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EXECUTIVE SUMMARY 
 

Ouray National Wildlife Refuge (NWR) is located in the Uinta Basin of northeastern Utah. It was developed to 

establish breeding, nesting and feeding area for waterfowl. Historically, concentrations of selenium (Se) in birds 

nesting in Sheppard Bottom of Ouray NWR exceed the threshold level of 6.4 µg Se/g dw, approaching 

reproductive impairment for waterfowl. 

 

Samples collected and analyzed by the U.S. Geological Survey (USGS) in the late 1980s demonstrated elevated 

selenium concentrations in water, sediment, benthic macroinvertebrates, fish and bird eggs. For example, of the 

140 aquatic bird eggs analyzed for selenium at that time, 44 % contained Se concentrations greater than or equal 

to 6.4 µg Se/g dw, that is a conservative estimate of the EC10 for egg hatchability. The data and more recent 

information suggest that additional monitoring of aquatic birds and their prey items is warranted to ensure the 

beneficial uses associated with wildlife are being supported.  

 

The objective of this study is to determine whether selenium poses a hazard to resident biota by using a 

selenium-site specific hazard assessment approach. The approach uses data from Sefive ecosystem components 

as evidence for evaluating the potential impacts of contaminants of concern in Sheppard Bottom. 

 

With a limit dataset of 36 eggs collected during 2015 as compared to the 140 collected in the 1980s, results 

indicate that selenium contamination may still remain an issue of concern to wildlife using Sheppard Bottom of 

Ouray NWR. Results from this Se hazard assessment demonstrate that the Se hazards to birds occupying 

Sheppard Bottom during the spring of 2015 were the same or greater than the 1980s. 

1.0 INTRODUCTION AND OBJECTIVES 
 

Ouray National Wildlife Refuge (NWR) was identified as a site with selenium (Se) contamination of ponds 

during the 1980’s irrigation drainage investigation conducted by the U.S. Geological Survey (USGS) and the 

U.S. Fish and Wildlife Service (USFWS). The Se contamination was limited to a small area in the western part 

of the refuge known as Sheppard Bottom and Roadside ponds (Figure 1). The source of the Se contamination 

was traced back to seepage of shallow ground water that flowed through seleniferous sedimentary formations 

before filling the ponds (Peltz and Waddell, 1991; Stephens and Waddell, 1988; Stephens et al., 1992b). Water 

samples collected in the Roadside drainage contained up to 93 µg/L Se and groundwater selenium concentrations 

were even higher.  Further investigation revealed Se was also elevated in biota at the Roadside ponds as 

indicated by high Se concentrations in the biota, reduced waterfowl production and deformed embryos (Peltz and 

Waddell, 1991).   

 

In one study, flightless mallards released at the Roadside ponds accumulated high concentrations of Se (up to 

106 µg/g in livers) and died within several weeks (Peltz and Waddell, 1991). High concentrations of Se were 

also found in sediment, plants, invertebrates and fish.  In 1996 the North Roadside (NR) pond was filled in with 

clean sediment and the South Roadside (SR) pond drained to decrease use of those areas by waterfowl.  

 

Mitigation for these wetland losses resulted in the construction of moist soil units called the Parker Tracts (PK).  

Further testing in 1997 revealed that Se was still a significant concern in S5 and S3 as water from the Roadside 

drainage flowed into S5.  At that time S5 was a closed wetland system with no connection to the river. However, 

the dike between S5 and S3 was in poor condition, and was likely the source of the water seeping through the 

dike.   

 

While concentrations of Se in bird eggs in units S2, S3 and S4 had not reached levels known to cause fatalities or 

deformities at that time, it was likely that the concentration of Se would continue to rise (Darnall, 1999).  In 2001 

the dikes between S5 and the Green River were removed and a canal was built to allow S5 to connect to the river 

during high river flow events.  The spoil from the dike removal was used to reconfigure S3 and S5 and build a 

protective levee separating S5 from the rest of Sheppard Bottom. Thus the restructuring of Sheppard Bottom 

allowed the Roadside drainage to flow into S5, which connected with the Green River during high flows and 
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flushed accumulated Se out of S5.  The rest of Sheppard Bottom was protected from the Roadside drainage with 

the protective levee.  

  

In 2007, USFWS collected invertebrates, bird eggs, and fish for determination of Se concentrations.  Results of 

Se analyses in the samples suggested that Se concentrations might have declined following wetland restructuring. 

However, due to small sample sizes and the exclusion of sediment or plankton samples, Se contamination in the 

wetlands was inconclusive.  

 

The objective of the present study is to resample several environmental matrices in Sheppard Bottom to evaluate 

Se concentrations and determine whether the restructuring of Sheppard Bottom produced the desired objectives 

of reducing Se concentrations in the environment, most importantly food chain biota and avian eggs.  

2.0 SITE DESCRIPTION AND SITE CHARACTERIZATION 

 ACTIVITIES 
 

Ouray National Wildlife Refuge is located in the northeastern corner of Utah. Sheppard Bottom, one of the five 

bottoms within the Ouray NWR, is divided into five individual wetland units (S1 – S5) (Figure 1). In addition, a 

draw feeding into Sheppard Bottom, called Roadside drainage, also contains two wetland ponds, North Roadside 

(NR) and South Roadside (SR), created to capture draw drainage and provide additional wetland habitat that are 

no longer managed to hold water. S1 thru S4 receives water to flood the wetlands during high river flows through 

an inlet structure from Pelican Lake and the Green River.  S5 receives seepage from the Roadside drainage and 

back floodwaters of the Green River. 

 2.1 Site Investigation 
 

From late spring to early summer (May-June) of 2015, water, sediment, macroinvertebrate, plant, and bird egg 

samples were collected from S1, S2, S3, S4, S5, NR and SR ponds (Figures 2-4).  Samples were preserved and 

then analyzed for Se concentrations.  

 2.2 Methods 

 2.2.1 Field Methods  

 2.2.1a Bird Egg Collection and Processing 
 

Once a nest was located, a single egg per nest was collected (Figure 4). Multiple eggs were collected from 

abandoned nests only following determination of nest status by an experienced avian biologist. Field biologists 

used established protocols for collecting eggs for contaminant analysis. Eggs were marked with a unique 

identification number, placed with the air-cell up in a paper egg carton, and placed on ice packs in a cooler while 

in the field. Eggs were maintained in a refrigerator after returning from the field and processed in the lab within 

24 hours of collection.  

 

Egg breakout assessments were performed at Utah State University - Uintah Basin campus. Dissection occurred 

within 24 hours of collection. Upon opening each egg, the embryo was checked for stage of development and 

developmental abnormalities (Romanoff and Romanoff, 1972). Embryonic age was estimated according to 

Hamilton (1952) and (Caldwell and Snart, 1974). If no embryo was found, the egg was examined for the 

presence of a blastodisc. Observations of embryo development were recorded according to standard procedures.  

 

Measurements of egg length, width, mass, volume, and density were taken. Initial egg mass (IEM) was 

calculated using the following formula: 

 

IEM=Kw x LB2 (Hoyt, 1979). 

Kw: weight coefficient for individual species 

L: length 
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B: breadth 

 

Egg volume was estimated by the “length-breadth technique” (Hoyt, 1979): 

 

Volume = Kv x LB2 

Kv: volume coefficient for individual species  

L: length 

B: breadth 

 

All embryos were photographed and images can be provided upon request of the funding agency or other 

stakeholders. Egg contents (including embryos) were placed in a chemically cleaned container, and preserved 

frozen for Se analysis. 

 2.2.1b Fish Collection and Processing 
 

Fyke and seine nets were used to collect fish. No fish were netted during this sampling period. Only salamanders 

were netted on S4. Due to permit limitations they were not collected. 

