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U Air Quality Conflicts/Regulations
U Air Consent Agreement
U Overview of NAEMS
U NAEMS Dairy Data
U Comparison with literature
U Implications for producers

Air Emission Sources and Impacts

A Confinement buildings

A Outdoor manure storage

A Manure treatment facilities
A Land application of manure

A Mortalities I

Neighborhood nuisance Animal, human health concerns
Compliance with regulations
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Air Emissions from Livestock
U Ammonia
U Hydrogen sulfide
U Volatile organic compounds (VOC)
U Particulate matter (TSP, PM,,, PM,5)
U Odor (as sensed by humans)
U Greenhouse gases (CO,, CH,4, N,O)
U Pathogens (viable particles)

A Laboratory tests
A Kinetics and process dynamics
A Controlled tests of abatement ideas
A Field measurements
A Baseline source emission rates
A Emission characteristics
A Demonstrations of abatement methods|
A Ambient downwind concentrations
A Scientific models
A Process-based
A Component emissions, e.g. barns, manure storage, etc.
A System models (show tradeoffs and consequences)
A Regulatory models
A Often shaped by untimely political and societal pressures
A Marked by simplicity, unfairness, arbitrariness, and inaccuracy!
A Can be influenced by scientific knowledge in a positive way.
A Multi-state and interdisciplinary research and education

Air Quality and Emissions Research
1992 1995 1998 2001 2004

N. European survey

Swine

Humans

Purdue, Howard, AA&M w

NASA (lab study)

Our mobile lab approach began in 1994 after observing how it was done
in Europe during a summer sabbatical to England in 1993.
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Air Quality and Emissions Research

2004 2007 2010 2013 2016

»

Pyrdue and OSU

Purdue and Technion Univ. (Haifa, Israel)

NV RG> Purdue and OSU
ElEaiooindustries National Air Emissions Monitoring Study

NH3, PM, H,S, VOC Purdue and others

USDA-NRI
Odor, VOC UM, Purdue, TAMU, ISU

NH,,CH,,CO,vOC NASA (lab tests): Spacecraft Air Quality Layers
Purdue, Howard, AA&M
Layers, Swine,

Continuous air monitoring has been applied to many projects at
Purdue including those required by EPA consent decrees.

Federal Enforcement
(Authority: U.S. Clean Air Act of 1990)

U Lawsuits and consent decrees
U U.S.v. Premium Standard Farms, 2001
0 Air and water
U $350,000 penalty
U Lagoon emission monitoring
0 Barn monitoring tests, six (6) months long
0 Test soybean oil sprinkling in one (1) of the barns.
i U.S.v. Buckeye Egg Farms, 2004
0 Airissues
0 $880,000 penalty
U Barn emissions monitoring and controls
0 Test dust and ammonia abatement
U Brief summer tests showed 700 tpy > 250 tpy limit!

National Ambient Air Quality Standards

(NAAQS)
Pollutant| Level, pg/m3 Averaging time
PM,o 150 (primary 24-h
and secondary)
PM, 5 12 (primary) Annual
15 (secondary) (3-yr average)
35 (primary and 24-h
secondary) | (98" percentile, averaged over 3 yrs)

APri mary standards provide public heal
health of "sensitive" populations such as asthmatics, children, and the
elderly. Secondary standards provide public welfare protection, including
protection against decreased visibility and damage to animals, crops,
vegetation, and buildings. o

Source: http://epa.gov/air/criteria.html
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Federal Regulations

i EPCRA (Community Right to Know Laws)
i Mustreportif NH;orH,S emi ssions O 10
U Failure to report may result in significant fines.

i Clean Air Act
U National Ambient Air Quality Standards
UGfASubstances of ®&NMVWOEetcho (PM,
U Definesfi Maj or Stbreshads annual permits)

i CAFO = 700 dairy cows or 1000 calves

U U.S. EPA began regulating AFOs in 2000

U EPA lacked data to determine whether AFOs violated
these regulations

(i 2003: NRC panel recommended U.S. EPA improve its
methods of estimating AFO emissions.

