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INTRODUCTION
Problem Statement: Mercury is a known ecosystem contaminant in the St. Croix Riverway. Mercury levels in gamefish are sufficient to invoke fish-consumption advisories from the States of Minnesota and Wisconsin. Furthermore, mercury levels may be sufficient in parts of the Riverway to impair reproduction or growth rates of native wildlife. Given the importance of these resource concerns, there is a lack of understanding of mercury concentrations in fish (fish-Hg) of different regions of the St. Croix watershed. In general, mercury concentrations in fish tissues vary by location, species (trophic position), fish length (or size/age), and tissues sampled (hereinafter referred to as ‘cut’). Existing data on fish-Hg levels are gathered on a variety of species and sizes of game fish; accordingly, there currently is no means to compare fish-mercury concentrations spatially (across the basin) or temporally. Without a method for consistently comparing fish-Hg concentrations over time, space and across sample types (differing species, sizes and, if applicable, tissues sampled), it is difficult to determine when and where fish advisories should instated and when these advisories should be removed.
Study Area: The St. Croix National Scenic Riverway, which includes the Namekagon River, was established in 1968 under the Wild and Scenic Rivers Act. The portion of the river south of St. Croix Falls, Wisconsin, was added to the system in 1972 as the Lower St. Croix National Scenic Riverway. The St. Croix River originates near Solon Springs, Wisconsin and flows approximately 154 miles southward where it joins the Mississippi River at Prescott, Wisconsin. The upper 25 miles of the St. Croix River are solely within Wisconsin, while the remaining reaches of the river form the boundary between Wisconsin and Minnesota. The Namekagon River originates at Lake Namekagon and flows 98 miles, entirely in Wisconsin, to its confluence with the St. Croix River. The St. Croix watershed drains 7,760 square miles. Over 15 major tributaries in Wisconsin and Minnesota feed into the St. Croix-Namekagon complex. The NPS owns a corridor along both rivers roughly one-quarter to one-half mile wide, and has also made extensive use of scenic easements for properties near the rivers that remain in private ownership. 

The Riverway contains more than 60 state and Federally listed endangered and threatened species, providing one of the few remaining relatively well-preserved and biologically diverse aquatic environments in the region. Among the forty species of freshwater mussels found in the Riverway, 15 are state listed and two are Federally listed as endangered. There are 10 species of fish that are state listed as threatened or endangered.

Background: Water quality is generally considered to be good in the upper St. Croix and Namekagon Rivers. However, mercury contamination is a concern for humans who consume fish, and possibly for health of mussels and piscivorous (fish-consuming) wildlife. Mercury contamination of the aquatic ecosystem has been identified as one of the most serious aquatic resource concerns in the St. Croix River Basin, and in the Riverway (Holmberg and others, 1997).

Fish-consumption advisories have been established by the states of Minnesota and Wisconsin (MDH, 2000; WDH, 2000) because of potentially dangerous levels of mercury in fish taken from the St. Croix River and some of its larger tributaries. Work by Troelstrup and Foley (1993a) indicated that the higher concentrations of trace metals including mercury in mussel shells observed in the lower reaches of the St. Croix River Basin, compared to upstream reaches, corresponded to slower growth rates and sizes for those organisms. Mercury was not measured in the soft tissue of mussels where it would accumulate. At present, there is insufficient information to determine if mercury could be causally linked to the slow growth rates. 
In areas lacking significant point sources or anomalous geologic sources of mercury, atmospheric deposition of mercury is thought to be the predominant source (Swain and others, 1992). Anthropogenic emissions including coal-fired boilers, incinerators, and other industrial emissions (Nriagu and Pacyna, 1988), have resulted in modern atmospheric deposition rates of mercury that are about three times greater than background, pre-industrial rates in rural areas of Minnesota and Wisconsin (Swain and others, 1992). 
Atmospheric deposition of mercury in areas distant from mercury sources is thought to be relatively uniform. However, terrestrial and aquatic cycling of mercury varies considerably, resulting in relatively large differences in mercury concentrations in water and aquatic biota. 
Methylmercury is important in the cycling of mercury in aquatic ecosystems. Most mercury enters aquatic systems as inorganic mercury species (Bloom and Watras, 1989). Bacterial methylation of inorganic mercury produces methylmercury (Compeau and Bartha, 1985; Gilmour and others, 1998), which is the most toxic, bioaccumulative natural form of mercury. Methylmercury biomagnifies in aquatic food webs (Morel and others, 1998; Watras and Bloom, 1992), potentially reaching concentrations sufficient to induce sublethal, toxic effects in piscivorous fish (Friedmann and others, 1996) and wildlife (Barr, 1986; Meyer and others, 1998), and in humans who routinely consume fish with high mercury concentrations (Shubat and others, 1995). 
Sulfate reduction, an important process in anaerobic waters, is a major pathway for methylmercury formation (Compeau and Bartha, 1985; Gilmour, Riedel, and others, 1998). St. Louis and others (1994) have found that wetlands may be net sinks of total mercury, but net sources of methylmercury, sometimes yielding high concentrations. Anoxic hypolimnia of lakes and reservoirs are also important sources of methylmercury production (Herrin and others, 1998).

