assessment
Alternative 6: North Sea Combined
Brine Sink

Community Aquatic invertebrates Selenium 2.7 1.1 High Risks a result of  elevated selenium 
predicted in surface water.

Marine Sea
Community Aquatic invertebrates Selenium 3.6 1.4 High
Population Fish Selenium 3.6 1.4 High
Individual Pupfish Selenium 3.6 1.4 High
Saline Habitat Complex
Community Aquatic invertebrates Selenium 4.2 1.7 High
Population Fish Selenium 4.2 1.7 High
Individual Pupfish Selenium 4.2 1.7 High
Alternative 7: Combined North and South Lakes
Brine Sink

Community Aquatic invertebrates  Selenium 2.7 1.1 High Risks a result of  elevated selenium 
predicted in surface water.

Marine Sea
Community Aquatic invertebrates  Selenium 3.9 1.5 High
Population Fish Selenium 3.9 1.5 High
Individual Pupfish Selenium 3.9 1.5 High
Saline Habitat Complex-East
Community Aquatic invertebrates  Selenium 1.1 0.4 Moderate
Population Fish Selenium 1.1 0.4 Moderate
Individual Pupfish Selenium 1.1 0.4 Moderate
Saline Habitat Complex-North
Community Aquatic invertebrates  Selenium 1.1 0.4 Moderate
Population Fish Selenium 1.1 0.4 Moderate
Individual Pupfish Selenium 1.1 0.4 Moderate
IID Freshwater Reservoir
Community Aquatic invertebrates  Selenium 1.3 0.5 Moderate
Population Fish Selenium 1.3 0.5 Moderate
Individual Pupfish Selenium 1.3 0.5 Moderate
Alternative 8: South Sea Combined
Brine Sink

Community Aquatic invertebrates  Selenium 3.3 1.3 High Risks a result of  elevated selenium 
predicted in surface water.

Marine Sea
Community Aquatic invertebrates  Selenium 3.5 1.4 High
Population Fish  Selenium 3.5 1.4 High
Individual Pupfish  Selenium 3.5 1.4 High
Saline Habitat Complex
Community Aquatic invertebrates  Selenium 3.8 1.5 High
Population Fish  Selenium 3.8 1.5 High
Individual Pupfish  Selenium 3.8 1.5 High
Notes:
a Potential risk was scaled based on the severity of effects reflected by the TRVs. The potential risk was scaled as follows:
     1) Risk potential for concentration-based exposures

Risk Potential
Low potential risk low TRV HQs<1
Moderate potential risk low TRV HQ >1 and high TRV HQ <1
High potential risk high TRV HQ > 1

--  = risk not estimated for this receptor/habitat/condition
HQ = hazard quotient
trv = no TRV available

TRV = toxicity reference value (as used in risk potential footnote)

Risks are a result of  elevated selenium 
predicted in surface water.

Moderate estimated risk to aquatic 
invertebrates and fish.

Hazard Quotient

Risks are a result of  elevated selenium 
predicted in surface water.

Risks are a result of  elevated selenium 
predicted in surface water.

Risks are a result of  elevated selenium 
predicted in surface water.

Risks are a result of  elevated selenium 
predicted in surface water.

Moderate estimated risk to aquatic 
invertebrates and fish.

Moderate estimated risk to aquatic 
invertebrates and fish.
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Receptor Tissue Low TRV High TRV Potentialb Comments
Existing Conditions
Salton Sea—Open Water

Fillet/muscle trv 1.3
Whole body 2.8 1.4

Birds Eggs <1 <1 2.6% Low
Salton Sea—Shoreline and Shallow Water

Fillet/muscle trv --
Whole body 1.9 <1

Birds Eggs 1.1 <1 3.0% Moderate
Estuary—Alamo River

Fillet/muscle trv --
Whole body 3.3 1.7

Birds Eggs <1 <1 2.9% Low
Estuary—New River

Fillet/muscle trv --
Whole body 2.8 1.4

Birds Eggs <1 <1 2.6% Low
Estuary—Whitewater River

Fillet/muscle trv --
Whole body 1.2 <1

Birds Eggs 1.2 <1 3.1% Moderate
Freshwater Marsh

Fillet/muscle trv --
Whole body 1.3 <1

Birds Eggs 1.05 <1 2.9% Moderate
Agricultural Land
Population Birds Eggs <1 <1 -- Low Low risk to terrestrial birds.
No Action Alternative - CEQA Conditions
Salton Sea—Open Water

Population Birds Eggs <1 <1 2.6% Low Fish not expected in this habitat, but 
potential risk to birds is low.

Salton Sea—Shoreline and Shallow Water

Population Birds Eggs <1 <1 2.6% Low Fish not expected in this habitat, but 
potential risk to birds is low.

Estuary—Alamo River
Fish Whole body <1 <1 -- Low
Birds Eggs 1.2 <1 3.1% Moderate

Individual Pupfish Whole body <1 <1 -- Low
Estuary—New River

Fish Whole body <1 <1 -- Low
Birds Eggs <1 <1 2.8% Low

Individual Pupfish Whole body <1 <1 -- Low
Estuary—Whitewater River

Fish Whole body 3.0 1.5 -- High
Birds Eggs <1 <1 2.8% Low

Individual Pupfish Whole body 3.0 1.5 -- High

Potential risks similar in fish and egg 
tissue.

Potential risks similar in fish and egg 
tissue.

Potential risks greater for 
accumulation in eggs than for birds 
eating fish tissue.

Potential risks greater for birds 
eating fish tissue than for 
accumulation in eggs.

Potential risks similar in fish and egg 
tissue.

Potential risks greater for birds 
eating fish tissue than for 
accumulation in eggs.

Potential risks greater for birds 
eating fish tissue than for 
accumulation in eggs.

Population

High

High

Moderate

Moderate

Population

High

Moderate

Overall Potential for Risk

Table F-47
Summary of Predicted Risks from Selenium via Tissue Bioaccumulation

Hazard Quotients

Probability 
of >1 

Inviable 
Black 

Necked Stilt 
Egga

Scenario/ Habitat/ 
Level of 

Assessment

Population

Population

Population

Population

Population

Population

Population

Fish

Fish

Fish

Fish

Fish

Fish

--

--

--

--

--

--

Low potential risk.

