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1. Introduction 

 

Mercury is a neurotoxin that accumulates in the food chain and is therefore a health concern. 

Concentrations of mercury in the air are of little direct health concern. However, mercury in the 

air falls onto the Earth's surface through dry and wet deposition processes.  This mercury can 

enter water bodies where a small percentage (< 10%) is transformed to methyl mercury.  This 

chemical form of mercury readily enters the food chain and bioaccumulates.  Upper trophic level 

fish can have mercury concentrations several orders of magnitude greater than that found in the 

water or sediment.  As mercury accumulates in these organisms, ecological risks occur and 

potentially human health risks may occur through fish consumption.   

 

• On December 15, 2003, the U.S. Environmental Protection Agency (EPA) signed its first 

ever proposal to substantially cut mercury emissions from coal-fired power plants. The 

Utility Mercury Reductions proposal would cut mercury emissions by nearly 70 percent 

when fully implemented. The Utility Mercury Reductions rule would permanently cap 

emissions from coal-fired power plants and provide companies with flexibility to achieve 

early reductions of mercury.  On March 15, 2005, EPA selected a market-based "cap and 

trade" program that, if implemented, would reduce nationwide utility emissions of 

mercury in two phases.  Emissions would be capped at 33 tons per year by 2010 and 15 

tons per year in 2018.  When fully implemented mercury emissions would be reduced by 

33 tons  per year from current levels (nearly 70 percent). 
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There are technical doubts pertaining to local deposition of mercury leading to “hot spots.” This 

has received widespread attention in the literature (ES&T, 2004a, b, c).  The following are 

selected quotes from public health officials and the popular press in the past year. 

• “Unlike most pollutants, mercury is highly toxic and does not disperse easily, creating 

“hot spots” of contamination.” (Kathleen McGinty, Director of Pennsylvania Department 

of Environmental Protection,  July 2, 2004. 

(http://www.dep.state.pa.us/newsletter/default.asp?NewsletterArticleID=8850&SubjectI

D=) 

• “Specifically, we are concerned that local "hot spots" of elevated mercury may result or 

worsen, especially if the required reduction levels are not sufficiently strict.”  (Renee 

Cipriano. Director of Illinois Environmental Protection Agency, February 26, 2004 

(Testimony to the U.S. EPA regarding  the U.S. Environmental Protection Agency’s 

Proposal to Control Emissions of Hazardous Air Pollutants from Utilities 

(January 30, 2004, 69 Federal Register 4652) Docket ID No. OAR 2002-0056. 

• “We generally support market-based approaches such as cap and trade schemes, yet we 

have an equally strong objection to the exclusive use of cap and trade schemes where 

local emissions “hot spots” are a concern.  While mercury pollution and emissions are 

widespread, indeed a global problem, we share the concerns of many states that EPA’s 

proposed rule understates the needs for local controls as well”, letter from Stephen 

Mahfood, Director Missouri Department of Natural Resources  to Michael Leavitt, 

Director U.S. EPA. 

• “Sulfur dioxide is light, and travels long distances; power plants in the Midwest can 

cause acid rain in Maine.  So a cap on total national emissions makes sense.  Mercury is 

heavy; much of it precipitates to the ground near the source.  As a result, coal-fired power 
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plants in states like Pennsylvania and Michigan create “hot spots” – chemical Chernobyls 

– where the risks of mercury poisoning are severe. …  That probably means thousands of 

children will be born with preventable neurological problems.” Paul Krugman, New York 

Times, p. A-23, April 6, 2004.  

 

• After passing the rule, “Jeffrey R. Holmstead, head of the EPA's Office of Air and 

Radiation, said the rule would eliminate "hot spots," or high mercury levels, in lakes and 

streams near big power plants.”  Tom Hamburger and Allan C. Miller, LA Times, March 

16, 2005. 

 

• In contrast, that same article in the LA times stated “The market approach has proved 

effective in reducing the gases that contribute to acid rain, but even some advocates of 

that program say it won't work with mercury. Mercury is heavier than the acid rain gases, 

so it tends to fall out of the air near the power plant that emits it, creating the hot spots 

that could be dangerous. 

 

"Hot spots are a concern with me," said John A. Paul, a Republican environmental 

regulator and fisherman in Ohio who served as co-chairman of an EPA advisory 

committee on mercury. "I advise anyone who eats fish caught in a lake or a stream near a 

power plant that they are at risk, and that this rule will do nothing to protect them — and 

might make things worse."  Tom Hamburger and Allan C. Miller, LA Times, March 16, 

2005. 
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1.2 Defining a “Hot Spot.”   

 Although the term “hot spot” appears frequently in the health and environmental literature, 

precise definitions do not.  Generally speaking, a “hot spot” is a spatial anomaly, i.e., a location 

whose properties exceed those generally expected in the area.  In statistical terms, a hot spot is an 

location whose properties exceed more than about 2 or 3 standard deviations above the relevant 

mean.  Methods to statistically define a hot spot for metals in soils generally compare the data to 

a log normal distribution and look for variations between the two (Tobias, 1997).  Some authors 

have simply defined “hot spots” as the highest observed values; for example, Worm et al. (2003) 

found a range of diversities in ocean predator species of less than one order of magnitude, among 

which the highest groups were termed “hot spots”.  Lebret et al. (2000) used the term to refer to 

locations where the ambient air quality standard for NO2 is routinely exceeded.  These two 

examples of “hot spots” would not meet the statistical definition.   

 

However, the expected ranges of environmental concentrations depend heavily on the “natural” 

or background values and on the length of the measurement period (i.e., the averaging time).  In 

many cases, environmental concentrations are log-normally distributed (skewed towards high 

values), so that the distribution is best described by the log-mean and the geometric standard 

deviation (GSD).   As an example, Lu et al. (2005) studied the distribution of the polycyclic 

aromatic hydrocarbon naphthalene in Southern California and found a large range of values, in 

part because there is little or no natural background.  The log-mean and GSD for 13 one- to two-

month averages were 227 ng/m3 and 1.57, leading to an expected range of a factor of 6.  

However, for 16 four-day averages in other locations, these values were 269 ng/m3 and 3.12, 

leading to an expected range of a factor of 94.  In both of these distributions, the top 3 or 4 
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values appear to be outliers and thus bona fide “hot spots”, since deleting them reduces the range 

of the distribution by about a factor of 2.   

 

While small-scale transient hot spots may be a valid concern for inhalation exposures, the 

situation with mercury is quite different.  The exposure pathway is through diet, and the relevant 

human exposure times relate to the development of the fetus and are of the order of months.   

Although a large point-source of Hg indeed constitutes an emission “hot spot”, it does not 

constitute a fetal exposure hot spot.  In addition to the substantial global background in Hg air 

concentrations and deposition, the following processes act to smooth out spatial anomalies: 

 

• Atmospheric variability, including winds and precipitation. 

• Re-emission of mercury from vegetation.   

• Terrestrial leaching and washout in transferring watershed deposits into water 

bodies. 

• Aquatic mixing within water bodies. 

• Spatial and temporal variability in biomagnification processes. 

• Variability among fish species. 

 

Only atmospheric variability is included in the models that may be used to define deposition “hot 

spots.”  The other processes involve spatial variability, especially with regard to mixing within 

the receiving waters, for which the size of the water body may be key.  In order for a local Hg 

deposit to pose a risk to a developing fetus, its mother must routinely consume high-Hg fish from 

an affected water body for several months, probably at the rate of 2 or 3 meals per day.  While 
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this scenario is unlikely in any event, it also requires a substantial fish population, which requires 

a substantial body of water, say of the order of tens of square km. 

 

Many empirical findings concerning Hg are subject to experimental error, which may be 

considerable in some cases.  Accordingly, statistical methods may be required to gain an 

understanding of the data.  They include averaging, correlation, and linear regression, using 

established relationships to try to reduce experimental variability.  In all cases, “statistical 

significance” implies a 95% probability that the finding is not due to chance alone, denoted as “p 

< 0.05”. 

 

This study examined the possibility that coal-fired power plants act as local sources leading to 

mercury “hot spots”, using two types of evidence..  First, the world-wide literature was searched 

for reports of deposition around mercury sources, including coal-fired power plants.  Second, soil 

samples from around two mid-sized U.S. coal-fired power plants were collected and analyzed for 

evidence of “hot spots” and for correlation with model predictions of deposition.   

