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CONVERSION FACTORS AND ABBREVIATIONS USED IN THIS REPORT

CONVERSION FACTORS:

Multiply By To obtain
kilometer (km) 0.62137 mile (m)
foot (ft) 0.3048 meter (m)
gallon 3.78 liter (L)
inch 25.40 millimeter (mm)

Degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) by using the following equation:

°F =9/5(°C) + 32
ABBREVIATIONS:
The following terms and abbreviations may used in this report:

ft (feet)

nanograms per liter (ng/L)
nanograms per square meter (ng/mz)
milligrams per liter (mg/L)

inches per year (in/yr)

milliliter (mL)

millimeter (mm)

kilometer (km)

micrograms per liter (ug/L)
micrograms per liter (ug/L)
microsiemens per centimeter at 25 degrees Celsius (uS/cm@25°C)
grams per hour (g/hr.)

pounds per year (Ib/yr)

kilograms per hectare (kg/ha)
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EXECUTIVE SUMMARY

The source of mercury in precipitation falling at Mesa
Verde National Park was investigated in several ways. First,
trend analyses were performed to indicate whether the
mercury and other constituents in precipitation are
increasing or decreasing over time. Second, regression
analyses and correlations were done comparing mercury to
existing major-ion data, and principal component analyses
were conducted to describe correlations in the data. Third,
back-trajectory analyses were conducted on 47 single
precipitation events to allow tracking of air parcels
backwards in time from a set starting location (i.e., Mesa
Verde National Park). Fourth, dispersion modeling was
conducted on a subset of the single precipitation events to
"foreword-track" the estimated path of mercury emissions
from existing coal-fired power plants. Finally, back-
trajectory and dispersion results were used to estimate
below-background versus above-background mercury
concentrations and wet deposition at the Park. The
approach for the source study includes the null hypothesis
which states that mercury concentrations in precipitation
have no relationship to where the storm came from.

During 2002-08, mercury was reported in 223
precipitation events at Mesa Verde National Park. The
average concentration was 24.65 ng/L (nanograms per liter),
and the average mercury deposition was 188 ng/m2
(nanograms per square meter). Mercury concentrations
and deposition appeared to be increasing during this period;
however, the trend is not statistically significant and is
skewed by outliers, such as the event of July 8, 2008, when
the mercury concentration was reported at 381 ng/L
(among the highest mercury concentrations reported in the
US). During 1981-2008, concentrations and deposition of
some major ions (such as sulfate and chloride) decreased
significantly.  Nitrate concentrations were variable and
showed no trend; however, nitrate deposition decreased.
Precipitation also became less acidic during 1981-2008;
mean pH values increased significantly, and wet deposition
of hydrogen ions (H*) decreased significantly. During this
time period when sulfate, chloride, nitrate, and acid
deposition declined at the Park, air-pollution control
measures were implemented for nitrogen and sulfur
emissions at two nearby coal-fired power plants. In
contrast, air pollution control measures had just begun to be
implemented for mercury in one of the two major power
plants by 2008. This difference in control measure
implementation may explain the lack of a trend in wet-
deposition mercury during the same time period for which
deposition of major ions associated with coal combustion
have declined.

Principal components analyses (PCA) of major ion and
mercury data showed that different groups or patterns were
evident, suggesting that sulfate, nitrate, and mercury come

from the same source (most likely, coal-fired power plants).
In the PCA biplot, chloride falls between the terrestrial earth
elements (calcium, magnesium, sodium, and potassium)
and the likely coal-fired power plant sources. Ammonia
samples plot above the coal-fired power plant group but
away from the terrestrial earth elements, indicating a
possible connection to power plants, but ammonia also may
come from other sources such as agricultural activities
(fertilizers and feed lots).

Back trajectory modeling of 47 single storm events
from 2002 to 2008, and subsequent identification of storm
source direction, indicate that 87 percent of the mercury
deposition from the modeled events came from south of
the Park. Atmospheric dispersion modeling results that
track mercury emissions at two power plants located south
of Mesa Verde shows that air-pollution plumes from the
power plants travel over Mesa Verde National Park.
Furthermore, dispersion modeling shows that the San Juan
River Valley can trap air pollution, which can then be
transported and deposited at the Park. Therefore, the
storms do not need to pass directly over emission sources to
affect mercury deposition at Mesa Verde National Park.
Back trajectory modeling also shows that storm events at
Mesa Verde are influenced by weather from the eastern
Pacific Ocean, the Pacific Northwest, monsoons (seasonal
flow of moist air masses) from the southwest, and
monsoons from the southeast.

Back trajectory storm tracks sourced from 130 to 220
degrees azimuth (i.e., southern source area) were assigned
the category of above background, and the other
trajectories were assigned a category of below background.
The 80th percentile of the below background concentration
resulted in a background mercury concentration of 11.73
ng/L. Calculations show that from 2002-08, the annual
above-background mercury deposition at Mesa Verde
National Park ranged from 54 to 84 percent of the total wet
deposition. More than 60 percent of the mercury
concentrations reported were greater than the background
concentration of 11.73 ng/L.

The combination of evidence from the various
analyses conducted for this study lead us to conclude that
coal-fired power plants south of Mesa Verde National Park
are likely an important source of mercury in wet deposition
to the Park. These results are correlative, however, and we
cannot determine how much deposited mercury originates
from a specific emission source. We also cannot rule out
the possibility that above-background concentrations of
mercury were already entrained in these storm tracks prior
to them passing over the nearby coal-fired power plants.
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and Wet Deposition at Mesa Verde National Park,
Southwestern Colorado, 2002-08

Mountain Studies Institute, San Juan Mountains, Colorado

INTRODUCTION

Mercury has been well known as an
environmental pollutant for several decades. As early
as the 1950's it was established that emissions of
mercury to the environment could have serious effects
on human and wildlife health. These early studies
demonstrated that fish and other wildlife from various
ecosystems commonly attain mercury levels of
toxicological concern when directly affected by
mercury-containing emissions from human-related
activities.  For all organisms, the early stages of
development (especially embryos) are the most
sensitive to mercury. Steps have been taken by
regulatory agencies to recognize and limit mercury
consumption by humans. However, as described by
Dr. David Krabbenhoft of the U.S. Geological Survey,
"the social and economic costs of mercury are
probably higher than currently estimated, because they
don't take into account mercury's impact on wildlife"
(Science Daily, http://www.sciencedaily.com/releases/
2006/08/060811191845.htm, accessed January 7,
2008).

The sources of mercury (Hg) in the environment
are not well understood and could have numerous
local, regional, and global sources. Local sources
could include natural background mercury in rock
formations, emissions from urban centers, automobile
exhaust, and coal combustion processes. Regional
sources could include coal-fired power plants, dust
storms, industrial processes, emissions from urban
centers, and forest fires. Global sources could include
coal-fired power plants, continental dust storms, and
volcanic activity. Human sources of mercury include
fossil fuel burning, waste incineration, landfills,
refineries, gold mines, cement and brick factories, and
chlorine production. Coal-fired power plants are the
largest human source of mercury emissions in the US,
and atmospheric deposition, which includes mercury
in precipitation and dry deposition, appears to be the

dominant source of mercury contamination in North
America (Norton and others, 1997). While mercury
deposition (mass per unit area) is important for the fate
and transport of mercury in aquatic ecosystems, high
mercury concentration (mass per unit volume) may be
more important for the reproduction of sensitive
amphibian species that reproduce in temporary ponds.

Mercury contamination is well documented in
water bodies of the United States (Evers and Clair,
2005), often triggering public health advisories. In
2008, there were 3,361 fish consumption advisories
due to mercury in lakes, rivers, and coastal areas
across the US. Most states, including Colorado and
New Mexico, have mercury fish consumption
advisories on water bodies (USEPA, 2008). In the
1990s, the US began regulating mercury emissions
from some sources, such as waste incinerators (but not
coal-fired power plants). This led to major reductions
in mercury emissions from 220 tons in 1990 to 115
tons in 1999 (USEPA, 1999).

Of all pollutants mentioned in the Clean Air
Act, mercury has the greatest potential to impact
human health (USEPA, 1997). Human health
concerns arise when fish and wildlife from mercury-
affected ecosystems are consumed by humans. The
greatest potential threat of mercury to human health is
conversion of inorganic mercury to highly toxic
organic mercury compounds such as methylmercury, a
neurotoxin that damages the central nervous system in
humans. Contamination of fish with mercury is the
most significant problem because this is the dominant
pathway of mercury to humans. In 2003, the Centers
for Disease Control and Prevention found that 8% of
women in the US of childbearing age have blood
mercury levels above those deemed safe by the US
Environmental Protection Agency (Shober, 2003). A
study by the Harvard Center for Risk Analysis
estimated that reducing power plant mercury
emissions by about 60% could result in up to 5 billion
dollars in annual health benefits (Rice and Hammitt,
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2005). Mercury also has toxic effects on wildlife.
Methylmercury exposure to aquatic birds, mammals,
and fish can result in reduced reproduction, slower
growth and development, abnormal behavior, and
death (Evers, 2005).

Mesa Verde National Park (Figure 1) represents
one of the most sensitive habitat types in the western
US where the pifion-juniper woodlands contain
wildlife species that are unique to the desert-mountain
transition zone. Amphibian species that reproduce in
temporary ponds are sensitive to changes in
environmental conditions such as deposition of
atmospheric  pollutants. Boreal toads, tiger
salamanders, chorus frogs, northern leopard frogs, and
wood frogs are particularly vulnerable. In the
southwestern corner of Colorado, south and west of
the San Juan Mountain range, fish from five reservoirs
have been tested for mercury and all five now are
listed for fish consumption advisories (McPhee,
Naraguinnep,  Totten, Vallecito, and Navajo
Reservoirs). Across the border in northwestern New
Mexico, nine water bodies have mercury consumption
advisories.  In contrast, eight reservoirs on the
northern and eastern sides of the San Juan Mountains
do not have fish consumption advisories for mercury
(CDPHE, 2010).

There are ten coal-fired power plants within a
200 mile radius from Mesa Verde National Park
(Figure 1). Two of these are located in San Juan
County, New Mexico, within 30 to 35 miles south of
the Park.  San Juan County is among the highest
emitters of mercury among all counties in the nation
(Environment Colorado Research and Policy Center
2005). Another power plant (Desert Rock) has been
proposed for San Juan County.

Mercury Monitoring at Mesa Verde
National Park

As part of the National Atmospheric Deposition
Program, Mercury Deposition Network
(NADP/MDN), a sampling site has been located at
Mesa Verde National Park since February 2002.
Annual volume-weighted mean concentrations for
Mesa Verde from 2002 to 2008 range from 9.7 to
17.6 ng/L (nanograms per liter), and are among the
highest in the nation. On July 8, 2002, a mercury
concentration of 129 ng/L (nanograms per liter) was
recorded in precipitation at the Mesa Verde MDN site.
At the time, this was the highest concentration of
mercury in precipitation ever recorded in the US. On
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April 11, 2006, a mercury concentration of 416 ng/L
was recorded in precipitation at the Mesa Verde MDN
site. Although the sample was flagged for the small
amount of precipitation during the event, this
represents by the far the highest concentration of
mercury ever recorded in precipitation in the US.
Mercury amounts in wet deposition, ranging from
3,300 to 7,000 ng/m? (nanograms per square meter)
annually for 2002-2008, are not as alarmingly high as
the concentrations due to the semiarid climate;
however, deposition amounts at Mesa Verde are
among the highest of western MDN sites.
Furthermore, dry deposition of mercury, which just
began to be measured at the MDN stations in
southwestern Colorado in 2009, could be high
compared to more humid sites, making the total
mercury input more than currently perceived. For
example, a study in New Mexico found that the total
deposition of mercury (including wet and dry) was 2.4
times greater than wet only (Caldwell and others,
2006). High concentrations of mercury in precipitation
are more widespread than just Mesa Verde National
Park.  Sampling of precipitation near Vallecito
Reservoir (50 miles northeast of Mesa Verde) has
indicated mercury concentrations as high as 72 ng/L
during 2007 (Durango Herald, October 25, 2007,
http://durangoherald.com/).

