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Introduction 

Mercury (Hg) is a cyto- and neurotoxin in humans (Grandjean, 1997).  The main 

human exposure pathway is via consumption of fish with high Hg contents.  Because it is 

a bioaccumulative element, Hg increases up trophic levels, with predatory fish typically 

having the highest Hg levels (Sweet, 2004).  Clarifying the pathways of Hg cycling is 

thus critical to reducing human health risks of Hg.   

The main focus of this research is to constrain sources of and transport processes of 

Hg in central Indiana, with a focus on the city of Indianapolis.  Like many Midwestern 

municipalities, Indianapolis is powered by coal-fired power plants, houses a number of 

industrial sources of Hg, and exhibits elevated levels of Hg in waterways, as evidenced 

by fish consumption advisories for Hg (http://www.in.gov/dnr/, 2006).  A two-part 

strategy was used to examine the local impacts of Hg deposition in soils and subsequent 

pathways of transport of Hg in waterways (bankside sediment samples). 

Objectives  

The objectives of this research were aimed to answer the following questions:   

 Are local Hg sources depositing locally?  If so, what controls the deposition 

pattern? 

 After examining bank sediments from the White River and tributaries for Hg(T) 

(and organic matter), does urban Indianapolis influence Hg distribution and 

deposition?   

 What is the nature of Hg transport in streams?  

 Is there potential to understand human health risks based on Hg in stream 

bankside sediments?  

The main focus of soil sampling was to characterize deposition and retention of 

Hg in relation to emission distribution patterns in local and regional areas, while the 

reason for collecting bankside sediment was to explain transport and human health 

implications.  This allows us to better predict the contamination potential of fish that eat 

microbes that have taken up Hg found in bankside sediment.  Concentrations in the 

bankside sediment can be used as an indicator of the potential levels found in fish 

growing in nearby streams.   
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Background 

Depositional Sources 

Anthropogenic sources Hg to soil and bankside sediment are primarily through 

atmospheric deposition and deposition by effluent from industry.  Coal-fired electric 

utilities are the largest source of Hg to the atmosphere and wastewater treatment plants 

(WWTP) are the primary sources in river systems.  Waste incineration and other forms of 

industry also contribute to Hg deposition (Seigneur et al., 2004) (Table 1).   

Highly industrialized countries, such as China, are huge producers of elemental, 

particulate, and divalent Hg.  China represents a global source of Hg due to elemental 

Hg’s ability to remain in the atmosphere for up to a year.  Global sources of Hg 

contribute to the background concentration values in soil, whereas regional and local 

sources can display distribution patterns (Gui-Bin et al., 2006).   

Anthropogenic Atmospheric Emissions Sources 

Most coal mined in the United States is used for electricity production, and 

Indiana spends more than $14 billion per year on energy.  Coal provides 49% of the total 

primary energy in the United States (Economic Census, 2000).  Of the coal mined in 

Indiana, three major types exist, lignite coal, sub-bituminous coal, and bituminous coal.  

These types have different amounts of Hg.  Bituminous coal is also used in coking, an 

essential ingredient in making steel and is the primary type of coal mined in Indiana 

(Tavoulareas & Jozewicz, 2005). 

Mercury in Indiana’s coal averages 0.11 ppm, with bituminous and sub-

bituminous coal types each have varying amounts of Hg (Mastalerz et al., 2000).  

Scrubbers are one of the primary devices that control gaseous emissions, especially acid 

gases.  Indianapolis Power and Light uses a wet scrubber system to reduce sulfur dioxide 

(SO2) emission.  Although not meant for Hg, the scrubber does remove some other metals 

such as Hg (Business Wire, 1995).  Coal washing removes the impurities and lowers Hg 

concentration by 0.02 to 0.18 ppm from the original concentration (Mastalerz et al., 

2000). 
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Waterway Transport in Urban Areas 

Erosional processes transport bankside sediment contaminated with Hg through 

hydro-systems (De Oliveira, 2000). Direct inputs from sources such as WWTP (from 

sediments) and combined sewage outfalls (CSO) can affect the immediate water Hg (total 

concentration), Hg (T) values, and the surrounding Hg (T) bankside sediment levels. 

Combined sewer outflows (CSO) provide direct inputs of collected run-off and sewage 

from the sub-watershed and dump the contents into local rivers and creeks.  Waste Water 

Treatment Plants are not designed to remove Hg effectively, although the solids are 

pumped into a digester. The effluent is chlorinated and released back into the river 

(Seigneur et al., 2004). 

Human Exposure Risk 

There is no known metabolic function for Hg in the human body and it can cause 

a variety of conditions from interfering with medications to affecting cell functions.  The 

human threshold concentration for cytotoxicity is 50 µL-1 and levels for blood 1-6 mg/L 

(Tsuguyoshi, 1991).  Mercury in the nervous system interferes with energy production 

inside each cell, blocks receptors, and affects the structure of brain cells and does not 

dissipate like it can in other types of cells (Clarkson 2003; Grandjean, 1997; James et al., 

2005; Moissan, 2003).  Mercury can interfere with medications, by either over-

amplifying their affects, making them useless or changing the way the medication works 

(Ndountse, 2008).    

Methylmercury (MeHg), which is a Hg atom connected to a methyl group, can 

attach to sulfur-containing amino acids containing sulfur molecules such as glutathione 

and cysteine to which Hg  is linked to blocking the paths of enzymes and protein 

synthesis in the body (Huang et al., 2005; Tsuguyoshi, 1991).  Glutathione, a storage and 

transport form of cysteine, controls immune system functions, protects the human brain, 

and is important for metabolic functions (Kaur et al., 2006; Wang et al., 2000).  In 

humans, the accumulation of HgCl2, even in ppb levels, increases the susceptibility to 

infections and tumors, causing strong allergic reactions and autoimmune diseases 

(Silbergeld, 2005).  Mercury is introduced into the structures of 2 specific thiols, cysteine 
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and methionine, both of which have many metabolic pathways and uses in the body, 

allowing Hg to deposit into many areas within the body (Huang et al., 2005).    

Cell Energy and Hg 

Mercury can alter sodium and calcium transport and reduce oxygen transport 

through the cell membrane.  The oxygen deficiency within the cell reduces or eliminates 

the ability of the cell to oxidize glucose to carbon dioxide which results in the conversion 

of glucose to lactic acid, lowering cellular pH into the acidic range.  This changes cell 

metabolism and ultimately DNA replication.  Mercury competes with calcium for cellular 

binding sites and, through this mechanism, can decrease cellular calcium or increase extra 

cellular calcium.  Even at low levels, mercury can inhibit killer-cell leukocytes, reducing 

their effectiveness in controlling cancer cell proliferation and can also reduce the 

effectiveness of treatments as chemotherapy (Clarkson, 2003; Huang et al., 2005; James 

et al., 2005; Moissan, 2003). 