 

2. Evidence from the Literature for “Hot Spots” Near Mercury Emissions 

Sources 

 

The rationale for regulating air emissions of mercury from U.S. coal-fired power plants largely 

depends on mathematical dispersion modeling, including the atmospheric chemistry processes 

that affect the partitioning of Hg emissions into elemental (Hg(0)) and the reactive gaseous 

mercury (RGM or Hg+2) forms that may deposit more rapidly near sources.  Mercury is a global 

pollutant and therefore, modeling estimates are often based on a large scale.  Fine scale, (< 20 
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km) modeling of point sources is not performed often.  In addition, there is evidence (Edgerton 

2004, EPRI 2004) that reactive gaseous mercury in coal-fired power plant plumes quickly 

reduces to elemental mercury.  This chemical process, which would greatly affect the amount of 

local deposition however, the corresponding chemical reactions are not included in the available 

local mercury deposition models.  As a result, field data are necessary to  check for the existence 

of mercury ”hot spots”  near coal-fired power plants.   

 

Literature reviews examined the evidence for deposition around local sources including coal-

fired power plants (Lipfert et al. 2004, Sullivan, et al., 2005) . The extant experimental data are 

considered at three spatial scales: local (< 30 km), regional (< ~300 km), and national (multi-

state data).  The reviews covered data on mercury content in soils, sediments, precipitation, and 

fish and mercury deposition rates in precipitation.  The reviews (Lipfert et al. 2004, Sullivan, et 

al. 2005) lead to the overall conclusion that atmospheric deposition of Hg is affected by 

emissions from coal-fired power plants.  However, because of the numerous assumptions 

required and the use of simplistic models, it is not possible to describe these relationships 

accurately based on these findings.   Nevertheless, coal-fired plants seem to contribute less than 

10% of total Hg deposition on a national scale, and the resulting effects on fish Hg appear to be 

even smaller.  In contrast, there is strong evidence of enhanced local deposition within 3 km of 

the chlor-alkali plants, with elevated soil concentrations and estimated deposition rates of 10 

times background. (Lodenius, 1998, Biester et al. 2002, Biester et al. 2002a, Sensen et al. 2002, 

Southworth et. al. 2004).  Evidence for enhanced deposition near a calcining plant also exists 

(Abbott et al. 2003, Susong et al. 2003).  

 

Reliable quantitative understanding of the processes of mercury emissions, deposition, and 

translocation through the food chain remains elusive.  Complex atmospheric chemistry and 
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dispersion models are required to predict precise concentration and deposition contributions, and 

aquatic process models are required to predict effects on fish.  However, there is uncertainty in 

all of these predictions, especially with regard to the fate of reactive gaseous mercury in coal-

fired power plant plumes.  Therefore, at this time, the most reliable way to understand the 

impacts of coal-fired power plants on Hg deposition is based on empirical data.  In terms of 

excesses over background, local soil concentration Hg increments are around 30%-60%; 

sediment increments are 18-30% (Anderson et al. 1977, Menounou et. al. 2003) and wet 

deposition increments are around 11-12% (Lipfert et. al., 2004).  Soil and sediment effects are 

necessarily cumulative, in contrast to wet deposition.  Based on the empirical finding (Lipfert et 

al., 2004) that fish Hg is proportional to the square root of wet deposition (after controlling for 

water chemistry), then the contribution of coal-fired power plants to fish Hg would be about 5-

6%. Local differences in water chemistry may also help explain the absence of a relationship 

between state-level fish concentrations and wet deposition levels; it is possible that the absence 

of local impacts on fish at the Kincaid power plant (Anderson, et al. 1977) was related to water 

chemistry. 

 

3.  Measuring Soil and Vegetation Concentrations of Mercury around Coal-

Fired Power Plants 

 

Studies of soils, sediments, and wet deposition around coal plants typically find some evidence 

of enhanced deposition; however, the impact and statistical significance of the results is 

generally weak.   Many of the coal plant studies (Klein et al. 1973, Anderson et al. 1977, 

Crockett et al. 1979, Kotnik, et al. 2000) were conducted in the 1970’s when emission rates were 
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higher due to fewer pollution controls and the use of coals with higher Hg content.  In addition, 

these studies did not attempt to correlate modeled deposition with measured soil concentrations. 

 

The Hg deposition models are based on a number of assumptions and hence there is uncertainty 

in the predicted deposition rates.  A key assumption in the models is that the mixture of reactive 

gaseous mercury (RGM) to elemental mercury Hg(0) is constant in the exhaust plume.  

However, recent experiments suggest that reactive gaseous mercury converts to Hg(0) quickly 

(Edgerton et al, 2004, Laudal et al, 2004).  If the hypothesis is correct, then local impact of coal-

fired power plants will be greatly reduced, since Hg(0) does not deposit as quickly as reactive 

gaseous mercury.  In studies conducted at two sites in Georgia and one in Florida (Edgerton et 

al., 2004), plumes from power plants were tracked using the sulfur dioxide emitted from the 

stacks as a tracer.  For 31 plume touchdown events, mercury speciation at the ground level 

monitoring station, which was 14 – 150 km away from the power plants, showed levels of 

reactive gaseous mercury around 14 - 23% as compared to 53 - 75% when emitted from the 

stacks.  Wet deposition cannot account for this reduction, as rain did not occur over the period of 

travel time from emission to the monitoring point (< a few hours).  Dry deposition effects were 

also minimized by collecting samples early in the day when dry deposition is minimized.  

Studies of airborne mercury speciation in power plant plumes also showed a reduction in the 

percentage of reactive gaseous mercury (Laudal, 2004). An airplane was flown through the 

plume from the Pleasant Prairie power plant in southern Wisconsin at distances of less than ¼ 

mile, 5 miles, and 10 miles from the stack.   Measurements of the stack gas showed that releases 

were 67% Hg(0) and 33% Hg+2.  Less than ¼ mile from the stack, the mercury speciation 

changed to 83% Hg(0) and by five miles approximately 88% of the mercury was in elemental 

form, Hg(0).  This percentage of Hg(0) was maintained at the 10 mile distance.  While there are 
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uncertainties associated with measuring mercury in the plume from an aircraft, these results are 

consistent with the findings on the ground (Edgerton et. al, 2004) and eliminate differential 

deposition as the cause for the depletion of Hg+2.    

 

The extant computer modeling suggests that increased local deposition will occur on a local (2 to 

10 km) to regional scale (20 to 50 km) with local increases a small percentage of background 

deposition on the regional scale. (EPA, 1997, Sullivan, et al., 2001, Sullivan et al., 2003).  The 

amount of deposition depends upon many factors including emission rate, chemical form of 

mercury emitted (with reactive gaseous mercury depositing more readily than elemental 

mercury), other emission characteristics (stack height, exhaust temperature, etc), and 

meteorological conditions.  Modeling suggests that wet deposition will lead to the highest 

deposition rates and that these will occurwithin a few km of the plant.  The rates of dry 

deposition are are predicted to be less than for wet deposition, but they apply to a much greater 

area (Sullivan et al., 2003).  Therefore, on the regional scale, dry deposition may be more 

important than wet.  However, it is quite difficult to measure dry deposition of Hg directly. 

 

To further understand the impacts of local deposition, soil and vegetation samples were collected 

around two coal-fired power plants and analyzed for mercury.  One plant is a mid-size plant in 

the midwest that burns locally mined lignite.  This site will be referred to as Plant A (for reasons 

of confidentiality).  The second plant is the Kincaid power plant located southeast of Springfield 

IL that was studied in the 1970’s (Anderson et al., 1977).  This study combines modeling of 

mercury deposition patterns with soil and vegetation mercury measurements.  The deposition 

model used emissions data, meteorological conditions, and plant data to define sample locations 

likely to exhibit deposition in excess of background that can be attributed to the power plant.  
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The data are evaulated looking for revidence of ‘hot spots’.  Comparisons between the data and 

the models were made to test the validity of the model.   