Potential risks greater for fish and 
piscivorous birds than for 
accumulation in eggs.
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Receptor Tissue Low TRV High TRV Potentialb Comments

Overall Potential for Risk

Table F-47
Summary of Predicted Risks from Selenium via Tissue Bioaccumulation

Hazard Quotients

Probability 
of >1 

Inviable 
Black 

Necked Stilt 
Egga

Scenario/ Habitat/ 
Level of 

Assessment
No Action Alternative - Variability Conditions
Salton Sea—Open Water

Population Birds Eggs <1 <1 2.60% Low Fish not expected in this habitat, but 
potential risk to birds is low.

Salton Sea—Shoreline and Shallow Water

Population Birds Eggs <1 <1 2.6% Low Fish not expected in this habitat, but 
potential risk to birds is low.

Estuary—Alamo River
Population Fish Whole body <1 <1 -- Low

Birds Eggs 1.2 <1 3.1% Moderate
Individual Pupfish Whole body <1 <1 -- Low
Estuary—New River

Fish Whole body <1 <1 -- Low
Birds Eggs <1 <1 2.8% Low

Individual Pupfish Whole body <1 <1 -- Low
Estuary—Whitewater River

Fish Whole body 5.1 2.6 -- High
Birds Eggs <1 <1 2.8% Low

Individual Pupfish Whole body 5.1 2.6 -- High
Alternative 1: Saline Habitat Complex I
Brine Sink

Population Birds Eggs 1.1 <1 3.0% Moderate Fish not expected in this habitat, but 
potential risk to birds is moderate.

Saline Habitat Complex-South (Drains)
Fish Whole body 1.3 <1 -- Moderate
Birds Eggs 1.2 <1 3.1% Moderate

Individual Pupfish Whole body 1.3 <1 -- Moderate
Saline Habitat Complex- South (Rivers)

Fish Whole body 1.1 <1 -- Moderate
Birds Eggs 1.2 <1 3.0% Moderate

Individual Pupfish Whole body 1.1 <1 -- Moderate
Alternative 2: Saline Habitat Complex II
Brine Sink

Population Birds Eggs 1.1 <1 3.0% Moderate Fish not expected in this habitat, but 
potential risk to birds is moderate.

Saline Habitat Complex- North
Fish Whole body 2.9 1.5 -- High
Birds Eggs <1 <1 2.8% Low

Individual Pupfish Whole body 2.9 1.5 -- High
Saline Habitat Complex- South

Fish Whole body 1.2 <1 -- Moderate
Birds Eggs 1.2 <1 3.1% Moderate

Individual Pupfish Whole body 1.2 <1 -- Moderate
Saline Habitat Complex- West

Fish Whole body 1.9 <1 -- Moderate
Birds Eggs <1 <1 2.8% Low

Individual Pupfish Whole body 1.9 <1 -- Moderate

Potential risks similar in fish and egg 
tissue.

Potential risks greater for fish and 
piscivorous birds than for 
accumulation in eggs.

Population

Population

Population

Population

Population

Population

Population

Potential risks greater for 
accumulation in eggs than for birds 
eating fish tissue.

Low potential risk.

Potential risks greater for fish and 
piscivorous birds than for 
accumulation in eggs.

Potential risks similar in fish and egg 
tissue.

Potential risks similar in fish and egg 
tissue.

Potential risks greater for fish and 
piscivorous birds than for 
accumulation in eggs.
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Receptor Tissue Low TRV High TRV Potentialb Comments

Overall Potential for Risk

Table F-47
Summary of Predicted Risks from Selenium via Tissue Bioaccumulation

Hazard Quotients

Probability 
of >1 

Inviable 
Black 

Necked Stilt 
Egga

Scenario/ Habitat/ 
Level of 

Assessment
Alternative 3: Concentric Rings
Brine Sink

Population Birds Eggs 1.1 <1 3.0% Moderate Fish not expected in this habitat, but 
potential risk to birds is moderate.

First Ring
Fish Whole body 1.9 <1 -- Moderate
Birds Eggs <1 <1 2.9% Low

Individual Pupfish Whole body 1.9 <1 -- Moderate
Second Ring

Fish Whole body 2.1 1.04 -- High
Birds Eggs 1.2 <1 3.1% Moderate

Individual Pupfish Whole body 2.1 1.04 -- High
Alternative 4: Concentric Lakes
Brine Sink

Population Birds Eggs 1.1 <1 3.0% Moderate Fish not expected in this habitat, but 
potential risk to birds is moderate.

First Lake
Fish Whole body 1.9 <1 -- Moderate
Birds Eggs 1.1 <1 3.0% Moderate

Individual Fish Whole body 1.9 <1 -- Moderate
Second Lake

Fish Whole body 1.6 <1 -- Moderate
Birds Eggs <1 <1 2.8% Low

Individual Pupfish Whole body 1.6 <1 -- Moderate
Third Lake

Fish Whole body 2.5 1.3 -- High
Birds Eggs 1.1 <1 3.0% Moderate

Individual Pupfish Whole body 2.5 1.3 -- High
Fourth Lake

Fish Whole body 2.9 1.5 -- High
Birds Eggs 1.1 <1 3.0% Moderate

Individual Pupfish Whole body 2.9 1.5 -- High
Alternative 5: North Sea
Brine Sink

Population Birds Eggs <1 <1 2.8% Low Fish not expected in this habitat, but 
potential risk to birds is low.

Marine Sea
Fish Whole body 4.5 2.3 -- High
Birds Eggs 1.1 <1 3.0% Moderate

Individual Pupfish Whole body 4.5 2.3 -- High
Saline Habitat Complex

Fish Whole body 1.2 <1 -- Moderate
Birds Eggs 1.1 <1 3.0% Moderate

Individual Pupfish Whole body 1.2 <1 -- Moderate

Potential risks similar in fish and egg 
tissue.

Potential risks greater for birds 
eating fish tissue than for 
accumulation in eggs.

Potential risks for fish and 
piscivorous birds as well as 
accumulation in eggs.

Potential risks for fish and 
piscivorous birds as well as 
accumulation in eggs.

Potential risks greater for fish and 
piscivorous birds than for 
accumulation in eggs.

Potential risks similar in fish and egg 
tissue.

Potential risks for fish and 
piscivorous birds as well as 
accumulation in eggs.

Potential risks for fish and 
piscivorous birds as well as 
accumulation in eggs.

Population

Population

Population

Population

Population

Population

Population

Population
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Receptor Tissue Low TRV High TRV Potentialb Comments

Overall Potential for Risk

Table F-47
Summary of Predicted Risks from Selenium via Tissue Bioaccumulation

Hazard Quotients

Probability 
of >1 

Inviable 
Black 

Necked Stilt 
Egga

Scenario/ Habitat/ 
Level of 

Assessment
Alternative 6: North Sea Combined
Brine Sink

Population Birds Eggs <1 <1 2.9% Low Fish not expected in this habitat, but 
potential risk to birds is low.