 2.2.1c Benthic Macroinvertebrate Collection and Processing 
 

Benthic macroinvertebrate samples were collected using D-shaped dip nets (Figure 3b). Each dip net sample for 

Se analysis contained a minimum mass of 40 grams wet weight (ww). Dip nets were used around the perimeter 

of the wetlands and in areas where there was open water between emergent vegetation. Macroinvertebrates were 

removed from sampling nets with pre-cleaned forceps and placed in Whirlpaks®. Samples were rinsed with 

deionized water to remove detritus, sediment, and debris. Samples for Se analysis were placed in jars with no 

preservative (ie., no water or alcohol) and frozen  at -20 °C for storage prior to transporting to USU- Logan for 

Se analysis. Macroinvertebrate tissue Se analysis was performed by Utah State University, Plants, Soils, & 

Climate Department soil chemistry laboratory. 

 2.2.1d Plant Collection and Processing 
 

Foraging habits of feeding avian species were assessed by observation from the ground and boats. Once foraging 

plant materials were identified, a representative sample was collected as well as an estimation of plant cover 

(Figure 3a). Plant structures collected included roots, stem, inflorescence, or entire plants.  

 

Plant samples were prepared by soaking for 30 seconds in a solution of 0.3% sodium lauryl sulfate and 1 mM 

HCl to remove surface debris (Pilon-Smits et al., 1999). Plant tissues were dried for 24 hours in a convection 

oven at 80°C.  

 

For all vegetation fieldwork, voucher specimens were prepared of all plant species not readily identifiable or 

known in the field. Specimens were placed within individually- labeled, folded sheets of newspaper and pressed 

using standard botanical technique. 

 2.2.1e Sediment Collection and Processing 
 

Three random sediment samples were collected using a Kajak-Brinkhurst (KB) corer at each sample site (Figure 

2b). Each sample was subdivided by depth: 0-5 cm and 5-15 cm below the surface. Samples were stored in 

plastic bags, placed on ice while in the field, and frozen at -20 °C for longer-term storage prior to transporting to 

USU, Logan for Se analysis.  

 

 2.2.1f Water Collection and Processing 
 

Surface water grab samples were collected at each sample site, and placed on ice in a cooler until returning to the 

laboratory (Figure 2a). In the laboratory, samples were filtered through a 0.45-μm Teflon® membrane filter and 

acidified with trace-metal grade concentrated H2SO4. Water samples were stored at 4°C prior to digestion and 
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analysis. Field measurements of temperature, pH, total dissolved solids (TDS), specific conductivity, dissolved 

oxygen (DO), oxidation-reduction potential (ORP), and turbidity of surface water samples were performed using 

an EXO1 multiprobe.. 

 2.2.2 Laboratory Methods 

 2.2.2a Bird Egg Sample Analyses 
 

Bird egg samples were sent to the Trace Element Research Lab (TERL) at Texas A&M University for analysis of 

total Se. Blank, duplicate, laboratory check samples, standard reference material, and spiked samples were used 

for quality control (QC). Bird egg homogenates samples were analyzed for contaminants in the same batch. 

Relative percent difference (mean ± SD) for duplicate samples was 5.5 % ± 7.8 for Se and 2 % ± 0 for mercury. 

The percent recovery for laboratory check samples for Se was 106.5 ± 2.1. Standard reference materials (SRM) 

included NIST 2976 and BRC-563. Percent recovery of Se in SRMs was 103.5% ± 3.5 and 101.3 % ± 2.6 for 

mercury. Percent recovery of Se and mercury in spiked samples was 103% ± 1.4 and 100% ± 2.8, respectively. 

Bird egg Se concentrations were not adjusted based on quality control sample recoveries. 

 2.2.2b Sediment, Vegetation and Macroinvertebrate Analyses 
 

The dried vegetation, frozen sediment, and frozen benthic macroinvertebrate samples were transported to the 

Utah State University, Plants, Soils, & Climate Department soil chemistry laboratory for total Se analysis.  

 

Dried plant material was ground, sieved to < 0.5 mm and homogenized. Sediment and benthic macroinvertebrate 

samples were thawed immediately preceding analysis. Once thawed, the benthic macroinvertebrate samples were 

homogenized in a blender. Sediment and macroinvertebrate subsamples were weighed in their moist state for 

moisture content determination and digestion. Subsamples of sediment, plants, and invertebrates were prepared 

for Se analysis by the nitric-perchloric digestion and reduced to selenite with hydrochloric acid (HCl) (Zasoski 

and Burau, 1977). Se was analyzed by hydride generation atomic absorption spectrometry (HG-AAS) using a 

Varian AA240 with a VGA 77 vapor generation accessory and a SP3 autosampler (Varian Inc., Walnut Creek, 

CA).   

 

Quality control was monitored with blanks, analytical replicates, matrix-matched spiked samples, and standard 

reference materials consisting of National Institute of Standards and Technology (NIST) 2709a San Joaquin soil 

for soils and sediments or NIST 1573a tomato leaves for invertebrates and plants. The average coefficient of 

variation for analytical (laboratory) replicates was 8.5 % and spike recovery ranged from 98-103 %. Percent 

recoveries of Se in NIST 1573a and NIST 2709a were 154 % and 101 %, respectively. Note that the NIST 1573a 

sample is approximately 10 years old and has been oven dried. The certified value is therefore not valid, but the 

material was run as an internal reference control and recovery was consistent throughout the analyses.    

 2.2.2c Water Analyses 
 

Water samples were preserved at 4°C prior to analysis and transported in a cooler with ice to USU for total Se 

analysis. Subsamples of the pond waters were digested with sulfuric acid-potassium peroxydisulfate and 

followed by HCL to reduce Se to selenite (Cutter, 1986). Total Se was analyzed by HG-AAS. 

 

Quality control was monitored with blanks, analytical replicates, and matrix matched spiked samples. The 

average coefficient of variation for analytical (laboratory) replicates was 8.3% and spike recovery ranged from 

100-117%.  

 2.2.3 Egg Contaminant Concentrations on a Fresh Wet Weight Basis 
 

Because eggs can lose a substantial amount of weight from the time of laying due to respiration and moisture 

loss, contaminant concentrations in eggs were determined on a dry weight (dw) basis and then converted into a 

fresh wet weight (fww) egg concentration following the methods of Ackerman et al. (2013) and using the 

individual egg’s morphological measurements. Egg contaminant concentrations on a dry weight basis were first 

converted to egg contaminant concentrations on a wet weight basis using an individual egg’s specific moisture 
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content. Then, egg contaminant concentrations on a wet weight basis were converted to egg contaminant 

concentrations on a fresh wet weight basis by dividing the total wet weight of the egg at the time of dissection by 

the predicted fresh wet weight of the egg at laying and multiplying that value by the egg contaminant 

concentration on a wet weight basis at dissection. The fresh wet weight of the egg at laying was estimated by 

using the following equation:  

 

egg fww = Kw * (EL * EW
2)/1000, where Kw = egg weight coefficient, EL = egg length, and EW = egg width 

(Hoyt, 1979). 

 2.2.4 Statistical Methods 
 

Measures of central tendency are expressed as the geometric mean ± standard error unless otherwise stated. All 

data analyzed using parametric methods were tested to meet the appropriate assumptions.  

 

We used t-tests to test for differences in tissue contaminant concentrations among wetland units between years. 

Results of statistical tests were considered to be significant at p < 0.05.   

3.0 PROBLEM FORMULATION 
 

The first step of this hazard assessment includes development of the problem formulation for the site. During this 

step, a conceptual site model is (CSM) is developed, COPCs and ecological effects of COPCs are identified, 

completed exposure pathways and potential ecological receptors are identified, and assessment endpoints (AEs) 

and measures of exposure and effects are selected. 

 3.1 Preliminary Conceptual Site Model 
 

The CSM for Sheppard Bottom is presented in Figure 5 and identifies the following: 

 

 Potential contaminant sources 

 Potential exposure routes 

 Potential ecological receptors 

 

The primary contaminant sources in Sheppard Bottom are considered to be irrigation return flows and shallow 

groundwater flows which carry soil and sediment into Roadside Draw and Sheppard Bottom.. 

 

Plants, fish and wildlife are directly exposed to COPCs primarily from contaminated sediment/soil and surface 

water of Sheppard Bottom while fish and wildlife may also be exposed through ingestion of food. 

