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Abstract A partnership of federal and state agencies,

tribes, industry, and scientists from academic research and

environmental organizations is establishing a national,

policy-relevant mercury monitoring network, called

MercNet, to address key questions concerning changes in

anthropogenic mercury emissions and deposition, associ-

ated linkages to ecosystem effects, and recovery from

mercury contamination. This network would quantify

mercury in the atmosphere, land, water, and biota in ter-

restrial, freshwater, and coastal ecosystems to provide a

national scientific capability for evaluating the benefits and

effectiveness of emission controls. Program development

began with two workshops, convened to establish network

goals, to select key indicators for monitoring, to propose a

geographic network of monitoring sites, and to design a

monitoring plan. MercNet relies strongly on multi-institu-

tional partnerships to secure the capabilities and compre-

hensive data that are needed to develop, calibrate, and

refine predictive mercury models and to guide effective

management. Ongoing collaborative efforts include the: (1)

development of regional multi-media databases on mercury

in the Laurentian Great Lakes, northeastern United States,

and eastern Canada; (2) syntheses and reporting of these

data for the scientific and policy communities; and (3)

evaluation of potential monitoring sites. The MercNet

D. Schmeltz (&) � R. Haeuber

Clean Air Markets Division, U.S. Environmental Protection

Agency, Office of Atmospheric Programs, 1200 Pennsylvania

Avenue, NW, MC 6204J, Washington, DC 20460, USA

e-mail: schmeltz.david@epa.gov

R. Haeuber

e-mail: haeuber.richard@epa.gov

D. C. Evers

Biodiversity Research Institute, 19 Flaggy Meadow Road,

Gorham, ME 04038, USA

e-mail: david.evers@briloon.org

C. T. Driscoll

Syracuse University, 151 Link Hall, Syracuse, NY 13244, USA

e-mail: ctdrisco@syr.edu

R. Artz � M. Cohen

Air Resources Laboratory, National Oceanic and Atmospheric

Administration, 1315 East West Highway, SSMC3, R/ARL,

Silver Spring, MD 20910, USA

e-mail: richard.artz@noaa.gov

M. Cohen

e-mail: mark.cohen@noaa.gov

D. Gay

National Atmospheric Deposition Program, Illinois State Water

Survey, 2204 Griffith Drive, Champaign, IL 61820, USA

e-mail: dgay@illinois.edu

D. P. Krabbenhoft

U.S. Geological Survey, 8505 Research Way, Middleton,

WI 53562, USA

e-mail: dpkrabbe@usgs.gov

R. Mason

Department of Marine Sciences, University of Connecticut,

1080 Shennecossett Road, Groton, CT 06340, USA

e-mail: robert.mason@uconn.edu

K. Morris

Air Resources Division, National Park Service,

PO Box 25287, Denver, CO 80225-0287, USA

e-mail: kristi_morris@nps.gov

J. G. Wiener

River Studies Center, University of Wisconsin-La Crosse,

1725 State Street, La Crosse, WI 54601, USA

e-mail: wiener.jame@uwlax.edu

123

Ecotoxicology (2011) 20:1713–1725

DOI 10.1007/s10646-011-0756-4



approach could be applied to the development of other

monitoring programs, such as emerging efforts to monitor

and assess global mercury emission controls.

Keywords Mercury � MercNet � Ecological effects �
Mercury regulation � Monitoring

Introduction

The mercury problem and the need for monitoring

Mercury (Hg) is a pervasive toxic metal of significant

public health and ecological concern. The consumption of

contaminated fish is the primary pathway of exposure for

methylmercury (MeHg), the most bioaccumulative form of

Hg in humans and wildlife (Mergler et al. 2007; Scheu-

hammer et al. 2007). Moreover, a growing body of recent

research highlights the importance of terrestrial exposure

pathways and impacts of MeHg on terrestrial food webs

(Evers et al. 2005; Cristol et al. 2008; Wada et al. 2010).

MeHg concentrations in fish and other biota commonly

exceed dietary thresholds considered potentially harmful to

humans and piscivorous wildlife throughout much of the

United States and beyond. MeHg contamination has

adversely affected the benefits derived from fishery

resources in many of the nation’s inland and coastal waters.

In 2008, fish consumption advisories for (methyl) mercury

existed in all 50 states and in many tribal lands, including

several states with blanket advisories (U.S. EPA 2009a;

Fig. 1). The consumption of fish with elevated MeHg can

cause deleterious health effects in humans ranging from

neuro-developmental and behavioral deficits in children to

increased risk of cardiac disease (e.g., myocardial infarc-

tion) in adults (Mergler et al. 2007). Elevated concentra-

tions of Hg in wildlife, including piscivorous fish, birds,

and mammals, are linked to multiple adverse effects

including decreased reproductive success, altered immune

systems, behavioral and hormonal changes, physiological

and neuro-chemical impairments, and damage to cells and

tissues (Braune et al. 2006; Scheuhammer et al. 2007;

Evers et al. 2008a; Frederick and Jayasena 2010; Sandh-

einrich and Wiener 2011). Human and wildlife exposure to

MeHg through consumption of contaminated fish or other

biota may be enhanced through nearby emissions sources

or the sensitivity of landscapes to atmospheric Hg depo-

sition (Wiener et al. 2003; Evers et al. 2007), underscoring

the importance of local and regional Hg emissions to

deposition impacts. In addition, Hg contamination of

aquatic ecosystems distant from direct releases of Hg into

the environment also demonstrates the importance of long-

range Hg transport and deposition (Fitzgerald et al. 1998;

Burgess and Meyer 2008).

Existing and anticipated regulations target the control of

Hg emissions from major source categories. The expected

outcome is a decrease in MeHg exposures across the U.S.

The anticipated control of Hg emissions from coal-fired

power plants, the largest current source of anthropogenic

Hg in the U.S., and the cross-media, multi-scale effects of

atmospheric Hg have led scientists to propose a cohesive

national framework to monitor and assess ecosystem

responses to changes in atmospheric Hg (Mason et al.

2005; Harris et al. 2007; Evers et al. 2008b). Existing Hg

monitoring capabilities are not sufficient to provide accu-

rate, comprehensive and quantitative assessments of long-

term changes in Hg deposition, its transformation to MeHg,

and bioaccumulation and biomagnification in food webs in

diverse ecosystems across the U.S. In some areas, spatial

and temporal gaps in existing Hg monitoring data may

hamper the assessment of responses to future emission

controls.

The capability of state, federal, and international agen-

cies to adequately demonstrate the benefits and effective-

ness of actions to decrease the risk of Hg exposure to

humans and wildlife will require a robust, multi-media

environmental monitoring and assessment program. Such a

program would not only inform policy and management

decisions about whether further controls in Hg emissions

are warranted to decrease risks, but also quantify the

effects of emission control policies.