During 2009, a pilot study was conducted at

Mesa Verde by Mountain Studies Institute to
investigate mercury bioaccumulation in wetland
songbirds, terrestrial invertebrates (spiders,

centipedes, beetles), soil, leaf litter, and aquatic life
(fish and crayfish) (Nydick and Williams, 2010). The
pilot study collected limited samples of each group,
and there was much variability in the results due to
differences in species, setting, and trophic level. Total
mercury concentrations in blood samples from
songbirds were not unusually high compared to other
sites in the northeastern US. Given the semi-arid and
mountainous terrain of Mesa Verde, there appear to be
fewer avenues for mercury methylation and
mobilization (possibly due to fewer lakes and
wetlands); hence, there were elevated mercury
concentrations in soils, but there were not unusually
high mercury concentrations in songbirds or aquatic
life at Mesa Verde National Park.

During 2008-09, a regional study was conducted
by Mountain Studies Institute to investigate mercury
in precipitation and lake zooplankton at high-altitude
sites in the San Juan Mountains located northeast-of
and adjacent-to Mesa Verde National Park (Figure 1).
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Mercury concentrations in precipitation were lower at
higher altitudes than at Mesa Verde; however, because
of higher precipitation amounts, mercury deposition
was similar to Mesa Verde National Park (Nydick,
2010). Mercury concentrations in zooplankton were
variable, ranging from very low to moderately high.
The concentrations compare to other studies of
zooplankton in lakes in the Eastern and Midwestern
US. In general, higher zooplankton mercury
concentrations were associated with  forested
watersheds where lakes have higher dissolved organic
matter and moderate productivity leading to lower
dissolved oxygen and mercury methylation.

Purpose and Scope

The purpose of this study is to analyze existing
data to better understand the sources of atmospheric
mercury deposited by precipitation events within
Mesa Verde National Park. This critical information
can be used to provide comments on proposed new
sources of mercury emissions as well as proposed air-
pollution control technologies at existing emission
sources in the Four Corners region. This data and
information may be incorporated into the Park's
current planning efforts and will assist in the
development of environmental management strategies.

METHODS OF INVESTIGATION

The source of mercury in precipitation falling at
Mesa Verde National Park was investigated in several
ways. First, trend analyses were performed on time-
series data to indicate whether the mercury and other
constituents in precipitation are increasing or
decreasing over time. The trends also were compared
with the timing of implementation of pollution-control
technologies at existing sources. Second, regression
analyses and correlations were done comparing
mercury to existing major-ion data, and principal
component analyses were conducted to describe
correlations in the data (Keeler and others, 2006).
Third, back-trajectory analyses were conducted, which
allows tracking of air parcels backwards in time from
a set starting location (i.e., Mesa Verde National Park).
Single precipitation events were identified coincident
with data from 2002-08. Five to eight events per year,
stratified by season, were selected for back trajectory
and source modeling. Fourth, dispersion modeling
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was conducted on a subset of the single precipitation
events to "foreword-track” the estimated path of
mercury emissions from existing coal-fired power
plants. In dispersion modeling, the mercury is
transported along with the storm by atmospheric
dispersion, and the mercury is deposited in
precipitation by the rain-out effect (Seinfeld and
Pandis, 1998). Finally, back-trajectory and dispersion
results were used to estimate below-background
versus above-background mercury concentrations and
wet deposition at Mesa Verde National Park. The
approach for the source study includes the null
hypothesis which states that mercury concentrations in
precipitation have no relationship to where the storm
came from.

Data Sources. Precipitation data, mercury
concentrations in precipitation, and major-ion
concentrations in precipitation were obtained from the
following sources:

« National Atmospheric Deposition Program (NADP),
National Trends Network (NTN) --
http://nadp.sws.uiuc.edu/ntn/.

« National Atmospheric Deposition Program,

Mercury Deposition Network (MDN) --
http://nadp.sws.uiuc.edu/mdn/.

« National Oceanographic and Atmospheric Administration
(NOAA) Air Resources Laboratory, HYSPLIT model
download and users guide--
http://ready.arl.noaa.gov/HYSPLIT.php.

* National Oceanographic and Atmospheric Administration
(NOAA) Air Resources Laboratory, gridded model input
data for HYSPLIT --
ftp://arlftp.arlhg.noaa.gov/pub/archives/edas.

e Clean Air Status and Trends Network (CASTNET) --
http://www.epa.gov/castnet/.

« Environmental Protection Agency, Online Tracking
Information System (OTIS) -- http://www.epa-
otis.gov/echo/

The NADP sampling site has been located at
Mesa Verde National Park since April 1981, and data
are concurrent with the MDN samples from 2002 to
the present. Major-ion concentrations in precipitation
are available for calcium, magnesium, sodium,
potassium, ammonia, nitrate, chloride, sulfate, and pH.
Precipitation quantity and chemistry data were
tabulated and entered into Microsoft Excel and Access
data bases; and the data were imported into the S-
PLUS Statistical program.

Trend Analysis. Time series data for mercury,
major ions, and pH were analyzed for trend over time.
The Sen's trend (nonparametric slope estimator that
uses the Kendall tau; Helsel and Hirsh, 1992) was



determined for major-ion concentration and deposition
data. The significance level of o at 0.001 means that
there is a 0.1% probability that the values are from a
random distribution, and with that probability we
make a mistake when rejecting the null hypothesis of
no trend. Thus, the significance level 0.001 means
that the existence of a monotonic trend is very
probable (Helsel and Hirsh, 1992). The significance
level 0.1 means that there is a 10% probability that we
make a mistake when rejecting the null hypothesis
(Helsel and Hirsh, 1992). Generally, statisticians
require a significance level of 0.05, but 0.1 is often
considered marginally significant. The correlation
coefficient, sometimes also called the cross-
correlation coefficient, is a quantity that gives the
quality of a least squares fitting to the data. If the
variables are perfectly correlated, the R-squared value
(R2) equals unity or 1.0. If the variables are
uncorrelated, the R-squared value is zero.

Principal Components Analysis. All of the
mercury and major-ion data collected at the Mesa
Verde National Park MDN and NTN sites were
compared using principal components analysis (PCA).
PCA is a multivariate analysis technique (Daultrey,
1976; Joreskog and others, 1976; Grundy and Miesch,
1987). Principal components represent a set of new,
transformed  reference axes that are linear
combinations of the original variables; it is a
transformation of data, not a statistical treatment. A
principal components transformation orients the data
points so that the first of the new axes, principal
component 1 (PC1), is oriented along the direction of
the greatest variance in the data. The second principal
component (PC2) is orthogonal to PC1, and is oriented
to show the next greatest amount of variance in the
data. This is easy to picture in two dimensions. One
can imagine drawing a line that would go through the
two most distant points in a bivariate plot of data; that
would be the direction of PC1. It would be at some
angle to the original x and y axes, but any point along
the line could be described by a linear equation. PC2
would be drawn perpendicular to PC1, and it would
have its own linear equation. In multidimensional
space, each subsequent principal component is
orthogonal to the first two and represents a decreasing
amount of the total variance.

Typically, the first two or three principle
components show enough of the variance in the data
set to enable the recognition of groups among

samples; this is the advantage of using the method for
multivariate data. Samples are plotted by their PCA
scores, which are the coordinates of the original data
points on the new principal component axes. Adding
vectors representing the correlations of original
variables with the new principal component axes to
the plot of scores creates a biplot. The vectors help
identify variations in chemistry among the groups of
samples. For the analysis of all data, chemical
concentrations were converted to millimoles per liter
and wused in the Diplots after logarithmic
transformation.

Selection of Precipitation Events for
HYSPLIT Modeling. Weather events were identified
during 2002-08 where the mercury concentrations
from MDN samples were represented by single
precipitation events. Back trajectory analyses were
conducted on the single precipitation events to
indicate the source areas of mercury concentrations in
wet deposition at Mesa Verde.

Precipitation data were downloaded and plotted,
and single-storm events during 2002-08 were
identified (Appendix Al). Many single precipitation
events occur at Mesa Verde where the mercury
reported within a particular week can be associated
with a single storm event. The mercury data network
(MDN) site at Mesa Verde National Park is serviced
once a week (usually on Tuesday). For mercury
detections in precipitation that occurred during an
MDN-week, back trajectory of the single storm events
were traced using the back trajectory model. From the
tabulation of single storms, events were chosen for
each season spread throughout the year for a total of
55 events. Of these 55 events, we obtained conclusive
results from 47 as explained more fully below.

HYSPLIT modeling. The HYSPLIT (HYbrid
Single-Particle Lagrangian Integrated Trajectory)
model is a complete system written by the National
Ocean and Atmospheric Administration (NOAA) for
computing simple air parcel trajectories and complex
dispersion and deposition simulations (Draxler and
Rolph, 2003). Back trajectory analyses used gridded,
interpolated meteorological data to estimate the most
likely central path over geographical areas that
provided air to Mesa Verde National Park. The
method essentially follows a parcel of air backward in
hourly steps for a specified length of time. The
gridded meteorology data came from EDAS (Eta Data
Assimilation System), which is an intermittent
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assimilation system consisting of successive 3-hour
Eta model forecasts and Optimum Interpolation (OI)
analyses. Vertical motion was modeled using different
calculation methods such as omega field (height field),
isentropic (constant entropy), isosigma (simulating
orographic lift), isobaric (constant pressure),
isopycnic (constant density), and
convergence/divergence (convection).

Dispersion modeling was done on selected
events to help determine above- and below-
background mercury concentrations. The dispersion
of a pollutant was calculated by assuming puff
dispersion, where puffs expand until they exceed the
size of the meteorological grid cell (either horizontally
or vertically) and then split into several new puffs,
each with it's share of the pollutant mass (Draxler and
Rolph, 2003). The model's default configuration
assumes a 3-dimensional particle distribution
(horizontal and wvertical). The dispersion model
calculation method is a hybrid between the Lagrangian
approach, which uses a moving frame of reference as
the air parcels move from their initial location, and the
Eulerian approach, which wuses a fixed three-
dimensional grid as a frame of reference. From the
Environmental Protection Agency Online Tracking
Information System (OTIS), the annual mercury
emissions from the Four Corners Power Plant was
determined to be 590 Ibs/yr (about 30 grams/hour),
and the San Juan Generating Station showed an annual
mercury emission rate of 390 Ib/yr (20 grams/hour).
These emission rates were modeled as continuous
outputs during the simulation periods. Wet deposition
was included so that the mercury concentrations
decrease down wind due to the rain out effect.

Of the 55 single-storm events selected
(Appendix Al), inconclusive results were obtained
from seven simulations where different back
trajectories resulted from different vertical motion
options. For one single-storm event, data were absent
from the EDAS data file. Inconclusive results were
not used, which resulted in 47 successful back
trajectories used in the analysis.

Azimuth, an angular measurement in a spherical
coordinate system, was assigned to each back
trajectory. The vector from the origin at Mesa Verde
National Park to a point 50 miles along the trajectory
was measured by the clockwise horizontal angle
(ranging from 0 to 360 degrees) relative to the north
base line (or meridian).
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Determination of Background. Background
mercury  concentrations in  precipitation were
determined using a combination of methods. First,
azimuth of storm back trajectories were plotted
according to mercury concentration and deposition.
Second, the range of azimuthal directions for above
background samples were determined using the
HYSPLIT dispersion model for selected mercury
deposition events at Mesa Verde National Park.

Because the back trajectory analyses indicated
that higher concentrations of mercury tended to
originate from southern source areas, emissions from
the two large coal-fired power plants in San Juan
County, New Mexico, were used as source locations as
an additional method to help us determine background
concentrations. Samples sourced from within the
defined azimuthal range were ranked, and the 80th
percentile concentration (USEPA, 2002) was used to
select the background concentration.

