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FOREWORD 

The work was conducted for the Maryland Department of Natural 
Resources Power Plant Research Program (PPRP) by Frontier Geosciences, 
Inc. and the University of Maryland Center for Environmental Science 
(UMCES) Chesapeake Biological Laboratory as subcontractors to 
Environmental Resources Management, Inc. (ERM) under ERM’s contract 
with PPRP, Contract No. #PR95-053-001. 
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ABSTRACT 

This report presents the results of an ambient mercury (Hg) deposition 
monitoring study conducted by the Maryland Department of Natural 
Resources Power Plant Research Program (PPRP).  The sampling was 
conducted in western Montgomery County, Maryland in the vicinity of 
the coal-fired Dickerson Generation Station owned and operated by 
Mirant MidAtlantic, LLC and the Montgomery County Resource Recovery 
Facility (RRF).  Coal-fired power plants and municipal waste combustors 
(MWCs) are recognized as significant sources of mercury emissions.  The 
focus of the experiment was to measure the difference between upwind 
and downwind Hg wet deposition during distinct rain events near the 
two types of combustion point sources.  Dry deposition samples were 
collected also.  To help interpret and support the Hg data, additional 
specific trace metals (methyl mercury, cadmium, lead, nickel, zinc, 
chromium, arsenic, and selenium) as well as chloride, sulfate and nitrate 
in the rainwater samples were determined. 

Substantial increases in dry deposition of particulate and reactive gaseous 
Hg were identified in down-gradient locations within one kilometer of the 
sources.  During the second event, winds were stagnant and wind 
trajectories were observed over 180 degrees.  As a result, a comparatively 
weaker deposition gradient was observed for this event.  However, in 
both dry deposition events, annualized scaling of deposition indicates 
high regional source contributions.  

Wet deposition events initially analyzed only Hg deposition, and later 
major ions and metals were analyzed to attempt to identify source signals 
from the two local sources.  The initial wet deposition event yielded a 
significant concentration gradient between up-gradient and down-
gradient monitoring locations.  The up-gradient concentration was greater 
than a factor of three compared to Hg concentrations at down-gradient 
locations.  In addition, sampling of precipitation in areas receiving 
throughfall confirmed that higher concentrations could be expected where 
throughfall washed dry deposition from the tree canopy.   

This study presents an initial presentation of localized effects of 
combustion emissions on Hg deposition in Maryland.  However, several 
aspects of Hg deposition were not characterized by the current study: the 
sampling locations were too close to the sources to capture all of the local 
deposition, and local wind conditions often caused the proposed up-
gradient sampling station to be downwind.  The fact that there were two 
point sources of Hg, with different stack heights, within the study area 
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also complicates the data interpretation.  Thus uncertainty is associated 
with these items and their impact on localized estimates of deposition in 
Montgomery County in the vicinity of the sources.  Performing a similar 
study with monitoring locations further from the sources would help to 
address some uncertainties.  Local wind conditions were also sometimes 
quite different than conditions at the regional monitoring locations.  If 
additional sampling were performed radiating in all directions, instead of 
biasing samples in the prevailing downwind direction, it is likely that 
adequate numbers of down-gradient samples could be collected in each 
sampling event. 
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1.0 INTRODUCTION 

1.1 OVERVIEW AND OBJECTIVES 

In the late 1990s, the Maryland Power Plant Research Program (PPRP) 
initiated Phase I of a series of projects related to better characterizing the 
fate and transport of mercury (Hg).  In Phase I, PPRP sponsored a unique 
in-stack mercury speciation study using state-of-the-art sampling and 
analytical techniques.   Sampling was conducted at what is believed to be 
two of the most significant types of anthropogenic sources of mercury—a 
coal-fired power plant (Mirant Mid-Atlantic’s Dickerson Generating 
Station) and a municipal waste combustor (the Montgomery County 
Resource Recovery Facility RRF, located adjacent to Dickerson).   

In this Phase II project, PPRP conducted an ambient mercury sampling 
study in the vicinity of the Phase I facilities to allow further evaluations of 
the impact of mercury emissions.  The goal of the project was to collect 
upwind and downwind wet and dry deposition samples in the vicinity of 
the Dickerson and RFF facilities and analyze those samples for species of 
Hg (and other compounds) to evaluate further the influence that relatively 
large combustion sources have on mercury levels in the environment. 

Frontier Geosciences, Inc. (FGS) and the University of Maryland 
Chesapeake Biological Laboratory (CBL), serving as subcontractors to 
ERM, PPRP’s Atmospheric Sciences Integrator, completed the field and 
analytical work for this Phase II project. 

1.2 BACKGROUND 

The study and regulation of mercury (Hg) is a national and North 
American priority.  Of the 189 chemicals required for study by the 1990 
Clean Air Act Amendments, only mercury was singled out for intense 
study summarized in EPA’s comprehensive Report to Congress on 
mercury, "Mercury Study Report to Congress"  EPA-452/R-97-003, 
December 1997.  A North American Regional Action Plan (NARAP) for 
mercury was completed by the Commission on Environmental 
Cooperation in 1999 (CEC - US, Canada and Mexico).   

Mercury exposure to wildlife and humans is primarily through the 
aquatic food chain where mercury bioaccumulates by up to factors of a 
million.  The primary source of mercury to sensitive aquatic ecosystems is 
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via atmospheric transport and deposition.  The EPA Mercury Report 
states that "of the estimated 144 megagrams of mercury emitted annually 
into the atmosphere by anthropogenic sources in the United States, 
approximately 87% is from combustion point sources and 10% from 
manufacturing point sources” (EPA 1997).  Four specific source categories 
account for approximately 80% of the total anthropogenic emissions: coal-
fired utility boilers, municipal waste combustion, commercial/industrial 
boilers, and medical waste incinerators.  

The EPA Mercury Report suggests that there is "… a plausible link 
between mercury emission from anthropogenic combustion and industrial 
sources and mercury concentrations in air, soil, water and sediments." 
However, they acknowledge that "… an apportionment between sources 
of mercury and mercury in environmental media and biota cannot be 
described in quantitative terms with the current scientific understanding 
of the environmental fate and transport of this pollutant."  One reason that 
a quantitative linkage cannot be made is due to the "lack of adequate 
mercury data near mercury sources."  This field investigation was 
undertaken to determine the important local atmospheric deposition 
pathways. 

Coal combustion and municipal waste incineration are known to emit 
significant fractions of total mercury in the water-soluble oxidized form of 
mercury (Hg II) (Prestbo and Bloom 1995).  Furthermore, as a plume cools 
it is likely that emitted inorganic mercury (Hg II) will condense on co-
emitted particulate matter (Imhoff, 1996).  Rain falling through a coal 
combustion and/or municipal waste incinerator plume is expected to 
wash out inorganic mercury (Hg II) and particulate mercury efficiently 
and close to the source (Pai et al. 1996; Seigneur 1996).  

Recent Static Plume Dilution Chamber (SPDC) studies, including PPRP’s 
study in Montgomery County, Maryland, indicate that emitted inorganic 
mercury (Hg II) is rapidly dry-deposited to the walls.  During simulated 
rainwater SPDC runs, the inorganic mercury (Hg II) fraction present in the 
fluegas was readily removed to the aqueous phase.  However, there 
appeared to be a trend toward conversion of inorganic mercury (Hg II) to 
elemental mercury (Hg0) over time, which would be expected to decrease 
the fraction of mercury, removed locally.  

Furthermore, the above assumptions about mercury speciation emissions 
and washout may not hold true.  For example, there may be reduction of 
inorganic mercury (Hg II) to elemental mercury (Hg0) in the plume 
(Munthe 1991) and scavenging of inorganic mercury (Hg II) may be 
diffusion limited (Campbell and Zankel 1993).  In this case, no statistical 
difference in upwind versus downwind signal may be observed.   
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Also, the absolute amount of local mercury deposition by direct plume 
washout will be limited to the amount of time that it rained locally.  Thus, 
even if event-based measurements showed that downwind mercury 
deposition were statistically greater than upwind sites, to determine the 
significance of this over an integrated time period of a year would require 
the application of a sophisticated plume model that takes into account the 
number of rain events, plume directional changes and other important 
factors.   

This study was designed to determine if significant gradients in mercury 
wet and dry deposition can be observed very near point sources of 
mercury emissions.  Since the point sources for this study were located 
within 1 km of each other, it was not possible to determine which source is 
responsible for the observed Hg deposition patterns.  The utility of this 
study was to show that gradients in Hg wet and dry deposition near point 
sources can be observed and further studies using this one as a framework 
will be important to determine the fate of mercury from these sources. 

1.3 PRECIPITATION SAMPLING 

1.3.1 Meteorology and Siting Criteria 

In order to do event-based deposition sampling on a set grid, historical 
and real-time meteorological data were employed.  Sampling only 
occurred after prior, sufficient air mass ventilation and an expected 
incoming cyclonic frontal system that produced constant rain over a large 
area for a short time (<24 hours).  There are excellent historical reports 
(PPRP) and internet meteorological databases 
(e.g., www.arl.noaa.gov/ready/hysplit4.html) that were used to locate 
sampling sites and forecast when samplers were deployed.  The siting 
plan presented below was optimized, as new meteorological data became 
available. 

1.3.2 Sample Site Location and Type 

The sampling grid included 18 wet-deposition samplers: 3 upwind (>5 km 
from sites), 12 downwind (0.2-3 km from sites), and 3 duplicates, 5 
throughfall samplers: 2 upwind and 3 downwind, and 3 dry-deposition IX 
membrane plate samplers (1 upwind, 2 downwind) (Figure 1).  The total 
number of collectors per event was 23 wet or 3 dry depending on the type 
of event sampled.  The throughfall sampling sites were designed to 
evaluate whether there were upwind versus downwind differences in an 
integrated wet and dry deposition signal.  In addition, two wet-deposit 
field blanks per event (10% of total samples) and one dry-deposit field 
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blank were collected per event.  Field blanks were generated by pouring 
double deionized water through the funnels in the field or by loading the 
blank filter to the filter plate in the field.  Sampling sites were selected 
based on a preliminary site visit.  Based on historical meteorological data, 
storms were expected to arrive from the south, southwest during the 
springtime.  Therefore, actual location of the sites depended on the initial 
site visit, and refined meteorological information.  

Figure 1 Sample Locations for wet and dry samplers surrounding the Mirant 
Dickerson Power Plant. 
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Note:  Red circle represents the Montgomery County Resource Recovery Facility. 

1.3.3 Sampler Description 

Dry deposition samples were collected using a passive system consisting 
of an ion-exchange membrane mounted on an acrylic holder.  By using an 
ion exchange (IX) filter membrane (Gelman), mounted on a trace-clean 
Plexiglas plate, PHg and RGM settle or adsorb so that dry deposition can 
be measured directly.  At Frontier Geosciences, we have shown 
experimentally that elemental Hg (Hg0) does not absorb to the IX 
membrane, even at Hg0 concentrations of 20 ng/m3.  A picture of the dry 
deposition setup is shown in Figure 2.  A downward-facing IX filter 
membrane was also deployed, under the assumption that very little PHg 
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would collect on this surface.  The expectation was that the upward-facing 
IX filter membrane would have a higher loading of mercury than the 
downward-facing IX filter membrane, with the difference being attributed 
to PHg. 

