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Background

Elevated inputs of mercury (Hg) from atmospheric deposition have contributed to the widespread contamina-
tion of mercury in fish tissue and other wildlife, a critical environmental problem in the Adirondack region of 
New York, as well as other remote regions in eastern North America (Driscoll et al. 1994; 2007). In this study, 
measurements of wet mercury deposition were made at the Huntington Forest, in the central Adirondack 
region of New York, as part of the National Atmospheric Deposition Program (NADP) Mercury Deposition 
Network (MDN). Wet mercury deposition at Huntington Forest was analyzed and compared with values from 
other nearby sites of northeastern North America. The MDN site was established at Huntington Forest in 
2000. Although the MDN site at the Huntington Forest has only been in existence for a short period, the data 
collected have been invaluable in the interpretation of Hg deposition for the region. Moreover, if there are ad-
ditional controls on atmospheric emissions of mercury, such as those proposed for electric utilities, data from 
this site will provide a reference from which it will be possible to detect changes in wet deposition of mercury 
if and when they occur. 

Mercury is an environmental pollutant. As a potent neurotoxin, Hg is linked to adverse health impacts in hu-
mans, fish and wildlife (Driscoll et al. 2007). The largest sources of Hg pollution in the U.S. are atmospheric 
emissions and deposition associated with coal-fired power plants, electric arc furnaces, waste incinerators, 
and chlorine production facilities. Electric utilities are the largest unregulated source of Hg emissions in the 
U.S. (Driscoll et al. 2007). Mercury contamination is widespread in the U.S. Exposure to Hg largely occurs 
through consumption of fish. Consumption advisories are issued to limit exposure when Hg concentrations are 
elevated in fish (http://www.epa.gov/waterscience/fish/advisories/tech2008.html). All 50 states, the District 
of Columbia, the U.S. territories of American Samoa and Guam, and five Native American tribes have fish 
consumption advisories to protect their residents from the potential health risks of eating contaminated fish 
caught in local waters. The states have developed their own fish advisory programs, and there is variability 
among states in the scope and extent of monitoring and in the specific advice that is provided when con-
taminated fish are found. In New York State there are currently 93 water bodies that have fish consumption 
advisories for mercury. These waters are mostly located in the Adirondack and Catskill regions, which has 
led to regional advisories for consumption of fish from Adirondack and Catskill waters. (http://www.health.
state.ny.us/environmental/outdoors/fish/docs/fish.pdf) Eight percent of women of childbearing age in the U.S. 
consume sufficient amounts of fish for their fetuses to be at risk from methyl Hg exposure (Mahaffey 2005). 

In 2005 the U.S. Environmental Protection Agency (EPA) issued the Clear Air Mercury Rule (CAMR) to limit 
emissions of Hg from electric utilities.  This rule was innovative and controversial, calling for two phases 
of controls on Hg emissions and allowing for a cap and trade approach to emission controls.  In 2008 the 
Washington D.C. U.S. Circuit Court vacated the EPA’s rule removing power plants from the Clean Air Act list 
of sources of hazardous air pollutants.  At the same time, the Court vacated the CAMR.  The EPA is currently 
developing air toxics emission standards for power plants under the Clean Air Act (Section 112) consistent 
with the D.C. Circuit opinion. The EPA intends to propose air toxics standards for coal and oil-fired electric 
generating units by March 2011.  The measurement of Hg in precipitation will be an important tool to assess 
the effectiveness of new emission controls on Hg when they are implemented.



Research Objectives

The objectives of this study were to:

•     Continue to participate in the MDN program at the Huntington Forest;
•      Provide summaries of mercury concentration in precipitation and mercury  

deposition for the Huntington Forest site; and
•      Compare wet deposition of mercury at the Huntington Forest with data collected  

for Biscuit Brook in the Catskills and other regional sites.