MERCURY AND MAJOR-IONS IN
PRECIPITATION AT MESA VERDE
NATIONAL PARK

Trend Analyses

During 2002-08 at Mesa Verde National Park,
mercury was reported in 223 precipitation events. The
average event concentration was 24.65 ng/L, with a
standard deviation of 33.1 ng/L. The average event
mercury deposition was 188 ng/m2 (nanograms per
square meter), with a standard deviation of 210 ng/mz.
Mercury concentrations and deposition in precipitation
at Mesa Verde National Park appear to be increasing
slightly from 2002-08 (Figure 2). However, the trend
is not significant (o > 0.5), and the appearance of an
increasing trend may be caused by the variability of
mercury data and a few extremely high events (for
example, July 8, 2008, Hg = 381 ng/L). The mercury
concentrations show seasonal fluctuations; the dashed
lines in Figure 2 show a moving average of 10 days.

Concentrations and deposition of sulfate and
chloride in precipitation at Mesa Verde National Park
decreased from 1981 to 2008 (Figure 3). Nitrate
concentrations were variable, indicating no trend;
however, nitrate deposition decreased over the time
period with a marginally significant trend (o =0.1).
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Figure 2. Mercury concentrations and deposition over time at Mesa Verde National Park, 2002-08.
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Ammonia concentrations and deposition increased
somewhat significantly over the time period. Mean
pH values increased significantly (o = 0.05) during
1981-2008, and wet deposition of hydrogen ions (H*)
decreased significantly (o = 0.001) during the time
period (Figure 3).

Two coal-fired power plants are located in
northwestern New Mexico: Four Corners Power Plant
and the San Juan Generating Station (Figure 1). Air
pollutants such as sulfur dioxide (SO,), nitrogen
oxides (NOy), and hydrochloric acid are typically
emitted from coal-fired power plants, and these
emissions create acid rain (low pH), dissolved sulfate,
nitrate, and chloride in precipitation (Turk and others,
1993). Air pollution measures have been generally
implemented at these power plants in accordance with
the Clean Air Act amendments of 1977 and 1990.
From 1980 to 2005, sulfur dioxide and nitrogen oxides
have generally been reduced in emissions from these
plants (Figure 4). These emission reductions correlate
with the decreasing trends of sulfate, nitrate, and
chloride and increasing trend in pH in precipitation at
Mesa Verde National Park (Figure 3). However, air-
pollution control measures have not been implemented
for mercury, and this may explain the unchanging (or
possibly increasing) mercury concentrations and
deposition (Figure 2). Ammonia concentrations and
deposition at Mesa Verde appear to be increasing,
which may be caused by the treatment process to
convert nitrogen oxides to a different nitrogen form, or
the ammonia could be coming from agricultural
processes.

Principal Components Analyses

To describe sources of dissolved constituents in
precipitation at Mesa Verde National Park, principal
components analysis (PCA) was done on the 2002-08
precipitation  analyses combined from the
NADP/MDN and NTN data sets (Appendix A2).
Although the processes contributing to patterns might
not be described through PCA, different groups (or
sources) can be identified (Figure 5). The plot
indicates the similarities and correlations between
samples (Varmuza, 2001). Two distinct groups of
samples can be identified: (1) Sulfate, nitrate, and
mercury, and (2) terrestrial earth elements (Figure 5).
Sulfate, nitrate, and mercury are directly correlated in
the PCA analysis. These three constituents

individually have several possible sources, but their
correlation in Mesa Verde precipitation samples
provides strong evidence that their major source is one
they share in common, namely coal-fired power
plants.

Chloride samples plot between the terrestrial
earth elements and coal-fired power plants, indicating
that chloride in precipitation may come from both
sources. Ammonia samples plot above the coal-fired
power plants but away from the terrestrial earth
elements, indicating a possible connection to power
plants, but ammonia also may come from other
sources such as agricultural activities (fertilizers and
feed lots).

SOURCES OF MERCURY
CONCENTRATIONS AND WET
DEPOSITION AT MESA VERDE
NATIONAL PARK

Existing precipitation chemistry data were
combined with dispersion and back trajectory
modeling to describe the sources of mercury
concentrations and wet deposition at Mesa Verde
National Park.

Back Trajectory Analyses

Single precipitation events were selected by
examining the daily and hourly precipitation records
from the NADP and Castnet precipitation sites at
Mesa Verde National Park. Back trajectories were
modeled for 47 of these events (Appendix Al). All
back trajectory modeling results are shown in
Appendix B. The small, colored circles show the
back trajectory in one-hour increments, backwards in
time from when the mercury was deposited at Mesa
Verde (Appendix B). The azimuth of each storm track
from Mesa Verde was determined at 50-mile distance
before arriving at the MDN site.

The modeled storm events at Mesa Verde are
primarily influenced by weather from four major
storm tracks:

¢ (1) Eastern Pacific Ocean, where storms come in from
the southwestern US;

¢ (2) Pacific northwest (particularly during winter);

¢ (3) Monsoons (seasonal flow of moist air mass) from the
southwest that are affected by eastern Pacific tropical
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moisture (particularly during El Nifio-Southern Oscillation
events); and

* (4) Monsoons from the southeast that are affected by
moisture from the Gulf of Mexico.

From the back trajectory modeling, most of the
single-storm events came from the south, southwest,
or southeast. One single-storm event came from the
northwest, and another one came from the northeast.
In many cases, slow-moving storms (indicated by
closely spaced hourly circles) have higher mercury
concentrations than do fast-moving storms. For many
of the southerly tracks, back trajectories are “S-
shaped” as they approach Mesa Verde National Park,
allowing the accumulation of mercury and other air
pollutants as the storms meander along the San Juan
River Valley. Single storm events sourced from the
southern direction had the highest mercury
concentrations deposited in precipitation. Because of
this finding, we rejected the null hypothesis that the
concentration of mercury was unrelated to the
direction of the storm track. We then used dispersion
modeling to determine the geographical extent of
emissions dispersion from the two largest mercury
emission sources south of the Park. This geographical
extent was used to define above-background mercury
deposition events as described below.

Dispersion Modeling

Dispersion modeling was done on selected
events when mercury was reported in precipitation at
Mesa Verde National Park. The results from these
selected events were used to describe parameters for
determination of background mercury concentrations.
Using the Four Corners Power Plant and San Juan
Generating stations as starting points for discharge of
non-reactive mercury, dispersion was modeled where
wet deposition was included; therefore, mercury
concentrations theoretically decrease in a down-wind
direction due to rain out of atmospheric mercury. The
results of the HYSPLIT dispersion modeling show air
mercury concentrations (in grams per cubic meter,
grams/m3). The modeling results show that the
mercury plumes traveled from the power plant sources
to the receptor at Mesa Verde National Park
(Figure 6).

Superposition of the azimuth coordinate system
over the mercury deposition event of March 13, 2002,
the mercury impacting Mesa Verde is sourced from an
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azimuth between 130 and 220 degrees (Figure 6A).
Dispersion modeling of an event on July 4, 2002,
indicates the effects of the San Juan River Valley on
local trapping of air pollution, which resulted in a
mercury concentration of 126.37 ng/L at Mesa Verde
(Figure 6B). The simulations of May 15 and July 28,
2003, also show the sources of mercury deposition
coming from 130 to 220 degrees azimuth. Three other
dispersion simulations were done (July 11, 2002; April
14, 2006; and October 7, 2007), which are not shown,
and these simulations confirm that storms do not need
to pass directly over the power plants to affect mercury
deposition at Mesa Verde National Park.

Background Mercury Concentrations in
Precipitation

In order to determine background mercury
concentrations at Mesa Verde National Park, single
storm events were selected with azimuths ranging
from less than 130 and greater than 220 degrees. The
data are represented graphically in Figure 7. Single
storm events sourced from azimuth 130 to 220 degrees
have higher mercury concentrations and deposition at
Mesa Verde National Park than single storm events
coming from other directions. Eight-seven percent of
the wet deposition from the modeled events came
from within these azimuthal directions. Observations
of weather patterns in the western US show frequent
storms passing through Mesa Verde National Park
consisting of low-pressure systems that have a
counter-clockwise rotation (Figure 8). This storm
pattern provides a likely mechanism for transporting
mercury and other air pollutants from coal-fired power
plants in New Mexico to Mesa Verde National Park
and other locations in southwestern Colorado.
Atmospheric dispersion and pollution trapping in the
San Juan River Valley contribute to the dispersion and
deposition processes.

Below-background mercury concentrations were
ranked and soil background guidelines by the USEPA
(2002) were employed to select the background
concentration. The 80th percentile concentration of
the ranked data was used as a conservative estimate,
which yielded a background mercury concentration of
11.73 ng/L for the modeled Mesa Verde data set.
Extrapolated to all mercury concentration data during
2002-08 (Appendix A2), 64 percent of the mercury
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detections at Mesa Verde National Park were above
the background concentration of 11.73 ng/L.

Comparison of above- and below-background
concentrations and wet deposition (Figure 9) indicates
that the two populations from the modeled data set are
significantly different. Analysis of variance
(ANOVA) on the concentration data set shows a p-
value of 0.007 for untransformed data and a p-value
much less than 0.001 for log-transformed data (Figure
9) indicating that the above- and below-background
data sets are significantly different (Helsel and Hirsh,
1992).

Calculations were done to estimate the
percentages of above- and below-background mercury
wet deposition from the modeled events. Storm events
with mercury concentrations less than or equal to
11.73 ng/L were considered as below-background
events. For storm events with mercury concentrations
greater than 11.73 ng/L, the background portion of
total deposition was subtracted to determine the
above-background mercury deposition. For the 2002-
08 data, the annual above-background wet deposition
ranged from 54 to 84 percent (Table 1, Figure 10).
The mercury concentrations from 2004 appear to be
anomalously low compared to other years (Table 1).
Examination of the data in Appendix Al shows that
many of the mercury concentrations reported during
2004 at Mesa Verde National Park were low,
precipitation was high, and wet deposition was high.
During a rainy year, concentrations may be lower and
deposition may be higher. Conversely, during a dry
year, concentrations may be higher and deposition
may be lower.

SUMMARY AND CONCLUSIONS

Our investigation provides three lines of
evidence that together support the finding that sources
of mercury concentrations and wet deposition at Mesa
Verde National Park include coal-fired power plants
and background mercury concentrations.  First,
modeling of storm tracks from single precipitation
events indicate that the trajectories of storm events do
influence the concentration of mercury in precipitation
falling at Mesa Verde National Park. Higher mercury
concentrations tend to originate from the south
(azimuth 130 to 220), which is also the location of
mercury emitting coal-fired power plants in the Four
Corners region. Dispersion analysis confirmed that
emissions originating from these power-plants passed

over Mesa Verde National Park during several high
concentration mercury precipitation events. Second,
principle component analysis demonstrates that
mercury in Mesa Verde precipitation is correlated with
both nitrate and sulfate but not with terrestrial earth
elements like sodium and calcium. Nitrate, sulfate,
and mercury in atmospheric deposition individually
have several possible sources, but their correlation in
Mesa Verde precipitation samples provides strong
evidence that their major source is one they share in
common, namely coal-fired power plants. Third, trend
analyses indicate that sulfate, nitrate, and hydrogen
(acid) deposition have decreased over time with the
coincident implementation of Clean Air Act control
measures in coal-fired power plants. In contrast,
mercury control measures (an activated carbon
injection system) only just began to be implemented in
the San Juan Generating Station in 2008 (PNM, 2009),
yet mercury in deposition has not changed
significantly over this time. Together, these results
suggest that coal-fired power plants to the south of
Mesa Verde National Park are a significant source of
mercury deposited in precipitation at the Park. These
results are correlative, however, and we cannot
determine how much mercury originates from a
particular power plant. We also cannot rule out the
possibility that above-background concentrations of
mercury were already entrained in these storm tracks
prior to them passing over these nearby coal-fired
power plants.