 3.2 Identification of Chemicals of Potential Concern 
 

The preliminary selection of COPCs is based on “Detailed study of Se and selected elements in water, bottom 

sediment, and biota associated with irrigation drainage in the middle Green River Basin, Utah 1988-90” 

(Stephens et al., 1992b), and other supporting datasets primarily investigating Se occurrence and distribution in 

environmental matrices within Sheppard Bottom. 

 

The following chemicals were identified as COPCs for this hazard assessment: 

 

 Se 

3.3  Preliminary Identification of Ecological Receptors and Exposure Pathways 
 

Potential ecological receptors are those organisms that may be exposed to COPCs through direct contact with 

chemicals or through trophic (food chain) transfer via ingestion of contaminated prey (Hamilton, 2004). Based 

on previous studies, review of scientific literature, and general understanding of the ecological setting, the 
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following groups of ecological receptors are found in and around Sheppard Bottom and are considered in this 

hazard assessment: 

 

 Benthic macroinvertebrates 

 Fish 

 Aquatic-dependent birds 
 

Groups of organisms that are not included in this list, such as reptiles, amphibians, and upland wildlife, are 

considered to be at lower risk than some of the receptors considered, based on their feeding habits and potential 

for exposure to site contaminants. 

 

Benthic organisms inhabit the sediment and directly absorb contaminants through dermal contact with sediment 

particles and interstitial water, as well as through ingestion of contaminated food items and incidental ingestion 

of sediment. For benthic organism, the interstitial water phase may represent a substantial portion of the respired 

fluids. 

 

The water column represents the primary source of exposure for fish. Fish absorb contaminants through dermal 

exposure and through respiration. Fish may also be exposed to contaminants through ingestion of contaminated 

food items and incidental ingestion of sediment. 

 

Birds utilizing Sheppard Bottom as a foraging and nesting area may be exposed to contaminants through 

ingestion of contaminated food items and water, or incidental ingestion of soil or sediment, and through direct 

contact with surface water, sediment, or soil. 

3.4 Identification of Assessment Endpoints and Measures of Exposure and Effects 
 

Assessment endpoints (AE) are explicit expressions of the ecological resources that are to be protected. Valuable 

ecological resources include those that support or provide ecosystem functions and services that could be 

significantly impaired or those providing critical resources. Assessment endpoints help to focus the hazard 

assessment on particular components of the ecosystem that could be adversely affected by contaminants in the 

wetland ecosystem. Because it is not practical or possible to directly evaluate risks to all of the individual 

components of the ecosystem on-site, appropriate selection and definition of AEs are critical to the identification 

of key sensitive components of the ecosystem that could be adversely affected by the contaminants associated 

with Sheppard Bottom. 

 

Measures of exposure and effects are defined as measurable ecological characteristics that relate to the valued 

characteristic selected as the assessment endpoint. A measure of effects is a measurable attribute of an AE or its 

surrogate in response to stressor to which it is exposed. Measures of exposure and effect typically include 

measured or modeled concentrations of a chemical in various media, and may also consider the results of 

laboratory toxicity studies and field observations. For this hazard assessment, all measures of exposure and 

effects are based on measured concentrations of Se in sediment, surface water, and biota and their relationship 

with literature benchmark values for effects. 

 

The following AEs and measures of exposure and effects were selected for this hazard assessment and are 

directed towards the survival, growth, and reproduction of aquatic or aquatic-dependent organisms (Table 3): 

3.4.1 Assessment Endpoint #1: Survival, growth, and reproduction of aquatic plants 
 

Sparse information exists in the literature describing the toxicity of Se to wetland plants. Se toxicity in fish and 

wildlife has received the majority of the literature discussion. What information that does exist suggests Se 

toxicity in wetland plants is not expected when water bodies are meeting water quality criteria, which is the case 

for Sheppard Bottom. Plants may exhibit signs of Se toxicity including stunting of growth, chlorosis, withering 

and drying of leaves, decreased protein synthesis, and premature plant death, but typically only when roots are 

exposed to high Se concentrations (Terry et al., 2000). Wetland plants of the Sheppard Bottom are likely tolerant 

(i.e., those able to persist in Se-contaminated areas) to naturally-occurring seleniferous, alkaline soils and 
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sediments derived from the weathering of seleniferous rocks of the Uintah Basin. Some wetland plants common 

to Sheppard Bottom, such as cattail, have been used in constructed wetlands to remediate Se-contaminated 

environments due to their Se-accumulating nature and tolerance to Se. Because wetland plants for the most part 

are tolerant to exposure to Se at concentrations measured in Sheppard Bottom, no further consideration is given 

in this report to Se toxicity to plants. 

 

3.4.2 Assessment Endpoint #2: Survival, growth and reproduction of benthic 

macroinvertebrates 
 

Se is not anticipated to be toxic to freshwater invertebrates occurring in Sheppard Bottom since sublethal effects 

have not been demonstrated below water Se concentrations of 100 µg/L (selenite, 1 day test in Hyalella) 

(Debruyn and Chapman, 2007). In addition, tissue Se concentrations below approximately 10 µg/g dw are not 

anticipated to cause lethality or sublethal effects in freshwater benthic, zooplanktonic, and terrestrial 

invertebrates, with the Chrironomus genus being the exception since it is the most sensitive taxon tested 

(Debruyn and Chapman, 2007). S1, S2, S3 and S4 benthic macroinvertebrates samples (composites) collected 

and analyzed as part of this study contained Se concentrations below 10 µg/g dw. S5 and NR had benthic 

macroivertebrates samples well above 10 µg/g dw, 15.81 and 57.37 respectively. Table 4 includes summary 

statistics for contaminants in benthic macroinvertebrates collected in 1980’s and 2015. Assessment endpoint #2 

was not carried forward into the hazard characterization step because water Se concentrations do not exceed the 

threshold for toxicity in freshwater invertebrates. 

3.4.3 Assessment Endpoint #3: Avian embryo survival 
 

Birds may be exposed to Sheppard Bottom contaminants via two primary and two secondary pathways. Primary 

pathways include ingestion of contaminants in or on prey items and incidental ingestion of surface soil/sediment 

while feeding. Secondary pathways of exposure include ingestion of contaminated water and incidental ingestion 

of sediment while drinking. Avian embryos have been shown to be the most susceptible life stage to exposure to 

Se.  

 

The avian community was determined to be of concern due to their potential for exposure to Se. Sheppard 

Bottom is primarily managed to support migratory birds, especially waterfowl species; therefore, the potential 

risk of contaminant exposure to breeding birds is of concern to federal and state wildlife management agencies. 

 

Overall Risk Question: Are concentrations of Se in avian eggs high enough to adversely affect 

embryo survival? 

 

Measure of Effects: Determine whether measured concentrations Se in avian eggs exceed 

benchmark values. 

4.0 HAZARD ANALYSIS 
 

 4.1 Characterization of Exposure 
 

Analytical results for surface water, plants, sediment, benthic macroinvertebrates, and avian eggs collected from 

ponds contained in Sheppard Bottom of Ouray NWR are summarized in this report. We also provide 

comparisons of Se concentrations in environmental matrices between our 2014 dataset and data collected from 

1987–1990 (Peltz and Waddell, 1991; Stephens et al., 1992a) for the Ouray NWR. 

 4.2 Characterization of Effects 
 

The next step of the hazard assessment process involves using Lemly’s hazard assessment approach (Lemly, 

1996) to assess potential hazard to ecological receptors. Risk to ecological receptors, in this case plant, benthic 

macroinvertebrates and birds, is estimated by comparing mean and maximum biota chemical concentrations with 

ecotoxicity benchmark values (Appendix A).  
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For Lemly’s approach, a toxic threat (hazard) of Se is based on the potential for bioaccumulation and 

reproductive impairment in aquatic birds. Additional information about this approach is provided in Section 

4.2.2.  

   

4.2.1 Avian Embryo Survival 
 

Contaminant concentrations in bird eggs should be reported in fresh wet weight (fww), rather than dry weight 

(dw), due to moisture loss and embryo respiration during development (Ackerman et al., 2013). Therefore, we 

converted egg contaminant concentrations from dry weight to fresh wet weight based on the calculations of Hoyt 

(1979) and converted threshold effects levels reported in dry or wet weight to fresh wet weight (see Ackerman et 

al. (2015) for more information). See Table A1 for the lists of threshold effects of Se in birds (health, 

reproductive, teratogenesis or survival) bases on bird egg Se concentrations. 

