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CORE COMPONENT 2: 
STRATEGIC MONITORING 
AND RESEARCH PLAN 
 

U T A H  D I V I S I O N  O F  W A T E R  Q U A L I T Y  

EXECUTIVE SUMMARY  1 

Establishing water quality standards for Great Salt Lake, monitoring its water quality, and assessing 2 

its beneficial use support are the primary responsibilities of the Utah Division of Water Quality 3 

(UDWQ) (Utah Administrative Code [UAC] R317-2-7). While UDWQ routinely accomplishes these 4 

tasks for streams and lakes statewide, Great Salt Lake poses UDWQ and its partners with unique 5 

challenges. This component of the Great Salt Lake Water Quality Strategy, the Strategic Monitoring 6 

and Research Plan (also referred to as Component 2), provides UDWQ and its partners with a 7 

strategy to: 8 

 Support the development of water quality standards for Great Salt Lake  9 

 Monitor the waters of Great Salt Lake 10 

 Complete research to assist in assessing Great Salt Lake’s health and beneficial uses 11 

Implementation of this strategy is critical toward UDWQ fulfilling its responsibilities under the Clean 12 

Water Act (CWA) and moving toward a proactive approach of protecting this valuable resource. 13 

I. INTRODUCTION 14 

1.1 Physical Setting and Study Area  15 

Great Salt Lake is a uniquely dynamic terminal lake located adjacent to a rapidly growing 16 

metropolitan area in northern Utah (see Figure 1-1). It is the largest remnant of the ancient Lake 17 

Bonneville, which existed from about 32,000 to 14,000 years ago and once covered about 18 
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20,000 square miles of western Utah, eastern Nevada, and southern Idaho. A natural dam gave way 19 

about 16,000 years ago, resulting in a large flood that drained much of Lake Bonneville. Increased 20 

evaporation over the following millennia has led to the present-day Great Salt Lake, occupying the 21 

lowest depression in the Great Basin. As is characteristic of terminal lakes, Great Salt Lake has no 22 

outlet; water that flows in can only evaporate or percolate into the substrate.  23 

Great Salt Lake is the sixth-largest lake in the United States and the world’s fourth-largest terminal 24 

lake. It varies significantly in size and depth as a result of changes in inflow from precipitation, 25 

tributaries, and groundwater, as well as from losses through evaporation. At a lake elevation of 26 

4,200 feet, the lake is about 75 miles long and 30 miles wide and has about 335 miles of shoreline. It 27 

occupies more than 1,700 square miles and contains more than 15 million acre-feet (or almost 28 

5 trillion gallons) of water. Great Salt Lake’s shallow depths (its maximum depth is about 35 feet) and 29 

its gradually sloping shoreline result in dramatic surface area variations with any increase or decrease 30 

in lake level. Lake levels fluctuated more than 20 feet between 1873 and 1963, which had elevations 31 

of 4,211.5 and 4,191.35 feet, respectively. The lake’s surface area fluctuated between 938 and 32 

2,500 square miles in that same period (Hahl and Handy, 1969). The lake level rose 20.5 feet after 33 

1963 to reach its record high level of 4,211.85 feet on June 3, 1986. The net rise between 1982 and 34 

1986 was 12.2 feet (Arnow and Stephens, 1987).  35 

On average, 2.9 million acre-feet of water and 2.2 million tons of salt enter Great Salt Lake each 36 

year. The vast majority of lake inflow typically comes from three drainages—the Jordan River 37 

(9 percent), Weber River (13 percent), and Bear River (39 percent). Additional inflow comes from 38 

groundwater (3 percent), direct precipitation (31 percent), and other minor east-side streams 39 

(5 percent) (Arnow and Stephens, 1987). Because the lake’s only substantial water loss mechanism is 40 

evaporation, minerals, salts, and sediments from the watershed accumulate in Great Salt Lake. This 41 

results in lake water that is typically 3 to 7 times saltier than sea water and creates a unique habitat 42 

for biota that has adapted to and relies on the Great Salt Lake ecosystem.  43 

Figure 1-1 illustrates the location of various features of Great Salt Lake. It shows Gilbert Bay (also 44 

known as the South Arm), Gunnison Bay (also known as the North Arm), Stansbury Bay, Carrington 45 

Bay, Farmington Bay, Bear River Bay, and Willard Bay. Great Salt Lake wetland areas are generally 46 

located along the eastern shore of Great Salt Lake including areas along Ogden Bay, Farmington 47 

Bay, Bear River Bay, and Willard Spur. The Union Pacific Railroad (UPRR) Causeway separates 48 

Gilbert Bay from Gunnison Bay and Bear River Bay. The Antelope Island causeway at the northern 49 

end of Antelope Island and Island Dike Road at the southern end of Antelope Island separate Gilbert 50 



DRAFT Core Component 2: Strategic Monitoring and Research Plan 

4 

Bay from Farmington Bay. A series of evaporation pond dikes separate Gilbert Bay from what was 51 

historically known as Stansbury Bay.  52 

1.2 Resources Dependent on Great Salt Lake  53 

Great Salt Lake’s unique yet harsh conditions are significant to the ecology and economy of our local 54 

region but also the earth’s Western Hemisphere. Each of the lake’s resources and users of those 55 

resources—including birds, people, the mineral industry, and brine shrimp harvesters—maintain a 56 

fragile balance with the ecology of Great Salt Lake, often dependent on the annual conditions of the 57 

lake for its scale, diversity, and economic value. 58 

Millions of birds use the lake as they migrate from breeding grounds as far away as the arctic to 59 

wintering areas as far away as Argentina. For example, up to 1 million Wilson’s phalaropes 60 

(Phalaropus tricolor)—or more than two-thirds of the world’s population—annually migrate through 61 

Great Salt Lake as they travel from the near arctic to the high Andes (Colwell and Jehl, 1994). The 62 

magnitude of the Wilson’s phalarope population was a primary factor in the designation of Great 63 

Salt Lake as one of six sites within the Western Hemisphere’s Shorebird Reserve Network in the United 64 

States (Aldrich and Paul, 2002). Over half of the world’s population of eared grebes (Podiceps 65 

nigricollis) use Great Salt Lake for up to 4 months during fall migration (Jehl, 1988). In 2007 the 66 

population of eared grebes on Great Salt Lake exceeded 2.5 million birds (N. Darnall, personal 67 

communication, October 15, 2007). Great Salt Lake hosts the largest nesting colony of American 68 

white pelicans (Pelecanus erythrorhynchos) west of the continental divide (King and Anderson, 2005) 69 

and the largest breeding population of California gulls (Larus californicus) in the world (Aldrich and 70 

Paul, 2002). 71 

Opportunities for recreation abound on and around Great Salt Lake. Thousands of people visit the 72 

lake annually to enjoy sailing, hiking, hunting, and watching the diverse bird life. Along the lake are 73 

two state parks, numerous state wildlife refuges, and one federal wildlife refuge. Waterfowl hunting 74 

alone was estimated to be almost an $8-million industry in 1998 (Isaacson et al., 2002). The total 75 

annual economic effect of recreation of Great Salt Lake was recently estimated to be almost 76 

$136 million (Bioeconomics, Inc., 2012). 77 

As a result of the minerals left behind by evaporation, Great Salt Lake is home to a burgeoning 78 

mineral industry that has a significant impact on Utah’s economy (Isaacson et al., 2002). Several 79 

mineral extraction companies currently operating on Great Salt Lake generated a total of about 80 

2.8 million tons of sodium chloride, potassium sulfate, magnesium chloride, magnesium metal, chlorine 81 

gas, and other products—all estimated to be worth about $300 million in 1995 (Gwynn, 1997). This 82 
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represents about 16 percent of the annual value of all minerals produced in 1995 in Utah (United 83 

States Geological Survey [USGS], 1995). The total annual economic effect of Great Salt Lake’s 84 

mineral industry was recently estimated to be $1.13 billion (Bioeconomics, Inc., 2012).85 
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UDWQ’s efforts to fulfill its 
responsibilities on Great Salt Lake have 

consistently encountered significant 
technical challenges due to the 

complexities inherent in Great Salt Lake. 

Great Salt Lake produces a significant portion of the world’s supply of brine shrimp cysts. Commercial 87 

harvest on the lake began in 1952, and the lake has become an internationally renowned source of 88 

cysts for their quality as feed for the aquaculture and ornamental fish industry. The market value was 89 

estimated to average $8 million to $11 million annually with an estimated peak value of $58 million 90 

in 1995. The annual harvest from Great Salt Lake is often limited by biological factors rather than 91 

market forces (Isaacson et al., 2002). The total annual economic effect of Great Salt Lake’s brine 92 

shrimp industry was recently estimated to be almost $56 million (Bioeconomics, Inc., 2012). 93 

Combining the annual economic effect of the three industries previously described, the total annual 94 

economic output or significance of Great Salt Lake to the state of Utah was estimated to be 95 

$1.32 billion. This represents an estimated 7,700 full-time and part-time jobs in the Great Salt Lake 96 

region and establishes Great Salt Lake as a significant factor in and of significant value to Utah’s 97 

economy (Bioeconomics, Inc., 2012).  98 

1.3 Need for a Great Salt Lake Monitoring and Research Plan  99 

Increasing development within Great Salt Lake’s watershed and use of its natural resources has not 100 

only increased pressure on the lake but they have also increased awareness of just how complex, 101 

dynamic, and flexible the Great Salt Lake ecosystem is. Research continues to show the pressures 102 

Great Salt Lake faces, the value it represents, and that it poses UDWQ and its partners with a unique 103 

challenge to protect (Great Salt Lake CMP, 2011; Bioeconomics, Inc., 2012; SWCA, 2012; UDWQ, 104 

2009; UDWQ, 2011; CH2M HILL, 2008). This Strategic Monitoring and Research Plan was developed 105 

to enable UDWQ to proactively address this challenge, fulfill its responsibilities in a proactive 106 

manner, and collaborate with its partners to protect this valuable resource.  107 

1.3.1 Technical and Regulatory Challenges 108 

UDWQ is charged with the responsibility to establish water quality standards for Great Salt Lake, 109 

monitor its water quality, and assess its beneficial use support (UAC R317-2-7). Due to the unique 110 

geochemistry of Great Salt Lake, the direct 111 

application of national freshwater quality 112 

criteria to the open waters of Great Salt Lake is 113 

inappropriate (United States Environmental 114 

Protection Agency [EPA] 1987, 2004). Thus, 115 

UDWQ has historically used a narrative clause 116 

in the state water quality standards to protect 117 
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the beneficial uses of Great Salt Lake. UDWQ has, however, faced repeated challenges in monitoring 118 

the lake and implementing existing water quality standards to assess the lake’s beneficial uses. 119 

Questions regarding the applicability of existing freshwater numeric criteria and the ability of the 120 

narrative clause to assess the wetlands of Great Salt Lake led UDWQ to begin development of an 121 

assessment framework for Great Salt Lake impounded wetlands in 2004 (Miller and Hoven, 2007; 122 

UDWQ, 2009; Miller et al., 2011) and evaluate water quality standards for Willard Spur in 2010 123 

(http://www.willardspur.utah.gov/). Questions regarding the ability of the narrative clause to address 124 

selenium led to the development of site-specific numeric criteria for selenium for Great Salt Lake in 125 

2006–2008 (CH2M HILL, 2008) and an investigation of mercury in 2009–2011 (UDWQ, 2011). All 126 

of these studies have encountered unique challenges in implementing existing and establishing new 127 

water quality standards, monitoring water quality, and assessing Great Salt Lake’s beneficial use 128 

support. Some examples of these challenges include the following: 129 

 Decision making for situations that were not well defined with little or no historical data. 130 

 Typical sampling and laboratory analytical methods were not necessarily applicable for Great 131 

Salt Lake water, as was established in the selenium standard process (Moellmer et al., 2006; 132 

personal communication with USGS, 2011).  133 

 Typical theories as to how selenium and mercury might be processed or cycled by the lake were 134 

found to not apply.  135 

 Existing freshwater numeric criteria for dissolved oxygen and pH were found not to apply to the 136 

impounded wetlands of Great Salt Lake.  137 

 Assessment of beneficial use support in Great Salt Lake wetlands continues to present many 138 

challenges. 139 

Using methods and assumptions commonly used for fresh or ocean waters could have led to erroneous 140 

data and decisions that were too protective or not protective enough and did not address the right 141 

source of contaminants (UDWQ, 2011; CH2M HILL, 2008). UDWQ is faced with the reality that an 142 

investment is needed to develop the methods, the data, and a better understanding of Great Salt 143 

Lake to be able to proactively fulfill its responsibilities.  144 

1.3.2 Development of a Great Salt Lake Health Index 145 

The Great Salt Lake Advisory Council commissioned a study in 2011 to define the ecological health of 146 

the four bays of Great Salt Lake: Gilbert Bay, Farmington Bay, Bear River Bay, and Gunnison Bay. 147 

The study developed a framework for defining the health of Great Salt Lake, based on eight 148 

ecological targets that capture the biological diversity of the lake’s ecosystem. These targets were 149 

systemwide lake and wetlands, open water of bays, unimpounded marsh complex, impounded 150 

http://www.willardspur.utah.gov/
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wetlands, mudflats and playas, isolated island habitat for breeding birds, alkali knolls, and adjoining 151 

grasslands and agricultural lands. Based on the findings, most ecological targets surrounding Great 152 

Salt Lake were considered to be in good health; however, some targets, such as the open water of 153 

bays and unimpounded marsh complexes, were found to have a high level of uncertainty due to lack 154 

of historical and current data and scientific understanding. Several habitats were also found to be in 155 

poor or fair health, including the impounded wetlands around Farmington Bay, and the open water of 156 

Gunnison Bay (SWCA, 2011).  157 

The study established the need to better understand the current condition and stresses (current and 158 

projected) on Great Salt Lake, not only to better define the health of these ecological targets, but 159 

also to protect Great Salt Lake’s beneficial uses. This study illustrates the need for research not only 160 

for UDWQ to proactively fulfill its responsibilities, but for all local, state, and federal entities to fulfill 161 

their responsibilities in protecting this valuable resource. 162 

1.4 Objectives 163 

The objective of the Strategic Monitoring and Research Plan is to enable UDWQ to proactively fulfill 164 

its responsibility to protect Great Salt Lake’s water quality and beneficial uses. Specifically, the 165 

Strategic Monitoring and Research Plan provide a strategy to address UDWQ’s responsibilities for 166 

Great Salt Lake: 167 

1. Support the development of water quality standards for Great Salt Lake. Identifies monitoring 168 

and research required to support the evaluation of existing water quality standards and identify 169 

the need for and develop new water quality standards for Great Salt Lake as discussed in 170 

Component 1. 171 

2. Monitor the waters of Great Salt Lake. Identifies a plan to provide essential lake assessment 172 

data to determine long-term water quality trends, quantify water quality problems, establish 173 

water quality goals, assess beneficial use support, and determine the effectiveness of pollution 174 

control programs. Identifies research studies to improve upon monitoring methods to improve 175 

consistency and defensibility and better leverage available resources. 176 

3. Complete research to support assessing Great Salt Lake’s beneficial uses. Identifies research 177 

required to support the above goals and the assessment of Great Salt Lake’s beneficial uses. 178 

These studies will provide an essential understanding of Great Salt Lake’s complex 179 

biogeochemistry, hydrology, and ecosystem; its beneficial uses; and how the lake’s water quality 180 
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may affect them. They provide significant opportunities for collaboration with other local, state, 181 

and federal agencies. 182 

While the Strategic Monitoring and Research Plan supports the development of water quality 183 

standards for Great Salt Lake as described in Component 1, it focuses on UDWQ’s monitoring and 184 

assessment responsibilities for Great Salt Lake. It works to answer the following key questions:  185 

 What is the current water quality condition of Great Salt Lake and how does it change seasonally 186 

and spatially? 187 

 How can the accuracy, reliability, and quality of sampling and analyzing various parameters in 188 

the complex and dynamic ecosystem of the Great Salt Lake be improved? 189 

 What areas of research are required to help evaluate and develop water quality standards, 190 

better focus monitoring efforts, and assess the lake’s health and beneficial uses? 191 

The specific objectives of the Strategic Monitoring and Research Plan are summarized in Figure 1-2 192 

and are detailed as follows. 193 
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FIGURE 1-2. GREAT SALT LAKE SAMPLING PLAN TASK SUMMARY 194 

OBJECTIVE 1

Implement Baseline Sampling 

Plan

OBJECTIVE 2

Improve Baseline Sampling 

Plan

OBJECTIVE 3

Research to Support DWQ 

Standards, UPDES Permitting 

and Assessment Programs

OUTPUT 1

Long-Term Database/

Trendline of GSL Water Quality

Proactively fulfill DWQ’s responsibility to monitor GSL waters, develop water 

quality standards, implement UPDES permits and assess beneficial uses

OUTPUT 2

  Refine analytical methods

  Improve sampling procedures

  Focus on sampling locations and

          timing

OUTPUT 3

 Proactively identify potential

         water quality problems

         Support defensible water quality

         standards and UPDES program

         Support assessment of health

         and beneficial uses of GSL          

195 
 196 

1.4.1 Objective 1—Implement Baseline Sampling Plan 197 

This objective is of highest priority and will be integrated into UDWQ’s annual monitoring program. 198 

The objective is to sample a set of key water quality parameters in Great Salt Lake and its wetlands 199 

to determine long-term water quality trends, quantify water quality problems, establish water quality 200 

goals, assess beneficial use support, and determine the effectiveness of pollution control programs. 201 

Implementation of this plan is the foundation to proactively fulfilling UDWQ’s responsibilities for 202 

Great Salt Lake. 203 
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Key parameters and contaminants were determined based on results of previous studies conducted 204 

by UDWQ and other agencies and include those that are currently identified to be at highest risk to 205 

the lake’s beneficial uses. Standard operating procedures (SOPs) were identified that can be 206 

implemented consistently by all organizations sampling and monitoring Great Salt Lake to ensure 207 

consistent quality and facilitate cross-agency use of the data. The baseline sampling plan includes the 208 

following: 209 

 Data quality objectives (DQOs) that define and establish the basis for the baseline sampling 210 

program 211 

 A work plan to meet the DQOs 212 

 Details on sampling locations and frequency 213 

 SOPs for sampling and analyzing key water quality parameters and contaminants 214 

 A Quality Assurance Project Plan (QAPP) 215 

1.4.2 Objective 2—Improve Baseline Sampling Plan 216 

This objective is of second highest priority. The identified research studies will work toward refining 217 

and improving the baseline sampling plan and analytical procedures for key contaminants in the lake. 218 

These studies fill numerous gaps and are essential to improving UDWQ’s ability to monitor Great Salt 219 

Lake and proactively develop water quality standards, Utah Pollution Discharge Elimination System 220 

(UPDES) permits, and assess Great Salt Lake’s beneficial uses. Specific objectives are as follows: 221 

 Identify gaps in accuracy and reliability of existing sampling and analytical procedures for the 222 

Great Salt Lake 223 

 Complete studies to verify and confirm or improve the standard sampling procedures and 224 

laboratory analytical methods for accurate representation of the unique water quality of Great 225 

Salt Lake 226 

 Complete studies to verify and confirm or improve sampling locations, sampling time and 227 

frequency, and contaminants that are monitored through the baseline sampling plan 228 

1.4.3 Objective 3—Research to Support UDWQ Standards, UPDES Permitting, and 229 

Assessment Programs  230 

Numerous questions asked during previous investigations remain unanswered, and answers are 231 

essential to developing water quality standards, improving monitoring activities, and assessing the 232 

health and beneficial uses of Great Salt Lake. Some of these studies have already been initiated or 233 

are being completed by UDWQ and other agencies. That does not negate the need for UDWQ to 234 

encourage or support their completion for it to fulfill its responsibilities. These studies will be 235 
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implemented depending on priority and available funding. The specific objectives of this task include 236 

the following: 237 

 Complete research to proactively identify potential water quality problems. 238 

 Complete research required to support the evaluation and development of defensible water 239 

quality standards. The standards directly support the UPDES program by establishing discharge 240 

limits for pollutants to the lake. 241 

 Complete research required to effectively and defensibly assess the health and beneficial uses of 242 

Great Salt Lake. 243 

1.5 Prioritization of  Monitoring and Research Needs  244 

UDWQ has undertaken a significant effort over the last several years to engage its partners and the 245 

stakeholders of Great Salt Lake to better understand their objectives, plans, needs, issues, and 246 

concerns and incorporate them into the Strategic Monitoring and Research Plan. Component 2 is the 247 

result of integrating this input with UDWQ’s current understanding of Great Salt Lake and its 248 

responsibilities under the CWA.  249 

As previously described, UDWQ’s highest priority is to implement the baseline sampling plan and then 250 

complete studies to improve on it. This work is critical to shifting UDWQ from reacting to possible 251 

water quality problems toward proactively monitoring, developing standards, and assessing Great 252 