Back trajectory modeling was done for single
precipitation events where mercury was reported at
Mesa Verde during 2002-08. Azimuth of the storm
tracks were determined for 47 of these events. Back
trajectories sourced from 130 to 220 degrees azimuth
were assigned the category of above background, and
the other trajectories were assigned a category of
below background. The 80th percentile of the below-
background concentration resulted in a background
mercury concentration of 11.73 ng/L (nanograms per
liter). Calculations show that the annual above-
background mercury deposition at Mesa Verde
National Park ranges from 54 to 84 percent of the total
deposition.  More than 60 percent of the mercury
concentrations reported during 2002-08 were greater
than the background concentration of 11.73 ng/L.
Backtrajectory modeling also shows that storm events
at Mesa Verde are influenced by weather from the
eastern Pacific Ocean, the Pacific Northwest,
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Table 1. Below- and above-background mercury deposition by year at Mesa Verde National Park
[ng/m2, nanograms per square meter]

Total H Below Above Annual Annual
. .g Background Hg | Background Hg | Percent Below | Percent Above
Year Deposition, . i
Deposition, Deposition, Background Background
ng/m2 . "
ng/m2 ng/m2 Deposition Deposition
2002 3,471 575 2,896 17 83
2003 5,151 1,357 3,794 26 74
2004 3,799 1,734 2,065 46 54
2005 4,561 1,363 3,198 30 70
2006 5,517 882 4,635 16 84
2007 6,708 1,232 5,476 18 82
2008 6,021 1,570 4,451 26 74
Average 74

BELOW- AND ABOVE-BACKGROUND MERCURY DEPOSITION BY YEAR AT
MESA VERDE NATIONAL PARK, 2002-08
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Figure 10. Above- and below-background mercury deposition by year at Mesa Verde National Park, 2002-08.
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monsoons from the southwest, and monsoons from the
southeast.

Principal components analyses were done which
developed correlations between major ions and
mercury concentrations in precipitation samples at
Mesa Verde. Different groups or patterns were evident
in the data, confirming that sulfate, nitrate, and
mercury come from the same source (most likely coal-
fired power plants). Chloride plots between the
terrestrial earth elements (calcium, magnesium,
sodium, and potassium) and coal-fired power plant
sources. Ammonia samples plot above the coal-fired
power plants but away from the terrestrial earth
elements, indicating a possible connection to power
plants, but ammonia also may come from other
sources such as agricultural activities (fertilizers and
feed lots).

During  1981-2008, concentrations  and
deposition of some major ions (such as sulfate and
chloride) decreased significantly. Nitrate
concentrations were variable; however, nitrate
deposition decreased with a marginally significant
trend. Acidity also decreased during 1981-2008; mean
pH values increased significantly, and wet deposition
of hydrogen ions (H*) decreased significantly. During
this time period, air pollution measures were
implemented at the two coal-fired power plants in
phased approaches.  These emission reductions
correlate with the decreasing trends of sulfate, nitrate,
chloride, and hydrogen in precipitation at Mesa Verde.
The relations between decreasing power plant
emissions and decreasing major-ion deposition
suggests that treatment of power plant emissions can
have a beneficial result, and mercury controls at these
plants would probably have a similar effect. PNM
projects an almost 90% decrease in mercury emissions
resulting from mercury controls installed at the San
Juan Generating Station by early 2009 (PNM, 2009).
Continued monitoring is essential to determine if this
power plant upgrade, and any additional changes in
emissions, will alter the amount of mercury emitted to
the environment in the Four Corners Region.

REFERENCES CITED

Caldwell, C.A., Swartzendruber, P., and Prestbo, E.,
2006, Concentration and dry deposition of mercury
species in arid south central New Mexico (2001-
2002): Environmental Science and Technology,

v. 40, p. 7535-7540.

Colorado Department of Public Health & Environment
(CDPHE), 2010, Water Quality Control Division,
Environmental Data Unit, Colorado Fish Tissue
Study, http://www.cdphe.state.co.us/
wag/fishcon/index.html, Accessed 9/1/10.

Daultrey, S., 1976, Principal components analysis:
Concepts and techniques in modern geography No. 8,
Institute of British Geographers, 50 p.

Draxler, R.R. and Rolph, G.D., 2003. HYSPLIT (HYbrid
Single-Particle Lagrangian Integrated Trajectory)
Model access via NOAA ARL READY Website
(http://www.arl.noaa.gov/ready/hysplit4.html):
NOAA Air Resources Laboratory, Silver Spring, MD.

Environment Colorado Research and Policy Center,
2005, Made in the USA: Power Plants and Mercury
Pollution Across the Country, http://www.
environmentcolorado.org/reports/madeintheusa.pdf.

Evers, D., 2005, Mercury Connections: The extent and
effects of mercury pollution in northeastern North
America: Biodiversity Research Institute, Gorham,
Maine, 28 p.

Evers, D.C., and Clair, T.A. (Eds.), 2005, Special issue
on biogeographical patterns of environmental mercury
in Northeastern North America: Ecotoxicology v. 14,
n. 1-2, p. 7-293.

Grundy, W.D., and Miesch, A.T., 1987, Brief
descriptions of STATPAC and related statistical
programs for the IBM personal computer: U.S.
Geological Survey Open-File Report 87-411-A, 34 p.

Helsel, D.R., and Hirsh, R.M., 1992, Statistical methods
in water resources: Elsevier, New York, 522 p.

Joreskog, K.G., Klovan, J.E., and Reyment, R.A., 1976,
Geological factor analysis: New York, Elsevier
Scientific Publishing Co., 178 p.

Keeler, GJ., Landis, M.S., Norris, G.A., Christianson,
E.M., and Dvonch, J.T., 2006, Sources of Mercury
Wet Deposition in Eastern Ohio, USA:
Environmental Science and Technology, v. 40, p.
5874-5881.

Norton, S.A., Evans, G.C., and Kahl, J.S.,1997,
Comparison of Hg and Pb fluxes to hummocks and
hollows of ombrotrophic Big Heath and to nearby
Sargent Mt. Pond, Maine, U.S.A.: Water. Air, and
Soil Pollution, v. 100, p. 271-286.

Nydick, K., 2010, Mercury in Precipitation and Lakes of
Southwestern Colorado: Mountain Studies Institute
Report 2010-02.

Nydick, K., and Williams, K., 2010, Final Report: Pilot
Study of the Ecological Effects of Mercury Deposition
in Mesa Verde National Park, Colorado: Mountain
Studies Institute Report 2010-01.

21
MountainStudies Institute
SAN JUAN MOUNTAINS, COLORADO




PNM, 2009, Energy for today and the future:
Environmental upgrades at San Juan Generating
Station. 2 page brochure,
http://www.pnm.com/systems/docs/sj-enviro-
upgrades.pdf, Accessed 9/6/10.

Rice, G., and Hammitt, J.K., 2005, Economic Valuation
of Human Health Benefits of Controlling Mercury
Emissions from U.S. Coal-Fired Power Plants:
Harvard Center for Risk Analysis.

Schober, S.E., Sinks, T.H., Jones, R.L., Bolger, P.M.,
McDowell, M., Osterloh, J., Garrett, E.S., Canady,
R.A., Dillon, C.F., Sun, Y., Joseph, C.B., and
Mahaffey, K.R., 2003, Blood mercury levels in US
children and women of childbearing age, 1999-2000:
J. Amer. Medic. Assoc., v. 289, p.1667-1674.

Seinfeld, J.H., and Pandis, S.N., 1998, Atmospheric
Chemistry and Physics--From Air Pollution to
Climate Change: John Wiley & Sons, Inc., New York,
1326 p.

Turk, J.T., Campbell, D.H., and Spahr, N.E, 1993, Use of
chemistry and stable sulfur isotopes to determine
sources of trends in sulfate of Colorado Lakes: Water,
Air, and Soil Pollution, v. 67, p. 415- 431.

U.S. Environmental Protection Agency (USEPA), 1997,
Mercury study report to Congress, Volumes I-VIII:
U.S. Environmental Protection Agency Report EPA-
452/R-97-003.

U.S. Environmental Protection Agency (USEPA), 1999,
Controlling Power Plant Emissions: Emissions
Progress http://www.epa.gov/mercury/
control_emissions/emissions.htm, Accessed 9/1/10.

U.S. Environmental Protection Agency (USEPA), 2002,
Guidance for Comparing Background and Chemical
Concentrations in Soil for CERCLA Sites: EPA 540-
R-01-003, OSWER 9285.7-41, September 2002.

U.S. Environmental Protection Agency (USEPA), 2008,
National Listing of Fish Advisories. 2008. General
Fact Sheet: 2008 National Listing. http://water.
epa.gov/scitech/swguidance/fishshellfish/fishadvisori
es/fs2008.cfmilisting, Accessed 9/1/10

Varmuza, K., 2001, Applied chemometrics--From
chemical data to relevant information: Proceedings of
the 1st Conference on Chemistry, Cairo University,
March 6-9, 2000, Cairo, Egypt.

22  Sources of Atmospheric Mercury Concentrations and Wet
Deposition at Mesa Verde National Park, Southwestern
Colorado, 2002-08



Appendix A -- Data Tables for Mercury, Major lons, and Precipitation

MountainStudies Institute
SAN JUAN MOUNTAINS, COLORADO

23



/T 'ST '€T/8 8E' VI €1'8 € 90°0€ €0/6T/8-€0/ET/8
Sinoy 7z %9eq ‘00:€2 £0/ZT/8 UnJ [9pON €002/2T/8 16°0S¢ €81 T 66'TS €0/2T/8-€0/9/8
¥/8 ‘€/8 8L'67T €€ @ 9€'GY €0/G/8-E0/0E/L
sinoy ZT 9. ‘00:00 £0/8¢/.L UnJ [9pOoN €002/82/L 8T'6ST €0¢C T €€'8L €0/62/.-€0/€C/L
€002/LT/L 99'/8 12T T €0'69 €0/22/L-€0/9T/L
T2'02'6T'8T/9 €1°2.C T8'€ 14 rTL €0/72/9-€0/8T/9
€002/82/S 18'67 TT'T T 18V €0/€/9-€0/82/S
€002/92/S €876 8.'T T YE'ES €0/12/5-€0/12/S
SInoy 9 39eq ‘00:80 £0/ST/S UnJ [SPON €00Z/ST/S SLEVT Zs'T T €76 €0/02/S-€0/7T/S
€002/S/S G220t 99°€ T G/'8¢ €0/9/S-€0/0E/Y
T2/E '02/E ST°0C S0'€ @ 199 €0/S¢/E-€0/6T/E
8T/E LT/ S0'GEE 2¢0'€E € 10T €0/8T/E-€0/CT/E
sinoy ¢ %9eq ‘00:80 £0/S/E UnJ [9PON €002/5/€ 85'6C GE'9 T k4 €0/TT/E-€0/S/E
2/E-92/2 e0'veT V€' LE S [4%3 €0/¥/€-€0/92/2
€002/52/2 ST'v6 8€'8 T €CTT €0/5¢2/2-€0/6T/C
8T/ 'vT/2 ¥0'CST €8'0C Z oA €0/8T/2-€0/21/C
sinoy g %deq ‘00:8T E0/0T/T Un |9poN €00Z/TT/T ¥6'LY 688 T 6€'S €0/7T/T-€0/8/T
LT 'T/T 8761 €0'C Z 856 €0/L/T-€0/T/T
2¢/ZT-8T/CT 60'8T S€9 14 G8'C 20/72/21-20/8T/CT
20/LT-9T/ZT uni |spoiN 2002/LT/2T 81',9 €E'S T S9°CT 20/LT/21-20/TT/CT
0€ '62 '22/0T TE'6T 759 € S6°C 20/€/2T-20/L2/TT
9¢ 'S¢ ‘ve ‘€2/0T 80°9.T 6S'TC 14 ST'8 20/62/0T-20/€2/0T
sinoy ¢ %9eq ‘'00:8T ¢0/LT/0T UnJ [SPON 200Z/8T/0T SLC TS0 T 44 20/22/01-20/9T/0T
¥/0T '€/0T €L'6T€ §/.'ST 4 €02 20/8/0T-20/2/0T
palioqge [apow ‘3]l 1dW ul Jou Z0/0E/6 10} eled 2002/0€/6 €E°6CT S0'€ T [A&44 20/T/0T-20/72/6
Sinoy ¢ X9eq 00:ST Z0/6T/6 unJ [SpoN 2002/6T/6 19'/2 K4 T 68°0T 20/72/6-20/L.1/6
¥T/6 '2T/6 ‘TT/6 8/'6€EC 76'LC € 858 20/LT/6-20/TT/6
6/6 ‘8/6 ET'TEE 1502 @ 6097 20/0T/6-20/€/6
2002/0€/8 €8'05¢ T9 T v’V 20/€/6-20/.2/8
2002/12/8 €128 S0'€ T 6°92 20/.2/8-20/TZ/8
€2/, '0¢2/L €5°0C€ 9297 4 T.6T 20/12/.-20/9T/L
sinoy g %oeq ‘00:8T 20/TT/L unl |SpoN 200Z/TT/L 67682 9C'vT T €SS 20/97/.-20/6/L
SINoY ¢ %9eq ‘00:€2 ¢0/y7/L UnJ [SPOIN L1L'vIL 6296 9.0 4 1€°9CT 20/6/.-20/€/L
8¢/v ‘9¢lv TL'T6 €€ 14 LL°)C 20/0€/v-20/ECly
Sinoy 7z %9eq ‘00:€2 20/9T/ Uni [9poN 2002/9T/v ¥/,°90C 18°€ T 92'vS 20/9T/¥-20/6/%
2002/8/v 805 6.¢C T SE'6T 20/6/7-20/ZIv
92/€ 'S/ 867 29’ @ 6'S 20/92/€-20/6T/€
sinoy 27 %%eq 00:8T Z0/¥T/€ Uni |[9SpoIN 2002/¥T/€ 7€' L0T T8'€ T 11'8C 20/6T/€-20/2T/E
2002/6/€ G5'CS TS'€ T 66T 20/2T/€-20/S/E
Sinoy ¢ 32eq 00-8T 0/6T/¢ UnJ |SpoN 200Z/6T/C 9.2 18°€ T vl 20/6T/2-20/2T/C
TE/ZT '0E/2T 2G'ST 26°0T Z T 20/T/T-10/92/2T
suswwoD areq zw/Bu wuw sAeq 7/6u A3
uo payiodal ‘uonisodag ‘uolrey dioald ‘uollelIuUadu0D
digaid ISTEIETN -d19aid 10 'ON AInossN
swu0)s a|buls ISUELE)
ajqissod ‘sjusns Aep-nin uoneyndioaid
Kep a)buis