Figure 2 Ion exchange (IX) membrane deployment on a trace-clean Plexiglas plate.  
This IX membrane is used for the direct measurement of the dry 
deposition rate of the combination of PHg and RGHg.  For event D2, an 
IX membrane was mounted as shown (upwards) and also one facing 
downwards to collect only RGHg 

 

Wet-deposition samples were collected in ultra-trace metal free 
polyethylene funnels and 1-liter Teflon bottles mounted in a vertical PVC 
pipe (as illustrated in Figure 2.).  The bottle was charged with 20 ml of a 
1% solution (v/v) of HCl to preserve both MMHg and total Hg (Vermette 
et. al. 1995).  As shown, the bottle is enclosed in the PVC tube to minimize 
any photochemical reactions and external contamination of the sampler. 
The funnel and 1 liter bottle combination allow for a maximum of 16 cm of 
rain per event to be collected.   
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Figure 3 Wet-deposition sample collector. 

 

The major ion collectors consisted of a poly funnel (bottle with bottom 
removed) connected to a 1 L poly bottle.  The bottle was wedged into a 
PVC pipe which acted as a stand.  The design was similar to that used in 
PPRP projects in western Maryland.  The major ion funnels and bottles 
were cleaned in a multi-step protocol that was similar to that used in 
western Maryland, and at other sites around the Chesapeake Bay.  Major 
ion concentrations in water samples were analyzed according to EPA 
laboratory methods appropriate for monitoring surface water quality in 
acid deposition studies (EPA 1986).  Closed (for stream water) and open 
pH (for wet-deposition and throughfall) were measured with an Orion 
(Model 611) pH meter, using a two point (4 and 7) calibration, and quality 
control check (QQCS) solutions (pH = 4 and/or 5) to verify calibration.  
All major ions, except Ca+2 and Mg+2, were measured using a Dionex DX-
500 ion chromatograph, equipped with electronic conductivity suppressor 
and a computer-based data acquisition system.  Calcium and Mg+2 were 
analyzed by inductively-coupled plasma atomic emission 
spectrophotometry, or ICP-MS, if necessary. 
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1.3.4 Sample Analysis and QA 

Samples were analyzed for total mercury, methyl mercury, cadmium, 
lead, nickel, zinc, chromium, arsenic, and selenium. Samples received the 
following attention at the laboratory: 

• Upon arrival, the samples were checked for accuracy against the 
chain of custody or equivalent paperwork.  

• Bottle weights were measured in order to determine total sample 
volume.  

• The samples were split (by weighing) into fractions for analysis.  

• Total mercury and methyl mercury were analyzed by cold vapor 
atomic fluorescence detection (CVAFS) after appropriate sample 
pretreatment (EPA Methods 1631 and 1630, Bloom 1989; Horvat et. 
al. 1993).  

• The trace metals cadmium, lead, nickel, zinc and chromium were 
analyzed by ICP-MS using a HF/HNO3 digestion for total 
recoverable metals.  

• In order to achieve the lowest detection limit, arsenic and selenium 
were analyzed by hydride-generation AFS in the HF/HNO3 digest.  

• Duplicate samples at three sites were collected to determine overall 
precision for each analyte in the laboratory, SRMs, matrix spikes, 
reagent blanks, system blanks and duplicate analyses were 
performed. A sufficient number of quality assurance measurements 
were made in order to provide a high level of confidence in 
estimates of accuracy and precision. 

The focus of the experiment was to measure the difference between 
upwind and downwind mercury wet-deposition during distinct rain 
events near combustion point sources.  In addition, by measuring 
throughfall at a few sites, integrated wet+dry mercury deposition 
differences may be quantified.  In order to help interpret and support the 
mercury data, additional specific trace metals in the rainwater samples 
were determined.  Table 1 outlines the number of events, the analytes 
measured for each event and the analytical method description. 
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Table 1  Schedule of analytes versus events for wet-deposition (3 upwind, 12 
downwind, 3 duplicate), dry deposition (1 upwind, 2 downwind) and 5 
throughfall sampling site locations 

Analyte Method ~MDL Event 1 Event 2 Event 3 Event 4 Event  5 

Total mercury (Hg) EPA 1631 0.1 ng/l X X X X X 

Methyl mercury 
(MMHg) 

EPA 1630 0.005 ng/l   X X X 

Throughfall Hg EPA 1631 0.1 ng/l X X X X X 

Cadmium (Cd) EPA-1638 Mod 5 ng/l   X X X 

Lead (Pb) EPA-1638 Mod 10 ng/l   X X X 

Nickel (Ni) EPA-1638 Mod 20 ng/l   X X X 

Zinc (Zn) EPA-1638 Mod 50 ng/l   X X X 

Chromium (Cr) EPA-1638 Mod 50 ng/l   X X X 

Arsenic & Se (As) FGS SOP-059 20 ng/l   X X X 

Chloride (Cl-) IC ~   X X X 

Nitrate (NO3-) IC ~   X X X 

Sulfate (SO4-) IC ~   X X X 

 

As shown in Table 1, the first two events measured only total mercury. 
The results from these first two events were generated from the laboratory 
using a quick turn around time in order to evaluate remaining sampling 
events. The last three events will include analyses for mercury, trace 
metals and major anions.  
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2.0 RESULTS 

Results of the sampling events have been prepared as separate sections.  
The following sections present both the sampling approach and data 
analysis for each of the sampling events. 

2.1 DRY SAMPLING EVENT 1 D1 

2.1.1 Description 

Due to a lack of rain events in the summer of 1999, the project turned to 
the measurement of the dry deposition rate of mercury.  event D1 was 
designed to measure the dry deposition rate of the combination of 
particulate (PHg) and reactive gaseous mercury (RGHg) at a few select 
locations near the power plant and waste incinerator.  The purpose was to 
observe any gradients in dry deposition and attribute those to the point 
sources based on meteorology. 

The samplers were deployed on 6/23/99 at 1210 EDT and recovered on 
6/24/99 at 1426 EDT.  The membranes were unloaded in the field and 
placed in trace clean Teflon vials.  In the laboratory the IX membranes 
were digested using a 5% (v/v) solution of 0.2 N BrCl in double deionized 
water.  Analysis was by cold vapor atomic absorption spectroscopy 
(CVAFS) following the guidelines in FGS SOP-069.   

2.1.2 Event D1 Results 

The results of analysis, including the quality assurance values, are 
summarized in Table 2.  A dry deposition rate is calculated from the blank 
corrected ng/filter value using the exposed surface area and the exposure 
time.  The dry deposition rates observed in this study are within the range 
reported by Lindberg et al. and Stratton (1999).  The relative location and 
dry deposition rates are illustrated in Figure 4.      
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Table 2 Summary results of IX filter membrane dry deposition data and 
calculated rates 

 

 

 

 

 

 

 

 

 

 

 

 

Sample Id Description ng/filter Blank 
Correct 
ng/filter 

Sample 
Minutes 

PHg + RGHg 
Deposition 
ng/m2/day 

D1-DIXA IX filter- River Site 5.49 2.27 1508 58 

D1-DIXG IX filter- Grass Site 12.30 9.09 1505 234 

D1-DIXW IX filter- West Site 9.00 5.78 154 145 

      

Field Blank  Id Description ng/filter 

D1-DIXW-IXLB Field Load Blank 3.08 

IXB-1 IX-Blank 1 3.10 

IXB-2 IX-Blank 2 3.42 

IXB-3 IX-Blank 3 2.90 

D0-IX-FB IX Filter Field Blank 3.45 

D0-DIX-FB IX Filter Field Blank 3.33 

 Mean IX Blank 3.22 

 Std. Deviation IX Blank 0.218 

 eMDL 0.654 
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Figure 4 Schematic of the PHg + RGHg dry deposition rate and site location for 
event D1 (wind direction ranged from the southwest to southeast during 
this event sampling period). 

 

2.1.2.1 Event D1 Meteorology 

The sophistication of the supporting meteorological data collection for this 
first event was not as great as for subsequent events.  However, a wind 
direction log was kept, based on data from the National Weather Service 
websites for Frederick, Maryland; Hagerstown, Virginia; and one local 
observation (Table 3).  The wind direction during dry deposition sampling 
ranged from south to southwest.  Another source of air mass movement is 
provided by air mass back trajectories.  Using the NOAA Air Resources 
Laboratory web-based system, isentropic back trajectories at 10, 50 and 
500 meters above ground level were run every 3 hours for the period 
before and during sample collection.  Unfortunately, we did not run back 
trajectories through the end of the sample period.  A select group of 
trajectories are shown in Figure 5.  The back trajectories largely confirm 
the wind log (Table 3), although they show a more southeasterly flow at 
the outset of sampling.     

145

234
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Units = ng/m2/day

N

~0.3 km
Main Coal Stack 
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Table 3 Wind speed and direction log for event D1 

Date Local Time Wind 
Direction 

Wind Speed 
(mph) 

Source 

6/23/1999 17:50 South 13 Met. Data Frederick 

6/24/1999 1:15 South 9 Met. Data 

6/24/1999 10:40 South 8 Met. Data 

6/24/1999 10:40 Southwest 3 Ground Obs. M. Lynn 

6/24/1999 15:45 South 10 Met. Data Frederick 

6/24/1999 15:50 South 10 Met Data Hagerstown 

 

2.1.3 Event D1 Discussion 

The interpretation of this event must be tempered by the fact that there are 
only 3 data points.  However, considering the wind direction, relative site 
locations and deposition rates, there appears to be a gradient in dry 
deposition of PHg and RGHg, with a reasonable possibility that the higher 
levels can be attributed to the emissions from the coal power plant and/or 
nearby waste incinerator.  A very local source is implicated to explain the 
4-fold increase in PHg+RGHg dry deposition for sites that are 
approximately only 1 km distant.  Further support that the two higher dry 
deposition rates (Table 2) have a local source contribution is evident by 
completing a scaling exercise.  Assuming a cumulative total of 270 days 
are without rain, the dry deposition rates in Table 2 would scale up to 16, 
63 and 38 ug/m2/year.  The value of 16 ug/m2/year is regionally 
representative, while the values of 38 and 63 ug/m2/year are indicative of 
high source regions, including Montgomery County, as described in 
Seigneur et. al, 2001.   
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Figure 5 Air mass back trajectories for event D1.  These are isentropic back 
trajectories using the EDAS meteorological data set.  For direct 
comparison, event D1 samples were collected from 6/23/99 at 1700 UTC to 
6/24/99 at 1930 UTC.  No back trajectories were run past 00 UTC on 
6/24/99. 