Mercury levels slowly dissipate with time from other body tissues except when 

Hg first accumulates in the nervous system.  Mercury binds firmly to specific chemical 

compounds which exist in nerve cells.  As Hg reaches toxicity level, the cell will either 

live in chronic malnutrition or die.  Many illnesses, usually associated with neurological 

symptoms, are common, including chronic viral and fungal illnesses, recurrent bacterial 

infections, and chronic fatigue (Clarkson, 2003; Moissan, 2003; James et al., 2005).   

Mercury may also pose a risk to DNA integrity.  A problem associated with Hg is 

demonstrated by a study done with HgCl2 versus x-rays to compare the amount of 

damage each had done to DNA.  A recent study (Silva-Pereira, 2005) indicates that both 

HgCl2 and x-rays damaged DNA, but the DNA damaged by x-rays could be reversed 

whereas that done by HgCl2 could not.  Other studies show that detergents in lab and 

other means does not work to break Hg off various receptors (proteins) (Clarkson, 2003; 

Moissan, 2003; Sweet, 2004).  The only method so far that seems to work is introducing 

selenium into the body as a chelator of mercury (Balthrop, 1986; Clarkson, 2003; 

Moissan, 2003; Sweet 2004).    
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Hg Chemistry and Cycling  

The vapor pressure of Hg is strongly dependent on temperature, and elemental Hg 

vaporizes easily under ambient conditions.  Unlike most metals, it is bound by covalent 

bonds.  Elemental Hg is the most abundant species of Hg found in the atmosphere and its 

chemical behavior and properties are highly dependent on the oxidation state.  Elemental 

and divalent Hg can produce inorganic and organic Hg compounds (Table A4).  Most Hg 

found in water, soil, bankside sediment, and biota is in the form of inorganic mercuric 

salts and organomercurics (Mason et al., 1994).  

The depositional extent of Hg is dependent on the species of Hg present and the 

environment.  The most common species of Hg are:  elemental Hg (Hg0), particulate Hg, 

oxidized (divalent) Hg2+.  Elemental Hg has a high rate of evaporation and travels 

globally, whereas Hg2+ tends to be oxidized in the atmosphere, adsorbed to particulates, 

or deposited on the top layers of soil and bankside sediment.  Elemental Hg, particulate 

Hg, and divalent Hg2+ each have different residence times in the atmosphere and can be 

oxidized or reduced to other species.  Hg2+ (ionic mercury with a loss of 2 electrons in 

outer shell) and particulate Hg (particles containing inorganic Hg) have short residence 

times and are deposited much more rapidly (Evers, 2007).  Hg0 has a 0.5-2 year residence 

time and comprises the majority of the airborne Hg before being oxidized to Hg2+ and 

deposited (Schroeder, 1998).  The species Hg2+ in ambient air normally represents only 

about 3% of total Hg but is expected to account for a major portion of Hg in dry 

deposition (Lindberg et al., 1998).   

Methylation is the alkylation process used to describe attachment of a methyl 

(CH3) group in place of a hydrogen atom.  When HgS is in the presence of bacteria it can 

form CH3Hg (II) X + H2S (where “X” is a ligand, typically Cl- or OH-).  In this equation, 

the Hg is methylated, taking the place of the sulfur atom (Tsuguyoshi, 1991).  Another 

common process is shown with the equation CH3Hg (II) X + H2S which shows in the 

presence of HgS bacteria can uptake the Hg2+ and form methylHg.  

Aqueous Phase  

Mercury compounds in aqueous phase are normally disassociated molecules and 

have low solubility (Tables A3 and A4).  Most organomercurics (Hg-CH3-plus an 
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element) do not react with weak acids or bases because of low affinity of the Hg and 

oxygen to bond carbon atoms making them relatively insoluble.  Hg-CH3OH is highly 

soluble because of the strong hydrogen bonding of hydroxide group (OH) (which is 

unlike the organomercurics) and easily be taken up by microbes after deposition.  HgCl2 

is soluble in water and HgS is unreactive, showing that mercuric salts vary in solubility 

(Mason et al., 1994).    

In terrestrial and hydrosystems, elemental Hg normally evaporates quickly when 

it is reduced from the deposited divalent Hg2+ to Hg0 and is quickly re-emitted unless 

changed into MeHg (Seigneur et al., 2004).  Mercury re-emission limits the production of 

MeHg, but the evasion of mercury from these systems leads to accumulation (Fitzgerald, 

1998; Seigneur et al., 2004).   

Deposition Processes 

Mercury is deposited from the atmosphere and is sequestered in soils and 

bankside sediment and is transported with run off waters to water ecosystems (Figure 

A1).  Mercury in soil is controlled by watersheds that connect atmospheric deposition to 

Hg fate in surface waters (Evers, 2007).  Soil and bankside sediment redox zones define 

the environmental conditions for the transformation of Hg2+, and therefore are important 

in controlling the formation and mobility of MeHg  (Foster, 2003).    

Atmospheric Hg in its particulate, divalent, and elemental form is deposited by 

wet and dry processes.  Wet process is deposition by precipitation such as rainfall and dry 

process is deposition by settling (Lindberg et al., 1996).  Deposition of particulate Hg is 

affected by atmospheric conditions and particle size.  Divalent Hg has lower Henry's law 

constants than elemental Hg and partitions to the water phase and is mostly deposited by 

precipitation (Lindberg et al., 1996).  Dry deposition provides 60-70% of total Hg in 

forest ecosystems (Evers, 2007).  The three main species of Hg emitted are adsorbed by 

foliage and, after falling to the ground, the Hg is leached into the soil.  Although 

elemental Hg vapor is not directly deposited to the earth's surface due to its relatively 

high vapor pressure and low water solubility, elemental Hg may more likely be deposited 

by plant-leaf uptake in forest canopies by gas exchange at the leaf surface followed by 

Hg assimilation.  Elemental Hg from emission occurs only when air concentrations of 
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elemental Hg are above an equilibrium level for the local forest ecosystem.  At lower air 

concentration levels, the forest can act as a source of elemental Hg to the atmosphere 

(Lindberg et al., 1996).  Whether the forest acts as a source or sink, is dependent on Hg 

vapor concentrations, leaf temperatures, and surface conditions (Fitzgerald, 1998). 

 Waterway Transport and Methyl-Mercury Production 

The characteristics of soils in a watershed such as pH, temperature, organic matter 

content, sulfur content, and species of Hg, are biogeochemical factors affecting the 

production and/or bioaccumulation of MeHg (Evers, 2007).  Dissolved Hg species in 

these areas, move by transport processes such as leaching, runoff, erosion of particulate 

Hg concentrations, and volatilization of gas phase Hg (Foster, 2003).  Once in surface 

water, Hg enters a complex cycle in which one form can be transformed into another.  It 

can be deposited to the bankside sediments by particle settling and then later released by 

diffusion or can be methylated where it can enter the food chain (McNeal et al., 1974).  

