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`Long-term Monitoring Program In 
Support Of Research On The Effects 
Of Atmospheric Chemical Deposition



3 Precipitation Monitoring Networks
– Measure wet deposition of pollutants
– National Trends Network (NTN)
– Atmospheric Integrated Research Monitoring Network (AIRMON)
– Mercury Deposition Network (MDN)



acidic species
free acidity (or pH), sulfate, nitrate, chloride

nutrients
nitrate, ammonium, orthophosphate

earth crustal base cations
calcium, magnesium, potassium

salts
sodium and chloride

heavy metals
mercury, trace metals (MDN)

Species Measured by the NADP



NADP Precipitation Monitoring Sites

~ 350 Monitoring Stations

National Trends Network



NADP Precipitation Monitoring Sites

~110 MDN Monitoring Stations 

Mercury Deposition Network



A Cooperative Research Program
- Owned/operated by diverse sponsoring agencies



Federal AgencyMembers



States and 
Tribal 

Organizations



Other 
Research 

Organizations



Key To Success Of NADP:
A Standardized Monitoring Network

– North American Coverage (NTN Good/MDN ?)
– All Sites Conform To Same Equipment Siting Protocol
– All Sites Use Same Standardized Sampling Equipment
– All Sites Use Same Field Sampling Protocol
– All Sites Use High Quality Central Hg Analysis Lab
– High-Level Field + Laboratory Quality Assurance
– Internal/External Quality Programs



Digital Rain Gauge
Leading Ridge, PA

Goddard State Park, PA
MDN Mercury Sampler

Mercury Deposition Network Site



NADP Mercury Deposition Network             
Annual Hg Deposition Summary Maps
• Each MDN Site:

– Measures7-Day Integrated (weekly) Wet 
Deposition Precipitation Concentration (52 
weeks Per Year)

– Measure Precipitation Depth At Each Site
– Calculate Hg Deposition (ng Hg/m^2/year)

• Annual Hg Deposition Summary Maps:
– Continuous Color Gradient Map Incorporating 

An External, Highly Resolved Precipitation 
Dataset (PRISM)
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Annual 2014 MDN Hg Deposition
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1) Elemental Gaseous Hg Is Emitted Into The Atmosphere through either combustion emissions or natural process (i.e. forest fires)
2) Some forms of Hg will fall once it is emitted.
3) Elemental Gaseous Hg can travel hundreds/thousands of miles until it is oxidized and falls out as wet Hg or dry Hg deposition.
4) Once Hg wet/dry deposited to aquatic ecosystems these systems can convert  the mercury to the toxic, bioaccumulative form of Methyl Mercury. 
5) Mercury enters the food chain and works its way into fish, wildlife and humans.

The Mercury ProblemThe Mercury Problem



Atmospheric Transport and Deposition Of Mercury To Water Bodies Is Dominant Pathway
Input Of Mercury To Water Bodies
“Between 40%-75% is likely by wet deposition” 
(Sorensen et al., 1997; Scherbatskoy et al., 1997; Lamborg et al., 1995; Mason et al., 1997; Landis and Keeler, 2002; Mercury 2006 Committee Statement)

Mercury Deposition Network 



Mercury Deposition Network
Mercury Analytical Laboratory

Need For Monitoring Hg Deposition 

Mercury Deposition Network 



Mercury Deposition Network
Mercury Analytical Laboratory

State and Provincial Hg fish consumption 
advisories have increased to include:
•4,249 advisories in 50 states which represent:

-43% of the Nation’s total lake acres
-39% of the Nation’s total river miles
-42% of the Nations coastal waters and
-100% of the Great Lakes

Mercury Deposition Network 



Impacts Of Hg Deposition
EPA National Rivers And Streams Assessment  

2008-2009 EPA NRSA Summary Results:
 “Elevated Levels In Fish Are The Leading Cause Of Fish Consumption Advisories In The US”
 “All Fish Measured Contained Quantifiable Levels Of Hg”
 “¼ Of Urban River Miles Assessed Measured Hg In Fish > 300PPB Human Health Advisory
 “Results Demonstrate The Pervasive Nature Of Mercury Deposition In Watersheds of the US And Subsequent Accumulation In Fish” 
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Mercury Air Toxics Standard (MATS)
Implementation Date: April 2015



Mercury Air Toxics Standard (MATS)
Implementation Date: April 2015

EPA Mercury Air Toxics Standards (MATS)
- Released :February 16, 2012
- Start Date: April 16, 2015
- Coal and Oil Fired Electric Generating Units
- 90% Hg Emissions Reductions Targeted For 2018
- Recently Challenged
- EPA Charged With Justification Of Cost
- Most Utilities Have Moved Forward To Comply W/ MATS



Importance Of Monitoring 
Mercury DepositionGlobal Mercury Emissions Treaty

- United States Signs and Ratifies Minimata Convention 
- 140 Countries, Legally Binding
- Deals with world-wide emissions and discharges of a pollutant that threatens the health of millions,
- Agreed risk to human health and environment was so significant that accelerated action needed 
- Toxic, persistent and subject to long-range transport 
- High levels of mercury in certain fish / human health concern 
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Potentially Decreasing US Hg Emissions  VsPotentially Increasing International Hg Emissions