In addition to anthropogenic increases in mercury deposition to rural or remote areas, human activities have exacerbated methylation and bioaccumulation of mercury in some environments. Inundation of soils, through construction of impoundments, is known to produce high levels of methylmercury for several years following impoundment construction, resulting in greatly elevated mercury levels in fish that inhabit the impoundment and rivers downstream of the impoundment (Bodaly and others, 1997). There is limited evidence that mercury in fish and methylmercury in recently deposited sediments in low-alkalinity, low-pH lakes may have increased more than in more highly buffered lakes (Engstrom and others, 1999; Swain and Helwig, 1989, and Edward Swain, Minnesota Pollution Control Agency, oral communication). 
Recreational use of the St. Croix Riverway has doubled since 1973 to nearly one million visitors anually (National Park Service, 1995). Most recreational use in the park involves contact with the water, such as boating, canoeing, and fishing. The river is a very popular fishing destination. A third of the recreation-use hours (74,854 hours of 221,189 total) on an 86-mile stretch of the upper river was spent fishing, according to 1997 fishing survey conducted from May 1 to October 1 of that year (MDNR, 1998). 

Concern over mercury and methylmercury levels in the St. Croix Riverway have prompted a pilot study: ten tributaries in the St. Croix River Basin are being assessed with a total of three samplings at each site for total mercury, methylmercury, total organic carbon, and field measurements. Sites were selected because their watersheds were fairly similar in size, and there is a large gradient in land use / land cover among the tributary basins. An initial round of sampling from this pilot study found a significant correlation between methylmercury (the more toxic, bioaccumulative mercury species) and certain watershed characteristics, such as percentage of basin area that is covered with wetlands. This finding is not unexpected, given literature observations that inorganic mercury is efficiently methylated in wetlands. Furthermore, Hurley and others (1995) reported a correlation between instantaneous methylmercury yields and percentage of watershed that is covered with wetlands. We expect to further define potential relations of mercury (methylmercury) concentration and/or yield to landscape features (wetlands, forest lands, cropland, etc.) under two different flow regimes, during 2001 under the pilot study. 
OBJECTIVES
1. Develop a fish-mercury index for the St. Croix Riverway, so that fish mercury levels can be compared among sites without the confounding effects of species, age and size of the fish.

2. Compare fish-mercury levels to historical water-column concentrations of methylmercury and total mercury (Payne and Hansen, in prep.) and sediment concentrations (Brigham, 2002).

3. Compare fish-mercury levels to land cover characteristics that may influence mercury loading, speciation, and bioaccumulation the St. Croix River Basin.

4. Identify streams where there are disproportionately high levels of mercury in fish relative to other Basin tributaries. 