Increased stream flow leads to increased Hg, while decreased stream flow creates 

increased MeHg.  Mercury is temporarily stored in fluvial sediments and transformations 

by various biogeochemical processes such as sulfide oxidation, sulfate reduction, and 

organic matter degradation causing the release of Hg associated with bankside sediment 

(Sabine et al., 2007).   

Redox boundaries at sediment-water interfaces have been shown to be active 

zones of methylation and are enhanced by the presence of organic matter, humic, and 

fulvic acids (Fitzgerald et al., 2007).  Organic matter has an effect on the methylation rate 

since the presence of high amounts of organic matter stimulates microbe activity.  The 

presence of humic and fulvic substances produces acids which cause a low pH and are 

ideal conditions for methylation (Sandrine, 2006).     

Iron (Fe) and sulfur (S) are two metals that interact with organic matter and play a 

role in Hg interation with organic matter (Miller, 1999).  In reducing conditions, mercury 

associates with sulfides at redox interfaces in hydrosystems which could decrease in the 

rate of methylation by redirecting the Hg to form HgS.  Mercury associates with Fe 

oxides through an indirect association with organic matter.  Sulfide conditions produce a 

solid phase Fe sulfide that dominates the formation of complex chemical species of Hg to 
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the solid phase.  Mercury forms stronger bonds with reduced sulfide relative to dissolved 

organic matter (Miller, 1999).  

Reducing environments in bank sediment provides conditions for bankside 

sediment, soil, and water sulfate-reducing bacteria to methylate Hg.  The presence of 

dissolved Hg2+ in bankside sediment causes microbes, such as Desulfobacter and 

Desulfovibrio groups, to attach a carbon to an Hg atom instead of a sulfur atom by 

passive diffusion (Fitzgerald et al., 2007). 

Rivers are commonly impounded to meet various human needs including flood 

control and drinking water storage.  Catchment areas increase the odds of organic matter 

and bankside sediment deposition, along with increased redox areas because of sluggish 

or stagnant water.  Impoundments slow river flow rates and contribute to the creation of 

fluctuating redox zones as water levels in streams and tributaries vary on a daily basis 

(Boszke et al., 2002).  As the banksides experience periodic wetting and drying, varying 

cycles of reduction and oxidation enhance the production of MeHg (Evers et al., 2007; 

Sorensen et al., 2005) (Figure A2). 

Methyl mercury amounts are around 2% of the total mercury level but its 

lipophilic and sulfur binding properties makes it easily accumulated and biomagnified in 

the food chain (Sandrine, 2006).  The carbon atom changes mercury's properties allowing 

it to be readily accumulated in fish.  Once released from microorganisms, MeHg can bind 

to proteins in aquatic biota and results in contaminating of the food chain through fish 

eating contaminated microbes and from there biomagnifies (Clarkson, 2003).  

 

Study Area and Methods 

 Study Area 

Indiana is affected by east-moving cold polar and warm gulf-air masses.  Annual 

precipitation is approximately 41.5 inches a year.  About 68% of precipitation returns to 

the atmosphere through evapo-transpiration, 24% enters streams and lakes through 

surface runoff, and 8% recharges ground water.  Indiana ground surface infiltration is 3-

3.6 inches a year and surface runoff is 8.4-9 inches a year 

(http://www.cees.iupui.edu/research/water_resources, 2007).   
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Site Description 

The focus of this study was in the upper west fork of the White River watershed 

located in central Indiana (Figure B1).  The upper White west fork is 273 miles long, and 

is the longest fork of the river.  The White River starts at Winchester, in Randolph 

County, proceeds through Muncie, Anderson, and Indianapolis before joining the east 

fork. The land usage is approximately 60% cropland, 15% forestry, and 25% urban.  The 

primary water usage is for drinking, irrigation, recreational, retention, wetlands, and 

wildlife (http://www2.ctic.purdue.edu, 2004) (Figure B2). 

The study site comprises Marion, Hendricks, and portions of Morgan, Hamilton, 

and Owen counties.  The longitude and latitude of the study area’s northernmost point is 

N 40.1070° and southernmost point is N 39.2797°, easternmost point W -86.7590°, and 

westernmost point is W -86.3606°.  

The upper White River watershed includes the White River and many creeks to 

the east and west of the river.  The White River flows through urban and rural areas and 

has features such as dams, other impoundments, CSOs, WWTP, and other industry that 

may contribute to the variability in Hg concentrations within the study site.   

Indiana is primarily made up of Alfisols which are soils developed under forest 

covers of the humid mid-latitudes (De Oliveira, 2000).  The White River and tributaries 

have low slopes and a meandering channel with silt to gravel-sized material, including 

areas of cobble to boulder-sized material.  Bedrock in the White River watershed is 

limestone, dolomite, siltstone and shale of the Silurian, Devonian, and Mississippian 

(Gray et al., 1987).  The soils near White River and its tributaries are loam with moderate 

amounts of sand (7-27 %), silt (23-52 %), and clay (28-50 %).  This area also contains 

soils formed on stratified glacial outwash that varies from silt to boulder in size (Sturm, 

1978).  The quaternary deposits are about 150-300 meters thick in the northern part of the 

study area and less than 150 meters thick to the south.  Most of the study site is located in 

Tipton Till Plain’s physiographic unit which is described as slightly hilly glacial till 

deposits plus flat areas covered by glacial outwash and alluvium (Gray et al., 1987) 

(Figure B3).  
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Combined sewer systems are designed to deal with overflow by discharging 

excess wastewater directly to nearby streams and rivers through combined sewer outfall’s 

(CSO) by collecting storm water runoff, domestic sewage, and industrial wastewater.  In 

Marion County, there are 137 CSOs that discharge into the White River and tributaries, 

with 29 of them discharging directly into the White River and the rest into its tributaries.  

Twenty eight CSOs discharge to Fall Creek, 6 to Eagle Creek 49 to Pleasant Run, 4 to 

Bean Creek, and 21 to Pogues Run (Indianapolis Department of Public Works).   

 Stream Flow Rates of the White River and Tributaries 

Flow rate data of the White River and its tributaries was provided by 

http://waterdata.usgs.gov website (Table B4).  There are 11 water gauges in this study 

site measuring the flow rates of the White River, Fall Creek, Pleasant Run, and Lick 

Creek.  The White River ranges from 216 ft3/s at the Marion and Hamilton County Line 

to 384 ft3/s north of downtown Indianapolis, and 583 ft3/s south of downtown 

Indianapolis.  The increase in flow rate is due to the city controlling the edges of the river 

by restricting channel width and increased inputs from drainage.  Both increase the 

discharge of water for the amount of space allowed.  Fall Creek ranged from 71ft3/s east 

of Indianapolis and 1.28 ft3/s where it drains into the White River.  The measured flow 

rate was 1.5 ft3/s  at Pleasant Run and 2.1 ft3/s at Lick Creek.   