Marine Sea
Fish Whole body 3.6 1.8 -- High
Birds Eggs 1.1 <1 3.0% Moderate

Individual Pupfish Whole body 3.6 1.8 -- High
Saline Habitat Complex

Fish Whole body 1.1 <1 -- Moderate
Birds Eggs 1.2 <1 3.0% Moderate

Individual Pupfish Whole body 1.1 <1 -- Moderate
Alternative 7: Combined North and South Lakes
Brine Sink

Population Birds Eggs <1 <1 2.9% Low Fish not expected in this habitat, but 
potential risk to birds is low.

Marine Sea
Fish Whole body 3.7 1.9 -- High
Birds Eggs 1.1 <1 3.0% Moderate

Individual Pupfish Whole body 3.7 1.9 -- High
Saline Habitat Complex-East

Fish Whole body <1 <1 -- Low
Birds Eggs <1 <1 2.6% Low

Individual Pupfish Whole body <1 <1 -- Low
Saline Habitat Complex-North

Fish Whole body 2.3 1.2 -- High
Birds Eggs <1 <1 2.6% Low

Individual Pupfish Whole body 2.3 1.2 -- High
IID Freshwater Reservoir

Fish Whole body <1 <1 -- Low
Birds Eggs <1 <1 2.7% Low

Individual Pupfish Whole body <1 <1 -- Low
Alternative 8: South Sea Combined
Brine Sink

Population Birds Eggs 1.04 <1 2.9% Moderate Fish not expected in this habitat, but 
potential risk to birds is moderate.

Marine Sea
Fish Whole body 1.6 <1 -- Moderate
Birds Eggs 1.1 <1 3.0% Moderate

Individual Pupfish Whole body 1.6 <1 -- Moderate

Low potential risk.

Potential risks similar in fish and egg 
tissue.

Potential risks greater for fish and 
piscivorous birds than for 
accumulation in eggs.

Potential risks for fish and 
piscivorous birds as well as 
accumulation in eggs.

Potential risks similar in fish and egg 
tissue.

Potential risks for fish and 
piscivorous birds as well as 
accumulation in eggs.

Low potential risk.

Population

Population

Population

Population

Population

Population

Population
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Receptor Tissue Low TRV High TRV Potentialb Comments

Overall Potential for Risk

Table F-47
Summary of Predicted Risks from Selenium via Tissue Bioaccumulation

Hazard Quotients

Probability 
of >1 

Inviable 
Black 

Necked Stilt 
Egga

Scenario/ Habitat/ 
Level of 

Assessment
Saline Habitat Complex

Fish Whole body 2.1 1.1 -- High
Birds Eggs 1.1 <1 3.0% Moderate

Individual Pupfish Whole body 2.1 1.1 -- High
Notes:
a Estimated using regression equation of modeled egg selenium concentrations from surface water selenium concentrations (See Table F-42).
b Potential risk was scaled based on the severity of effects reflected by the TRVs. The potential risk was scaled as follows:
     1) Risk potential for tissue-based exposures

Risk Potential
Low potential risk low TRV HQs<1
Moderate potential risk low TRV HQ >1 and high TRV HQ <1
High potential risk high TRV HQ > 1

--  = risk not estimated for this receptor/habitat/condition
HQ = hazard quotient
TRV = toxicity reference value

Hazard Quotient

Potential risks for fish and 
piscivorous birds as well as 
accumulation in eggs.

Population
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Level of 
Assessment Representative Species Low TRV

High 
TRV

Overall Potential 
for Risk

Existing Conditions
Agricultural Land Individual Western burrowing owl <1 <1

White-faced ibis <1 <1
No Action Alternative - CEQA Conditions
Exposed Playa (AQM) Population Loggerhead shrike 1.1 <1 Low
No Action Alternative - Variability Conditions
Exposed Playa (AQM) Population Loggerhead shrike 1.1 <1 Low
Alternative 1: Saline Habitat Complex I
Exposed Playa (AQM) Population Loggerhead shrike 1.2 <1 Low
Alternative 2: Saline Habitat Complex II
Exposed Playa (AQM) Population Loggerhead shrike 1.2 <1 Low
Alternative 3: Concentric Rings
Exposed Playa (AQM) Population Loggerhead shrike 1.2 <1 Low
Alternative 4: Concentric Lakes
Exposed Playa 1 Population Loggerhead shrike 1.4 <1 Low
Exposed Playa 2 Population Loggerhead shrike 1.5 <1
Exposed Playa 3 Population Loggerhead shrike 1.4 <1
Exposed Playa 4 Population Loggerhead shrike 1.5 <1
Exposed Playa 5 Population Loggerhead shrike 1.8 <1
Alternative 5: North Sea
Exposed Playa (AQM) Population Loggerhead shrike 1.2 <1 Low
Alternative 6: North Sea Combined
Exposed Playa (AQM) Population Loggerhead shrike 1.2 <1 Low
Alternative 7: Combined North and South Lakes
Exposed Playa 1 Population Loggerhead shrike 1.5 <1 Low
Exposed Playa 2 Population Loggerhead shrike 1.4 <1 Low
Protective Slat Flat Population Loggerhead shrike 1.5 <1 Low
Alternative 8: South Sea Combined
Exposed Playa (AQM) Population Loggerhead shrike 1.4 <1 Low
Notes:
a Potential risk was scaled based on the severity of effects reflected by the TRVs. The potential risk was scaled as follows:
     1) Risk potential for birds via food-chain uptake

Risk Potential Population-Level Individual-Level
Low potential risk high TRV HQ <1 low TRV HQ <1
Moderate potential risk 1<High TRV HQ<5 1< low TRV HQ< 5
High potential risk high TRV HQ >5 low TRV HQ >5

--  = risk not estimated for this receptor/habitat/condition
HQ = hazard quotient
TRV = toxicity reference value

Low

Table F-48
Summary of Predicted Risks from Selenium via Surface Soil Exposure Routes

Hazard Quotients

Habitat/ Level of Assessment
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Alternative/Habitat
Community 