IMPLEMENTATION PLAN
Approach and Methods: 
Site selection. The sites selected for fish collection will be the same sites where mercury and methylmercury were investigated in a currently funded study by the U.S. Geological Survey project titled “Identify Sources of Mercury and Methylmercury in the St. Croix National Scenic Riverway.” These sites were selected across gradients of land use/land cover. While the basin coverage was limited, the sites represent important land use/land cover gradients in the St. Croix basin. These include ten tributary sites, and three main-stem St. Croix River sites (Danbury, Franconia, and Prescott). The co-location of sampling sites will provide a consistency of data and a more complete data set on mercury cycling in the St. Croix Basin.

Sampling. Target fish species (described in section below) will be collected at each of the sites using pulsed DC electrofishing equipment during late-summer low-flow conditions. All fish (>20 mm in length) captured at each site will be weighed measured and identified to species. Every effort will be made to return fish to the water unharmed. Fish to be retained for Hg analysis will be frozen on dry ice, and kept frozen until analysis. 
Fish identification. Thomas Simon of the Indiana Biological Survey will participate in the sampling and identify all fish captured to species level. Tom is an experienced ichthyologist, has experience sampling in the St. Croix watershed and will help to ensure that state listed threatened and endangered species are immediately released upon capture with minimal harm. Additionally his expertise will ensure proper identification of fish sampled for mercury analysis. Voucher specimens of species other than the threatened and endangered species will be retained in the Indiana Biological Survey’s collection.
Laboratory analysis. Tissue samples will be analyzed by the River Studies Center, University of Wisconsin, La Crosse, Wisconsin, under the direction of Dr. Mark Sandheinrich. Carcasses of fish will be analyzed individually for total mercury. Frozen carcasses will be lyophilized to a constant dry weight in food‑grade plastic bags at a condenser coil temperature of ( ‑50 (C. Lyophilized fish weighing ( 0.5 g dry weight will be left whole. Each lyophilized carcass weighing ( 0.5 g will be manually pulverized and homogenized inside the plastic bag or homeginized with a stainless steel food processor. Whole, lyophilized carcasses of fish weighing < 0.5 g and 250‑mg subsamples of fish weighing ( 0.5 g will be acid digested according to the methods of Hammerschmidt et al. (1999). Samples are digested with 15 mL of a 4:1 (volume:volume) solution of 18 M H2SO4 and 16 M HNO3 in 75-mL ignition tubes heated at 220 (C for 14 h in aluminum blocks. After cooling, each digestate is transferred to an acid-washed polyethylene bottle. Ten mL of a solution of 12% (weight:volume) hydroxylamine hydrochloride:12% (weight:volume) sodium chloride is added to each digestate followed by dilution to 100 mL with 1% (volume:volume) HCl. Each digestate is analyzed by flow-injection cold‑vapor atomic absorption spectroscopy with a Perkin Elmer FIMS 100.

We have experience dealing with this laboratory and are confident that results will be returned in a timely fashion, to permit timely analysis and interpretation of data, and allow us to meet our schedule. 

Data analysis. Data from this research will be analyzed using a model developed under a National Institute of Environmental Health Sciences (NIEHS) and USGS research project. This model accounts for variation in fish-Hg concentrations as a function of sample characteristics (species, cut and fish length) and therefore allows samples with dissimilar characteristics to be compared to reveal changes in fish-Hg over time and space (from site to site). This model has been calibrated to a national dataset of approximately 35,000 fish-Hg analysis results and subjected to a rigorous accuracy assessment. A journal publication is currently being prepared that describes the model, calibration and accuracy assessment.

The procedure for applying the NIEHS/USGS model to this project’s data is simply to append the data from this study to the national dataset and recalibrate the model. The model results will allow fish-Hg concentrations to be predicted at each site for any species, cut and range of fish sizes included in the dataset. Figure 1 depicts predicted fish-Hg concentrations for 11 species of fish during a specific sampling event (specific site and time). The report from research will include similar graphs from the 13 sites sampled depicting all species captured at that site that can be predicted by the model (species must have be included in the dataset of Hg analyses) over the size range for that species found at the site.
[image: image1.png]


Figure 2. Distribution of mercury in skin-on fillets of selected species across species appropriate length ranges as predicted by the national fish-Hg model for a specific sampling event.

