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Prepared for the USFS SMOKE FARM TEAM


Mercury Emissions from Fires and NEPA

A recent study by Christine Wiedinmyer and Hans Friedli. 2007. Mercury Emission Estimates from Fires: An Initial Inventory for the United States has generated a few questions about the need to disclose the effects of mercury emissions from wildland fire management, particularly prescribed fire.    The following information is based on review of that study as well as several other sources (listed at end of this paper).
The Wiedinmyer/Friedli (W/F) study pointed out their model has several sources of error: fire detection, fuel loading, area and amount of fuel burned, as well as the emission factors.  While their study did not account for fire severity, they noted that differences in mercury release between low and high severity fires could range from 20% to 80%. The amount of error in the emission estimates is ±50-percent (uncertainty factor of 2).  The authors note that future study is needed to resolve the uncertainty and account for key fire components that affect emissions.

What do we know about mercury emissions?
1) Three main sources of atmospheric mercury
a) Anthropogenic (human produced)

(1) Fossil fuel power plants are the largest remaining USA source 

(a) Contribute only about 1-percent of total annual Hg emissions worldwide

b) Natural (volcanoes, soil, vegetation)

c) Re-emission of previously deposited anthropogenic and natural HG 
(1) Hg emissions from fires fit this category

2) Three forms or species of mercury
i) Reactive Gaseous Hg (RGM)

(1) Short lifetime (days to weeks)

(2) Travels short distances from source (hundreds to thousands of feet)
(3) Production of this has decreased by 52% between 1990 and 2002

ii) Particulate Hg (associated with aerosols (pHg)

(1) Short lifetime  (days to weeks)

(2) Travels short distances from source (hundreds to thousands of feet)
iii) Gaseous Elemental Hg (GEM)

(1) Long lifetime (1 or more years)

(2) Travels hundreds to thousands of miles in atmosphere

(3) Makes up 95% of atmospheric Hg

(a) Atmospheric concentrations average less than 1 ppt(v) (part per trillion by volume)
(4) The concern with GEM is due mainly to
(a) Long range transport and then deposition
(b) And conversion to RGM and pHG

(i) Deposition to aquatic environments
1. Conversion of these to methylmercury Hg becomes most dangerous when methylated in soil or water by microbial or abiotic processes

a. Neurotoxic methylmercury
3) Atmospheric Hg is a global problem

a) About 6500 tons (range of 4700 to 7500) of atmospheric Hg in the air at any one time

i) 50% from anthropogenic sources

(1) US human contribution accounts for 3% of global total

(a) 108 tons per year;

(2) Fossil fuel power plants are the largest remaining USA source 

(a) Contribute only about 1-percent of total annual Hg emissions worldwide

ii) 50% from Natural Sources

iii) Emissions from Fires not included estimates

b) Focus of efforts to control Hg emissions is to reduce point-source emissions

4) Per EPA, the amount of Hg in the air is very, very low

a) Does not pose a health risk

b) Measured urban outdoor air has between 10 and 20 nonograms/cubic meter (ng/m3) of Hg

i) This is hundreds of times lower than levels considered to be safe to breathe

c) Measured Hg levels in nonurban air is about 6 ng/m3
5) Primary Hg threat to humans is from methylmercury

a) Occurs as Hg is deposited in aquatic environments

i) Hg levels concentrated up the food chain

b) Measured levels in surface water typically

i) Less than 5 ppt (parts per trillion) or 5 ng per liter

(1) Thousand times lower that safe drinking water standards

c) Measured levels in soil

i) Normal soil levels range from 20 to 625 parts of mercury per billion parts of soil (625,000 ng per kilogram of soil).
6) To Protect Human Health, EPA and FDA use the following limits:

a) Less than 144 ppt of inorganic Hg in rivers, lakes, and streams

b) Less than 2 ppb in drinking water (2000 ppt)

7) Estimates are that

a) Over 80% of the Hg emissions from fires are in gaseous elemental form
i) which stays airborne for over 1 year, 
ii) travels hundreds to thousands of miles, and 
iii) becomes well mixed in the atmosphere