Level
Population 

Level
Individual 

Level

Area Weighted 
Number of 

Receptors with 
Moderate to High 

Risk

Total Number of 
Evaluations 
Conducted

Area weighted 
percentage of 
receptors with 

Moderate to High 
Risk

Area 
Weighted 
Relative 

Risk 
Rankingd

Existing Conditions 69.2% 41.5% 72.2% 10.1 114 8.83% na
No Action Alternative-CEQA Conditions 70.0% 27.0% 52.4% 3.3 68 4.83% NAA-2
No Action Alternative-Variability Conditions 80.0% 32.4% 61.9% 2.6 68 3.88% NAA-1
Alternative 1: Saline Habitat Complex I 83.3% 54.5% 92.3% 3.9 41 9.45% 2
Alternative 2: Saline Habitat Complex II 87.5% 51.6% 94.7% 5.0 58 8.67% 1
Alternative 3: Concentric Rings 100.0% 63.6% 100.0% 4.5 41 10.87% 3
Alternative 4: Concentric Lakes 100.0% 66.7% 100.0% 13.6 74 18.33% 8
Alternative 5: North Sea 100.0% 72.7% 100.0% 7.4 41 18.02% 7
Alternative 6: North Sea Combined 83.3% 59.1% 92.3% 6.3 41 15.31% 5
Alternative 7: Combined North and South Lakes 80.0% 41.0% 64.0% 12.9 74 17.45% 6
Alternative 8: South Sea Combined 100.0% 68.2% 100.0% 6.0 41 14.58% 4

Notes:
a Percentage based on number of representative species evaluated for each habitat (not area weighted).
b Roll-up includes only those habitats with supplied water.  Exposed Playa and Protective Salt Flat habitats were not included in the roll-up for the alternatives where they
      occurred (Alternative 4 and Alternative 7). If long term irrigation was included in Alternative 4, the rollup would be different.
c Brine Sink habitat is considered to have very little usable habitat.  The total acreage of Brine Sink was reduced to 5% usable habitat for purposes of calculating roll-up. 
d Risk ranking presented in ascending order from best to worst alternative (i.e., #1 is best or least toxic based on selenium risk).
NAA = No Action Alternative

Table F-49
Ecological Risk Assessment Conclusions

Roll-Up of Risk Potential By Alternativeb,c
Percentage of Evaluated Receptors with 

Moderate or High Potential Risksa
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FIGURE F-3
SELENIUM CYCLING IN AN AQUATIC ECOSYSTEM
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FIGURE F-17
ALTERNATIVE 8:
SOUTH SEA COMBINED (2078)
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Water Se Sediment
(may be anoxic at times)

NOTES:
1.Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
2. Not all receptors are evaluated for all alternatives.

FIGURE F-18
SALTON SEA - OPEN WATER HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS
SALTON SEA ECOSYSTEM RESTORATION PROGRAM

Figs F-18_F-27_food webs.xls / Fig_F-18_open water

FIGURE F-18
SALTON SEA - OPEN WATER HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-18.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
2. Not all receptors are evaluated for all alternatives.



Piscivorous Birds
Black-crowned Night Heron

Black Skimmer

Invertivorous Birds
Black-necked Stilt

Eared Grebe
Snowy Plover

Omnivorous Birds
Mallard

Northern Shoveler

Fish
tilapia or other

Aquatic Invertebrates
waterboatmen

Benthic Invertebrates
amphipods, pileworms, barnacles

Zooplankton

Phytoplankton
Algae

filamentous algae 
macroalgae

Submerged and Emergent Plants
Ruppia, bulrush

Water Se Sediment and Detritus

FIGURE F-19
SALTON SEA - SHORELINE AND SHALLOW WATER HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS
SALTON SEA ECOSYSTEM RESTORATION PROGRAM

NOTES:
1.Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
2. Not all receptors are evaluated for all alternatives.

Figs F-18_F-27_food webs.xls / Fig_F-19_shoreline

FIGURE F-19
SALTON SEA - SHORELINE AND SHALLOW WATER HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-19.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
2. Not all receptors are evaluated for all alternatives.



Piscivorous Birds
Black-crowned Night Heron

Black Skimmer
Gull-billed Tern

Invertivorous Birds
Black-necked Stilt

Eared Grebe
Yuma Clapper Rail

Omnivorous Birds
American Coot

Mallard

Fish
Desert Pupfish
Mosquitofish
Sailfin Molly

Tilapia

Aquatic Invertebrates
waterboatmen

Benthic Invertebrates
amphipods

midge larvae

Zooplankton

Phytoplankton
Algae

filamentous algae
macroalgae

Submerged and Emergent Plants
bulrush
cattail

Ruppia

Water Se Sediment and Detritus

Exposure Pathways and Food-Web Relationships for Estuary Habitat

FIGURE F-20
ESTUARY (DELTAS AND DRAINS) HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS
SALTON SEA ECOSYSTEM RESTORATION PROGRAM

NOTES:
1.Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
2. Not all receptors are evaluated for all alternatives.

Figs F-18_F-27_food webs.xls / Fig F-20_estuary

FIGURE F-20
ESTUARY (DELTAS AND DRAINS) HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-20.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
2. Not all receptors are evaluated for all alternatives.



Piscivorous Birds
Black Skimmer

Invertivorous Birds
Black-necked Stilt

Eared Grebe
Snowy Plover

Omnivorous Birds
Mallard

Fish
tilapia or other

Aquatic Invertebrates
waterboatmen

Benthic Invertebrates
amphipods, pileworms, barnacles

Zooplankton

Phytoplankton
Algae

filamentous algae
macroalgae

Submerged and Emergent Plants
bulrush
Ruppia

Water Se Sediment and Detritus

FIGURE F-21
MARINE SEA (PLUS SHORELINE) HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

NOTES:
1.Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.

Figs F-18_F-27_food webs.xls / Fig F-21_marine sea

FIGURE F-21
MARINE SEA HABITAT EXPOSURE PATHWAYS 
AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-21.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.



Piscivorous Birds
Black Skimmer

Invertivorous Birds
Black-necked Stilt

Eared Grebe
Snowy Plover

Omnivorous Birds
Mallard

Fish
tilapia or other

Aquatic Invertebrates
waterboatmen

Benthic Invertebrates
amphipods, pileworms, barnacles

Zooplankton

Phytoplankton
Algae

filamentous algae
macroalgae

Submerged and Emergent Plants
bulrush
Ruppia

Water Se Sediment and Detritus

FIGURE F-22
SALINE HABITAT COMPLEX (PLUS SHORELINE SEA) HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS
SALTON SEA ECOSYSTEM RESTORATION PROGRAM

NOTES:
1.Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.