Despite recent progress in developing capacity to

monitor Hg in the atmosphere (NADP 2009), a coordinated

multi-media Hg monitoring program that can systemati-

cally and quantitatively relate changes in Hg concentra-

tions in biota and food webs to atmospheric Hg emissions

and deposition does not exist. Systematically monitoring

Hg in the atmosphere without a commensurate linked

program to track atmospherically deposited Hg through the

complex series of pathways and processes within an eco-

system will greatly reduce confidence in understanding

source-receptor relationships (Wiener et al. 2006; Driscoll

et al. 2007a). A holistic, multi-media monitoring program

would provide policy makers and natural resource man-

agers with a quantitative assessment of the effectiveness of

emission control programs.

U.S. Hg emissions and regulation

In the U.S., an array of federal and state regulations gov-

erns the release of anthropogenic Hg to the atmosphere

from major source categories; the proportion of source

types can vary greatly among states (Fig. 2). During the

past 15 years, anthropogenic Hg emissions in the U.S. have

declined substantially. The total anthropogenic Hg emitted

annually in the U.S. in 2005 was 101 tons (U.S. EPA

2005a, b; Table 1). This represents a decrease from 246
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tons emitted in 1990 (U.S. EPA 2000) and has been

attributed largely to controls installed on municipal waste

combustors and medical waste incinerators (Butler et al.

2008). Point sources are distributed across the U.S., and the

magnitude of anthropogenic emissions varies widely

(Fig. 3). Much of the anthropogenic Hg emitted in the U.S.

originates from fossil-fuel combustion. Coal-fired power

plants (utility coal boilers) across the U.S. emitted 52.3

tons of Hg to the atmosphere in 2005 and are the largest

single source of anthropogenic Hg emissions, followed by

other boilers, cement manufacturers, and electric arc fur-

naces (Table 1). Despite the noteworthy control of Hg

since 1990, Hg emissions from coal-fired power plants

have remained largely unchanged (Table 1). However,

current Hg emissions from coal-fired power plants are

likely lower than 2005 estimates due to the installation of

Hg controls to comply with state-specific rules and co-

benefit Hg reductions from the control of particulate matter

and sulfur dioxide under state and federal actions (U.S.

Federal Register 2011).

In 2005, targeting Hg emissions from coal-fired power

plants, the U.S. Environmental Protection Agency (EPA)

issued the Clean Air Mercury Rule (CAMR), which

established performance standards limiting Hg emissions

from new and existing facilities (Milford and Pienciak

2009). The rule created a market-based cap-and-trade

program to decrease nationwide power plant Hg emissions.

The use of trading to regulate Hg emissions raised scien-

tific concerns about the potential for generating localized

areas with unacceptably high levels of Hg deposition from

clustered emission sources located in Hg sensitive regions

or areas experiencing elevated local emissions in the U.S.

from static or increased Hg emissions (U.S. EPA 2006;

Evers et al. 2007).

In 2008, the U.S. Court of Appeals for the D.C. Circuit

judicially voided (vacated) CAMR (Milford and Pienciak

2009). Following the court’s vacatur, 17 states adopted

regulations controlling Hg emissions from power plants,

most of which have been implemented (U.S. EPA 2011).

Several states also established emissions monitoring

requirements for Hg (NACAA 2011). In 2011, the U.S.

EPA proposed Hg and air toxic standards to reduce Hg,

acid gases, and other toxic pollutants from power plants

(U.S. Federal Register 2011). EPA’s proposal sets emis-

sions standards for Hg and other toxic air pollutants,

reflecting levels achieved by the best-performing sources

currently in operation.

In addition to controlling Hg from coal-fired power plants,

EPA recently proposed or has finalized regulations to

decrease Hg emissions from other major source categories.

These include (1) national emissions standards for hazardous

air pollutants for gold ore processing and production

Fig. 1 Map showing fish-

consumption advisories for Hg

in the U.S. from the 2008

National Listing of Fish

Advisories
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facilities; (2) rule to control Hg emissions from Portland

cement manufacturing facilities; (3) proposed emission

limitations for sewage and sludge incinerators; and (4)

proposed revision to performance standards for emissions

from chlor-alkali facilities. Emission limitations for indus-

trial and commercial boilers are under reconsideration.

Fig. 2 Estimated distributions

of four specific source types of

anthropogenic Hg emissions for

the United States (by state),

Canada, and Mexico. Estimates

are based on an analysis of

emissions data from the U.S.

EPA (2002 National Emissions

Inventory), Environment

Canada (primarily the 2002

National Pollutant Release

Inventory), and the Commission

for Environmental Cooperation,

who supported the development

of a 1999 Mexican Hg

emissions inventory. These

categories are the same as

categories used in Fig. 3 to

indicate the location and

magnitude of Hg emission

sources. The ‘‘Other’’ category

includes minor emission sources

Table 1 Mercury emissions by source category for 1990 and 2005, and net emissions changes over this interval

Source category Emissions (tons/year) Net changes between 1990

and 2005 (tons/year)
1990 2005

Utility coal boilers 58.8 52.3 -6.5 (-11.1%)

Hospital/medical/infectious waste incineration 51 0.3 -50.7 (-99.4%)

Municipal waste combustors 57.2 2.4 -54.8 (-95.8%)

Industrial/commercial/institutional boilers and process heaters 14.4 10.3 - 4.1 (-28.5%)

Mercury cell chlor-alkali plants 10.0 0.3 -9.7 (-97.0%)

Electric arc furnaces 7.5 7.3 -.2 (-2.7%)

Commercial/industrial solid waste incineration (CISWI)a Not available 0.3

Hazardous waste incinerationb 6.6 3.2 -3.4 (-51.5%)

Portland cement non-hazardous wasteb 5.0 7.5 2.5 (50.0%)

Gold mining 4.4 2.5 -1.9 (-43.2%)

Sewage sludge incineration 2.0 1.1 -.9 (-45.0%)

Mobile sources Not available 1.1

Other categoriesc 29.5 12.4 -17.1 (-58.0%)

Total (all categories) 246.4 101.0 -145.4 (-59.0%)

a CISWI estimates in Table 1 do not include cement kilns
b Hazardous waste incineration category includes Portland cement hazardous waste kilns. 1990 estimates for Portland cement and hazardous

waste incineration do not use the same methodology and are underestimated in 1990 based on current data
c Includes other Hg emitting source categories: chemical manufacturing, metal fabrication operations, agriculture mineral processing, cremation,

dental amalgam, engine test cells, electrical equip manuf, fluorescent light breakage/recycling, ferroalloys, manufacturing, iron and steel

production, landfills, nonferrous metals, oil and gas production, refineries, petroleum product distribution, plywood, pulp/paper, residential

heating, and waste disposal

Table is based on data in the 1990 National Emissions Inventory (NEI) for Hazardous Air Pollutants and the 2005 National-scale Air Toxics

Assessment (NATA) emissions inventory, provided by Anne Pope U.S. EPA/OAQPS 3/24/11

1716 D. Schmeltz et al.

123



MercNet: a national Hg monitoring network

Planning workshops

Two planning workshops for a national Hg monitoring

network were held in 2003 and 2008. Important concepts

are explained in two key publications. Mason et al. (2005)

and Harris et al. (2007) presented a technical framework

and a detailed plan for a national-scale network to track the

sources, consequences, and trends of Hg in the environ-

ment following decreases in atmospheric Hg emissions.