Salt Lake’s beneficial uses. Table 1-2 provides a summary of how studies for Objectives 1 and 2 are 253 

prioritized with a suggested timeline for completion.  254 

Additional research studies were identified to address Objective 3. Each of these studies is important 255 

and helps achieve the stated objectives. However, in an environment where funds are not always 256 

available, it is necessary to prioritize efforts. Table 1-3 provides a summary of how studies for 257 

Objective 3 are prioritized with a timeline for completion. It is important to note that some of these 258 

studies are already being implemented by UDWQ and/or others in response to critical needs, thus 259 

their high priority is implied by this action. Those projects that are currently being led by others are 260 

noted. They require UDWQ’s support but not necessarily significant involvement. Some of the studies 261 

will be necessary to implement if the lake is listed on the 303(d) list as impaired for its beneficial use 262 

and a Total Maximum Daily Load Analysis is required to quantify sources and loading to the lake. The 263 

remaining studies are prioritized based on existing issues that UDWQ must address and its need to 264 

proactively develop water quality standards and assess Great Salt Lake’s beneficial uses.  265 

The recommended timeline for completion is identified only as a guideline as some studies provide 266 

information that are a prerequisite for others. All studies are subject to discussion and coordination 267 
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within UDWQ and its partners and available funding. It is recognized that extenuating circumstances 268 

may cause UDWQ to reprioritize efforts to address needs as they arise. 269 

TABLE 1-2. PRIORITIZATION OF STUDIES FOR OBJECTIVES 1 AND 2 

Priority Study Description 

Location in 

Document 

(Section No.) Recommended Timeline 

Objective 1 – Implement Baseline Sampling Plan 

1 Implement Baseline Sampling Plan 2.0 Began in 2011, continuing 

Objective 2 – Improve Baseline Sampling Plan 

1 
Round Robin Study for Evaluating Laboratory 

Analytical Techniques 
3.2 Begin in 2012 

2 
Round Robin Study for Evaluating Water Sampling 

Techniques 
3.3 2013–2014 

3 Brine Shrimp Sampling Method Optimization 3.4 2014–2015 

4 Synoptic Sampling of Great Salt Lake 3.5 
2013–2014, repeat every 

5 years 

 270 

TABLE 1-3. PRIORITIZATION OF STUDIES FOR OBJECTIVE 3 

Priority Study Description 

Location in 

Document 

(Section No.) Recommended Timeline 

Objective 3 – Complete Research to Better Understand Great Salt Lake Ecosystem  

and Protect its Beneficial Uses 

1 Great Salt Lake Wetland Assessment Framework 4.4.1 2009–2015 

2 
Development of Water Quality Standards for Willard 

Spur 
4.4.2 2011–2015 

3 Determine Potential Water Quality Benchmarks 4.3.1.1 2012–2013 

4 
Bird Egg Monitoring for Selenium and Mercury in Great 

Salt Lake 
4.3.3.3 Began in 2010, continuing 

5 Develop Wetland Research Framework 4.4.3.1 Begin in 2013 

6 Avian Population Use of Great Salt Lake 4.3.3.1 
Other agency’s efforts, 

continuing 

7 Trophic Transfer Model for Upper Food Chain 4.3.3.2 Continuing 

8 Laboratory Toxicity Tests 4.3.2.3  

9 Effects of Salinity on Planktonic and Benthic 4.3.2.1  
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TABLE 1-3. PRIORITIZATION OF STUDIES FOR OBJECTIVE 3 

Priority Study Description 

Location in 

Document 

(Section No.) Recommended Timeline 

Objective 3 – Complete Research to Better Understand Great Salt Lake Ecosystem  

and Protect its Beneficial Uses 

Communities in Great Salt Lake 

10 Great Salt Lake Data Repository 4.2.1  

11 Trophic Transfer Model for Lower Food Chain 4.3.2.2  

12 Great Salt Lake Hydrologic and Hydrodynamic Model 4.3.1.2  

13 
Sources, Loads, Mass Balance, and Mixing of Nutrients 

in Great Salt Lake 
4.3.1.2  

14 
Sources, Loads, Mass Balance, and Mixing of Selenium 

in Great Salt Lake 
4.3.1.2  

15 
Sources, Loads, Mass Balance, and Mixing of Mercury 

in Great Salt Lake 
4.3.1.2  

16 
Effects of Lake Hydrology and Chemistry on 

Contaminants of Concern 
4.3.1.3  

17 
Interaction of Contaminants between Water and 

Sediment in Great Salt Lake 
4.3.1.4  

18 

Studies to Understand the Interaction of Selenium and 

Mercury and Their Effects on Avian Population in Great 

Salt Lake 

4.3.3.3  

19 Miscellaneous Topics 4.4.3.2  

 

1.6 Document Organization 271 

The remainder of this document is organized into the following sections: 272 

 Section II provides the Great Salt Lake baseline sampling plan (Objective 1).  273 

 Section III provides recommendations to refine and improve the baseline sampling plan (Objective 274 

2).  275 

 Section IV identifies key research needs for Great Salt Lake as they pertain to UDWQ’s 276 

responsibilities (Objective 3).  277 

 Section V provides a list of the references cited in this document.  278 
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II. BASELINE SAMPLING PLAN  279 

FOR THE OPEN WATERS OF GREAT SALT LAKE 280 

Monitoring the water quality of Great Salt Lake, and thus the development and implementation of a 281 

baseline sampling plan, is a critical responsibility of UDWQ and a critical element in UDWQ’s 282 

strategy to protect the water quality of Great Salt Lake. This plan will provide for the routine 283 

collection of environmental samples and reporting of concentrations of key contaminants of concern in 284 

the water, macroinvertebrates, and bird eggs that are indicative of the water quality of the open 285 

waters of Great Salt Lake. The activities described in this section will enable UDWQ to determine 286 

long-term water quality trends, quantify water quality problems, establish water quality goals, assess 287 

beneficial use support, and determine the effectiveness of pollution control programs.  288 

While UDWQ is currently also sampling Great Salt Lake wetlands, the assessment framework for 289 

these wetlands is still in development and will be described elsewhere. This section summarizes 290 

UDWQ’s baseline sampling for the open waters of Great Salt Lake. 291 

2.1 Introduction 292 

2.1.1 Background 293 

The importance of the complex yet unique characteristics of Great Salt Lake to migratory birds, local 294 

recreation, brine shrimp, and mineral industries and its significance to the ecology and economy of the 295 

region is well documented (Colwell and Jehl, 1994; USGS, 1995; Jehl, 1988; Aldrich and Paul, 2002; 296 

Isaacson et al., 2002). Millions of birds use the lake water and its surrounding wetlands every year as 297 

they migrate from breeding grounds as far away as the Arctic to wintering areas as far away as 298 

Argentina. Recreational opportunities abound on and around the lake, which attracts thousands of 299 

visitors annually to enjoy sailing, hiking, hunting, and watching the diverse bird life. Great Salt Lake is 300 

also home to the mineral and brine shrimp industries, which also make significant contributions to Utah’s 301 

economy (Bioeconomics, Inc., 2012).  302 

These same complex and unique characteristics also make it challenging for UDWQ to develop water 303 

quality standards, monitor the lake’s water quality, and assess the lake’s beneficial uses. Existing 304 

freshwater standards are generally not applicable. Only one numeric criterion (selenium) has been 305 

adopted for the lake at the writing of this plan, leaving UDWQ with a narrative clause for use in its 306 

assessments. A lack of long-term data and scientific uncertainty about the fate and transport of 307 

contaminants in the lake and its associated food web further complicate UDWQ’s assessments.  308 



DRAFT Core Component 2: Strategic Monitoring and Research Plan 

17 

What was first considered a relatively simple ecosystem composed of algae, brine shrimp, brine flies, 309 

and bird life is now understood to be quite complex and dynamic. UDWQ needs a baseline sampling 310 

program for Great Salt Lake that will provide the following:  311 

 Establish a public, long-term database of the lake’s water quality that will enable UDWQ to 312 

determine long-term water quality trends, quantify water quality problems, establish water 313 

quality goals, assess beneficial use support, and determine the effectiveness of pollution control 314 

programs 315 

 Confirm appropriate sampling and analytical techniques of various matrices and target 316 

contaminants in the lake 317 

 Support the development of water quality standards and the assessment of Great Salt Lake’s 318 

health and beneficial uses  319 

 Facilitate a collaborative approach with partner agencies 320 

2.1.2 Baseline Sampling Program Objectives 321 

The objective of the baseline sampling program is to enable UDWQ to collect environmental samples 322 

to determine long-term water quality trends, quantify water quality problems, establish water quality 323 

goals, assess beneficial use support, and determine the effectiveness of pollution control programs. 324 

This sampling plan defines the DQOs, sampling procedures, analytical procedures, safety 325 

considerations, and documentation and reporting requirements to be implemented by UDWQ as part 326 

of this program.  327 

2.1.3 Study Area 328 

Figure 2-1 shows the study area for the baseline sampling program. It includes the “open waters of 329 

Great Salt Lake” defined as Gilbert Bay (Class 5A), Gunnison Bay (Class 5B), Farmington Bay 330 

(Class 5D), and Bear River Bay (Class 5C) and is generally bounded by the shoreline as defined by 331 

the current lake water level but an area no greater than as represented by the lake’s bed elevation 332 

of 4,208 feet per UDWQ’s segmentation of the waters of Great Salt Lake (UAC R317-2-6). The 333 

UPRR Causeway separates Gilbert Bay from Gunnison Bay and Bear River Bay. The Antelope Island 334 

Causeway at the northern end of Antelope Island and Island Dike Road at the southern end of 335 

Antelope Island separate Gilbert Bay from Farmington Bay. A series of evaporation pond dikes 336 

separate Gilbert Bay from what was historically known as Stansbury Bay. 337 
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2.2 Data Quality Objectives 338 

The EPA’s seven-step DQO process (EPA, 2006) was used to guide the requirements and design 339 

rationale for the Great Salt Lake baseline sampling program. The DQOs define the type, quantity, 340 

and quality of data and establish performance and acceptance criteria to ensure that data collected 341 

support the goals of the study.  342 

Table 2-1 details the DQOs for this sampling plan. 343 
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FIGURE 2-1. GREAT SALT LAKE BASELINE SAMPLING PLAN STUDY AREA AND SAMPLING LOCATION 344 

 345 
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TABLE 2-1. DQOs FOR GREAT SALT LAKE BASELINE SAMPLING PROGRAM 

Step DQOs for Great Salt Lake Baseline Sampling Program 

1. Problem Statement Problem 

Several contaminants of concern, such as nutrients, selenium, mercury, and other trace metals, are known to cause adverse effects 

on the biological health and the beneficial uses of some water bodies and are known to exist in the waters of Great Salt Lake. 

Little is known about existing concentrations of these contaminants in Great Salt Lake, their temporal and spatial variability, and 

their fate and transport. Great Salt Lake’s unique and complex water chemistry has made assessing these contaminants and 

tracking their long-term variability difficult and precluded the use of typical numeric water quality standards to manage Great 

Salt Lake’s water quality. This has resulted in a dearth of data that often results in a reactive approach to managing its water 

quality and makes the assessment of the water quality in Great Salt Lake extremely difficult. These uncertainties resulted in a 

large expenditure of resources to develop the criterion for selenium. Great Salt Lake is protected by a narrative water quality 

standard and currently has only one site-specific numeric water quality standard for selenium in Gilbert Bay (UAC R317-2-14).  

A long-term database of water quality measures (including water and biota tissue chemistry) is needed to assess long-term trends 

and enable UDWQ to fulfill its responsibilities. A long-term strategy to monitor selenium concentrations in bird eggs is needed to 

comply with the existing numeric criterion. Proven protocols are needed to enable the consistent collection and analysis of 

environmental samples from Great Salt Lake. Research is needed to better understand the idiosyncrasies of Great Salt Lake’s 

ecosystem and how they relate to water quality. These tools are needed to better understand the ecosystem and identify reliable 

measures that can be used to assess its health.  

Project Team 

It is UDWQ’s objective to collaborate and coordinate with various state and federal agencies that have management 

responsibilities, conduct research, and monitor the condition of Great Salt Lake. The following agencies are identified as potential 

partners in completing a baseline sampling program and developing protocols for future monitoring of the health of Great Salt 

Lake: 

 Utah Division of Wildlife Resources (UDWR) 

 Utah Division of Forestry, Fire, and State Lands 

 Utah Geological Survey 

 Davis County Health Department 

 USGS 

 United States Fish and Wildlife Service (USFWS)  

Available Resources 

UDWQ will seek to collaborate with partner agencies to provide the resources required for the baseline sampling program. 

UDWQ will include funds for the proposed baseline sampling program in its annual budget. Monies for supplemental studies will 

be appropriated on an as-needed basis.  
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TABLE 2-1. DQOs FOR GREAT SALT LAKE BASELINE SAMPLING PROGRAM 

Step DQOs for Great Salt Lake Baseline Sampling Program 

Relevant Deadlines 

UDWQ began implementation in Spring 2011 and will continue on an annual basis. A report providing a summary and evaluation 

of analytical results will be provided to UDWQ to provide adequate time for inclusion in the preparation of the State of Utah’s 

biennial 305(b) report.  

2. Goal of the 

Study/Decision 

Statements 

Key Questions 

The overall question to be resolved can be stated as, “What is the overall water quality of the open waters of Great Salt Lake?” 

The following more specific questions will be addressed by the baseline sampling program:  

 What are the concentrations of potential contaminants of concern (i.e., nutrients, selenium, mercury, etc.) in Great Salt Lake’s 

water or the brine shrimp and the eggs of nesting birds?  

 How do these concentrations vary spatially, seasonally, and annually? 

Possible Outcomes 

 Information obtained from the sampling efforts is adequate to accurately quantify concentrations of contaminants in Great Salt 

Lake. Data are useful for management decisions, a better understanding of Great Salt Lake’s ecosystem, and guiding future 

research. 

 Information obtained from the sampling efforts is not adequate to accurately quantify concentrations of identified contaminants 

in Great Salt Lake. Steps will be taken to improve and/or develop appropriate sampling and analytical methods for Great 

Salt Lake and revise the baseline sampling program as needed.  

 Information obtained is adequate to understand the spatial and temporal variation of identified contaminants in the lake.  

 Information obtained is not adequate to understand the spatial and temporal variation of pollutants in the lake. Steps are 

taken to prioritize research needs to understand these variations better and revise baseline sampling program as needed.  

3. Inputs to the Decision Informational Inputs 

The following information will be collected:  

 Water and brine shrimp samples will be sampled biannually at 12 locations in Great Salt Lake as shown in Figure 2-1—Once 

during the bird nesting season (in the month of June) and once during the fall brine shrimp cyst harvest (in the month of 

October). An assessment framework (see Figure 2-3) will be used to determine if water and brine shrimp sampling will be 

completed at more locations and on a more frequent basis.  

 A minimum of five (preferably eight) bird eggs each will be collected from American avocets and black-necked stilts at two 

locations: Bridger Bay on Antelope Island and Saltair as shown in Figure 2-1. This will be completed during bird nesting season 

(April through June) at a minimum of once every 2 years. An assessment framework (see Figure 2-3) will be used to determine 
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TABLE 2-1. DQOs FOR GREAT SALT LAKE BASELINE SAMPLING PROGRAM 

Step DQOs for Great Salt Lake Baseline Sampling Program 

if egg sampling will be completed every year and if changes will be made in how many eggs will be collected and from how 

many locations.  

Variables/Characteristics to Be Measured 

Total selenium and mercury concentrations in the following: 

 Water 

 Brine shrimp 

 Bird eggs 

Methyl-mercury concentration in the following:  

 Water 

Trace metals (at a minimum total arsenic, total copper, cadmium, lead, and thallium; others included if part of the same analysis 

suite) concentration in the following: 

 Water 

 Brine shrimp 

Nutrient (total nitrogen, total phosphorus, and ammonia) and chlorophyll-a concentrations in the following:  

 Water  

Dissolved oxygen, pH, temperature, conductivity, secchi depth, total water depth, and the depth of deep brine layer (if present) 

will be measured in water as well.  

Report dry-weight concentrations and moisture percentage of biota samples. 

4. Study Boundaries The study area for this project is shown in Figure 2-1. This area includes the Gilbert Bay or the South Arm, Farmington Bay, Bear 

River Bay, and Gunnison Bay (i.e., the North Arm).  

Temporal 

 Water and brine shrimp samples will be sampled semiannually—once during the bird nesting season (June) and once during 

the fall brine shrimp cyst harvest (October). An assessment framework (see Figure 2-3) will be used to determine if sampling 

will be completed more frequently. 

 Bird eggs will be collected during nesting season (April through June) a minimum of once every 2 years. An assessment 

framework (see Figure 2-3) will be used to determine if sampling will be completed more frequently.  

Practical Constraints on Data Collection 

 Availability of boats and other field equipment, as well as equipment functionality, may limit some activities. 
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TABLE 2-1. DQOs FOR GREAT SALT LAKE BASELINE SAMPLING PROGRAM 

Step DQOs for Great Salt Lake Baseline Sampling Program 

 Staffing and funding availability will need to be confirmed. 

 Weather is a major constraint for all sampling and monitoring activities because storms can limit ability to safely conduct 

sampling and measurement activities at the study area. 

 Great Salt Lake levels may be a constraint and affect sampling locations. Currently, there is no readily available access to 

Gunnison Bay. Gunnison Bay samples will be collected as opportunities arise but no regular sampling location is identified. 

 Successfully obtain collection permits from USFWS. 

 The presence of bird eggs and sufficient mass of macroinvertebrates needed for sample analysis may be a constraint. 

 Not all sampling and analytical methods are fully tested and confirmed. 

5. Decision Rules  If information is adequate to accurately quantify the concentration of contaminants of concern for Great Salt Lake, UDWQ will 

complete reporting as noted.  

 If information is not adequate to accurately quantify the concentration of contaminants of concern for Great Salt Lake, UDWQ 

will evaluate results, revise methods, develop appropriate sampling and analytical methods for Great Salt Lake, revise the 

baseline sampling program as needed, and complete reporting as noted. 

6. Tolerable Limits on 

Decision Rules 

Data quality may also be specified under measurement quality objectives. This quality assessment typically involves specifying 

performance criteria in terms of the precision, accuracy, representativeness, completeness, and comparability of the data. These 

performance criteria provide a measure of how well the established measurement quality objectives were met. 

For this investigation, measurement quality objectives for chemical measurements will be specified in the QAPP; in general, the 

measurement quality objectives for selenium and trace metals are about ±20 percent, for total mercury are about ±24 percent, 

and for methyl mercury are about ±35 percent. The QAPP will specify all quality assurance/quality control objectives for sample 

measurement based on each matrix and may be more restrictive or less restrictive than ±20 percent.  

7. Optimization of the 

Sampling Design 

The baseline sampling program includes the collection and analysis of water, brine shrimp, and bird egg samples to monitor the 

water quality of Great Salt Lake and assess its condition with respect to water quality standards. An assessment framework is 

included that allows UDWQ to adapt the baseline sampling program to specific concentrations of selenium observed in Great Salt 

Lake. UDWQ’s strategy for Great Salt Lake includes supplemental studies that are intended to improve implementation and 

interpretation of results from the baseline sampling program. 