Data on mercury concentrations in target fish will be compared 1) within each sampling site to determine sample variability, 2) among sites to determine whether any of the selected tributaries have aberrant concentrations of mercury in fish tissues. 3) A geographical analysis will examine mercury concentrations at the site to determine whether any areas in the basin exhibit significantly higher or lower concentrations than other regions. 4) Mercury concentrations in the index fish will be compared along the gradient of land use established in the prior study. 5) Mercury concentrations in the fish will be compared to historical total mercury and methylmercury concentrations in the water column, which are to be assessed during three rounds of sampling, spanning the 2000-2001 field seasons (currently funded study).

Target species. Approximately 14 fish samples will be analyzed from each site. Sample characteristics will be selected to maximize comparability to the national dataset and allow for prediction of as many species encountered at the site as possible. Comparability to the national dataset is improved by selecting species and cuts of fish that already occur in the national dataset (mostly game-fish). Most of the species that will occur at the St. Croix watershed sites, but not occur in the national dataset will be non-game fish. Reserving some of the fish samples from each site for sampling species not presently in the national dataset will allow prediction of fish-Hg concentrations for these additional species. Since these species may occur in the diet of fish consuming wildlife, sampling these species may be useful for predicting impacts to wildlife populations. 
Quality assurance. For determinations of total mercury in fish, the precision and bias of measurements for each analytical batch of samples will be quantified by analyses of (1) standard reference materials from the National Research Council of Canada and the U.S. National Institute of Standards and Technology, (2) triplicate subsamples of homogenized fish, (3) spiked (before digestion) subsamples of homogenized yellow perch, and (4) blanks and standards taken through the digestion procedures. 
Overall precision in the analytical results and model’s ability to describe the fish tissue concentrations will be assessed by examination of residual (observed minus predicted) fish-Hg concentrations. Additionally, one sample from each site will be a replicate (same species, cut and size).
Data Management, Documentation and Archiving: Various types of data will be compiled and archived for this study. Depending on the data type they will be stored in spreadsheets or ArcGIS. 
Study tasks, Organization, and Schedule: 
Jan-June 2004

Identify target fish species and size/age class

June-July 2004
Site reconnaissance; test fish sampling methods

Summer 2004

Collect fish samples, ship to laboratory for analysis

Aug 04-Mar 2005
Complete sample analyses

Mar -Sep 2005

Data checking and management; preliminary analysis

Mar -Sep 2005

Prepare preliminary report outline

Mar -Sep 2005

Data interpretation and report preparation 

Mar -Sep 2005

Manuscript review and revision

Mar -Sep 2005

Submit approved manuscript for publication

DELIVERABLES AND OTHER REPORTING REQUIREMENTS

This study will provide comparable tissue mercury data in fish for 10 tributary sites and 3 main-stem sites in the St. Croix River Basin, and three sites on the main stem of the St. Croix River. An interpretive report of approximately 10-15 pages (a U.S. Geological Survey report) will also be prepared, focused on developing and using a mercury index for fish in the St. Croix River Basin, and comparison to water-column data and tributary basin land use / land cover statistics.
BUDGET (all costs include indirect costs)
	Item
	FY2004
	FY2005
	Total

	Sample collection
	32,100
	0
	32,100

	Data management
	0
	4,500
	4,500

	Data analysis and report preparation
	0
	28,000
	28,000

	Travel
	2,500
	1,500
	4,000

	Equipment and supplies
	1,000
	0
	1,000

	Miscellaneous
	1,000
	1,000
	2,000

	Laboratory analysis
	22,500
	0
	22,500

	Publication services
	0
	3,500
	3,500

	Printing
	0
	2,000
	2,000

	Total
	$59,100
	$40,500
	$99,600


DOI cost-share funds in the amount of $10,000 have been allocated to this project in FY04 and will be used to pay for all expenses associated with using the NIEHS/USGS fish-Hg model to analyze this project’s data. These cost-share funds are not included in the budget above.
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