Figs F-18_F-27_food webs.xls / Fig F-22_saline habitat complex

FIGURE F-22
SALINE HABITAT COMPLEX (PLUS SHORELINE WATERWAY), RINGS, 
AND LAKES EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-22.ai   06-16-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.



Piscivorous Birds
Black Skimmer

Fish
Desert Pupfish
Mosquitofish
Sailfin Molly

Tilapia

Aquatic Invertebrates
waterboatmen

Benthic Invertebrates
amphipods, midge larvae

Zooplankton

Phytoplankton
Algae

filamentous algae 
macroalgae

Submerged and Emergent Plants
bulrush
cattail

Ruppia

Water Se Sediment and Detritus

FIGURE F-23
PUPFISH CHANNEL HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS
SALTON SEA ECOSYSTEM RESTORATION PROGRAM

NOTES:
1.Bold lines indicate link between abiotic media and receptors quantitatively evaluated 
in this EcoRA.
2. This habitat was not quantitatively evaluated because native sediment would be 
removed during construction.

Figs F-18_F-27_food webs.xls / Fig F-23_pupfish channel

FIGURE F-23
PUPFISH CHANNEL HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-23.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
2. This habitat was not quantitatively evaluated 
because native sediment would be removed during 
construction.



Invertivorous Birds 
Black-necked Stilt

Snowy Plover

Aquatic Invertebrates
Brine Shrimp

Benthic Invertebrates
Brine Flies

 Water Se Sediment/Salt Deposits

NOTES:
1.Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.

FIGURE F-24
BRINE SINK HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS
SALTON SEA ECOSYSTEM RESTORATION PROGRAM

FIGURE F-24
BRINE SINK HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-24.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.



Piscivorous Birds
Black-crowned Night-Heron

Gull-billed Tern
Black Skimmer

Invertivorous Birds
Black-necked Stilt
Yuma Clapper Rail

Omnivorous Birds
American Coot

Mallard

Fish
Desert Pupfish
Mosquitofish
Sailfin Molly

Aquatic Invertebrates
waterboatmen

Benthic Invertebrates
amphipods, midge larvae

Zooplankton

Phytoplankton
Algae

filamentous algae
macroalgae

Emergent Plants
bulrush, cattail

 tnemideSeSretaW

NOTES:
1.Bold lines indicate link between abiotic media and receptors 
quantitatively evaluated in this EcoRA.
2. Not all receptors are evaluated for all alternatives.

Figs F-18_F-27_food webs.xls / Fig F-25_freshwater marsh

FIGURE F-25
FRESHWATER MARSH AND IID FRESHWATER RESERVOIR HABITATS
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-25.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
2. Not all receptors are evaluated for all alternatives.



Carnivorous Birds
Loggerhead Shrike

Reptiles
snakes, lizards Small Mammals

Terrestrial Invertebrates
(grasshoppers, beetles, 

other arthropods)
Terrestrial Plants

Dried Sediment/Soil

NOTES:
1.Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA. FIGURE F-26

EXPOSED PLAYA (AQM), EXPOSED PLAYA (non-AQM), AND 
PROTECTIVE SALT FLAT HABITATS
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-26.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.



Invertivorous Birds
White-faced Ibis

Omnivorous Birds
Burrowing Owl

Reptiles
snakes, lizards Small Mammals

Terrestrial invertebrates
earthworms

grasshoppers
Crop Plants

alfalfa or other

Irrigation Water Se Soil

NOTES:
1.Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.

FIGURE F-27
AGRICULTURAL LANDS HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS
SALTON SEA ECOSYSTEM RESTORATION PROGRAM

FIGURE F-27
AGRICULTURAL LANDS HABITAT
EXPOSURE PATHWAYS AND FOOD WEB RELATIONSHIPS

ES042006004SAC  figure_F-27.ai   06-14-06  tdaus

NOTES:
1. Bold lines indicate link between abiotic media and 
receptors quantitatively evaluated in this EcoRA.
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FIGURE F-28
SAMPLE LOCATIONS AND 
SELENIUM CONCENTRATIONS 
FOR ARCHIVED SEDIMENT 
SAMPLES

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-28_SELENIUM_ARCHIVE_SED_SAMPLES.MXD FIGURE_F-28_ARCHIVED_SED_SAMPLES.PDF 6/29/2006 09:34:15

NOTES:
1. Total selenium concentrations shown in 
    mg/kg on a dry weight basis.
2. Sediment samples were collected by  
    Agrarian Research, Inc. in 2003 
    for USGS Salton Sea Science Office 
    using a ponar dredge.  
3. Sediment samples were analyzed in 2003 
    for total organic carbon and for particle 
    size distribution. In 2004 and 2005, 210 of 
    these archived sediment samples were 
    analyzed for total selenium and 36 
    additional samples were analyzed for 17 
    total metals (including selenium).
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NE21SD01 3

NW06SD02 2

NE24SD01 1.8

NE19SD01 0.3

SE14SD01 1.8

SW03SD01 1.6

NW31SD01 2.4

NW32SD01 1.7

NW30SD01 3.1

NE27SD01 1.4

NW37SD01 1.4

NW35SD01 1.7

NE25SD01 1.4

NE23SD01 1.9

SE13SD01 0.6

SE11SD01 1.5

SW09SD01 2.5SW06SD01 4.9

SW04SD01 1.9

SW01SD01 2.5

SEE2SD01 0.5

NW05SD01 3.7

NE04SD01 6.3

SE01SD01 1.6

SW04SD02 3.1

NE20SD01 0.23

SE17SD01 0.18

SE10SD01 0.16

SEE2SD02 0.67

SE04SD02 0.75

SE04SD01 0.82

SW04SD01 3.22

NW28SD01 1.5

NW02SD02 2.5

NW02SD01 4.5

SE15SD01 0.18

SW07SD01 0.19

SE01SE02 0.52

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-29_SELENIUM_IN_SED_COLLECTED_2005.MXD FIGURE_F-29_SELENIUM_2005.PDF 6/29/2006 09:35:30

FIGURE F-29
SAMPLE LOCATIONS AND 
SELENIUM CONCENTRATIONS 
FOR SEDIMENTS COLLECTED 
IN 2005

NOTES:
1. Total selenium concentrations shown in 
    mg/kg on a dry weight basis.
2. Shallow water sediments collected by 
    SDSU and CH2M HILL staff on March 17 
    and 18, 2005. Shoreline sediment 
    samples collected by CH2M HILL staff 
    between April 1 and 5, 2005.
3. Samples were analyzed by EPA Method 
    6020 using inductively-coupled plasma-mass 
    spectrometry (ICP-MS).
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NW07: 1.1 J