Marion County has four low-head dams on the White River and two low-head 

dams on Fall Creek (Figure B5).  Dams are used to raise the level of the tributaries and 

rivers and to decrease stream flow velocities, thereby increasing water resistance levels in 

sections of the water system (Gray et al., 1987).  Dams included in this study site are:  

south of IPALCO in Morgan County, south of IPS in Hamilton County, Fall Creek, Geist 

Dam, Fall Creek’s Broadripple Dam, White River, 16th street Dam, White River South, 

Pogues Dam, White River South IPL/Lick Dam, and White River Dam.  

 Industrial Sources of Hg 

There are many factories and plants located in Marion County that are Hg 

emitters.  Data provided by the EPA showed the top industries producing Hg in Marion 

County are:  Stout IPL Plant (IPL or C.C. Perry K. Steam Plant), IPC Supplement Plant 

(IPCSP), Indianapolis Water Company (IWC), Southport Waste Water Treatment 



 
 

11

(SWWT), Belmont Waste Water (BWW), Trash and Energy Plant (TEP), Quemetco, 

Daimler Chrysler Foundry, International Truck and Engine Corp., Covanta Indianapolis, 

Reilly Industries, Interstate Castings, Heritage Environmental LLC, Federal Express, and 

Eli Lilly and Company top 9 listed in Table 3.  The industries consist of power plants, 

smelting plants, foundries, and other productions.   

 Emissions Data 

Raw Hg emission data were acquired from the U.S. Environmental Protection 

Agency (EPA) for local emitters.  Only the top 5 emitters were analyzed for this project 

as a significant source of Hg because they contribute 99% of all atmospheric emission 

(Table 4).  PSI Energy of Hamilton County in Noblesville and IPALCO of Morgan 

County are two additional coal burning power plants included in this study.  These plants 

were chosen because of their close proximity and potential influence to Indianapolis and 

the White River.  The reason for the separation of the top ten Hg emitters in Marion 

County and the additional coal burning power plants is due to location.  IPALCO-

Pritchard station and PSI energy of Noblesville are distant from the high concentration of 

the industrial area of Indianapolis.  The top three power plant emitters are shown in figure 

3 which include:  PSI energy-Noblesville 133 lb/year, IPL Harding street station 225 

lb/year in Indianapolis, and IPALCO-Pritchard station 225 lb/year in Martinsville (Table 

5).    

 Wind Data 

Median wind direction was calculated from raw data obtained from the Indiana 

State Climate Office at Purdue University for the years 1948 to 2007.  Central Indiana’s 

median wind direction is 210 degrees coming from a SW direction.  These data are used 

to follow emission plumes to better understand the anthropogenic influences on Hg 

distribution (Table 6). 

 

Methods  

Soil 

 Hamilton and Morgan Counties were used to examine the differences in large 

urbanized areas versus rural areas, in addition to exploring how wind direction and 
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emissions of Hg affect Hg concentration values in soil (Figure 1).  The soil sites were 

mostly within Marion County and closest to power plants in Hamilton and Morgan 

Counties.  Samples sites encircled the power plants to ensure that samples were taken 

from all directions.  Prior to sample collection, background research of the area’s history 

was performed and most soil samples were taken from cemeteries and parks to ensure the 

ground was not recently disturbed.   

At each site, soil samples comprised of five samples taken in approximately a 6 

foot matrix.  The soil was collected at a depth of 0-15 cm and were placed into plastic 

bags and kept cool.  

Bankside Sediments 

The bankside sediment sample sites were located in both rural and urban areas 

along the White River and some of its tributaries.  In urban areas, sample sites were 

chosen relative to impoundments.  Hg concentration values through the rural areas, 

urbanized areas, and then back to rural areas determine whether industry affects 

concentration values of Hg.  

Samples were taken from north of  PSI Energy in Hamilton County, south to 

Morgan County (south of IPALCO Electric) and Marion County (Figure 2).  The 

bankside sampling sites were located along the White River, Fall Creek Tributary, and 

creeks east of Indianapolis at Pleasant Run and White Lick creeks and west of 

Indianapolis George and McCracken creeks.  Samples were also taken from the 

Broadripple Canal, which is a man-made canal that connects Fall Creek to the White 

River.  George and McCracken creeks are west of industry and were used as background 

levels of Hg(T) for this area due to no known source of local Hg input such as a WWTP or 

factory. 

The area north of PSI Energy is rural and directly south of PSI is a WWTP.  Hg 

content in bankside sediments was measured from several tributaries feeding the White 

River from the east and west in Marion County.  The creeks west of Marion County were 

used as background for Hg (T) in central Indiana and were chosen because no known 

sources of Hg input were located nearby.  Creeks east of the White River were chosen  
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because the area is highly urbanized with homes and WWTPs along Fall Creek, homes 

and industry along Pleasant Run, and Lick Creek does not have a WWTP or industry 

along its banks.     

Bankside sediment sampling sites were chosen by bounded impoundment areas.  

The sampling sites in each impoundment were at either side of the impoundment in the 

depositional area of the creek or river.  This also shows the depositional affect of having 

an impoundment in the area.   

At each site, the Bankside sediment samples comprised five samples taken in a 

perpendicular array away from the water’s edge (Figure 4).  The bankside sediment was 

collected at a depth of 0-15 cm and were placed into plastic bags and kept cool.  

Angler Survey Methods 

The survey was approved by the Human Subjects Review Board at IUPUI.  The 

anglers were randomly chosen, anonymous, over the age of 18, and gave consent.  Some 

problems with the survey included:  small sample size, limited locations (primarily for 

safety reasons), over representation of certain groups, errors of administrator, and non-

truthful answers by respondents. 

Grain Size Analysis Methods 

Malvern 2000 particle size analyzer was used to separate the bank sediment into 

different grain sizes and keep track of the percentage of sizes found in each sample.   

 Sampling Approach  

The differences in this study versus other studies are the sampling techniques, 

sampling sites chosen and lab procedures.  The soil and bankside sediment sampling 

approach for this study is atypical.  Soil and bankside sediment were collected to a depth 

of 15cm to look at recent deposition concentrations of total Hg in both bankside sediment 

and soil.  In other studies, bankside sediment samples have typically been collected from 

just below the water’s surface (25-30 cm depth) to avoid highly oxidized areas (Gray et 

al., 2004; Requelme, 2002), and above and below water surfaces of the stream 

(Neumann, 2005; Skyllberg et al., 2003).   

Soil in this study was collected similarly to bankside sediment in physical 

approach but the areas chosen were for different reasons.  Soil was collected to measure 
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direct concentration of Hg(T) content based more on emitters and wind direction, whereas 

other studies chose sites based on wetlands, proximity to rivers in order to find runoff 

values rather than atmospheric deposition such as the study done by Skyllberg et al. 

(2003). 