 346 
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2.3 Contaminants of  Concern 347 

Several studies and monitoring programs have identified contaminants that may adversely affect 348 

Great Salt Lake’s ecology and its beneficial uses. As the public has become more aware of the 349 

importance of Great Salt Lake, they too have begun to express concerns about the lake’s water 350 

quality condition. Table 2-2 provides a summary of selected recent literature that has investigated 351 

and identified contaminants of concern that could potentially adversely affect the Great Salt Lake 352 

ecosystem.  353 

TABLE 2-2. CONTAMINANTS TO BE MONITORED IN THE GREAT SALT LAKE BASELINE SAMPLING PLAN 

Contaminants Literature 

Selenium Cavitt, 2006; Marden, 2007; Cavitt, 2008a; Cavitt 2008b; CH2M HILL, 2008; 

Conover et al., 2008a; Conover et al., 2008b; Conover 2008c; Marden, 2008; 

Naftz et al, 2009b; Vest et al., 2009; Diaz et al., 2009a; Diaz et al., 2009b 

Total and Methyl-Mercury CH2M HILL, 2008; Naftz et al., 2008; Naftz et al., 2009a; Vest et al., 2009; 

UDWQ, 2011 

Trace Metals Johnson et al. 2008; Naftz et al., 2009b; USGS, 2004; Vest et al., 2009; 

Beisner et al., 2009 

Nutrients Naftz et al., 2008; Wurtsbaugh et al., 2009 

 

2.3.1 Selenium 354 

A numeric water quality criterion for selenium was established for Great Salt Lake in UAC R317-2-14 355 

in November 2008. This standard was developed through an extensive process led by a Selenium 356 

Steering Committee composed of prominent stakeholders who were advised by a scientific panel of 357 

selenium experts (CH2M HILL, 2008). The selenium water quality criterion of 12.5 milligrams per 358 

kilogram is a tissue-based standard based on the complete egg/embryo of aquatic-dependent birds 359 

that use the waters of Gilbert Bay (Class 5A). UDWQ’s objective is to continue to protect Great Salt 360 

Lake for selenium by monitoring egg tissue from aquatic-dependent birds, refining the trophic transfer 361 

model through ecosystem monitoring, evaluating trigger selenium concentrations that initiate various 362 

monitoring, assessment and management actions, and identifying management actions to mitigate 363 

further increases in selenium concentrations. The baseline sampling program will work toward 364 

developing a long-term database to assess bird egg concentrations and address these objectives. 365 
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2.3.2 Mercury 366 

Mercury, a global pollutant that ultimately makes its way into every aquatic ecosystem through the 367 

hydrologic cycle, is also a contaminant of concern in Great Salt Lake. After a 2003 USGS study found 368 

elevated concentrations of total and methyl-mercury in the waters and evidence of its bioaccumulation 369 

in the biota of Great Salt Lake (Naftz et al., 2008; Naftz et al., 2009), UDWQ began an endeavor 370 

to understand the extent to which mercury poses a risk to the Great Salt Lake aquatic birds and 371 

organisms in their forage base (UDWQ, 2011). Several other studies as indicated in Table 2-2 have 372 

also concluded that mercury is a significant contaminant of concern in Great Salt Lake. Questions still 373 

remain on whether avian species are exposed to mercury at Great Salt Lake or elsewhere. More 374 

research needs to be done on avian species that feed primarily on brine shrimp and brine flies, as 375 

well as on the relationship between selenium and mercury. UDWQ’s objective is to continue sampling 376 

and monitoring of total and methyl-mercury in the Great Salt Lake ecosystem.  377 

2.3.3 Trace Metals 378 

Though little is known about the input and biogeochemical cycling of trace elements in the lake, there 379 

are concerns about the negative effect of these constituents in Great Salt Lake. A study by USGS and 380 

others completed from 1998 to 2001 evaluated water quality and completed a biological assessment 381 

of the Great Salt Lake basin (Waddell et al., 2004). This study concluded that most streambed 382 

sediments had concentrations of arsenic, cadmium, copper, lead, mercury, silver, and zinc that 383 

exceeded aquatic life guidelines. Naftz et al. (2000) also found that deposition of contaminated 384 

sediment in the Farmington Bay area with elevated concentrations of cadmium, copper, lead, zinc, 385 

nitrogen, organic carbon, and phosphorus. Deposition began to increase sometime in the early to mid-386 

1900s and became progressively greater in recently deposited sediment, illustrating the impact of 387 

trace metals on the lake with increased urbanization. In addition, in a recent article, Vest et al. (2009) 388 

found elevated arsenic levels in wintering waterfowls of Great Salt Lake. UDWQ’s objective is to 389 

prioritize the tracking of current and changing concentrations of arsenic and copper to proactively 390 

protect the lake from these potential contaminants. Other trace metals are of concern but will be 391 

tracked as resources are available.  392 

2.3.4 Nutrients 393 

Similar to the trace metals, little is known with regard to the variability, fate, and transport of nutrients 394 

in the open waters of Great Salt Lake. A few studies by Wurtsbaugh et al. have assessed Farmington 395 

Bay of Great Salt Lake and identified it to be hypereutrophic with blooms of toxic cyanobacteria and 396 

measurable concentrations of cyanotoxins (Wurtsbaugh et al., 2006; Wurtsbaugh et al., 2009). These 397 
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studies have also estimated the impact of excess nutrients in Farmington Bay on the Great Salt Lake 398 

ecosystem via its connectivity with the other bays. The UDWR continues work to evaluate the impact of 399 

nutrients on the brine shrimp industry. Tracking nutrient concentrations are thus important to UDWQ to 400 

better understand nutrient cycling and effects in the lake.  401 

2.3.5 Summary 402 

The baseline sampling program’s focus will be to monitor concentrations of potential contaminants in 403 

the waters, brine shrimp, and aquatic-dependent bird eggs of Great Salt Lake as described in 404 

Table 2-3. 405 

TABLE 2-3. CONTAMINANTS TO BE MONITORED IN WATER, BRINE SHRIMP, AND BIRD EGGS OF OPEN WATERS OF GREAT SALT 

LAKE 

Matrix Analytes 

Water Total selenium, total and methyl-mercury, total arsenic, total copper, cadmium, lead, thallium, 

total phosphorus, total nitrogen, ammonia, and chlorophyll-a 

Brine Shrimp Total selenium, total mercury, total arsenic, total copper, cadmium, lead, and thallium 

Bird Eggs Total selenium and total mercury 

 406 

2.4 Sampling Approach 407 

UDWQ intends that the baseline sampling program be adapted to address a variety of factors: 408 

 Newly developed methods  409 

 Availability of new research  410 

 New questions and issues  411 

 New water quality standards 412 

 New opportunities for collaboration in sample collection and analysis 413 

 Additional funding that may become available 414 

The baseline sampling approach described in the following paragraphs is the minimum sampling and 415 

monitoring required to meet UDWQ’s current objectives and obligations for management of the open 416 

waters of Great Salt Lake. While the approach to sampling on Great Salt Lake may change, it is 417 

anticipated that the baseline sampling program will be incorporated into UDWQ’s long-term 418 

monitoring program of waters of the state. Figure 2-2 summarizes the work plan design for the 419 

sampling plan. 420 
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FIGURE 2-2. GREAT SALT LAKE BASELINE SAMPLING WORK PLAN  421 
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 422 

2.4.1 Water and Brine Shrimp 423 

Water and brine shrimp will be sampled and analyzed a minimum of twice per year using SOPs and 424 

the QAPP. Samples will be collected once during the bird nesting season (April through June) and once 425 

during the fall brine shrimp cyst harvest (September through November). Samples will be collected at 426 

a minimum of 11 locations as shown in Figure 2-1 and Table 2-4. These locations were selected to 427 

remain consistent with locations used in routine sample collection and research completed by the 428 

UDWR and USGS (Naftz et al., 2008b). Additional locations may be added or samples collected 429 

more frequently as resources are available, per the objectives of independent research studies or as 430 

dictated by the selenium assessment framework described in Section 1.5. All samples will be collected 431 

adjacent to or within the open waters of Great Salt Lake, Farmington Bay, and Bear River Bay so 432 

samples are representative of contaminant exposure from the open waters of Great Salt Lake and 433 
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Farmington Bay. All results for tissue samples will be reported on a dry-weight basis, along with the 434 

percent moisture for each sample, insofar as adequate biomass can be collected. 435 

The deep brine layer will be sampled for total and methyl-mercury, total selenium, total arsenic, total 436 

copper, cadmium, lead, and thallium, when it is present. 437 

TABLE 2-4. SAMPLE POINTS AND COORDINATES 

Sample Points Target Bay Approximate Coordinates* 

1 Gilbert Bay Latitude 40°46'07", Longitude 112°19'38" 

2 Gilbert Bay Latitude 40°53'56", Longitude 112°20'56" 

3 Gilbert Bay Latitude 41°02'23", Longitude 112°30'19" 

4 Gilbert Bay Latitude 41°04'22", Longitude 112°20'00" 

5 Gilbert Bay Latitude 41°06'44", Longitude 112°38'26" 

6 Gilbert Bay Latitude 41°06'37", Longitude 112°27'04" 

7 Gilbert Bay Latitude 41°11'16", Longitude 112°24'44" 

8 Gilbert Bay/ Farmington Bay Latitude 41°03'59", Longitude 112°13'47" 

9 Farmington Bay Latitude 41°02'24.36", Longitude 112°09'51.12" 

10 Farmington Bay Latitude 41°01'53", Longitude 112°08'23" 

11 Bear River Bay Latitude 41°19'38", Longitude 112°19'29 

12 Gunnison Bay Latitude 41°15'19", Longitude 112°29'46" 

Note:  

*(http://wdr.water.usgs.gov/nwisgmap/?state=ut) 

Water samples and brine shrimp will be analyzed for the minimum analytes shown in Table 2-3. 438 

Additional analytes may be included if included as part of the same analytical suite, as resources are 439 

available or per the objectives of independent research studies.  440 

At a minimum, measurements documenting the temperature, pH, conductivity, dissolved oxygen, secchi 441 

depth, total water depth, and depth to deep brine layer will be made at the location where water 442 

and brine shrimp samples are collected.  443 

2.4.2 Bird Eggs 444 

The eggs of shorebirds will be sampled to characterize the birds’ exposure to metals present in the 445 

open waters of Great Salt Lake. Bird eggs will be sampled a minimum of once every 2 years to allow 446 

UDWQ to assess compliance with Great Salt Lake’s tissue-based, numeric water quality standard for 447 

selenium and document levels of exposure to mercury. Per the recommendations of UDWQ’s Selenium 448 
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Science Panel, American avocets and black-necked stilts foraging in the open waters of Great Salt 449 

Lake will be targeted initially (CH2M HILL, 2008). Bird eggs will be sampled and evaluated and 450 

tissues analyzed using SOPs and the QAPP.  451 

A single egg will be collected from a minimum of five avocet nests and five stilt nests (preferably 452 

eight nests of each species) after the clutches are completed (total of 10 eggs). Each embryo will be 453 

checked for stage of development. Late-stage embryos will be examined for developmental 454 

abnormalities, including a determination of the embryo’s position in the egg. Egg contents will then be 455 

analyzed for total selenium and total mercury and concentrations reported on a dry-weight basis, 456 

along with percent moisture of each sample. 457 

The area considered for bird egg collection will be, at a minimum, Bridger Bay on north side of 458 

Antelope Island as shown in Figure 2-1. Additional locations may be added or additional eggs 459 

collected as allowed by the egg collection permit, as resources are available, per the objectives of 460 

independent research studies, or as dictated by the selenium assessment framework described in 461 

Section 2.5. All samples will be collected adjacent to or within the open waters of Great Salt Lake so 462 

samples are representative of contaminant exposure from the open waters of Great Salt Lake. All 463 

results for tissue samples will be reported on a dry-weight basis, along with the percent moisture for 464 

each sample, insofar as adequate biomass can be collected. 465 

2.5 Selenium Assessment Framework 466 

UDWQ’s Selenium Science Panel discussed various alternatives for implementing a water quality 467 

standard for selenium in the open waters of Great Salt Lake. Given the uncertainties of the current 468 

understanding of selenium cycling in Great Salt Lake, the bioaccumulative nature of selenium, the need 469 

to incorporate both water-borne and tissue-based selenium concentrations, and the desire to 470 

proactively protect and manage the water quality of Great Salt Lake, the Science Panel developed a 471 

concept for a tiered approach to implementing the selenium water quality standard. The approach 472 

relies on the Bioaccumulation Model developed as part of the selenium research program to relate 473 

water, brine shrimp and bird egg concentrations (CH2M HILL, 2008).  474 

Selenium monitoring completed as part of the Great Salt Lake baseline sampling program will follow 475 

this tiered approach. Figure 2-3 illustrates the framework of the tiered approach as adapted to 476 

incorporate the final selenium water quality standard. The intent of the tiered approach is for 477 

analytical results to be summarized by statistical measures, using a geometric mean, of lake-wide 478 

results for each medium that is sampled (e.g., geometric mean of analytical results for annual brine 479 

shrimp samples and from one nesting season for bird egg samples). UDWQ will use the defined 480 
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criteria in the selenium assessment framework and analytical results from the previous calendar year 481 

to determine the actions to be implemented for the following calendar year.  482 

The tiered approach was developed to address the following objectives:  483 

 Monitor Great Salt Lake to assess trends in selenium concentrations and determine whether they 484 

are approaching or exceeding the water quality standard in eggs, using brine shrimp as 485 

indicators of whether the standard is likely to be exceeded in bird eggs 486 

 Address current uncertainty in modeled bioaccumulation relationships by validating expected 487 

bioaccumulation with new data for water and brine shrimp concentrations and, if appropriate, 488 

egg selenium and hatchability 489 

 Evaluate trigger selenium concentrations that initiate various monitoring, assessment, and 490 

management actions identified in the assessment framework 491 

 Evaluate the lake with respect to the numeric water quality standard for selenium 492 

 Initiate management actions based on applicable selenium triggers  493 

The approach implements various trigger concentrations for brine shrimp and egg selenium that 494 

increase monitoring levels and management options if and when actual selenium concentrations 495 

increase. 496 

Use of this approach will allow UDWQ to continually assess and improve on the relationships included 497 

in the Bioaccumulation Model and the trigger levels included in the approach (see Table 2-5). The 498 

increasing levels of monitoring and implementation of management options, when necessary, are 499 

intended to provide a more robust and defensible dataset to confirm an apparent upward trend in 500 

selenium concentrations, as well as provide a means to assess efforts to mitigate the upward trend, if 501 

one occurs. 502 

Table 2-5 summarizes the trigger bird egg concentrations included in the final tissue-based, numeric 503 

water quality standard (UAC R317-2A-14) and the associated brine shrimp concentrations estimated 504 

by the Bioaccumulation Model (Version 5.0). Tables 2-6 and 2- 7 summarize recommended changes to 505 

the baseline sampling program and management actions corresponding to observed changes in 506 

selenium concentrations in brine shrimp and bird eggs. Tables 2-5, 2-6, and 2-7 will be used in 507 

conjunction with Figure 2-3.  508 
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FIGURE 2-3. ASSESSMENT FRAMEWORK FOR SELENIUM IN GREAT SALT LAKE 509 

 510 

TABLE 2-5. TRIGGER LEVELS CORRESPONDING TO SELENIUM ASSESSMENT FRAMEWORK FOR OPEN WATERS OF GREAT SALT LAKE 

Matrix Units 

Trigger 1 

Concentration 

Trigger 2 

Concentration 

Trigger 3 

Concentration 

Trigger 4 

Concentration 

Brine Shrimp (BS) ppm (dw) 5.3 7.0 10.8 13.7 

Egg (E) ppm (dw) 5.0 6.4 9.8 12.5 

Notes: 

dw = Dry Weight 

ppm = Part per Million 

Egg values obtained from UAC R317-2-14, values for water and brine shrimp back calculated using Bioaccumulation Model 

version 5.0 (CH2M HILL, 2008). See Figure 2-3 for the Selenium Assessment Framework. 

TABLE 2-6. DESCRIPTION OF SAMPLING ACTIVITIES REQUIRED BY SELENIUM ASSESSMENT FRAMEWORK FOR OPEN WATERS OF GREAT SALT LAKE 

No. Description of Sampling Activities 

1 Sample water and brine shrimp at 11 locations semiannually 

2 Increase sampling of water and brine shrimp to 11 locations on quarterly basis 

3 Add sampling of bird eggs at one location for two shorebird species on annual basis, sample water and brine shrimp at 

11 locations on quarterly basis 

4 Increase sampling of water and brine shrimp to 16 locations on quarterly basis, sample bird eggs at one location for two 

shorebird species on annual basis 

5 Increase sampling of eggs to two locations for two shorebird species on annual basis, sample water and brine shrimp at 16 

locations on quarterly basis 

6 Increase sampling of water and brine shrimp to 16 locations on monthly basis, sample bird eggs at two locations for two 

shorebird species on annual basis 

7 Increase sampling of eggs to include two shorebird species and gulls, each at two locations on annual basis; sample water 

and brine shrimp at 16 locations on monthly basis 

8 Complete a hatchability study on two shorebird species and gulls, sampling of eggs to include two shorebird species and 

gulls, each at two locations on annual basis; sample water and brine shrimp at 16 locations on monthly basis 

 

TABLE 2-7. DESCRIPTION OF MANAGEMENT ACTIONS REQUIRED BY SELENIUM ASSESSMENT FRAMEWORK FOR OPEN WATERS OF GREAT SALT LAKE 

No. Description of Management Action 

1 Initiation of a Level II Antidegradation review by the State for all discharge permit renewals or new discharge permits for 

Great Salt Lake; the Level II Antidegradation review may include an analysis of loading reductions 

2 Initiation of preliminary TMDL studies to evaluate selenium loading sources 

3 Declare impairment. Formalize and implement TMDL 

Notes: 

TMDL= Total Maximum Daily Load 

Management actions obtained from UAC R317-2-14. 
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2.6 Sampling Procedures/Methodology 511 

All sampling activities required by the baseline sampling program will follow the methods described in 512 

SOPs defined by UDWQ. Before going out for field sampling, a checklist of all routine material and 513 

equipment needed during sampling will be prepared. A separate list will be created for specialized 514 

sampling equipment, if required. Specialized sampling may include materials and equipment for clean 515 

sampling methods. In addition, safety gear, such as life jackets and safety vests, as well as 516 

appropriate clothing and shoes, will be worn as required during sampling. 517 

2.6.1 Health and Safety 518 

A site hazard analysis and Health and Safety Plan (HSP) will be prepared before completing 519 

sampling activities as required by UDWQ. While possible hazards include accessing the lake and 520 

nesting sites, the use of motorized vehicles, possible extreme weather (exposure to rough water, cold 521 

water, lightning, sun, temperatures, etc.), and working in and around moving water, the field sampling 522 

team will assess all hazards and address them in the HSP before going to the field. All staff involved 523 

with field sampling activities will follow the HSP. 524 

2.7 Quality Assurance Project Plan 525 

All sampling and analytical activities required by the baseline sampling program will follow the 526 

requirements described in the QAPP defined by UDWQ. 527 

2.8 Repor ting 528 

Sampling began in 2011 and will continue on an annual basis. Detailed field and laboratory data, 529 

analysis, and summary of results will be presented in an annual report. This report is due by March 1 530 

following the end of the calendar year when samples were collected.  531 

UDWQ will keep project files including electronic copies of analytical data, field notes, data sheets 532 

and journals, photographs, analyses, and reports for a period of at least 5 years after the year of 533 

data collection. 534 
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The objective of  these studies is 

to improve the goals, objectives, 

and sampling and analytical 

methods described in the 

baseline sampling plan. 