ND03: 1.02 J

NW06: 1.02 J

SW02: 1.09  

SE01: 1.36 J

SD01: 1.14 J

NE01: 1.01 J

NW02: 0.697  

NW05: 0.911  

NE04: 0.607  

SW04: 0.619 J

SW01: 0.816 J

SE04: 0.832 J

SE03: 0.884

MD02: 0.902 J

NE02: 0.693 J

FIGURE F-30
SAMPLE LOCATIONS AND 
SELENIUM CONCENTRATIONS 
IN SURFACE WATER

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-30_SELENIUM_SURFACE_WATER.MXD FIGURE_F-30_SURFACE_WATER_SAMPLES.PDF 6/29/2006 16:37:47

NOTES:
1. Total selenium concentrations shown in 
    g/L; J indicates an estimated quantity.
2. Surface water samples collected April 4 
    and 5, 2005 in the top 3 meters using an 
    integrating tube sampler.
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NW08
MAC01 0.72
MAC02 0.89
MAC03 0.5
COR01 3.5
COR02 3.5
COR03 3.5

NW29
COR01: 2.5
COR02: 2.7
COR03: 2.6

SE10
MAC01: 0.6
MAC02: 0.5
MAC03: 0.4
COR01: 2.2
COR02: 1.1
COR03: 1.3

SE17
MAC01: 1.1
MAC02: 0.86
MAC03: 0.79
COR01: 2.1
POL01: 6.2

SE15
MAC01: 0.5
MAC02: 0.5

SE13
COR01: 1.6
COR02: 1.6
COR03: 1.4

NW07
PLN01: <0.2

NW05
MAC01: 2
MAC02: 1.9
MAC03: 2.2
PLN01: 0.91
COR01: 2.4
COR02: 2.6
COR03: 2.4

ND03
PLN01: 0.3

MD02
PLN01 0.4

SD01
PLN01: 0.3

SW02
PLN01: <0.2

SE04
MAC01: 1.1
MAC02: 1.2
MAC03: 1
GAM01: 1.6
COR01: 1.8
COR02: 1.6
COR03: 1.7

SE03
PLN01: 0.2

NE01
PLN01: 0.4

NE04
MAC01: 0.88
MAC07: 0.94
MAC03: 0.6
PLN01: 0.72
COR01: 2.9
COR03: 2.7

NE24 
POL01: 4

FIGURE F-31
SAMPLE LOCATIONS AND 
SELENIUM CONCENTRATIONS 
IN FOOD CHAIN BIOTA

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-31_BIOTA_SAMPLE_PNTS.MXD FIGURE_F-31_BIOTA_SAMPLE_PNTS.PDF 6/29/2006 09:37:27

NOTES:
1. Total selenium concentrations shown 
    in mg/kg on a dry weight basis.
2. Food chain biota samples (excluding 
    fish) were collected by SDSU staff 
    between April 26 and April 28, 2005.
3. Sample designations are as follows:
    PLN = plankton
    MAC = macroalgae
    GAM = gammarids (amphipods)
    COR = corixids (waterboatmen)
    POL = polychaetes (pileworms)
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SE19 F02: 12  

SW11 F03: 11  

SW11 F01: 11  

SW10 F02: 10  

NW09 F03: 11  
NW09 F02: 11  

NW08 F01: 10  

NE05 F03: 11  
NE05 F02: 14  
NE05 F01: 12  

SE19 F01: 9.3  

SE18 F01: 9.7  

SW11 F02: 8.9  

SW10 F03: 9.8  

SW10 F01: 8.7  

NW09 F01: 9.5  

NE06 F01: 4.9  

SW11 F05: 5.2  

NE05 F06: 3.7 J

SW10 F05: 6.35  

NW09 F05: 4.17 J

NE05 F04: 8.9  

SW11 F06: 4.34  

SW11 F04: 4.49  

SW10 F04: 4.02  

NW09 F04: 5.79 J

NE05 F07: 5.29 J

NE05 F05: 5.48  

FIGURE F-32
SAMPLE LOCATIONS AND
SELENIUM CONCENTRATIONS
IN SALTON SEA FISH

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-32_SAMPLE_LOCATIONS_SELENIUM_CONC_FISH.MXD  6/29/2006 09:40:27

NOTES:
1. Total selenium concentration is shown in mg/kg 
     on a dry weight basis.
2. Boldface labels indicate whole-body composite 
    samples. Those labels without boldface are 
    individual whole-body fish reconstructed from 
    fillet and remainder analyses.
3. Fish samples were collected between April 6 
    and April 21, 2005 in cooperation with California 
    Department of Fish and Game staff.
4. Fish samples were submitted as composite 
    samples for whole body analysis for total 
    selenium and arsenic. All samples were tilapia 
    except for one sample of sailfin molly (NE06F01).
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SALTON SEA

FIGURE F-34

FIGURE F-35

FIGURE F-36

MEXICO

CALIFORNIA ARIZONA

ARIZONACALIFORNIA

FIGURE F-33
SAMPLING LOCATIONS FOR FISH ALONG 
THE LOWER COLORADO RIVER

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-33_GPS_FISH_OVERVIEW.MXD  6/16/2006 10:00:41
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!( Trammel Net Locations

Electrofishing Transects

FIGURE F-34
SELENIUM CONCENTRATIONS
IN FISH SAMPLES COLLECTED
FROM MARTINEZ LAKE - 2005

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-34_SELENIUM_IN_FISH_MARTINEZ_2005.MXD  6/29/2006 09:41:37

USGS 7.5' TOPO QUADS:
IMPERIAL RESERVOIR
RED HILL SW
PICHACO
LITTLE PICACHO PEAK

NOTES:
1. Total selenium concentrations are shown as mg/kg on 
    a dry weight basis for whole-body individual or 
    composite fish samples.
2. All fish were collected between May 11 and 
    May 16, 2005 using either trammel nets or electrofishing
    techniques. Fish sampling was completed in cooperation 
    with DFG and CH2M HILL staff.
3. Total selenium was determined on whole-body fish 
    samples (individual and composite) samples using a
    hydride-generation auto-analyzer.
4. Sample designations containig the following letters 
    indicate the fish species as follows:
    LB - Largemouth Bass
    CF - Channel Catfish