 

  (A)     (B) 

 

  (C)     (D) 



 14 10/17/2005 

2.2 DRY SAMPLING EVENT D2 

2.2.1 Description 

Again, due to a lack of rain events in the summer of 1999, the project 
turned to the measurement of the dry deposition rate of mercury.  event 
D2 was designed to measure the dry deposition rate of the combination of 
particulate (PHg) and reactive gaseous mercury (RGHg) at a few select 
locations near the power plant and waste incinerator.  In addition, we 
attempted to determine if a downward-facing deposition collector would 
be able to measure only the RGHg fraction and by difference determine 
the PHg fraction.  The purpose was to observe any gradients in dry 
deposition and attribute those to the point sources based on meteorology. 

The samples were deployed on 8/11/99 at 1500 EDT and recovered on 
8/13/99 at 1106 EDT.  The membranes were unloaded in the field and 
placed in trace clean Teflon vials.  In the laboratory the IX membranes 
were digested using a 5% (v/v) solution of 0.2 N BrCl in double deionized 
water.  Analysis was by cold vapor atomic absorption spectroscopy 
(CVAFS) following the guidelines in FGS SOP-069.   

2.2.2 Event D2 Results 

The results of analysis, including the quality assurance values, are 
summarized in Table 4.  A dry deposition rate is calculated from the blank 
corrected ng/filter value using the exposed surface area and the exposure 
time.  The dry deposition rates observed in this study are on the same 
scale as reported by Lindberg and Stratton (1999).  The relative location 
and dry deposition rates are illustrated in Figure 6. 
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Table 4 Summary results of event D2 IX filter membrane dry deposition data and 
calculated rates  

 

For this event an upward- and downward-facing IX filter was located at 
each site.  We have hypothesized that the upward-facing IX filter collects 
both particulate and reactive gaseous mercury dry deposition, while the 
downward-facing IX filter collects only reactive gaseous mercury.  The 

Sample Id Description  Sample 
Concentration 
ng/filter 

Blank 
Corrected Hg 
Concentration 
ng/filter 

Sample 
Hours 

PHg + RGHg 
Deposition 
 ng/m2/day 

D2-DIXA IX filter- River Site 
Upward-facing 

 9.40  5.94 43.25 

D2-DIXA IX filter- River Site 
Downward-facing 

5.25  1.8 43.25 

89 PHg +RGHg27 RGHg 
62 PHg 

D1-DIXG IX filter- Grass Site 
Upward-facing 

10.70 7.24 43.25 

D1-DIXG IX filter- Grass Site 
Downward-facing 

6.00 2.54 43.25 

108 PHg +RGHg 38 RGHg
70 PHg 

D1-DIXW IX filter- West Site 
Upward-facing 

 12.99 9.53 43.25 

D1-DIXW IX filter- West Site 
Downward-facing 

10.41  6.95 43.25 

141 PHg +RGHg 103 
RGHg 38 PHg 

Field Blank  Id  Description Blank Concentration ng/filter 

IX-Box 3-blank 
(ERM) 

IX-Blank  3.43 

IX-Box 3-blank 
(ERM) 

IX-Blank  3.80 

IX-Box 3-blank 
(ERM) 

IX-Blank  3.62 

D2-IXLB (ERM) Field Load Blank 2.97 

 Mean IX Blank 3.45 

 Std. Deviation IX 
Blank 

0.359 

 eMDL 1.076 
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difference between the upward- and downward-facing IX filters, 
calculated below, is the particulate mercury dry deposition fraction. 

Figure 6 Schematic of the PHg + RGHg dry deposition rate and site location for 
event D2.  As discussed below, the wind direction ranged from the 
southwest to southeast during this event sampling period. 

 

2.2.2.1 Event D2 Meteorology 

The sophistication of the supporting meteorological data collection for this 
second event was not as great as for wet-deposition events.  However, a 
wind direction log was generated based on the 10 and 50 meter above 
ground level NOAA Air Resources Laboratory web-based, isentropic back 
trajectories (Table 5).   The NOAA back trajectories were run every 3 hours 
at 10, 50 and 500 meters above ground level for the entire 2-day period of 
event D2 sampling.  A select group of trajectories are shown in Figure 7.    

141
26.8
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37.9
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Table 5 Wind direction log for event D2  

Date Time Wind Direction Source 

8/11/1999 12 UTC Southwest 10 and 50 meter AGL NOAA-ARL Black 
Trajectory 

8/11/1999 18 UTC West-Northwest “ 

8/12/1999 00 UTC North “ 

8/12/1999 06 UTC North-Northwest “ 

8/12/1999 12 UTC North-Northwest “ 

8/12/1999 18 UTC North “ 

8/12/1999 21 UTC West-Southwest “ 

8/13/1999 00 UTC South-Southwest “ 

8/13/1999 06 UTC South “ 

8/13/1999 12 UTC South-Southeast “ 

8/13/1999 15 UTC South-Southeast “ 

2.2.3 Event D2 Discussion 

The interpretation of this event must be tempered by the fact that there are 
only 3 data points.  Also, the supporting meteorology is quite thin, 
consisting only of NOAA-ARL isentropic back trajectories.  Based on the 
wind log (Table 5) and the back trajectories (Figure 6), the lack of a strong 
trend in deposition is expected, since the wind ranged over 180 degrees 
throughout the sampling period.  Also, based on the wind trajectories, the 
winds were fairly stagnant during the middle part of sampling (Figure 7, 
B and C), so plume impact could have been widely spread out.  Again, 
similar to event D1, a local source contribution may explain the high 
values observed when considering extrapolated yearly values of 
PHg+RGHg dry deposition rates (24-38 ug/m2/year). 

Our hypothesis that the upward-facing IX filter membrane would have 
more mercury loading (PHg+RGHg) than the downward-facing IX filter 
membrane (RGHg only) is supported by the results (Figure 6).  The 
implication of these results, that the speciation of dry deposition of 
mercury can be determined using the direct surrogate surface method, is 
worthy of future evaluation and experimental confirmation.    
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Figure 7 Selected air mass back trajectories for event D2.  These are isentropic back 
trajectories using the EDAS meteorological data set.  For direct 
comparison, event D2 samples were collected from 8/11/99 at 2000 UTC to 
8/13/99 at 1400 UTC. 

  

        (A)            (B) 

  

        (C)           (D) 
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2.3  WET-DEPOSITION EVENT 1 W1 

The first wet event sampling, identified as W1, occurred on 9-10 August 
1999.   

2.3.1 Description 

The analyte list for this wet-deposition event was purposely limited to 
total mercury in rain and throughfall.  The start and stop time for wet-
deposition event-1 are listed in Table 6.  The rain depth was relatively 
small with approximately 0.5 cm of rainfall over a period of 24 hours, with 
most of it falling in about 2 hours. 

Table 6  Summary of sampling events and analytes 

       
Dry 

Deposition Wet-deposition 

Name 
Sample 

Type 

Sample  
Deploy 

Date 

Sample 
Deploy 
Time 

Sample 
Recovery 

Date 

Sample 
Recovery 

Time 

Tota
l 

Hg 

RGM  
PHg 
(calc) 

Tota
l Hg 

Methy
l Hg 

Through
-fall 

Major 
Ion 

Trace 
Metals 

D1 Dry 6/23/1999 1210 6/24/1999 1426 X  X     

D2 Dry 8/11/1999 1530 8/13/1999 1106 X X X     

W1 Wet 9/9/1999 1044 9/10/1999 1230   X  X   

W2 Wet 9/20/1999 1632 9/21/1999 1247   X  X   

W3 Wet 4/20/2000 1512 4/22/1999 1145   X X X X  

W4 Wet 6/5/2000 1138 6/6/2000 1325   X  X X X 

W5 Wet 6/27/2000 1010 6/28/2000 1408   X  X X X 

 

2.3.2 Event W1 Results 

The results for both total mercury concentration and deposition flux are 
summarized in Table 7.  The concentrations were carefully corrected for 
both dilution and blank mercury levels due to the field preservative and 
digestion acids.  The deposition flux is based on the total mercury 
captured divided by the surface area of the sampling funnel. 
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Quality assurance data for this event can be found in Appendix A.  
Several sample sites were co-located and the agreement between values is 
an excellent indicator of data quality. 

The results for this rain event are depicted graphically in Figure 8 and 9.  
Both the wet-deposition concentration and flux for total mercury are 
shown.  Any major difference between the observed pattern for 
concentration and flux may be the result of variability in rainfall depth 
over the sampling grid.  In Figure 8, the concentration and flux patterns 
are very similar, except for the single value to the far northeast.   

In Figure 9, the smaller circle is the rainfall concentration or flux and the 
larger circle is the throughfall value, respectively.  For throughfall, the 
amount of water collected can be highly variable, since the canopy can 
either retard or promote collection, depending on sampler location and 
rainfall penetration.  Although not easily interpreted and subject to 
significant uncertainty, the difference between throughfall and rainfall 
total mercury has been used to estimate dry deposition of labile mercury 
species. 
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Table 7 Summary results for total mercury in rain and throughfall for event W1 

 Site Number Site Description  Blank Correct  Blank Correct  
     [Hg] ng/l  Hg ng/m2 

RL 1  ridgeline   25    111  
RL 2  ridgeline   24    113  
PP 3  power pole  13      53  
RG 4  road gate  12      48  
RV 5  river     7      42  
RV 6  river     7      41  
OG 8  open grass  13      57  
OG 9  open grass  18      76  
G 10  open grass  18      78  
G 11  open grass  13      53  
S 13  sloping site  27      56  
B 15  baseball   12      36  
B 16  baseball     8      32  
B 17   baseball   12      42  
B 18  baseball    13      49  
B 19  baseball    12      48  
W 20  west   17       65  
W 21  west   15      62  

THROUGHFALL COMPARISON 

RV 5  river     7     42  
RV 6  river     7     20  
RT 7  river throughfall  20   115  
G 10  open grass  18     78  
G 11  open grass  13     53  
GT 12  grass throughfall  71   140  
S 13  sloping site  27     56  
ST 14  sloping site throughfall 36     69 
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Figure 8 The concentration (top) and flux (bottom) of total mercury for wet-
deposition event 1.  The figure depicts the total mercury magnitude 
(circles and value) and also location relative to the point sources. 
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Figure 9 The concentration (top) and flux (bottom) of total mercury in throughfall 
and rain at co-located sites.  The figure depicts the total mercury 
magnitude (circle and value) and also location relative to the point 
sources.  As expected, the throughfall value is significantly greater than 
the rain value for total mercury. 
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2.3.2.1 Event W1 Meteorology 

The supporting meteorology for event W1 consists of local meteorology, 
back trajectories and web-based NEXRAD radar.  The 10-meter 
meteorological tower is located approximately 0.5 km due east of the RRF 
incinerator stack.  The key measurements for this study are wind speed, 
wind direction and rainfall amount with respect to time.  Figure 10 clearly 
indicates that the local 10-meter winds were stable at 5-8 mph and from 
the south to southwest during the rain event. 