III. STUDIES TO IMPROVE BASELINE SAMPLING PLAN FOR THE OPEN 535 

WATERS OF GREAT SALT LAKE  536 

The baseline sampling plan presented in Section II does not represent the final word in what Great 537 

Salt Lake research needs and target contaminants are—or even the sampling methods that should be 538 

used. It is a starting point that will enable UDWQ to begin the development of a long-term database 539 

describing the condition of Great Salt Lake. The baseline sampling plan is intended to be adapted 540 

and revised as the knowledge and understanding of Great Salt Lake ecosystem processes improves. 541 

This section provides a summary of studies UDWQ will complete to inform, build on, and advance the 542 

baseline sampling plan.  543 

3.1 Introduction 544 

The unique and dynamic nature of Great Salt Lake is well documented in the literature, especially as 545 

related to the lake’s salinity and history of management and modifications. Before the construction of 546 

the railroad causeway across the central part of Great Salt Lake in 1959, the salinity and chemistry 547 

of the water is thought to have been well-mixed throughout the lake (www.wildlife.utah.gov/gsl). 548 

After the causeway’s completion, the main body of the lake was physically divided into a north arm 549 

and a south arm. As a result of the predominance of freshwater inputs in the south, the north arm of 550 

the lake became much more saline and the south arm became density stratified, with a deep brine 551 

layer variably underlying the mixed, less-saline surface water. 552 

Salinity varies both spatially and temporally within 553 

the lake and is affected by lake levels, seasonal 554 

fresh water inputs, and dikes and causeways that 555 

divide the lake. It ranges from 0.5 to 6 percent in the 556 

Farmington Bay to 25 percent or higher in Gunnison 557 

Bay (North Arm). The main body of the lake, also 558 

known as the Gilbert Bay (South Arm) has salinity 559 

ranging from 6 to 15 percent (USGS, 2009). In 560 

addition, the lake water is alkaline with an average pH of 8.6, and is stratified in some locations with 561 

a sharp chemocline occurring at approximately middepth. The water column at and below this 562 

chemocline (i.e., the deep brine layer) is anaerobic.  563 

This varied water chemistry and complex matrix drives the fate and transport of contaminants in the 564 

lake and has an effect on sampling and analytical procedures, possibly making standard methods 565 
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inappropriate. There is a need to understand these effects to make sampling and analysis of water 566 

quality parameters and other variables more reliable. The following section identifies studies UDWQ 567 

will complete with the objective of improving the goals, objectives, and sampling and analytical 568 

methods described in the baseline sampling plan. Figure 3-1 illustrates how the studies will help inform 569 

and advance the baseline sampling plan. Prioritization of these studies is detailed in Section 1.5. 570 

FIGURE 3-1. SCHEMATIC REPRESENTATION OF HOW THE STUDIES WILL INFORM AND ADVANCE THE GREAT SALT LAKE BASELINE 571 
SAMPLING PLAN 572 

 573 

3.2 A Laboratory Round Robin Study for Great Salt Lake Water 574 

Quality Analytical Techniques 575 

3.2.1 Problem Statement 576 

Due to the complex geochemical properties of Great Salt Lake water, sample preservation, storage, 577 

and preparation, as well as accurate analysis of target analytes, can be challenging. Standard 578 

analytical methods may fail to accurately measure certain analytes due to interferences from high 579 

concentrations of total dissolved solids and other matrix effects. For example, a round robin study 580 

conducted by UDWQ for the assessment of selenium in Great Salt Lake found selenium concentrations 581 

to vary widely among different analytical techniques used (Moellmer et al., 2006). Similarly, 582 
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USGS has found that it needed to alter its analytical methods to accurately assess nutrients in Great 583 

Salt Lake (personal communication, Harold Ardourel, National Water Quality Laboratory, USGS). It is 584 

thus prudent to conduct a laboratory round robin study for key target analytes in Great Salt Lake 585 

water as part of implementing a long-term monitoring program. This will help identify, develop, and 586 

validate reliable analytical methods for the lake.  587 

3.2.2 Study Objectives 588 

This study will focus on identifying, validating, and optimizing laboratory analytical methods and will 589 

provide answers to the following questions: 590 

 What analytical methods should be used for analysis of key contaminants of concern in Great Salt 591 

Lake? 592 

 Which laboratories are best suited for analyzing these samples?  593 

 What quality assurance procedures should be followed for accurate sample handling and 594 

analysis? 595 

Recommendations from this study will help standardize analytical methods among different agencies 596 

monitoring and studying water quality and the ecosystem of the Great Salt Lake.  597 

3.2.3 Management Objectives 598 

This study will address UDWQ’s responsibility to monitor Great Salt Lake. It will help ensure that data 599 

collected is relevant, defensible, and useful for determining long-term water quality trends, 600 

quantifying water quality problems, establishing water quality goals, assessing beneficial use support, 601 

and determining the effectiveness of pollution control programs. 602 

3.2.4 Approach 603 

This study will be conducted during the early phase of the Great Salt Lake baseline monitoring 604 

program and will focus on key contaminants that are of high priority and pose the greatest risk to the 605 

lake’s ecosystem. Great Salt Lake’s water chemistry varies widely; salinity ranges spatially from 3 to 606 

20 percent and significant differences can be found between the upper and deep brine layers. 607 

Ideally, the round robin will capture a range of conditions to provide assurances that the methods 608 

used for long-term monitoring apply at all conditions. However, such an effort is likely cost prohibitive. 609 

Alternatively, samples could be collected from a location representing a typical salinity condition of 610 

Great Salt Lake. UDWQ could begin with samples from one location to determine the best methods 611 

and laboratory and then complete a second round robin to determine the applicability across the 612 

range of Great Salt Lake water quality conditions, as well as water depths. Water samples will be 613 
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collected per UDWQ’s SOP and will be shipped to an independent lab for replication and spiking. 614 

The independent lab will replicate and/or spike each sample with known concentrations of target 615 

analytes before shipping them to participating laboratories for the round robin study. UDWQ will 616 

determine at a later stage whether or not the independent lab can participate in the round robin 617 

study.  618 

During water sample collection, essential water quality parameters, such as dissolved oxygen 619 

concentration, pH, turbidity, density, temperature, depth, and salinity, will be measured and recorded. 620 

3.2.5 Variables to be Assessed 621 

The laboratory round robin study will be conducted for the following analytes in water samples: 622 

 Total and methyl-mercury  623 

 Trace metals/metalloids—total selenium, total arsenic, total copper, total cadmium, total lead, 624 

and total thallium 625 

 Nutrients—total nitrogen, total phosphorus, ammonia-N, and nitrate+nitrite-N 626 

While collecting water samples, field measurements of salinity, dissolved oxygen, pH, temperature, 627 

and turbidity will be conducted using a calibrated field multimeter.  628 

The round robin study will include the following analytical methods, though this may be adjusted 629 

based on other valid findings of other reliable analytical methods: 630 

 Total mercury—EPA Method 1631, Revision E, using oxidation, purge and trap and cold vapor 631 

atomic fluorescence spectrometry or equivalent 632 

 Methyl-mercury—EPA Method 1630 by distillation, aqueous ethylation, purge and trap and cold 633 

vapor atomic fluorescence spectrometry and USGS methods by aqueous phase ethylation, 634 

followed by gas chromatographic separation with cold vapor atomic fluorescence detection 635 

 Total selenium—Hydride generation – atomic absorption, hydride generation – atomic 636 

fluorescence spectrometer, dynamic reaction cell (DRC) inductively coupled plasma – mass 637 

spectrometry (ICP-MS), and reductive precipitation with ICP-MS 638 

 Trace metals—EPA Method 1640, DRC ICP-MS, collision cell ICP-MS, and reductive precipitation 639 

with ICP-MS 640 

 Nutrients—Alkaline persulfate digestion methods for simultaneous determination of dissolved and 641 

total nitrogen and phosphorus, low-level phosphorus determination by EPA persulfate digestion 642 

(Method 365.1), or other USGS-recommended methods  643 
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3.2.6 Participating Laboratories 644 

Laboratories to be included in the round robin study will be selected for their ability to comply with 645 

the QAPP and have National Environmental Laboratory Accreditation Certification with the State of 646 

Utah. Those that comply with QAPP protocol without state certification will be asked to apply for 647 

certification before work is initiated. 648 

3.2.7 Spatial Boundaries 649 

One sample will be collected from Great Salt Lake in the Gilbert Bay, representing a typical salinity 650 

condition of the lake.  651 

3.3 Round Robin Study for Water Sampling Techniques in the 652 

Great Salt Lake 653 

3.3.1 Problem Statement 654 

Several local, state, and federal agencies are currently sampling water in Great Salt Lake for 655 

purposes of monitoring trends in water quality and understanding impacts to the ecosystem and to the 656 

industries that depend on resources from the Great Salt Lake. Sampling has historically been done by 657 

different investigators with different study objectives. Further, the complex geochemistry of Great Salt 658 

Lake water may preclude the use of certain equipment and require unique calibration methods, 659 

preservation methods, etc. These differences and issues may potentially bring the accuracy of water 660 

quality data into question. Thus, it is important to standardize sampling techniques, sample 661 

preservation, and instrument calibrations methods among all agencies. It is the objective of this study 662 

to facilitate a discussion among current investigators and complete a round robin study of sampling 663 

methods as required to determine the best available method for use by agencies in monitoring the 664 

water quality of Great Salt Lake. This will facilitate more efficient data comparison and use to 665 

understand and predict the lake water quality better.  666 

3.3.2 Study Objectives 667 

This study will provide answers to the following questions: 668 

 What methods/equipment should be used to collect water samples from the upper and deep 669 

brine layer of Great Salt Lake? 670 

 Do grab samples collected from a certain depth adequately represent lake water quality versus 671 

composite samples collected across water depth? 672 

 At what depth should water samples be collected from the upper and deep brine layer? 673 
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 What field measurement equipment, calibration methods, and measuring procedures should be 674 

followed for dissolved oxygen, salinity, pH, clarity, and temperature measurement in the lake?  675 

 What quality assurance procedures should be followed for accurate sample collection, 676 

preservation, storage, and handling? 677 

3.3.3 Management Objectives 678 

This study will address UDWQ’s responsibility to monitor Great Salt Lake. It will help ensure that data 679 

collected is relevant, defensible, and useful for determining long-term water quality trends, 680 

quantifying water quality problems, establishing water quality goals, assessing beneficial use support, 681 

and determining the effectiveness of pollution control programs. 682 

3.3.4 Approach 683 

UDWQ will facilitate a meeting of current Great Salt Lake investigators and interested agencies to 684 

discuss current sampling practices. The discussion will focus on defining current methods and equipment 685 

that are used, identifying when and where those methods and equipment are most beneficial and the 686 

benefits and risks of each, and achieving consensus on standardization of methods and equipment to 687 

be used for sampling Great Salt Lake water. The outcome of the meeting(s) will be SOPs for 688 

monitoring Great Salt Lake water quality that are accepted by participating agencies. For any 689 

method or equipment that merits further investigation and comparison, UDWQ will facilitate a round 690 

robin study, in partnership with other agencies, to determine the preferred and recommended method 691 

for monitoring Great Salt Lake water quality. 692 

Information gathered from this study will inform and improve upon existing water sampling SOPs and 693 

standardize them for use among all agencies.  694 

3.3.5 Variables to be Assessed 695 

At a minimum, the following field water quality parameters and sampling methods will be addressed:  696 

 Dissolved oxygen measurement and instrument calibration 697 

 pH measurement and instrument calibration 698 

 Temperature measurement and instrument calibration 699 

 Clarity measurement and instrument calibration 700 

 Sampling depth (grab samples versus samples composited over depths and standardized 701 

sampling depth for upper and deep brine layers) 702 

 Sampling equipment 703 
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3.3.6 Spatial Boundaries 704 

In the case of a field round robin, water samples will be collected and field measurements conducted 705 

at locations representing a typical salinity condition of Great Salt Lake in the Gilbert Bay.  706 

3.4 Brine Shrimp Sampling Method Optimization  707 

3.4.1 Problem Statement 708 

Brine shrimp are a critical element in the Great Salt Lake ecosystem. They serve as food to the millions 709 

of birds that nest at and migrate through the lake every year and contribute significantly to Utah’s 710 

economy through their hard-walled eggs (cysts) that are commercially harvested and used worldwide 711 

in the aquaculture and ornamental fish industries. The lake is an internationally renowned source for 712 

high-quality cysts. The total annual economic effect of Great Salt Lake’s brine shrimp industry was 713 

recently estimated to be almost $56 million (Bioeconomics, Inc., 2012). Thus, accurate and consistent 714 

methods for monitoring of brine shrimp are needed to assess whether Great Salt Lake is supporting its 715 

beneficial uses, to understand the potential impact of trace metals/metalloids (especially selenium and 716 

mercury) on brine shrimp, and to help evaluate the transfer of these contaminants through trophic 717 

compartments of the Great Salt Lake food web.  718 

Between 2006 and 2008, UDWQ coordinated studies to assess the impacts of selenium on the Great 719 

Salt Lake ecosystem. As a part of that study, selenium concentrations were measured in brine shrimp to 720 

assess temporal and spatial variations (Marden, 2008). The study resulted in very useful data but 721 

highlighted some uncertainties that could be introduced depending on the brine shrimp sampling 722 

procedure that is used. For example, it was not clear if a better representation of brine shrimp 723 

exposure to contaminants in the lake was obtained when brine shrimp were collected via a vertical 724 

haul using a plankton net or via a horizontal tow using a net of proper mesh size behind a boat. The 725 

UDWR has consistently used the vertical haul method for its brine shrimp population studies; therefore, 726 

using this method could present opportunities for collaboration if it is deemed to be the most 727 

appropriate for evaluating potential contaminants. Another example pertains to how the brine shrimp 728 

are handled after collection. Selenium concentrations in brine shrimp samples were found to be lower 729 

when rinsed with distilled water and sorted out by age class from other zooplanktons compared with 730 

unrinsed and unsorted samples (personal communication, Brad Marden). This study aims to isolate the 731 

variables to determine the most appropriate method for sampling brine shrimp from Great Salt Lake.  732 
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FIGURE 3-2. BRAD MARDEN SAMPLING BRINE SHRIMP 

FROM GREAT SALT LAKE 

 

3.4.2 Study Objective 733 

This study will focus on providing recommendations to finalizing an SOP for sampling brine shrimp. The 734 

study will work to answer the following questions: 735 

 Which method, vertical haul, or horizontal tow 736 

provides the best representation of exposure of brine 737 

shrimp to contaminants in Great Salt Lake? 738 

 Do concentrations of key contaminants in brine shrimp 739 

vary with depth and at what depth should brine 740 

shrimp be sampled? 741 

 How should brine shrimp samples be processed before 742 

shipping for analysis (i.e., sorting, rinsing, preservation, 743 

etc.)? 744 

 The UDWR collects brine shrimp samples to assess 745 

population dynamics. Can a sample that has been 746 

processed for population estimation be analyzed for 747 

contaminants and still be representative of Great Salt 748 

Lake water quality conditions? 749 

3.4.3 Management Objectives 750 

This study will address UDWQ’s responsibility to monitor 751 

and assess the beneficial uses of Great Salt Lake. It will help ensure that data collected is relevant, 752 

defensible, and useful for determining long term water quality trends, quantifying water quality 753 

problems, establishing water quality goals, assessing beneficial use support, and determining the 754 

effectiveness of pollution control programs. 755 

3.4.4 Approach 756 

This section provides a general approach. This may be adjusted to accommodate other reliable 757 

sampling and sample handling methods being implemented by agencies that are currently studying 758 

brine shrimp in Great Salt Lake.  759 

Simultaneous sampling will be conducted at the same locations and time using different vertical and 760 

horizontal brine shrimp collection methods. Additional methods, such as an oblique tow, could also be 761 

investigated (i.e., start at a bottom depth with boat moving forward; steadily tow net at angle to the 762 

surface). Vertical tows will encompass the entire water column, with or without the deep brine layer, to 763 

within a net’s length of the bottom (to not stir up bottom sediment into the net). The samples will then 764 

be homogenously replicated into various batches and will be subjected to the following: 765 
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 Rinse sample using distilled water, sort and analyze for contaminants 766 

 Rinse sample using filtered lake water, sort and analyze for contamination 767 

 Rinse sample using distilled water and analyze for contamination without sorting 768 

 Rinse sample using lake water and analyze for contamination without sorting 769 

 Analyze for contaminants without rinsing or sorting samples 770 

Sorting will consist of hand removal of all debris and non–brine shrimp organisms from the samples. 771 

3.4.5 Variables to be Assessed 772 

All brine shrimp samples will be analyzed for total selenium and total mercury. 773 

3.4.6 Spatial Boundaries 774 

Any three locations may be selected from Figure 2-1 in Section II within the Gilbert Bay of Great Salt 775 

Lake.  776 

3.4.7 Temporal Boundaries 777 

Temporal boundaries are not applicable to this study. 778 

3.5 Synoptic Sampling of  Great Salt Lake  779 

3.5.1 Introduction  780 

The lake is both spatially and temporally dynamic in nature. Its unique biogeochemistry and 781 

hydrology create an environment that is complex, difficult to develop water quality standards for, 782 

difficult to assess, and may change both spatially and temporally. For UDWQ to fulfill its 783 

responsibilities, it is essential to characterize and evaluate the lake’s water quality for known 784 

contaminants of concern as well as emerging contaminants as listed by the EPA through an intensive 785 

short-term synoptic sampling investigation. It is important to verify assumptions regarding sampling 786 

locations and seasons. While the baseline sampling plan will monitor trends for certain contaminants, 787 

this study will provide a benchmark for many other possible contaminants and confirm sampling 788 

locations/seasons. It will establish an important benchmark of the lake’s current water quality 789 

condition, help in optimizing the long-term baseline sampling plan, and determine if and how water 790 

quality changes over time.  791 
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3.5.2 Study Objectives  792 

This study will focus on developing recommendations to improve the baseline sampling plan by 793 

providing answers to the following questions:  794 

 What are the concentrations of potential contaminants not included in the baseline sampling plan 795 

in the water and sediment of Great Salt Lake? 796 

 Are contaminants of emerging concern present in Great Salt Lake? 797 

 How do concentrations of potential contaminants vary spatially and temporally? 798 

 What are the optimum sampling times (i.e., seasons) and locations to obtain a good representation 799 

of the lake’s water quality condition?  800 

 How do the concentrations of some key contaminants vary with lake flows, lake levels, and lake 801 

chemistry (e.g., salinity, pH, temperature, dissolved oxygen, etc.)? 802 

 How do concentrations of this wider list of potential concentrations change over the long term?  803 

3.5.3 Management Objectives 804 

This study will address UDWQ’s responsibility to monitor and assess the beneficial uses of Great Salt 805 

Lake. It will also inform and help UDWQ to prioritize the development of water quality standards for 806 

Great Salt Lake. It will help ensure that data collected is relevant, defensible, and useful for 807 

determining long-term water quality trends, quantifying water quality problems, establishing water 808 

quality goals, assessing beneficial use support, and determining the effectiveness of pollution control 809 

programs. 810 

3.5.4 Approach 811 

This study will be conducted over 1 year with monthly or bimonthly sampling events to accommodate 812 

seasonal effects and varying lake levels. Also, the study will be repeated every 5 years to capture 813 

potential changes in lake’s water quality and to update or recommend changes in the baseline 814 

monitoring program. Collocated water, sediment, and brine shrimp samples will be collected. All 815 

sampling and analysis will be completed per the most current and accepted SOPs and QAPP (these 816 

documents may be updated per the recommended round robin studies discussed previously). It should 817 

be noted that a round robin cannot be conducted on all measured variables and characteristics. 818 

However, results obtained and lessons learned from existing round robin studies will be referenced as 819 

needed.  820 
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3.5.5 Variables and Characteristics to be Measured 821 

 Physicochemical characteristics in water—Flow, depth, pH, temperature, specific conductance, 822 

secchi disk depth, turbidity, and total suspended solids 823 

 Chemical characteristics in water—Dissolved oxygen, salinity, total dissolved solids, biochemical 824 

oxygen demand, and total organic carbon in water 825 

 Biological characteristics in water—Fecal coliform, chlorophyll a, phytoplankton identification and 826 

enumeration, and zooplankton identification and enumeration (including brine shrimp)  827 

 Trace elements in collocated water, sediment and brine shrimp—Aluminum, antimony, arsenic, 828 

barium, boron, cadmium, calcium, cobalt, copper, chromium, hexavalent chromium, gold, iron, lead, 829 

lithium, magnesium, manganese, total mercury, methyl mercury, molybdenum, nickel, palladium, 830 

potassium, platinum, selenium, silicon, silver, sodium, tin, titanium, thallium, vanadium, and zinc 831 

 Nutrients in water and sediments—Ammonia-N, total and dissolved phosphorus, total nitrogen, 832 

and nitrate+nitrite-N 833 

 Emerging contaminants in water, sediments, and brine shrimp—Pharmaceutical and personal care 834 

products, endocrine disrupters, and persistent organic pollutants. UDWQ will facilitate a 835 

committee to discuss options and target those contaminants of most concern for Great Salt Lake. 836 

3.5.6 Spatial Boundaries 837 

The study area will include the entire lake, including Gilbert Bay (South Arm), Carrington Bay, 838 

Gunnison Bay (North Arm), Ogden Bay, Farmington Bay, Bear River Bay, and Willard Spur. The 839 

UDWR’s standard lake-wide sampling locations be used for this study. These may be adjusted based 840 

on accessibility, depth of water, weather constraints, etc.  841 

3.5.7 Temporal Boundaries 842 

Sample collection will be conducted every month during 1 year and will be repeated every 5 years. 843 

IV. RESEARCH PLAN FOR GREAT SALT LAKE 844 

Great Salt Lake’s complex and unique characteristics make establishing water quality standards, 845 

monitoring its water quality, and assessing its beneficial use support extremely challenging. It is 846 

UDWQ’s objective to improve on the available dataset, existing water quality standards, and 847 

methods for assessing Great Salt Lake. This section outlines a systematic and collaborative approach 848 

to research that will enable UDWQ to proactively fulfill its responsibilities under the CWA. 849 

4.1 Introduction 850 

4.1.1 Objective 851 
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The research identified in this section will be completed as part of UDWQ’s strategy to protect the 852 

beneficial uses of Great Salt Lake and proactively fulfill its responsibilities under the Clean Water 853 

Act. Each study is designed to address UDWQ’s specific management objectives and responsibilities in 854 

collaboration with its partners. These include supporting the development of water quality standards, 855 

monitoring, UPDES permitting, and assessment programs.  856 

4.1.2 Opportunity for Collaboration 857 

As discussed in previous sections, Great Salt Lake provides innumerable opportunities for researchers 858 

to investigate the unique and complex interactions and processes that regulate this dynamic resource. 859 