3.2  Deposition Model Paramaters 

 

The local atmospheric transport of mercury released from the coal-fired power plants was 

studied to estimate the local impacts of mercury deposition.  The Industrial Source Code 

(ISCST3 ) Short Term air dispersion model was used to model these processes (EPA, 1995). 

This code is an updated version of the computer code used by the U.S. Environmental Protection 

Agency to examine local deposition from combustion sources in their report to Congress in 1998 

(EPA, 1997). 

 

Mercury emissions data from the lignite-burning power plant (Plant A) and the Powder River 

Basin coal-burning power plant (Kincaid) were used to represent the source terms.  

Meteorological data from nearby weather stations were used to simulate typical weather patterns.  

This approach was selected to test the consistency between model results and environmental 

monitoring data that suggests that measured mercury levels in environmental media and biota 

may be elevated in areas around stationary combustion sources that emit mercury.  

 

Modeling deposition requires three key sets of parameters: source emissions rate, deposition 

parameters, and meteorological data.  These are described in detail in Sullivan (2005).  The 

following sections summarize key data for deposition modeling..    

3.2.1 Emissions 
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Three types of gaseous mercury species occur in the emissions and they behave quite 

differently once emitted from the stack.  Elemental mercury, Hg(0), due to its high vapor 

pressure and low water solubility, is not expected to deposit close to the facility. In contrast, 

reactive gaseous mercury (RGM), Hg+2, is much more soluble in water and is accommodated in 

rain and therefore, will deposit in greater quantities closer to the emission sources. In addition, 

RGM will also undergo dry deposition at a much higher rate than elemental mercury.   The third 

type of emission is in particulate form.  Previous studies (Sullivan, et al. 2003) showed that for 

less than 2% Hg(p), deposition was dominated by RGM with only a small contribution from 

Hg(0) over 30 km from the plant.  The deposition is linearly proportional to source strength.  

Therefore, errors in the estimated amount of RGM will affect the total deposition, but not the 

deposition pattern.  Due to emission controls at the power plants, less than 1% of the Hg is 

expected to be particulate form and this type of mercury was not modeled.  

 

3.3.1.1 Plant A 

 

Power plant A features two units with a total generation capacity of nearly 1,200 megawatts. The 

plant first started generating electricity in 1979.  The total emissions from the two stacks at Plant 

A were 344 kg or 1.2 10-2 g/s.  Measured speciation data for Plant A indicated 82.2% Hg(0) and 

17.8% Hg+2.  Using the fractional release rate from the test data, the release rate for each 

mercury category is 0.01 g/s  for Hg(0) and 0.002 g/a for Hg+2. 

 

In addition, there was another coal-fired power plant located approximately 15 km to the 

southwest of Plant A.  Speciation data were not available for this plant and it was assumed that it 

was identical to Plant A (EPA, 2001).  This plant emits 267 kg (0.0085 g/s) of mercury per year 

at the following rates  0.007 g/s of Hg(0) and 0.0015 g/s of Hg+2. 
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3.3.1.2 Kincaid Plant 

 

Total mercury emissions from the Kincaid power station were 161 kg (0.0051 g/s) in 2001.  

Speciation data were not available, however other plants burning Powder River Basin coal 

generally emit 15 – 30% reactive gaseous mercury with the remainder Hg(0). For modeling 

purposes, a value of 20% reactive gaseous mercury and 80% Hg(0) was selected.  Based on these 

assumptions, emissions from Kincaid  were 0.0041 g/s for Hg(0) and 0.001 g/s for Hg+2. 

 

The city of Springfield also operates a small coal-fired power plant approximately 25 kilometers 

to the northwest of the Kincaid power plant.  Releases from this small plant were 11 kg/yr 

(0.00035 g/s) and were included in the modeling.  Mercury release rates from the Springfield 

Power plant are 0.00028 g/s for Hg(0) and 0.00007 g/s for Hg+2. 

 

Due to the separation distance and small size of this plant as compared to the Kincaid plant, 

modeled deposition from the small plant did not change the deposition pattern around the 

Kincaid plant.   

3.3 Modeled Deposition and Data Collection and Analysis for Plant A 

3.3.1 Deposition Modeling 

 

Meteorological data for a five year period from the nearest airport, located about 40 miles away, 

were reviewed to determine wind patterns under dry and wet conditions.  Under dry condtions, 

the prevailing winds ran along an axis from the northwest towards the southeast Winds occurred 

regulary in each direction along this axis.  Under wet conditions, winds were generally from the 
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north and east.  This leads to predictions of wet deposition near the plant and to the southwest.  

Deposition modeling of the emissions from the two power plants (e.g. regional background was 

not modeled) based on the meteorological data predicted highest deposition rates within 10 km 

of the plant in a southwesterly direction.  The modeled deposition near (0,0) in Figure 10 is from 

plant A.  The depositon patttern in the southwest corner (-10,000, -12,000) is from the second 

plant.  The patterns do not show substantial overlap.  Total deposition rates were 3 – 10 ug/m2/yr.  

The total background deposition in this region is expected to be 10 – 20 ug/m2/yr.  Thus, the 

plant may produce a region of a few tens of square kilometers with depostion at 15 – 100% 

above background.  The region with predicted deposition more than 100% above background 

(contour of 10 µg/m2/y) is less than 1 km2 in area.   The region that was 15% above background 

deposition is less than 20 km2.  Dry depostion rates were lower than wet depostion rates and 

were not predicted to be a major contributor to deposition in the region.  Total deposition was 

dominated by RGM.  Over the modeled domain, deposition of Hg(0) was a small fraction of the 

total deposition even though 82% of the emitted mercury is in this form. 

3.2.2 Sampling Design 

Based on the modeled deposition analysis a soil and vegetation sampling design was selected to 

extend approximately 8 km to the south and west of the plant.  Figure 11 shows the final 

sampling grid which which was modified from the general layout suggested by the modeling to 

account for site-specific conditions (e.g., inaccessibility of sample locations, site activities, and 

changes in soil type which would alter background levels of mercury).  The sampling area south 

and west of the plant covered an approximately square region of 64 km2.  The land surrounding 

the power plant was either part of an active strip mine or agricultural.  Although many sampling 

sites were within the strip mine permit area, most of the land had been reclaimed.  Strip mine 

personnel identified sites that had been fully reclaimed, or were at least known not to have been 
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disturbed for at least a year.  Agricultural area sampling sites were chosen because they appeared 

undisturbed for at least one year (i.e. had not been plowed).  Many of the agricultural sites were 

at the crest of roadside ditches, adjacent to a plowed or mowed area. 

   

Soil and vegetation samples were collected in November 2003 at 54 selected sites around the 

coal-fired power station as shown in Figure 10.  At each site, five samples were collected.  Three 

surface samples from the top five centimeters of soil separated by approximately 3 m, one deep 

sample at a depth of 5 – 10 cm, and one sample of the vegetation.   

 

Samples of approximately 100 grams weight were collected in watertight wide-mouth 250 mL 

plastic screw-top cups.  Samples were collected using stainless steel trowels, which were rinsed 

with tap water and wiped dry between each use.  Blind field duplicates were collected every 10th 

sample.  Samples were shipped back to Brookhaven National Laboratory (BNL) for analysis.  

Latitude and longitude for each sample location were identified using a GPS locator system 

(Garmen Etrex) with a resolution of 6 meters. 

3.3.3 Mercury Analysis Methods and Quality Assurance 

 

The soil samples were analyzed using a Direct Mercury Analyzer (DMA-80, Milestone, Inc, 

Monroe, CT), Figure 12.  Solid samples, approximately 0.5 grams, are placed on small boats that 

enter the DMA.  The typical working range for this method is 0.05-600 ng of mercury.  Since 

soil samples are at most about 0.5 grams, the DMA-80 easily measures levels below 1 ppb 

(ng/g).  DMA-80 analyses were conducted on soil samples as received.  Moisture content was 

determined separately for all samples, and mercury concentrations were adjusted to a dry weight 

basis.   
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Quality assurance was evaluated through taking blind duplicates of 10% of the samples, 

measurement of empty sample boats in the DMA-80, and use of one of two NIST mercury 

standards (SRM 2709 and SRM 2710) at every 10th measurement.  The NIST soil standard SRM 

2709 San Joaquin soil) was used for soil measurements.  It has a mercury level of 1380 +/- 80 

ng/g.  The NIST standard SRM 2710, peach leaves, was used for vegetation samples.  It has a 

mercury level of 30 +/- 5 ng/g.  Empty boat samples averaged 1.4 ng/g and were all less than the 

minimum soil sample (10 ng/g).  Blind duplicates were statistically similar to the similar soil 

samples.  Each sample was measured in triplicate to examine the homogeneity of the sample.  

