DUST KICKED UP BY ANIMALS
Source Category Description
Dust kicked up by animals refers to the dust emitted from different types of livestock feet. These emissions are primarily considered to be made by cattle and swine, but poultry emissions of dust are also examined. Fugitive dust emissions from animals are estimated for PM10-PRI, PM10-FIL, PM25-PRI, and PM25-FIL. In 2014, dust from animals in the US, Puerto Rico, and US Virgin Islands resulted in 1,078,49.73 tons of PM10-PRI and 204,225.20 tons of PM25-PRI emissions.
For this source category, the following SCCs were assigned:
	SCC
	SCC Level 1
	SCC Level 2
	SCC Level 3
	SCC Level 4

	2805001000
	Miscellaneous Area Sources
	Agriculture Production – Livestock
	Beef cattle - finishing operations on feedlots (drylots)
	Dust Kicked-up by Hooves

	2805001010
	Miscellaneous Area Sources
	Agriculture Production – Livestock
	Dairy Cattle
	Dust Kicked-up by Hooves

	2805001020
	Miscellaneous Area Sources
	Agriculture Production – Livestock
	Broilers
	Dust Kicked-up by Feet

	2805001030
	Miscellaneous Area Sources
	Agriculture Production – Livestock
	Layers
	Dust Kicked-up by Feet

	2805001040
	Miscellaneous Area Sources
	Agriculture Production – Livestock
	Swine
	Dust Kicked-up by Hooves

	2805001050
	Miscellaneous Area Sources
	Agriculture Production – Livestock
	Turkeys
	Dust Kicked-up by Feet



Overview of Calculations
[bookmark: _Ref477177316][bookmark: _Ref485811493]The calculations for estimating the emissions from dust kicked up by animals involves multiplying the livestock counts by an emission factor for PM10-PRI, PM10-FIL, PM25-PRI, and PM25-FIL. Sources of data and calculations for the livestock counts are discussed in section C. The process of allocating activity data to the county level is discussed in section D. Emissions factors are discussed in section E. The estimation of emissions from dust from animals is discussed in section G. 

[bookmark: _Ref532368959]Activity Data
The activity data for this source category is based on livestock counts (average annual number of standing head) and population information by state and county used to develop U.S. EPA’s Greenhouse Gas Inventory.[endnoteRef:2] This data set is derived from multiple data sets from the United States Department of Agriculture (USDA), particularly the National Agricultural Statistics Service (NASS) survey and census.[endnoteRef:3] The USDA NASS survey dataset, which represents latest available, 2017 national livestock data, is used to obtain the livestock counts for as many counties as possible across the United States.  For a full description of the GHG livestock population estimation methodology, refer to the above referenced citation for the EPA’s GHG inventory document. [2:  U.S. EPA. 2018. Inventory of Greenhouse Gas Emissions and Sinks, 1990-2016. Chapter 5.2, Manure Management. EPA 430-R-18-003.]  [3:  United States Department of Agriculture. 2020. National Agricultural Statistics Service Quick Stats. https://quickstats.nass.usda.gov/ ] 

Generally, counties not specifically included in the NASS survey data set (e.g., due to business confidentially reasons) were gap-filled based on the difference in the reported state total animal counts and the sum of all county-level reported animal counts. State-level data on animal counts from the GHG inventory were distributed to counties based on the proportion of animal counts in those counties from the 2017 NASS census. 
	
	(1) 


Where:
	Pa,c,2017	=	Estimated population of animal type a in county c
	Pa,s,2017	=	NASS survey reported state-level population of animal type a in state s
	ra,c,2012	=	Ratio of animal county- to state-level animal counts from the 2012 NASS census for animals type a in county c

Allocation Procedure 
[bookmark: _Ref477177456]The USDA survey reports the livestock counts at the county level for many counties, so no allocation is necessary. The procedure for gap-filling missing county-level data using state-level data is described in section C.