The challenge is to review these opportunities (i.e., questions that could be and need to be answered) 860 

and focus efforts and resources on areas most critical for UDWQ to fulfill its responsibilities. Further, 861 

there are many resources in Great Salt Lake (e.g., minerals, land, wildlife, recreation, water resources, 862 

endangered species, water quality, etc.)—all are inextricably linked but are managed by different 863 

agencies. Thus, while this section focuses on the identification of research to support UDWQ’s 864 

management of Great Salt Lake’s water quality, it is important to note that many of these efforts 865 

overlap and help address other Great Salt Lake resources as well. A collaborative approach to 866 

planning, conducting, and reviewing these research needs is critical to efficiently and effectively 867 

managing all of the resources of Great Salt Lake. 868 

It is UDWQ’s intent that the research studies identified in this section are conducted in collaboration 869 

and coordination with the other state and federal agencies responsible for Great Salt Lake’s 870 

resources. UDWQ has already engaged with the Great Salt Lake Advisory Council and other 871 

agencies to become an active partner and participant in their planning and research activities and 872 

they, in turn, in UDWQ’s investigations (e.g., Great Salt Lake Comprehensive Management Plan, the 873 

UDWR’s Technical Advisory Group, UDWQ’s Willard Spur Steering Committee and Science Panel, 874 

Great Salt Lake Water Monitoring Council, etc.). Ongoing coordination and support among agencies 875 

in this research is critical for leveraging resources and focusing efforts to achieve management 876 

objectives. 877 
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The objective of  these studies is to support:  
 
1) The development of water quality 

standards 
2) Monitoring of Great Salt Lake waters 
3) The assessment of Great Salt Lake’s 

beneficial uses and enable UDWQ to 
proactively fulfill its responsibilities under 

the CWA 

4.1.3 Section Organization 878 

There are numerous questions that have been posed by researchers over the years as they have 879 

sought to understand the geochemistry and ecology of Great Salt Lake. UDWQ has reviewed a wide 880 

array of literature and attended numerous meetings facilitated by Great Salt Lake researchers and 881 

stakeholders (from 2004 to present) to 882 

listen to and identify those issues that 883 

appear to be of most importance to Great 884 

Salt Lake water quality. A detailed list of 885 

research questions, provided in Appendix 886 

A, was compiled to summarize many of the 887 

issues identified for Great Salt Lake. This 888 

list, along with research questions defined 889 

as part of UDWQ’s efforts in Willard Spur 890 

and the development of a Great Salt Lake wetland assessment framework, were consolidated into a 891 

systematic research framework to leverage synergies between efforts and more efficiently focus 892 

available resources. While work is generally divided to address (1) open water and (2) wetland 893 

habitats, these habitats overlap and provide opportunities for collaboration.  894 

Figure 4-1 provides a schematic summary of the questions deemed most critical toward enabling 895 

UDWQ to proactively fulfill its responsibilities. Studies were grouped into the following three research 896 

areas (with corresponding section numbers in this document): 897 

4.2 Common Need 898 

4.2.1 Data Repository 899 

4.3 Open Water Research 900 

4.3.1 Great Salt Lake Water and Sediment 901 

4.3.2 Great Salt Lake Lower Food Chain 902 

4.3.3 Great Salt Lake Upper Food Chain  903 

4.4 Wetlands Research 904 

4.4.1 Wetland Assessment  Framework 905 

4.4.2 Willard Spur 906 

4.4.3 Additional Wetlands  Research Needs 907 

Refer to Section I for a prioritization of these studies. A detailed discussion of research needs follows. 908 
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FIGURE 4-1. RESEARCH QUESTIONS TO SUPPORT THE DEVELOPMENT OF STANDARDS FOR AND ASSESSMENT OF GREAT SALT LAKE  909 

 910 

4.2 Common Need 911 

One need is common to all research needs, will affect how they are conducted, and eventually will 912 

influence how the results are implemented by UDWQ and its partners and the availability of the data 913 

to the public: the formation and maintenance of a data repository for use in UDWQ’s Great Salt Lake 914 

studies. This section summarizes this need. 915 

4.2.1 Data Repository  916 

Problem Statement. Effective assessments of water bodies and successful monitoring programs require 917 

the integration of all available data from multiple sources. Local, state, federal, and other entities that 918 

are studying Great Salt Lake need to compile and manage data and analytical reports so that the 919 

information gathered is understandable and available to decision makers, stakeholders, and public 920 

audiences. This can be achieved by creating an online data repository, where all lake data that meets 921 

UDWQ’s or the hosting agency’s data quality standards will be submitted, managed, and accessed.  922 
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Study Objective. This project will focus on developing an approach for managing Great Salt Lake 923 

data in a way that enables UDWQ to work with data partners to set priorities, address major water 924 

quality issues, and report status and trends more effectively. The database will allow streamlined 925 

data entry and retrieval, meet data standards, and provide effective agency and stakeholder use 926 

and public access to the data. 927 

Management Objective. This study will facilitate the storage and retrieval of quality data for use in 928 

developing water quality standards, monitoring the waters of Great Salt Lake, UPDES permitting, and 929 

assessing the lake’s support of beneficial uses. 930 

Approach. UDWQ is developing a database for statewide water quality data that will eventually 931 

include data from Great Salt Lake. UDWQ’s intent is to develop independent but compatible 932 

databases for each of its special studies (e.g., development of water quality standards for selenium 933 

and Willard Spur). Upon completion of these special studies these databases will be merged with 934 

UDWQ’s statewide water quality database. UDWQ will work with its partners to identify a platform 935 

that allows the public access to this database but also databases maintained by others for Great Salt 936 

Lake data.  937 

4.3 Open Water Research 938 

Three areas of research were identified to address needs for the open water of Great Salt Lake (the 939 

open water includes all of Great Salt Lake’s bays but does not include their mudflats or wetlands). 940 

The three areas begin with understanding the water and sediment that serve as the foundation to the 941 

ecosystem and support of its beneficial uses. The discussion then moves to the lower and then upper 942 

trophic levels of the ecosystem. The following sections identify studies that need to be addressed to 943 

proactively fulfill UDWQ’s responsibilities to protect Great Salt Lake (see Figure 4-1).  944 

4.3.1 Great Salt Lake Water and Sediment 945 

One of the highest priorities for establishing standards and assessing if the water quality is sufficient 946 

to meet beneficial uses is the identification of contaminants present in the lake that currently could 947 

pose risk to the ecosystem and, therefore, impair the lake’s beneficial uses. As mentioned in earlier 948 

sections, some studies have already identified selenium, mercury, and some trace metals and nutrients 949 

to be of concern, but many data gaps remain. Information is needed to characterize the effects of 950 

lake hydrology and chemistry on the fate of these contaminants, to track past trends, to identify their 951 

sources, and to develop mass balance models to aid in predicting future conditions. Outcomes from 952 

these studies will support UDWQ’s development of standards and assessments by identifying (1) what 953 
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contaminants are of concern, (2) how they are impacted by the lake’s unique saline chemistry, and 954 

(3) how contaminant loads might be managed and regulated in the future to protect water quality 955 

conditions in the Great Salt Lake and provide dischargers with more certainty in managing their 956 

effluent.  957 

The following subsections address each of these questions. It should be noted that some of these 958 

questions may be addressed by the studies identified in Sections II and III or by the ongoing efforts of 959 

partners. The objective is to better define what is known and fill in known data gaps to enable 960 

UDWQ to proactively fulfill its responsibilities.  961 

WHAT CONTAMINANTS POSE THE GREATEST RISK TO BENEFICIAL USES? 962 

Figure 4-2 presents an approach of how this question will be addressed. Study number Q1.S1 is a 963 

new study, while Studies Q1.S2 and Q1.S3 are presented in previous sections. 964 

FIGURE 4-2. APPROACH TO QUESTION 1 965 

  966 
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Determine Potential Water Quality Benchmarks to Prioritize and Develop Standards 967 

for Great Salt Lake 968 

Problem Statement. Contaminant-specific water quality benchmark concentrations can be used to 969 

define threshold values against which measured concentrations can be compared to help assess the 970 

potential effects of contaminants on water quality. Benchmarks are pollutant concentrations that are 971 

unlikely to result in adverse effects to aquatic and aquatic-dependent life. Both the USGS and EPA 972 

have benchmark concentrations for several contaminants in surface water; however, these are either 973 

for freshwater or marine water bodies. Since Great Salt Lake is unique with varying levels of salinity, 974 

these benchmarks are not applicable for all conditions. A review of the literature is required to 975 

identify potential water quality benchmarks for the salinities observed in the lake and also to 976 

determine if these benchmark concentrations appear to be appropriate for the Great Salt Lake 977 

ecosystem. More discussion of this approach and the research necessary can be found in 978 

Component 1: Proposed Approach for Developing Numeric Criteria for Great Salt Lake.  979 

Study Objectives. The objectives for this study are as follows: 980 

 Conduct a literature review to identify Great Salt Lake organisms and potential water quality 981 

benchmarks for contaminants that have been identified to pose risks to the beneficial uses of 982 

Great Salt Lake, for waters with various salinities—from fresh to hypersaline. 983 

 Validate the applicability of these benchmark concentrations by looking at how they were 984 

derived. Were the benchmarks derived using elements of the food chain that are analogous to 985 

Great Salt Lake (e.g., a marine benchmark developed to protect fish may not be applicable to 986 

Great Salt Lake open waters)? 987 

 Compile benchmarks and supporting documentation in a report that may be reviewed and 988 

endorsed by Great Salt Lake research groups and stakeholders. The intent of the benchmarks is 989 

not to serve as numeric water criteria but to provide a tool, similar to those used in risk 990 

assessments, that can be used to evaluate Great Salt Lake’s water quality and guide future 991 

decisions. 992 

Management Objectives. The work will inform the prioritization of pollutants and applicability for 993 

development of water quality standards for Great Salt Lake and assist in the assessment of Great 994 

Salt Lake’s support of beneficial uses. 995 

Approach. A literature review will be conducted to define the organisms that live in and rely on the 996 

waters of Great Salt Lake for sustenance. The literature review will also identify applicable water 997 

quality standards in use today, as well as contaminant concentrations identified by researchers as 998 

significant thresholds or benchmarks for the survival of various elements in the food web. Efforts will 999 

be focused first on the contaminants targeted by the baseline sampling plan and then be expanded 1000 

to include other possible contaminants as identified by the synoptic sampling effort or deemed 1001 
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necessary by UDWQ. Benchmarks will be grouped by their applicable salinity (i.e., freshwater, 1002 

marine, and hypersaline waters). 1003 

Historical and ongoing water quality and other ecological data, such as collocated concentration of 1004 

contaminants in water, sediment and transfer through the food web, and any observed negative 1005 

effects on avian reproduction, may be used to determine the degree to which the presence of 1006 

contaminants in concentrations above the benchmarks demonstrate toxicity. This effort will require 1007 

collaboration with other studies identified in this section.  1008 

All applicable literature will be compiled into a comprehensive review summary, including a list of 1009 

identified benchmark concentrations, name, location, and percent salinity of the water body and how 1010 

existing studies determined these benchmark concentrations. Available thresholds or benchmarks will 1011 

be evaluated in terms of the similarity of methods, organisms, or toxicological characteristics used to 1012 

derive them with parallel characteristics of Great Salt Lake. Benchmarks that were developed using 1013 

similar elements of the food web will be of particular interest. For example, benchmarks developed 1014 

for fish are not necessarily applicable to Great Salt Lake as fish do not tolerate the salinities of Great 1015 

Salt Lake.  1016 

Work completed as part of this study will be conducted in coordination with UDWQ’s Water Quality 1017 

Standards Workgroup. 1018 

Q1 S2—Great Salt Lake Baseline Sampling Plan 1019 

Details on the Great Salt Lake baseline sampling plan are presented in Section II. 1020 

Q1 S3—Great Salt Lake Synoptic Sampling Study 1021 

Details on the synoptic sampling study are presented in Section III. 1022 

WHAT ARE THE SOURCES AND LOADS OF CONTAMINANTS? 1023 

Understanding the sources and loads of contaminants that are suspected to threaten or concluded to 1024 

impair the beneficial uses of Great Salt Lake is essential protecting the water quality. Recent studies 1025 

to develop water quality standards and assess Great Salt Lake’s beneficial uses for impacts from 1026 

selenium, mercury, and nutrients each resulted in an evaluation of sources and loads of these 1027 

contaminants as part of the study (Diaz et al., 2008; Naftz et al., 2008; Peterson and Gustin, 2008; 1028 

Naftz et al., 2009; UDWQ, 2011). Mass balance models have also been developed for selenium and 1029 

mercury (Johnson et al., 2006; Diaz et al., 2009; UDWQ 2011). However, these studies and models 1030 

may need to be revisited to identify gaps and to refine the understanding of where the contaminants 1031 

come from and what happens to them within the lake. Figure 4-3 presents an approach of how this 1032 
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question will be addressed. A similar approach will be followed if additional contaminants of concern 1033 

are identified. Further details on these studies are presented as follows.  1034 

FIGURE 4-3. APPROACH TO QUESTION 2 1035 

 1036 

 1037 

Great Salt Lake Hydrologic and Hydrodynamic Model  1038 

Problem Statement. The fluctuation of Great Salt Lake with climate and precipitation has an impact 1039 

on its water quality, biological communities, and on the industries that depend on its resources. Due to 1040 

the shallowness of the lake, small changes in lake levels result in large changes in surface area and 1041 

create a highly variable shoreline. Changes in water quantity also have a measurable impact on lake 1042 

salinity.  1043 

Flow inputs to Great Salt Lake from tributaries and discharges have been monitored by USGS flow 1044 

gauges as part of other studies evaluating sources of selenium, mercury and nutrients (Naftz et al., 1045 

2009a; Naftz et al., 2009b). Recently a study was also completed by Dr. David Tarboton at the Utah 1046 

State University on Great Salt Lake’s water budget. The USGS is currently conducting studies to 1047 

understand how inflows to Great Salt Lake mix with the open waters at the Gilbert Bay.  1048 

Though these studies have and will answer several questions on Great Salt Lake hydrology and 1049 

hydrodynamics, to date, no comprehensive model is available that could be used to dynamically and 1050 

reliably predict the hydrologic input and response and the hydrodynamics of Great Salt Lake. Such a 1051 
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model will improve the understanding of the lake dynamics, the nature and causes of its fluctuations, 1052 

and consequently assist in predicting lake fluctuations and water quality.  1053 

This study will be conducted in collaboration with other past and existing research groups studying 1054 

Great Salt Lake hydrology and hydrodynamics.  1055 

Study Objectives. The first objective of this study is to develop an accurate hydrologic model for 1056 

Great Salt Lake that will be able to predict lake inflows, outputs (e.g., evaporation), and lake levels 1057 

and will serve as a useful tool in understanding changing lake salinities and contaminant sources and 1058 

loads. The second objective of this study is to develop a hydrodynamic model of Great Salt Lake that 1059 

will incorporate the hydrologic inputs and outputs but also improve the understanding of how such 1060 

flows mix within Great Salt Lake. Such a model will be a critical first step in developing a 1061 

comprehensive fate, transport, and mixing model for nutrients and other contaminants. 1062 

Management Objectives. The development of a hydrologic model will provide UDWQ with a 1063 

mechanism to better identify how lake salinities may change and contaminant sources and loads. 1064 

Understanding how salinity will vary will help guide the development and implementation of water 1065 

quality standards per Component 1. The development of a hydrodynamic model will provide UDWQ 1066 

with a mechanism to better understand the fate and transport of contaminants and how they may 1067 

impact Great Salt Lake’s water quality. This will assist UDWQ in developing water quality standards, 1068 

improve monitoring the waters of Great Salt Lake, assist with UPDES permitting, and assess Great Salt 1069 

Lake’s support of beneficial uses.  1070 

Approach. To develop a hydrologic model, past information on flows to Great Salt Lake, evaporation 1071 

rates, and lake levels and mixing patterns will need to be compiled and analyzed. This analysis will 1072 

be useful to identify data gaps and the need for further data collection. The gaps will be addressed 1073 

and additional flow gauges will be installed if required. Existing and new information gathered will 1074 

be used to develop a robust hydrologic model for the lake.  1075 

A significant element of this study will be to establish and maintain long-term flow gauges for Great 1076 

Salt Lake tributaries. These gauges will be operated in conjunction with the collection of water 1077 

samples to evaluate contaminant sources and loads entering Great Salt Lake (see studies that follow). 1078 

Thus the flow gauges will address the need to refine the hydrologic model but also to enable 1079 

estimates of contaminant loads from each tributary. 1080 

The effects of surface heat flux and wind forcing on temporal and spatial variations in flow and 1081 

mixing patterns within the lake will need to be investigated numerically in a hydrodynamic model. The 1082 



DRAFT Core Component 2: Strategic Monitoring and Research Plan 

53 

effect of the various Great Salt Lake causeways is also an area that has been the subject of research 1083 

but for which much remains to be understood. As previously described, the USGS has already begun 1084 

work to understand these mixing patterns; however, much remains to be understood to enable a useful 1085 

hydrodynamic model. Any model will require validation. This study will also validate the model by 1086 

collecting more data and comparing these with the predicted data by the developed model.  1087 

Sources, Loads, Mass Balance, and Mixing of Nutrients in Great Salt Lake  1088 

Problem Statement. Farmington Bay in Great Salt Lake was found to be hypereutrophic by a study 1089 

conducted by Wurtsbaugh et al. (2006). The bay receives discharges from several wastewater 1090 

treatment plants, the Jordan River, and a sewage canal. It receives nutrients from both point and 1091 

nonpoint discharges. Also, water samples collected during the summer of 2006 from the bay indicated 1092 

the presence of cyanobacterium Nodularia spumigena, raising concerns about the water quality of the 1093 

bay. In contrast, the algal population in Great Salt Lake, which is supported by nutrients, is an 1094 

important diet for brine shrimp and brine flies. Some studies show that Farmington Bay nutrient inputs 1095 

are critical influences on the lake, especially for Gilbert Bay (Belovsky et al., 2011). An improved 1096 

understanding of sources, loads, and a mass balance of nutrients within the lake will help in 1097 

understanding its effects and in managing them. This study will identify the sources of nutrients 1098 

entering Great Salt Lake, estimate total loads, and develop a mass balance and mixing model for 1099 

nutrients in Great Salt Lake. 1100 

Study Objectives. This study will begin with identifying the sources and loads of nutrients from 1101 

tributaries and municipal and industrial discharges to the lake, as well as from flux through sediments, 1102 

if any, and in developing a mass balance of nutrients in the lake. A nutrient and biological mixing 1103 

model will then be created for the lake of nutrient fate and transport. This information will then be 1104 

used to inform the UDWR’s brine shrimp population dynamics model. 1105 

Management Objectives. Understanding the sources, fate, and transport of nutrients into and within 1106 

Great Salt Lake will inform the UDWR’s brine shrimp population dynamics model to better assess the 1107 

lake’s support of its beneficial uses. It will also support the monitoring of Great Salt Lake’s waters and 1108 

the prioritization and development of water quality standards, if needed. 1109 

Approach. Quantification and modeling of nutrients and water column biota response provides the 1110 

crucial biological uptake and chemical recycling that is the underpinning for any subsequent 1111 

waterborne contaminant fate and transport modeling for the lake. The studies and modeling must 1112 

begin with the development of an accurate hydrodynamic model with added components to describe 1113 

salinity and nutrient dynamics. 1114 
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Hydrodynamic model components have been previously described; additional data to support a full 1115 

nutrient mixing model include the following: 1116 

 Quantification of all influent loads of key nutrient species 1117 

 Internal sediment losses and fluxes to the water column 1118 

 Atmospheric loading 1119 

 Water column planktonic processing and transformation of nutrients; seasonal measurements of 1120 

algal biomass, chlorophyll, and nutrient content 1121 

This model will inform the UDWR’s efforts and assist both agencies in assessing Great Salt Lake’s 1122 

beneficial uses. 1123 

Sources, Loads, Mass Balance, and Mixing of Selenium in Great Salt Lake 1124 

Problem Statement. Naftz et al. (2008b) conducted a study to identify the sources and loads of 1125 

selenium entering the South Arm of Great Salt Lake. Both continuous and noncontinuous stream gages 1126 

were used to collect flow data from inflows to the South Arm and the concentration of total selenium, 1127 

as well as selenium species, were measured to evaluate loads to the lake. The study concluded that 1128 

additional unquantified sources may be contributing substantial masses of selenium load to Great Salt 1129 

Lake. These sources may include loads entering from unmeasured surface inflows, groundwater 1130 

discharge, wind-blown dust that is deposited directly on the lake surface, wet and dry atmospheric 1131 

deposition falling directly on the lake surface, and lake sediment pore-water diffusion into the 1132 

overlying water column (internal loading). A separate mass balance was also developed for selenium 1133 

in the South Arm (Diaz et al., 2009a); however, increases in total selenium concentration during the 1134 

study also indicated the possibility of unquantified sources entering the lake.  1135 