The range of the mercury levels in the three samples averaged +/- 12.5%  of the average of the 

three samples.     

 

3.3.4 Data Analysis and Interpretation 

 

3.3.4.1 Soil Data 

 

At each sample location, the three surface soil samples were averaged to give a composite. 

Analysis of the data shows that they are log normally distributed, as would be expected for soil 

samples (Tack, 2005).  At the fifty-four locations the average value was 27.6 ng/g (dry weight 

basis), with a standard deviation of 6.9.  The minimum value was 11.6 ng/g and the maximum 

value was 55.4 ng/g.  All of the data were within approximately a factor of 2 of the average value 

thereby suggesting that ‘hot spots’ were not found in the soil near the plant, in contrast to the 

findings for chlor-alkali plant discussed previously.    For example, the four highest values (> 36 

ng/g) might be outliers, but only two are contiguous and none fall into the patterns predicted by 
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modeling. Averaging each of these four values with their nearest neighbors, to simulate what 

might occur in a sizeable water body, reduces their magnitudes considerably.  These averaged 

values are from 5-13% above the median of all samples (27.5 ng/g), and do not constitute “hot 

spots” in the conventional sense. 

 

Comparison between the predicted deposition versus measured mercury concentrations in the 

soil was accomplished by overlaying the deposition map over the sampling map with sample 

results color-coded by measured concentration.  Figure 3 is the graphical representation of the 

analysis.  Soil concentrations were binned into three approximately equal size groups containing 

17 or 18 samples.  Sample locations with symbols representing measured mercury levels 

represent the measured data.   The range of the groups was 11.4 – 25.2, 25.2 – 29.5 and 29.5 – 

55.4 ng/g.  The tight spread of the middle group shows that 1/3 of the soil Hg measurements 

were in this narrow range.  Predicted regions of enhanced deposition are covered by the filled 

contours with red representing 5 ug/m2/yr and blue representing 3 ug/m2/yr.   

 

The model predicts the incremental rate of deposition due to the coal plant emissions, while the 

measured data are soil concentrations, reflecting the effects of cumulative deposition, both local 

and regional, and eh natural constituents of the soil.  Therefore, a direct comparison between the 

modeled results and the measurements is not possible.  However, if excess deposition were 

occurring in a region, it is expected that this would be reflected by higher soil concentrations.  

Figure 15 shows that the patterns of modeled deposition and measured data do not match.  The 

measured soil data suggest that the main finger of the plume is slightly south of the area 

predicted by modeling.  Also, the measured data shows a fair degree of scatter, as expected, in 

contrast to the smoothly varying deposition pattern.  To evaluate if there was a match between 

the data and the model statistically, both were ordered from high to low and a rank correlation 
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between the soil and predicted deposition was performed.  The Spearman rank correlation 

coefficient was -0.02 indicating no correlation between the two.   

 

A second approach to determining if excess deposition was occurring was to compare the 

concentrations of surface soil (0 – 5 cm) and subsurface soil (5 – 10 cm) collected at each 

sampling location.   The subsurface samples showed similar values and characteristics as the 

surface samples.  The average value was 28.2 ng/g with a range of 10 – 49 ng/g for the 

subsurface samples.   The Spearman Rank correlation coefficient between the surface and 

subsurface soil Hg concentrations is 0.77 indicating a high degree of correlation.  Therefore, 

there is no evidence that local deposition increased the surface Hg soil concentrations relative to 

the subsurface soil. 

 

 

Although there is no strong evidence of excess deposition in the soils near the plant, estimates of 

the potential deposition were performed for the 8 km (5 mile) quadrant to the southwest of the 

plant where data were collected.  The following assumptions were used to estimate excess 

deposition.   

 

Case a)  the difference between the average surface and average subsurface soil values.  This 

value is 0.6 ng/g.   

Case b)  the difference between the average surface concentration and the average of the lowest 

1/3 surface concentrations.  This assumes that the pre-operational background was the average of 

the lowest 1/3 of the samples.  This ‘background’ average is 22.4 ng/g and the average of all 

soils was 28.8 ng/g.     
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Case c)  the predicted modeled yearly deposition generated by ISTCST (408 g/yr) multiplied by 

the operational period (23 years).   

 

Using a soil density of 1.5 g/cm3 and limiting the excess deposition to the top 5 cm give a total 

volume of soil of 2.55 106 m3 and a soil mass of 3.8 1012 g over the study area.  Assuming that 

current mercury emission rates and speciation distribution apply over the 23-year operating 

period of the plant, Table 1 presents the estimated amount deposited, the % of RGM emissions, 

and the % of total emissions that this represents.  The table shows that for any scenario, less than 

2% of the RGM (less than 0.5%) of the total mercury emissions from the plant deposited within 

this 8 km square quadrant to the southwest of the plant.  Even though modeling suggests greater 

deposition in the sampled region, if it is assumed that similar deposition occurs in the other 3 

quadrants, then less than 7% of the RGM emitted deposits within 8 km (5 miles of the plant).  

This analysis also supports the contention that although mercury levels may be slightly elevated 

near the plant, a ‘hot spot’ large enough to substantially affect water quality and fish Hg does not 

occur in the area sampled near the plant.  

 

3.3.4.2 Vegetation Concentrations 

 

One vegetation sample was collected at each sampling location.  The vegetation samples are a 

measure of mercury deposition over the current growing season.  Vegetation mercury levels are 

known to be influenced by both wet and dry deposition of mercury.  In sampling, every attempt 

was made to collect the same type of vegetation, grass, from each location.  This was not always 

possible, but all samples are grasses.  The samples were analyzed in duplicate and the average 

value was taken as a measure of the Hg content for samples that were low in mercury and 

provided similar readings in both measures.  Many samples showed high levels of Hg (> 1ppm) 
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and wide variability in the measured value.  These samples were analyzed between 3 and 7 times 

to improve the accuracy of the results.  The statistics from the average at each location are in 

Table 2. 

 

Unlike the soil samples, the vegetation samples did show regions of elevated Hg concentration.  

Defining a high Hg concentration as any average value that is 3 times above the median value for 

all samples shows that 12 of 49 samples have ‘high’ concentrations.  Individual samples were in 

excess of 1000 ng/g.  Although, there was wide variation in the measured mercury value for the 

vegetation with ‘high’ levels of mercury (>50 ng/g), these samples were consistently high in all 

of the samples.   

 

Figure 4 presents the measured mercury concentration in vegetation and the predicted deposition.  

In Figure 4, the blue contour represents excess deposition of 3 ug/m2/yr and the red represents 5 

ug/m2/yr.  Soil vegetation samples were divided into four groups representing the range from 

10.7 – 22.9; 22.9-31.5, 31.5 -84.4; and 84.4 – 691 ng/g.  Each range had 12 or 13 members and 

therefore, they represent ¼ of all samples.  Approximately ½ of  the samples were within 400 m 

of the plant.  In Figure 4, the highest values are near the plant, primarily to the north and west.  

This is the primary direction of wind flow during dry deposition conditions.  However, 

deposition modeling would predict that the peak deposition rates would occur further from the 

plant due to the stack height and buoyancy effects.   All of the values in the top ¼ of the 

distribution are within 4000 m of the plant with the exception of one value located approximately 

6500 m east of the plant.  This site was selected to be out of the predicted deposition pattern and 

was hoped to be representative of background.  Clearly it is not.  Although the frequency 

distribution of the entire set of samples appears to be reasonably continuous, the spatial 
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distribution is not.  Most of the very high values are located adjacent to a coal transporter that 

was previously used to move coal from the mine to the plant.   

 

Table 3 presents the average concentration as a function of distance from the plant for the 

vegetation and soil samples.  The vegetation samples show a peak between 1500 – 3000 m from 

the plant and a decline after that point.  The soil samples do not show any significant trend with 

distance.  This data suggests that localized samples with elevated Hg concentrations were seen in 

the area, but they were not clearly associated with the emissions from the power plant.  