 4.2.2 Lemly’s Hazard Assessment Protocol 

 
Each of five ecosystem components, water, sediment, benthic macroinvertebrates, fish eggs, and aquatic bird 

eggs, is given a separate hazard score. The degree of hazard is given a numerical score: 5 = high hazard, 4 = 

moderate hazard, 3 = low hazard, 2 = minimal hazard and 1 = no identifiable hazard. For this study, fish eggs 

were not collected and instead Se was measured in whole-body samples of fish. Whole- body fish Se 

concentrations were converted to approximated egg concentrations using the following conversion factor: fish 

egg Se = fish whole-body Se x 3.3. A final hazard characterization is determined by adding each matrix hazard 

score and comparing the total to the following evaluation criteria: 5 = no hazard, 6-8 = minimal hazard, 9-11 = 

low hazard, 12-15 = moderate hazard, 16-25 = high hazard (Lemly, 2002). 

 

In the 2015, study fish were not present in the ponds and therefore not collected. In this case, only four 

ecosystem components were used: water, sediment, benthic macroinvertebrates and aquatic bird eggs, with the 

same numerical score used as above. A final hazard characterization was determined by adding each matrix 

hazard score and comparing the total to the following evaluation criteria: 4 = no hazard, 5-7 = minimal hazard, 8-

10 = low hazard, 11-14 = moderate hazard, 15-20 = high hazard. 

5.0 HAZARD CHARACTERIZATION 
 

This section presents the hazard characterization and analysis of potential ecological effects for the receptors 

selected for this hazard assessment. The hazard questions developed for the assessment endpoints are also 

addressed. 

 5.1 Avian Embryo Survival 
 

Among all bird eggs collected, 83% contained ≥0.55 µg Se/g fww, 42% contained ≥1.10 µg Se/g fww, and 22% 

contained ≥2.29 µg Se/g fww (Table 5). We assessed Sheppard Bottom bird egg Se concentrations between years 

(1980s and 2015) and found significant differences for NR and SR, where bird eggs from the 1980s USGS 

dataset contained significantly higher concentrations of Se than the 2015 dataset (Table 6; Figures 5). Egg 

sample sizes from 2015 were not adequate to assess differences in egg Se concentrations among species.  

 

We also assessed potential hazard to birds based on dietary (benthic macroinvertebrates) Se concentrations. For 

benthic macroinvertebrate samples, 83% exceeded the background Se concentration (≥3 µg Se/g dw), 67% 

exceeded the low hazard threshold concentration (≥4 µg Se/g dw), and 33% exceeded the high hazard threshold 

concentration (≥5 µg Se/g dw). Macroinvertebrates samples collected in 2015 from NR and S3 contained 

significantly higher Se concentrations than samples collected in the 1980s from the same wetland units (Table 4). 
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 5.2 Lemly’s Hazard Assessment Protocol 

 
Tables 7 and 8 present the data sets used in Lemly’s Hazard Assessment Protocol to rate the hazard to biota 

posed by Se, and the ratings and hazard assessments in all components of units NR, S3 and S5 in the 1980’s and 

2015. In the1980’s, all components scored within the high hazard range for NR and S5, and within the moderate 

hazard range for S3 (Table 6). Hazard scores based on the 2015 data set, based on a four ecosystem component 

score (i.e., no whole fish component), also scored in the high hazard range for NR and S5, and moderate range 

for S3. Thus, according to the Lemly Hazard Assessment Protocol, there was no change in the hazard to biota 

posed by Se for these three wetland units.  

 5.3 Summary of Hazard Conclusions 
 

1. Are concentrations of Se in avian eggs high enough to adversely affect embryo 

survival? 
 

Approximately 20% of the eggs sampled from Sheppard Bottom had Se concentrations over the level associated 

with reduced egg hatchability in sensitive and moderately sensitive species of birds (12.5 µg/g dw or 2.29 µg/g 

fww). Species AMAV, BNST, GWTE, MALL and REDH all had average Se concentrations above 2.29 µg/g 

fww. However, only BNST had a sample size large enough to have confidence in the average (Table 5). Hazard 

scores calculated using the Lemly hazard assessment approach also suggest a moderate to high reproductive 

hazard in birds. There is a trend towards increasing bird egg Se concentrations in S3 and S5 when compared to 

the late 1980s sampling period. Caution should be used when interpreting this due to small sample size for most 

species. Additional monitoring is warranted based on the observed egg Se concentrations. We assume a moderate 

to high reproductive hazard in Sheppard Bottom bird populations as a result of exposure to Se. 

6.0 UNCERTAINTY AND ASSUMPTIONS 
Uncertainties and limitations are inherent in all risk assessments and need to be considered when interpreting 

results. Knowledge of the sources of uncertainty, how the assessment dealt with the sources of uncertainty, and 

an understanding of the magnitude of the effects resulting from the sources of uncertainty allows for informed 

management decisions. The nature and magnitude of uncertainties depend on the amount and quality of data 

available, the degree of knowledge concerning the site conditions, and the assumptions made to perform the 

assessment. Within this hazard assessment, decisions regarding the direction of uncertainty were made to err 

towards the conservative side; however, there are some instances for which insufficient information was 

available to estimate the direction of the uncertainty. The uncertainties related to problem formulation, exposure 

characterization, effects characterization, and hazard characterizations are provided in the following sections. 

 6.1 Problem Formulation 
 

There are several sources of uncertainty within the problem formulation phase of this hazard assessment. These 

include 1) the selection of assessment endpoints and 2) assumptions within the conceptual site model (Figure 5). 

The selection of appropriate assessment endpoints and the receptors that serve to characterize hazard or risk of 

the assessment endpoints is a critical step within the problem formulation phase. If a particular assessment 

endpoint or receptor that may potentially be exposed to contaminants of potential concern is overlooked or not 

identified, there will be an underestimation of hazard or risk. The conceptual site model presents the pathways by 

which contaminants, Se in this case, are released from Se source areas and receptors are exposed. However, 

some exposure pathways are difficult to evaluate or information does not exist to allow for a quantitative 

evaluation of exposure from particular exposure pathways. Within this hazard assessment, dermal (e.g., 

amphibians) and inhalation exposure pathways are not addressed quantitatively. It is believed that these exposure 

pathways are not substantive relative to other exposure pathways (e.g., ingestion) for receptors of potential 

concern. In addition, exposure to Contaminants of Potential Concern (COPCs) potentially present in groundwater 

that may discharge to North Roadside Draw or directly in to Sheppard Bottom ponds was not addressed in this 

hazard assessment. 
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We chose to focus our assessment on aquatic-dependent birds since they are the two groups of higher-level 

organisms most at risk from Se contamination in the aquatic environment based on a well-developed body of 

published research. Potential risk or hazard to biota not assessed as part of this study, such as amphibians, should 

not be inferred on study results; however, subsequent investigations, if warranted, should identify the ecological 

receptors of potential concern early during project planning and assessment endpoint development phases.  

6.2 Characterization of Exposure 
 

The uncertainties associated with exposure characterization include: quality of the data available; exposure 

pathways not retained for quantitative evaluation; identification of ecological receptors; selection of 

representative species; exposure route assumptions; speciation of inorganic contaminants, and partitioning of 

contaminants into target tissues. Within this hazard assessment, receptor model species were selected with the 

intent of targeting a comprehensive list of ecological receptors known to be potentially sensitive to Se for which 

we could sample within one summer season; unfortunately, certain species that have been shown to be relatively 

sensitive to or high accumulators (e.g., black-necked stilt) of Se were under-represented. The uncertainty 

associated with the selection of species models is often in the direction of over-estimation of hazard or risk for 

most species included within the assessment endpoint; however, it is possible that a species not selected as a 

receptor or individual organisms could have higher exposures that those calculated within this hazard 

assessment.  