The prediction and continuous status of wet-deposition event-1 was 
monitored using web-based NEXRAD radar.  Shown in Figure 11 is a 
snapshot of the NEXRAD radar including the cell direction and speed.  
The agreement between the rain cell direction at 2345 GMT (Figure 11) 
and local wind direction at the same time of 1845 EST (Figure 10) is good. 

Finally, the back trajectories for this event are summarized in Figure 12 
(A-D).  Again, the back trajectories at the 10, 50 and 500 meter above 
ground levels are in agreement with other meteorological measurements.  
This good agreement provides confidence for interpretation of the 
observed gradients in concentration and deposition of mercury.      
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Figure 10 Summary of the wind speed, rainfall depth and wind direction with 
respect to time.  The x-axis covers the time when the rain samplers were 
deployed.  The wind direction includes the standard deviation. 
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Figure 11 Snapshot of the NEXRAD rain cell location, direction and speed for 23:45 
GMT on 9-Sept-1999 (1845 EST). 

  

Location 
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Figure 12  Air mass back trajectories for event W1.  These are isentropic back 
trajectories using the EDAS meteorological data set.  The rain fell in the 6 
hours between back trajectory B and C. 
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2.3.3 Event W1 Discussion 

All the meteorological data available, 10-meter, NEXRAD and back 
trajectories support a well-constrained event (Figures 10, 11, 12).  The rain 
fell in a short period with local winds from the south to south-southwest 
(Figure 10).  The gradient in mercury concentration is significant, with 
average values upwind of 9 ± 2.4 ng/l and downwind of 16 ± 5.4 ng/l.  
The mercury gradient is greater than a factor of 3, comparing the two 
upwind river (RV) values of 7.3 and 7.4 ng/l and downwind ridgeline 
(RL) values of 24 and 25 ng/l (Table 7).  The lack of other chemical 
signature data makes it impossible to apportion the increased downwind 
deposition to the coal power plant or incinerator point source.  Finally, the 
greater throughfall mercury concentration and flux is an indicator of dry 
deposition to the tree canopy.    

2.4 WET-DEPOSITION EVENT 2 W2 

The second wet-deposition sampling event occurred on 20-21 August 
1999. 

2.4.1 Description 

The analyte list for this wet-deposition event was purposely limited to 
total mercury in rain and throughfall.  The start and stop time for event 
W2 are listed in Table 6.  The rain depth was relatively robust, with 
approximately 1.6 cm of rainfall over a period of 26 hours, with most of it 
falling in a few hours time. 

2.4.2 Event W2 Results 

The results for both total mercury concentration and deposition flux are 
summarized in Table 8.  The concentrations were carefully corrected for 
both dilution and blank mercury levels due to the field preservative and 
digestion acids.  The deposition flux is based on the total mercury 
captured divided by the surface area of the sampling funnel. 

Quality assurance data for this event can be found in Appendix A.  
Several sample sites were co-located and the agreement between values is 
an excellent indicator of data quality. 

The results for this rain event are depicted graphically in Figure 13 and 14.  
Both the wet-deposition concentration and flux for total mercury are 
shown.  Any major difference between the observed pattern for 
concentration and flux may be the result of variability in rainfall depth 
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over the sampling grid.  In Figure 13, the concentration and flux patterns 
are very similar.  The close agreement between concentration and flux 
patterns indicates a spatially uniform rain event and also good precision 
on rain capture.     

In Figure 14, the smaller circle is the rainfall concentration or flux and the 
larger circle is the throughfall value, respectively.  For throughfall, the 
amount of water collected can be highly variable.  However, the difference 
between throughfall and rainfall total mercury has been used to estimate 
dry deposition of labile mercury species. 

Table 8  Summary results for total mercury in rain and throughfall for event W2 

Site Number Site Description  [Hg] FB Correct  Hg Flux   
     ng/l    FB Correct ng/m2  

RL 1  ridgeline   24.4   370 
RL 2  ridgeline   22.1   334 
PP 3  power pole  55.2   991 
RG 4  road gate  31.1   597  
RV 5  river   16.1   248 
RV 6  river   22.5   346 
OG 8  open grass  17.1   247 
OG 9  open grass  16.0    232 
G 10  open grass  18.8   277 
G 11  open grass  14.0   201 
S 13  sloping site  13.7   188 
B 15  baseball   14.4   209 
B 16  baseball     na    na 
B 17  baseball   17.0   255 
B 18  baseball     na    na 
B 19  baseball     na    na 
W 20  west   16.6    260 
W 21  west   18.9   311 

THROUGHFALL COMPARISON 
RV 5  river   16.1   248  
RV 6  river    22.5   346  
RT 7  river throughfall  41.2   584  
G 10  open grass  18.8   277  
G 11  open grass  14.0   201  
GT 12  grass throughfall   51.4   681  
S 13  sloping site  13.7   188  
ST 14  sloping site throughfall   na    na 
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Figure 13 The concentration (top) and flux (bottom) of total mercury for wet-
deposition event 2.  The figure depicts the total mercury magnitude (circle 
and value) and also location relative to the point sources. 
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Figure 14 The concentration (top) and flux (bottom) of total mercury in throughfall 
and rain at co-located sites.  The figure depicts the total mercury 
magnitude (circle and value) and also location relative to the point 
sources.  As expected, the throughfall value is significantly greater than 
the rain value for total mercury. 
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2.4.2.1 Event W2 Meteorology 

The supporting meteorology for event W2 consists of local meteorology, 
back trajectories and web-based NEXRAD radar.  The 10-meter 
meteorological tower is located approximately 0.5 km due east of the RRF 
incinerator stack.  The key measurements for this study are wind speed, 
wind direction and rainfall amount with respect to time.  Figure 16 clearly 
indicates that the local 10-meter winds were very light at around 2 mph 
from the east to east-southeast during the rain event. 

The prediction and continuous status of wet-deposition event W2 was 
monitored using web-based NEXRAD radar.  Shown in Figure 16 is a 
snapshot of the NEXRAD radar including the cell direction and speed.  
The agreement between the rain cell direction at 0345 GMT (Figure 16) 
and 10-meter local wind direction at the same time of 2245 EST (Figure 15) 
is not very good.  This is likely due to low wind speeds and possibly some 
wind-shearing.  The data from the weather station at Washington-Dulles 
Airport (KIAD) confirms the light rain and low wind speeds (Table 9). 

The back trajectories for this event are summarized in Figure 17 (A-D).  
The back trajectory (C) below is coincident with the majority of the 
rainfall.  Notice that the 10 and 50 M agl back trajectory (C) shows 
subsidence, slow movement and east to southeasterly flow, while the 500 
meter agl back trajectory is from the southwest.  This agrees with the 10M 
meteorological data (Figure 15) and NEXRAD data (Figure 16) indicating 
a different wind direction with height. This good agreement between 
various sources of meteorological data provides confidence for 
interpretation of the observed gradients in concentration and deposition 
of mercury discussed below.      
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Figure 15 Summary of the wind speed, rainfall depth and wind direction with 
respect to time.  The x-axis covers the time when the rain samplers were 
deployed.  The wind direction includes the standard deviation.  Note the 
low wind speed throughout the period. 
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Figure 16 Snapshot of the NEXRAD rain cell location, direction and speed for 03:45 
GMT on 21-Sept-1999 (22:45 EST).  Notice that the cell located near the 
field sampling site is moving to the NE, however the cell further to the 
east is moving to the SE.  Both cells are moving rather slowly at 7 knots.     

 

Location 
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Table 9 Weather summary for KIAD, Washington Dulles International Airport.  
(KIAD is approximately 40 km due south of the sample site)  

KIAD WASHINGTON DULES INTERNATIONAL AIRPORT 

Time EDT (UTC) Temperature 
F (C) 

Dew Point  
F (C) 

Pressure 
Inches 
(hPa) 

Wind 
MPH 

Weather 

1 AM (5) Sep 21  62 (17)   62 (17)  29.91 
(1012) 

calm light  
rain; mist 

Midnight (4) Sep 21 64 (18)   62 (17)  29.93 
(1013) 

calm rain; mist 

11 PM (3) Sep 20 64.9 (18.3)   63.0 (17.2)  29.93 
(1013) 

calm light rain; 
mist 

10 PM (2) Sep 20  64 (18)   62 (17)  29.94 
(1013) 

NW 3  mist  

9 PM (1) Sep 20   66.0 (18.9)   64.0 (17.8)  29.95 
(1014) 

 NNW 
3 

mist 

8 PM (0) Sep 20 64 (18)    64 (18)  29.94 
(1013) 

NNW 5 light rain; 
mist 

7 PM (23) Sep 20   66(19)     64 (18) 29.94 
(1013) 

W 8 light rain; 
mist 
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 Figure 17  Air mass back trajectories for event W2.  These are isentropic back 
trajectories using the EDAS meteorological data set at 10, 50 and 500 
meters above ground level (agl).  The rain fell in the 6 hours between back 
trajectory B and C. 
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2.4.3 Event W2 Discussion 

All the meteorological data available (10-meter, NEXRAD, back 
trajectories and nearby weather stations) support a slow moving, misty 
rain event (Figures 15, 16, 17 and Table 9).  The rain fell in a short period 
with local, light winds from the east to east-southeast (Figure 16).  The 
shorter incinerator stack was most likely in this wind regime, but the taller 
coal power plant stack may have been in a more southwesterly wind 
regime.  The most obvious gradient in mercury concentration is the very 
high value close to the incinerator, with a concentration and deposition 
rate 2-3 times higher than the surrounding values.  With very light winds 
during the bulk of the rainfall (Figure 15), the high mercury concentration 
and flux near the incinerator is not unexpected.  Beyond the two high 
values close to the incinerator, the deposition rate was quite uniform with 
an average value of 268 ± 57 ng/m2 (21% RSD).  The lack of other chemical 
signature data makes it impossible to apportion the increased downwind 
deposition, to the coal power plant or incinerator point source.  Finally, 
the greater throughfall mercury concentration and flux is an indicator of 
dry deposition to the tree canopy (Figure 14).  In this case, the dry 
deposition is 2 to 3 times greater than the wet-deposition.    

2.5 WET-DEPOSITION EVENT 3 W3 

Sampling for the third wet-deposition event occurred on 20-22 April 2000. 

2.5.1 Description 

The analyte list for this wet-deposition event included methyl mercury 
(MMHg) and major ions in rain and throughfall.  The start and stop time 
for wet-deposition event-3 are listed in Table 6.  The rain depth was 
moderate with an estimated depth of 0.73 cm over a period of about 45 
hours.  Most of the rain fell in just a few hours.   

