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 NADP Mercury Deposition Network 

 Mercury Deposition Network Annual Hg Map Summary 

 Mercury Deposition Network Hg Deposition Trends 

 Importance Of Monitoring Hg Deposition 

 Mercury Deposition And Impacts In The Pacific 
Northwest  
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 A Cooperative Monitoring Program Research Program 
(Un. Of Illinoi 
 Measure wet deposition and atmospheric 

concentrations of pollutants 
 We monitor the rate of pollution movement into 

ecosystems 
 

 North America 
 Taiwan, Mexico, South America 

 

 Owned and operated by our members 
 Decisions made by our members 
 Started in 1978, 35th year 
 

 “acid rain network” 
 Over 400,000 precipitation samples 
 

 

What Is The National Atmospheric Deposition 
Program Mercury Deposition Network? 



NADP
National Research Support Project #3

- A Long-term Monitoring Program

In Support of

Research on the Effects of Atmospheric 

Chemical Deposition

` 
Long-term Monitoring Program In  

Support Of Research On The Effects 

Of Atmospheric Chemical Deposition 
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NADP’s Goal 

To monitor chemistry/contaminants in 
precipitation (rain and snow) and in 
the atmosphere, as consistently and 

as accurately as we can, for long 
periods to determine changes over 

time (trends). 
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Hawaii 

Alert Nunavut, Canada 

Argentina, South America 

Taiwan 



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 
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Mercury Deposition Network Sites 
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Key To Success Of NADP 

 Standardized Monitoring Network 
 

– North American Coverage (NTN Good/MDN ?) 

– All Sites Conform To Same Siting Protocol 

– All Sites Use Same Standardized Equipment 

– All Sites Use Same Field Sampling Protocol 

– All Sites Use High Quality Central Analysis Lab 

– High-Level Field + Laboratory Quality Assurance 

– Internal/External Quality Programs 
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NADP Mercury Deposition Network             
Annual Hg Deposition Summary Maps 

 Each MDN Site: 

 Measures7-Day Integrated (weekly) Wet 
Deposition Precipitation Concentration 

 Measure Precipitation Volume 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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Mercury Deposition Network Sites 
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PRISM Precipitation Depth 

Measurement Sites 
  Each MDN Site: 

 Measures7-Day Integrated (weekly) Wet 
Deposition Precipitation Concentration 

 Measure Precipitation Volume 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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NADP Mercury Deposition Network 
PRISM Precipitation Depth Monitoring 

 Each MDN Site: 

 Measures7-Day Integrated (weekly) Wet 
Deposition Precipitation Concentration 

 Measure Precipitation Volume 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) 

 ~7000 Precipitation Volume Monitoring Stations 

 

 NADP annual concentration and deposition maps 

represent a modeled, spatial interpolation of quality-

controlled point observation data from NTN and MDN 

sites. 

 

 The deposition surfaces are not directly interpolated. 

Instead, they are generated as a product of two 

interpolated surfaces - the corresponding 

concentration surface, and a precipitation surface that 

combines NADP-measure precipitation values with 

PRISM direct and modeled estimates 
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Mercury Deposition in Precipitation 2010 
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Mercury Deposition in Precipitation 2010 
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Mercury Deposition in Precipitation 2010 
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Mercury Deposition in Precipitation 2010 
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Mercury Deposition in Precipitation 2010 
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Wet Deposition Hg  
Trend Methods (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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Mercury Deposition Network –  
Trends Analysis Of Precip Hg Concentration 
 

 

 

 
WA18: Local Incinerators Shut Down 

BC06: Sig Down (not enough data) 

ID03: Sig Down (not enough data) 

ID98: Slight Up (not enough data) 

ID99: Slight Up (not enough data) 

OR01: Up (not enough data 

OR10: Up (not enough data) 

NV02: Sig Up (good data set) 
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Mercury Deposition Network –  
Trends – Hg Deposition & Precipitation 
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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 Problem 
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Importance Of Monitoring  
Mercury Deposition 

Global 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  
 



Specific US Sources, Asian Growth 
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Importance Of Monitoring  
Hg Wet Deposition 

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 Required By 2018 

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



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  



Importance Of Measuring Mercury Deposition 

 

 

 
     

 

1) Decrease In Mercury Deposition? 
 

 Important To Measure Potential Hg Reductions In Wet 

Deposition  To Assess Policy and If  Expected Billions 

Of Dollars Of Emission Controls Are Working 
 

** Mercury Deposition Network Is The Only National Scale 

Network In Place To Measure The Affects Of Hg 

Emission Reductions In The Environment 
 

2)  No Hg Deposition Reductions? 

 

> No Hg Reductions is an equally important find and 

could indicate that other mercury sources are at play 

(i.e. global (non-US based) sources of mercury). 



 Need For Mercury Deposition Network  

Mercury Deposition 

Network  



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  
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Impacts Of Hg Deposition In The Pacific Northwest 
EPA National Rivers  

And Streams Assessment   
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NPS WCAP Hg Study 2002-2007 
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Western Airborne Contaminants Assessment Project 

National Park Service (2002-2007) 

 
  7 Ecosystems Monitored Across Western US  

      (Including Hoh Rainforest National Park) 
 

 Contaminants Tended To Accumulate At Higher Elevations 
 

 Some Of The Highest Hg Concentrations In Fish At High Alpine Lakes 
 

 

Although Hg Deposition Relatively Low In Pacific Northwest Arctic Parks 

 

 “In-Lake Biological processes vary among lakes/eco-regions and likely 
contributes to higher rates of mercury bio-accumulation in Fish” 

 

 “Mercury concentrations in fish exceeded contaminant health thresholds for 
fish-eating wildlife at various parks 

 

 “Sources are from as far away as Europe and Asia and as near as the local 
county.....(some study locations have) “deposition is primarily influenced by 
global atmospheric transport”  
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USGS High Alpine Lakes  

Hg In Fish Study 2007 
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 The consistent cold temperatures and large amount of precipitation in the Olympic and 
Cascade ranges of Washington State are thought to enhance atmospheric deposition of 
contaminants.  