 

Samples sizes among wetland ponds for fish, benthic macroinvertebrates, and bird eggs are relatively small (<10 

per matrix). Data limitations related to seasonal variations in tissue concentrations, bioaccumulation in species is 

not captured in this sampling effort, and specific exposure/bioaccumulation relationships could not be evaluated. 

The skewness of the uncertainty due to these data limitations cannot be conclusively stated. 

 

Information concerning speciation of inorganic contaminants, particularly Se, is lacking. It is widely recognized 

that bioavailability and toxicity can vary dramatically as a function of the speciation and/or partitioning of 

contaminants, especially in the case of Se. As a consequence, exposure and hazards may be either 

underestimated or overestimated. However, given that we derived lists of toxicity thresholds from several 

sources to ensure that potential ecological effects were not overlooked, it is unlikely that hazard is substantively 

underestimated. 

 6.3 Characterization of Effects 
 

Uncertainty related to the threshold effect concentration, including lowest observed effect concentration, EC10 

values, and other estimates derived from the literature, have inherent variability. These values are statistically 

determined and are reflective of the experimental design, including the animal models used in studies. However, 

within the hazard or risk calculations error surrounding the effect level estimates is believed to be relatively 

minor as compared to other sources of error within the risk calculations of the hazard or risk assessment. 

 

Standardized methods for assessing potential effects to specific wetland plants species are limited, making cause 

and effect difficult to prove (Powell et al., 1997). Laboratory toxicity tests that focus on standard toxicity tests 

species, such as Lemna spp., may not be specific to or protective of the vegetation growing within Sheppard 

Bottom. 

 

Conservative assumptions were made in light of the uncertainty associated with the hazard assessment process 

used for this study. This was done to minimize the possibility of committing a type II error (i.e., concluding that 

no hazard is present when a threat actually does exist). In most cases, hazard calculations were based on 

conservative values. For example, we attempted to use thresholds toward the low end of exposure-response 

profiles for all biota, regardless of toxic mechanism. 

 6.4 Hazard Characterization 
  

This hazard assessment evaluates exposure and potential effects using Lemly’s hazard assessment protocol for Se 

(Lemly, 1997). Additional and more general sources of uncertainty include natural variability, such as seasonal 

fluctuations in contaminant concentrations; temporal and spatial variability; sampling error; and insufficient 
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knowledge of the site, biogeochemical processes, etc. Natural variability is an inherent characteristic of 

ecological receptors, their stressors, and their combined behavior in the environment. Factors contributing to 

temporal and spatial variability include differences in individual organism behavior (within a species), 

fluctuations in contaminant loading, unanticipated interference from other stressors, contaminant interactions in 

biota (Se), interspecies interactions, and numerous other factors. 

7.0  CONCLUSIONS 
 

In birds, a large percentage (17%) of the total eggs sampled had Se concentrations above 

common toxicity thresholds (12.5 µg/g dw). Among bird species, black-necked stilt and 

green-winged teal had the highest egg Se concentrations. Additional egg samples should be 

collected from potential at-risk species if determined warranted by the U.S. Fish and Wildlife 

Service 

 

The Lemly hazard assessment approach results demonstrate that Se hazards to fish and birds 

occupying Pariette Wetlands during the spring and summer months have remained the same 

or increased since the 1980s. Units NR and S5 water, sediment and macroinvertebrate Se 

concentrations have increased since the late 1980s. Our findings suggest moderate to high 

hazards for fish and wildlife using Sheppard Bottom in Ouray NWR. 
 

Tissue residue guidelines, on their own, are not sufficient to warrant risk management or remediation actions, 

except in rare cases where the cost of further investigation exceeds the cost to take appropriate risk management 

or cleanup actions. The data collection and assessment activities completed as part of this investigation serve as 

the first step of a weight-of-evidence framework for assessing the impacts of Se in an aquatic environment 

(McDonald and Chapman, 2007). Comparisons of biota contaminants with tissue residue guidelines are 

indicators of possible effects but are not indicators of actual adverse effects; population-level assessments of fish 

and birds, and potentially site-specific toxicity tests, would be the next step(s) in the weight-of-evidence 

approach prior to making a determination of whether unacceptable hazards to individuals and populations are 

present as a result of exposure to Se. 
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TABLES 

Table 1. Sample Site Name and Abbreviated Site Name for locations sampled at Ouray NWR, Utah in 2015. 

 

Sample Site Name Abbreviated Site Name 

North Roadside Pond NR 

South Roadside Pond SR 

Sheppard Bottom Unit 1 S1 

Sheppard Bottom Unit 2 S2 

Sheppard Bottom Unit 3 S3 

Sheppard Bottom Unit 4 S4 

Sheppard Bottom Unit 5 S5 

Parker Tract PK 

Pelican Lake Outlet PL 

Gravel Pit Pond GP 

Green River Inlet to Sheppard 

Bottom 
GR 
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Table 2. Alpha codes, commons names, and scientific names for 12 species of birds sampled from Ouray NWR, 

Utah 2015. 

 

American 

Ornithologists' 

Union Code 

Common Name Scientific Name 

AMAV American avocet Recurvirostra americana 

AMCO American coot Fulica americana 

BCNH 
Black-crowned Night-

Heron 
Nycticorax nycticorax 

BNST Black-necked stilt Himantopus mexianus 

CAGO Canada Goose Branta canadensis 

CITE Cinnamon teal Anas cyanoptera 

EAGR Eared grebe Podiceps nigricollis 

GADW Gadwall Anas strepera 

GWTE Green-winged Teal Anas crecca 

MALL Mallard Anas platyrhynchos 

REDH Redhead  Aythya americana 

YHBL Yellow-headed blackbird Xanthocephalus xanthocephalus 
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Table 3. Assessment endpoints and measures of exposure/effects retained for the Sheppard Bottom hazard 

assessment. 

 

Assessment Endpoint Measures of Exposure/Effects Receptor Species 

Avian embryo survival 

Compare concentrations of Se 

and Hg in avian eggs to 

benchmark values. 

Aquatic-dependent bird species 
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Table 4. Total selenium concentrations (geometric mean ± SE) for abiotic and biotic matrix samples collected 

from Sheppard Bottom in Ouray NWR in the late 1980s (Peltz and Waddell, 1991) and 2015. Maximum values 

are shown in brackets. Values in bold indicate a significant difference (α = 0.05) between the 1980s and 2015 

dataset. NA indicates no samples were collected of that matrix during that time period. 

 

Wetland Unit 

Abiota and biota Matrix 

(n value for 1980s dataset; n value for 

2015 dataset) 

Se (µg/L water;  

µg/g dw all other samples) 

1980s 2015 

NR 

water 

(n = 6; n =1) 
33.38 ± 12.05 

[85] 
126 

sediment 

(n = 7; n = 6) 
8.63 ± 3.70 

[26] 

70.94 ± 38.49 

[230.5] 

plant 

(n = 91; n = 6) 
17.47 ± 2.82 

15.86 ± 7.68 

[57.57] 

macroinvertebrates 

(n = 12; n = 1) 
23.54 ± 4.22 

[49] 

57.37  

 

whole fish 

(n = 3; n = NA) 

82.64 ± 10.51 

[100] 
NA 

bird eggs 

(n = 27; n =3) 
33.87 ± 4.2 

[88.4] 

16.52 ± 1.36 

[19.3] 

    

SR 

water 

(n = 2; n = 1) 

19.75 ± 14.5 

[39] 
NA 

sediment 

(n = 5; n= 4) 
6.62 ± 1.80 

[12] 

46.16 ± 23.49 

[123.16] 

plant 

(n = NA; n = NA) 
NA NA 

macroinvertebrates 

(n = 7; n = NA) 

30.31 ± 8.57 

[71.1] 
NA 

whole fish 

(n = 9; n= NA) 

42.56 ± 9.75 

[104] 
NA 

bird eggs 

(n = 22; n = 1) 
28.01 ± 6.39 

[120.0] 

2.9 
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Table 4. Continued. 

