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Introduction

The Great Lakes of North America (Figure 1) contain one-fifth of the world's fresh surface water with only the polar ice caps and Lake Baikal in Siberia containing more (GLIN 2004; Forsythe and Watt 2006). The major lakes (Superior, Michigan, Huron, Erie, and Ontario) are important water sources for many different types of commercial, industrial and recreational activities. Lake St. Clair is located between Lake Huron and Lake Erie and is considered to be part of the Lake Erie watershed (Great Lakes Commission 2004). 

One of the most heavily industrialized areas in the region is located along the St. Clair River (which drains into Lake St. Clair) and is referred to as “chemical valley” due to the long history of industrial use along the river. In Sarnia, Ontario and within a twenty-five kilometre radius on the Canadian and American sides of the border, there are 62 industrial facilities listed under Canada’s National Pollutant Release Inventory (NPRI) and the United States Toxic Release Inventory (TRI) (Ecojustice 2007). These facilities include power generation stations, oil refineries, chemical and pharmaceutical producers, and coal-fired power plants. Since the 1800’s when this industrial valley first began to grow, there has been pressure from pollution being released into the river leading to water and sediment contamination within Lake St. Clair. Lead contamination in terrestrial and aquatic environments comes from a variety of these industrial activities and has been plaguing this aquatic system for decades (Sherman et al. 2015). 
The Canadian federal government specifies sediment quality guidelines determined through toxicological information in aquatic sediments where adverse biological effects were observed. There are two assessment values: the Threshold Effect Level (TEL) and the Probable Effect Level (PEL). The TEL refers to the concentration below which adverse biological effects are expected to occur rarely, while the PEL defines the level above which adverse effects are expected to occur frequently (CCME 1999). The TEL for lead is 35 µg/g while the PEL is 91.3 µg/g. 
Lead is a nonessential trace element that is toxic to biological life at elevated concentrations. Adverse consequences include an increase in mortality, decrease in benthic invertebrate abundance and diversity, and abnormal development in species living in areas above the PEL (CCME 1999). The PEL and TEL have been used to study sediment contamination throughout the Great Lakes region (Forsythe and Marvin 2005; Forsythe et al. 2010; Gawedzki and Forsythe 2012; Forsythe et al. 2015) and particularly in Lake St. Clair (Gewurtz et al. 2007; Gewurtz et al. 2008), however the use of three-dimensional (3D) geovisualization of interpolated surfaces performed in this study has not yet been explored. The main reason for this is that bathymetry data for all of the lakes did not become generally available until recently (NOAA 2014). The dataset for Lake Superior has yet to be completed due to funding shortfalls. In this article, 3D refers to the overlay of contamination surfaces that are draped over the bathymetry data. 
Limited information can be derived from sediment sample distribution maps. Careful design, implementation, and evaluation of the geovisualization of lake bathymetry together with interpolated contaminant surfaces may help in developing improved representations of contamination patterns, their comprehension by stakeholders, and assist in identifying areas where higher pollution concentrations exist. The overall objective of this article is to utilize spatial interpolation techniques and bathymetry to develop an improved understanding of lead sediment contamination patterns in Lake St. Clair.  

Study Area

The Lake St. Clair drainage basin encompasses part of the Canadian Province of Ontario and the American State of Michigan. A major influence on the Lake St. Clair study area is the St. Clair River. It drains from Lake Huron at approximately the same discharge as the Mississippi River at St. Louis at around 5000m3/s and is the only outlet for the western Great Lakes: Lakes Michigan, Huron, and Superior (Anderson and Schwab 2011; Hudson and Ziegler 2014). 
Lake St. Clair is small when compared to the Great Lakes. It has a surface area of 1114 km2 compared with Lake Ontario (the smallest Great Lake) at 18690 km2 and Lake Superior which is the largest Great Lake at 82100 km2. It is a very shallow lake, averaging three metres deep with a maximum depth of only 6.4 metres, compared to Lake Superior's maximum depth of 406 metres (GLIN 2004; Forsythe and Watt 2006). The lake is a major transport route for large ships and is consistently dredged in order to allow for navigation through the water system between the Great Lakes. 
The Canadian side of the lake is characterized by wetland areas and agriculture, however growth in urban and recreational developments has encroached on the wetlands in the United States and they are slowly disappearing (GLIN 2004). The north-eastern portion of Lake St. Clair is an extensive delta system; the largest within the Great Lakes Basin (Great Lakes Commission 2004; Forsythe and Watt 2006). Lake St. Clair is fed by five significant inflow channels and three major tributaries (these features can be seen in all subsequent figures) in addition to other low flow tributaries. In 1985, much of this delta system along with the entire St. Clair River to the mouth of Lake St. Clair was designated an Area of Concern (AOC) under the Canada-United States Great Lakes Water Quality Agreement (U.S. EPA 2013). AOCs are defined as areas recognized by the International Joint Commission where sediment, water, and fish quality have experienced some type of environmental degradation and the objectives of the Great Lakes Water Quality Agreement on water quality standards are not met. As of 2003, despite almost four million dollars of remedial action, many activities within the St. Clair River AOC remain impaired including: fish consumption, degradation of benthos, and loss of fish and wildlife habitat (Environment Canada 2010; CRIC 2013).
Overall, the watershed is home to approximately five million people, all of whom rely in some way on this natural resource. It provides inhabitants with drinking water, recreational resources, aesthetic beauty, and numerous economic advantages. Because of the close association between the human population and the watershed, water quality is tied directly to the resident’s quality of life (Great Lakes Commission 2004; Forsythe and Watt 2006; U.S. EPA 2006).
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