[1e18W arenbs Jad sweiboueu ‘zZw/Bu ‘siaidwi|jiw ‘ww 4ay| Jad swesboueu 7/6u]

uonisodap Ainalaw pue ‘syunowe uoneydioaid
‘sjuane uolreldioald paeloosse ‘Mied [euolieN apJaA BSa|A Je suoljesiuasuod Aindsaw payoday TV 9|qeLl

Deposition at Mesa Verde National Park, Southwestern

24  Sources of Atmospheric Mercury Concentrations and Wet
Colorado, 2002-08



T2 '02 ‘6T ‘L1/2 SE'T0T ET'VC 14 44 G0/22/2-S0/9T/C
€T '2T '6/C 6T .E 66°0€ € T S0/ST/2-50/6/C
sinoy ¢ %deq ‘'00:9T S0/8/C UnJ [9PON S002/8/C 8899 20T T €6'€ S0/8/2-50/2/2
T/Z ‘1€ '82/T €1'G8 16°GC € 62°€ S0/T/2-50/92/T
€T ‘21T 22'99 €18 @ ST'8 S0/8T/T-S0/CT/T
TT'0T '6'8'9 'S/T GE'209 T9'vS 9 €0'TT SO/TT/T-S0/S/T
¥/T '0€ '62/2T 6ET.C 26'9¢ € 80°0T S0/¥/T-¥0/62/2T
sinoy ¢ %9eq ‘00:0T ¥0/8/CT UnJ [SPON 6 '8/CT LE9T 12T 4 68CT ¥0/¥1/21-70/8/CT
9 'G/eT TO'6T 95°€ 4 €'S ¥0/L/2T-¥0/T/CT
0€ ‘/2/TT 66'0C ¢s'T 14 /LET 0/0€/TT-¥0/S2/TT
sinoy g %9eq ‘00:20 ¥0/2Z/TT uni [9poiN 2¢ '12/TT 917'99 66T @ 9L°€ V0/¥72/TT-¥0/LTITT
¥T '0T/TT 6999 79'8 Z 22 ¥0/9T/TT-¥0/0T/TT
6'C/TT 8T'GET S6'TT 14 TETT 70/6/TT-¥0/E/TT
T/TT ‘0€ ‘6¢C ‘82/0T 69'CL Sy'ZT 14 78'S ¥0/2/TT-¥0/.2/0T
sinoy g %deq ‘00:9T ¥0/6T/0T unl _mno_z_ 7002/6T/0T €62 20T T 88'8¢ 70/6T/0T-10/ET/OT
¥ ' 'T/0T '0€ '62/6 1€'569 88'9S S 41 ¥0/5/0T-70/62/6
T2 '0C '61/6 67°60€ ST'SC € 62°CT ¥0/12/6-70/9T/6
9 'S/6 45144 8T'/¢C 4 79T ¥0/8/6-170/1/6
2¢ '0C '61/8 S0'8€ 62°C € 79'9T 0/¥2/8-¥0/8T/8
sinoy ¢ %9eq ‘00:6T ¥0/9T/8 unJ [9poiN 7002/LT/8 8E'GLT VAR T 9€'8€ ¥0/.T/8-¥0/TT/8
¥002/9/8 €E0TT 80'S T [48%4 ¥0/0T/8-70/7/8
Sinoy 8y %9eq ‘00:90 ¥0/6T/L UnJ [9pPOIN 7002/6T/L [AA4 K4 T 6.'8T ¥0/02/L-%0/¥T/L
S¢ ‘€219 19'€8 Tv'C 4 69'7€ ¥0/62/9-¥0/€2/9
©lep peojumop jou pjnod T/S '0E/Y 116 65°S 4 89T ¥0/v/S-¥0/82/v
ZT'TT'6 '8/¥ 65°¢CL 6T°CT 14 S6'S VO/ETIV-V0/LIV
S 'V 'Sy 98°96T Ly'Sy € [ X304 ¥0/9/¥-¥0/TE/E
SINoY ¢ %9eq ‘00:L0 ¥0/E/E UnJ [9poN 7002/E/E 88'6 €€ T 66°C ¥0/6/€-70/E/E
¥0/2/€-¥0/S2/C S0'6S 26°0T € 'S ¥0/2/€-¥0/S¢2/C
ve ‘€2 ‘el 00T SE'CC 14 8’y ¥0/¥2/2-¥0/8T/C
SInoy ¢ %9eq ‘00:L0 ¥0/S/Z Uni [9poiN 9's/e 9,721 €T'8 @ /ST ¥0/0T/2-¥0/v/2
¥002/T/C EEVC 6G°S T SE'Y ¥0/€/2-70/82/T
Sinoy ¢ %9eq ‘00:20 ¥0/S¢/T uni [SpoiN ¥002/S2/T €T°L 20T T 0L ¥0/.2/T-¥0/T12/T
7002/9T/T 8G'GC 18°€ T 1.9 ¥0/02/T-¥0/VT/T
¥ ‘€T 9T1'9€C 69°L2 @ €9'8 70/9/T-€0/TE/CT
6¢ '82/2T 229 VAR @ 70'vT €0/0€/CT-E0/V2/CT
€2 '22 'L112T GE'6 G20 € 'LE €0/€C/CT-E0/LT/CT
Sinoy ¢ %9eq ‘00:8T £0/8/ZT UnJ [9pPON €002/6/2T €E'9Y 18°€ T 9TCT €0/6/CT-€0/E/CT
vT '€T/TT 6018 9T 4 90'S €0/8T/TT-E0/ET/TT
sinoy g %deq ‘00:8T £0/0T/TT UnJ [9PON €00Z/TT/TT 8T €T 20T T 16CT €0/CT/TT-€0/S/TT
€00Z/E/TT 1809 95°€ T 62 7T €0/7/TT-€0/62/0T
S 'y ‘€/0T 8T°/SE ¥Z'ST € EV'€C €0/./0T-€0/T/0T
0T/6 Ly'0TC 76°LC @ €5°L €0/9T/6-€0/6/6
sinoy ¢ %9eq ‘00:8T £0/6/6 UnJ [9PON 8 'S/6 29'/€8 EV'EY @ 82'6T €0/6/6-€0/€/6
€002/62/8 99°29¢ 90T T 60'GC €0/2/6-€0/.2/8
72 ‘€2 ‘22/8 Ti'66S LE'ET © G9'GC £0/9¢/8-€0/02/8
SUETIT[e]le} areq zw/Bu ww skeq 7/6u MEETIY
uo pauodal ‘uonisodaqg |[‘reioy ‘dioaid| dioaid ‘uolrelIuadu0)
dioald BH JO 'ON BH apnaIN

panunuoo -- uonisodap AInoJaw pue ‘syunowe uoljeldioaid
‘sjuana uolreldioald pareldosse Mied [euOlleN apJaA BSIN e Suolieliuaduod Aindlaw palioday TV d|qel