The network concept was a product of the first workshop

co-sponsored by the U.S. EPA and the Society of Envi-

ronmental Toxicology and Chemistry (SETAC) in 2003

involving more than 30 Hg experts from the U.S., Canada

and Europe with experience in measurements of Hg in the

atmosphere, terrestrial and aquatic ecosystems, fish and

wildlife. Workshop participants developed groups of indi-

cators that could be used to identify and interpret spatio-

temporal patterns in Hg concentrations and fluxes in the

atmosphere, land, water, and biota to assess ecosystem

responses to changes in Hg deposition over policy-relevant

timescales (Table 2). Ancillary data essential for defensible

interpretation of Hg trends and dynamics were also

identified. Workshop participants envisioned a national Hg

monitoring network of 10–20 intensively-studied sites to

establish causal relations between Hg pollution and eco-

system change, to measure environmental Hg trends, and to

provide data for developing and refining predictive models.

Surrounding each intensive monitoring site would be a

group of about 10–20 less-intensively studied ‘‘cluster’’

sites intended to provide a general understanding of the

ranges of ecosystem responses within the region (e.g.,

within 200 km).

In May 2008, 50 scientists and policy analysts from

federal agencies, including the U.S. EPA, U.S. Geological

Survey (USGS), National Oceanic and Atmospheric

Administration (NOAA), U.S. Fish and Wildlife Service

(USFWS), and the National Park Service (NPS), along with

representatives from Environment Canada, state environ-

mental agencies, tribes, the academic scientific community,

industry, and non-governmental organizations convened a

second workshop (U.S. EPA 2009b) to develop an imple-

mentation strategy for a national Hg monitoring and

assessment network (MercNet). Specific goals for the

workshop were threefold:

1. To share data and information on existing Hg moni-

toring programs (e.g., atmosphere, water, watershed,

Fig. 3 Distribution of total Hg annual emissions for point sources in

the United States, Canada, and Mexico. Emissions based on the same

dataset and source categories described in Fig. 2. Total number of

point sources in inventory is 15,892, which equals 155 tons/year.

Point sources not mapped are those under 20 lbs/year (n = 3,508

point sources which equals 1.75 tons/year). Note, amount of Hg

emitted does not include area sources. In the U.S., the largest

contributors to area sources are mobile sources, oil combustion, lamp

manufacturing, recycling and breakage, dental amalgam production,

and cremation. The largest contributors to Canadian area sources are

other fuel combustion, incineration, and cremation. Point source

emissions in Alaska and Hawaii are minor (under 20 lbs/year) and not

depicted here
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sediments, biota) in North America to advance inter-

agency collaboration;

2. To distill and translate recommendations from Harris

et al. (2007) to develop more specific monitoring

guidance on Hg indicators and ancillary parameters;

and

3. To identify Hg monitoring data gaps across the U.S.,

options for filling those gaps, and potential network

monitoring locations.

The workshop focused on design and implementation of

MercNet covering terrestrial and aquatic ecosystems in the

United States, including watersheds, freshwater and coastal

systems. Linkages to ecosystem monitoring in Canada and

Mexico were discussed. Some of the key tasks were to

identify: the goals and objectives of MercNet, the major

design elements needed to meet network goals and objec-

tives, existing monitoring capabilities, existing sites that

meet monitoring objectives, and near-term steps to address

gaps.

Workshop participants reviewed and refined goals,

objectives, and proposed network design strategies. There

was recognition of the need to link monitoring activities to

the information needs of policymakers, resource managers,

and researchers for managing risks and predicting envi-

ronmental outcomes of Hg emission changes.

Goal and objectives

The defined goal of MercNet is to establish an integrated,

national network to systematically monitor, assess, and

report on policy-relevant indicators of atmospheric Hg

concentrations and deposition, and Hg levels in land, water,

and biota in terrestrial, freshwater, and coastal ecosystems

in response to changing Hg emissions over time. The six

principal objectives of MercNet are aligned with the

information needs of policymakers, resource managers, and

researchers charged with managing risks and predicting

environmental outcomes of Hg emission changes, as

follows:

1. Establish baseline Hg concentrations in multiple

ecosystem compartments that document environmental

conditions before implementation of new Hg emission

controls so that future changes may be attributable to

these controls. This objective requires building on

historical datasets and existing information on spatio-

temporal patterns in baseline conditions.

Table 2 Types of indicators to be quantified at cluster or intensive sites for MercNet

Indicatora Site Frequency

Air & watershed

Atmospheric Hg speciation; wet & dry deposition flux IN Continuously

THg wet deposition & fluxb CL Weekly

Hg0 evasion & fluxb IN Monthly

THg & MeHg yield from watershed in surface-water and groundwater IN Monthly

Sediment & water

THg stratigraphy & accumulation in dated sedimentc IN Every 3–5 years

THg & MeHg in surficial (0–2 cm) sediment IN ? CL Every 6 months

THg & MeHg in surface water IN ? CL Every 6 months

THg & MeHg in water column (depth profiles) IN Every 6 months

Aquatic biota

THg & MeHg in seston (mostly algae) IN Monthly

THg & MeHg in bulk zooplankton or selected benthic invertebrates IN Monthly

THg in whole, yearling fish IN ? CL Annually

THg in axial muscle of adult piscivorous fish IN ? CL Annually

THg in wildlifed IN ? CL Annually

Site: IN intensive sites only, IN ? CL intensive & cluster sites

THg total mercury, MeHg methylmercury, Hg0 elemental mercury
a Revised from chapters in Harris et al. 2007
b Event-based wet deposition collection at intensive sites, weekly integrated sampling at cluster sites. At intensive sites, flux estimates would

include wet, dry, gaseous, & particulate deposition; throughfall & litterfall; & snowpack sampling, as appropriate. Hg0 concentration & evasion

fluxes would be for both aquatic and terrestrial environments
c Intensive sites & a subset of cluster sites would be sampled to determine historic Hg trends
d Birds & mammals; both short-term & integrative sampling
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2. Track spatial patterns and long-term trends in Hg

concentrations throughout aquatic and terrestrial eco-

systems before, during, and after Hg emission controls

are implemented. This objective requires developing a

comprehensive geographic and statistical approach

that accounts for spatial variability and a long-term,

consistent set of measurements to assess temporal

responses.