Site Description

In 1932, the 6,000 ha (hectare) Huntington Forest (HF) (44° 00” N, 74° 13” W) was established as a research 
and education center in the Adirondacks.  The topography of the HF is mountainous, with elevations ranging 
from 457 m to 823 m. Vegetation consists of northern hardwoods (72%), mixed hardwood-conifer (18%), 
and conifer (10%). Dominant northern hardwood species include American beech (Fagus grandifolia), sugar 
maple (Acer saccharum), red maple (Acer rubrum), and yellow birch (Betula alleghaniensis). Common 
conifers are red spruce (Picea rubens), balsam fir (Abies balsamea), hemlock (Tsuga canadensis), white cedar 
(Thuja occidentalis), and white pine (Pinus strobus). The HF has a mean annual temperature of 4.4°C and 
mean annual precipitation is 1010 mm (Shepard et al. 1989). Upland watershed soils are generally <1 m in 
depth and include Becket-Mundell series sandy loams (coarse-loamy, mixed, frigid typic Haplorthods), while 
Greenwood Mucky peats are found in valley bottom wetlands. Groundwater occurs predominantly in deep 
near-stream peats (1-3 m depth), pockets of glacial till in valley-bottoms (0-2 m) and limited zones of glacial 
outwash deposits.  The HF is located in the central Adirondacks and has the biological and watershed  
characteristics that are representative of the Adirondack region.

Methods

Weekly precipitation samples are collected for analysis of total mercury in a modified Aerochem Metrics 
model 301 collector at the Huntington Forest. The “wet-side” sampling glassware is removed from the  
collector every Tuesday and mailed to the Hg Analytical Laboratory (HAL) at Frontier Geosciences in Seattle, 
WA for analysis of total mercury by cold vapor atomic fluorescence.

As part of this analysis, we compare wet Hg deposition at Huntington Forest with other MDN sites in New 
York State and regionally, including sites at Biscuit Brook (NY68), West Point (NY99), in New York and 
Underhill, VT (VT99), Ontario, CA (ON07), Milford, PA (PA72) and Hills Creek State Park, PA (PA 90).
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Results and Discussion

Seasonal patterns
Average monthly precipitation quantity at HF was relatively constant over the study period (2000-2007;  
Figure 1a). The average monthly precipitation was 21 mm (± 4 mm). Values of monthly average total Hg 
concentration in precipitation varied over the course of the year (Figure 1b). The lowest values occurred in  
the fall and winter months, with the lowest monthly average occurring in December (3 ng L-1 (± 1)). Higher 
total Hg concentrations occurred during the summer months, with the highest average occurring in July  
(12 ng L-1 (± 10)). Average monthly total Hg deposition (ng m-2) followed a similar pattern as total Hg 
concentration, due to the relatively uniform distribution of precipitation quantity (Figure 1c). Lower values of 
wet Hg deposition occurred in the fall and winter, with the lowest average occurring in December (3.3 ng m-2). 
Higher values of monthly wet Hg deposition occurred in the summer, with the highest in July (12.1 ng m-2).
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Figure 1.  Monthly mean precipitation quantity (a), mercury concentration (b) and mercury deposition (c) 
at the Huntington Forest in the Adirondack Park, NY (NY20) from 2000 to 2007. The error bars  
represent values on standard deviation.



Long-Term Patterns
Weekly precipitation amount varied from a minimum of 0 mm to a maximum of 106 mm from January  
2000 through December 2007 (Figure 2a). Average weekly precipitation quantity was 22 mm (± 19mm)  
throughout the study period. Ninety percent of the weekly precipitation measurements were below 50 mm.  
Total annual average precipitation was 1130.6 mm (± 114.9 mm) over the length of the study. The greatest 
total annual precipitation (1291mm) occurred in 2006. The lowest total annual precipitation (961 mm)  
occurred in 2001.  There were no long-term trends in the quantity of precipitation over the study period. 