 

Wetland Unit 

Abiotic or Biotic Matrix 

(n value for 1980s dataset; n value for 

2015 dataset) 

Se (µg/L water;  

µg/g all other samples) 

1980s 2015 

S1 

water 

(n = NA; n = 1) 
NA 2.6 

sediment 

(n = NA; n = 6) 
NA 

0.24 ± 0.024 

[0.32] 

plant 

(n = NA; n = 6) 
NA 

0.27± 0.18 

[1.31] 

macroinvertebrates 

(n = NA; n = 1) 
NA 

4.13  

 

whole fish 

(n = NA; n = NA) 
NA NA 

bird eggs 

(n = 5; n = 2) 

2.25 ± 0.43 

[3.50] 

2.99 ± 0.36 

[3.37] 

    

S2 

water 

(n = NA; n =1) 
NA 2.2 

sediment 

(n = NA; n = 4) 
NA 

0.42 ± 0.15 

[0.45] 

plant 

(n = NA; n = 6) 
NA 

0.20 ± 0.03 

[0.34] 

macroinvertebrates 

(n = NA; n = 1) 
NA 3.79  

whole fish 

(n = NA; n = NA) 
NA NA 

bird eggs 

(n = 12; n =1) 
1.65 ± 0.21 

[3.35] 

8.48 

 

 

 

 

 

Figure 4. Continued. 
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Wetland Unit 

Abiotic or Biotic Matrix 

(n value for 1980s dataset; n value for 

2015 dataset) 

Se (µg/L water;  

µg/g all other samples) 

1980s 2015 

S3 

water 

(n = 3; n = 1) 

4.18 ± 24 

[73] 
2.7 

sediment 

(n = 1; n= 4) 
0.6 

1.68 ± 0.45 

[2.63] 

plant 

(n = 10; n = 6) 

1.04 ± .013 

[1.7] 

0.14 ± .019 

[0.20] 

macroinvertebrates 

(n = 6; n = 1) 
3.81 ± 0.36 4.89 

whole fish 

(n = 15; n= NA) 

4.80 ± 0.73 

[13.9] 
NA 

bird eggs 

(n = 31; n = 10) 
2.45 ± 0.25 

[6.8] 

4.68 ± 0.92 

[13] 

    

S4 

water 

(n = NA; n =1) 
NA 1.0 

sediment 

(n = NA; n = 6) 
NA 

0.23 ± 0.021 

[0.33] 

plant 

(n = NA; n = 6) 
NA 

0.22 ± 0.054 

[0.46] 

macroinvertebrates 

(n = NA; n = 1) 
NA 2.05 ± 0.05 

whole fish 

(n = NA; n = NA) 
NA NA 

bird eggs 

(n = 9; n = 10) 

5.57 ± 1.63 

[17.2] 

3.11 ± 0.56 

[6.59] 
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Table 4. Continued. 

 

Wetland Unit 

Abiotic or Biotic Matrix 

(n value for 1980s dataset; n value for 

2015 dataset) 

Se (µg/L water;  

µg/g all other samples) 

1980s 2015 

S5 

water 

(n = 3; n = 1) 

3.63 ± 0.33 

[4] 
5 

sediment 

(n = 1; n= 6) 
<1 

2.17 ± 1.08 

[6.77] 

plant 

(n = 10; n = 6) 
2.67 ± 0.58 

0.43 ± 0.13 

[1.08] 

macroinvertebrates 

(n = 5; n = 1) 
9.60 ± 5.20 15.81  

whole fish 

(n = 10; n = NA) 

7.69 ± 1.60 

[19.9] 
NA 

bird eggs 

(n = 34; n = 5) 
6.11 ± 0.68 

[18.9] 

18.55 ± 9.43 

[55.1] 

    

 

PK bird eggs 

(n = NA; n = 4) 
NA 

0.77 ± 0.22 

[1.46] 

    

PL 
water 

(n = 1; n = 1) 
1 2.9 

 
   

GP 
water 

(n = NA; n =1) 
NA 14.6 

 
   

GR 
water 

(n = NA; n = 1) 
NA 1.2 
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Table 5. Bird egg species, sample size and selenium concentrations in dry weight and fresh wet weight 

(geometric mean ± SE) for samples collected from the Ouray NWR, Utah in 2015. 

 

Species Sample Size Se (µg/g dw) Se (µg/g fww) 

AMAV 1 39.2 9.44 

AMCO 17 3.06 ± 0.26 0.74 ± 0.07 

BCNH 3 5.45 ± 0.55 1.03 ± 0.08 

BNST 3 20.97 ± 14.08 4.85 ± 3.43 

CAGO 1 0.98 0.30 

CITE 1 2.9 0.93 

EAGR 1 6.31 1.67 

GADW 2 7.18 ± 1.2 2.17 ± 0.41 

GWTE 2 15.29 ±  0.5  5.08 ± 0.11 

MALL 2 8.00 ± 7.99 2.47 ±2.51 

REDH 1 13 3.87 

YHBL 2 4.36 ± 0.5 0.71 ± 0.06 
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Table 6. Number of bird egg samples collect from Sheppard Bottom in 2015 exceeding toxicity thresholds. See 

Tables A1 and A2 in Appendix A for additional information on thresholds. 

 

 # bird eggs exceeding Se concentration thresholds (µg/g fww) 

Unit ≥ 0.55 ≥ 1.10 ≥ 2.29 

NR 3/3 3/3 3/3 

SR 1/1 0/1 0/1 

S1 2/2 0/2 0/2 

S2 1/1 1/1 1/1 

S3 10/10 5/10 1/10 

S4 8/10 1/10 0/10 

S5 5/5 5/5 3/5 

PK 0/4 0/4 0/4 
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Table 7. Data set for aquatic hazard assessment based on selenium concentrations in five ecosystem components at Ouray NWR in the late 1980s (Peltz and 

Waddell, 1991).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
1Fish Egg Se concentrations are derived. 

 

  

Site and environmental 

component 
[Se] Range 

Se concentration Geometric 

mean µg/g dw, or ug/L 

Hazard Rank by 

Component 
Hazard Score Hazard Rank 

North Roadside      

Water 10-85 33.38 High 5  

Sediments 0.1-26 8.63 High 5  

Invertebrates 10-49 23.54 High 5  

Fish eggs1 211-330 272.7 High 5  

Bird eggs 7.8-88.4 33.39 High 5  

   Total 25 High 

S3      

Water 1-73 4.18 Moderate 4  

Sediments 0.6 0.6 None 1  

Invertebrates 3-5.4 3.81 Low 3  

Fish eggs1 8.25-45.87 15.84 Moderate 4  

Bird eggs 0.99-6.8 2.45 None 1  

   Total 13 Moderate 

S5      

Water 3-4 3.63 Moderate 4  

Sediments <1 <1 None 1  

Invertebrates 5.8-33 9.6 High 5  

Fish eggs1 15.84-65.67 25.38 High 5  

Bird eggs 1.3-18.9 6.11 Low 3  

   Total 18 High 



Ouray NWR Hazard Assessment for Selenium  Page  

 
25 

Table 8. Data set for aquatic hazard assessment based on selenium concentrations in four ecosystem components at Ouray NWR in 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Site and environmental 

component 
[Se] Range 

Se concentration Geometric 

mean µg/g dw, or ug/L 

Hazard Rank by 

Component 
Hazard Score Hazard Rank 

North Roadside      

Water 126 126 High 5  

Sediments 11.3-230.5 70.1 High 5  

Invertebrates 57.37 57.37 High 5  

Fish eggs None     

Bird eggs 14.8-19.3 16.53 Moderate 4  

   Total 19 High 

S3      

Water 2.71 2.71 Low 3  

Sediments 0.61-2.63 1.7 Minimal 2  

Invertebrates 4.89 4.89 Moderate 4  

Fish eggs1 None     

Bird eggs 2.67-13 4.68 Minimal 2  

   Total 11 Moderate 

S5      

Water 6.03 6.03 High 5  

Sediments 0.53-6.77 2.17 Low 3  

Invertebrates 15.81 15.81 High 5  

Fish eggs1 None     

Bird eggs 6.08-55.1 23.57 High 5  

   Total 18 High 
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FIGURES 

 
Figure 1. Map of Ouray NWR, Utah. 
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a) 

 
b) 

Figure 2. Map of a) water and b) sediment sample collection sites at Sheppard Bottom Ouray NWR in 