Other studies have much more detailed data of a few select spots but the 

techniques in this study allow for general total Hg concentrations in a large area for both 

bankside sediment and soil.  The Marion County data was used to determine whether 

there is a link between Hg emitters and deposition, by looking at the patterns of Hg(T) 

concentrations.  Therefore, these samples were only analyzed for Hg(T) and OM.   Other 

studies, by Gray et al. (2000) and Skyllberg et al. (2003) analyzed for particular Hg and 

did not focus on regional distribution from the atmosphere nor WWTPs.  Studies of 

WWTPs normally used samples deeper in the bankside sediment and in the water 

column.   

 Studies that did show a similar method of collection of bankside sediment 

typically were looking at the relationship of cinnabar mining and alluvial deposits in 

streambed and stream banks or the impact from WWTPs. Gray et al. (2000) is the closest 

to present study in terms of sampling approach, however, beyond the initial sample 

collection procedure, these studies were very different.  Gray et al. (2000) used data to 

show distribution of Hg from cinnabar mines.   

Sample Analysis 

Soil samples and bankside sediment samples were processed in the labratory and 

analyzed similarly.  The samples were sieved using a clean 150 µm sieve which was 

washed in between each sample to avoid cross contamination.  Approximately 1 gram of 

sample from each site was weighed and placed in an acid cleaned porcelain crucible and 

oven dried for 24 hours at 105 °C.  The crucibles were cooled in a dessicator to prevent 

water reabsorption then reweighed to determine % moisture content.  The dried samples 

were then placed in a muffle furnace at 550 °C for three hours then cooled in the 

dessicator and reweighed by loss on ignition (LOI).   The ashing of the samples in the 

muffle furnace allowed the determination of organic matter (OM) of the sample after 

being reweighed.   
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The final step of the procedure was to run an Hg analysis on each sample using 

the Leco AMA254 Hg Analyzer.  Mercury concentrations were determined on “fresh” 

soil sample that was not ashed. 

 

The calibration method was as follows: 

 1 test with no boat 

 2 tests with empty boats 

 5 tests using known standard (1633b) with 0.025g, 0.050g, 0.075g, 0.010g, and 

0.150g  

The empty boats gave background atmospheric Hg levels and purged the 

instrument of possible left over Hg.  Once the instrument was calibrated, three sub-

samples of each sample were made using approximately 0.080 grams of soil for each.  

The averages of the three sub-samples were taken to express data Hg (ppb) and mass (g).  

For every six samples, two standards and one blank were also run to compensate for any 

potential problems or drift.  The AMA-254 had a 0.0085 ppm Hg detection limit and 

certified values for standards 2709 and 1633b were 1.4 ppm and 0.14 ppm respectively 

with average relative errors at 8.4% for 2709 and 6.8% for 1633b (Table 6).     

Reproducibility 

Range of values of sample replicates were calculated along with standard 

deviations which also gives sample reproducibility.  Most standard deviations were low 

suggesting the high likelihood of reproducing the same similar results.  Absolute errors, 

population ranges, and standard error are located in Tables 6 and 7.  

 

Results 

Spatial Distribution  

An analysis of Hg(T) distribution in soil showed an increase in a general 

northeastern to east direction of known anthropogenic sources (Figures 5, 6, and 7).  The 

highest value of Hg(T) deposition  appears generally aligned with the pathway of the 

median wind direction at 210 degrees.  Values of Hg(T)  in soil ranged from 14-296 ppb.  

The lowest values were located south, west, and southeast of heavy industrialized areas.   
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Geostatistical Analysis Results 

Linear interpolaration was use to predict values at unknown sites.  Kriging 

prediction and prediction error maps were created to give a prediction of the soil 

concentrations in areas not sampled (Figures 8 and 9).     

Ordinary kriging was used was used to give a prediction map of the Hg(T) 

concentrations in the soil at the unknown sites.  Kriging uses inverse distance weighting 

and interpolates data based on the characteristics of the data set with the assumption 

values that are close are more alike.  

Normal QQPlot and a histogram was used to test whether the data needed to be 

transformed to conform to a normal distribution before using certain kriging interpolation 

techniques (Figures 10 and 11).  Plotting the quantiles of the data versus the quantiles of 

the standard normal distribution the QQPlot is close to a straight line.  The histogram 

shows distribution with the range of values separated into10 classes.  The data set was 

slightly left handed skewed in its distribution.  The histogram is close to normal 

distribution.  The right tail of the distribution indicates the presence of a relatively small 

number of sample points with large Hg(T) concentration values. 

Semivariogram spherical model gave the most accurate predictions of the 

unknown values of soil sample sites (Figure 12).  Examination of the spherical model of 

the semivariogram cloud, which shows the spatial autocorrelation between the sampled 

points, there is more dissimilarity going from the south to the north than from the west to 

the east, suggesting the data is directional.  The red dots represents a pair of locations and 

as the distance of pairs of locations increases the semivariogram values also increased as 

the cloud flattens out the relationship between pairs is no longer correlated.    

Cross-validation shows how well the model predicts the unknown values.  Using 

all points, cross-validation sequentially omits a point, predicts its value using the rest of 

the data, and then compares the measured and predicted values.  The calculation 

information can be used to assess model performance.  Typically mean error (ME) and 

mean standardized should be close to 0, root average standard error (RAMSE) and 

average standard error (ASE) should be similar, and root mean square error (RMSE) 

should be close to 1.  The number of neighbors is 5 and at least 4, with 12 lags, lag size 
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0.128, nugget 0.237, no anisotropy, partial sill of 0.132, and sector at 4 and 45 degrees.  

Mean error (ME) was -0.059, mean standardized (0.00875), (RAMSE) 1.098, and 

(RMSE) 36.56 and (ASE) 35.21 which were similar.  

 Relationships Between Soil Hg-Sources-Wind 

The four emitters producing the most self reported Hg(T)  were chosen to represent 

most of the deposited Hg(T).  The primary emitters were IPALCO of Morgan County, IPL 

Harding and Quemetco of Marion County, and PSI Energy of Hamilton County.  

IPALCO is a coal-burning electrical plant.  Located in downtown Indianapolis is the IPL 

Harding plant which is also a coal-burning electrical plant.  IPL Harding concentration 

distribution pattern was harder to see in this area due to Marion County’s industry (Figure 

9).  In this area there were many Hg(T) atmospheric emitters including Quemetco, a 

smelting plant.  Like IPALCO, the distribution pattern does show that soil sampling sites 

to the west were lower in Hg(T) concentration than  areas east.  However, areas south of 

Indianapolis had higher concentration values than northeast of IPALCO.  PSI Energy of 

Noblesville is located northeast of Indianapolis.  This area shows a similar pattern, but 

has inadequate number of sampling sites to firmly constrain a northeast pattern of Hg(T) 

deposition.   

Areas not located in the direction of the averaged wind path and with no known 

emitters nearby have the lowest Hg(T) soil concentration values.  Sampling sites in the 

direct pathway of the median wind direction generally have the highest Hg 

concentrations, which we suggest is possibly due to the location of the emitter’s plumes 

and the 1-2 day residence time of Hg in the atmosphere.  The highest levels of Hg in soil 

were found in the industrial center of Marion County which is also known as 

Indianapolis. 