AAir Consent Agr €

U 2005: U.S. EPA announced Air Consent Agreement: The Plan:
U Producers fund national emissions study, and accept data.
U EPA flays offo enforcement unt/
i Over 6,000 farms voluntarily participated.
G Between U.S. EPA and livestock industries
G Producers voluntarily paid a @]
U EPA Aforgaved producers for pa:
U Producers voluntarily participated in the NAEMS (see below)
iU EPA de v eOmizgion Estimation Methodologieso
G Controversial
i National Air Emissions Monitoring Study (NAEMS)
U Required by Air Consent Agreement
i EPA oversight
U Funded by eqq, pork, dairy, chicken checkoff dollars.
U Turkeys, ducks and beef groups declined participation

Objectives of the NAEMS

U Quantify air emissions from livestock production.

U Provide reliable data for developing and validating barn
and lagoon emission models.

U Develop national consensus on methods of measuring,
calculating, & reporting emissions.

Washington Dairy (Site WA5B)
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NAEMS Approach
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Livestock barns (38) and manure storages (9) tested with
same protocols to determine baseline emissions

0 Real-time barn emissions for two years i 2300 sensors, 2.5B data pts.

U Subtracted inlet from outlet concentrations.

i Manure storages for 2 weeks per season
Quality assurance/quality control

0 Oversight of U.S. EPA Office of Air Quality

0 Quality Assurance Project Plan (Category 1)

U On-site audits
Pollutants: PM, s, PM,,, TSP, NH3, H,S, CO,, CH,, VOC
Add-on studies measured N,0, odor and pathogens.
Collected as much fimetadat ao
Weather: wind, temperature, humidity, barometric pressure, solar.
Environment: temperature, humidity
Process: worker and cow activity, flushing, fans

u
i
i
(i Biomaterials: manure, feed, bedding, milk, water

General Timeline of the NAEMS

2004 Protocol Development and Farm Selection Criteria
2005 PI Selection, Staffing, Budgeting, Producer Education
2006 Site Selection, Quality Assurance Project Plan

2007 Setup of Emission Monitoring at 20 Farms

2008 Data Collection, Analysis & Reporting, Audits

2009 Data Collection, Analysis & Reporting, Audits (1)
2010 Submit Final Report to EPA, Further Analysis (2)
2011 EPA Worked on EEMs, Further Analysis, Publish (3)
2012 SAP, EPA Worked on EEMs, Publish (14)

2013 SAP, EPA Publishes EEMs, Publish

Was industry-funded NAEMS
Ataintedd or fAbi

) Tests required by consent decrees or agreements

typically funded by industry.

) AARC oversaw budgets and deadlines.

EPA oversaw methods and data quality.
NAEMS followed protocols of past studies and
improved methods where possible.
Ailndependent Monitoring
independence/neutrality.
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Measuring/Calculating Barn Emissions

\Wind Direction Lahwall T
twind V. imfs)

PS5 (Pa) ™

RH %)

&P2 P,
Cages 3
1 B2 Tuting T o [z70]

12
"‘M .tPMlﬂ(uu/MB) 294 | 397 T5—9[| Heating
anure bt ey o) 48 :‘se
,

Building airflow (m:fs)f 186 )

Fans operating: Currenk: methods tests: 1, TEOM wind brask wall, 2, Infrared NH3 manitar,

N 35 32 31 27 2423 19 16 15 1 57 3
4

Hydrogen sulfide emission =k * 186 m3/s x 414*(17 i 2)/(273+20) = 340 g/d

10a
AlTieC T 11a LT 112 #11b T 11c

10b

10c

The NAEMS did not:

U Monitor downwind exposure
U Monitored barn inlet air, not comparable to NAAQS
U Monitor worker/animal exposure
U AEmMi ssion concentrationso we
U Remove/adjust valid negative concentrations
U Calibration zero offsets caused slight negative
concentrations due to instrument noise.
U Remove/adjust valid negative emissions
U Brief negative emissions were calculated when
background > exhaust concentrations.
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Timeline Since Data Submission
7/31/10 Data reports (6,211 pages) submitted to EPA
Dairy: 1,420 pp (barns) + 616 pp (open) = 2,036 pages
9/27/10 AAQTF Air Emissions Standardization Workshop, NC
1/13/11 EPA posted data to fAwww.epa.gov/air
6/30/11 536 pages of data analysis submitted to National Pork Board
8/4/11 NAEMS-related ASABE papers (14) presented in Louisville
2/1/12 EPA announced new Science Advisory Board
Revi ew EPAGs Emi ssions Estimation Me
First meeting March 15-17, 2012
Second meeting March 7-8, 2013
2/29/12 181 pages of data analysis submitted to United Egg Producers
7/24/12 379 pages of data analysis submitted to Dairy Research Institute\
12/31/12 20" journal article: NAEMS methods, data and add-on studies.