FieldID Total Selenium
LCRMLB001 8.9
LCRMLB001 8.0
LCRMLB003 8.2
LCRMCF001 3.3
LCRMCF002 3.3

q
0 2,0001,000
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FIGURE F-35
SELENIUM CONCENTRATIONS 
IN FISH SAMPLES 
COLLECTED FROM BLYTHE, CA - 2005

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-35_SELENIUM_IN_FISH_BLYTH_2005.MXD  6/29/2006 09:44:04

NOTES:
1. Total selenium concentrations are shown as mg/kg on 
    a dry weight basis for whole-body individual or 
    composite fish samples.
2. All fish were collected between May 11 and 
    May 16, 2005 using either trammel nets or electrofishing
    techniques. Fish sampling was completed in cooperation 
    with DFG and CH2M HILL staff.
3. Total selenium was determined on whole-body fish 
    samples (individual and composite) samples using a
    hydride-generation auto-analyzer.
4. Sample designations containig the following letters 
    indicate the fish species as follows:
    LB - Largemouth Bass
    CF - Channel Catfish
    TP - Tilapia

LEGEND
!( Trammel Net Locations

Electorfishing Transects
USGS 7.5' TOPO QUADS:
BLYTHE

FieldID Total Selenium
LCRBLB001 6.8
LCRBLB002 6.3
LCRBLB003 6.6
LCRBTP001 4.7
LCRBTP002 4.6
LCRBTP003 4.8
LCRBCF001 2.5
LCRBTP004 4.9

q
0 2,0001,000

Feet
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FIGURE F-36
SELENIUM CONCENTRATIONS
IN FISH SAMPLES COLLECTED
FROM LAKE HAVASU - 2005

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-36_SELENIUM_IN_FISH_HAV_2005.MXD  6/29/2006 09:46:03

USGS 7.5' TOPO QUADS:
GENE WASH
STANDARD WASH

NOTES:
1. Total selenium concentrations are shown as mg/kg on 
    a dry weight basis for whole-body individual or 
    composite fish samples.
2. All fish were collected between May 11 and 
    May 16, 2005 using either trammel nets or electrofishing
    techniques. Fish sampling was completed in cooperation 
    with DFG and CH2M HILL staff.
3. Total selenium was determined on whole-body fish 
    samples (individual and composite) samples using a
    hydride-generation auto-analyzer.
4. Sample designations containig the following letters 
    indicate the fish species as follows:
    LB - Largemouth Bass
    CF - Channel Catfish

FieldID Total Selenium
LCRHLB001 9.2
LCRHLB002 8.9
LCRHLB003 9.3
LCRHLB004 9.5
LCRHCF001 3.9

q
0 2,0001,000
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FIGURE F-37
SEDIMENT SELENIUM CONTOUR - 
ALL SAMPLES

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-37_SELENIUM_ALL.MXD  6/14/2006 16:12:00

NOTES:
1. For information on sampling and analysis of sediments, 
    refer to following figures (F-38, F-39, and F-40).
2. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
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FIGURE F-38
SEDIMENT SELENIUM CONTOUR - 
2005 SAMPLES

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-38_SELENIUM_2005.MXD  6/29/2006 16:39:52

NOTES:
1. Shallow water sediments collected by SDSU and CH2M HILL 
    staff on March 17 and 18, 2005. Shoreline sediment samples
    collected by CH2M HILL staff between April 1 and 5, 2005.
2. Samples were analyzed by EPA Method 6020 using 
    inductively-coupled plasma-mass spectrometry (ICP-MS).
3. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
4. Measured data used for contouring were limited to those for
    which location coordinates were available. Samples without
    location coordinates were not included because the measured
    data for known locations were used to derive the estimated
    data and contouring.
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FIGURE F-39
SEDIMENT SELENIUM CONTOUR - 
2003 SAMPLES

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-39_SELENIUM_2003.MXD  6/14/2006 16:22:40

NOTES:
1. Shallow water sediments collected by Agrarian Research, Inc.
    of Bishop, CA for USGS Salton Sea Science Office in 2003. 
    Samples were collected from shoreline and at 5, 10, and 15 ft 
    water depth to characterize the shallow sediment areas for 
    total organic matter and particle size distribution.
2. 208 archived sediment samples were analyzed for total 
    selenium in late 2004 and early 2005 using Hydride 
    Generation Auto-analyzer (HGAA). An additional 36 samples 
    were analyzed in May 2005 by EPA 6020 using ICP-MS.
3. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.

Selenium (mg/kg)
0 - 0.49
0.5 - 0.9
1.0 - 1.49
1.5 - 1.9
2.0 - 2.49
2.5 - 2.9
3.0 - 3.49
3.5 - 3.9
4.0 - 4.49
4.5 - 4.9
5.0 - 5.49
5.5 - 5.9
6.0 - 6.49
6.5 - 6.9
7.0 - 7.49
7.5 - 7.9
8.0 - 8.49
8.5 - 8.9
9.0 - 9.49
9.5 - 9.9
10.0 - 10.49
10.5 - 11

q



")

")

")

")

")

")

")
")

")

")

") ")

")

")

")

")

")

")

")
")

")
")

")")

")
")

")

")
")

")

")

")

")

")

")

")

")

")
")

")

")

")

")

")

")

")

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

")

")

WHITEWATER RIVER

SALT CREEK

ALAMO
RIVER

NEW RIVER

SAN FELIPE
CREEK

-235

-255
-9999 -240

-26
5

-225

-250

-230

-245

-26
0

-270
-275

-275
-260

-275

-255

-27
5

-255

-270

-270

-275

-270-27
0

-265

-23
0

LEGEND
Selenium Sample Locations
Data Source

") Levine Fricke (1999)
!( Schroeder (2004)

5-Foot Bathymetric Contours

0 52.5
Miles

FIGURE F-40
SEDIMENT SELENIUM CONTOUR - 
1998-1999 SAMPLES

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\MXDS\PEIR\FIGUREF-40_SELENIUM_9899.MXD  6/14/2006 15:09:41

NOTES:
1. 48 shallow, medium and deep sediments were collected by
    Levine-Fricke in December 1998 as part of their Phase I 
    Reconnaissance Investigation of Salton Sea Sediments and 
    were analyzed for total selenium by EPA Method 7005.
2. 11 shallow, medium and deep sediments were collected by the 
    USGS in April 1999 for the National Irrigation Water Quality 
    Program (NIWQP) and were analyzed for total selenium (and 
    other elements) by methods consistent with those used in the 
    reconnaissance phase of NIWQP studies. These methods 
    included ICP-MS as described by Briggs and Meier (1999).
3. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
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FIGURE F-41
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
EXISTING CONDITIONS