Possibilities for the high Hg concentrations in vegetation include fugitive emissions (e.g. dust 

from coal handling, etc.) and proximity to roads.  To resolve this issue would require additional 

sampling and analysis for other elements that are found in coal plant emissions. 

 

3.4  Data Collection and Analysis for the Kincaid Plant  

 

The Kincaid plant was selected because it has been studied in the 1970’s (Anderson et al. 1977) 

for increases in mercury content in the soil, sediment, air, and fish.  In addition, tracer studies 

were performed on the emissions from this plant and measured concentrations were compared 

with predictions by the ISCST computer code (Cox, et al. 1986).  This provides confidence that 

the ISCST models reasonably represent the plume at this site.   

 

The Kincaid plant began operation in 1967 and has two 575 MW boilers each with a 187 m 

exhaust stack.  In addition to the Kincaid Plant, the city of Springfield operates a small plant that 

emits less than 9 kg (20 lbs) of mercury per year. This small plant is approximately 15 miles 

northwest of the Kincaid plant.  Both plants were simulated in the deposition modeling.   
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3.4.1 Deposition Modeling 

Meteorological data from the Springfield airport, located about 30 kilometers away, were 

reviewed for a five-year period to determine wind patterns under dry and wet conditions.  Under 

dry condtions, the prevailing winds were primarily from the south.  Winds occurred from the 

south 20% of the time.  No other direction had winds more than 10% of the time.  Winds rarely 

came from the Northeast.  Under wet conditions, winds were generally from the south and north.  

However, precipitation also fell frequently when winds were out of the east.   

 

Deposition modeling of the emissions from the two power plants based on the meteorological 

data considered both dry and wet depositon; however, regional background was not modeled.  

Simulations were performed for the 5 year period from 1986 – 1990.  Ths period included annual 

rainfall ranging from 24 to 46 inches and was representative of the range of condtions 

experienced in the region.  From the results annual deposition rates were calculated for both dry 

and wet deposition.  Dry deposition is predicted to peak approximatley 18000 m north of the 

plant at a rate of 0.6 ug/m2/yr.  The highest wet deposition rates were predicted within 10 km of 

the plant in a northerly direction.  The predicted peak deposition rate was 18 ug/m2/yr at 1000 m 

north of the plant (this is the first calculated point).  The deposition plume remains above 5 

ug/m2/yr for approximately 2 or 3 km around the plant and above 1 ug/m2/yr for 7 or 8 km.  For 

comparison, in the period of 1999 – 2003, wet deposition (due to all sources including the 

regional background) averaged 9.3 ug/m2/yr at the nearest mercury deposition network (MDN) 

site in Bondville, IL which is approximatley 100 km west of the plant. Dry deposition is not well 

characterized but is expected to be approximately the same as wet depostion.  If this is true, at 

the location of the predicted peak deposition near Kincaid, total Hg deposition would be 
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approximately twice background.   Depostion rates resulting from Kincaid emissions would add 

less than 5% of background after 8 km.   

 

Figure 5 also illustrates the impacts of dry deposition on the overall depositon pattern.  The 

colored contours represent the wet deposition at levels of 0.5, 1, 5, and 10 ug/m2/yr.  The dotted 

contour line represents the total deposition (wet and dry) and shows the extension of this region 

to the north of the plant due to dry deposition. At deposition rates above 1 ug/m2/yr, dry 

deposition does not impact the contours because the predicted dry depostion rate in this region is 

much less than 1 ug/m2/yr.   

3.4.2 Sampling Design 

Even though the deposition modeling predicted higher deposition to the north of the plant, due to 

the absence of a strong signal in the soil mercury levels at Plant A, it was decided to sample all 

directions uniformly around the plant.  A sample grid centered around the plant and extending 

approximately 8 km in every direction was developed.  Samples were spaced approximately 

1600 m (1 mile) apart.  A total of 123 sample locations were selected.  In addition, 8 additional 

sites were chosen with the intent of defining background.  These sites were from 17.5 – 38 km 

from the power plant.  At each sampling site, 3 surface samples (0 – 5 cm), 1 subsurface sample 

(5 – 10 cm) and 1 vegetation sample were collected in July, 2004.  With 5 samples at each of the 

131 locations, this results in 655 mercury analyses for the complete set.  Samples were collected 

approximately 15 - 20 feet from the road edge in regions that were not plowed for farming.  

Eight sample locations were less than 10 feet from the road due to space limitations.  The 

sampling network near the plant is shown in Figure 6.  
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The region around the plant is mostly open farmland.  Lake Sangchris, a state park, is located 

directly to the north and slightly east of the plant in the region of highest predicted deposition.  

Lack of access roads in this region prevented higher density sampling.   

3.4.4   Data Analysis and Interpretation 

3.4.4.1 Soil Data 

 

A total of six values (3 locations and duplicate measures at each location) were used to estimate 

the average at each sample location.  At the 124 locations around the plant, the average value 

was 32 ng/g (dry weight basis), with a standard deviation of 17.7 (GSD =1.34).  The median 

value was 25.9 ng/g.  The minimum value averaged over the six measurements was 16.9 ng/g 

and the maximum value was 155.6 ng/g.  The minimum value for any single sample was 12 ng/g 

and the maximum for any single sample was 218 ng/g.  The data showed a much wider 

distribution than for Plant A with a few values that were very high above the mean.  Statistical 

analysis of the data (Sullivan, et al. 2005) showed that the data did not fit a lognormal 

distribution with the distribution skewed towards higher values above the mean.  This could 

imply enhanced deposition, or it could imply differences due to different soils.   

 

In examining the data, it appeared that there were several outliers with values much higher than 

the mean.  For the purposes of further analysis and data interpretation an outlier was defined as 

any location that had a soil mercury value that was more than a factor of 2 greater than at 

adjacent locations (< 1 mile).  A factor of 2 difference from nearest neighbors could not occur 

due to deposition only because the deposition rate does not change by a factor of two in less than 

a mile, Figure 5.  Therefore, the change is likely due to having different soil properties.  This 

approach identified outliers at locations identified as A10, B2, D12, F2, and I10 on Figure 6.  
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These sites had soil Hg values ranging from 56 – 155.6 ng/g.  With the reduced data set, the 

average Hg value in the remaining 119 samples is 29.1 ng/g, a standard deviation of 8 ng/g and a 

range of 16.9 – 65.2 ng/g.  The probability plot for the reduced data set showed that the data was 

closer to the lognormal distribution, however, it was still skewed toward the higher values 

(Sullivan, et al. 2005). 

 

Further analysis of potential “hot spots” was undertaken by focusing on the top 3 values, in 

relation to their immediate neighbors.   These 3 values ranged from 2.6 to 5 times the median 

background (without its outlier).  After averaging with up to 8 neighboring samples, these excess 

deposition ratios were reduced to 0.8, 0.9, and 1.5.  Thus, only one location showed excess 

deposition, when averaged over a larger area to simulate effects on watersheds.  

 

Comparison between the predicted deposition versus measured mercury concentrations in the 

soil was accomplished by overlaying the deposition map over the sampling map with sample 

results color-coded by measured concentration.  Figure 7 is the graphical representation of the 

analysis for the samples near the Kincaid plant. Samples collected more than 15 kilometers from 

the plant for purposes of determining background are discussed later.  Soil concentrations were 

binned into four approximately equal size groups containing 29 or 30 samples.  Sample locations 

with symbols representing measured mercury levels represent the measured data.   The range of 

the groups was 16.9 – 24.6, 24.6 – 27.0, 27.0 – 31.3, and 31.3 – 65.2 ng/g.  The narrow spread of 

the middle groups around the average shows that 1/2 of the soil Hg measurements were in the 

range of 24.6– 313 ng/g.  Predicted regions of enhanced deposition are covered by the filled 

contours with red representing 10 ug/m2/yr, purple representing 5 ug/m2/yr and blue representing 

1 ug/m2/yr.   
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Examining Figure 7 shows that there is not a particularly good correlation between regions of 

predicted enhanced deposition and soil Hg concentrations.  Although higher concentrations do 

occur near the plant.  In the region of predicted deposition in excess of 5 ug/m2/yr, 6 of 12 

sample locations have soil Hg concentrations in the top quartile.  The highest measured 

concentration (with the outliers removed) 65.2 ng/g occurs at the location closest to the power 

plant (G7) and approximately 0.8 miles west of the plant.  