3. Provide data to assess linkages among atmospheric Hg

emissions and deposition, and MeHg concentrations in

biota and their changes over time. This objective

requires quantifying relations between Hg emission

sources and aquatic receptors, accounting for lags in

ecological response to Hg inputs (Munthe et al. 2007)

and evaluating the ecotoxicological effects of Hg on

organisms and populations.

4. Provide Hg and ancillary data to validate existing

atmospheric and ecological models, and advance the

development of models to assess source-receptor

relations. This objective requires integrating monitor-

ing and modeling activities to ensure that models

account for the full range of factors affecting Hg

transport, availability and bioaccumulation, and rates

of methylation.

5. Assess potential ecological harm and linkages to air

emission sources for important ecological areas (e.g.,

National Parks, National Wildlife Refuges) and wild-

life of conservation concern, such as rare, threatened,

and endangered species. This objective requires quan-

tifying cause-and-effect relations among Hg emissions,

deposition, and exposure of fish and wildlife.

6. Connect MercNet to other environmental monitoring

programs to share expertise, enhance monitoring capac-

ity, and maximize the effectiveness of the program.

Monitoring design elements

Workshop participants also agreed on five major monitor-

ing design elements:

1. MercNet should include 10–20 nationally-distributed

intensively monitored sites, or intensive sites, to

establish cause and effect relationships between Hg

loading and ecosystem response and to provide data

for developing and refining predictive models.

2. A group of 10–20 less intensively studied sites, called

cluster sites, in the vicinity of each intensive site

(within 200 km), should be monitored to provide a

general understanding of the range of ecosystem

responses within the region.

3. Monitoring at each site should continue for

10–40 years, a time frame needed to quantify the

expected broad range of responses expected among

different ecosystems (Harris et al. 2007). Note that

10 years is probably inadequate to evaluate the

response to decreases in loading given the lags in

ecosystem processing of Hg, although some areas have

shown markedly rapid response to decreases in Hg

emissions (e.g., Evers et al. 2007). The 40 year

monitoring period is probably more realistic to assess

response to subtle and long-term changes in Hg

deposition, particularly given the complexities of Hg

response to other disturbances such as atmospheric

deposition, climate change, introduced species and

land-use change.

4. The network should build on existing surveillance and

monitoring efforts, where possible (e.g., NADP,

LTER, NEON), to maximize information, benefits,

coordination, and efficiency, and to reduce cost.

5. Monitoring at intensive and cluster sites would focus

on environmental indicators expected to respond to

changes in Hg emissions and MeHg exposure over

relevant time scales. Recommended measurements

include concentrations of speciated atmospheric Hg

(gaseous elemental, reactive gaseous, and particulate

atmospheric Hg fractions), and total and methylated

forms of Hg, wet and dry deposition, soils, forest litter,

sediments, surface and ground water, snow, yearling

fish, adult predatory fish, and Hg sensitive wildlife

species (Table 2). These measurements minimize the

confounding impacts of short-term variability while

integrating the signal to ascertain environmental

change.

The design of MercNet reflects that Hg cycling is

complex and occurs within the context of other environ-

mental drivers, such as (1) wet/drought cycles, (2) warm-

ing, (3) changing hydrologic regimes in lakes and rivers

(partly due to wet/dry cycles; partly due to other influ-

ences), (4) acidic deposition, (5) land-use changes, and (6)

various other ecosystem changes. These disturbances have

the potential to influence MeHg production, transport, and

bioaccumulation. Although a goal of MercNet is to locate

monitoring at sites where ‘‘…response[s] should not be

confounded by other natural or anthropogenic distur-

bances,’’ (Table 3) in reality, there are factors that are

uncontrollable. Sound scientific assessment is based on a

strong understanding of ecosystems that comprise the

network and that understanding is essential to explain

trends as a function of Hg emissions and other ecosystem

changes.

MercNet database

Because of the widely dispersed array of multi-media Hg

measurements and data available across the U.S., MercNet

MercNet: a national monitoring network 1719
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presents an opportunity to improve coordination across

sampling programs, agencies, and networks to: (1) extend

time-series measurements of Hg; (2) standardize quality

assurance, including measurement methods and data

management procedures to improve data integration; and

(3) enable more spatially comprehensive interpretation, as

Hg control programs are implemented. As part of the 2008

workshop, a team of scientists from federal and state

agencies, academia, and research organizations compiled

and analyzed more than 200,000 observations of Hg levels

in air, water, sediment and soil, vegetation, fish, and

wildlife based on environmental monitoring databases

compiled by the U.S. EPA, NOAA, USGS, U.S. FWS,

NPS, state agencies, and the Biodiversity Research

Institute (BRI) (U.S. EPA 2009b). The MercNet database

contains locations and meta-data about multi-media Hg

measurement sites. It provides a useful tool for identifying

and characterizing existing Hg monitoring activities across

the U.S., for examining the spatial extent of Hg monitoring,

for informing gap analysis, and for identifying potential,

long-term network sites. BRI continues to manage and

integrate Hg data into the MercNet database, which now

exceeds 500,000 Hg observations (BRI 2010).

Monitoring sites

The locations of Hg monitoring sites will be linked to

defined monitoring objectives as needed to document Hg

Table 3 MercNet siting criteria and considerations

Evaluation questions Criteria Definition

Does the site have an operational

infrastructure & available long-

term data to establish baselines?

• Site has available long-term Hg data (atmospheric

or ecosystem data), supporting information on site

characteristics, & ancillary measurements

Resources are available to sustain operations, such

as funding, shelter, power supply, site operators,

transparent land ownership, site accessibility. Site

is co-located with other long-term monitoring

programs, such as NADP & CASTNet.
• Site has existing facilities & infrastructure to

support the monitoring program

Will changes in Hg levels be

observed and interpretable at the

site?

• Site is considered to be sensitive and responsive to

Hg inputs

Hg sensitivity is the relative efficiency of an

ecosystem to transform an inorganic Hg load into

bioaccumulated MeHg. Mercury-sensitive

ecosystems will be more responsive to loading

changes (magnitude & timing of response). The

network will need rapid and slow methylating

sites to quantify a range of responses across

ecosystem types. Site response should not be

confounded by other natural or anthropogenic

disturbances

• Site is located near emission sources and may

receive elevated Hg inputs

• Site expected to exhibit a clearly defined response

to changes in Hg emissions and deposition

Does the site have potential for

evaluating models?