[bookmark: _Ref477187901]Emissions Factors
[bookmark: _Ref474399273][bookmark: _Ref532368165][bookmark: _Ref532368159]Emission factors for dust from animals are reported in Table 1. Dust emission factors are from different literature articles for each livestock type. No references for PM25 emission factors were found in the literature for Beef Cattle. To calculate PM25 for Beef Cattle, the Dairy Cattle PM10 to PM25 ratio of 4.81 from this tool was used and is based on ratios in the PM Augmentation tool.[endnoteRef:4] In general, if the study calculated an emission factor, it was converted to units of ton/year/head and is used in this tool. If the study did not calculate an emission factor, then it was calculated by dividing the emission rate in tons per year by animal units according to an equation used by the NRC’s Scientific Basis for Estimating Air Emissions from Animal Feeding Operations: Interim Report[endnoteRef:5]. Animal units are calculated by multiplying an equivalent factor by the livestock population according to an equation from the Wisconsin Department of Natural Resources.[endnoteRef:6] Equivalent factors are listed in Table 2. After converting the AU to number of animals, assuming that 1 AU is equivalent to 500 kilograms, the emission factor is calculated in units of tons per year per head. [4:  U.S. EPA. 2017. Air Emissions Inventories, PM Augmentation. https://19january2017snapshot.epa.gov/air-emissions-inventories/pm-augmentation_.html ]  [5:  National Research Council. 2002. The Scientific Basis for Estimating Air Emissions from Animal Feeding Operations: Interim Report. Washington, DC: The National Academies Press. https://doi.org/10.17226/10391.]  [6:  State of Wisconsin Department of Natural Resources. 2012. Animal Unit Calculation Worksheet Form 3400-025A. https://dnr.wi.gov/files/PDF/forms/3400/3400-025A.pdf
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Table 1. Emissions Factors for Dust Kicked-up by Animals 
	Animal Type
	Pollutant
	EF (ton/year/1000head)
	EF (ton/year/head)
	References

	Dairy Cattle
	PM10-PRI
	3.86685175
	0.003866852
	Ref 5; Ref 6; Ref 7; Ref 8

	Dairy Cattle
	PM10-FIL
	3.86685175
	0.003866852
	Ref 5; Ref 6; Ref 7; Ref 8

	Dairy Cattle
	PM25-PRI
	0.803721667
	0.000803722
	Ref 5; Ref 6; Ref 8

	Dairy Cattle
	PM25-FIL
	0.803721667
	0.000803722
	Ref 5; Ref 6; Ref 8

	Beef Cattle
	PM10-PRI
	11.46679018
	0.01146679
	Ref 10

	Beef Cattle
	PM10-FIL
	11.46679018
	0.01146679
	Ref 10

	Beef Cattle
	PM25-PRI
	0.803722
	0.000803722
	Beef cattle EF adjusted by PM10 to PM25 ratio of 4.81

	Beef Cattle
	PM25-FIL
	 0.803722
	0.000803722
	Beef cattle EF adjusted by PM10 to PM25 ratio of 4.81

	Swine
	PM10-PRI
	0.803607373
	0.000803607
	Ref 11; Ref 8

	Swine
	PM10-FIL
	0.803607373
	0.000803607
	Ref 11; Ref 8

	Swine
	PM25-PRI
	0.008562274
	8.56227E-06
	Ref 8

	Swine
	PM25-FIL
	0.008562274
	8.56227E-06
	Ref 8

	Laying Hens
	PM10-PRI
	0.027138046
	2.7138E-05
	Ref 12; Ref 13; Ref 14; Ref 15; Ref 16; Ref 17; Ref 8; Ref 18

	Laying Hens
	PM10-FIL
	0.027138046
	2.7138E-05
	Ref 12; Ref 13; Ref 14; Ref 15; Ref 16; Ref 17; Ref 8; Ref 18

	Laying Hens
	PM25-PRI
	0.003368297
	3.3683E-06
	Ref 14; Ref 15; Ref 16; Ref 17; Ref 8; Ref 18

	Laying Hens
	PM25-FIL
	0.003368297
	3.3683E-06
	Ref 14; Ref 15; Ref 16; Ref 17; Ref 8; Ref 18