 

Figure 8 graphically represents the soil data, binned into the same four groups as in Figure 7 with 

a base map of the local roads.  Examining this figure it appears that there is a correlation between 

soil Hg and the East-West sample locations designated with the numeral 7 (e.g. A7, B7, etc.).  

This sampling transect was along the road that passes immediately south of the power plant.  

This road was the busiest road in the sampling domain near the plant as it had all of the 

employee traffic, it connected the two nearest towns, and had an access ramp to the interstate to 

the west of the plant.  In addition, samples in the lowest quartile were frequently associated with 

roads carrying less traffic.   

 

Table 4 presents the average mercury content (ng/g dry) of the three soil surface samples at each 

location.  The outliers at A10 (56 ng/g) , B2 (155.7 ng/g), D12 (78.1 ng/g), F2 (78.9 ng/g), and 

I10 (120.5 ng/g) are not included.  The average along each transect (A- K and 1 – 12) is also 

presented in the table.  The plant was located between G7 and H7.  High concentrations (65 ng/g 

at G7 and 42 ng/g at H7) were measured near the plant.  The highest average transect is the east-

west transect labeled 7 with an average value of 41 ng/g. The average for all soils is 29.1 ng/g.  

There is no clear spatial pattern with distance from the plant in the transects.  However, average 

concentrations were higher north of the plant (transects 1 -7), as compared to south of the plant.   
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Comparison of the surface (0- 5 cm) samples with the deep samples (5 – 10 cm) at the same  

locations suggests a strong correlation between the two.  The highest variability occurred at high 

soil concentrations.  However, the general trend was the same.  The Spearman rank correlation 

coefficient between the surface and deep soils was 0.78 indicating a strong correlation.  The 

average of the deep soils was 0.6 ppb less than for the surface soils.  However, this was not 

statistically significant. 

 

3.4.4.2 Soil Background Samples 

 

Attempts to define background were based on taking soil samples from eight locations at 

distances of 11 – 23 miles from the plant.  Each location was predicted to be well outside the 

domain of influence for enhanced mercury deposition from the plant.  The background sites had 

higher mercury levels than those near the plant with 4 of the 8 sites above 40 ng/g level.  The 

background sites were selected on fairly well traveled roads for ease of access. Near the plant, 

higher mercury levels did seem to be associated with higher levels of traffic.  The average of all 

background sites was 40.5 ng/g, close to the average value along the higher traffic transect 7, 

41.0 ng/g.  The locations may partially explain the higher mercury values associated with the 

background sites.  In any event, the background samples could not be used to estimate a regional 

background.   

 

3.4.4.3 Vegetation Concentrations 

 

One vegetation sample was collected at each sampling location.  The vegetation samples are a 

measure of mercury deposition over the current growing season because the sample is from 

growth that occurred this year.  Vegetation mercury levels are known to be influenced by both 
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wet and dry deposition of mercury.  Attempts were made to take the same type of vegetation 

from each location.  This was not always possible, but all samples are grasses.  If possible, 

samples from undisturbed vegetation were collected, however, in some cases, the vegetation near 

the edge of the road had been mowed.  The samples were analyzed in duplicate and the average 

value was taken as a measure of the Hg content.  For most samples, there was consistency 

between the two measurements.  In contrast to Plant A, the vegetation samples did not show 

extremely high values and fit a log normal distribution well.  Log normal distributions frequently 

provide a good representation of environmental data that is not impacted by outside sources.  The 

statistics from the average at each location are in Table 5.  

 

The vegetation samples had a different spatial distribution than the soil samples.  Figure 9 

presents the measured mercury concentration in vegetation and the predicted deposition.  Again, 

there is poor agreement between the predicted deposition and the measured vegetation mercury 

levels.  Soil vegetation samples were divided into four groups representing the range from 0.6 – 

3.1, 3.1 – 4.8, 4.8 – 7.0, and 7.0 – 22.5 ng/g.  Each range had approximately 30 members and 

therefore, the ranges represent ¼ of all samples.  Examining Figure 9 there does appear to be 

higher deposition values along the north-south axis centered on the plant, which is the direction 

of the prevailing winds.  However, the highest values are not near the plant.  In fact, the samples 

with the two highest values were at locations B-8 (22.5 ng/g) and A-6 (22.3 ng/g).  These 

locations are to the west more than 6 miles from the plant and not in the direction of the  

prevailing winds.   Transect H, which samples directly north and south of the plant was 

characterized as having higher vegetation levels of mercury as compared to the other transects.  

Table 6 summarizes the average concentration data and provides the average along each transect.  

The average Hg vegetation value along transect H was 9.1 ng/g.  No other transect had an 

average above 7.0 ng/g and the average of all samples was 5.6 ng/g.  This could be interpreted as 
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enhanced deposition during non-precipitation events. The rate of dry deposition was predicted to 

peak due north of the plant. Other major differences between the spatial distribution of Hg in 

soils and vegetation is the higher values noted along transect 7 in the soil were not found in the 

vegetation, and the soil concentrations tended to be higher to the northeast of the plant, while the 

vegetation samples had a higher average value southwest of the plant.   

 

3.4.4.4 Vegetation Background Samples 

 

Again, attempts to find a regional background for the site were unsuccessful.  The eight 

background samples had a much higher average (7.0 ng/g) than the sites near the plant (5.6 

ng/g).  Five of the eight background samples had an average value greater than 8 ng/g.  All of 

these samples are in the upper quarter of the distribution of samples near the plant.  However, 

this is consistent with finding higher Hg levels in many of the background soil samples.   

3.4.5 Concentrations as a function of Distance 
 
  
 
The data were grouped as a function of distance from the plant in one-mile intervals.  The sites 

determined to be outliers in the previous section were not used in the soil analysis.  All 

vegetation samples were used in the analysis.  There is a correlation with distance for the soil 

samples, with higher values measured closer to the plant.  There is no apparent correlation with 

distance for the vegetation samples.   

3.4.6 Comparison of Soil Sampling Results at the Kincaid Power Plant.  
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In the April 1974 the Illinois Natural History Survey (Anderson, et al. 1977) conducted a soil 

sampling campaign on a 3.2 km (2 mile) square grid, 38.6 km across with the Kincaid plant at 

the center.  Two soil types Sable (Illiopolis) silty clay loam (north of the plant) and Virden silty 

clay loam (south of the plant) were observed.  Samples were taken from the top two cm in 

agricultural fields that had not been disturbed for several months. These sites were at least 50 m 

and usually 100 m from the road.  In the current study, a 1.6 km grid, 20 km wide centered 

around the plant was used.  Soil samples were collected in undisturbed regions generally about 

20 feet from the road.  However, in some cases, this was not possible and 10 samples were 

collected at 10 feet or less from the road edge.  Samples were homogenized over the top 5 cm.  

Moisture content was measured for all samples and mercury content was reported on a dry 

weight basis.  The previous study reported mercury concentrations on a wet weight basis.  The 

average correction factor for converting from wet weight to dry weight basis was 1.25.  

Therefore, in the following comparison, all values measured in the 1974 study were multiplied 

by this factor to have a uniform basis for comparison.   

 

In the 1974 study, the Hg concentration values ranged from 1 – 50 ng/g dry weight basis.  This is 

similar to the current study (16.9– 65 ng/g) after discounting the outliers.  High values as found 

in the outliers (up to 155 ng/g) were not observed in the previous study.  The 1974 study did not 

publish all of the data however, they provided average values for four quadrants (NE, NW, SE, 

and SW).  Table 8 presents the average values in these regions from the 1974 and current studies.  