• Information from monitoring at the site will be

useful for developing, testing, and refining

atmospheric & ecosystem models

For atmospheric model evaluation, sites should

include simple terrain with few confounding

variables (e.g., vehicle traffic), existing

meteorological simulations, & well-characterized

regional emission sources with a range of

concentrations & plume episodes. Ecosystem

model evaluation requires relatively uniform sites

with well-characterized land cover, meteorology,

hydrology, soils, and biology, & a relatively long

time series of Hg measurements. Measurements

needed include evasion, throughfall, litterfall,

methylation, & soil adsorption.

• Hg or ancillary data are available

Does the site contribute to an

overall network covering a range

of site types?

• Sites should collectively have a range of expected

response times to changes in deposition, include

an array of ecosystem types, and a nationwide

geographic distribution

Sites cover a variety of ecosystem types (e.g.,

forest, lake, wetland, urban, coastal) and

ecoregions. Sites include rapid response types

(e.g., perched seepage lakes) & slow-response

sites with substantial ground water input. One or

more sites should be distant from domestic Hg

sources, receiving atmospheric Hg inputs

primarily from non-U.S. sources.

• Site influenced primarily by global sources of Hg

emissions

To what extent is the site located in

Hg-sensitive wildlife habitat?

• Strong scientific information on exposure and

effects on wildlife species

Sites capture temporal & spatial changes in MeHg

exposure and potential effects in wide-ranging

and limited range species relative to changes in

Hg loadings to an ecosystem.
• Site has endangered, threatened, or candidate

species at risk of MeHg exposure
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trends in multiple ecosystem compartments and/or

establish causal linkages between changes in Hg deposi-

tion and bioaccumulation of MeHg in ecosystems.

Important siting criteria and considerations are presented

in Table 3.

To identify locations with a strong potential for con-

tributing to MercNet, the multi-media indicators identi-

fied in Harris et al. (2007) and siting considerations

(Table 3) were applied to existing monitoring sites

derived from the MercNet database, primary scientific

literature, and expert input. Review of the database

reaffirmed the need for a long-term, consistent monitoring

effort. Most of the Hg samples collected in the U.S. have

been one-time collections conducted to characterize the

extent of Hg contamination, rather than continuous long-

term monitoring efforts. A review of fish Hg concentra-

tions in the MercNet database indicate that only six sites

in the United States have data for 10 or more total years

(MercNet unpubl. data; Fig. 4). This limitation may

constrain options for expanding monitoring to support

long-term temporal trend objectives. Such data gaps in

the temporal record would hamper the assessment of

cause-and-effect linkages between Hg emissions and

ecosystem effects.

Successes, challenges, and opportunities

New Hg monitoring

A few consistent, comparable and national scale long-term

monitoring datasets do exist. These include the Mercury

Deposition Network (MDN) and Atmospheric Mercury

Network (AMNet), which were established as part of the

National Atmospheric Deposition Program (NADP) to

determine spatial patterns and long-term trends in con-

centrations of Hg species in the atmosphere and precipi-

tation, and wet and dry Hg deposition. The MDN joined the

NADP in 1996, and currently includes 115 sites in the

United States and Canada. All MDN samples are analyzed

for total Hg, and some for MeHg. The AMNet joined

NADP in 2009. This network quantifies concentrations of

atmospheric Hg forms that contribute to dry and total Hg

deposition. At the 21 AMNet sites, automated continuous

measuring systems obtain information on concentrations of

atmospheric Hg species, and are co-located with MDN wet

deposition collectors. Data on terrain, land cover, and

meteorology useful for estimating dry deposition are col-

lected, if locally available. For MDN and AMNet, samples

are collected using standardized measurement methods,

Fig. 4 Distribution of Hg data for fish fillets or axial muscle across the United States in relation to the duration or number of years of fish

sampling and analysis at each site. The data are derived from the MercNet monitoring database (1967–2005)
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and quality assured data are archived on the NADP

website.

Sixty nine potential intensive network sites were ini-

tially identified. This list was reduced to 21 candidate sites

for further characterization and consideration. These 21

sites represent key ecosystem, climatic and deposition

characteristics, and meet a range of network monitoring

objectives and site selection criteria; however, the full

range of measurements needed to meet stated network

objectives have not been made at the vast majority of these

sites. The list of potential intensive sites includes candidate

sites that range widely in geographic extent from fairly

localized areas with established monitoring to multi-state

regions (U.S. EPA 2009b; Fig. 5).

Regional Hg synthesis projects

Recent syntheses of monitoring data and scientific research

have enhanced our understanding of the extent of Hg

pollution and contributed to the groundwork for MercNet.

Such syntheses are particularly useful because much of our

data on Hg in the environment is from state, provincial and

federal surveys. These surveys were intended to charac-

terize Hg contamination and to provide information on

consumption advisories and exposure risk. Moreover, as

Hg contamination is a complex multi-media problem,

understanding is often limited by a narrow disciplinary

focus.

Two regionally-focused, bi-national projects facilitated

the sharing and synthesis of multi-media Hg monitoring

data. The first of these focused on the northeastern U.S. and

eastern Canada and involved meetings that were conducted

from 2000 to 2003, with funding from the U.S. Department

of Agriculture through the Northern States Research

Cooperative. Approximately 70 scientists compiled regio-

nal Hg data including information on air, atmospheric

deposition and Hg concentrations in sediments, surface

waters, aquatic biota and wildlife, resulting in a database of

more than 60,000 observations. Much of these data were

from government surveys that had never been interpreted

through linkages with supporting observations. Following

data compilation, scientists worked in groups to analyze

and interpret the regional Hg data which resulted in pre-

sentations at the biennial Northeastern Ecosystem Research

Cooperative meeting and 21 articles on Hg pollution in

eastern North America, published as a special issue of

Ecotoxicology (Evers and Clair 2005). This initial synthesis

effort was followed by a higher order synthesis to integrate

Hg data across environmental media, yielding two general

reports (Evers 2005; Driscoll et al. 2007b) and two peer-

reviewed journal articles (Driscoll et al. 2007a, Evers et al.

2007) that have advanced regional understanding of

atmospheric Hg deposition, transport, and transformations

and wildlife MeHg exposure.

The second bi-national synthesis focused on the Great

Lakes region. This effort began in 2008 and the first phase

will be complete in 2011. The Great Lakes Hg synthesis,

funded by the U.S. EPA through the Great Lakes Atmo-

spheric Deposition program, involves more than 155 sci-

entists and managers. Similar to the eastern North America

Fig. 5 Conceptual map of a

national Hg monitoring network

(MercNet). This map illustrates

how monitoring sites might be

distributed across the United

States to achieve comprehensive

regional and national coverage.