The time series of weekly Hg concentrations in ng L-1 in precipitation exhibited the seasonal pattern, 
discussed above, with low concentrations occurring in the beginning of each January, increasing through 
July and decreasing in winter (Figure 2b). Over the course of the study, 90 percent of the measured total 
mercury concentrations in weekly precipitation samples were less than 14.5 ng L-1.  As observed at other sites 
precipitation at the Huntington Forest exhibited an inverse relationship between weekly Hg concentration and 
precipitation volume (Figure 3).  Under relatively dry conditions with low weekly precipitation quantity, Hg 
concentrations in precipitation tend to be high.  Under relative wet conditions, the quantity of precipitation 
dilutes Hg inputs resulting in lower concentrations.

Wet mercury deposition (ng m-2) exhibited a similar seasonal pattern over through the time series of 
observations, as wet Hg was generally lower in the beginning of January, increasing through July and finally 
decreasing again at the beginning of January (Figure 2c). 

Average annual wet Hg deposition for the study period was 6754 ng m-2 yr-1 2000-2007; Figure 4) at the 
Huntington Forest. Annual wet Hg deposition for the Huntington Forest site was 7,754 ng m-2 yr-1 in 2000. 
Wet Hg deposition then decreased in 2001 (6,889 ng m-2 yr-1) and 2002 (6090 ng m-2 yr-1). The annual Hg 
deposition increased to a high of 9235 ng m-2 yr-1 in 2003 and has decreased in subsequent years to a low 
value of 5552 ng m-2 yr-1 in 2007 (Figure 4).  To date there is no significant long-term trend in annual wet Hg 
deposition at the HF, indeed year-to-year variation in annual wet Hg deposition is strongly controlled by the 
quantity of precipitation that occurs for that year (Figure 5).
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Figure 2.  Average annual and weekly precipitation (a), weekly Hg concentration in precipitation (b), and 
weekly Hg wet deposition (c) at the Huntington Forest site in the Adirondack Park, NY (NY20).
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Figure 3.  Relationship between the concentration of total Hg in weekly precipitation samples collected 
at Huntington Forest and weekly precipitation volume.

Year
1996 1998 2000 2002 2004 2006 2008

An
nu

al
 M

er
cu

ry
 D

ep
os

iti
on

 (n
g 

m
-2

 yr
-1

)

4000

6000

8000

10000

12000

14000
Huntington Forest, NY
Biscuit Brook, NY
West Point, NY
Ontario, Canada
Milford, PA
Hills Creek State Park, PA
Underhill, VT

7

Figure 4.  Time series of annual wet mercury deposition for mercury deposition network sites located 
near the Huntington Forest (NY20) in northeastern North America.
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Figure 5.  The relationship between annual wet Hg deposition (ng m-2 yr-1) in precipitation samples collected 
at Huntington Forest and the annual precipitation volume.

Comparison of wet mercury deposition with  
other regional sites

Average annual wet Hg deposition is generally lower (in 2005-2007) for the Huntington Forest (6345 ng m-2 