To understand the effects of selenium in the Great Salt Lake ecosystem and be able to manage its 1136 

loads in the flows entering the lake, it is essential to have a strong knowledge of sources of selenium 1137 

and its mass balance in the lake. This will also include sources to Bear River Bay and Farmington Bay. 1138 

An accurate quantification of internal loading and exchange between sediments, the deep brine 1139 

layer, and the surface layers will be critical to understanding the behavior of selenium and other 1140 

elements in the lake. Such an understanding will enable UDWQ to better link the effect incoming loads 1141 

of selenium have on its concentration in lake water.  1142 

Study Objectives. The objectives of this study are as follow:  1143 

 Identify the sources and loads of selenium entering the South Arm of Great Salt Lake that were 1144 

not addressed by Naftz et al. (2008b)  1145 



DRAFT Core Component 2: Strategic Monitoring and Research Plan 

55 

 Identify and quantify sources and loads of selenium in Bear River and Farmington Bay 1146 

 Refine and validate the selenium mass balance model developed by Diaz et al. (2009a)  1147 

Management Objectives. This study will develop a mass balance model that can be used by UDWQ 1148 

to verify existing water quality standards, verify that current methods for setting limits on acceptable 1149 

selenium discharges to Great Salt Lake are appropriately protective, and assist UDWQ to meet its 1150 

obligations if selenium in Footnote 14 is exceeded. 1151 

Approach. As previously mentioned, the USGS and research teams from the University of Utah have 1152 

recently completed studies on understanding sources and loads of selenium entering Great Salt Lake. 1153 

The USGS is currently looking at groundwater discharge as a potential mechanism for additional 1154 

sources of selenium to Great Salt Lake. For this research work, it is important to collaborate with these 1155 

teams to build on existing data and fill in gaps in current understanding.  1156 

The components of a mass balance model for selenium will include all sources of external and internal 1157 

loading to the water column as well as a quantification of the loss terms of permanent burial and 1158 

volatilization. All of these factors need to be tied to a loading and mixing model that accommodates 1159 

influent loads and hydrodynamic mixing in the lake. Such a model will be an effective tool to predict 1160 

lakewide selenium concentrations that may occur in the future in response to changes in external 1161 

loading.  1162 

There is a lack in the complete understanding of volatilization of selenium from the lake. Thus, 1163 

improving this understanding through literature review and sample collection and analysis will be an 1164 

objective. Also, efforts will be made to address the uncertainties in measurement of volatilization.  1165 

Sources, Loads, Mass Balance and Mixing of Mercury in Great Salt Lake  1166 

Problem Statement. Methyl-mercury concentrations that have resulted in impairments in other waters 1167 

in the United States have been measured in Great Salt Lake. Some Great Salt Lake waterfowl are 1168 

contaminated with mercury making them unfit for human consumption. These findings prompted 1169 

considerable research to characterize mercury concentrations in various media, as well as efforts to 1170 

identify sources of mercury to Great Salt Lake. Recently, UDWQ, in collaboration with the USGS, 1171 

completed a study that estimated loads of total mercury to the lake through its riverine inputs and as 1172 

a result of atmospheric deposition (UDWQ, 2011; Naftz et al., 2009). The study concluded that most 1173 

of the total mercury present in the South Arm is likely contributed by atmospheric deposition of 1174 

mercury. The load from atmospheric deposition was found to be far more than what was being 1175 

discharged by the riverine inputs to Gilbert Bay. Though no further needs were specifically identified 1176 

in the study, it is important to better understand how mercury is being methylated within Great Salt 1177 
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Lake so that solutions to this problem may be evaluated. Similar to selenium, a mass balance and 1178 

mixing model of mercury also needs to be developed. Knowledge of these will help understand and 1179 

predict how the existing loads might affect the Great Salt Lake ecosystem in the future and thus 1180 

inform decision making.  1181 

Study Objectives. The goal of this study is to identify the unquantified sources of mercury to Gilbert 1182 

Bay, to develop a mass balance and mixing model of mercury for the lake, and to better understand 1183 

the mechanisms that regulate the methylation of mercury in Great Salt Lake. 1184 

Management Objectives. Methyl-mercury has been identified to be a potential problem in Great 1185 

Salt Lake and could impair its beneficial uses. Understanding the sources of mercury, its mass balance, 1186 

and how the lake regulates the methylation of mercury in Great Salt Lake will enable UDWQ to 1187 

quantify water quality problems, establish water quality goals, assess beneficial use support, and 1188 

determine the effectiveness of pollution control programs. 1189 

Approach. Many of the data needs for this study are the same as for selenium mass balance studies, 1190 

and efforts will be synchronized with the selenium study and the hydrodynamic model previously 1191 

presented. Additional work is needed to create the analogous quantification of mercury (and 1192 

methyl-mercury, as needed) in water, sediment, and biota, as was done for selenium. Ongoing 1193 

research into the methylation of mercury will be supported, particularly to understand the role of 1194 

bacteria and the deep brine layer. 1195 

HOW DOES LAKE HYDROLOGY AND CHEMISTRY AFFECT CONTAMINANTS OF CONCERN?  1196 

Problem Statement. Lake levels and basic lake chemistry characteristics such as salinity, dissolved 1197 

oxygen, pH, temperature, density, and clarity play an important role in affecting the fate and 1198 

transport and in transforming the contaminants that enter the lake. It is essential to understand what 1199 

happens to these contaminants within the lake waters to gain knowledge on their fate, as well as in 1200 

regulating them. Such general knowledge is an important component of the loading, fate, transport, 1201 

and mixing models for various constituents used to develop water quality standards, assess water 1202 

quality, and developing UDPES permit discharge limits. 1203 

Study Objective. Explore available data to determine relationships between primary contaminants 1204 

and Great Salt Lake water chemistry and hydrology as may affect contaminant fate and transport. 1205 

Management Objectives. This work will inform the prioritization and development of water quality 1206 

standards, how UPDES permits are structured and implemented, and improve the monitoring of Great 1207 

Salt Lake waters and assessment of its beneficial uses.  1208 
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Approach. This question can be addressed using data gathered by the baseline sampling plan 1209 

described in Section II and the synoptic sampling plan presented in Section III. While the baseline 1210 

sampling plan will monitor biannual trends in the primary contaminants listed previously, the synoptic 1211 

sampling plan includes extensive monthly or bimonthly sampling across the lake including the 1212 

contaminants that have been identified to pose risk to the beneficial uses of Great Salt Lake and 1213 

other water quality parameters that would represent the lake hydrology and chemistry. Further, the 1214 

synoptic sampling event is to be completed on a 5-year basis. Analysis of these data could be used to 1215 

study how varying chemistry and hydrology (i.e., inflows, lake level) affect contaminant chemistry.  1216 

HOW DO CONTAMINANTS INTERACT BETWEEN WATER AND SEDIMENT  1217 

Problem Statement. Many contaminants, such as selenium and mercury, are found naturally within 1218 

Great Salt Lake’s watershed. However, it is also widely recognized that the inflow of these 1219 

contaminants has most likely increased since the watershed has developed and urbanized (Naftz et 1220 

al., 2000). The lake’s natural processes would likely cause many of these contaminants to precipitate 1221 

from the water column and be deposited in lake sediments. Thus, Great Salt Lake’s sediment provides 1222 

an invaluable record of how conditions in Great Salt Lake have changed with time.  1223 

This study seeks to better understand the sedimentation rates throughout Great Salt Lake, long-term 1224 

precipitation rates of various contaminants, and the permanent burial loss rates of contaminants.  The 1225 

use of brine shrimp cysts found in the sediment column can be used as an additional marker of historic 1226 

Great Salt Lake productivity.  1227 

Study Objective. The objective of the proposed study is to provide answers to the following questions: 1228 

 What are the historic sedimentation rates throughout Great Salt Lake (confirm and build on the 1229 

work completed by Johnson et al. [2008] for the UDWQ selenium study)? 1230 

 What are the historical trends in concentrations of contaminants that have been identified to pose 1231 

risk to the beneficial uses of Great Salt Lake? 1232 

 What are their sedimentation/precipitation rates? 1233 

 Do contaminants in sediments release to the water column of the Great Salt Lake as a result of 1234 

lake chemistry and natural sediment diagenesis and is such sediment flux affected by changing 1235 

lake chemistry (deep brine layer movements, seasonal anoxia, etc.)? 1236 

 What is the permanent burial rate of key contaminants? 1237 

Management Objectives. Understanding the effect of legacy sediments upon the water quality of 1238 

Great Salt Lake and the fate of contaminants that are discharged to Great Salt Lake is essential to 1239 
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the development of water quality standards, focusing monitoring efforts, developing appropriate 1240 

UPDES permits, and assessing the support of Great Salt Lake’s beneficial uses.  1241 

Approach. To determine historical trends in concentrations of contaminants, sediment cores are a 1242 

commonly implemented method. This procedure determines prehistorical conditions and the impact of 1243 

human activity in a watershed. Some sediment core studies have already been done for the Great 1244 

Salt Lake, focusing on reconstructing historical changes in Great Salt Lake and also on selenium and 1245 

mercury (Naftz et al., 2000; Naftz et al., 2008; Naftz et al., 2009a; Naftz et al., 2009b; Oliver, 1246 

2008; UDWQ, 2011). Information from these studies will be used to design new data collection as 1247 

needed. Sediment core samples were also collected and analyzed to determine sedimentation rates 1248 

of selenium by Oliver et al. (2009). It should be noted that a new study of Great Salt Lake sediment 1249 

cores is currently underway; however, information pertaining to project objectives was not available 1250 

at the time of this writing. A similar approach will be adapted to determine the sedimentation rates of 1251 

other contaminants in Great Salt Lake. 1252 

Several studies may be required to address the objectives listed previously. While funds may become 1253 

available to address one objective (i.e., study contaminant levels in sediment for one contaminant), 1254 

such a study should be coordinated with UDWQ to leverage this effort to also address as many other 1255 

objectives as possible. This may require cost-sharing to obtain additional samples and/or complete 1256 

further analyses. Following are a list of suggested studies: 1257 

 Review past work to establish sedimentation rates throughout Great Salt Lake. Complete 1258 

additional sediment cores studies as needed to refine the map developed by Oliver (2008). 1259 

Existing and new cores will be dated using lead-210 and cesium to understand sedimentation 1260 

rates and how contaminant levels in sediment have changed with time. The objective is to better 1261 

understand where efforts to understand historic contaminant deposition will be targeted.  1262 

 Sediment cores collected as part of Item 1 will be analyzed to address, at a minimum, the primary 1263 

constituents of selenium, mercury, nitrogen, and phosphorus. Combined with sedimentation rates, 1264 

trends in contaminant levels will be identified both temporally and spatially across the lake. The 1265 

stratigraphy of intact cores and porewater can be used to estimate diffusive flux rates to and 1266 

from the overlying water. 1267 

 Laboratory studies with intact cores to quantify contaminant flux (e.g., Byron and Ohlendorf, 1268 

2007). 1269 

Release of contaminants from sediment to water column can be inferred by collecting collocated 1270 

water column and sediment samples. All water quality parameters, such as pH, dissolved oxygen, 1271 

temperature, clarity, and salinity, will be measured along with sample collection. Data from these 1272 

sampling efforts will be used in conjunction with core and flux studies to determine any flux of 1273 

contaminants into or out of the sediments.  1274 
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FIGURE 4-4. SAMPLING BRINE SHRIMP ON  

GILBERT BAY 

 

4.3.2 Great Salt Lake Lower Food Chain 1275 

The lower food chain components of Great Salt Lake are represented by planktonic and benthic 1276 

species, such as algae, bacteria, and macroinvertebrates. Maintaining healthy populations of these 1277 

species is essential for the Great Salt Lake ecosystem, as they form the critical aquatic food chain for 1278 

the millions of migratory birds that use the lake water during nesting and wintering.  1279 

Contaminants and nutrients in water may pose a risk either 1280 

because they are toxic to lower organisms; passed up the 1281 

food chain to higher species such as birds, fishes, and 1282 

humans; or because they negatively affect primary and 1283 

secondary production in water. Contaminants may 1284 

bioaccumulate or nutrients can cause eutrophication, resulting 1285 

in adverse health and reproductive effects, or have negative 1286 

impact directly on the ecosystem, such as eutrophication 1287 

caused by the presence of excess nutrients. Whatever the 1288 

scenario, understanding the fate and transport of these 1289 

contaminants and nutrients from water and sediment to the 1290 

components in Great Salt Lake food web is important for 1291 

setting standards and assessing if bioaccumulative 1292 

contaminants or nutrients are adversely affecting the 1293 

ecosystem. 1294 

The following sections present studies that need to be addressed to improve the current understanding 1295 

of the Great Salt Lake lower food chain (see Figure 4-1).  1296 

WHAT ARE THE EFFECTS OF SALINITY ON PLANKTONIC AND BENTHIC COMMUNITIES? 1297 

Problem Statement. The salinity of Great Salt Lake is spatially and temporally diverse across the 1298 

open waters and the wetlands. It is saturated in the Gunnison Bay, varies between 6 to 15 percent 1299 

across the Gilbert Bay, remains low in the Farmington and the Bear River Bay 1300 

(http://ut.water.usgs.gov/greatsaltlake/salinity/index.html), and is almost negligible in the wetlands 1301 

depending on the lake level and freshwater inflow to the wetlands. It also varies with depth at certain 1302 

locations in Gilbert Bay where the deep brine layer is present. Such variations create environments for 1303 

different types of planktonic and benthic species to grow and survive. However, to maintain and 1304 

manage the Great Salt Lake ecosystem and its beneficial uses, it is essential to protect those habitats 1305 

that provide food sources to brine shrimp, brine flies, and other macroinvertebrates. Thus, it is 1306 

http://ut.water.usgs.gov/greatsaltlake/salinity/index.html
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important to gain an understanding of how salinity might affect the growth and survival of these 1307 

essential species. 1308 

Study Objectives. This study will focus on understanding the effects of salinity on planktonic and 1309 

benthic species in Great Salt Lake and will provide answers to the following questions: 1310 

 What species are supported by the varying percent salinity in the Gilbert Bay? 1311 

 What species are supported in Farmington Bay, Bear River Bay, and their associated wetlands 1312 

and how are they different from those in Gilbert Bay? How does varying salinity affect these 1313 

species? 1314 

 How are critical Great Salt Lake invertebrates affected by the saturated conditions of 1315 

Gunnison Bay? 1316 

Management Objectives. Understanding how and what causes salinity to vary in Great Salt Lake 1317 

and how changing salinity may affect the planktonic and benthic communities is important to 1318 

developing water quality standards that are appropriate for (see Component 1) and accurately 1319 

assessing the beneficial uses that can be supported by a given salinity.  1320 

Approach. The UDWR has been enumerating and studying planktonic and benthic communities of 1321 

Great Salt Lake as part of the Great Salt Lake Ecosystem Program research. The Great Salt Lake 1322 

Institute at Westminster College has also been completing groundbreaking work on the role bacteria 1323 

play in Great Salt Lake. This study will be completed in collaboration with the UDWR and the Great 1324 

Salt Lake Institute. 1325 

Planktonic and benthic organisms will be sampled at two locations in Farmington Bay and Bear River 1326 

Bay, respectively; two locations in the North Arm; and four locations in the South Arm, each 1327 

representing different percent salinity. Organisms can be collected from the deep brine layer, if 1328 

observed. During sampling, field measurements of water quality parameters, especially salinity, will 1329 

be documented. All samples will be identified and enumerated. Appropriate statistical methods will 1330 

be applied to evaluate correlations between variables. 1331 

Results will be compared with research completed by the UDWR and Great Salt Lake Institute and 1332 

evaluated in terms of the salt balance model developed by the USGS and Utah Division of Water 1333 

Resources. The end product will be a report summarizing the ranges of salinity observed and what 1334 

drives changes in salinity for each of Great Salt Lake’s water bodies. A discussion will be provided 1335 

linking Great Salt Lake organisms to these salinities and how they respond to changes.  1336 
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DEVELOP TROPHIC TRANSFER MODEL FOR LOWER FOOD CHAIN  1337 

Problem Statement. Understanding trophic relationships for bioaccumulative contaminants, such as 1338 

selenium, mercury, and arsenic, is an important part of advancing our knowledge on the dynamics of 1339 

these contaminants in Great Salt Lake, as well is in management and decision making to protect the 1340 

beneficial uses of Great Salt Lake. In 2008, as a part of UDWQ’s extensive effort to assess the 1341 

effects of selenium in Gilbert Bay’s ecosystem, Marden (2008) conducted a study to determine trophic 1342 

relationship of selenium in water, seston, and brine shrimp. However, these relationships were 1343 

concluded not to be robust by the author, who suggested further investigation into the same. Similarly, 1344 

UDWQ completed another study in collaboration with USGS, Utah Department of Natural Resources 1345 

(DNR), USFWS, and EPA in 2011 (UDWQ, 2011) that developed a conceptual model to illustrate the 1346 

ecological receptors and exposure routes of mercury concentration in Great Salt Lake. This study 1347 

identified data gaps in correlations of concentration of mercury in parts of the Great Salt Lake food 1348 

chain.  1349 

FIGURE 4-5. GREAT SALT LAKE TROPHIC TRANSFER MODEL FOR SELENIUM 1350 

 1351 

Thus, there is a need to improve the existing trophic transfer and bioaccumulative models and expand 1352 

them for use across all Great Salt Lake water bodies. This study will focus efforts to establish a robust 1353 

trophic transfer relationship in Great Salt Lake only of those contaminants that have been identified to 1354 

pose a bioaccumulative risk. Though presented as a single study here, this project may be divided into 1355 

several subcategories, each handling a single contaminant.  1356 
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Study Objectives. The objective of this study is to establish trophic transfer relationships of 1357 

bioaccumulative contaminants in Great Salt Lake between water, benthic and planktonic species, and 1358 

different life stages of brine shrimp and brine flies in a way that will be robust and could be used in 1359 

developing water quality standards, determining UPDES permit limits, and assessing the support of 1360 

Great Salt Lake’s beneficial uses.  1361 

Management Objectives. Bioaccumulative contaminants are of concern for the aquatic food chain but 1362 

also for the health of Great Salt Lake birds and the humans who consume them. Understanding how 1363 

these contaminants enter and bioaccumulate in the food chain is essential to applying eventual water 1364 

quality standards to UPDES permits and assessing if Great Salt Lake is supporting its beneficial uses.  1365 

Approach. Collocated samples of water, brine shrimp and their cysts, and brine fly larvae and pupae 1366 

will be collected from the lake. Data from the baseline sampling plan and synoptic sampling studies 1367 

could be used but may need to be augmented to capture  1368 

Statistical relationships, useful for improving existing biodynamic models and establishing new models, 1369 

can be developed based on the analysis of seasonal and synoptic data. The data can be developed 1370 

into trophic dynamic relationships (ratios) describing trophic transfer coefficients between water and 1371 

invertebrates (or water, seston, and invertebrates). Alternatively, regression relationships can be used 1372 

to infer causal relationships between water-borne and tissue concentrations for various contaminants. 1373 

The relationships and resulting models can be used in support of ecological risk assessment, the 1374 

development of standards for the lake, or studies in support of the brine shrimp industry. 1375 

COMPLETE LABORATORY TOXICITY TESTS 1376 

Problem Statement. Component 1 includes the possibility of completing laboratory toxicity tests as 1377 

part of the process for the development of water quality standards for Great Salt Lake. UDWQ will 1378 

first complete a review of the literature to identify available toxicity data that are pertinent to the 1379 

organisms and salinities observed in Great Salt Lake. If data gaps exist, then UDWQ will need to 1380 

complete laboratory toxicity tests to determine the toxicity of various contaminants to organisms that 1381 

exist in Great Salt Lake and in the salinities they experience. This information is critical for the 1382 

development of numeric criteria that are protective of these organisms and the beneficial uses they 1383 

represent. 1384 

UDWQ is currently evaluating which organisms, salinities, and contaminants are relevant to the 1385 

development of water quality standards for Great Salt Lake and will be completing a literature 1386 

review to define appropriate toxicity data and benchmarks for use in Great Salt Lake. As such, the 1387 

actual number and targets for the toxicity tests are unknown at this time.  1388 
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Study Objective. The objective of these studies is to determine the toxicity of specific contaminants to 1389 

the organisms that exist in the various salinities of Great Salt Lake. 1390 

Management Objective. Laboratory toxicity tests are an essential element in developing water 1391 

quality standards that can be used to assess the beneficial uses of Great Salt Lake (see 1392 

Component 1).  1393 

Approach. Per the literature review previously discussed, UDWQ will identify data gaps in available 1394 

toxicity data for the organisms and salinities observed in Great Salt Lake. Critical toxicity endpoints 1395 

will be identified and prioritized and then laboratory toxicity tests will be designed and implemented. 1396 