25

satte

Mountain Studies In

SAN JUAN MOUNTAINS, COLORADO



22 '12/6 92ee EV'TT 4 GE€'0C 90/92/6-90/02/6
97T 'ST/6 V. '18T LCT 4 TEV1 90/61/6-90/7T/6
S '€ ‘26 29'9€€ 89'TT € 18'8¢ 90/5/6-90/0€/8
TC '9T/8 '¥9¢ 67'0T [4 €59°¢CE 90/22/8-90/9T/8
ST '6/8 2€'05¢ 12T 4 T,.'6T 90/5T/8-90/6/8
L'S'v'2/8 [44 4} 14 €0'8¢ 90/8/8-90/2/8
sinoy ¢ %d9eq ‘00:TZ 90/0€/L Unt [9PON 900¢/T/8 16221 €6'S T 9€'0S 90/T/8-90/92/L
900¢/€2/L 9€'ETC 29, T 8¢ 90/52/.-90/6T/L
1T ‘6/L €9'00€ ¥6'LC 4 9.°0T 90/TT/.-90/9/L
sinoy 9 39eq ‘00:ET 90/y/L UnJ [SPON 900¢/S/L fx4 190 T S'€S 90/5/2-90/82/9
9002/6/9 €2°65¢ S0'6T T 9€T 90/€T/9-90/L/9
9002/9T/S 28621 1S T 6€'8¢ 90/9T/9-90/0T/S
sinoy ¢ %9eq ‘00:€0 90/ST/y Unl [9PON 9T/¥ €¥'82S 8.0 T 8091 90/8T/7-90/2T/v
L9y ¥5'€6 [4334 4 99'T¢ 90/TT/7-90/S/v
/v '0€ '62/E 8L €T'vC € (443 90/¥/%7-90/62/€
8¢ ‘2e/E LC'€S K4 4 1602 90/82/€-90/22/€
0T '6 '8/ 1T°€82 £5°€C € '8 90/¥7T/€-90/8/€
Juswaaibe i jou 1ouise) ‘erep ou abeburels 4avN|  00:0T 90/2/€ 96°08 €€ T 2S've 90/./€-90/T/€
z'1e 199 20T 4 159 90/./2-90/1/2
12 'SelT S0°0L 26°0T 4 Tv'9 90/T€/T-90/S2/T
S002/02/T 19°8% 18°€ T 1.21 90/72/T-90/8T/T
2 'T/1 ‘6e/eT 96°09T S€'9 € ve'ae 90/€/T-50/82/2T
SInoy 2T %9eq ‘00:T0 SO/ET/ZT UnJ [3poN S00C/ET/CT ¥S'LE K4 T 8LV1 S0/€T/2T1-S0/L/2T
v ‘€T £€6°6€ 6.2 4 62 V1 G0/9/¢T-S0/0€/TT
ST 'CT/TT [4%:1% T 4 75'6€ GO/ST/TT-S0/8/TT
0€ '/2/0T GE'89 €€ 4 102 S0/T/TT-50/92/0T
02 '6T/0T G928 69'S 4 6L 71 S0/S2/0T-S0/6T/0T
S002/6/0T T19'T6€ Tve T G291 S0/¢T/0T1-50/S/0T
usayed wiojs bez-biz ‘uoiesuaduod moj ‘uonisodap ybiH 62 '82/6 12657 G205 4 1’6 S0/¥7/0T7-50/82/6
€2 '22 '12/6 26'T9T S€'9 € §'SC §0/.2/6-50/12/6
0T '6 '8/6 [AWA €TVe € 8'vT S0/V1/6-G0/L/6
S00¢/v/6 1862 8L'T T 89T §0/9/6-G0/T€E/8
sinoy ¢ %deq ‘00:0T G0/i72/8 Uni [SpoiN §S00¢/v2/8 6661 9.0 T 959 G0/0€/8-G0/€2/8
9T 'ST 'vT ‘2T '0T/§ 68°'8ES 8E¥C S X414 S0/97/8-S0/0T/8
L 'S/8 9/°59¢ 62'8T 4 02 S0/6/8-G0/E/8
92 ‘velL 2L'92y 8,1 4 144 §0/92/.-50/02/L
2T 'TT ‘0T/9 ¥6'GE 12T € €8¢ S0/¥71/9-50/8/9
sinoy ¢ %deq '00:8T SO/E/9 Unt [9PON S002/v7/9 eV vyl 99 T 18'TC §0/./9-G0/T/9
8'9 'v/S ¥9'9€T 99 € 69'0C S0/0T/9-S0/v/S
€ '2/S ‘62ly T9°€TC 9Y'6¢ € rA S0/€/5-G0/9¢/v
sinoy 'z %deq ‘00:9T S002/Sg/y und [apoN S¢ ‘vely G€'8¢¢ S'T€ T S’ §0/S2/¥-50/02/v
9/v ‘TE/E 8'€8 §8'9 4 [444% G0/L/¥-SO/0E/E
sjuane dioaid z ‘uni jou |9pon 5002/9z/€ 69221 €718 4 TL'ST S0/62/€-50/€2/€
TZ ‘02/E S0Cy 26°0T 4 S8'€ S0/22/€-S0/9T/E
8¢ '9¢ 'S¢ ‘e ‘€2/Y 8575 688 S ¥1'9 S0/T/E-G0/€2/C
sjuswwo) areq zw/bu wuw skeq 7/6u R EENNY
uo pallodal ‘uonisodaq |[‘re1o1 ‘dioaid| dioaid ‘uoleIIUBIU0D
dioaid BH J0 "ON B6H aASIN

panunuoo -- uoisodap Ainalaw pue ‘syjunowe uoljeydioald
‘S1UaAd uolreldidald pareloosse yied [euUOITeN dPJaA BSIN e SU0ITeliusduod Aindjaw palloday "IV a|qel

Sources of Atmospheric Mercury Concentrations and Wet
Deposition at Mesa Verde National Park, Southwestern

Colorado, 2002-08

26



8¢2'GZ've/T 6697 ST'.LT &) .2 80/62/1-80/22/T
L'9'S/T G/'2ST v, Ly € Z'€ 80/8/T-80/T/T
SInoy 7z %9eq ‘00:0T L0/TZ/ZT Uni |9poiN S¢ '81/2T 29'€ G20 T 9CvT 10/S2/21-L0/6T/CT
TT ‘0T ‘6 '8 '2/2T TLV6T ¢0'€E S 68'S L0/TT/CT-L0/S/CT
v'€'2/let 78’ TVT 96’7y &) ST'E L0/¥/2T-L0/82/TT
9 'S/0T Yy vSc 9T @ 6'GT L0/6/0T-L0/€/0T
sinoy g %deq ‘00:€0 L0/2/0T un |9poN 1002/2/0T 20°0€ 12T T 79°€C 10/2/0T-20/92/6
S¢ 'vel6 16°S0€ 81'.¢C 4 SC'TT 10/52/6-L0/6T/6
8T 'LT/6 4541 90'% 4 121y 10/81/6-L0/21/6
1002/9/6 80'8¥ 8L'T T 70°LC L0/TT/6-L0/S/6
v '¢/6 SG'TYC 1T, @ 96'€€ 10/v/6-2.0/62/8
sinoy ¢ 39eq ‘00:GT L0/.¢/8 uni |[9poN 1002/.2/8 69'G9 8€'8 T €8°/ 10/82/8-20/22/8
LT '9T/8 T6°CLT E30) @ 9€'2S 10/12/8-L0/ST/8
1002/¥7T/8 66'670T 1992 T LE'6E L0/¥T1/8-L0/8/8
9'S'v'e'C 18 98°009 26'9C 9 B4 10/1/8-L0/T/8
T€E ‘0E/L ¢S 18V EV'TT @ [A%4% LO/TE/L-L0/SC/L
T2 ‘02 '6T/.L 60°9.5 ¥6'.C € T19°0C 10/¥2/L-L0/8T/L
sinoy ¢ 32eq ‘00:60 L0/¥7/L uni |9poN L002/LT/L T9°L0V €6 T E€8'EY L0/LT/L-L0/TT/L
2aubesip eyep abebuled| 00:6 L0/0T/. ¥0'66E €9'S T 28'0L L0/0T/L-L0/¥/L
L002/ET/9 T0'9S €€ T 96'9T L0/6T/9-L0/ET/9
ve '€2/S 7’66 8L°LT @ 6S'S 10/62/S-L0/€2/S
TZ ‘0C ‘8T ‘LT ‘9T/9 96'.¢C 6T°CT S leR44 10/22/S-L0/9T/S
L002/¥T/S 7'y 150 T S'T8 L0/ST/S-L0/6/S
9'€'2/S L0°LET 88'€C € v.'S 10/8/5-20/2/S
wb1dy W 00§ ‘sinoy ST X9eq ‘00:ZT L0/ZT/y Uni [9PON L00Z/ETIY LT°9.T 7’6 T /.81 L0/LTI¥-LO/TTIV
1,002/0T/¥ 65, €€'9 T VSvT L0/0T/v-L0/vIv
L002/T/v 88'6T €€ T 20’9 L0/Elv-L0/82/€
S¢ 've ‘2elE TO'E8T 7'6 € L7'6T 10/L2/€-L0/TC/E
sinoy ¢ 39eq ‘00:0T L0/9/€ uni [9poiN 1002/6/€ 9G°9T¢C 65'S T S/'8€ LO/ET/E-LO/LIE
L002/T/E 15’62 K4 T 79'TT 10/9/€-20/82/C
1002/02/2 [4°h4 9.0 T €6'S 10/02/2-L0/¥1/Z
€T '2T/e GC'CET L6ET @ 9’6 LO/ET/C-L0/LIC
1002/2/2 AN SE'9 T 61°€ 10/9/2-L0/ET/T
sinoy g %deq ‘00:20 L0/TZ/T uni |9poN 1002/12/T 808 90'% T 66T L0/€2/T-L0/LT/T
vT 'CT/T TS'€9 98'9 4 92'6 L0/9T/T-L0/0T/T
0€ '62/2T 89°0€ 76'TT @ LGC L0/2/1-90/L2/2T
9002/02/2T 29CT ST T 8¢'8 90/92/21-90/02/2T
sinoy ¢ %9eq '00:T¢ 90/6T/ZT UnJ [SPON 8T/CT 162 LE°L T S6°€ 90/6T/21-90/ET/CT
2T 'T1/2T 89'6€ [4384 4 676 90/2T/21-90/9/2T
900Z/62/TT 2269 S0'€ T 1,22 90/5/2T-90/62/TT
SINoY g 9. ‘00:ET 90/8¢/TT Uni [9poN 9002/8Z/TT 70°€6 6.°C T €'€e 90/8¢2/T1-90/22/TT
9002/ET/TT '0€ 9G°€ T 958 90/ET/TT-90/8/TT
9002/8T/0T 881, 8T'TT T L9 90/72/01-90/8T/0T
Wi0)s 1Sej ‘sinoy g %9eq ‘00:¥T 90/LT/0T Uni [SpoN 9002/.T/0T 81'G8¢ 66T T €0'6T 90/.T/0T-90/TT/0T
0T ‘6 ‘8 ‘L '9/0T 16°9€S ET°0F S 8E'ET 90/0T/0T-90/¥7/0T
sjusWwWoD areq zw/bu wuw skeq q/6u REETIY
uo panodal ‘uonisodaqg |[‘reioy ‘dioaid| dioaid ‘uolelIuddu0)d
dioald bH 10 "ON BH aABIN

panuiluoo -- uonisodap AIndJaw pue ‘sjunowe uoleldioaid
‘sjuana uolneldioaid paleIoosse ‘yied [euOolleN 9pJaA BSIIA Je Suollelluaduod Ainolaw palloday TV a|gel

27

satte

™

Mountain Studies In

SAN JUAN MOUNTAINS, COLORADO



8¢'/Lc'9z'se've'se £0°'59¢ 98'8€ 9 289 80/T€/¢1-80/22/CT
Sinoy ¢ %9eq ‘00:GT 80/8T/ZT UnJ [3poN 61'8T 29'v6 66 7T 4 €9 80/22/¢1-80/LT/CT
9T'ST'6 T.'8L 18'GE € 6T°¢C 80/.1/2T-80/6/2T
8'c . '87€ 19°0T 4 69°C€ 80/6/21-80/2/2T
62'82'/¢ €8'G8 ¥9'v2 € 8r'€ 80/2/2T-80/S2/TT
sinoy ¢ »%deq ‘00:0T 80/S/TT uUnt [9PON S 7€' EGT 20T T T0'6 80/CT/TT-80/¥/TT
sinoy ¢ %deq ‘00:6T 80/2/TT Unl [9pON S/TT 817'6¢ 12T T 60'TE 80/¥/TT-80/82/0T
9'G'T 20602 12T 14 Tzt 80/./0T-80/0€/6
8¢',2'92 20'S8 8L'T € Z8'Ly 80/0€/6-80/€2/6
ZT'TT'0T T.0.T [43%4 € £G'6€ 80/91/6-80/6/6
>99Mm e 28'8.¢ 26°9¢ 9 SE0T 80/2/6-80/5¢/8
SZ'6T £6°989 8T°9T 4 I &A% 80/52/8-80/6T/8
8','9's €0'61T €6, 14 6181 80/21/8-80/S/8
S-¥/8 ST'¥0C 6C € 67°0L 80/5/8-80/62/L
12'92'52'se 8T v61T Lv'0v 14 169 80/62/.-80/22/L
T2'02'9T'ST 9'96¢ 85, 14 €€°2S 80/22/.-80/ST/L
sinoy ¢ »%deq ‘00:9T 80/7T/L Unl [9PON 47 88'GST 85’y T 20'vE 80/ST/.-80/8/L
sinoy g %deq ‘80/0¢/9 uni [3pPoN €/L 99281 610 T 7' 18E 80/8/L-80/T/L
9/9 16'T9 19 T ST0T 80/0T/9-80/€/9
Ge've'ee ,°08T ELVT € 9cCT 80/.2/5-80/02/S
0T'6'L 9Lv6 9T € TT°6S 80/ET/S-80/9/S
0T'6/7 1926 €98 4 €L°0T 80/ST/7-80/8/7
sinoy ¢ %deq ‘00:0T 80/TT/E Unl [9PON TT/€ TE'ET /T2 T 7,°0T 80/8T/€-80/TT/E
G2'€e'ee' 12 6T €GTLT S.T 14 8'6 80/92/2-80/6T/C
Jayyeam p|od ‘saibesip ejep abeburey 6T/ 2L'€S S9'E T €LYT 80/61/2-80/2T/C
¥'€'2/2' TE'0E'62/T £1°6G 92'TT 9 S2'S 80/9/2-80/62/T
sjusWW oD areq zw/Bu wuw sheq 7/6u REETNY
uo pauodal ‘uonisodaq |[‘relo1 ‘dioaid| dioaud ‘uolelIuadu0)d
dioald 6H 10 "ON BH aAaIN

panuiuod -- uonisodap AIndsaw pue ‘syunowe uoineldioald
‘sjuana uoleldioald pareldosse yjled [eUOIlEN apJaA BSSN Je Suolfesiuaduod Ainoljaw payoday TV a|qel