NAEMS Journal Articles (Published)

1 Joo ... 613. Particulate muentlated freestil dairy ams Ath Eo/89:382190r al | y
2. Akdeniz .. '12. Odor & chem. emissions: Pt. 2 Odor emissions. T ASABE 55(6):2335-2345.

3. Akdeniz ... '12. Odor & chem. emissions: Pt 47 Corr. between sens. & chem. emissions. T ASABE 55(6):2347-2356.

4. Bereznicki é 012. Odor &Projaceaverviesvmbliectionometh:& QEIT.ASABE 55(6):2325-2334.
5. 12. Ventilation rates at large commercial layer houses with 2-yr continuous mon. Brit. Poul. Sci. 53(1):19-31.

6. Jin..."12. Emissions mon. at a deep-pit finishing facility: Res. methods & system perf. J AWMA 62(11):1264-1276.

7. Li . . 612 Field evaluation of PM measurement-85using TEO
8. Lim ..."12. Field evaluation of biofilters at a commercial pig finishing barn. Bio. Eng. 112(3): 192-201.

9. 612 NH3, H2S, CO2 and P-Nse yei witdingsn/Atm. EnvodBi8ledd. mme r ¢ i
10. Lin ... 12. Thermal environmental control of high-rise layer houses in California. T ASABE 55(5):1909-1920.

11, ... '12. Air emissions from broiler buildings in California. T ASABE 55(5):1895-1908.

12, 2. Assessment of NH3 emissions from swine farms: Application of knowledge from exp. Res. ES&P 22:25-35.
13. 2. Volatile organic compounds at swine facilities: A critical review. Chemo. 89:769-788.

14, 2. Charact. of NH3, H2S, CO2, PM conc. in high-rise and manure-belt layer houses. Atm. Env. 57:165-174.

15. Parker ...'12. Odor & chem. emissions: Pt. 6 Odor activity. T ASABE 55(6):2357-2368.

16. Chen L. 611 Large scale appl of vibration sensor 16040 r
7. Lin ... 611. Ventilation monitoring of broi-l@r houses in
18. Ni , J é 611. I mp NH3 emission modeling & inv by dat d28mi
19. Chai ... 610. Adesnegassaepiing design &t@manure-belt layer barns. J. AWMA 60:702-710.

20. Ni ésltedcompater system for comprehensive AAQ research. Comp. & Elect. Ag. 71(1): 38-49.

21 Ni ... 609. AQsitaconipater systergs foklivestock & poultry env. studies. T. ASABE 52(3):937-947.

NAEMS Journal Articles (Submitted)

Wang-Li, et al. (1/7/13). NAEMS i SE layer site: Pt | - site specifics & monitoring methodology. T ASABE.
Li, etal. (1/14/13). NAEMS i SE layer site: Pt Il i particulate matter. T ASABE.

Wang-Li, et al. (1/24/13). NAEMS - Southeast layer site: Pt lll i NH, concentrations & emissions. T ASABE.
Li, etal. (2/10/13). NAEMS - Southeast layer site: Pt IV -impacts of house management practices. T ASABE.
Zhang, et al. (1/24/12). Odor & chem. emissions animal bldgs: Pt51 Correlations. T ASABE.

Cai, et al. (1/17/12). Odor & odorous chem. emissions animal bidgs: Pt 37 Chemical emissions. T ASABE.
Grant, et al. (1:30-13). Ammonia emissions from lagoons at sow & finishing farms in OK. Atm Env.