2.5.2 Event W3 Results 

The results for total mercury concentration and deposition flux and 
methyl mercury concentration are summarized in Table 10.  The 
concentrations were carefully corrected for both dilution and blank 
mercury levels due to the field preservative and digestion acids.  The 
deposition flux is based on the total mercury captured divided by the 
surface area of the sampling funnel.  Quality assurance data for this event 
can be found in Appendix A.  Several sample sites were co-located and the 
good agreement between values is an excellent indicator of data quality. 
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The total mercury results for this rain event are depicted graphically in 
Figure 18 and 19.  Both the wet-deposition concentration and flux for total 
mercury are shown.  Any major difference between the observed pattern 
for concentration and flux may be the result of variability in rainfall depth 
over the sampling grid.  In Figure 18, the concentration and flux patterns 
are very similar.  The close agreement between concentration and flux 
patterns indicates a spatially uniform rain event and also good precision 
on rain capture.     

In Figure 19, the smaller circle is the rainfall concentration or flux and the 
larger circle is the throughfall value, respectively.  For throughfall, the 
amount of water collected can be highly variable, since the canopy can 
either retard or promote collection, depending on sampler location and 
rainfall penetration.  Although not easily interpreted and subject to 
significant uncertainty, the difference between throughfall and rainfall 
total mercury has been used to estimate dry deposition of labile mercury 
species. 

The wet-deposition results for methyl mercury (MMHg) are illustrated in 
Figure 20.  A total of 3 very high, possible outlier MMHg values were not 
plotted. 

For event-3 we added co-located samples for major ions (University of 
Maryland, CBL).  The results are presented graphically below (Figure 21). 
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Table 10 Summary results for total and methyl mercury in rain and throughfall for 
event W3 

Site 
Number 

Site Description [Hg] FB 
Correct  
ng/m2 

Hg FB 
Blank 
Correct  
ng/l 

[MMHG] % MMHG 

RL 1 ridgeline 13.0 94 0.20 1.5% 

RL 2 ridgeline 10.1 73 0.09 0.9%  

PP3 power pole  28.4 205 0.31 1.1% 

RG 4 road gate  13.4 97 0.12 0.9% 

RV 5 river 40.2 290 0.43 1.1% 

RV 6 river 34.4 248 0.52 1.5% 

OG 8 open grass  11.8 85 0.10 0.8% 

OG 9 open grass  11.2 81 0.14 1.3%  

G 10 open grass  15.8 114 1.04 6.6% 

G 11 open grass  14.2 103  0.26 1.9% 

S 13 sloping site 15.5 112 0.28 1.8%  

B 15 baseball 16.4 19 0.28 1.7%  

B 16 baseball 16.2 117 2.86 17.7% 

B 17 baseball 51.6 77  1.95 3.8% 

B 18 baseball 13.2 91 0.08 0.6% 

B 19  baseball 20.0 103 0.21 1.1% 

W 20 west 16.8 93 0.17 1.0% 

W 21 west 15.8 100 0.40 2.5%  

THROUGHFALL COMPARISON 

RV 5 river 40.2  290 0.43  

RV 6 river 34.4 248 0.52  

RT 7 river throughfall  45.6 329 0.55  

G 10 open grass 15.8 114  1.04  

G 11   open grass 14.2 103 0.26  

GT 12 grass throughfall  24.9  179 0.83  

S 13 sloping site 15.5 112 0.28  

ST 14 sloping site 19.7 142 0.21  
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Figure 18 The concentration (top) and flux (bottom) of total mercury for wet-
deposition event-3.  The figure depicts the total mercury magnitude (circle 
and value) and also location relative to the point sources. 
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Figure 19 The concentration (top) and flux (bottom) of total mercury in throughfall 
and rainfall at co-located sites.  The figure depicts the total mercury 
magnitude (circle and value) and also location relative to the point 
sources.  As expected, the throughfall value is significantly greater than 
the rain value for total mercury. 
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Figure 20 The concentration of methyl mercury in rain.  The magnitude (circle size 
and value) and location relative to the point sources is depicted.  The 
deposition pattern for MMHg is similar to that for total mercury (Figure 
19).  Three outlier values are not shown here, but are reported in Table 10.     
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Figure 21 Total mercury and major ions.  All values are in ug/ml, except for 
mercury, which is in ng/l. 
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2.5.2.1 Event W3 Meteorology 

The supporting meteorology for wet-deposition event-3 consists of local 
meteorology, back trajectories and web-based NEXRAD radar.  The 10-
meter meteorological tower is located approximately 0.5 km due east of 
the RRF incinerator stack.  The key measurements for this study are wind 
speed, wind direction and rainfall amount with respect to time.  Figure 22 
clearly indicates that the local 10-meter winds were light to moderate and 
from the east to north during the rainfall periods.  This was not ideal, as 
the sample site locations were designed for events coming from the west-
southwest. 

The prediction and continuous status of wet-deposition event-3 was 
monitored using web-based NEXRAD radar data and regional 
meteorological summaries.  Shown in Figure 23 are both the NEXRAD 
velocity azimuth display (VAD) wind barbs and regional weather station 
wind barbs.  Combined with the local 10M wind data (Figure 22), it is 
clear that the near surface winds were from the north to northeast, while 
the storm cells aloft were traveling from the southwest to the northwest as 
predicted and desired.  However, because most of our sample sites were 
positioned for a storm from the southwest, but near surface winds were 
from the north to northeast, the measurement of deposition gradients was 
compromised.   

The back trajectories for wet-deposition event-3 are summarized in Figure 
24 (A-D).  The back trajectories (A and B) below are coincident with the 
majority of the rainfall.  The back trajectories confirm the local 10M 
ground observations and the NEXRAD VAD wind barbs, namely, near-
ground level flow from the east-northeast during the rainfall, with upper 
air flow (storm cell) from the southwest.  Although not an ideal storm 
event, the good agreement between various sources of meteorological 
data provides confidence for interpretation of the observations in mercury 
concentration and deposition discussed below. 
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Figure 22 Summary of the wind speed, rainfall depth and wind direction with 
respect to time.  The x-axis covers the majority of the time when the rain 
samplers were deployed.  The samples were retrieved on April 22 at 1145.  
The wind direction includes the standard deviation. 
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Figure 23 Surface station wind barbs (A) and NEXRAD velocity azimuth display 
(VAD) wind barbs (B) for 1800-1830 GMT (1400-1430 ET) on 21-Apr-2000.  
The surface winds are from the N-NE at locations near the sample site.  In 
contrast, the NEXRAD data shows winds aloft from the southwest.  So 
although the event was predicted to have the southwesterly flow desired, 
surface winds did not cooperate and we had most of our sample sites on 
the upwind side of the point source plumes.  

 

 

Location 
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Figure 24 Air mass back trajectories for event W3.  These are isentropic back 
trajectories using the EDAS meteorological data set at 10, 50 and 500 
meters above ground level (agl).  The rain fell during times bracketed by 
back trajectories A and B. 
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2.5.3 Event W3 Discussion 

Using all the meteorological data available, 10-meter, NEXRAD, back 
trajectories and nearby weather stations, the wind direction was not ideal 
for this event.  Two of the designated upwind sites, RV5 and RV6, and the 
PP3 site near the incinerator, became downwind sites due to the east to 
northeast winds during rainfall.  Similarly, all the designated downwind 
sites were actually upwind sites.  This is clearly evident in the data, where 
the highest total mercury and methyl mercury concentration and 
deposition values were just west of both point source stacks (Table 10, 
Figure 18).  The average concentration for the 3 near-stack, wet-deposition 
downwind sites, RV5, RV6 and PP3 is 34 ± 5.9 ng/l.  The mean 
concentration for the remaining upwind wet-deposition sites is 2 times 
lower at 15 ± 2.6 ng/l.   So, although the gradient is backwards, there is 
clear evidence supporting a local impact in mercury wet-deposition due to 
the point sources.   

The methyl mercury wet-deposition data (Figure 20) largely follows the 
pattern observed for total mercury (Figure 18).  Three methyl mercury 
values appear to be outliers and were not considered in this discussion.  
Methyl mercury averages 1.3 ± 0.5% of total mercury.  The sample sites, 
RV5, RV6 and PP3, with high total mercury, also have elevated methyl 
mercury; however, there is not any perceivable enhancement, since the 
fraction MMHg is 1.1, 1.5 and 1.1%, respectively (Table 10).   

The major ion data, while less clear, supports the conclusion that the 
elevated mercury at sites RV5 and RV6 are impacted by the power plant 
plume, while site PP3 elevated mercury signal is caused by the incinerator 
plume (Figure 21).  The values for sulfate (coal), phosphate and potassium 
(coal flyash) are enhanced in the RV5 and RV6 samples, but not for the 
PP3 sample.  The incinerator had new and highly efficient pollution 
control equipment for particulate, HCl and mercury, likely reducing the 
possible source signal for major ions.  The one troubling observation is 
that both sites RL2 and OG8 had enhanced sulfate, phosphate and 
potassium too, but not enhanced mercury.  In addition, the co-located 
sites, RL1 and OG9, did not show good agreement for major ion data with 
the RL2 and OG8 concentrations.  The likelihood of contamination during 
sampling is low, since there were no observed insects, plant or particulate 
matter in these samples.  

Finally, the throughfall mercury concentration and flux is only marginally 
different than the wet-deposition concentration and flux (Figure 19).  
Although supporting evidence is not available, we recall that there was 
rainfall the day before the W3 sampling event, which did not allow for a 
buildup of dry deposition on the canopy surfaces.  
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2.6 WET-DEPOSITION EVENT 4 W4 

The 5-6 June 2000 rainstorm event was utilized for wet event #4 sampling 
(W4). 

2.6.1 Description 

The analyte list for this wet-deposition event included total mercury, 
major ions and, for the first time, trace-metals in rain and throughfall.  The 
start and stop time for wet-deposition event-4 are listed in Table 6.  The 
rain depth was adequate, with an average estimated depth of 0.98 cm over 
a period of 26 hours.  Most of the rain fell in a 3 hour period.     

2.6.2 Event W4 Results 

The results for total mercury concentration and deposition flux and 
methyl mercury concentration are summarized in Table 11.  The 
concentrations were carefully corrected for both dilution and blank 
mercury levels due to the field preservative and digestion acids.  The 
deposition flux is based on the total mercury captured divided by the 
surface area of the sampling funnel.  Quality assurance data for this event 
can be found in Appendix A.  Several sample sites were co-located and the 
good agreement between values is an excellent indicator of data quality. 

The total mercury results for this rain event are depicted graphically in 
Figure 25 and 26.  Both the wet-deposition concentration and flux for total 
mercury are shown.  Any major difference between the observed pattern 
for concentration and flux may be the result of variability in rainfall depth 
over the sampling grid.  In Figure 25, the concentration and flux patterns 
are very similar.  The close agreement between concentration and flux 
patterns indicates a spatially uniform rain event and also good precision 
on rain capture.     