yr-1) than for the other MDN sites in New York State (Biscuit Brook (NY68) 9,174 ng m-2 yr-1 and West Point 
(NY99), 2007 only 10,248 ng m-2 yr-1), and regionally (Figure 6). Ontario, Canada (ON07) is the only regional 
site with consistently lower average annual wet Hg deposition (average = 5,034 ng m-2 yr-1) than Huntington 
Forest. Average annual wet Hg deposition for Milford, PA (PA72) was much greater than Huntington Forest. 
The largest difference in annual wet Hg deposition between these sites occurred in 2002 (Huntington Forest 
6,090 ng m-2 yr-1 vs. Milford 12,830 ng m-2 yr-1). The regional site with the longest ongoing record of wet Hg 
deposition (11 years) is the Hill Creek State Park Site (PA90). Average annual wet Hg deposition for Hill 
Creek was similar to Huntington Forest for 2000 through 2002. Although the records are similar in pattern, 
beginning in 2005 through 2007 the Hill Creek Park Site has received greater annual wet Hg deposition 
(Figure 6). Values of annual Hg deposition for Underhill, VT (VT99) were similar to values at Huntington 
Forest site for the first two years of monitoring (2005 and 2006 at that site ), 
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but wet Hg deposition for 2007 was considerably higher (11,463 ng m-2 yr-1). The spatial patterns in annual 
volume-weighted Hg concentrations and annual wet Hg deposition for these regional sites can be observed in 
the context of the North American MDN program on maps (Figure 7a and 7b). In the Northeast there is a gen-
eral pattern of decreasing Hg concentrations in precipitation and decreasing wet Hg deposition with increasing 
latitude (Figure 6). Concentrations of Hg in precipitation and wet Hg deposition are generally higher in loca-
tions south of the Huntington Forest.  Also note that none of the region MDN sites have significant long-term 
trends in annual volume-weighted concentrations of Hg in precipitation or in wet Hg deposition (Figure 4).
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Figure 6.  Mean annual wet mercury deposition for mercury deposition network (MDN) sites in near the 
Huntington Forest (NY20).  The values shown are mean values for 2005-2007, except for NY99  
(West Point); which is for 2007 only.  The errors represent standard deviations. Note that the  
sites are ordered by increasing latitude.
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Figure 7.  National Atmospheric Deposition Program/Mercury Deposition Network (NADP/MDN) maps of annual 
volume weighted total mercury concentration in precipitation (a) and annual wet Hg deposition (b) for 2007.



Wet mercury deposition in the context of mercury  
biogeochemistry at Huntington Forest

Because effects of elevated Hg deposition largely occur through exposure of humans and wildlife to Hg in 
aquatic and terrestrial environments, it is important to put measurements of wet Hg deposition in the context 
of pools and fluxes of Hg in ecosystems. In this regard, we have past and ongoing studies of Hg dynamics at 
Huntington Forest. Our measurements at a hardwood plot show a slight enrichment of Hg in throughfall (5.9 
µg m-2yr-1) compared to wet deposition (5.79 µg m-2yr-1; Choi et al. 2008; Figure 8). Atmospheric deposition 
of methyl mercury (MeHg) is low (Figure 9). Large increases in concentrations of Hg are evident in foliage of 
the dominant hardwoods over the growing season, with accumulation of Hg in American beech significantly 
higher than in sugar maple or yellow birch (Bushey et al. 2008a). This accumulation occurs during uptake 
of elemental Hg through of stomata of foliage.  Concentrations of Hg in understory foliage are significantly 
greater than overstory foliage, which may be due to elevated evasive losses of Hg from the overstory canopy 
in comparison to the understory canopy due to decreases in the penetration of solar radiation through the 
canopy, or elevated uptake of elemental mercury in understory foliage due to the proximity to sources from 
soil evasion. Concentrations of Hg in hardwood litter were consistent with values observed in foliage.  Litter 
Hg flux (14.8 µg m-2yr-1) greatly exceeded throughfall and was the major pathway of Hg deposited to the 
forest floor (20.7 µg m-2yr-1).  Soil evasion of Hg was highly variable across diurnal cycles and the annual 
cycle, and was highly dependent on environmental conditions (e.g., temperature, radiation).  Our best estimate 
of Hg evasion from upland soil under hardwoods (5.4 µg m-2yr-1) suggests that this flux was about equal to 
throughfall, but less than total Hg deposition (Choi and Holsen 2009). Stream fluxes of Hg (1.4 µg m-2yr-1) 
indicate that most of the Hg deposited to the watershed is evaded back to the atmosphere or retained in soil.  
Still, stream losses are a critical pathway of Hg supply to aquatic ecosystems and ultimately human and 
wildlife exposure. Wetlands in the lower Archer Creek watershed exhibit net production of total Hg and are a 
critical site of net production of methyl Hg (MeHg; Selvendiran et al. 2008; Figure 9). Stream Hg species flux 
increased greatly during storm events, driven by the increase in runoff (Bushey et al. 2008b; Dittman et al. 
2010). The form and source of Hg may have important implications for the bioavailability in downstream  
Arbutus Lake. Arbutus Lake is a net sink for total Hg and MeHg (Selvendiran et al. 2009).  In addition to 
export from the lake outlet, total Hg inputs are evaded back to the atmosphere from the lake surface and de-
posited to sediments. While wet Hg deposition is not the most important pathway of Hg inputs to Adirondack 
watersheds (28% of total inputs), it is undoubtedly highly bioavailable and changes in these inputs should be 
an accurate and responsive indicator of the effects on atmospheric Hg emission control programs. 
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Figure 8.  Fluxes and pools of total Hg measured from archer creek/arbutus lake watershed 
(in µg m-2yr-1 and µg m-2).