No o weNE
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PM Monitorin

SR N TEOM sensor unit and sampling inlet
Beta gage for inlet concentrations. | ping

Gas sampling system
with gas tubing and
filters, for automated,
multi-location sampling

Barn outlet sampling
Barn inlet sampling

Membrane filter
Te f | o ncaligaso
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Bypass pumping circuit =
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VOC Sampling and Analysis

24-h
sampling
at barn outlets
Canisters

Summary of NAEMS Sites

Barns per Site Total number Number of Area Sites
Species
2-b 3-b 4-b Sites Barns | Corrals Lagoons Basins | Total

Swine 0 4 1 5 16 0 5 1 6

Dairy 5 0 0 5 10 1 3 0 4

Layers 4 0 0 3 8 0 0 0 0
Broilers 1 0 0 1 2 0 0 0 0

Tota | 6 6 2 14 1 8 1

MV barns represent NV barns

U Many important factors are the same:
U Cattle inventory, weight and age
U Feed type and schedule
U Bedding type
U Manure production, collection and handling
U Temperature control setpoints.

(i Some factors were accounted for:
0 Manure and litter characteristics
U Barn temperature and humidity

0 Some factors can be predicted using models:
U Air velocity across the emitting surfaces.
U Ventilation airflow rate.
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NAEMS Broiler Site

Litter on Floor
Tunnel Ventilated

Legend
17 Broilers
21 Layers

31 Swine finishers

47 Sows (swine)
51 Dairies

Al Open source

B i Barn source

NAEMS Layer Sites

—— Manure Belt
WASB N High Rise
~ ~, Curtain Backed Cages
High Rise N i

Dropping Boards

1A3A
148
OK3A
oKaA
oKaB
Legend REL) |
17 Broilers
27 Layers
3 Swine finishers ~ _High Rise
4 Sows (swine) Curtain Backe(_i Cages
51 Dairies Tunnel Ventilated
A'i Open source -
B i Barn source

NAEMS Swine Barn Sites
Finish: Deep Pit

WASA
wWasE
— Ty Sow Y55
. » wiss -
Sow: Deep Pit Lagog Finish: Pull-Plug
3 .
1A3A P! {
! | IN3E’ = 1y
i W) IN4
- N5
Caze Finisher Basin
Cass S oy 28
p INC3B)|
NCaAIZ Y
gifﬁ NC4B|
Sow: Pull-Plug OK4B]
R A
Legend
17 Broilers
21 Layers Finisher Lagoon ~ Sow: Pull-Plua
3i Swine finishers Sow Lagoon Finisher Lagoon

47 Sows (swine) Sow Lagoon

5i Dairies
A’ Open source AV
B Barn source
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Open Source Measurement Sites (Dr. Rich Grant)

Type Region
Dairy Southwest- TX
Dairy East- IN
Dairy Midwest- WI
Dairy Northwest- WA

Pork-sow Southeast- NC
Pork-finisher | Southeast- NC

Pork-sow Midwest- IN
Pork-finisher | Midwest- 1A Roving teams visited each area
Pork-sow West- OK source once each quarter

Pork-finisher West- OK

Source: Dr. Rich Grant, Purdue University, April, 2008

Monitored Dairy Freestall Sites

U IN5B
0 2 MV barns and a milking center, manure scraping, 1600 cows/barn.

U Bedding: separated digested manure solids
U NY5B
0 1MV freestall barn and 1 milking center, manure scraping
U 493 cows per barn
U Bedding: separated digested manure solids
i WisB
0 2 MV freestall barns with 275 and 375 cows.
U First-year flushing system and second-year scraping system
0 Bedding: mattress/shavings

U WASB
0 2 NV freestall barns with curtains, flushing (400 and 850 cows/barn)

U Bedding: separated manure solids
U Dry exercise lots

e ]
Tunnel Ventilated
Scrape, Dig. Man Bedding

NAEMS Dairy Sites

| Crossflow Ventilated
Flush, Shavings bedding

Naturally Ventilated
ASE Flush, Manure bedding

Tunnel Ventilated
Scrape, Dig. Man Bedding ;

Legend G

2i Layers
31 Swine finishers
41 Sows (swine)
51 Dairies
A Open source
B i Barn source
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