The sites illustrated on the map

are preliminary and do not

represent a final set of sites to be

included in a national Hg

monitoring program. The

concentric circles illustrate the

proximity of cluster sites to

intensive sites. The selection of

sites reflects the need for

ongoing and long-term Hg

measurements, areas of high Hg

contamination, proximity to

national emission sources,

ecosystem sensitivity to Hg

deposition and potential

reference sites
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initiative, data have been complied and subsequently

interpreted by workgroups focusing on ecosystem compo-

nents (atmospheric deposition, sediments, water, lower

food web, fish, and wildlife). Outputs include two project

workshops, 22 papers scheduled for publication in this

special issue of Ecotoxicology (Evers et al. 2011), and 13

papers in a concurrent special issue of Environmental

Pollution (Wiener et al. 2011). A higher order synthesis of

the Hg data in these papers is planned to result in journal

articles, as was conducted for eastern North America.

These regional synthesis projects have provided a more

holistic view of Hg pollution, and have strengthened the

scientific foundation for identifying data gaps, customizing

regional site selection criteria, and guiding Hg policy,

including the need for additional emission controls and

linkages of Hg contamination to other environmental dis-

turbances—all are essential regional elements that can

contribute to an integrated national Hg monitoring pro-

gram. Such regional syntheses have also been effective

platforms for communication among scientists, natural

resource managers, policy makers, and the news media.

Global Hg monitoring

Internationally, the United States is participating in nego-

tiations with more than 140 other countries to establish a

global, legally binding instrument to control Hg pollution

by 2013 (UNEP 2010). Related to these discussions, sci-

entists from around the world are collaborating to establish

a Global Mercury Observation System (GMOS) to assess

spatial and temporal changes in atmospheric Hg concen-

trations and Hg wet deposition, and to provide data to

evaluate regional and global-scale atmospheric models.

Such a global network, based partly on data compiled by

Pirrone et al. (2009), could support an international

agreement, providing a scientific foundation for global Hg

policy development, implementation, and assessment as

outlined by the United Nations Environment Programme

(UNEP 2010). GMOS is envisioned to include ground-

based monitoring stations, shipboard measurements over

the Pacific and Atlantic Oceans, European Seas, and air-

craft measurements from the ground to the lower strato-

sphere (European Commission 2010). While current plans

for GMOS do not include Hg monitoring in watersheds or

biota, new additions to the UNEP Hg Air Transport and

Fate Research Partnership Area (UNEP 2011) encompass

objectives that would include ecosystem monitoring. As

scientists consider different monitoring options for a global

Hg network, linkages to existing national and regional Hg

monitoring efforts in North America and elsewhere, where

substantial investments and progress have already been

made, would facilitate development.

Near-term steps and future challenges

MercNet is an important part of a conceptual framework

for understanding and managing the effects of atmospheric

Hg deposition on ecosystems and natural resources

(Fig. 6). This framework involves integrated monitoring of

Hg emissions, air, and atmospheric deposition, as well as

other abiotic and biotic components (Table 2). These

monitoring activities would be summarized through peri-

odic status and trends assessments to link emission control

actions to changes in atmospheric Hg deposition and bio-

logical responses.

A number of supporting activities could greatly enhance

the success of MercNet. These include regional data syn-

theses and corresponding publication efforts, similar to

those in the Northeast and Great Lakes regions. These

could be multi-regional and eventually national in scope.

Other critical activities include process-level research that

would provide the detailed quantitative understanding of

the mechanisms behind Hg processes in the environment;

development, testing, and application of atmospheric

transport and watershed Hg models; as well as the testing

of hypotheses emanating from the analysis and interpreta-

tion of monitoring data. MercNet and the associated status

and trends assessment, synthesis work and modeling would

support environmental policy decisions and help guide

future decisions on the need for additional emission con-

trols. Equally important, MercNet would support account-

ability by providing environmental information that can be

used to directly assess and quantify the benefits and

effectiveness of emission control programs.

Support exists for MercNet at the national, state and

local levels. Legislation was introduced in Congress in

2007 (S. 843, H.R.1533), 2009 (S. 2913) and 2011 (S.1183)

to support a national Hg monitoring program. The pro-

posed legislation provides for the establishment of a multi-

agency national Hg monitoring program. In 2010, the

Environmental Council of States (ECOS), Quicksilver

Caucus adopted a resolution supporting actions to develop

a comprehensive, long-term Hg monitoring program to

evaluate trends in Hg levels in the environment and biota

and inform the development of future Hg control policies

(ECOS 2010). A similar resolution was agreed upon in

2010 by the Great Lakes Commission to promote com-

prehensive Hg monitoring, research and control efforts.

The New England Governors and Eastern Canadian Pre-

miers also support extensive Hg monitoring to improve

scientific understanding of Hg sources, fate and impacts as

part of their Mercury Action Plan (Smith and Trip 2005).

Monitoring and planning workshops and regional synthe-

ses projects have involved diverse groups of participants,

including scientists from academia and government, and

representatives from industry, state and federal natural
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resource agencies, tribes, and NGOs. Future activities in this

initiative should be expanded to engage public health scien-

tists and social scientists. As MercNet would be a long-term

effort, it is essential that program and funding be leveraged

through federal, state and industrial institutions to sustain a

cost-effective, comprehensive program. The development of

MercNet to date, described in this paper, demonstrates that

strategic partnerships are crucial to success.

Acknowledgments This work and preparation of this manuscript

were supported by the U.S. Environmental Protection Agency, New

York State Energy Research and Development Authority, the Biodi-

versity Research Institute, the U.S. Geological Survey, the U.S. Fish and

Wildlife Service, the National Oceanic and Atmospheric Administra-

tion, the National Park Service, the National Atmospheric Deposition

Program, the Minnesota Pollution Control Agency, the Cherokee

Nation, the Florida Department of Environmental Protection, and the

University of Wisconsin-La Crosse. We appreciate the help of Maureen

Hale, Kimberley Driscoll, and Ian Johnson for their assistance with

maps and management of materials. This paper has not been subjected

to U.S. EPA peer and administrative review; therefore, the conclusions

and opinions contained herein are solely those of the authors, and should

not be construed to reflect the views of the U.S. EPA.