In Figure 26, the smaller circle is the rainfall concentration or flux and the 
larger circle is the throughfall value, respectively.  For throughfall, the 
amount of water collected can be highly variable, since the canopy can 
either retard or promote collection, depending on sampler location and 
rainfall penetration.  Although not easily interpreted and subject to 
significant uncertainty, the difference between throughfall and rainfall 
total mercury has been used to estimate dry deposition of labile mercury 
species. 

For event-4, again there were co-located samples for major ions 
(University of Maryland, CBL).  The results are presented graphically 
below (Figure 27). 
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For event-4 we had enough sample volume to split the samples for select 
trace metal analysis.  The results are presented graphically below (Figure 
28).   

Table 11 Summary results for total and methyl mercury in rain and throughfall for 
event W4 

Site Number Site Description [Hg] FB Correct  
ng/l 

Hg FB Correct  
ng/ m2 

RL 1 ridgeline 4.2 36 

RL 2 ridgeline 6.5 48 

PP 3 power pole 5.5 46 

RG 4 road gate 43.0 332 

RV 5 river 16.0 125 

RV 6 river 9.8 97 

OG 8 open grass 8.0 81 

OG 9 open grass 6.5 68 

G 10 open grass 6.0 45 

G 11 open grass 5.7 59 

S 13 sloping site 4.3 45 

B 15 baseball 6.8 72 

B 16 baseball 5.2 55 

B 17 baseball 3.5 35 

B 18 baseball 6.9 34 

B 19 baseball 3.0 29 

W 20 west 5.3 46 

W 21 west 5.0 42 

THROUGHFALL COMPARISON 

RV 5 river 16.0 125 

RV 6 river 9.8 97 

RT 7 river throughfall 27.0 177 

G 10 open grass 6.0 45 

G 11 open grass 5.7 59 

GT 12 grass throughfall 25.0 270 

S 13 sloping site 4.3 45 

ST 14 sloping site throughfall 21.0 240 
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Figure 25 The concentration (top) and flux (bottom) of total mercury for wet-
deposition event 4.  The figure depicts the total mercury magnitude (circle 
and value) and also location relative to the point sources. 
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Figure 26 The concentration (top) and flux (bottom) of total mercury in throughfall 
and rainfall at co-located sites.  The figure depicts the total mercury 
magnitude (circle and value) and also location relative to the point 
sources.  As expected, the throughfall value is significantly greater than 
the rain value for total mercury.   
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Figure 27 Total mercury and major ions.  All values are in ug/ml, except for 
mercury, which is in ng/l.   
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Figure 28 Total mercury and trace metals.  All values are in ug/l, except Hg in ng/l. 
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2.6.2.1 Event W4 Meteorology 

The supporting meteorology for wet-deposition event-4 consists of local 
meteorology, back trajectories and web-based NEXRAD radar.  The 10-
meter meteorological tower is located approximately 0.5 km due east of 
the RRF incinerator stack.  The key measurements for this study are wind 
speed, wind direction and rainfall amount with respect to time.  Figure 30 
clearly indicates that the local 10-meter winds were light to moderate and 
from nearly due north (±45 degrees) during the rainfall periods.  This was 
not ideal, as the sample site locations were designed for events coming 
from the west-southwest. 

The prediction and continuous status of wet-deposition event-4 was 
monitored using web-based NEXRAD radar data and regional 
meteorological summaries.  Shown in Figure 30 is the NEXRAD rain cell 
graphic for June 6th at 06:48 pm ET.  The radar loop clearly indicated cell 
movement from the southwest to the northeast.  However, surface winds 
were from the north based on the two schematics of the regional weather 
station wind barbs during the hours of rainfall (Figure 31).  Combined 
with the local 10M wind data (Figure 29), it is clear that the near surface 
winds were from the north.  Because most of our sample sites were 
positioned for a storm from the southwest, but near surface winds were 
from the north to northeast, the measurement of deposition gradients was 
compromised.   

The back trajectories for wet-deposition event-4 are summarized in Figure 
32 (A-D).  The back trajectories (A and B) below are coincident with the 
majority of the rainfall.  The back trajectories indicate more easterly flow 
at the ground level during the early rainfall period and then more 
northerly flow at the sample site as the low-level winds changes with the 
passing front.  So, for this event, the agreement between the back 
trajectories and ground-based wind data is not as strong.  Nonetheless, the 
local 10M, regional winds and back trajectories support the conclusion 
that there was near-ground level flow from the north during the rainfall, 
with upper air flow (storm cell) from the southwest.  Although not an 
ideal storm event, the reasonable agreement between various sources of 
meteorological data provides confidence for interpretation of the 
observations in mercury concentration and deposition discussed below. 
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Figure 29 Summary of the wind speed, rainfall depth and wind direction with 
respect to time.  The x-axis covers the entire time that the rain samplers 
were deployed.  The wind direction includes the standard deviation. 
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Figure 30 NEXRAD graphic for the Mid-Atlantic at 6:48 PM ET on 6/6/2000.  The 
arrow indicates the general direction of the rain cell movement. 
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Figure 31 Surface station wind barbs for 0600 and 1000 GMT (0200 and 0600 EDT) 
on 6-June-2000.  The surface winds are from the north and northeast at 
locations near the sample site.  In contrast, the NEXRAD radar loops 
indicated storm cell movement from the southwest to northeast.  Again, 
although the event was predicted to have the southwesterly flow desired, 
surface winds did not cooperate and we had most of our sample sites on 
the upwind side of the point source plumes.   

 
 

 

Location 
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Figure 32 Air mass back trajectories for event-W4.  These are isentropic back 
trajectories using the EDAS meteorological data set at 10, 50 and 500 
meters above ground level (agl).  The rain fell during times bracketed by 
back trajectories A and B. 
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2.6.3 Event W4 Discussion  

Using all the meteorological data available, 10-meter, NEXRAD, back 
trajectories and nearby weather stations, the wind direction was not ideal 
for this event.  Two of the designated upwind sites, RV5 and RV6, and the 
RG4 site near the incinerator, became downwind sites due to the northerly 
winds during rainfall.  Similarly, all the designated downwind sites were 
actually upwind sites.  This is clearly evident in the data, where the 
highest total mercury concentration and deposition was at the site just 
south of the incinerator (Table 11, Figure 25).  The next largest total 
mercury values were at the sample sites just west of the coal-fired power 
plant.  The average concentration for the 3 near-stack, wet-deposition 
downwind sites, RV5, RV6 and RG4 is 23 ± 18 ng/l.  The mean 
concentration for the remaining upwind wet-deposition sites is four times 
lower, at 5.5 ± 1.4 ng/l.   So, although the gradient is backwards, there is 
clear evidence supporting a local impact in mercury wet-deposition due to 
the point sources.   

However, the ancillary data, major ions and trace metals, actually clouds 
the interpretation and increases the uncertainty.  This may be partly due 
to the presence of co-collected potential interferents such as pollen and 
insects.     

First, for the major ion data, both samples RV6 and OG9 have very 
enhanced concentrations of phosphate and sulfate (Figure 27).  Even 
sample B15 is enhanced in phosphate by comparison to other samples.  
However, their co-located sites RV5, OG8 and B16 did not have enhanced 
phosphate and sulfate concentrations, suggesting that these high values 
might be outliers.  Further, both RV6 and OG9 have flags for pollen.  Yet 
several other samples had flags for pollen and rather low sulfate and 
phosphate concentrations.  Sample B15 did not have any flags for possible 
visible contaminants.  The same pattern is true for the major cations.  
Samples RV6, OG9 and B15 are highly enhanced in potassium 
concentration, while their co-located sites RV5, OG8 and B16 are not 
(Figure 27).  While some of the major ion values are highly enhanced 
compared to other sites, there is no correlation to mercury, suggesting that 
these samples were contaminated, especially in light of the fact that the co-
located samples are not enhanced. 

In contrast, the highest concentration for zinc, selenium and cadmium is 
from the sample with the highest mercury: site RG4 south of the 
incinerator (Figure 28).  Again there are other samples, namely OG8 and 
OG9, with enhanced zinc, selenium and cadmium concentrations, but not 
enhanced mercury levels.   Thus, it is difficult to confidently conclude that 
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the elevated trace metals and mercury are correlated and from the 
incinerator source.             

Finally, the throughfall mercury concentration and flux is in overall good 
agreement for the three sampling sites.  However, the differences between 
the throughfall and rainfall mercury concentrations are greater at the 
upwind sites, compared to the downwind site (Figure 26). 

2.7 WET-DEPOSITION EVENT 5 W5 

The fifth deposition event was sampled between 27 and  28 June 2000. 

2.7.1 Description 

The analyte list for this wet-deposition event included total mercury, 
major ions and trace-metals in rain and throughfall.  The start and stop 
time for wet-deposition event-4 are listed in Table 6.  The rain depth was 
very low, with an average estimated depth of only 0.37 cm over a period 
of 28 hours.  Most of the rain fell in a 2 hour period.     

2.7.2 Event W5 Results 

The results for total mercury concentration and deposition flux and 
methyl mercury concentration are summarized in Table 12.  The 
concentrations were carefully corrected for both dilution and blank 
mercury levels due to the field preservative and digestion acids.  The 
deposition flux is based on the total mercury captured divided by the 
surface area of the sampling funnel.  Quality assurance data for this event 
can be found in Appendix A.  Several sample sites were co-located and the 
good agreement between values is an excellent indicator of data quality. 

The total mercury results for this rain event are depicted graphically in 
Figure 33 and 34.  Both the wet-deposition concentration and flux for total 
mercury are shown.  Any major difference between the observed pattern 
for concentration and flux may be the result of variability in rainfall depth 
over the sampling grid.  In Figure 33, the concentration and flux patterns 
are very similar.  The close agreement between concentration and flux 
patterns indicates a spatially uniform rain event and also good precision 
on rain capture.     

In Figure 34, the smaller circle is the rainfall concentration or flux and the 
larger circle is the throughfall value, respectively.  For throughfall, the 
amount of water collected can be highly variable, since the canopy can 
either retard or promote collection, depending on sampler location and 
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rainfall penetration.  In this case, there was not enough rainfall 
penetration at the RT6 site to report a result.  Although not easily 
interpreted and subject to significant uncertainty, the difference between 
throughfall and rainfall total mercury has been used to estimate dry 
deposition of labile mercury species. 

For event-5, again there were co-located samples for major ions 
(University of Maryland, CBL).  The results are presented graphically 
below (Figure 35). 