Deposition at Mesa Verde National Park, Southwestern

28 Sources of Atmospheric Mercury Concentrations and Wet
Colorado, 2002-08



€18 Scv 'S 867 | 9.°CT 1S°T ¥2'0 | 200 [ TS0 | 200 | €000 | €00°0 | €000 | €00 | ¥002/0T/Z | +002/E/2 | 660D
6S'S £'08¢ VT 79'v EEVC GE'V ¢€0 700 ve'c €2'0 | €T0°0 | S00°0 | L00°0 T0 002/€/C 002/.2/T | 660D
18°€ 0ctT S'8 S6'7 89'GC 1.9 cT0 900 ¢St 170 100 | ZEO'O | 2000 | ¢T°0 | ¥002/0¢C/T | ¥00Z/ET/T | 660D
69,2 | 6911 L€ S9'S |9T9gC | €S58 2e0 | 6200 | 250 70 | #7100 | 2000 ] 100 | 8T0 ¥002/9/T | €002/0€/2T | 660D
1SV 7'0CT 1€ G8'S 2ev9 vO'vT 1€0 20’0 820 /0’0 | 8000 | €T0°0 | L00°0 T'0 | €002/0€/CT | €002/€2/CT | 660D
18°€ /L'96T 9’9 £8'S €91 9T°¢T 260 700 6°0 ¢¢’0 | /200 | 9200 | L2000 | €E¥'0 | €00¢/6/CT | €00¢2/2/cT | 660D
9T 9'880T 43 Ly'S 60'T8 90'S 20 200 | T€0 T0 | #00°0 [ 2T0°0 | SO0'0 | 90°0 | €002/8T/TT | £002/2T/TT | 660D
c0'T T'€9 2'S S'S 8T'ET /6°CT 10 80°0 8T'T 6T°0 | 8TO'0 | ZT00 | ZTO'0 | 8T'0 | €002/CT/TIT | €00Z/¥/TT | 660D
9G'€ EvEC 9'€T /89 1809 6CvT GE'T 0 95°¢C /90 | TOTO | 2ZT0 | 1600 | ZT'T €00Z/V/TT | €002/8¢2/0T | 660D
¥Z'ST | ¥'220T STT 6V |8TLSE| EV'EC 20T | 900 | 85T | S¥'0 | 8T0°0 [ 8T0°0 | 6T0°0 | 22°0 | €002/2/0T | €002/0E/6 | 660D
¥6°.C 2681 9'C 19'S | L¥'0T¢C 1A G20 €00 92’0 70 /T0'0 | 8000 | ¥T0'0 | 80'0 | €00Z/ST/6 €002/6/6 | 6600
16'SY | V'IVTE 9 GZ'S | 29'/€8 | 8261 G50 600 /190 8T°'0 | SS0°0 | ¢T0°0 [ 6T00 | ST'O £002/6/6 €00¢/2/6 | 6600
190T | 2°/89 0T TS'S 99292 | 60°SC 9.0 | 200 | €22 | ¥9°0 | €T0°0 [ TTO0 | TEO'0 | 9€°0 €002/2/6 | €002/9¢2/8 | 6602
/E'€C | S'€09T 8'CT v,.'9 | IV'66S | S9'GC ITT 900 9,'T T2'0 | 7200 | 9900 | 600 ST €002/9¢/8 | €002/6T/8 | 660D
8L'T ovT S'6T 8’9 18'61 18'vY V.1 /T°0 [4°K4 G0'0 | 8TT'0 | €800 | LET'O | ¢8¢C €002/2/9 €002/.2/S | 6600
9G'€ 7'8vc 2'0C 6€L | G2'¢0T | S.'8C 70 cT'0 €90 800 [ 2800 | ¥ZT'0 [ 89T'0 | €E€€ €002/9/S €002/62/v | 6600
S0'€ 2'S8T x4 T9'% ST'0C 199 9€'0 100 250 8T°'0 | €00°0 | €000 | L000 | #¥0'0 | €002/S2/E€ | €002/8T/E | 660D
¢0'eE | ¥'6STC €9 €1'S | S0'SEE | ¥T0T 950 200 j44°) 9T'0 | €T00 | ¥00°0 | TTO0 | 60°'0 | €00Z/8T/E | €00Z/TT/E | 660D
GE'9 £'G8¢ 8 GS'S 856 S9'v €10 ST'0 STT 900 | STOO | ¥TT°0 [ 9200 | TE'0 | €00Z/TT/E €00¢C/€/E | 660D
VE'LE | V' LVET 6'L 8y | E0VCT 4% 25’0 900 L0 900 | G€0'0 | €TO0 | TO'0 ¢T0 €002/€/€ £€002/5¢2/2 | 6600
8€'8 2'0vS 8'9¢ ov'L ST'v6 €CTT 1€T /T°0 T 800 | LZTT'O | €€°0 [ ¥0C0 | ET'V | €002/S¢/C | €002/8T/C | 660D
€8'0¢C | €EVET 8'¢ 68'S | ¥0'¢ST €L c€0 00 S0 9T'0 | €000 | €T00 | €T00 | S2'0 | €002/8T/C | €002/TT/C | 660D
68'8 '/9S L9 76’V v6' LY 6€'S 7’0 100 50 /0’0 | S00'0 | €000 | €00°0 | €0°0 | €00C/¥T/T €002/L/T | 6600
€0'¢C VET 8'L 44 8761 85'6 120 /00 JARA 10 200 | 6T00 | 6200 | 850 €002/L/T | 2002/1€/CT | 660D
GE'9 70Ty V'S €6'S 60'8T G8'¢C 9¢'0 cT’0 STT €10 | Z¥0'0 | 6¥0°0 | €00 9%'0 | ¢00¢/¥Z/cT | ¢00¢/LT/CT | 660D
€€'S X444 S'€ 19'S 8¥',9 G9°CT 920 80°0 950 900 | ¢50°0 | 6TO0 | STO'0 | 8T'0 |<200Z/LT/ZT | 00Z/0T/CT | 660D
59 ' 0vS €8 88V 16T G6'C S0 €00 88'0 /0’0 | 900°0 | ZT0°0 | S00'0 | 60°0 | 200¢/€/CT |2002/92/TT | 660D
6S'TC | €TLVT €€T G6'v | 8091 ST1'8 €T 80°0 T €70 | 9500 | ZTO0 | 6T00 | TZ'0 |<2002/62/0T | c002/12/0T | 660D
G/'GST | 6'GS0T S'ET 67’9 | €EL6TE €0C LET €0 LT'T ¢v'0 | 92’0 | S¥0°0 | 8900 T 2002/8/0T | 200Z/T/0T | 660D
v6°,C | V'ESLT v 6E€'S | 8L'6EC 8G'8 6€°0 20’0 7’0 JT'0 | €00°0 | 8000 | SO0'0 | €0°0 | 2¢00¢/LT/6 | 200Z/0T/6 | 660D
/S°0¢ | 8'80CT S'8 ¢6'S |ET'TEE | 6091 10T 700 10T S0 9T0'0 | TEO'O | 2200 €0 2002/0T/6 2¢00¢/€/6 | 6600
S0'€ T0TC 89T 70'L €128 6'9¢ .0 9T'0 9'T T80 | ¢80°0 | €500 | €900 | S9'T 200¢//2/8 | 2002/02/8 | 660D
9¢'9T | T EETT 2’6 82'S | €9°0C€ | TL'6T T 700 8€'T ¢€0 | 8700 | 9500 | €EE0'0 | 6€°0 | 2¢00¢/€2/L | 200¢2/9T/L | 660D
9/.°0 x4 689 8.9 6296 | LE9CT 8¢9 780 | 6G°0T | T9¢C | SS€0 | 9TS0 | S¥'0 8L'S 200¢/8/L 2¢00¢/T/L | 6600
6.2 1902 T'ST 209 80'vS | SE6T 4 910 | ¥8¢ | 60 | 2TT°0 | SOT'O [ TOTO | ZT'T 2002/6/7 2002/2/ly | 6602
29, 1'22S 6'€ 9 861 6'S 2’0 20’0 Zv'0 ¢T'0 | STO'0 | ¥00°0 | LTO'O | 22°0 | 200¢2/9¢/€ | 200¢Z/6T/E | 660D
18°€ 8 VT €0¢ 189 | ¥€.0T | LT1'8C 680 7’0 1€°€ €€'0 | T¢€0 | ¥60°0 | v¥T'0 | 95°¢C 200Z/6T/E€ | ¢002/CT/E | 660D
95°€ ¥'Z6T ¥'02 9C'L G525 | 6671 850 | 600 | ¥80 | T2'0 | 9¥0°0 [ STTO | €9T°0 | S6'C | 2002/2T/E | 200Z/S/E | 660D
18°€ 6'€9¢ €9 09 9'/¢ vl 8¢°0 S0°0 S.°0 JT'0 | €80°0 | ¥T0'0 | 2200 | €€°0 | 2¢00¢/6T/C | 200¢Z/CcT/C | 660D
¢6'0T | 2199 €S 0'S CG'GT T 80°0 100 /S0 ¢0'0 | €000 | €000 | €000 | TO'O ¢00¢/T/T | 1002/9¢/2T | 660D
ww qw wo/sn n's zw/bu 7/6u /6w | /6w | /6w | Bw | /6w | 6w | /6w | /6w HO 8red uQ sred |diLus
‘doaid| ‘jon  [‘puod geTf‘geq Hd |'de@ BH|0uod BH| ‘vOS | 10 | ‘€ON | ‘PHN | ‘BN | ‘BN ‘ed
a|dwes

80/0€/2T 0} TO0Z/T/T :8buey area 6600 Al NS

[umouys 1ou a1e eyep palosuad pue syaam uonenddaid-uoN]

xdse ejepupwy/erep/npa-onin'sms-dpeuy/:dny ‘(NQW) 1omeN uonisodaq Aindisin

xdse-erepuiu/erep/npa-onin'sms dpeu//:dny ‘(NLN) 3I0MISN SpualL [euoiieN

(davN) weiboid uonsodaq osuaydsowsy [euoneN :S921N0S

[s1a12Wi)IW ‘wiw ‘siayjiw “Jw f481ewnuad Jad suawaisoidiw ‘wo/sn

{S)uN prepuels NS ‘Jdrew asenbs Jad sweiboueu ‘zw/Bu fiay) Jad sweiboueu 7/6u sy Jad swelbijiw 7/6w]

80-T00Z 4ed [euoljeN apJaA essiy 1e

sa|dwes uoneldioaid 10j santadoid Jarem pue ‘uonisodap pue suoIRIIUSIUO0D AINJJdW ‘SUOITRIIUSOUO0D Uol-10fe|N "2V 3|gel