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\ATTACHMENT_F2\FIGUREF-41_RECENT_CONDITIONS.MXD  6/29/2006 16:42:33

NOTES:
1. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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FIGURE F-42
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT 
NO ACTION ALTERNATIVE-
CEQA CONDITIONS

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-42_STILT_NAA_CEQA_RISK.MXD  6/29/2006 08:22:58

NOTES:
1. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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FIGURE F-43
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
NO ACTION ALTERNATIVE-
VARIABILITY CONDITIONS

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-43_NAA_VAR_RISK.MXD  6/29/2006 09:11:29

NOTES:
1. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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FIGURE F-44
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT 
ALTERNATIVE 1: 
SALINE HABITAT COMPLEX I

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-44_STILT_SHC_1_RISK.MXD  6/29/2006 09:13:40

NOTES:
1. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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FIGURE F-45
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
ALTERNATIVE 2: 
SALINE HABITAT COMPLEX II

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-45_STILT_SHC_2_RISK.MXD  6/29/2006 09:16:22

NOTES:
1.  Contouring was based on interpolation using an inverse 
     distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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FIGURE F-46
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
ALTERNATIVE 3: 
CONCENTRIC RINGS

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-46CR_RISK.MXD  6/29/2006 09:17:27

NOTES:
1. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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FIGURE F-47
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
ALTERNATIVE 4: 
CONCENTRIC LAKES

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-47_CL_RISK.MXD  6/29/2006 09:18:48

NOTES:
1. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).

LOAEL Hazard Quotient
0 - 0.49
0.5 - 0.9
1.0 - 1.49
1.5 - 1.9
2.0 - 2.49
2.5 - 2.9
3.0 - 3.49
3.5 - 3.9
4.0 - 4.49
4.5 - 4.9
> 5.0

q



")

")̂

")

")")!(̂

")")

")

!(

^

#*#*

#*
#*

#*

#*

#*
#*

#*

#*

#*

#*

#*
#*#*

#*#*

")

")

")

")

")

")")

")

")

")

") ")

")

")

")

")

")

")

")

")
")")

")
")

")

")

")
")")

")

")
")

")

")

")

")

")

")

")
")

")

")")

")

")
")

!(

!(!(!(

!( !(

!(

!(

!(

!(

!(

!(!(!(!(!(

$+$+
$+

$+

$+
$+$+$+

$+
$+

$+$+
$+

$+$+$+

$+

$+ $+
$+

$+$+

$+
$+

$+$+

$+$+

$+$+$+

$+
$+

$+

$+
$+$+

$+$+$+

$+$+
$+

$+
$+
$+

$+$+
$+

$+
$+
$+

$+
$+
$+

$+ $+

$+

$+

$+

$+
$+

$+$+$+

$+

$+
$+

$+$+
$+

$+
$+

$+

$+

$+
$+$+

$+
$+

$+

$+

$+

$+

$+

$+

$+

$+$+
$+

$+

$+$+
$+$+

$+
$+$+

$+
$+$+

$+
$+

$+
$+

$+

$+$+
$+

$+
$+

$+

$+$+

$+$+$+
$+$+$+$+$+

$+$+$+
$+

$+
$+
$+

$+
$+
$+

$+
$+

$+
$+$+
$+$+
$+$+

$+

$+$+
$+$+
$+$+$+
$+$+$+
$+$+

$+$+
$+$+
$+$+
$+$+
$+$+
$+
$+
$+$+
$+
$+$+

$+$+
$+$+

$+$+ $+$+ $+$+ $+
$+
$+
$+

$+
$+

$+
$+
$+$+ $+$+ $+ $+$+

$+ $+
$+$+

$+

$+$+$+
$+

$+$+$+
$+$+

$+$+$+
$+
$+$+$+$+

$+

$+
$+

$+

$+

$+

$+

#*

#*

#*

#*

#*

#*#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

$+
$+

$+

$+

$+

$+

$+

$+

$+

$+$+

$+

$+

$+

$+

$+

$+
$+

$+

WHITEWATER RIVER

SALT CREEK

ALAMO
RIVER

NEW RIVER

SAN FELIPE
CREEK

EXPOSED PLAYA
(AQM)

MARINE SEA

SALINE HABITAT COMPLEX

BRINE SINK

BRINE SINK

-235

-255
-9999 -240

-26
5

-225

-250

-230

-245

-26
0

-270

-275

-275

-260
-275

-255

-275

-255

-270

-270

-270

-265

-23
0

LEGEND
Data Source
#* DWR (2005f)
$+ USGS (2003)
!( Schroeder (2004)
") Levine-Fricke (1999)
^ UCR (2003)

5-Foot Bathymetric Contours
Existing Salton Sea

0 52.5
Miles

FIGURE F-48
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
ALTERNATIVE 5: NORTH SEA
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NOTES:
1.  Contouring was based on interpolation using an inverse 
     distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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FIGURE F-49
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
ALTERNATIVE 6: 
NORTH SEA COMBINED

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-49_NSC_RISK.MXD  6/29/2006 09:23:30

NOTES:
1.  Contouring was based on interpolation using an inverse 
     distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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FIGURE F-50
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
ALTERNATIVE 7: 
COMBINED NORTH AND SOUTH LAKES

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-50_CNS_RISK.MXD  6/29/2006 16:46:39

NOTES:
1. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
5.  Marine Sea includes both Recreational Saltwater Lake and 
     Recreational Estuary Lake.
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FIGURE F-51
ESTIMATED RISKS FOR THE 
BLACK-NECKED STILT
ALTERNATIVE 8: 
SOUTH SEA COMBINED

SAC  \\GLACIER\SACGIS\SALTON_SEA\GIS\ALTERNATIVES\MXDS\SEANALYSIS\RISK_CONTOURS\FIGUREF-51_SSC_RISK.MXD  6/29/2006 09:27:10

NOTES:
1. Contouring was based on interpolation using an inverse 
    distance weighted method among 12 nearest points.
2.  Hazard quotients were estimated using the food-chain uptake
     model which includes ingestion of sediment, surface water, and 
     food (aquatic and benthic invertebrates).
3.  Non-detected sediment selenium concentrations were used at
     one-half the reporting limit.
4.  Estimated risks are based on the Lowest Observed Adverse 
     Effect Level (LOAEL).
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