	Broiler 
	PM10-PRI
	0.023119233
	2.31192E-05
	Ref 20;  Ref 21; Ref 22; Ref 23; Ref 18; Ref 8

	Broiler
	PM10-FIL
	0.023119233
	2.31192E-05
	Ref 20;  Ref 21; Ref 22; Ref 23; Ref 18; Ref 8

	Broiler
	PM25-PRI
	0.002004275
	2.00427E-06
	Ref 20; Ref 22; Ref 23; Ref 18; Ref 8

	Broiler 
	PM25-FIL
	0.002004275
	2.00427E-06
	Ref 20; Ref 22; Ref 23; Ref 18; Ref 8

	Turkey
	PM10-PRI
	0.32615159
	0.000326152
	Ref 24; Ref 7; Ref 8

	Turkey
	PM10-FIL
	0.32615159
	0.000326152
	Ref 24; Ref 7; Ref 8

	Turkey
	PM25-PRI
	0.02623985
	2.62399E-05
	Ref 24; Ref 8

	Turkey
	PM25-FIL
	0.02623985
	2.62399E-05
	Ref 24; Ref 8


[bookmark: _Ref532368231]
Table 2. AU Equivalent Factors for each Animal Type
	Animal Type
	Specification
	AU Equivalent Factor

	Cattle
	Dairy/Beef Calves (under 400 lbs)
	0.20

	Dairy Cattle
	Milking & Dry Cows
	1.40

	Dairy Cattle
	Heifers (800-1200 lbs)
	1.10

	Dairy Cattle
	Heifers (400-800 lbs)
	0.60

	Beef Cattle
	Steers or Cows (400 lbs to market)
	1.00

	Beet Cattle
	Bulls
	1.40

	Cattle
	Veal Calves
	0.50

	Swine
	Pigs (up to 55 lbs)
	0.10

	Swine
	Pigs (55 lbs to market)
	0.40

	Swine
	Sows
	0.40

	Swine
	Boars
	0.50

	Chicken
	Layers – non-liquid manure system
	0.01

	Chicken
	Broilers/pullets – non-liquid manure system
	0.005

	Chicken
	Bird – liquid manure system
	0.033

	Ducks
	Liquid manure system
	0.2

	Ducks
	Non-liquid manure system
	0.01

	Turkeys
	Turkey
	0.018

	Sheep
	Sheep
	0.1

	Horses
	Horses
	2



Controls
There are no controls assumed for this category. 
[bookmark: _Ref477177564]Emissions
For each animal type and pollutant the livestock count is multiplied by the emissions factors in Table 1 to estimate emissions.
	
	(2) 


Where: 
	Ep,c,a	=	Annual emissions of pollutant p in county c for animal type a, in tons per year
	Pa,c	=	Population of livestock for animal type a in county c 
	EFp,a	=	Emissions factor for pollutant p and animal type a, in tons per year per head

Point Source Subtraction
There are no point source-specific SCCs for composting; therefore point source subtraction is not performed for this category.
Sample Calculations 
Table 3 lists sample calculations to determine PM10-PRI emissions from dust kicked up by animals in Apache County, Arizona. The sample calculations use swine as an example, but the calculations would need to be repeated to calculate values for all livestock types.
[bookmark: _Ref477187560]Table 3. Sample calculations for PM10-PRI emissions from dust kicked up by animals in Apache County, AZ.
	Eq. #
	Equation
	Values for Apache County, AZ
	Result

	1
	
	N/A
	2017 swine population is available by county and does not need to be calculated using 2012 NASS Census ratios.

	2
	
	
	4.67 tons PM10-PRI emissions from swine in Apache County, AZ



Changes from 2014 Methodology
When calculating livestock populations, heifers and calves are now included in population totals for dairy cattle in addition to mature dairy cows. For poultry-layers, pullets (young hens) are now included in population totals. 
In addition, in the 2014 methodology, emissions were summed across all animal types and reported as a single SCC. In 2017, emissions are reported in separate SCCs for each individual animal type. 
Puerto Rico and U.S. Virgin Islands Emissions Calculations
Emissions from Puerto Rico are calculated using the same method described above 



References
6