29

MountainStudies Institute

SAN JUAN MOUNTAINS, COLORADO



GE'9 9€¢ °0C ¢T', 196°09T | ¥€'SC 9¢8'0 | 600 | 2¢66°¢ | 80E'0 | ¢0T'0 | ¥80°0 | ZTT°0 | ¥2L'C | 900C/E/T | S00¢/L2/ZT | 660D
K4 16 6°CT €9'Y 7S'LE 8LvT ¢S50 | €90°0 | 2€8'T | 820°0 | 6TO0 | €20°0 | 8TO'0 | SLT'0 | SO0Z/ET/ZT | S00Z/9/ZT | 660D
6.C 166 6'CT 189 £6'6€ 62T 82,0 | 6¥T°0 [ 287'T | TT0 | STT'0 | 82T'0 [ 800 8E'T G002/9/¢T | S002/62/TT | 660D
€€ €0€C '8¢ 1424 GE'89 1'0C 6¢€'¢ | 91T0 | S0C'€ | ¢T¥'0 | ¥80°0 | T20'0 | 6E0°0 | €S0 | SO0Z/T/TT | S00¢/S2/0T | 660D
69°'S C'TGE 9'8 c0'S G9'¢8 6.vT ¢G9'0 |1 8900 | 9820 | ¢T¢'0 | €00 [ ZTO'0 | 600°0 | ¥60°0 | S002/SC/0T | S00Z/8T/0T | 660D
Tve | ¥'evvl 8 JT'9 | T9T6E | S29T /90 | T¥0'0 | €50 | T¥T'O | 9200 | ZT0'0 | S€0°0 | ¥8€'0 | S00Z/CT/OT | S00Z/¥/0T | 660D
G2'0S | Z'€clE /'8 T0'S | LZ'6SY 716 ¥00'T | ¥90°0 | T¢8'0 | T9¢'0 | 9€0°0 | ¢T0°0 | ¥TO'0 | €8T'0 | SO0Z/¥/OT | S00Z/.2/6 | 660D
GE'9 6°98¢ 8'6T 89'v | 2¢6'19T G'GC €62°C | Y10 9'¢C €09°0 | ¢60°0 | 9200 | 90°0 | €190 | S00¢//2/6 | S00¢2/0Z/6 | 660D
€TV 90971 6'CT L'y ¢T'/S€ 8T G/6'0 | S¥0°0 | 98T'T | ¥9¢'0 | ¥TO'0 | 800'0 | 6000 | TT'0 | SO0Z/Y1/6 G002/9/6 | 660D
8EVC | €EVVT LT 89V | 68'8ES K44 9¢0'T | TS00 | 64'T | S¥¢'0 | 600°0 | 800'0 | 6T00 | ¥2T°0 | SO0Z/9T/8 G00¢/6/8 | 6600
6¢'8T | V' VTT €6 S6'v | 9.°99€ 0¢ ¥€.°0 | TSO'0 | 8EC'T | ¢6¢°0 | ¥T0'0 | T20'0 | 9TO'0 0 5002/6/8 §00¢/2/8 | 6600
8/.°LT | 9¢SCT 1T 88tV | ¢L'9cV 144 6750 | 60T°0 | L¥'T | €€C°0 | G200 | /80°0 | 8TO'0 | 812’0 | S00Z/9¢/L | S00Z/6T/L | 660D
12T 8'T8T €8T 10'S 76'GE £'8¢ 9€v'¢ | ¥¥2'0 | €T6°C | €EEY'0 | 621°0 | ¥OT'O | 80T'0 | ETT'T | SO0Z/YT/9 S00¢/L/19 | 6600
9’9 6°987 8 VT V9 | eV VYT | L8'T¢C YEV'T | 81S°0 | 9v¥'T | G870 | T¥E'0 | ¢80°0 | 60T°0 | ¥6T'T S002/L/9 S00¢/TE/S | 660D
99 6°0SY S'CT 6y | ¥9'9€T | 69°0C 9S1'T | ¢0T0 | TT8'T | ST¥'0 | 6S0°0 | T¥0'0 | 8€0'0 | €2¥'0 | SO0Z/0T/S S00¢/€/S | 660D
9v'6¢ | ¥'6,0C S G9'S | T9'ETC GZ'L 87’0 | 6€0°0 [ T9'0 | 89T'0 | 9200 | 600°0 | LTO'0 | 602°0 | SO0Z/E/S §00¢/s¢/y | 6600
S'TE | €/LE1¢C 8'€ Sv'S | §€'8¢¢ GZ'L 16€0 | 9100 | T¢€0 | TZ00 | TO'O | ¥00'0 | TO'O | Z¥T'O | SO0Z/S¢/y | SO0Z/6T/¥ | 660D
8'9 144 44 T/, 8'€8 444" 7560 | TET'0 | S2'T | SO00 | €8T°0 | €T'0 [ 89T'0 | S99'€ | S00Z/9/¥ S002/62/€ | 6600
€T'8 €'05¢ VLT /SV |169/¢T | TL'ST GSY'T | STTO0 [ 68T | TTZ'0 | €800 | 900°0 | 2€0°0 | 6T€'0 | SO0Z/6Z/€ | S00Z/2Z/€ | 660D
¢6'0T | 9'Sv. '8 67 k44 G8'€ /¥/.'0 | S20°0 | €690 | ZST'0 | €T00 | ¥00'0 | 8000 | €60°0 | S00Z/¢C/€ | SO0Z/ST/E | 660D
68'8 805 61T 1SV 8575 19 /080 | 900 | €25°T | S91°0 | €TO'0 | 8€0°0 | 900°0 | €200 | S002/T/€ | S00¢/¢Z/Z | 660D
€TV 9¢ST 1’8 LV | SE'T0T 44 /8€'0 | 8000 | ¥#2°0 | 900 | ¥00°0 | TOO'O | 200°0 | 20'0 | SO0Z/¢Z/¢ | S00Z/ST/C | 660D
66°0€ 99GT 9'¢C 6C'S 6T'.E C'T €800 | 800°0 | ¢6T°0 | 200°0 | ¥00'0 | ¢00°0 | TOO'0 | BOO'O | SO0C/ST/C S00¢/8/¢ | 6600
20T 028 68 8L 88'99 €6'¢ /870 | LEO'O | 9860 | 2T°'0 | 200 | €000 | ¥00°0 | LEO'O | S002/8/C S002/1/2 | 6602
/6'SC 9611 10T .V €7'G8 62'€ 81’0 | 800'0 | G¢0'T | SZT'0 | €00°0 | ¢00°0 [ TOO'0 | ¢20°0 | SO0Z/T/C S002/5¢/T | 6600
€T'8 V'€LS Z'9 cL'9 22’99 S1'8 /9%'0 | 980°0 | ZES'O | 9¥0°0 | ¢¢0°0 | 2900 | SO0 €8'0 | S00¢/8T/T | S00¢/TT/T | 6600
T9'7S | 8'TT0€ T, Z¢8v |S€¢09 | €0'TT | 6S€0 | T#O'0 | ¥¥9°0 | ¥0'0 | 8000 | 200°0 | €000 | S€0°0 | SOOC/TT/T S002/7/T | 6602
26'9¢ | L'0T9T 6'€ T19'S |6€T.C | 800T ¢S¥'0 | SE0°0 | v¥'0 TT'0 | ¥20°0 | ¥TO'0 | TEO'O | 29T°0 | S00Z/¥/T | ¥002/82/2T | 660D
99°¢ L'TST 9'8T i 1067 VE'S /¥'0 | T90°0 | 8¢'¢C 90'0 | TT0'0 | ¥€0'0 | Z00'0 | 800 | ¥00¢/L/CT | ¥00Z/0E/TT | 660D
ST 189 2’6 167 660C | LLET 97’0 [ ¥900 | S6'T | 200 [ €200 | ¥20'0 [ €0°0 | 9€°0 |+002/0E/TT | ¥002/¥2/TT | 660D
66T | TT./.8 a4 197 9%'99 9/,'€ €0 | €500 | 6S'T LT°0 20’0 | €20°0 | 8000 T'0 | ¥002/¥2/TT | ¥00Z/9T/TT | 660D
79'8 8'Svy €0T 8’V 6999 cL'L G9'0 | ¢¢T0| 90T ¢C¢’'0 | ¢€0'0 [ T60°0 | 900°0 | SO0 | ¥002/9T/TT | ¥002/6/TT | 660D
S6'TT | 869 S'S 'S 8T'GET [ TETT S9'0 [ 6200 ] 250 | T20 | 100 | 6000 [ 2000 | ET'0 | ¥002/6/TT | ¥00Z/Z/TT | 660D
S¥'Z¢T | €09 L'€ 9v'S 69'CL ¥8'S T€0 | 990°0 | 9€°0 70 1200 | 600°0 [ 9000 | 600 | ¥002/2/TT |¥002/92/0T | 660D
20T 188 S'.T Ve, 7€'6¢ 88'8¢ 96T | 8.0 | 82'¢C €5°'0 | 80¥'0 [ T80'0 | 90T'0 | TS'T | ¥002/6T/0T | ¥002/CT/0T | 660D
88'GS | €'899¢€ 6 /8% |L€669 | vyl 790 [ 2500 ] 680 | 9T°0 [ 8600 | 8000 [ TTO0 | TT'0 | #002/S/OT | ¥00Z/82/6 | 660D
ST'GC | 8'6/,9T 1'6 6’7 6160 | 62°CT ¢0'T | 8900 | €8°0 20 2S00 | €T0°0 | 6TO0 | T2'0 | ¥002/TZ/6 | ¥00Z/ST/6 | 660D
8T',¢ | 2°29.T €T TT°L |2T9vy | TV9T €60 | 610 | ¥6'0 .20 | €60°0 | 9¥0°0 | 860°0 ST 002/8/6 002/T€/8 | 6600
6C'C V'OVt L 16°S S0'8€ 79'9T 150 [ 9200 | 2¢€'T 7’0 T€0'0 | 200 | ¢E00 | 6€0 | ¥00Z/¥Z/8 | ¥00Z/LT/8 | 660D
1SV £'98¢ | x4 JZV |8EGLT | 9€'8€ ¢rT'¢ | 1,00 | 2¢0°€ 6¢'0 | ¥20'0 | S¥0'0 | 9¥0°0 | 8¥'0 | ¥002/LT/8 | ¥002/0T/8 | 660D
80'S 'EEE 1T 80'S | EEOTT | ¢L'1¢ 180 | ¥0€'0 | S¢'C ¢€0 | 690°0 | ¢€2°0 | ¢S0°0 | ¥S'0 | ¥002/0T/8 00¢2/€/8 | 660D
7S¢ 9L, €671 98'S cL'ly 6.'8T 86'T 2’0 96'v S6°0 cT’0 600 | ¢¢T0| €C'T 002/0¢/L | ¥002/CT/L | 660D
69'S 4513 G'8T 1T°. 116 89T 20T 0 1€'T 120 2’0 G800 | ¥ET'0 | S¥'C ¥002/v/S ¥002/.2/v | 660D
6T°¢CT | ¥'ZZ8 €6 V6’V 65°¢CL G6'S 990 20’0 cT'T ¥¢'0 | €T0°0 | 900°0 | TO'0 70 ¥002/ET/V 002/9/y | 660D
LV'Sy | €VSTE 9'¢C 8.'S |9896T 13304 9T'0 100 8¢°0 /00 | ¢T0°0 | TO0 | 8000 | TT'0 002/9/¥ 7002/6¢2/€ | 660D
¢6'0T | €€09 9, 60'S S0'6S 'S S6°0 €10 S0 LT°0 100 S0'0 | 6T00 | 8T0 002/2/€ 002/v2/C | 660D
GE'¢CC 9VST 9'9 96t Z'00T 8Y'v /€0 90°0 .0 80'0 | €€0°0 | 2000 | 800'0 | 60°0 | ¥00¢/¥¢/C | ¥002/LT/C | 660D
ww qw woy/sn n's zw/bu 7/6u /6w | /6w | /6w | 76w | /6w | 6w | /6w | 76w #0 8red uQ ered | dlsus
‘dwaid|  ‘joa  ['puoD qeTf‘ge’ Hd |'de@ BH|[Duod BH| ‘vOS [ ‘1O | '€ON | ‘VHN | ‘BN Y ‘BN ed
a|dwes

Deposition at Mesa Verde National Park, Southwestern

Colorado, 2002-08
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30 Sources of Atmospheric Mercury Concentrations and Wet
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Appendix B -- Maps Showing Back Trajectory Modeling Results
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