Both studies show the same relative ranking of quadrants with the NE being the highest followed 

by NW, SW and SE and both studies had approximately the same difference between the 

averages of the SW quadrant and the other quadrant averages.  The prevailing winds are from the 

south to the north so this may reflect enhanced deposition.  However, the 1974 study reported 

that there was a slight change in soil type between north and south of the plant, which also could 
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be responsible for the difference.  The values for the 2004 study were approximately 25% higher 

than the 1974 study.  This could be due to many different factors other than deposition including 

analytical techniques, sampling locations, and sampling protocol.  The 1974 study was taken 

from the agricultural fields that are plowed to a depth of 17 cm annually.  This would cause 

mixing and presumably dilution as deposition is a surface process.  Mercury content typically 

decreases with depth from the surface. Also, in the current study an apparent correlation with 

vehicular traffic along the road was observed and perhaps the difference in average values 

reflects the difference in sample location (roadside versus field).  In any event, it is not possible 

to determine if the difference between average Hg values in the two studies is meaningful.    

 

3.4.7 Estimated Mass Deposition 

 

Mass deposition estimates were performed for the approximately 400 square kilometer sampling 

region around the plant.   Using a soil density of 1.5 g/cm3 and limiting the excess deposition to 

the top 5 cm gives a total volume of soil of 2.0 107 m3 and a soil mass of 3.01013 g over the study 

area.  Table 12  presents the excess estimated amount deposited for four cases: 

a) using the soil surface average minus the soil subsurface average (0.6 ng/g),  

b) the soil surface average minus the value of the soil concentration where 2/3 of the 

measured values were greater than the measured value (3.7 ng/g),  

c) soil average by quadrant minus the lowest soil average by quadrant (Table 11), this 

approach was used in the 1974 study by Anderson (Anderson, 1977), this approach 

assumes that the SW quadrant (lowest average quadrant) is not impacted by plant 

emissions and is representative of background. 
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d) the estimate based on deposition modeling using ISCST (790 g/yr) multiplied by the 

operational period (37 years). 

 

Table 9 contains the estimate of deposited mass, the % of RGM emissions represented by this 

mass, and the % of total emissions that this represents.  Total emissions were assumed to be 160 

kg/yr multiplied by the 37 year operational period of the plant.  Twenty percent of emissions 

were assumed to be RGM.  Total emissions are likely to be higher as an emission estimate of 530 

kg was suggested during the early 1970’s (Anderson, 1977).  Also, prior to 1994 when locally 

mined coal was burned, the percentage of RGM was likely to be higher than 20%.  Both of these 

assumptions skew the estimate of the % of mercury deposited to higher values.  The table shows 

that for any scenario, less than 9 % of the RGM and less than 2% of the total mercury emissions 

from the plant deposited within a 20 km square centered on the plant.  This analysis also supports 

the contention that although mercury levels may be slightly elevated near the plant, a ‘hot spot’ 

with substantially elevated levels does not occur.  The analysis also suggests that greater than 

90% of the mercury emitted from the plant enters the regional or global mercury cycle.  

 

The previous study (Anderson, 1977) estimated that “more than 26% and possibly as high as 

70% of the mercury emitted by the Kincaid plant” was deposited within a 19.3 km radius of the 

plant.  The cause for this discrepancy in this estimate and the estimates in Table 9 lies in the 

differing assumptions made in the two analyses.  In the 1977 study, the volume of soil was 

estimated using a depth of 17 cm, the plow depth, even though the samples were only from the 

top 2 cm.  In addition, in that study, the background value was set to the lowest value in the four 

sampled quadrants, similar to Case B in Table 12.   
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In any event, the 1977 estimates appear to be biased high.  If the current emission rate of 160 

kg/yr is used to estimate the lifetime of the plant emissions, deposition of 26% of the Hg within 

19.3 km radius would lead to an increase in average soil concentration in the top 5 cm of 17.6 

ng/g.  If this occurred, the average soil Hg concentrations on a dry weight basis would be 

expected to be around 40 ng/g, which is substantially higher than observed.  In addition, Hg 

emissions rates in the early part of the operating history of the plant tended to be as much as a 

factor of three higher than the value used to estimate the amount of Hg that could be deposited.  

If the total emissions were higher than estimated, the increase in soil concentration would be 

expected to be even higher.   

5.  Conclusions 

 

A thorough quantitative understanding of the processes of mercury emissions, deposition, and 

translocation through the food chain is currently not available.  Complex atmospheric chemistry 

and dispersion models are required to predict concentration and deposition contributions, and 

aquatic process models are required to predict effects on fish.  There are uncertainties in all of 

these predictions.  Therefore, the most reliable method of understanding impacts of coal-fired 

power plants on Hg deposition is from empirical data.   

 

A review of the literature on mercury deposition around sources including coal-fired power 

plants found studies covering local mercury concentrations in soil, vegetation, and animals (fish 

and cows (Lopez et al. 2003). There is strong evidence of enhanced local deposition within 3 km 

of the chlor-alkali plants, with elevated soil concentrations and estimated deposition rates of 10 

times background.  For coal-fired power plants, the data show that atmospheric deposition of Hg 

may be slightly enhanced.  On the scale of a few km, modeling suggests that wet deposition may 
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be increased by a factor of two or three over background.  The measured data suggest lower 

increases of 15% or less.  The effects of coal-fired plants seem to be less than 10% of total 

deposition on a national scale, based on emissions and global modeling.   

 

The following summarizes our findings from published reports on the impacts of local 

deposition.  In terms of excesses over background the following increments have been observed 

within a few km of the plant:  

• local soil concentration Hg increments of 30%-60%,  

• sediment increments of 18-30%, and  

• wet deposition increments of 11-12%.   

• fish Hg increments of about 5-6%, based on an empirical finding that fish concentrations 

are proportional to the square root of deposition.  

Important uncertainties include possible reductions of RGM to Hg(0) in power plant plumes and 

the role of water chemistry in the relationship between Hg deposition and fish content. 

 

Soil and vegetation sampling programs were performed around two mid-size coal fired power 

plants.  The objectives were to determine if local mercury hot spots exist, to determine if they 

could be attributed to deposition of coal-fired power plant emissions, and to determine if they 

correlated with model predictions. These programs  found the following: 

• At both sites, there was no correlation between modeled mercury deposition and 

either soil concentrations or vegetation concentrations.  At the Kincaid plant, 

there was excess soil Hg along heavily traveled roads.  The spatial pattern of soil 

mercury concentrations did not match the pattern of vegetation Hg concentrations 

at either plant. 
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• At both sites, the subsurface (5 – 10 cm) samples the Hg concentration correlated 

strongly with the surface samples (0-5 cm).  Average subsurface sample 

concentrations were slightly less than the surface samples, however, the 

difference was not statistically significant. 

• An unequivocal definition of background Hg was not possible at either site.  

Using various assumed background soil mercury concentrations, the percentage of 

mercury deposited within 10 km of the plant ranged between 1.4 and 8.5% of the 

RGM emissions.  Based on computer modeling, Hg deposition was primarily 

RGM with much lower deposition from elemental mercury.  Estimates of the 

percentage of total Hg deposition ranged between 0.3 and 1.7%.  These small 

percentages of deposition are consistent with the empirical findings of only minor 

perturbations in environmental levels, as opposed to “hot spots”, near the plants. 

 

The major objective of this study was to determine if there was evidence for “hot spots” of 

mercury deposition around coal-fired power plants.  Although the term has been used 

extensively, it has never been defined.  From a public health perspective, such a “hot spot” must 

be large enough to insure that it did not occur by chance, and it must affect water bodies large 

enough to support a population of subsistence fishers.  The results of this study support the 

hypothesis that neither of these conditions have been met. 

. 
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Table 1  Estimates of mass deposition and fraction of mercury emitted that was deposited for 
Plant A 
 
Case Total Mass Deposited 

(g) over 23 year plant 
life 

% of RGM % of Hg(total) 

Surface vs. 
Subsurface Avg 

2200 0.16 0.023 

Lowest 1/3 Avg as 
background 

24500 1.7 0.3 

ISCST Model 9400 0.66 0.12 
 

Table 2  Statistical parameters for Vegetation Samples at Plant A. 

 Value (ng/g) 
Min 10.7 
Max 653.3 
Median 31.8 
Average 96.7 (log mean 1.7) 
Standard Deviation  143.5 (Geometric Standard Deviation  0.47) 
  

Table 3  Average vegetation and soil concentrations as a function of distance from the plant. 

