LANDFILLS (MERCURY)
A. Source Category Description
[bookmark: _Ref511899929]While the amount of mercury in products placed in landfills has tended to decrease in recent years, there is still a significant amount of mercury in place at landfills across the country. There are three main pathways for mercury emissions at landfills: (1) emissions from landfill gas (LFG) systems, including flare and vented systems; (2) emissions from the working face of landfills where new waste is placed; and (3) emissions from the closed, covered portions of landfills.[endnoteRef:1] Emissions from LFG systems are considered point sources and are already included in the NEI. Lindberg et al. (2005) found that emissions from the closed, covered portions of landfills are negligible and are similar to background soil emission rates. Therefore, this methodology focuses on emissions from the working face of landfills. In 2014, the emissions for mercury from landfills were 492.71 pounds. [1:  Lindberg, S.E., G.R. Southworth, M.A. Bogle, T.J. Blasing, J. Owens, K. Roy, H. Zhang, T. Kuiken, J. Price, D. Reinhart, and H. Sfeir. 2005. Airborne Emission of Mercury from Municipal Solid Waste. I: New Measurements from Six Operating Landfills in Florida. Journal of the Air and Waste Management Association, 55: 859-869. Available at: https://www.tandfonline.com/doi/abs/10.1080/10473289.2005.10464684, last accessed May 2018.] 


For this source category, the following SCC was assigned:

	SCC
	SCC Level 1
	SCC Level 2
	SCC Level 3
	SCC Level 4

	2620030001
	Waste Disposal, Treatment, and Recovery
	Landfills
	Municipal
	Dumping/Crushing/Spreading of New Materials (working face)



B. Overview of Calculations 
The calculations for estimating the emissions from landfills involve first estimating the amount of waste each landfill receives in a year. The total amount of waste in place for each landfill in a county is available from the US EPA’s Landfill Methane Outreach Program (LMOP) database. The total amount of waste in place for each landfill is divided by the number of years a landfill is operational to estimate the amount of waste a landfill receives each year. The amount of waste that a landfill receives each year is multiplied by an average emissions factor to calculate the total mercury emissions from landfills for each county. Sources of data and calculations for the amount of waste in place are discussed in section C. The process of allocating landfill waste activity data to the county level is discussed in section D. Emissions factors are discussed in section E. The estimation of emissions from mercury for landfills is discussed in section G.
C. Activity Data
[bookmark: _GoBack]The activity data for this source category are pulled from the US EPA’s LMOP database of landfills in the United States which contains information on the total amount of waste in place, as well as the opening and closing years of the landfill and the county where the landfill is located.[endnoteRef:2]  [2:  US EPA. 2018. Landfill Methane Outreach Program. Available at: http://www.epa.gov/lmop/, last accessed May 2018. ] 

To determine the number of years each landfill has been active, the year the landfill opened is subtracted from 2017. Only landfills that are open in 2017 are included in the analysis.
	
	(1) 


Where: 
	OPl	=	Total number of years of operation for each landfill l
	Ol	=	Year landfill l opened
	
The average number of tons of waste each landfill receives is estimated by dividing the total waste in place by the number of years the landfill has been operating. 
	
	(2) 



Where: 
	Wl	=	Average tons of waste that landfill l receives per year
	WPl	=	Total waste in place in landfill l, in tons
	OPl	=	Total number of years of operation for landfill l

Some counties have multiple landfills, so emissions within the county are summed in these instances.

	
	(3) 


Where: 
	Wc	=	Average tons of waste from n landfills in county c
	Wl	=	Average tons of waste that landfill l receives per year

D. Allocation Procedure
The EPA LMOP database provides data at the county level, therefore, no allocation procedure is needed for this category.
E. Emission Factors
[bookmark: _Ref511905974]The emissions factor for mercury from landfills was developed using an average of mercury emissions factors for the working face of landfills from two different studies.1,[endnoteRef:3] [3:  Babineau, I., Wu, C.Y., Jackson, A., Minnesota Pollution Control Agency. “Emission Factor Development for Mercury Emitted From Municipal Solid Waste during Processing and Handling.” In proceedings of the 109th Annual Meeting of the A&WMA, New Orleans, LA. June 2016.] 

Lindberg et al. (2005) measured mercury emissions from the working face of four landfills in Florida and determined an average emissions factor of 2.5 mg/ton of waste, or 5.51 × 10-6 lbs./ton of waste placed in a landfill annually.1 Babineau et al. (2016) determined that the average mercury content of municipal solid waste (MSW) in Minnesota is 0.00175 lbs./ton[footnoteRef:1]. It is assumed that 0.1% of mercury from MSW in landfills is volatized to the air, so the emissions factor from Babineau et al. is estimated to be 1.75 × 10-6 lbs./ton of waste.3 These emissions factors are averaged together to yield an average emissions factor of 3.63 × 10-6 lbs./ton of waste. [1:  The average Hg content of MSW in Minnesota listed in the reference document as 0.87 parts per million (ppm). A conversion factor of 0.002 is used to convert from ppm to lbs./ton – resulting in an average Hg content of 0.00175 lbs./ton.] 

[bookmark: _Ref511910148]Table 1. Emissions Factors for Mercury from Landfills (2620030001)
	[bookmark: RANGE!A1]Pollutant Code
	Pollutant Code
	Emissions Factor
	Emissions Factor Units
	Emissions Factor Reference

	Mercury
	7439976
	5.51E-06
	lbs./ton
	1

	Mercury
	7439976
	1.75E-06
	lbs./ton
	3

	Mercury
	7439976
	3.63E-06
	lbs./ton
	Average of above



F. Controls
There are no controls assumed for this category.
G. Emissions
The total mercury emissions from landfills, in pounds, is estimated by multiplying the average tons of waste that each landfill receives per year by the average emissions factor in Table 1. The emissions are reported at the county level for the county that the landfill is located in. 
	
	
	(4) 


Where: 
	Ep,c	=	Annual emissions of pollutant p in county c, in lbs.
	Wc	=	Average tons of waste from all landfills in county c
	EFp	=	Average emissions factor for pollutant p, in lbs./ton

H. Point Source Subtraction
There are no point source-specific SCCs for landfills; therefore point source subtraction is not performed for this category.
I. Sample Calculations
Table 2 lists sample calculations to determine the mercury emissions from landfills in New Hanover County, North Carolina. The landfill used in this calculation is the New Hanover County Secure Landfill in New Hanover County, NC. New Hanover County, NC only has one landfill, so equation 3 is only including this one value.
[bookmark: _Ref512255766]Table 2. Sample calculations for mercury emissions from landfills in New Hanover County, NC
	Eq. #
	Equation
	Values for New Hanover County, North Carolina
	Result

	1
	
	
	38 years that New Hanover County Secure Landfill will be open

	2
	
	
	127,501 average tons of waste per year for the New Hanover County Secure Landfill

	3
	
	N/A; there is only one landfill in Hanover County, NC
	111,191 average tons of waste per year for the New Hanover County, NC

	4
	
	
	0.46 pounds of mercury for New Hanover County, NC



J. Changes from 2014 Methodology
There are no significant changes from the methodology used to calculate the 2014 v2 NEI emissions.
K. Puerto Rico and US Virgin Islands Emissions Calculations
Emissions from Puerto Rico and the Virgin Islands are calculated using the same methodology described above. 
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