 Other Sources of Hg to Soil 

To increase infiltration in soil, some farmers in the Indiana Till Plain apply gyp-

sol (http://www.ars.usda.gov).  Gyp-sol is a gypsum by product material from coal 

scrubbers and is known to be high in heavy metals including Hg (Kairies et al., 2006; 

Lefers et al., 1987; Vempat et al., 1995). 
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 Bankside Sediments Upstream of Downtown Indianapolis  

Sources of Hg(T) for bankside sediments is through transportation and deposition.  

Bankside sediments directly north of PSI Energy Noblesville (Figure 13), a coal-fired 

power plant, were low and ranged from 1-2 Hg(norm.), unlike south of PSI Noblesville 

which were bankside sediment Hg(T) ranges 98-131 (Figure 13 and 15).  Further down the 

river, Hg(T) drops to the 14-21 Hg(norm.) range.  The stream flow rate also dropped from, 

approximately 84 ft3/s to 11 ft3/s, (http://waterdata.usgs.gov) as the White River 

approaches the county line into Marion County.  Carmel’s WWTP is located before the 

Marion County line along the White River and Hg(T) concentration values spike to the 37-

43 Hg(norm.) range.  As the White River continues south, it gains stream flow speed at 216 

ft3/s and Hg(T) values drop 8-13 Hg(norm.) until it approaches the Broadripple Dam.  Hg(T) 

values after the dam begin as high as 93-131 Hg(norm.) and slowly drop to 8-13 Hg(norm.) as 

the water flow heads south to the dam at 16th street. 

 Bankside Sediments Downtown Indianapolis (South of Fall Creek to Marion 

 and Morgan County Line) 

This area covers the sites from the 16th street dam in Indianapolis to Marion 

County line (Figure 13).  Indianapolis is known for its large amounts of fine sediment 

deposition in the bankside sediment.  Starting at the 16th street dam is the confluence of 

Fall Creek.  Hg(T) values in this area are fairly low as the White River increases discharge 

due to the input of Fall Creek and the effect of channelization.  Shortly after, discharge 

increased to 384 ft3/s at the White River and Pogues Creek confluence, the White River 

encounters another dam.  Just before the dam, values ranged 14-21 Hg(norm.) and just past 

the dam ranged 93-131 Hg(norm.) down to 28-36 Hg(norm.) as the river heads south.  At the 

confluence of Pleasant Run Creek and the White River, Hg(T) values rise to 93-131 

Hg(norm.) and continue to rise as high as 574 Hg(norm.).  This area is located in the center of 

the industrial area of Indianapolis where Marion County's top Hg(T) emitters are located:  

IPL Harding coal-burning plant, Stout IPL Plant (IPL or C.C. Perry K. Steam Plant), IPC 

Supplement Plant (IPCSP), Indianapolis Water Company (IWC), Belmont Waste Water 

(BWW), Trash and Energy Plant (TEP), and Eli Lilly and Company.  The White River 

stream flow continues to increase as high as583 ft3/s as it passes industry.  The White 
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River approaches another dam right after the confluence with Lick Creek.  As the river 

continues south to the county line, the levels of Hg(T) are still elevated in the 93-131 

Hg(norm.) range. 

 Bankside Sediments South of Marion County to Morgan County South to 

 Spencer 

The stream flow rate south of Marion County into Morgan County continued to 

be elevated at 675 ft3/s while the bankside side values of Hg(T) are still between 37-131 

Hg(norm.) as the White River continues south (Figure 13).  In Morgan County, IPALCO 

coal-burning power plant resides next to the White River just before dam.  At this 

location, the Hg(T)  bankside sediment ranged from 22-27 Hg(norm.). 

Moving southward to Spencer, there are no known sources of Hg(T) emitters on 

the river or heavy industry.  Bankside sediment values dropped off to values similar to 

the areas west of the study site which ranged 1-2 Hg(norm.).   

 Tributaries East and West of White River 

Three tributaries feeding directly into the White River were included in this study 

site.  From furthest north to south are Fall Creek, Pleasant Run, and Lick Creek. Fall 

Creek and Pleasant Run had higher values of Hg(T) than Lick Creek. 

Fall Creek 

Fall Creek is dammed to the northeast of Indianapolis and stream flow rates range 

from 71-1.28 ft3/s from east to west.  Fall Creek has many CSOs and runs through a 

predominately urban setting with homes and small businesses.  Geist Dam holds and 

forms the Geist Reservoir and heading west the stream flow is 71ft3/s until it reaches the 

Broadripple Dam.  The Broadripple Dam and the Hg(T)  concentrations after the dam 

ranged from 22-27 Hg(norm.).  As Fall Creek continues toward the White River, Hg(T)  

values start to drop to 3-7 Hg(norm.), but at the confluence, raises again to 37-43 Hg(norm.) as 

the creek slows 1.28 ft3/s.    
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Pleasant Run Creek and Citizens Coke 

Pleasant Run Creek is a slower moving tributary compared to Fall Creek.  

Average stream flow is 1.5 ft3/s and the most eastern site ranged 14-21 Hg(norm.).  Moving 

westward, Hg(T) spikes to 37-43 Hg(norm.), directly downstream of Citizen Coke and Gas.  

Citizen Coke and Gas used coal for energy and the remnants left behind can still be seen 

by satellite image, although it closed in 2007 (Figure 15).  The spike in Hg(T)  may be due 

to runoff from the site of stored coal that is located outside the building and along 

Pleasant Run. 

The highest values were found where Pleasant Run meets the White River due to 

lower flow rate which allows the bankside sediment and organic matter to drop from the 

water current.  The Hg(T)  levels continue to be slightly elevated ranging from 28-36 

Hg(norm.) until its confluence at the White River.   

Lick Creek 

Lick Creek is south of industry and stream flow is approximately 2.1 ft3/s.  Hg(T) 

levels collected furthest east ranged 3-7 Hg(norm.) to 8-13 ft3/s at the confluence of the 

White River. Lick Creek confluences at the White River just before a dam where they 

mix to a slightly lower value of Hg(T) that ranged 14-21 Hg(norm.) although right before the 

confluence Hg(T) values ranged from 68-92 Hg(norm.). 

Creeks West of the White River 

George and McCracken Creeks are located just west of the city and is a mixed 

urban and rural.  The sites were used as background levels for bankside sediment away 

from urbanized Indianapolis and in the least common wind direction pattern of 

Indianapolis’s industry.  Both George and McCracken Bankside sediment revealed values 

ranging 1-2 Hg(norm.) which are the lowest values found other than north of Noblesville 

and south near Gosport and Spencer. 