2015. 
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a) 

 
b) 

Figure 3. Map of a) plant and b) benthic macroinvertebrate sample collection sites at Sheppard Bottom 

Ouray NWR in 2015. 
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Figure 4. Conceptual model of Food-Web Relationships for Ouray NWR, Utah. 
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Figure 5. Box plot of bird egg selenium concentrations (µg/g dw) in Sheppard Bottom’s units for two 

Ouray NWR datasets. A = Level that exceeds the normal range of egg Se concentrations; B = Level that is 

approaching reproductive impairment; C = Elevated probability for reduced egg hatchability in sensitive 

and moderately sensitive species. 
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APPENDIX A – Selenium Toxicity Thresholds  

 

 

Table A1. Thresholds for Selenium Effects (Health, Reproductive, Teratogenesis, or Survival) in Birds Based on Selenium Concentrations in Bird 

Eggs 

Egg Se (µg/g 

fww) 

Egg Se (µg/g 

dw) 
Interpretation 

Relationship to Lemly Hazard 

Approach  

(Lemly, 1996; Lemly and 

Skorupa, 2007) 

Reference(s) 

< 0.55 < 5 Background egg Se concentration Minimal hazard (Ohlendorf et al., 2011) 

0.55 5 

Threshold based on 15% depression in 

egg viability in American dipper (most 

sensitive species tested); level that 

exceeds the normal range of egg values; 

level is recommended by U.S. Fish and 

Wildlife Service as a “No Effect 

Concentration” for bird eggs (J. Skorupa, 

U.S. Fish and Wildlife Service, written 

commun., 2014) 

Upper end of minimal hazard; 

lower end of low hazard 

(Harding et al., 2005; Ohlendorf et 

al., 2011) 

1.10 6.4 
Level that is approaching reproductive 

impairment   
Low hazard (Ohlendorf et al., 2011) 

2.29 12.5 

Elevated probability for reduced egg 

hatchability in sensitive and moderately 

sensitive species; Based on 10% effect 

level (hatchability in mallards) 

Moderate hazard 
(Ohlendorf, 2003; Ohlendorf et al., 

2011) 
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Table A2. Thresholds for Selenium Effects (Health, Reproductive, Teratogenesis, or Survival) in Birds Based on Concentrations of Selenium in Diet 

Dietary Concentration (µg/g dw) Interpretation 
Relationship to Lemly Hazard Approach  

(Lemly, 1996; Lemly, 2007) 
Reference(s) 

< 3 

Background; typical 

concentrations in diet items for 

birds 

Minimal hazard 
(Ohlendorf and Heinz, 

2011) 

<4 

Low probability for reproductive 

impairment; near background 

concentration for many aquatic 

food-chain items 

Low hazard 
(Ohlendorf and Heinz, 

2011) 

>5 

Increased probability for 

reproductive impairment in 

sensitive species (although 

unlikely to be detected in field 

studies unless dietary 

concentration are considerably 

higher) 

High hazard 
(Ohlendorf and Heinz, 

2011) 
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APPENDIX B - Selenium Concentrations in Environmental Exposure Route Matrices 

Table B1. Se concentrations in wetland vegetation. Samples were collected June 16-24, 2015. Field moisture contents (%) were calculated as water 

weight/dry weight. The number of field reps analyzed is indicated by n. 

Location  

 

 

Scientific 

Moisture 

Content 

Average Se 

Conc. (dw) 

Std Dev n 

Unit Latitude Longitude Sample ID Name % μg/kg μg/kg  

Inflorescence  

NR 40.127503 -109.656958 ONRBRF01 Scirpus spp. 78.8 8038.0 2615.7 4 

S1 40.12088 -109.64192 OS1BRF01 Scirpus spp. 76.6 208.5 27.1 3 

S2 40.1179 -109.64471 OS2BRF01 Scirpus spp. 76.1 258.8 1.3 2 

S3 40.11794 -109.64481 OS3BRF01 Scirpus spp. 75.2 198.3 11.3 3 

S4 40.1199 -109.64474 OS4BRF01 Scirpus spp. 74.0 278.4 83.0 3 

S5 40.12079 -109.64973 OS5BRS04 Scirpus spp. 73.8 518.1 93.4 2 

NR 40.127503 -109.656958 ONRCTF01 Typha spp. 74.6 7808.0 20191 3 

S1 40.12088 -109.64192 OS1CTF01 Typha spp. 85.4 235.4 4.0 2 

S2 40.1179 -109.64471 OS2CTF01 Typha spp. 76.1 175.4 5.6 2 

S3 40.11794 -109.64481 OS3CTF01 Typha spp. 81.3 149.4 55.3 2 

S4 40.1199 -109.64474 OS4CTF01 Typha spp. 83.4 115.6 157.5 2 

S5 40.11761 -109.64973 OS5CTF01 Typha spp. 79.7 366.0 2615.7 1 

Shoot         

NR 40.127503 -109.656958 ONRBRS01 Scirpus spp. 93.4 16200.3 5585.0 4 

S1 40.12088 -109.64192 OS1BRS01 Scirpus spp. 84.0 194.0 40.9 3 

S2 40.1179 -109.64471 OS2BRS01 Scirpus spp. 85.8 124.9 41.2 2 

S3 40.11794 -109.64481 OS3BRS01 Scirpus spp. 86.5 98.5 31.5 4 

S4 40.1199 -109.64474 OS4BRS01 Scirpus spp. 87.9 120.4 19.7 3 

S5 40.12079 -109.64973 OS5BRS01 Scirpus spp. 87.6 258.1 93.1 4 

NR 40.127503 -109.656958 ONRCTS01 Typha spp. 77.8 12786.7 1507.0 4 

S1 40.12088 -109.64192 OS1CTS01 Typha spp. 90.7 139.7 23.1 3 

S2 40.1179 -109.64471 OS2CTS01 Typha spp. 93.1 157.0 48.2 4 

S3 40.11794 -109.64481 OS3CTS01 Typha spp. 90.6 78.5 11.1 3 

S4 40.1199 -109.64474 OS4CTS01 Typha spp. 91.3 16200.3 5585.0 4 

S5 40.11761 -109.64973 OS5CTS01 Typha spp 91.0 190.6 10.3 3 
 

 



Ouray NWR Hazard Assessment for Selenium  Page  

 
34 

Table B1. Se concentrations in wetland vegetation continued. 

Location  

 

 

Scientific 

Moisture 

Content 

Average Se 

Conc. (dw) 

Std Dev n 

Unit Latitude Longitude Sample ID Name % μg/kg μg/kg  

Root  

NR 40.127503 -109.656958 ONRBRR01 Scirpus spp. 88.6 57574.2 49961.6 2 

S1 40.12088 -109.64192 OS1BRR01 Scirpus spp. 72.4 1307.3 210.4 3 

S2 40.1179 -109.64471 OS2BRR01 Scirpus spp. 66.0 344.0 42.5 2 

S3 40.11794 -109.64481 OS3BRR01 Scirpus spp. 82.4 181.1 19.3 2 

S4 40.1199 -109.64474 OS4BRR01 Scirpus spp. 84.4 456.1 24.5 2 

S5 40.12079 -109.64973 OS5BRR01 Scirpus spp. 90.0 1081.3 740.5 3 

NR 40.127503 -109.656958 ONRCTR01 Typha spp. 88.6 21263.6 7893.2 4 

S1 40.12088 -109.64192 OS1CTR01 Typha spp. 72.4 228.9 36.2 2 

S2 40.1179 -109.64471 OS2CTR01 Typha spp. 83.1 191.8 37.6 3 

S3 40.11794 -109.64481 OS3CTR01 Typha spp. 85.1 151.8 15.5 3 

S4 40.1199 -109.64474 OS4CTR01 Typha spp. 88.6 257.8 115.7 4 

S5 40.11761 -109.64973 OS5CTR01 Typha spp. 92.3 602.4 69.9 4 

Whole Plant 

S4 40.1199 -109.64474 O4AG01 Algae 92.1 415.1 24.2 2 
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Table B2. Se concentrations in wetland sediments. Samples were collected from 

June 16-24, 2015 with a KB corer. The number of field reps analyzed is indicated 

by n.  
. 