References

Braune BM, Mallory ML, Gilchrist HG (2006) Elevated mercury

levels in a declining population of ivory gulls in the Canadian

Arctic. Marine Pollut Bull 52:978–982

BRI [Biodiversity Research Institute] (2010) MercNet monitoring

inventory database: online library (in BETA). http://mercnet.

briloon.org/. Accessed 8 June 2011

Burgess N, Meyer MW (2008) Methylmercury exposure associated

with reduced productivity in common loons. Ecotoxicology

17:83–91

Butler TJ, Cohen MD, Vermeylen FM, Likens GE, Schmeltz D, Artz

RS (2008) Regional precipitation mercury trends in the eastern

USA, 1998–2005: declines in the Northeast and Midwest, no

trend in the Southeast. Atmos Environ 42:1582–1592

Cristol DA, Brasso RL, Condon AM, Fovargue RE, Friedman SL,

Hallinger KK, Monroe AP, White AE (2008) The movement of

aquatic mercury through terrestrial food webs. Science 320:335

Driscoll CT, Han Y-J, Chen CY, Evers DC, Lambert KF, Holsen TM,

Kamman NC, Munson RK (2007a) Mercury contamination in

forest and freshwater ecosystems in the Northeastern United

States. Bioscience 57:17–28

Driscoll, C. T., Evers, D., Lambert, K. F., Kamman, N., Holsen, T.,

Han, Y.-J., Chen, C., Goodale, W., Butler, T., Clair, T., Munson,

R. (2007b). Mercury matters: linking mercury science with

public policy in the Northeastern United States. Hubbard Brook

Research Foundation. Science Links
TM

Publication. Vol. 1, no 3

ECOS (2010) The Environmental Council of States, Quick Silver

Caucus. Resolution number 10-2; Approved March 24, 2010

Sausalito, California, at http://www.ecos.org/files/4022_files_

Resolution_10_2.doc

European Commission, DG Research 7th Framework Programme (2010).

The Global Mercury Observation System. http://www.gmos.eu/

Evers DC (2005) Mercury connections: The extents and effects of

mercury pollution in northeastern North America, Biodiversity

Research Institute, Gorham, ME

Evers DC, Clair TA (2005) Mercury in northeastern North America: a

synthesis of existing databases. Ecotoxicology 14:7–14

Fig. 6 Conceptual framework for a Hg monitoring program and linkages with synthesis, research and modeling to evaluate and guide emission

control programs

1724 D. Schmeltz et al.

123

http://mercnet.briloon.org/
http://mercnet.briloon.org/
http://www.ecos.org/files/4022_files_Resolution_10_2.doc
http://www.ecos.org/files/4022_files_Resolution_10_2.doc
http://www.gmos.eu/


Evers DC, Burgess N, Champoux L, Hoskins B, Major A, Goodale

W, Taylor R, Poppenga R, Daigle T (2005) Patterns and

interpretation of mercury exposure in freshwater avian commu-

nities in northeastern North America. Ecotoxicology 14:193–222

Evers DC, Han Y-J, Driscoll CT, Kamman NC, Goodale WM,

Lambert KF, Holsen TM, Chen CY, Clair TA, Butler TJ (2007)

Biological mercury hotspots in the Northeastern United States

and Southeastern Canada. Bioscience 57:1–15

Evers DC, Savoy L, DeSorbo CR, Yates D, Hanson W, Taylor KM,

Siegel L, Cooley JH, Bank M, Major A, Munney K, Vogel HS,

Schoch N, Pokras M, Goodale W, Fair J (2008a) Adverse effects

from environmental mercury loads on breeding common loons.

Ecotoxicology 17:69–81

Evers DC, Mason RP, Kamman NC, Chen CY, Bogomolni AL,

Taylor DL, Hammerschmidt CR, Jones SH, Burgess NM,

Munney K, Parsons KC (2008b) An integrated mercury mon-

itoring program for temperate estuarine and marine ecosystems

on the North American Atlantic Coast. EcoHealth 5:426–441

Evers DC, Wiener JG, Basu N, Bodaly RA, Morrison HA, Williams

KA (2011) Mercury in the Great Lakes region: bioaccumulation,

spatial and temporal patterns, ecological risks, and policy.

Ecotoxicology. doi:10.1007/s10646-011-0784-0

Fitzgerald WF, Engstrom DR, Mason RP, Nater EA (1998) The case

for atmospheric mercury contamination in remote areas. Environ

Sci Technol 32:1–7

Frederick P, Jayasena N (2010) Altered pairing behavior and

reproductive success in white ibises exposed to environmentally

relevant concentrations of methylmercury. Proc R Soc B. doi:

10.1098/rspb.2010.2189

Harris R, Krabbenhoft DB, Mason R, Murray MW, Reash R, Saltman

T (2007) Ecosystem responses to mercury contamination:

indicators of change. CRC Press/Taylor and Francis Publishers,

Boca Raton

Mason RP, Abbott ML, Bodaly RA, Bullock Jr, OR, Driscoll CT,

Evers D, Lindberg SE, Murray M, Swain EB (2005) Monitoring

the response to changing mercury deposition. Environ Sci

Technol 39:15–22A

Mergler D, Anderson HA, Chan LHM, Mahaffey KR, Murray M,

Sakamoto M, Stern AH (2007) Methylmercury exposure and

health effects in humans: a worldwide concern. Ambio 36:3–11

Milford JB, Pienciak A (2009) After the Clean Air Mercury Rule:

prospects for reducing mercury emissions from coal-fired power

plants. Environ Sci Technol 43:2669–2673

Munthe J, Bodaly RA, Branfireun BA, Driscoll CT, Gilmour CC,

Harris R, Horvat M, Lucotte M, Malm O (2007) Recovery of

mercury-contaminated fisheries. Ambio 36:33–44

NACAA (2011) National Association of Clean Air Agencies. State/

Local Mercury/Toxics Programs for Utilities. February 8, 2011

at http://www.4cleanair.org/

NADP (2009) National Atmospheric Deposition Program(NRSP-3),

AMNet approval, Fall 2009 NADP Executive Committee,

Saratoga Springs, New York. October 6, 2009, https://nadp.isws.

illinois.edu/amn/

Pirrone N, Cinnirella S, Feng X, Finkelman RB, Friedli HR, Leander

J, Mason R, Mukherjee AB, Stracher G, Streets DG, Telmer K

(2009) Global Hg emissions to the atmosphere from natural and

anthropogenic sources. In: Pirrone N, Mason R (eds) Mercury

fate and transport in the global atmosphere: emissions, mea-

surements and models. Springer, New York, pp 3–49

Sandheinrich MB, Wiener JG (2011) Methylmercury in freshwater

fish—recent advances in assessing toxicity of environmentally

relevant exposures. In: Beyer WN, Meador JP (eds) Environ-

mental contaminants in biota: interpreting tissue concentrations,

2nd edn. CRC Press/Taylor and Francis, Boca Raton,

pp 169–190

Scheuhammer AM, Meyer MW, Sandheinrich MB, Murray MW

(2007) Effects of environmental methylmercury on the health of

wild birds, mammals, and fish. Ambio 36:12–18

Smith CM, Trip LJ (2005) Mercury policy and science in Northeast-

ern North America: the mercury action plan of the New England

governors and Eastern Canadian premiers. Ecotoxicology 14:

19–35

UNEP (2010) Draft elements of a comprehensive and suitable

approach to a global legally binding instrument on mercury.