For event-4 we had enough sample volume to split the samples for select 
trace metal analysis.  The results are presented graphically below (Figure 
36).   
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Table 12 Summary results for total and methyl mercury in rain and throughfall for 
event W5 

Site Number Site Description [Hg] FB Correct 
ng/l 

Hg FB Correct  
ng/m2 

RL 1 ridgeline outlier  

RL 2 ridgeline 17 44 

PP 3 power pole 20 52 

RG 4 road gate 30 71 

RV 5 river 19 52 

RV 6 river 13 36 

OG 8 open grass 22 66 

OG 9 open grass 17 52 

G 10 open grass 18 58 

G 11 open grass 13 44 

S 13 sloping site 16 53 

B 15 baseball 14 43 

B 16 baseball 24 74 

B 17 baseball 15 45 

B 18 baseball 26 75 

B 19 baseball 21 59 

W 20 west 20 50 

W 21 west 20 50 

THROUGHFALL COMPARISON 

RV 5 river 19 52 

RV 6 river 13 36 

RT 7 river throughfall volume too small volume too small 

G 10 open grass 18 58 

G 11 open grass 13 44 

GT 12 grass throughfall 78 114 

S 13 sloping site 16 53 

ST 14 sloping site 43 100 
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Figure 33 The concentration (top) and flux (bottom) of total mercury for wet-
deposition event 5.  The figure depicts the total mercury magnitude (circle 
and value) and also location relative to the point sources. 
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Figure 34 The concentration (top) and flux (bottom) of total mercury in throughfall 
and rainfall at co-located sites.  The figure depicts the total mercury 
magnitude (circle and value) and also location relative to the point 
sources.  As expected, the throughfall value is significantly greater than 
the rain value for total mercury. 
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Figure 35 Total mercury and major ions.  All values are in ug/ml, except for 
mercury, which is in ng/l.   
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Figure 36 Total mercury and trace metals.  All values are in ug/l, except Hg in ng/l. 
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2.7.2.1 Event W5 Meteorology 

The supporting meteorology for wet-deposition event-5 consists of local 
meteorology, back trajectories and web-based NEXRAD radar.  The 10-
meter meteorological tower is located approximately 0.5 km due east of 
the RRF incinerator stack.  The key measurements for this study are wind 
speed, wind direction and rainfall amount with respect to time.  Figure 37 
indicates that the local 10-meter winds were very light to moderate.  
Because of the light local winds and changing wind direction during the 
rainfall period, this event is not well defined meteorologically.   This was 
not ideal, as the sample site locations were designed for events coming 
from the west-southwest. 

The prediction and continuous status of wet-deposition event 5 was 
monitored using web-based NEXRAD radar data and regional 
meteorological summaries.  Shown in Figure 38 is the NEXRAD rain cell 
graphic for June 28 at 09:17 am ET.  The radar loop clearly indicated cell 
movement from the southwest to the northeast.  However, surface winds 
were stagnant or from the north based on the two schematics of the 
regional weather station wind barbs during the hours of rainfall (Figure 
39).  Combined with the local 10M wind data (Figure 38), it is clear that 
the near surface winds were changing during the mist to light rainfall 
sampling period.  Because of the variability in the wind direction, the 
measurement of deposition gradients was compromised.   

The back trajectories for wet-deposition event 5 are summarized in Figure 
40 (A-D).  The back trajectories (B and C) below are coincident with the 
majority of the rainfall.  The back trajectories also indicate widely 
changing wind direction from the start to the end of the sampling period.  
This storm event was the most variable, to the extent that there is low 
confidence in the interpretation of the observations in mercury 
concentration and deposition discussed below. 
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Figure 37 Summary of the wind speed, rainfall depth and wind direction with 
respect to time.  The x-axis covers the entire time that the rain samplers 
were deployed.  The wind direction includes the standard deviation. 
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Figure 38  NEXRAD graphic for the Mid-Atlantic at 9:17 ET on 6/28/2000.  The 
arrow indicates the general direction of the rain cell movement. 

 

Location 
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Figure 39 Surface station wind barbs for 0900 and 1600 GMT (0400 and 1100 EDT) 
on 28-June-2000.  The winds were very light at locations near the sample 
site (circle – no barb).  In contrast, the NEXRAD radar loops indicated 
storm cell movement from the southwest to northeast.  Again, although 
the event was predicted to have the southwesterly flow desired, surface 
winds did not cooperate.  

 

Location 
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Figure 40 Air mass back trajectories for event-W5.  These are isentropic back 
trajectories using the EDAS meteorological data set at 10, 50 and 500 
meters above ground level (agl).  The rain fell during times bracketed by 
back trajectories B and C. 

 

       (A)         (B) 

 

       (C)         (D) 
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2.7.3 Event W5 Discussion  

Using all the meteorological data available (10-meter, NEXRAD, back 
trajectories and nearby weather stations), the wind direction was not ideal 
for this event.  No individual or group of sites can be designated as 
upwind sites.  This is clearly evident in the data, where there were not 
clear enhanced total Hg values relative to the entire data set (Table 11, 
Figure 30).  The mean concentration for the all the wet-deposition sample 
sites is 19 ± 4.5 ng/l.  

There is no clear trend discernable in the major ion data for event 5 
(Figure 35).  Even though several samples have enhanced concentrations 
of select major ions, the co-located sample does not.  This suggests that the 
high values may be spurious values, possibly due to bug, plant or dust 
contamination.    

There is no clear trend visible for the trace metal data for event-5 (Figure 
36).  The only unusual values are for nickel at both the RV5 and RV6 sites 
closest to the power plant stacks.  However, there is no enhanced mercury 
at these same two sites, so the source is not easy to interpret.   

Finally, the throughfall mercury concentration and flux is in overall good 
agreement for the two sampling sites (Figure 34).  The differences in 
rainfall versus throughfall concentration and flux is expected for a light 
rain event where the rain does not efficiently penetrate the tree canopy. 
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3.0  SUMMARY AND CONCLUSIONS 

Event-based mercury sampling was performed around a coal-fired power 
plant and municipal incinerator located in Central Maryland.  Sampling 
events were scheduled to coincide with periods suitable for dry 
deposition sample collection and during storm events that were expected 
to produce steady rainfall over a 24-hour period.  For wet-deposition 
events, specific requirements regarding atmospheric conditions had to be 
met prior to sampling.  Precipitation analysis included not only mercury, 
but also other inorganics and ions that could produce source signals to 
differentiate between emissions from the power plant and the incinerator.   

Two dry depositional events were analyzed using a new surrogate surface 
media, consisting of an ion-exchange membrane.  In an attempt to 
differentiate between particulate and gaseous mercury dry deposition 
rates, samples were collected simultaneously in an upward- and 
downward-facing position.  The upward-facing sampler collects both 
particulate-bound and reactive gaseous mercury, while the downward-
facing sampler should only collect reactive gaseous mercury.   Sampling 
results show that there was an apparent deposition gradient of particulate 
mercury and reactive gaseous mercury. Analysis of filters collected with 
this sampling technique confirmed that speciation of dry deposition of 
mercury may be determined using the direct surrogate surface method. 
This direct surrogate surface method is new and worthy of additional 
evaluation and experimentation to confirm the validity of the method.  

Substantial increases in dry deposition of particulate and reactive gaseous 
mercury were identified in down gradient locations within one kilometer 
of the source.  During the second event, winds were stagnant and wind 
trajectories were observed over 180 degrees.  As a result, a weaker 
deposition gradient was observed for this event.  However, in both dry 
deposition events, annualized scaling of deposition indicates high 
regional source contributions.  

Wet-deposition events initially analyzed only mercury deposition, and 
later ions and metals were analyzed to attempt to identify source signals 
from the two local sources. The initial wet-deposition event yielded a 
significant concentration gradient between up-gradient and down 
gradient monitoring locations. The gradient was greater than a factor of 
three between the up gradient and down gradient locations. In addition, 
sampling of precipitation in areas receiving throughfall confirmed that 
higher concentrations could be expected where throughfall washed dry 
deposition from the tree canopy.  During event W2, an obvious 



 75 10/17/2005 

concentration gradient was observed close to the incinerator; however, 
light winds made it difficult to apportion the mercury between the sources 
at other sampling locations.  The remaining events confirmed the 
observation that local mercury deposition is occurring as a result of both 
the utility and incinerator sources.  Attempts to discern source signals of 
ions from the two sources were successful in one sampling event and 
unsuccessful in the other two.  Ions associated with flyash were detected 
in samples containing the power plant emissions.  Thus, the localized wet-
deposition sampling showed that there was strong  evidence supporting a 
local increase in mercury deposition as a result of local sources.  

This study presents an initial presentation of localized effects of 
combustion emissions on mercury deposition within Maryland.  In 
addition, the design and framework of the study presented here can be 
used as a successful model to initiate much needed similar studies.  
However, several aspects of mercury deposition were not addressed by 
the current study: the sampling locations were too close to the sources to 
capture all of the local deposition, and local wind conditions often caused 
the proposed up gradient sampling station to be downwind.  The fact that 
there were two point sources of mercury, with different stack heights, 
within the study area also complicates the data interpretation.  Thus 
uncertainty exists associated with these items and their impact on 
localized estimates of deposition in Montgomery County in the vicinity of 
the sources.  The majority of the mercury emitted by these sources was not 
captured in the sampling activities.  Thus additional questions remain 
regarding the deposition distribution of the remaining mercury.  

Performing a similar study with monitoring locations further from the 
sources would help to address this uncertainty.  Local wind conditions 
were sometimes quite different than conditions at the regional monitoring 
locations.  If additional sampling was performed radiating in all 
directions, instead of biasing samples in the prevailing downwind 
direction, it is likely that adequate numbers of down-gradient samples 
could be collected in each sampling event. 



 76 10/17/2005 

4.0 REFERENCES CITED 

Bloom, N.S. 1993. "Mercury speciation in flue gases: 
overcoming the analytical difficulties," in: Managing 
Hazardous Air Pollutants: State of the Art, (Chow, W. and 
Conner, K.K., ed.) EPRI TR-101890, pp. 148-160, Lewis 
Publishers, Boca Raton. 

Campbell, S.A. and K.L. Zankel. 1993. “A New Method for 
Estimating Wet-deposition of Vapor-Phase Mercury 
Compounds from Power Plant and Incinerator Plumes,” 
AWMA, 93-WA-73.06. 

EPA Methods. 1996. CD-Rom Compilation of Analytical 
Methods. 

EPA. 1997.  Method 1631: Mercury in Water by Oxidation, 
Purge and Trap, and Cold Vapor Atomic Fluorescence 
Spectrometry. Draft July 1996.  EPA 821/R-96-012 

EPA, 1997.  Mercury Study Report to Congress.  EPA-452/R-
97-0003. 

Horvat, M, L. Liang, N. Bloom. Comparison of distillation 
with other current isolation methods for the determination 
of methyl mercury compounds in low level environmental 
samples. Anal Chim Acta 1993; 282: t53-68. 

Imhoff, R.E. and C. Brown. 1996. “Measuring Particle and 
Speciated Gas-Phase Hg in Plumes from Coal-Fired Steam 
Plants,” Proceedings of Air Waste Mngmt. Assoc., 89th Annual 
Meeting, Paper No. 96-WA64A.07. 