Distance # of vegetation 
samples 

Average Hg 
concentration in 
vegetation (ng/g) 

# of soil samples Average Hg 
concentration in 
soil (ng/g) 

160 – 1500 m 5 37.4 5 28.8 
1500 – 3000 m 10 179.4 10 27.0 
3000 – 4500 m 8 153.4 8 29.9 
4500 – 6000 m 10 106.8 10 31.1 
6000 –7500 m 13 29.2 13 24.9 
7500 – 9000 m 6 23.2 6 30.0 
 
 
Table 4  Average soil concentration (ng/g) dry at each sample location.  Average values for the 
transects are the bottom and last rows of the table. 
 

ID A B C D E F G H I J K 
Row
Avg. 

1      28.5 26.2 33.4 45.3 48.1  36.3 
2 27.3   26.4 21.0 36.4  26.2 27.6  38.4 26.0 28.7 
3 28.8 35.3 57.4 20.7 30.7 28.5 35.1 26.2 35.0 31.0 36.0 33.2 
4 33.1 25.4 31.1 23.2  29.1 27.7 26.1  35.4 27.9 28.8 
5 25.5 22.8 37.4 19.3 24.9 27.0 24.9 27.5  25.6 18.5 25.3 
6 23.1 33.6 30.9 23.6  29.5 23.0 22.5  23.6 27.0 26.3 
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7A    27.0 30.6 27.0 32.9  26.9   28.9 
7 34.1 24.6 39.2 35.3 63.9 33.8 65.2 42.1 35.4 37.8 39.7 41.0 
8 23.9 30.9 23.3 27.4 23.6 43.7 26.3 47.8 25.7 25.0 23.9 29.2 
9 23.7 26.1 25.9 20.9 20.0 26.7 20.7 27.4 24.5 25.3 28.5 24.5 
10   20.8 24.6 30.8 31.3 27.8 29.6 31.3   26.3 21.1 27.1 
11 27.9 22.3 21.8 27.1 26.1 24.5 29.4 25.6 25.9 26.2 22.8 25.4 
12   16.9  25.2 27.7 23.8 31.8 23.9 26.1 25.3 25.1 
Avg. 27.5 26.9 30.5 25.1 31.3 29.5 30.1 30.8 30.3 30.7 27.0  
 

Table 5  Mercury concentration statistics for vegetation samples at Kincaid 

 Value (ng/g) 
Min 0.6 
Max 22.5 
Median 4.9 
Average 5.6 
Standard Deviation  3.8 
Geometric Standard 
Deviation 

2.0 

  

Table 6  Average Hg concentration in vegetation near the Kincaid Power Plant. 

Location A B C D E F G H I J K 
Row 
Avg. 

1      7.0 3.4 14.1 5.8 0.6  6.2 
2 3.7 4.2 6.7 8.6 4.0 4.7 5.5 4.3  0.6 1.4 4.4 
3 6.0 4.7 5.5 4.1 9.9 3.3 6.4 8.1 1.5 1.3 8.1 5.4 
4 3.1 5.0 2.2 5.0   5.7 8.2 19.6  3.5 3.3 6.2 
5 2.2 2.4 5.1 2.5 10.5 2.9 7.0 5.8  2.0 2.0 4.2 
6 22.3 3.9 6.6 2.7   6.9 4.8 5.4  3.4 6.3 6.9 
7A    1.0 5.1 5.5 3.2  4.7   3.9 
7 8.4 7.7 3.8 3.8 4.7 6.1 1.7 4.2 6.5 5.6 4.5 5.2 
8 0.9 22.5 1.2 10.6 3.9 6.1 3.6 11.3 5.0 7.6 1.5 6.7 
9 2.4 3.8 1.8 5.9 2.3 6.8 2.4 14.8 6.5 2.4 5.9 5.0 
10 13.0 4.7 5.0 8.0 2.0 7.2 7.4 8.8 5.2 1.9 7.9 6.5 
11 8.3 2.9 4.4 9.8 7.0 6.6 11.3 10.7 4.2 3.7 7.9 7.0 
12    4.4 9.2 1.9 7.6 2.6 4.6 10.7 2.9 5.5 
Average 7.0 6.2 4.2 5.5 5.8 5.4 5.6 9.1 4.9 3.6 4.7  
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Table 7  Soil and vegetation mercury concentrations as a function of distance. 

Distance 
(miles) 

# Soil Samples Average Soil Hg 
(ng/g) 

# Vegetation 
Samples 

Average Vegetation Hg 
(ng/g) 

0 – 1 2 38.7 2 5.3 
1 – 2 7 35.3 9 5.2 
2 – 3 15 30.4 13 6.1 
3 – 4 12 27.1 14 6.1 
4 - 5 25 27.4 26 5.4 
5 - 6 19 28.3 23 5.2 
6 - 7 22 30.4 22 5.8 
7 - 8 12 26.9 12 6.2 
8 - 9 3 29.3 3 6.0 

 

Table 8  Average soil mercury concentrations by quadrant. 
 
Quadrant  Average Soil Hg 

(ng/g dry) 2004 
Study 

Average Soil Hg (ng/g dry) 1974 
Study 

Difference from SW 
Quadrant (ng/g)                        
1974                         2004 

SW 25.8 18.8 ----                             ---- 
SE 26.8 20.0 1.2                             1.0 
NW 30.9 23.8 5.0                             5.1 
NE 31.8 27.5 8.7                             6.0 
  

Table 9  Mercury mass deposition estimates around the Kincaid Plant based on soil data and 
ISCST modeling  
 
 Excess (ng/g) Total Mass 

Deposited 
(kg) 

% of RGM % of Hg(total) 

Case A: Surface avg. 
minus subsurface avg. 

0.6 16.4 1.4 0.28 

 
Case B: Surface 
average minus soil 
concentration at 1/3 of 
the distribution 

 
3.7 
 
 
 
 

 
101 

 
8.5 

 
1.7 

Case C: Quadrant 
average minus lowest 
quadrant average 

1.0 (SE-SW) 
5.1 (NW-SW) 
6.0 (NE-SW) 

6.8 
34.8 
41.0 
Total – 82.6 
 

7.0 1.4 

ISCST Deposition N/A 29.2 2.5 0.5 
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Figure 1  Modeled total Hg deposition (µg/m2/y) pattern around plant A, located at (0,0).  
Second plant in the lower left corner is responsible for the deposition pattern in this region. 
 
Figure 2  Soil and vegetation sample locations around the power plant. 
 
Figure 3  Comparison of predicted deposition (ug/m2/yr)  (filled contours) and measured soil Hg 
concentrations (ng/g) (symbols) 
 
Figure 4  Measured mercury levels in vegetation compared to deposition modeling predictions.   
 
Figure 5  Predicted mercury deposition wet and total deposition contours from emissions from 
the Kincaid power plant. 
 
Figure 6  Sample grid around the Kincaid Power Plant. 
 
Figure 7  Comparison of measured soil Hg data and predicted Hg deposition (filled contours). 
 
Figure 8  Soil Hg levels (ng/g dry) posted on local area map.  Plant located between G7 and H7. 
 
Figure 9  Vegetation Hg levels around the Kincaid Power Plant. 
 
 
 

 

 



 
 

Figure 1  Modeled total Hg deposition (µg/m2/y) pattern around plant A, located at (0,0).  
Second plant in the lower left corner is responsible for the deposition pattern in this region. 



 

 

Figure 2  Soil and vegetation sample locations around the power plant. 

 



 
 
Figure 3  Comparison of predicted deposition (ug/m2/yr)  (filled contours) and measured soil Hg 
concentrations (ng/g) (symbols) 
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Figure 4  Measured mercury levels in vegetation compared to deposition modeling predictions.   



 

 

Figure 5  Predicted mercury deposition wet and total deposition contours from emissions from 
the Kincaid power plant. 
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Figure 6  Sample grid around the Kincaid Power Plant. 
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Figure 7  Comparison of measured soil Hg data and predicted Hg deposition (filled contours). 



 
Figure 8  Soil Hg levels (ng/g dry) posted on local area map.  Plant located between G7 and H7. 



 

Figure 9  Vegetation Hg levels around the Kincaid Power Plant. 

 