 

 Mercury was detected in trout from all lakes sampled (15 to 262 μg/kg ww) 
 

 median total and methyl mercury were 30.4 and 0.34 μg/kg dry (ww),  
 

 our results suggest that local urban areas contribute to the observed contaminant 
patterns in these high elevation lakes,  

 

 Evidence that mercury disrupts genetic information in fish 
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NPS/USGS 

Hg In Fish Study 2013-2014 
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NPS/USGS 

Hg In Fish Study 2008-2012 
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NPS/USGS 

Hg In Fish Study 2008-2012 
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NPS/USGS 

Hg In Fish Study 2008-2012 

“Airborne Hg enters environmental cycles in complex ways, 

resulting in the contamination of even remote places 

 

“There is concern that atmospherically deposited Hg could 

threaten the ecological integrity of aquatic communities in the 

parks and the wildlife that depend on them. 
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NPS/USGS 

Hg In Fish Study 2013 
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NPS/USGS 

Hg In Fish Study 2013 

 27 Lakes Samples (177 Fish) 

 1 Fish Exceeded EPA Human Health (0.3 mg/Kg) 

 54% Exceeded ODEQ Tissue Residue Critieria (0.04 mg/Kg) 

 25-68% Exceeded Levels For Mink and Kingfisher 

 “Total Hg May Be Present In These Lakes At Levels 

Associated With Ecological Risk” 
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Does “Lower” Mercury Wet Deposition 
Impact Our Area? 
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How Much Mercury In Wet Deposition 
Will Impact Our Area? 

Western Airborne Contaminants Assessment Project 

National Park Service (2002-2007) 

 

Although Hg Deposition Relatively Low In Pacific Northwest Parks  
 

 “In-Lake Biological processes vary among lakes/eco-
regions and likely contributes to higher rates of mercury 
bio-accumlation in Fish” 

 

 “Sources are from as far away as Europe and Asia and as 
near as the local county.....(some study locations have) 
“deposition is primarily influenced by global atmospheric 
transport”  
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Mercury Deposition in Precipitation 2010 EPA Region 10 States – MDN Site Loss 
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Priority List Of Monitoring Needs 

 

 Washington 03 (Makah Nation)  upwind of all US sources; 
Asian input, national background.  Currently Unfunded. 

 

 High Elevation WA/OR we are predicting some of the highest 
deposition levels in the country; fish concentrations in these 
regions are also considered correspondingly high (WACAP, 
USGS, other) 
 

 State of Oregon - no coverage since OR01 and OR10 have 
stopped 
 

 State of Idaho - no coverage since ID03 has been stopped 

 Important Effect Of Increase In Hg Emissions (East Asia) and 
Upcoming US Based Reductions = Critical To Monitor Now 
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Mercury Deposition in Precipitation 2010 EPA Region 10 States – MDN Site Loss 

If No Monitoring In Oregon and Idaho, the NADP Mercury 

Deposition Maps will essentially have no data therefore 

leaving these areas “blank” 



Sulfate Deposition Reductions: 1985-2008 

Will We See The Same Reductions For Mercury After 

The Mercury Air Toxics Standards (MATS)? 

Mercury Deposition 

Network  



1985 1986 1984 

Sulfate Ion Wet Deposition 

1985-2008 



1986 1987 1985 

Sulfate Ion Wet Deposition 

1985-2008 



1987 1988 1986 

Sulfate Ion Wet Deposition 

1985-2008 



1988 1989 1987 

Sulfate Ion Wet Deposition 

1985-2008 



1989 1990 1988 

Sulfate Ion Wet Deposition 

1985-2008 



1990 1991 1989 

Sulfate Ion Wet Deposition 

1985-2008 



1991 1992 1990 

Sulfate Ion Wet Deposition 

1985-2008 



1992 1993 1991 

Sulfate Ion Wet Deposition 

1985-2008 



1993 1994 1992 

Sulfate Ion Wet Deposition 

1985-2008 



1994 1995 1993 

Sulfate Ion Wet Deposition 

1985-2008 



1995 1996 1994 

Sulfate Ion Wet Deposition 

1985-2008 



1996 1997 1995 

Sulfate Ion Wet Deposition 

1985-2008 



1997 1998 1996 

Sulfate Ion Wet Deposition 

1985-2008 



1998 1999 1997 

Sulfate Ion Wet Deposition 

1985-2008 



1999 2000 1998 

Sulfate Ion Wet Deposition 

1985-2008 



2000 2001 1999 

Sulfate Ion Wet Deposition 

1985-2008 



2001 2002 2000 

Sulfate Ion Wet Deposition 

1985-2008 



2002 2003 2001 

Sulfate Ion Wet Deposition 

1985-2008 



2003 2004 2002 

Sulfate Ion Wet Deposition 

1985-2008 



2004 2005 2003 

Sulfate Ion Wet Deposition 

1985-2008 



2005 2006 2004 

Sulfate Ion Wet Deposition 

1985-2008 



Sulfate Ion Wet Deposition 

1985-2008 

2006 2007 2005 



Sulfate Ion Wet Deposition 

1985-2008 

2007 2008 2006 



Sulfate Ion Wet Deposition 

1985-2008 

2008 2009 2007 



NADP Mercury Deposition Network 

1996-2011 
 

 

Monitoring Hg And Metals In Precipitation 

 
Will we see the same reductions for mercury                                      

as we did with Sulfur? 
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