 Stream Bankside Sediments as a Monitor of Transport Processes and   

 Fisheries Risk 

Bankside sediment can be used as a record of depositional history and can be used 

to monitor transport processes and potential fisheries at risk.  Bankside sediment of all 
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water pathways was normalized to organic matter (OM) to account for the variability of 

bankside sediment versus organic matter.  Hg(T) has a high affinity to attach itself to 

organic matter (OM) by sorbing onto sediment.  To identify anthropogenic additions of 

Hg, one can normalize the dependent variable (Hg) to the independent variable (natural 

OM content of bankside sediment) to yield net signal of anthropogenic Hg.   

 

Relationship of Stream Bankside Sediment Values to Land Use 

Normalized Hg trends in the area show that bankside sediment found along 

banksides had lower levels of Hg in areas where land was rural.  Bankside sediment 

located within urban landscapes had much higher Hg concentrations.  In contrast, the 

rural landscape features south of urbanized areas had elevated Hg concentration levels, 

most likely due to transport process (Figure 14).   

Northeast to Southwest Increase 

As the White River travels southward from the Noblesville electrical company, 

past PSI Energy, and toward Spencer Indiana, the Hg(norm.) concentrations of bankside 

sediments tended to increase.  This increase continued beyond the urban areas to rural 

areas south of Indianapolis.  The data also showed an increase in Hg(T) concentration 

immediately after 70% of dams and impoundments, by approximately 81%.  An 

exception, relatively low Hg concentrations were recorded where the White River flow 

rate increases south of the 16th street dam at the confluence of the Fall Creek, where 

bankside industry and development confine the river.  Downstream to Spencer there are 

no known sources of Hg(T) emitters on the river and Hg values drop off  to background 

values (1- 2 Hg(norm.)).   

Three tributaries feeding directly into the White River were included in this study 

site; all have combined sewage outfalls like the White River.  Fall Creek and Pleasant 

Run have higher values of Hg(T), with Lick Creek having lower values in comparison to 

the White River and other tributaries.  Highest Hg(T) values occurred right before the 

confluence to the White River where the flow rate slows and drops sediment.   

Total Hg concentrations were normalized to organic matter gives a clearer picture 

of Hg concentration levels due to the ability of Hg to cling tightly to OM.  The results 
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ranged from as low as 1 Hg(norm.) to as high as 574 Hg(norm.) (Figure 11).  Normalized Hg 

(Hg(norm.)) concentrations were low in Noblesville and increased directly after the White 

River passed a dam or impoundment and lowered as it continued to travel downstream.  

Normalized values increased at the Noblesville WWTP and quickly dropped until it 

reached another dam.  In rural areas, the pattern of increased Hg(norm.) concentration 

consistently had high values existing just after dams and impoundments to which dropped 

as the river flowed south.   

 Normalized Hg concentrations in the urban areas of Indianapolis also shows an 

increase in Hg(T) concentrations immediately after dams and impoundments much like the 

northern rural areas, however, values are much higher and continues to increase as it 

passed through Indianapolis’s industrial center.    

From furthest north to south are Fall Creek, Pleasant Run, and Lick Creek.  Both 

Fall Creek and Pleasant Run have higher values of Hg(norm.) ranging from 8-43 Hg(norm.) 

with Lick Creek having lower values ranging from 3-21 Hg(norm.) in comparison. 

 Grain Size Analysis  

Grain size analysis was used to better understand the relationship between bank 

sediment size and Hg(T) concentrations.  In Figure 16, sampling site Hg(T) concentrations 

and bank sediment size were compared using a bar graph.  Hg(T ) compared to grain size 

and organic matter indicates as grain size decreases Hg(T) concentrations increases.   

 Analysis of 5 Sample Transect 

Hg(T) OM%, and position of sampling site from river or creek edge shows a 

relationship between OM and Hg values.  As OM% increased the Hg(T) concentrations 

also increased (Figure 17).   

 Angler Survey 

A survey of White River Anglers was conducted to understand who was fishing 

and eating fish out of the Fall Creek and the White River.  A few of the demographics 

included:  gender, race, income, education, and location.  The anglers were also asked if 

they were aware and understood the Indiana Fish Consumption Advisories (Appendix C).  
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Results of Survey 

The groups were divided into fish-consuming anglers and non-fish consuming 

anglers.  Eighty-five percent of the non-fish consuming anglers were aware of the fish 

consumption advisories.  Sixty six were employed, 59% had an income of at least 40,000, 

and 44% were minorities.   

Eighty-two percent of the anglers who ate fish were aware of the fish 

consumption advisories.  Eighty-five percent were employed, 45% were had a yearly 

income more than 40,000, and 63% were minorities.  About 20% of people consumed the 

fish and about 83% were aware of the advisory.  People with incomes less than $40,000 a 

year were more likely to eat the fish out of the White River and Fall Creek.   

 

Discussion 

 Patterns of Hg Deposition Relative to Airborne Emitters 

Bankside sediment assessments show Hg(norm.) increasing from northern rural 

sample sites downstream to urban sites. Hg(norm.) concentrations were even more elevated 

as the White River flowed through downtown Indianapolis where most of the industries 

are located(Figure 13).  These results also show very high bankside sediment Hg 

concentrations 10’s of kilometers downstream of the emission sources in Indianapolis, 

indicating the potential for Hg fisheries hazards far from emission sources.  

 Hg Retention in Soil 

Comparing the rate of emissions from utilities, industry, and wind direction 

patterns to soil, Hg retention values revealed that local emission sources may affect local 

soils.  This possible affect was revealed by the high concentration values in soil although 

Hg is highly mobile through transformations and revolatilization.  In the study area, soils 

near local emitters tend have higher concentrations in a general northeastern wind 

direction.  

General Soil Hg Distribution 

Using ordinary kriging which is a form of linear interpolation, prediction maps 

give a better idea of Hg(T) distribution in soil.  The distribution generally had a southwest 
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to northeast-east pattern similar to the median wind direction of 210 degrees.  This may 

suggest that the location of emission sources and residence times, plus wind direction 

affect the distribution of Hg(T) in regional soils (Figures 8 and 9).   

 Bankside Sediment Hg Levels High Due to Transport and Deposition 

Stream bank data is used as an estimate of the riverine particulate transport and 

deposition of Hg through Indianapolis.  It was an indicator for potential Hg levels in fish 

by predicting the potential for bankside sediments with high Hg(T) contents along certain 

stretches of the river to become significant sources of MeHg. Mercury then enters the 

food chain through microorganism uptake and movement up the food chain primarily 

through fish.    

Wind’s may be pushing emission plumes containing Hg to the general northeast 

direction of industry and is then deposited locally on watersheds.  Then with the 

combination of run-off from sub-watersheds and CSOs, Hg travels in a southwest 

direction to rivers and creeks on the surface of sediment.  The elevated bankside sediment 

Hg levels were seen south of the industrialized city of Indianapolis due to transport and 

deposition processes which can be misleading to anglers.  After deposition along 

banksides where redox zones and microbes were found, the process of methylation can 

start and introduced to fish.    