Location  

 

Total Se 

Conc.  

Unit Latitude Longitude Sample ID mg/kg 

Depth 0-5 cm 

NR 40.12695 -109.6579 ONR1 99.1 

NR 40.12745 -109.65839 ONR2 220.5 

NR 40.12843 -109.65912 ONR3 52.1 

SR 40.12655 -109.65717 OSRIN 67.2 

SR 40.12611 -109.65383 OSROUT 123.2 

S1 40.12093 -109.64182 OS1W 0.226 

S1 40.12074 -109.64111 OS1M 0.320 

S1 40.12067 -109.64024 OS1E 0.272 

S2 40.11827 -109.64441 OS2J 0.455 

S2 40.11779 -109.64256 OS2M 0.385 

S3 40.11785 -109.64922 OS3E 2.63 

S3 40.11761 -109.64845 OS3M 2.14 

S4 40.12028 -109.64942 OS4SE 0.230 

S4 40.12429 -109.64919 OS4NW 0.216 

S4 40.12364 -109.64525 OS4NE 0.326 

S5 40.11794 -109.6496 OS5W 0.650 

S5 40.12053 -109.64963 OS5M 5.40 

S5 40.12309 -109.65067 OS5NE 4.62 

Depth 5-15 cm 

NR 40.12695 -109.6579 ONR1 42.9 

NR 40.12745 -109.65839 ONR2 230.5 

NR 40.12843 -109.65912 ONR3 11.3 

SR 40.12655 -109.65717 OSRIN 36.2 

SR 40.12611 -109.65383 OSROUT 15.2 

S1 40.12093 -109.64182 OS1W 0.187 

S1 40.12074 -109.64111 OS1M 0.179 

S1 40.12067 -109.64024 OS1E 0.298 

S2 40.11827 -109.64441 OS2J 0.429 

S2 40.11779 -109.64256 OS2M 0.413 

S3 40.11785 -109.64922 OS3E 0.607 

S3 40.11761 -109.64845 OS3M 2.32 

S4 40.12028 -109.64942 OS4SE 0.228 

S4 40.12429 -109.64919 OS4NW 0.208 

S4 40.12364 -109.64525 OS4NE 0.173 

S5 40.11794 -109.6496 OS5W 1.76 

S5 40.12053 -109.64963 OS5M 6.77 

S5 40.12309 -109.65067 OS5NE 0.531 
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Table B3. Se concentrations in pond surface waters. One sample was collected at each field site and preserved at 4°C. 

Se concentrations are reported as the average of two analytical replicates.  
Location  

 

Water Temp 

at 

Redox 

Potential 

Total Se Conc.  

Unit Latitude Longitude pH Collection 

°C 

 

mV 

Avg 

μg/L 

Std Dev 

μg/L 

Pelican Lake 40.15015 -109.664551 8.23 19.48 34.6 2.95 0.23 

NR 40.126865 -109.657936 7.85 10.87 74.8 126.04 14.94 

S1 40.120968 -109.6418 7.39 19.47 172.3 2.58 0.26 

S2 40.118034 -109.643936 7.51 20.73 -145.7 2.22 0.04 

S3 40.117901 -109.64917 7.21 15.45 64.9 2.71 0.13 

S4 40.119968 -109.649353 7.80 17.42 60.9 0.97 0.29 

S5 40.120449 -109.64975 7.39 17.99 100.4 6.03 0.08 

Gravel Pit 40.111233 -109.66465 8.64 16.87 -2.4 14.56 0.88 

Outlet to Green River 40.11803 -109.628082 8.30 13.65 55.5 1.22 0.01 
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Table B4. Se concentrations in benthic macroinvertebrates. Unless otherwise indicated, the samples 

are mixed taxa. The percent moisture content was calculated as wet weight/dry weight. The average 

Se concentration of three analytical replicates is reported on a dry weight basis.  
Location Average Se 

Conc. (dw) 

Std Dev 

Unit Latitude Longitude mg/kg mg/kg 

NR 40.127636 -109.656461 57.37 4.17 

S1 40.1208 -109.64192 4.13 0.15 

S2 40.1199 -109.64474 3.79 0.19 

S3 40.11794 -109.64481 4.89 0.24 

S4 40.11069 -109.64808 2.05 0.09 

S5 40.115467 -109.649564 15.81 0.90 
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Table B5. Se concentrations in Bird Eggs. Samples were collected from May 23 to June 22, 2015. 
Location  

 

 

Species 

Moisture 

Content 

Egg Se 

Conc (dw) 

Egg Se 

Conc (fww) 

Unit Latitude Longitude Sample ID Code % µg/g  µg/g  

NR 40.12849 -109.65921 ONR21 GWTE 66.8 14.80 4.98 

NR 40.12748 -109.65838 ONR22 MALL 66.2 19.30 6.02 

NR 40.12843 -109.65912 ONR23 GWTE 67.8 15.80 5.19 

PK 40.1249 -109.64613 OP25 AMCO 75.5 2.25 0.52 

PK 40.12518 -109.64628 OP26 AMCO 76.4 1.90 0.43 

PK 40.12494 -109.64648 OP27 AMCO 74.6 4.30 0.97 

PK 40.12499 -109.64702 OP28 AMCO 76.8 2.06 0.47 

S1 40.12097 -109.64111 OS119 AMCO 75.0 2.66 0.63 

S1 40.12057 -109.64058 OS120 AMCO 74.0 3.37 0.88 

S2 40.117839 -109.644658 OS232 GADW 68.3 8.48 2.61 

S3 40.11743 -109.64702 OS309 AMCO 74.2 4.43 1.10 

S3 40.11746 -109.64863 OS310 REDH 71.0 13.00 3.87 

S3 40.11635 -109.64485 OS311 AMCO 73.9 4.26 1.08 

S3 40.11581 -109.64494 OS312 AMCO 76.7 2.67 0.60 

S3 40.11589 -109.64526 OS313 AMCO 75.5 3.55 0.85 

S3 40.11582 -109.64556 OS314 AMCO 75.6 4.93 1.19 

S3 40.11586 -109.64574 OS315 EAGR 72.7 6.31 1.67 

S3 40.11602 -109.64622 OS316 AMCO 75.0 4.52 1.11 

S3 40.11612 -109.646 OS317 AMCO 72.4 3.59 0.98 

S3 40.11581 -109.64733 OS318 AMCO 75.3 4.32 1.02 

S4 40.11977 -109.64722 OS401 MALL 70.2 3.32 1.01 

S4 40.12033 -109.64659 OS402 BCNH 80.6 4.85 0.90 

S4 40.12038 -109.64658 OS403 BCNH 79.3 5.06 1.03 

S4 40.12042 -109.64674 OS405 AMCO 74.5 2.18 0.52 

S4 40.12047 -109.64677 OS406 CAGO 68.7 0.98 0.30 

S4 40.12095 -109.64667 OS407 BCNH 80.4 6.59 1.18 

S4 40.12088 -109.64692 OS408 AMCO 74.7 2.07 0.51 

S4 40.1231 -109.6455 OS429 YHBL 83.5 4.89 0.77 

S4 40.12286 -109.64613 OS430 AMCO 75.0 1.92 0.46 

S4 40.12368 -109.64589 OS431 YHBL 82.6 3.89 0.66 

S5 40.12148 -109.652 OS504 GADW 70.6 6.08 1.80 
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Table B5. Se concentrations in Bird Eggs continued. 

Location  

 

 

Species 

Moisture 

Content 

Egg Se 

Conc (dw) 

Egg Se 

Conc (fww) 

Unit Latitude Longitude Sample ID Code % µg/g  µg/g  

S5 40.11555 -109.65805 OS533 BNST 74.4 23.50 4.98 

S5 40.11833 -109.6541 OS534 AMAV 72.0 39.20 9.44 

S5 40.1183 -109.6541 OS535 BNST 71.6 55.10 13.26 

S5 40.11554 -109.6543 OS536 BNST 72.7 7.12 1.73 

SR 40.12612 -109.65589 OSR24 CITE 66.4 2.90 0.93 

 