The approach and level of effort for completing a laboratory toxicity test depends on the 1397 

contaminant and toxicity endpoint being evaluated (e.g., acute systemic, dietary, or reproductive). 1398 

Care must be given to ensure the studies address the proper pathway of administration, measure of 1399 

toxicity, time and number of exposures, form of the contaminant used, and the appropriate endpoint. 1400 

4.3.3 Great Salt Lake Upper Food Chain 1401 

The upper food chain of Great Salt Lake is represented by several species of birds that visit the lake 1402 

every year for wintering and nesting. The Great Salt Lake is extremely important to migratory birds. 1403 

One of the most important roles the Great Salt Lake ecosystem has to play is sustaining the migratory 1404 

birds using the Pacific Flyway and a portion of the Central Flyway. It supports millions of shorebirds, 1405 

as many as 1.7 million eared grebes, and hundreds of thousands of waterfowl during spring and fall 1406 

migration every year (http://ut.water.usgs.gov/greatsaltlake/). For some species, the Great Salt Lake 1407 

ecosystem is important for breeding, for others the area is important during migration, and for still 1408 

others the lake provides important wintering habitat. Some species use the lake for more than one 1409 

aspect of their natural history. The lake and its marshes provide a resting and staging area for birds, 1410 

as well as an abundance of brine shrimp, brine flies, and other invertebrates that serve as their food. 1411 

As previously described, these birds are not only important to the Great Salt Lake ecosystem but also 1412 

to the recreation industry and the health of those who hunt and eat waterfowl. It is thus evident that 1413 

understanding and sustaining the avian population in the Great Salt Lake ecosystem is of utmost 1414 

importance.  1415 

Studies have been conducted to identify and enumerate the different avian species in and around 1416 

Great Salt Lake (Manning and Paul, 2003; Cavitt, 2006; Cavitt, 2008a; Cavitt, 2008b) and much 1417 

work has been done to understand the effects of contaminants on avian population 1418 

(CH2M HILL, 2008; Vest et al., 2009). The UDWR continues to complete research to understand the 1419 

use of Great Salt Lake by birds and how to better manage this resource. However, scientific 1420 

http://ut.water.usgs.gov/greatsaltlake/
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uncertainty exists, and there is a need for further research to enable UDWQ to accurately assess this 1421 

beneficial use. 1422 

The following sections present these research needs. 1423 

HOW DOES THE AVIAN POPULATION USE GREAT SALT LAKE?  1424 

Problem Statement. The UDWR conducted a 5-year study concluding in 2001 to identify the species 1425 

of waterbirds and enumerate them through a bird survey (Paul and Manning, 2002; Manning and 1426 

Paul, 2003). These comprehensive surveys were conducted from 1997 to 2001 and focused on areas 1427 

where birds were most abundant including the Great Salt Lake surface, shoreline, and associated 1428 

wetlands, including the three major 1429 

delta regions and nearby wetland 1430 

complexes that drain into Great Salt 1431 

Lake. This study identified 55 water 1432 

bird species that use the lake and 1433 

highlighted the effect of lake 1434 

elevation on bird use and numbers. 1435 

The UDWR continues to conduct 1436 

large-scale bird surveys, and the 1437 

USFWS is currently monitoring nesting 1438 

birds in Bear River Migratory Bird 1439 

Refuge. 1440 

There have been some focused efforts to survey Great Salt Lake birds (Cavitt, 2006; Cavitt, 2008a; 1441 

Cavitt, 2008b). These studies were designed to provide specific information relating to diet and 1442 

contaminant exposure. Although reproductive success is the most critical endpoint for most contaminant 1443 

effects, a secondary critical endpoint is adequate body condition, which is required by birds using the 1444 

lake to successfully survive the winter and migrate. Migratory non-nesting species, such as eared 1445 

grebes, phalaropes, and over-wintering ducks, depend on the lake and may be affected by food-1446 

borne contaminants during their time on Great Salt Lake or as they continue their migration. These 1447 

migratory non-nesting species will be monitored if there is reason to believe they are more sensitive to 1448 

contaminants than nesting species. In addition, little is known about the contaminant levels in that these 1449 

birds are carrying when they arrive at the lake and whether lake contaminants affect their survival 1450 

after they leave the lake. Periodic surveys are required to track changes in the number and species of 1451 

birds using the lake. Tracking avian populations also serves as an important indicator of the 1452 

environmental conditions of Great Salt Lake and other water systems they might use along their 1453 

FIGURE 4-6. WATERFOWL AT FARMINGTON BAY 
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migratory paths. Thus, studies will be completed to survey avian species that use Great Salt Lake for 1454 

foraging, wintering, and nesting. As the UDWR is already conducting similar research, UDWQ’s work 1455 

will serve to encourage, coordinate, and collaborate to address specific issues that pertain to the 1456 

assessment of Great Salt Lake’s beneficial uses.  1457 

 1458 

Study Objectives. The objectives of these studies will be to conduct bird surveys to identify avian 1459 

species that use Great Salt Lake for foraging, wintering, and nesting; identify the areas they use for 1460 

these purposes; and evaluate how these populations change in terms of location, foraging, and 1461 

nesting.  1462 

Management Objectives. Understanding which avian species use the lake, how they use it, and where 1463 

they use it are important for the development of water quality standards, monitoring the Great Salt 1464 

Lake’s waters, and UPDES permitting. Most importantly, this work will inform UDWQ’s assessment of 1465 

Great Salt Lake’s beneficial uses.  1466 

Approach. Comprehensive surveys by agencies such as the UDWR and USFWS that track population 1467 

use and trends by species will be encouraged and supported and these data, along with other historic 1468 

survey data, and will be used as an indicator of lake-wide bird use as related to environmental 1469 

conditions. Avian surveys conducted by the UDWR (2001; Manning and Paul, 2003) will be used as 1470 

the baseline for a long-term avian monitoring program. These surveys will be conducted periodically 1471 

using the same methods as the UDWR study used and is currently using.  1472 

Surveys will be targeted to complete the following: 1473 

 Surveys will be conducted of migratory species breeding at Great Salt Lake. Species, their 1474 

numbers, and the locations they use for foraging and nesting will be tracked to identify 1475 

population trends. Foraging patterns and diet items will be determined for each species so as to 1476 

determine if and how contaminants may put these birds at risk. In addition, studies will be 1477 

designed that will monitor contaminant levels in the eggs of birds that use Great Salt Lake waters 1478 

as a food source and breed along its shores (note that selenium and mercury in bird eggs is 1479 

monitored as part of the baseline sampling plan).  1480 

 Surveys will be conducted of migratory nonbreeding species using methods similar to the surveys 1481 

being conducted for nesting birds at the lake. Species, their numbers, and the locations they use 1482 

for foraging will be tracked to identify population trends. Foraging patterns and diet items will 1483 

be determined for each species so as to determine if and how contaminants may put these birds 1484 

at risk. In addition, studies will be designed that will monitor contaminant levels in birds arriving at 1485 

Great Salt Lake and their accumulation during their stay. Birds will be tracked to determine 1486 

survival after they leave Great Salt Lake to move on to their breeding grounds. 1487 
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DEVELOP TROPHIC TRANSFER MODEL FOR UPPER FOOD CHAIN  1488 

Problem Statement. Understanding trophic relationships for bioaccumulative contaminants, such as 1489 

selenium, mercury, and arsenic, is an important part of advancing our knowledge on the dynamics of 1490 

these contaminants in Great Salt Lake, as well as in assessing the beneficial uses of Great Salt Lake. 1491 

As a part of UDWQ’s extensive effort to assess the effects of selenium in the Great Salt Lake 1492 

ecosystem, Cavitt (2008b) and Conover et al. (2008a) conducted studies to determine trophic 1493 

relationships of selenium in water, sediments, macroinvertebrates, adult birds, and bird eggs for 1494 

shorebirds and California Gulls. A conceptual model was developed by CH2M HILL describing the 1495 

bioaccumulation of selenium from water to brine shrimp (adult and cyst) and diet to bird egg. 1496 

However, improvements were suggested in these relationships, including improving confidence in 1497 

relating water concentrations to bird egg condition. Another study by UDWQ in collaboration with the 1498 

Utah DNR, USGS, USFWS, and EPA 1499 

on ecological assessment of 1500 

mercury on Great Salt Lake also 1501 

underlined the need for more 1502 

information on correlation of 1503 

contaminants in avian species and 1504 

their diets. Current EPA guidance 1505 

for implementing tissue based 1506 

water quality standards for 1507 

methyl-mercury recommend the 1508 

development of these relationships 1509 

to support permitting.  1510 

Sampling Shorebirds to Link 1511 

Diet to Bird Egg 1512 

This study will establish a robust 1513 

trophic transfer relationship 1514 

between avian species, their eggs, 1515 

and their diets in Great Salt Lake 1516 

of those contaminants that have 1517 

been identified to pose a risk to the beneficial uses of Great Salt Lake.  1518 

Though presented as a single study here, this project may be divided into several subcategories, each 1519 

handling a single contaminant.  1520 

FIGURE 4-7. TRAP SET OVER A SHOREBIRD NEST TO CAPTURE MOTHER HEN 

TO LINK DIET OF MOTHER HEN TO EGGS 
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Study Objectives. The objective of this study is to establish trophic transfer relationships of 1521 

bioaccumulative contaminants in Great Salt Lake between avian diet, adult avian species, and their 1522 

eggs in a way that will be robust and can be used in Great Salt Lake management decisions.  1523 

Management Objectives. Bioaccumulative contaminants are of concern for the aquatic food chain but 1524 

also for the health of Great Salt Lake birds and the humans who consume them. Understanding how 1525 

these contaminants enter and bioaccumulate in the food chain is essential to applying eventual water 1526 

quality standards to UPDES permits and assessing if Great Salt Lake is supporting its beneficial uses.  1527 

Approach. The results of previous studies on the feeding and nesting habits of birds and the results of 1528 

the bird egg monitoring study for selenium and mercury on Great Salt Lake presented will support this 1529 

study.  1530 

It can be difficult to establish a relationship between concentrations of contaminants in 1531 

macroinvertebrates, adult birds, and bird eggs because the proportion of dietary items can be vastly 1532 

different among individuals. This study will collect samples of macroinvertebrates that the birds feed 1533 

on on a weekly basis for about 5 weeks before the nesting season. This will provide a good picture of 1534 

the variability of contaminants in the diet that the birds are exposed to during the egg production 1535 

period. The relation to adult birds will be established by either trapping or drawing blood samples 1536 

from nesting birds or harvest adult birds and collecting blood and liver samples for the analysis of 1537 

contaminants. 1538 

While establishing a work plan for this study, it will be essential to collaborate with agencies, such as 1539 

the USFWS, that are currently researching contamination in bird eggs and their risks to avian 1540 

reproduction.  1541 

HOW DO SELENIUM AND MERCURY AFFECT GREAT SALT LAKE AVIAN POPULATIONS? 1542 

Selenium and mercury have been the focus of research since 2006. While much has been learned, 1543 

much remains to be understood to assess their impact on beneficial uses, in particular to the avian 1544 

population of Great Salt Lake. The following work addresses key issues that pertain to UDWQ’s 1545 

monitoring of Great Salt Lake, evaluation of that data, and assessing Great Salt Lake’s beneficial 1546 

uses. 1547 

Bird Egg Monitoring for Selenium and Mercury in Great Salt Lake 1548 

As part of the baseline sampling plan (see Section II) and to support the assessment of Great Salt 1549 

Lake beneficial uses, UDWQ monitors selenium and mercury concentrations in adult avocet and stilt 1550 

eggs and their associated food web (i.e., water, sediments, and macroinvertebrates). 1551 
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Studies to Understand the Potential Interaction Between Selenium and Mercury and their 1552 

Effects on Aquatic Birds  1553 

Problem Statement. The ecological assessment studies conducted by UDWQ on selenium and mercury 1554 

in Great Salt Lake (UDWQ, 2011; CH2M HILL, 2008) identified the need to understand the 1555 

interaction of selenium and mercury and their effects on the avian species in the open waters of Great 1556 

Salt Lake. During the selenium assessment study, high selenium concentrations were found in the blood 1557 

and liver of shorebirds (American avocets and black-necked stilts) compared with those identified in 1558 

invertebrate food sources. One possible explanation posed for the high concentrations found at Great 1559 

Salt Lake was the potential interaction with elevated mercury concentrations (Santolo and Ohlendorf, 1560 

2006). Both mercury and selenium seem to act antagonistically forming a stable complex. This 1561 

complex may act to increase both the retention and buildup of mercury and selenium in tissues. The 1562 

interaction of these two contaminants in eggs and the effects to embryos is very complex. Eggs with 1563 

elevated selenium alone seem to have lower hatchability than eggs with elevated selenium and 1564 

mercury; however, the deformity rate appears to be higher in the eggs with selenium and mercury. 1565 

This study will focus on addressing and understanding this issue.  1566 

Study Objectives. The objective of this study is to understand the interaction of selenium and mercury 1567 

in avian species of Great Salt Lake and to understand how this interaction might adversely affect 1568 

them.  1569 

Management Objectives. Understanding whether there is a significant interaction between selenium 1570 

and mercury in the avian species of Great Salt Lake is critical for accurately interpreting results from 1571 

UDWQ’s monitoring program, developing water quality standards, evaluating UPDES permits, and 1572 

assessing Great Salt Lake’s beneficial uses.  1573 

Approach. UDWQ will approach this issue in two phases. The first phase will build on the data 1574 

obtained from the selenium study completed by UDWQ in 2008 to confirm observations that were 1575 

made. This will require measuring mercury levels from the sample sites of the selenium study, as well 1576 

as analyzing concentrations of mercury in bird tissues. This will provide information and reasoning for 1577 

the higher-than-expected blood selenium concentrations that were found in selenium study 1578 

(CH2M HILL, 2008). Concentrations of mercury in the kidneys of birds that were archived during the 1579 

study will be measured. Some studies on interactions of selenium and mercury in birds have looked at 1580 

kidneys as well as blood and liver. Analyzing kidneys for mercury will not only determine if there was 1581 

elevated concentration of mercury at the sample locations but also may determine if the higher 1582 

selenium concentrations found in blood were due to higher mercury than the other sites. 1583 
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The second phase of research will focus on laboratory toxicity tests to evaluate the observed 1584 

interaction and its effect on the beneficial use. This phase of research will require close coordination 1585 

with the UDWR and the USFWS. 1586 

4.4 Wetland Research 1587 

Concerns about the potential impact nutrient loads may be having on Great Salt Lake wetlands have 1588 

prompted UDWQ and others to initiate two wetlands research programs since 2004. In 2004, a study 1589 

was initiated to characterize the ecosystem of Farmington Bay, with a goal of understanding the 1590 

physical, chemical, and ecological processes that were critical to the integrity of Farmington Bay’s 1591 

ecosystem. This program evolved into the 1592 

development of a wetland assessment framework 1593 

to be used to evaluate the relative condition of 1594 

Great Salt Lake impounded wetlands. In 2011, 1595 

UDWQ initiated the Willard Spur sampling and 1596 

research program, with the objective of 1597 

understanding how to better protect the beneficial 1598 

uses of Willard Spur waters. These two research 1599 

programs have and are making progress in 1600 

improving the understanding of Great Salt Lake 1601 

wetlands; however, further study is required to 1602 

enable UDWQ to effectively protect the 1603 

beneficial uses of these wetlands. This section 1604 

summarizes ongoing research but also identifies 1605 

additional needs.  1606 

4.4.1 Wetland Assessment Framework 1607 

Problem Statement. Research to characterize 1608 

Great Salt Lake’s wetlands has uncovered 1609 

numerous new questions regarding how these 1610 

wetlands may be best protected. Complexities in 1611 

the biological, chemical, and ecological function of 1612 

the wetlands makes determination of suitable 1613 

numeric criteria for these wetlands difficult and 1614 

time consuming. Discussion of using only narrative 1615 

FIGURE 4-8. UDWQ’S PROPOSED APPROACH FOR GREAT SALT LAKE 

WETLANDS WATER QUALITY STRATEGY 
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criteria to protect the wetlands meets with significant concern as narrative criteria alone may not be 1616 

adequate to protect the beneficial uses. Regardless of the water quality standards that are 1617 

implemented in the future, an assessment framework for the wetlands of Great Salt Lake is vital to 1618 

moving forward. This framework, and the science that defines it, will serve as the baseline for 1619 

documenting if and how the beneficial uses of these wetlands are protected. This framework will also 1620 

serve as the foundation for a new, proposed approach to managing the wetlands of Great Salt Lake.  1621 

Study Objective: The objective of this research is to develop an assessment framework that can be 1622 

used by UDWQ to assess the relative condition of Great Salt Lake wetlands and identify areas that 1623 

may not be supporting their beneficial uses. UDWQ can then complete focused research on these 1624 

areas to be able to determine if they are supporting their beneficial uses.  1625 

Management Objectives. This research will support the development of appropriate water quality 1626 

standards for Great Salt Lake wetlands, monitoring of these waters, and assessing their support of 1627 

beneficial uses.  1628 

Approach. UDWQ and others have invested significant resources to better understand the dynamics 1629 

of Great Salt Lake wetlands (Miller and Hoven, 2007; Gray, 2005; Gray, 2009; Rushforth and 1630 

Rushforth, 2006a, b, c, d; Rushforth and Rushforth, 2007). A preliminary assessment framework was 1631 

proposed for Great Salt Lake impounded wetlands in 2009 using data collected beginning in 2004 1632 

(CH2M HILL, 2009). UDWQ is currently working to validate the assessment framework for impounded 1633 

wetlands and develop a new preliminary assessment framework for fringe wetlands. The preliminary 1634 

assessment framework for impounded wetlands focused on developing metrics for four assemblages: 1635 

macroinvertebrates, submerged aquatic vegetation, surface mats, and water chemistry. Ongoing work 1636 

to validate this framework will investigate the viability of other indicators such as diatoms and bird 1637 

use and important factors such as hydrology. Work to develop a preliminary assessment framework 1638 

for fringe wetlands will begin using work summarized in Miller and Hoven (2007). 1639 

4.4.2 Development of Water Quality Standards for Willard Spur 1640 

Problem Statement. Construction of the Perry/Willard Regional Wastewater Treatment Plant (Plant) 1641 

was completed in 2010. The UDWQ received numerous comments as part of the public notice process 1642 

for the Plant’s UPDES discharge permit to Willard Spur. Many of these comments expressed concern 1643 

over the potential impact the effluent could have on the water body and petitioned the UDWQ to 1644 

prohibit all wastewater discharges to Willard Spur or to alternatively reclassify Willard Spur to 1645 

protect the wetlands and current uses of the water.  1646 
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Although the Utah Water Quality Board denied the petition, the Water Quality Board directed 1647 

UDWQ to develop a study design to establish defensible protections (i.e., site-specific numeric 1648 

criteria, antidegradation 1649 

protection clauses, beneficial use 1650 

changes, etc.) for the water 1651 

body. The Water Quality Board 1652 

also directed UDWQ to pay 1653 

for phosphorus reductions at the 1654 

Plant while the study is 1655 

conducted. This path forward, 1656 

developed in conjunction with 1657 

stakeholders, allows the Plant to 1658 

operate while the studies are 1659 

underway, with reasonable 1660 

assurances that the effluent will 1661 

not harm the ecosystem.  1662 

Study Objective. The Willard Spur Science Panel was charged with the responsibility to identify and 1663 

oversee the studies required to address the question: “What water quality standards are fully 1664 

protective of beneficial uses of Willard Spur waters as they relate to the proposed publicly owned 1665 

treatment works (POTW) discharge?” This question represents the overall program objective.  1666 

Two questions were identified that follow from the program objective (i.e., these questions must be 1667 

answered for the program objective to be achieved). The questions are as follows:  1668 

1. What are the potential impacts of the Perry Willard Regional Wastewater Treatment Plant 1669 

on Willard Spur?  1670 

2. What changes to water quality standards will be required to provide long term protection of 1671 

Willard Spur as they relate to the proposed POTW discharge?  1672 

Management Objective. The objective of this work is to develop appropriate water quality 1673 

standards and methods for monitoring and assessing the support of Willard Spur’s beneficial uses.  1674 

Approach. To provide answers to these questions, the Willard Spur Science Panel identified the three 1675 

following key research areas:  1676 

1. Define and understand the food web of Willard Spur  1677 

FIGURE 4-9. A JANUARY MORNING AT WILLARD SPUR 
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2. Define the water and nutrient budget for Willard Spur  1678 

3. Define responses to eutrophication within Willard Spur  1679 

A Research Plan (CH2M HILL, 2011) was developed to closely follow the conceptual models defined 1680 

in a memorandum dated August 2, 2011 (“Draft Conceptual Models”). Figure 4-10 illustrates how the 1681 

various research studies fit into this structure as well as accomplish the overall program objective. 1682 