 Impacts of Wastewater and CSOs, City-Urban 

 Factors Affecting Bankside Sediment Hg(T) 

Direct inputs from such sources as water flow from wastewater treatment plants 

and CSOs can affect the immediate water Hg(T) values and the surrounding Hg(T) 

bankside sediment levels. CSOs receive large amounts of storm water, especially during 

heavy flow to the WWTP, in addition to wastewater.  Increased levels of Hg(T)  come into 

WWTPs attached to sediment.  The sediments are part of the sludge and Hg-free water is 

pumped out of the WWTP.  Solids are pumped into a digester, while the effluent is 

chlorinated and released back into the river (http://waterdata.usgs.gov, 2007).  The 

sediment is contained in the sludge and in Indiana is applied to fields, which is difficult to 

track due to farmers not admitting to using sludge.  Concentrations of Hg in bankside 

sediment are higher downstream from WWTP possibly due to a slowing of the river 
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because of convergence.  The CSOs and WWTPs are marked on the map with several 

WWTP’s close to the White River. 

The White River and tributaries Lick, Pogue, Fall, and Pleasant Run Creeks all 

show water flow variability.  Storm events along with unnatural impermeable cover, 

storm drains, culverts, and ditches increase water volume in Marion County waterways.  

The White River and tributaries are also influenced by discharge of treated municipal and 

industrial wastewater, return flow of cooling water from power plants, CSOs, and erosion 

of soil and bankside sediment.     

Water values of Hg(T) were low ranging from 0.1 and 0.2 nanograms throughout 

Marion County's tributaries and the White River (http://waterdata.usgs.gov, 2007).  This 

suggests that most of the Hg(T)  was bound to either sediment or OM.  Mercury interacts 

with both sediment and water with affinity for sediment being more than 1000 times that 

of water (Fitzgerald et al., 2007).  

 Watershed Soil Hg(T) Values Versus Bankside Sediment Hg(T) Values 

The soil/sediment ratio was calculated to compare the differences in soil Hg totals 

(Hg(T)) versus Hg totals in bankside sediment within the same watershed.  Bankside 

sediment is the product of eroded soil.  The ratio gives us a general idea of how much of 

the Hg is due to sub-watershed runoff or transport of sediment.  After being grouped by 

watershed, values were averaged and a ratio was calculated.  The values given by the 

ratio were used to compare values among watersheds (Table 8 and Figure 15).  

In Table 8, the soil Hg(T)/ bankside sediment Hg(T) ratios were given for each 

watershed in the study area.  For watershed “A” the ratio is about 0.34, which means 

sediment were higher in Hg concentration compared to the soil sampling sites in the same 

watershed, suggesting Hg is less mobile in this rural area.  Watershed “B” values, a more 

urbanized area, were almost equal, suggesting a bit higher runoff than watershed “A”.  

Watershed “D” is located further south and is a rural area with a ratio of 0.22, which 

suggests higher bankside sediment Hg values than soil values relative to the other 

soil/sediment ratios.  Watershed “D” would contain transported and deposited bankside 

sediment from “A-C” in its bankside. Watershed “F” had values much like “D”, where 
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bankside sediment is fairly high in comparison to the surrounding soil values which also 

suggest transport and deposition of bankside sediment from further north (Table 8).     

Risk to angler 

 Southern Push of Hg to Rural Areas 

Concentrations in the bankside sediment can be used as an indicator of the 

potential levels found in nearby fish.  This can be misleading to anglers that are aware of 

the risks of the potential Hg levels in urbanized areas and but unaware that the fish south 

of the urbanized area could have high levels of contamination also.  Evidence shows that 

Hg(T) is transported downstream via sediment from the downtown Indianapolis area to the 

rural areas south.  Many other studies (Macalady, 2000; Mason et al., 1994; Sorensen et 

al., 2005; Sabine et al., 2007; Seigneur et al., 2004) have shown that higher amounts of 

Hg(T) in bankside sediments means higher levels of  MeHg production in the redox zones 

of bankside sediments.  On average, 1-3% of total Hg in bankside sediment is in the form 

of MeHg, which is the bioavailiable form of Hg for fish (Sweet, 2004).  Bioaccumulation 

of Hg in fish can affect humans who consume the fish.  Fish are a good representation of 

methylation patterns within impoundments.  Fish tissue bioaccumulates MeHg and 

through consumption finds its way into the human population.  The guidelines for the 

amount of Hg a human can take in a day is (0.3(µg/kg)/day) per pound of body weight.   

 Advantages and Limitations of Sampling Method 

There are limitations and advantages to the bankside sediment and soil sampling 

technique used in this study.  Bank side bankside sediment is a depositional history of 

surrounding Hg levels and is affected by precipitation, flow rates, particle size, OM 

content, and pH of the banksides.  To account for every influence on the concentration in 

bankside sediment would be very difficult and beyond the time and resources available 

for this project.  Instead, this study focused on a more reconnaissance look at distribution 

of total Hg.  The advantage of this method was the speed that data could be produced to 

give a general indication of Hg levels in the area for both soil and bankside sediment and 

potential sources by analyzing the distribution patterns.     

Bankside sediment analysis is quick but can cause problems because the 

depositional rates of bankside sediment are not clearly known.  Flow rates, sediment 
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types, and precipitation can be measured but the affect of dams and levees are not 

consistent.  Also, events such as floods and high water levels also affect the results by 

making typical redox zones unreachable or pushing high loads of sediment further south 

changing the depositional history.  

 

Conclusions 

In central Indiana, emissions from industry and primarily coal-burning power 

plants are transported by wind in a general northeast-east direction and deposited on local 

and regional soils by wet and dry processes.  Comparing median wind direction to the 

locations of the top emitters, keeping the idea of residence time, and the viewing the 

distribution of Hg concentrations it is evident that emissions from industry do deposit 

locally and regionally.  To support this idea, kriging was used to support spatial 

distribution of Hg(T) in soils.  Kriging results also showed that in general, urban areas 

with industry and coal-burning power plants do make an impact on the local and regional 

soils in a general northeast deposition pattern.  

The sub-watershed flow can directly enter creeks and rivers by run-off or through 

CSOs.  The sub-watershed transports water and sediment to area creeks and rivers in a 

southwest direction from the location of deposition.  After water flow enters the White 

River of creeks, the sediment continues to travel in a southwest direction.  Elevated bank 

side sediment Hg levels seen south of Indianapolis are due to transport processes.  Urban 

Indianapolis influenced Hg distribution and deposition in bank sediments by deposition 

sources and flow rates.  Stream sediment variations in total Hg(Hg(T)) is affected by local 

depositional sources, sub-watershed location, combined sewer outflows (CSOs), and 

impoundments along the White River.  Slowed flow rate of the White River and creeks 

allows sediment to drop out of the water flow to deposit in redox zones.  The process of 

methylation can start after deposition along banksides where redox zones and microbes 

are found and from this point can be introduced to fish and eventually taken in by anglers 

eating contaminated fish.  

 

 