Potentially Decreasing US Hg Emissions  VsPotentially Increasing International Hg Emissions

 Current Regulations Focus On Measuring Hg Emission (At “Smoke Stack”)
 With Long Range Transport Of Hg And International Sources increasing

 Important To Measure Hg As Direct Input To The Environment
 Are Local / Regional Hg Emissions/Deposition Decreasing?
 Some Scientist Estimate 90% Of Hg Deposition In North America 

Is From Non North American Sources 
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Importance Of Monitoring
Mercury Wet Deposition

The Mercury Deposition Network Is The Only North American Scale Network 
In Place To Measure The Affects Of Hg Emission Reductions In The 

Environment
1) Decrease In Mercury Deposition Measured?
 Important To Measure Potential Hg Reductions In Wet Deposition To Assess Policy and If Expected Emission Controls Are Working
2) No Hg Deposition Reductions Measured?
 No Hg Reductions is an equally important find and could indicate that other mercury sources are at play (i.e. global (non-NA based) sources of mercury).
3) Increase In Hg Deposition?
 Are US Based Controls Reducing Enough Hg Emissions?
 Are Non-US Based Sources Now Dominant And International Policy Now The Focus?



NADP Mercury Deposition Network
20 Year Anniversary (1996-2016)

Eurofins Frontier Global Sciences
- 20 Years As Mercury Analytical Laboratory For MDN
- 20 Years As MDN Site Operations Center
- 20 Years Of Innovation, Collaboration And Network Support



National Trends Network 
(Acid Rain Network)



Sulfate Deposition Reductions 1985-2012
Will We See The Same For Hg After MATS/Minamata?

























































NADP Mercury Deposition Network
1996-2016

Monitoring Hg And Metals In Precipitation
Will we see the same reductions for mercury                                      

as we did with Sulfur?
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Annual 2014 MDN Hg Deposition
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1996-2016 Mercury 
Deposition Network Data Available Online

Data Available To Anyone – Free Online
http://nadp.sws.uiuc.edu/
Largest, Longest Running, Standardized, Quality Assured, Peer Reviewed Data For North America
Long Term Monitoring Key
Changes Could Happen Very Quickly After Hg Reductions OR
Change Could Happen Very Slowly Over Time
Without Long Term Monitoring, Increases And Decreases In Hg Deposition Could Be Missed



Countries with Registered NADP Users
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MDN Wet Deposition Hg 
Trend Method (USGS)

• Seasonal Kendall Test for Trends
• Seasonal Kendall Slope Estimator

– From the “Mann Kendall” as extended by van Belle and Hughes, 1984
– Non-parametric, normality not assumed
– Allows for seasonality and multiple stations
– Allows for missing data
– From “Statistical Methods for Environmental Pollution Monitoring”, 

R. O. Gilbert, 1987
– Examines differences over time

» Difference (obs1 – obs2) > 0, then =+1
» < 0, then =-1
» = 0, then = 0
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Preliminary Data
> Sites w/ 10+ Yrs
> Not All Sites Data    

Same Time Frame 
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Preliminary Data
 35 Sites
 Data ‘96-’15
 13 Yrs Or Greater



International Joint Commission Report
Dec 2015



International Joint Commission Report
Dec 2015

 Canada and US Commission to advise on matters related “research and 
monitoring of the Waters of the Great Lakes, including specific research and 
monitoring priorities

 The Commission “wishes to underscore the need for continued vigilance 
regarding mercury in the Great Lakes Basin

 “…requires recognition of the important role of out-of-Basin and Global air 
transport….

 Monitoring mercury pollution in light of persistent mercury contamination of 
Great Lakes Fish, particularly as concern rises that emissions outside 
of the US and Canada could, through long-range atmospheric 
transport diminish or offset progress made by the two nations in 
reducing domestic emissions.



International Joint Commission Report
Dec 2015

Join Commission Report Recommendation
 The Great Lakes region lacks an adequately and sustainably-funded, 

geographically diverse and consistently maintained mercury atmospheric 
deposition monitoring network

 Recommends the governments increase and provide sustainable 
funding for an optimized binational monitoring network to track 
atmospheric deposition of mercury in the great lakes basin.

 Optimal Great Lakes mercury monitoring network would consist of at least 
21 stations (around US and Canada – around the Great Lakes)

 These sites would be maintained with consistent funding over long 
periods of time enabling standardization of data and analysis of 
temporal trends



Mercury Disposition Network
– The Longest Running Hg Deposition Network
– Standardized and Peer Reviewed
– Easy To Join And Turn Key (Equipment, Training)
– Now National and International Drivers For Monitoring
– Needs Better Site Coverage In Order To Help Determine

– Are We Seeing Hg Reductions In Can/US – MATS?
– Are We Seeing Global Hg Inc/Dec – Minamata?
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