While this research is focused on Willard Spur, much of the understanding that is gained will apply 1683 

directly to other Great Salt Lake wetlands. Research across Great Salt Lake wetlands will be closely 1684 

coordinated and integrated to leverage the knowledge gained and focus efforts on areas of less 1685 

understanding.  1686 

FIGURE 4-10. OVERALL STRUCTURE OF PROPOSED RESEARCH WORK AT WILLARD SPUR 1687 

 1688 

4.4.3 Additional Wetland Research Needs 1689 

DEVELOP WETLAND RESEARCH FRAMEWORK 1690 

Problem Statement. While UDWQ’s current research programs are working to develop a 1691 

fundamental understanding of Great Salt Lake wetlands and how to protect them, there are numerous 1692 

additional areas that require research. An important realization is that as more is learned about 1693 
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Great Salt Lake wetlands, the 1694 

more researchers understand 1695 

that they do not know. Much 1696 

research can be done without 1697 

addressing management 1698 

objectives. Thus it is essential 1699 

that a research framework be 1700 

developed that is based on 1701 

clear objectives endorsed by 1702 

Great Salt Lake wetlands 1703 

stakeholders. It is important 1704 

that new research be focused 1705 

and prioritized in such a way 1706 

that it incorporates previous 1707 

research, addresses specific gaps in knowledge, and addresses management objectives.  1708 

Study Objective. To develop a research framework that UDWQ and its partners can use to 1709 

understand each others’ objectives, acknowledge previous research, identify and prioritize research to 1710 

address gaps in understanding, coordinate efforts, and document progress. 1711 

Management Objective. The objective of this work is to develop a framework that facilitates 1712 

effective collaboration to develop water quality standards, monitor, and assess the beneficial uses of 1713 

Great Salt Lake wetlands. 1714 

Approach. UDWQ will work with its partners to develop this research framework. The framework will 1715 

identify key objectives for research, key stressors that are of concern, responses to those stressors, 1716 

factors that can influence the response, and how those stressors may affect beneficial uses. The 1717 

framework will consolidate much of the above into a conceptual model, ideally developed for each 1718 

unique stressor. UDWQ has already developed two preliminary conceptual models that were used to 1719 

guide research for Willard Spur. These conceptual models will be reviewed and new conceptual 1720 

models be developed to frame our current understanding. UDWQ will then work with its partners to 1721 

identify which components have already been addressed through previous research and which areas 1722 

require additional research and then, together with stakeholders, prioritize efforts in such a way that 1723 

management objectives can be met. The framework will be revisited with stakeholders to communicate 1724 

progress and coordinate efforts.  1725 

FIGURE 4-11. WETLANDS NEAR OGDEN BAY 
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ADDITIONAL RESEARCH NEEDS 1726 

Following are questions and issues that have been raised as part of other research studies. Research 1727 

will be completed in these areas to ensure that UDWQ’s strategy to protect wetlands is well informed, 1728 

defensible, and focuses on the right indicators and factors. More areas will likely be identified as part 1729 

of the development of the research framework previously described. The areas of research are as 1730 

follows: 1731 

1. What is the influence of legacy nutrients and metals in wetland sediments upon the water quality 1732 

and beneficial uses of these wetlands?  1733 

2. What factor do metals in sediments play in observed responses that have generally been 1734 

attributed to nutrients (Miller et al., 2011)? 1735 

3. Why do submerged aquatic vegetation appear to senesce earlier in “impacted” impounded 1736 

wetlands vs. “reference” sites? Does this indicate that beneficial uses are not being supported? 1737 

4. Does the presence of surface algal mats indicate that beneficial uses are not being supported? 1738 

5. What role does water quality play in the propagation of invasive species such as phragmites? 1739 

How do these invasive species influence other indicators that UDWQ is considering for use in 1740 

assessing Great Salt Lake wetlands?  1741 

6. Many Great Salt Lake impounded wetlands are managed systems. What factor does the altered 1742 

hydrology play in the observed responses? Can hydrologic manipulations be improved to improve 1743 

water quality? (See also CH2M HILL, 2012.) 1744 

7. How does the apparent early senescence of submerged aquatic vegetation and presence of 1745 

surface algal mats affect the avian beneficial use of Great Salt Lake impounded wetlands?  1746 

8. Further develop mapping and database infrastructure for Great Salt Lake wetlands to integrate 1747 

scientific knowledge, work efforts, and resources among researchers. 1748 

9. Complete a landscape-level HGM-based reclassification of Great Salt Lake wetlands for use as a 1749 

sampling frame in future wetland assessments. 1750 
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APPENDIX A: QUESTIONS OF INTEREST 1907 

The following questions represent results from an initial “brainstorming” session completed by 1908 

CH2M HILL to identify potential questions that the Great Salt Lake Sampling and Research Program 1909 

may address. Research questions developed to understand water quality standards required for the 1910 

protection of beneficial use in Willard Spur, from the Utah Division of Water Quality’s (UDWQ’s) 1911 

ongoing Willard Spur program were also integrated into the list to address water quality issues in 1912 

Great Salt Lake wetlands. This is not intended to be a comprehensive list but is intended to stimulate 1913 

discussion, prioritization, and identification of questions to be addressed by a sampling program 1914 

undertaken by UDWQ. 1915 

1. What are current concentrations of various contaminants in water, sediments, and tissues 1916 

from Great Salt Lake (e.g., selenium, mercury, arsenic, copper, zinc, nutrients, cyanotoxins, 1917 

etc.) and how do they vary?  1918 

a) Which contaminants pose the greatest risk to the beneficial uses of Great Salt Lake? 1919 

b) What methods should be used to sample, handle, and analyze water, sediments, and tissues 1920 

from Great Salt Lake? 1921 

i) What Standard Operating Procedures (SOPs) should be used for sampling and handling 1922 

samples? 1923 

ii) What quality assurance procedures should be used for sampling, handling, and analyzing 1924 

samples (Quality Assurance Project Plan [QAPP])? 1925 

iii) What laboratory should be used for analyzing samples of different types (recognizing 1926 

different laboratories may be needed for different media)? Required certifications? 1927 

c) How do concentrations of these contaminants vary in water? 1928 

i) How do they vary by salinity, clarity, temperature, pH, dissolved oxygen, and density of 1929 

Great Salt Lake water? 1930 

ii) How do they vary by depth and location? Is the lake well-mixed? Can we sample the lake 1931 

in only one or two locations and correctly assume they are representative of the lake? 1932 

iii) How do they vary by month and year? Are they linked to lake level? Can we collect 1933 

samples in different seasons? 1934 
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d) How do concentrations of these contaminants vary in sediment? 1935 

i) What are the sediment characteristics and how have deposition rates/patterns changed 1936 

spatially and temporally? 1937 

ii) How do they vary by location? By depth of sediment? Can or should sediments be dated? 1938 

iii) What is the sediment oxygen demand (SOD) in Great Salt Lake? How does it change 1939 

spatially and temporally? What processes control or drive SOD in Great Salt Lake? 1940 

e) Do these contaminants cycle between sediments and water column and how? 1941 

i) What controls sediment and pore water chemistry in the lake? Does it change spatially 1942 

and temporally?  1943 

ii) How much of the contaminants load is stored in sediments? How much of the sediment 1944 

stores are available for reintroduction into the system? 1945 

iii) What is the current sediment/water exchange rate for various contaminants of concern in 1946 

Great Salt Lake? How does it change spatially and temporally? What processes control or 1947 

drive this flux? 1948 

iv) How does it affect macroinvertebrate and submerged aquatic vegetation (SAV) 1949 

populations, especially in the wetlands? Do sulfide and metal concentrations play a major 1950 

role? 1951 

f) How do concentrations of these contaminants vary in lower food chain items (e.g., seston, brine 1952 

shrimp, brine flies and other macroinvertebrates)? 1953 

i) How do concentrations in water vs. seston correlate?  1954 

(1) What is the composition of seston? What species of algae are present, when, where? 1955 

ii) How do concentrations in water vs. seston vs. brine shrimp correlate?  1956 

iii) How do concentrations in water/sediment vs. brine fly larvae vs. brine fly adults 1957 

correlate?  1958 

iv) How do concentrations in water vs. brine shrimp cysts correlate?  1959 

v) How do concentrations in water vs. other macroinvertebrates correlate? 1960 

vi) Collect adult brine shrimp and cysts from a variety of locations and archive them. 1961 

g) How do concentrations of these contaminants vary in avian populations? 1962 
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i) How do concentrations in water vs. food chain vs. bird tissue (i.e., blood, liver, egg) vary? 1963 

By location? Time of year? 1964 

1. What species of birds currently use Great Salt Lake? What are their populations? 1965 

How do the numbers vary throughout the year? 1966 

2. Where do the birds nest and feed? What are they eating, when, where? 1967 

3. How has bird use (species and population) changed over time in Great Salt Lake? Are 1968 

the birds opportunistic or specific in what they are looking for?  1969 

4. How does bird use (species or population) vary with changes in habitat, water level, 1970 

and water quality? 1971 

5. How does concentration of contaminants in lower food chain vs. avian population 1972 

correlate? 1973 

h) How are concentrations of these contaminants influenced by salinity? 1974 

2. Do current mercury levels present a risk to the beneficial uses of Great Salt Lake? 1975 

a) What are mercury concentrations in collocated water, sediment, algae, macroinvertebrates, 1976 

zooplankton, and bird tissues and eggs? 1977 

i) What form of mercury is observed and in what quantity in these various media? 1978 

ii) What methods should be used for sample collection, handling, and analysis? 1979 

(1) Do we report data on wet-weight or dry-weight basis (regardless of which is used, 1980 

moisture percentage also should be reported to facilitate conversion from one to the 1981 

other)? 1982 

iii) Are differences in analytical methods/results between laboratories significant? 1983 

b) Do existing mercury concentrations represent an impairment of Great Salt Lake beneficial 1984 

uses? 1985 

i) What thresholds or benchmarks (i.e., indirect indicators) are appropriate for mercury in 1986 

the Great Salt Lake environment (i.e., food chain and bird tissues)? 1987 

(1) How sensitive are the various species to mercury? What species is most sensitive? 1988 

(2) Are common thresholds in the literature for freshwater applicable to Great Salt Lake? 1989 

(3) Does presence of selenium mitigate toxic effects of mercury in birds? 1990 
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(4) Does the salinity of Great Salt Lake influence toxic effects? 1991 

ii) What is our level of certainty regarding pathway of mercury into bird tissues? 1992 

(1) Are we confident what (and where) the birds we are sampling are eating at Great 1993 

Salt Lake? Can we link bird tissue concentrations to the food they were eating? 1994 

(2) Can we link bird egg concentrations to the adults that laid eggs and food they ate? 1995 

(3) How much time do particular species of birds spend on the lake? How much of the 1996 

mercury observed in bird tissues is from Great Salt Lake? How much of it is from 1997 

nearby freshwater habitats? How much of it is “imported” by migrants? 1998 

(4) Does the time and location birds are sampled affect observed concentrations? How 1999 

does the residence time of birds correlate with time the bird was sampled? 2000 

iii) Do mercury concentrations represent an impairment of Great Salt Lake beneficial uses? 2001 

(1) Do concentrations adversely affect the survival, growth, or reproduction of algae, 2002 

brine shrimp, brine flies, waterfowl, or shorebirds? 2003 

c) What are the sources of mercury?  2004 

i) What is the mercury balance for Great Salt Lake? What holes are there in understanding? 2005 

ii) What is the atmospheric contribution of mercury to Great Salt Lake?  2006 

iii) What is the contribution of mercury from Great Salt Lake tributaries? 2007 

iv) What is the rate of mercury deposition to and release from Great Salt Lake sediments? 2008 

Can permanent sediment burial be estimated? 2009 

v) What is the mercury load in the water column? Shallow brine layer vs. deep brine layer? 2010 

vi) What is source of mercury for the deep brine layer? 2011 

vii) What controls the formation of methyl mercury in Great Salt Lake? 2012 

3. Do current nutrient concentrations present a risk to the beneficial uses of Great Salt Lake? 2013 

a) What are the current concentrations or values for the following: nutrients, chlorophyll a, 2014 

dissolved oxygen, cyanotoxin, algal species composition, and secchi depth? What are the 2015 

composition, frequency, extent and duration of algal blooms? 2016 

i) How do they vary spatially? 2017 

ii) How do they vary temporally? 2018 
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iii) How do they vary by nutrient concentration in water? 2019 

iv) What methods should be used for sample collection, handling, and analysis? 2020 

v) Are differences in analytical methods/results between laboratories significant? 2021 

b) Do existing nutrient concentrations cause impairment of Great Salt Lake beneficial uses? 2022 

i) Which of the following indicators provide the best information regarding risk to the 2023 

beneficial uses of Great Salt Lake? Are there others? 2024 

(1) Algal biomass (chlorophyll a) 2025 

(2) Trophic State Index values 2026 

(3) Dominance of blue-green algae 2027 

(4) Number, extent and duration of algal blooms 2028 

(5) Nutrient concentrations and ratios 2029 

(6) Dissolved oxygen concentrations 2030 

(7) Cyanotoxin concentrations 2031 

ii) What thresholds or benchmarks (i.e., indirect indicators) are appropriate for indicators of 2032 

nutrient enrichment in the Great Salt Lake environment? 2033 

(1) How does salinity affect these thresholds? 2034 

(2) How do they affect algal, brine shrimp, and brine fly populations? 2035 

(3) Do any of the indicators directly affect avian populations (i.e., habitat, feeding)? 2036 

(4) Do any of the indicators directly affect the recreational use of Great Salt Lake? 2037 

c. Does presence of nutrients affect the availability of food and preferred habitats of the avian 2038 

population using Great Salt Lake?  2039 

4. Can our understanding of selenium bioaccumulation and cycling in Great Salt Lake be 2040 

improved? 2041 

a) Improve the current model describing bioaccumulation of selenium from water to brine shrimp 2042 

(adult and cyst) and diet to bird egg. Would like to improve confidence in relating water 2043 

concentrations to bird egg condition. 2044 

i) What are the concentrations of selenium in collocated shorebird eggs and food items? 2045 

ii) What are the concentrations of selenium in collocated water, seston, and brine shrimp? 2046 
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iii) What are the concentrations of selenium in collocated water, sediment, brine fly larvae, 2047 

and brine fly adults? 2048 

iv) How similar are concentrations of selenium in brine shrimp and brine fly larvae when 2049 

sampled in the same vicinity? 2050 

b) Is the mallard model of diet to bird egg still the best model? Does the mallard still represent 2051 

the most sensitive species? 2052 

c) How does the current Great Salt Lake numeric water quality standard for selenium compare 2053 

to anticipated new national criteria incorporating tissue concentrations? 2054 

d) How can we better understand correlation between selenium and mercury in bird blood, livers, 2055 

and eggs? 2056 

e) How do selenium loads to Great Salt Lake affect selenium concentrations and biotic exposure 2057 

in Great Salt Lake? 2058 

i) What is the annual hydrograph of incoming flows to Great Salt Lake from tributary 2059 

streams? 2060 

ii) What is the selenium load from each tributary?  2061 

iii) What is the atmospheric input of selenium to Great Salt Lake? 2062 

iv) What is the concentration of selenium in Great Salt Lake water and how does it vary 2063 

temporally and spatially? And in relation to loading to the lake? 2064 

(1) What form of selenium is observed and in what quantity in these various media? 2065 

v) Can we better estimate volatilization drivers and rates?  2066 

vi) Can we better estimate sedimentation rates and sediment mineralization back to the 2067 

water column?  2068 

vii) Can we better estimate selenium losses through permanent burial in the sediments? 2069 

viii) How has selenium loading varied historically? Can we estimate historical selenium loads 2070 

from limited inflow data and selenium concentrations? Can we correlate this information 2071 

with sediment cores to get estimates of longer term loading changes? 2072 

5. How does salinity vary in and across Great Salt Lake and how does that impact beneficial 2073 

uses?  2074 

a) What are physical dynamics of salinity in Great Salt Lake? 2075 
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i) What is the annual hydrograph of incoming flows to Great Salt Lake from tributary 2076 

streams? 2077 

ii) What is the annual cycle of lake levels on Great Salt Lake? How does it correspond to 2078 

incoming flows?  2079 

iii) How do evaporation rates vary with salinity? 2080 

(1) Do we have a means to collect continuous climate data?  2081 

(2) How to evaporation pan rates vary across the area of the lake? 2082 

iv) How does salinity vary across the different areas of Great Salt Lake (e.g., North Arm, 2083 

South Arm, Bear River Bay, Farmington Bay, Ogden Bay, etc.)? 2084 

v) What is the depth of deep brine layer? What drives its size and location? 2085 

vi) Validate UGS water and salt balance model. 2086 

(1) How might future development affect hydrology of Great Salt Lake? 2087 

(2) What are flow patterns in Great Salt Lake? What drives flow patterns? 2088 

(3) How does temperature vary by depth/location? What drives temperature variations? 2089 

(4) What is the bathymetry across all regions of Great Salt Lake? 2090 

vii) How much of the salinity variation can be explained by volume vs. north/south arm flow 2091 

interaction and precipitated salt in north arm?  2092 

viii) What impact do the causeways have upon salinity and flow patterns? 2093 

ix) What is the relationship between inflows and lake level and salinity? 2094 

x) What methods should be used for sample collection, handling, and analysis? 2095 

xi) Are differences in analytical methods/results between laboratories significant? 2096 

b) How does salinity define the characteristics of the ecosystem across Great Salt Lake? 2097 

i) How are algal populations affected by salinity? 2098 

ii) How are brine shrimp populations affected by salinity? 2099 

iii) How are brine fly populations affected by salinity? 2100 

iv) How are avian populations affected by salinity? 2101 

c) What levels of salinity represent important thresholds that limit or impair beneficial uses? 2102 
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6. Do current E. coli bacteria concentrations present a risk to the beneficial uses of Great Salt 2103 

Lake? 2104 

a) What are concentrations of E. coli in waters of Great Salt Lake?  2105 

i) How do they vary temporally and spatially?  2106 

ii) What methods should be used for sample collection, handling, and analysis? 2107 

iii) Are analytical methods/results between laboratories significant? 2108 

b) Do existing E. coli concentrations represent an impairment of Great Salt Lake beneficial uses? 2109 

i) What thresholds or benchmarks (i.e., indirect indicators) are appropriate for E. coli in the 2110 

Great Salt Lake environment? 2111 

ii) How representative are E. coli as an indicator organism for bacteria and viruses, 2112 

particularly pathogens, in the Great Salt Lake water column? 2113 

7. Any other factors that might present a risk to the beneficial uses of Great Salt Lake? 2114 

a) Do other potential contaminants present a risk to the beneficial uses of Great Salt Lake?  2115 

i) What metals/metalloids are present and in what form, e.g., arsenic, zinc, aluminum, etc.? 2116 

ii) What cyanotoxins are present, where, and in what concentrations? 2117 

iii) What other contaminants, as listed by the United States Environmental Protection Agency 2118 

(EPA) as “Contaminants of Emerging Concern” (CECs) are detectable in Great Salt Lake 2119 

water and/or at levels of toxicological concern? Such classes of chemicals include:  2120 

(1) Persistent organic pollutants such as polybrominated diphenyl ethers (PDBEs) and other 2121 

organics 2122 

(2) Pharmaceuticals and personal care products including human-prescribed drugs, over 2123 

the counter medicines, and bactericides. 2124 

(3) Veterinary medicines (various antibiotics and hormones) 2125 

(4) Endocrine-disrupter chemicals including organochlorine pesticides 2126 

(5) Nanomaterials (little known of environmental fate and effects) 2127 

b) What thresholds or benchmarks (i.e., indirect indicators) are appropriate for these 2128 

contaminants in the Great Salt Lake environment (i.e., food chain and bird tissues)? 2129 
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8. How do habitat/vegetation vary in Great Salt Lake wetlands are what drives the variations? 2130 

a) What is the existing distribution and biomass of vegetation, including emergent vegetation, 2131 

submerged aquatic vegetation, invasive species, phytoplankton, and algae, within Great Salt 2132 

Lake wetlands? 2133 

b) How does this distribution affect habitat and change spatially and temporally with changing 2134 

water levels, season, and water quality? 2135 

c) What does the literature reveal about a link between invasive species and nutrients and 2136 

changes in habitat and use by wildlife? 2137 

d) What role does vegetation play in the cycling of contaminants in Great Salt Lake wetlands?  2138 

e) What controls the response of emergent vegetation, SAV, phytoplankton, and algae and how 2139 

do they interact? How do contaminants affect these elements and their response? 2140 

f) How do emergent vegetation, SAV, phytoplankton, and algae contribute to the contaminant 2141 

loads? 2142 

 2143 