8) Based on other research findings, global emissions from biomass burning ‘

a) Have been estimated at 800 tons per year
i) This is about 25% of all anthropogenic sources
9) Based on W/F study and emission estimates, US fires would contribute between 2% and 6% of the global total Hg from biomass burning (or 15 to 45 tons per year of the 800).
a) Using “W/F” upper estimate of 45 tons per year in U.S., this would increase total global atmospheric Hg of 6500 tons by 0.7 %
10) In a 2001 study by Hans Friedl and Larry Radke
a) All coniferous and deciduous samples contained 14 to 71 nanograms of Hg per gram of fuel
b) All ignited samples released 94% to 99% of stored Hg
c) Most of the emission (90%) was Gaseous Elemental Hg
QUESTION:  Can (or should?) we use W/F and others emission estimates to determine how significant the projected emissions would be?   
Keep in mind the sources of error in the W/F mentioned above and the fact that W/F did not include the effects of fire severity on Hg emission rates.

Using an overly-simplistic model (realize that emissions are tied to amount and type of fuel burned, size of fire, intensity of fire, etc.) we can “run some numbers.”
1. Average number of acres burned annually in the US between 2002 and 2006

a. 7,561,314

i. Based on data from USFS

2. W/F estimate an average Hg emission of about 44 metric tons per year for the US (includes Alaska)

a. This converts to 0.0000057 metric tons per acre burned

i. Converts to 5.7 grams of Hg per acre burned

ii. 90% (5.1g/ac) of this becomes gaseous elemental Hg

1. airborne for year(s)

iii. 0.6g per acre emitted from fire as reactive or particulate Hg

1. Deposited within a few miles or less from the fire

iv. Problem (one of many) is we do not know how large an area receives the immediate deposition

3. Based on the above information, we could surmise that Hg emissions from prescribed burns would be non-significant 

a. Nation wide, Rx fire would add less than 6% to the global Hg emissions from all biomass burning (or is less than 0.6% of the total global atmospheric Hg 
i. Rx fires help reduce fuels, thereby reducing wildfire intensity

1. Less severe fires release less mercury
2. If we do not reduce fuels, then more wildfires would increase the Hg emissions

b. Until further studies are completed, our best estimate is that

i. While the fire “re-releases” previously stored Hg

1. The emissions are too low to be of concern?

c. SHOULD WE?
i. Focus on managing the smoke (modeling direction, etc.) to control the direction of any emissions whether they be Hg or PM or others?
4. Of more concern may be the effects of soil run-off when fires (especially wildfires) occur adjacent to lakes and other water bodies.

a. In a December 4, 2006 article from SchienceNOW Daily New, research was reported from Canada where “a pulse of Hg entered a lake via soil eroded form the burned area.  The run-off also doubled the nitrogen in the lake

b. In this case, fire “added mercury to the water” and increased its accumulation in the food web

i. Fish ended up with 5 time more Hg than prior to the fire

ii. ** IMPORTANT NOTE:  Hg was from eroded soil in this case ….not emissions 
c. If this becomes a concern with Rx fire near water bodies,
i. Mitigation could include leaving a vegetative barrier to prevent soil from eroding into the water
ii. Others???
NOTES FROM November 28, 2007 Conference Call with Other Air Specialists:
1. The W/F paper was developed from other studies to estimate emissions

a. This is not new information.

i. What is making this an issue now?  

1. Not sure it is an issue.  Someone referred to a news release about the W/F paper and asked for information on Hg emissions from fires.

2. As Randy Kolka (Northern Research) noted in 2007
a. There is uncertainty about the influence of fire on Hg mobilization

i. Results from studies are varied

3. In terms of NEPA issues/effects, the science really isn’t there to support conclusion about specific projects

a. While very general conclusions could be offered about Hg emissions for a project, no valid effects could be presented (e.g. what would happen to fish in the same watershed)
i. Even if we try to provide estimate of Hg emissions

1. Then what?  We do not know the effects/influences

2. How much Hg is deposited and where?

3. How much then becomes methylmercury?

4. Keep in Mind:  

a. As W/F noted, much more study needs to be completed before confident estimates and impacts can be available

b. If Hg emissions are raised by the public during scoping (NEPA)
i. The ID Team should consider consulting with Air Specialist before responding
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