Lindberg, S.E., W.J. Stratton, E. Prestbo, G. Keeler, R. 
Stevens, F. Schaedlich, and T. Atkeson. 1999. Concentrations 
and behavior of reactive gaseous mercury in ambient air: 
initial tests of an automated sampling approach.  Mercury as 
a Global Pollutant – 5th Internat. Conf., May 23-28, Rio de 
Janeiro, Brazil. 

Munthe, J., Z.F. Xiao and O. Lindqvist. 1991.  The aqueous 
reduction of divalent mercury by sulfite. Water, Air, Soil 
Pollut. 56, 621-630. 



 77 10/17/2005 

NOAA ARL. 1999. http://www.arl.noaa.gov/ready/cmet.html 

NOAA ROC. 1999. http://www.roc.noaa.gov/reflect.asp 

Pai P., P. Karamchandani and C. Seigneur. 1996. “Simulation 
of the Regional Atmospheric Transport and Fate of Mercury 
using a Comprehensive Eulerian Model,” Atmos. Environ., 
31:2717. 

Prestbo, E.M., N.S. Bloom. 1995. Mercury speciation 
adsorption (MESA) method for combustion flue gas: 
Methodology, artifacts, intercomparison and atmospheric 
implication. Water Air Soil Poll., 80: 145-158. 

Seigneur, C. 1996. Personal communication. 

Signeur, C., P. Karamchandani, K. Lohman, K. 
Vijayaraghavan, and R.L. Shia. 2001. Multiscale modeling of 
the atmospheric fate and transport of mercury.  J. of 
Geophys. Res., 106:27795-27809. 

Vermette, S., S. Lindberg, and N. Bloom. 1995. Field Tests for 
a Regional Mercury Deposition Network - Sampling Design 
and Preliminary Test Results. Atmospheric Environment. 29, 
1247-125 



Appendix A 
Quality Assurance Data Tables 
 
 



Table A-1
Quality Assurance Data
Events W1 and W2
Montgomery County, Maryland

EVENT-W1 EVENT-W2 

Calibration Correl. (R): 0.99961 Calibration Correl. (R): 0.99915
Run Tp Bub Std (ng) Peak-BB Run Tp Bub Std (ng) Peak-BB

1 7 1 4.00 4646.8 1 3 1 4.00 742.6
2 6 2 2.00 2199.8 2 5 2 2.00 396.4
3 2 3 1.00 1132.8 3 1 3 1.00 184.3
4 1 4 0.50 556.8 4 4 4 0.50 102.0
26 0 2 1.00 1118.8 26 0 2 1.00 187.2
40 0 4 1.00 1127.8 40 0 4 1.00 190.8

Ave Response Factor (PA/ng): 1125.7 Ave Response Factor (PA/ng): 191.7
Std Dev: ±21.0 Std Dev: ±7.8

SRM (DORM-2 = 4.64 ng/g) SRM (DORM-2 = 4.64 ng/g)
Run ng/g Recovery Run ng/g Recovery

9 4.31 92.9% 9 4.01 86.3%
42 4.43 95.4% 42 4.33 93.3%

Mean: 94.2% Mean: 89.8%

System Blanks System Blanks
Run BrCl Blk Mean Std Dev Mean Run BrCl Blk Mean Std Dev Mean 

ng/mL ng/mL ng/mL ng/L ng/mL ng/mL ng/mL ng/L
10 0.0166 10 0.0084
11 0.0065 0.0115 ±0.0050 0.1147 11 0.0045 0.0127 ±0.0110 0.1268
12 0.0113 12 0.0252

Replication ng/aliquot Replication ng/aliquot
Runs Sample Rep 1 Rep 2 RPD Runs Sample Rep 1 Rep 2 RPD
14,15 0.531 0.545 2.5% 14,15 2.267 2.041 10.5%

37,38 0.935 0.979 4.6%

Spike Recoveries ng/aliquot Spike Recoveries ng/aliquot
Runs Sample Spiked Unspiked Recovery Runs Sample Spiked Unspiked Recovery
14,16 2.501 0.531 98.5% 14,16 4.381 2.041 117.0%

28,39 3.143 0.979 108.2%



Table A-2
Quality Assurance Data
Events W3 and W4
Montgomery County, Maryland

EVENT-W3 EVENT-W4 

Calibration Correl. (R): 0.99994 Calibration Correl. (R): 0.99965
Run Tp Bub Std (ng) Peak-BB Run Tp Bub Std (ng) Peak-BB

1 1 1 4.00 1288.9 1 1 1 4.00 1581.9
2 2 2 2.00 651.5 2 2 2 2.00 763.0
3 3 3 1.00 317.7 3 3 3 1.00 406.1
4 4 4 0.50 163.2 4 4 4 0.50 197.2
26 2 2 1.00 330.5 26 6 2 1.00 380.0
40 8 4 1.00 326.6 40 10 4 1.00 389.8
48 8 4 1.00 323.8 55 5 3 0.00

Ave Response Factor (PA/ng): 324.7 Ave Response Factor (PA/ng): 391.2
Std Dev: ±4.0 Std Dev: ±9.7

SRM (NIST 1641d = 7.95 ng/ml)(1:200 DILUTION) SRM (NIST 1641d = 7.95 ng/ml)(1:200 DILUTION)
Run ng/g Recovery Run ng/g Recovery

9 7.66 96.4% 9 8.03 101.1%
42 7.86 98.9% 42 8.05 101.3%

Mean: 97.6% Mean: 101.2%

System Blanks System Blanks
Run BrCl Blk Mean Std Dev Mean Run BrCl Blk Mean Std Dev Mean 

ng/mL ng/mL ng/mL ng/L ng/mL ng/mL ng/mL ng/L
10 0.0050 10 0.0018
11 0.0043 0.0056 ±0.0017 0.0562 11 0.0021 0.0026 ±0.0012 0.0263
12 0.0076 12 0.0040

Replication Replication
Runs Sample Rep 1 Rep 2 RPD Runs Sample Rep 1 Rep 2 RPD
24,25 W-3 RT-7 1.748 1.693 3.2% 17,18 W4-RV6 0.568 0.522 8.5%
32,33 W-3 GT-12 0.994 0.988 0.5% 30,31 W4-W20 0.306 0.291 5.2%

45,46 W4-RG4FB 0.075 0.060 21.4%

Spike Recoveries
Runs Sample Spiked Unspiked Recovery Spike Recoveries
35,36 W-3 RT-7 1.857 0.809 104.7% Runs Sample Spiked Unspiked Recovery
38,39 W-3 GT-12 1.669 0.694 97.6% 14,15 W4-RT7 0.557 0.894 91.1%

28,29 W4-GT12 2.488 1.382 110.5%
43,44 W4-ST14 2.109 1.031 107.8%

ng/aliquot

ng/aliquot

ng/aliquot

ng/aliquot



Table A-3
Quality Assurance Data
Event W5
Montgomery County, Maryland

EVENT-W5 

Calibration Correl. (R): 0.99981
Run Tp Bub Std (ng) Peak-BB

1 1 1 4.00 1400.6
2 2 2 2.00 670.6
3 3 3 1.00 333.3
4 4 4 0.50 153.4
26 6 2 1.00 326.9
40 10 4 1.00 318.7
50 10 2 1.00 337.0

Ave Response Factor (PA/ng): 329.7
Std Dev: ±13.9

SRM (NIST 1641d = 7.95 ng/ml)(1:200 DILUTION)
Run ng/g Recovery

9 8.05 101.2%
42 7.52 94.6%

Mean: 97.9%

System Blanks
Run BrCl Blk Mean Std Dev Mean 

ng/mL ng/mL ng/mL ng/L
10 0.0057
11 0.0031 0.0049 ±0.0016 0.0494
12 0.0060

Replication ng/aliquot
Runs Sample Rep 1 Rep 2 RPD
14,15 W5-RT7 0.001 0.001 28.8%
30,31 W5-G11 0.368 0.328 11.6%
46,47 W5-RG4FB 0.074 0.093 22.5%

Spike Recoveries ng/aliquot
Runs Sample Spiked Unspiked Recovery
17,18 W5-RL2 1.332 0.348 98.4%
28,29 W5-GT12 1.839 0.865 97.4%
43,44 W5-RG4FB 0.942 0.040 90.2%



Table A-4
Quality Assurance Data
Field Trip and Sample Bland Results 
Montgomery County, Maryland

DI Water Full Empty Sample BrCl Correct Blank Mean Blank Overall
Event Sample ID Aliquot Blk Correct Wt. Wt. Volume [Hg] [Hg] [Hg] Blank [Hg]

(ml) ng/aliquot ng/aliquot (g) (g) (ml) ng/l ng/bottle ng/bottle ng/bottle
W1 E0-FB 990520 100 0.380 0.363 3.803

E0-CAT-FB 5/20 100 0.312 0.295 3.12
E0-CAT-FB 5/20 100 0.317 0.300 3.17

W1-FB-W20 63.6 0.361 0.350 Estimated 264 5.68 1.45 1.40
W1-FB-W20 100 0.531 0.514 Estimated 264 5.31 1.35

W1-FB-W20-D 100 0.545 0.527 Estimated 264 5.45 1.39
W1-FB-B15 100 0.138 0.120 648 183 465 1.38 0.56 0.55
W1-FB-B15 100 0.132 0.115 648 183 465 1.32 0.53 0.973

W2 W2-TB-B17 100 0.011 447 157 290 0.11
W2-SB-B17 100 0.035 0.018 404 182 223 0.35 0.04 0.04
W2-FB-RV5 100 0.095 0.078 699 167 532 0.95 0.41 0.41 0.227

W3 RV-5 FB 100 0.232 0.214 300 2.32 0.64 0.64
W-3 G-11 FB 100 0.211 0.194 300 2.11 0.58 0.58 0.613

W4 W4-RV5FB 102.7 0.072 0.054 455 158 297 0.70 0.16 0.16
W4-RG4FB 100 0.075 0.058 498 163 335 0.75 0.19 0.17

W4-RG4FBD 100 0.060 0.043 498 163 335 0.60 0.15 0.163
Blank1 9 0.190 169 160 9
Blank2 9.5 0.181 166 157 10
Blank3 9.4 0.135 185 175 9

W5 W5-RG4FB 100 0.040 0.023 515 170 345 0.40 0.08 0.08
W5-RV5FB 100 0.074 0.057 516 170 346 0.74 0.20 0.23 0.155

W5-RV5FBD 100 0.093 0.076 516 170 346 0.93 0.26
Field Blk1 101.4 0.015 -0.003 1250 150 1100 0.15 -0.03
Field Blk2 102.4 0.032 0.014 558 150 408 0.31 0.06

Per 100 ml Overall Avg 0.289
DI 093099 125 0.0220 0.0176 Std. Dev 0.229

MILLIQ 093099 125 0.0041 0.0033 %RSD 79.3%
DI Blank 102.8 0.0313 0.0305

average 0.0171
FB=water through funnel to sample bottle
SB=blank water to sample bottle
TB=preservative blank returned from field
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