United Nations Environment Programme: intergovermental

negotiating committee to prepare a globally binding instrument

on mercury. UNEP, DTIE, INC.2/3, http://www.unep.org/haza

rdoussubstances/Mercury/Negotiations/INC2/tabid/3468/Default.

aspx

UNEP (2011) Mercury air transport and fate research partnership

area. http://www.unep.org/hazardoussubstances/Mercury/Interim

Activities/Partnerships/AirTransportandFateResearch/tabid/3532/

language/en-US/Default.aspx

U.S. EPA (2000) National air pollutant emission trends, 1900–1998.

US Environmental Protection Agency Report EPA 454/R-00-

002, http://www.epa.gov/ttn/chief/trends/trends98/trends98.pdf

U.S. EPA (2005a) The United States Environmental Protection

Agency National Air Toxics Assessment, http://www.epa.gov/

ttn/atw/natamain/

U.S. EPA (2005b) The United States Environmental Protection

Agency National Emissions Inventory Data for hazardous air

pollutants, http://www.epa.gov/ttnchie1/net/2005inventory.html

U.S. EPA (2006) Monitoring needed to assess impact of epa’s clean

air mercury rule on potential hotspots. US Environmental

Protection Agency, Office of the Inspector General, Report No

2006-P-00025 http://www.epa.gov/oig/reports/2006/20060515-

2006-P-00025.pdf

U.S. EPA (2009a) 2008 National listing of fish advisories: technical

fact sheet. US Environmental Protection Agency, Office of

Water. http://water.epa.gov/scitech/swguidance/fishshellfish/fish

advisories/tech2008.cfm

U.S. EPA (2009b) MercNet—establishing a comprehensive national

mercury monitoring network. US Environmental Protection

Agency, Office of Air and Radiation. Report EPA 430-K-09-001.

http://nadp.sws.uiuc.edu/mercnet/MercNetFinalReport.pdf

U.S. EPA (2011) The United States Environmental Protection Agency

updates to EPA base case v4.10 proposed toxics rule, http://

www.epa.gov/airmarkt/progsregs/epa-ipm/toxics.html

U.S. Federal Register (2011) National emission standards for

hazardous air pollutants from coal and oil-fired electric utility
steam generating units and standards of performance for fossil-

fuel-fired electric utility, industrial-commercial-institutional, and

small industrial-commercial-institutional steam generating units;

proposed rule, vol 76, No 85, Tuesday, May 3, 2011

Wada H, Yates DE, Evers DC, Taylor RJ, Hopkins WA (2010) Tissue

mercury concentrations and adrenocortical responses of female

big brown bats (Eptesicus fuscus) near a contaminated river.

Ecotoxicology 19:1277–1284

Wiener JG, Krabbenhoft DP, Heinz GH, Scheuhammer AM (2003)

Ecotoxicology of mercury. In: Hoffman DJ, Rattner BA, Burton

GA, Cairns J (eds) Handbook of ecotoxicology, 2nd edn. Lewis

Publishers, Boca Raton, pp 409–463

Wiener JG, Knights BC, Sandheinrich MB, Jeremiason JD, Brigham

ME, Engstrom DR, Woodruff LG, Cannon WF, Balogh SJ

(2006) Mercury in soils, lakes, and fish in Voyageurs National

Park (Minnesota): importance of atmospheric deposition and

ecosystem factors. Environ Sci Technol 40:6261–6268

Wiener JG, Evers DC, Gay DA, Morrison HA, Williams KA (2011)

Mercury contamination in the Laurentian Great Lakes region:

introduction and overview. Environ Pollut (in press)

MercNet: a national monitoring network 1725

123

http://dx.doi.org/10.1007/s10646-011-0784-0
http://dx.doi.org/10.1098/rspb.2010.2189
http://www.4cleanair.org/
https://nadp.isws.illinois.edu/amn/
https://nadp.isws.illinois.edu/amn/
http://www.unep.org/hazardoussubstances/Mercury/Negotiations/INC2/tabid/3468/Default.aspx
http://www.unep.org/hazardoussubstances/Mercury/Negotiations/INC2/tabid/3468/Default.aspx
http://www.unep.org/hazardoussubstances/Mercury/Negotiations/INC2/tabid/3468/Default.aspx
http://www.unep.org/hazardoussubstances/Mercury/InterimActivities/Partnerships/AirTransportandFateResearch/tabid/3532/language/en-US/Default.aspx
http://www.unep.org/hazardoussubstances/Mercury/InterimActivities/Partnerships/AirTransportandFateResearch/tabid/3532/language/en-US/Default.aspx
http://www.unep.org/hazardoussubstances/Mercury/InterimActivities/Partnerships/AirTransportandFateResearch/tabid/3532/language/en-US/Default.aspx
http://www.epa.gov/ttn/chief/trends/trends98/trends98.pdf
http://www.epa.gov/ttn/atw/natamain/
http://www.epa.gov/ttn/atw/natamain/
http://www.epa.gov/ttnchie1/net/2005inventory.html
http://www.epa.gov/oig/reports/2006/20060515-2006-P-00025.pdf
http://www.epa.gov/oig/reports/2006/20060515-2006-P-00025.pdf
http://water.epa.gov/scitech/swguidance/fishshellfish/fishadvisories/tech2008.cfm
http://water.epa.gov/scitech/swguidance/fishshellfish/fishadvisories/tech2008.cfm
http://nadp.sws.uiuc.edu/mercnet/MercNetFinalReport.pdf
http://www.epa.gov/airmarkt/progsregs/epa-ipm/toxics.html
http://www.epa.gov/airmarkt/progsregs/epa-ipm/toxics.html

	MercNet: a national monitoring network to assess responses to changing mercury emissions in the United States
	Abstract
	Introduction
	The mercury problem and the need for monitoring
	U.S. Hg emissions and regulation

	MercNet: a national Hg monitoring network
	Planning workshops
	Goal and objectives
	Monitoring design elements
	MercNet database
	Monitoring sites

	Successes, challenges, and opportunities
	New Hg monitoring
	Regional Hg synthesis projects
	Global Hg monitoring
	Near-term steps and future challenges

	Acknowledgments
	References