 

Figure 9.  Fluxes and pools of methyl Hg (MeHg) measured from Archer Creek/Arbutus Lake 
watershed (in µg m-2yr-1 and µg m-2).
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MDN Data Fields

SITE CODE: 2-letter state or province designator followed by a two digit number.

START DATE: (mm/dd/yyyy hh:mm), GMT

END DATE: (mm/dd/yyyy hh:mm), GMT

RGPPT:  Precipitation amount as measured by the rain gage in millimeters. Trace amounts are indicated 
by -7.00 and missing amount by -9.00.

SVOL:  Sample Volume, ml. Missing amounts are indicated by a -9.00.

SUBPPT:    Rain gage precipitation amount, if available, in mm. If the rain gage value (RGPPT) is missing, the 
precipitation amount in mm is calculated from the net sample volume caught in the sample bottle. A 
value of 0.127 is inserted for Trace sample types. Missing amounts are indicated by a -9.00

HGCONC:  Total mercury concentration reported by the lab in ng/L. Missing amounts are indicated by a -9.00

HGDEP:  Total mercury deposition, ng/m2 . The product of SUBPPT and

HGCONC.  Missing amounts are indicated by a -9.00

Quality rating (QR) CODE:
 A  fully qualified with no problems
 B  valid data with minor problems, used for summary statistics
 C  invalid data, not used for summary statistics
 -  no sample submitted for this time period

SAMPLE TYPE:
 W     wet sample, measurable precipitation (> 0.01 in.) on the rain gauge (RG) or net bottle catch 

(BC) > 1.5 mL if RG data are missing. Concentration and deposition data are reported unless  
the QR Code is C.

 D      dry sample The RG measured a 0 precipitation amount net, or if the RG is missing, the 
BC < 1.5 mL . No concentration data are reported and are indicated by a -9.00. RGPPT,  
SUBPPT, and HGDEP are set to zero.

 T     trace sample, used when the rain gage detects that an unmeasurable amount of precipitation 
occurred. No Hg concentration or depositions are shown. SUBPPT is set to 0.127 mm

 --    unknown sample type. Precipitation amount is unknown.
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NOTE CODE:

Code Description

Quality  
Rating  
(QR) code

Valid for 
Summary 
Statistics 
(Y/N)

e Extended sample time  
(> 8days)

B Y

d debris present B Y

m missing information B Y

z site operations problems B Y

h sample handling problems B Y

i low volume sample (1.5 mL < sample volume < 10 mL) (Hg 
conc. data are reported but they are less certain than samples  
with a sample volume of at least 10 mL

B Y

b bulk sample (sample  
exposed the whole time)

C N

v Rain gage indicates precipitation occurred but the sample  
volume was less than 1.5 mL, or the sample volume was less  
than 10% of indicated rain gage precipitation amount.

C N

u undefined sample (sample exposed for at least 6 hours without 
precipitation)

C N

f serious problems in field operations that compromise sample 
integrity

C N

l laboratory error C N

c contamination of sample C N

p no precipitation data from either the rain gage or the sample 
volume

C N

n no sample submitted C N

YRMONTH (YYYYMM):    Indicated the year and month at the midpoint of the sample. Used for 
determining which samples to use to compute annual and seasonal aggregates.

DATEMOD (DD/MM/YYYY):  Date when the record was last modified
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Appendix A - data from the Huntington Forest  
MDN collection site.
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