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Citizen's Odor Nuisance Suits

» Neighbors seek for;
~ Aclual damagos
= Punitiva damages
~ Injunction to close the operation
= Court order for sbalement of odour
» Ohic
# Nuisance sult v Buckoye Egg Farm, 2001, $19.TM
» Missousi
# 52 poighbors v. Continental Grain: 5. 2M award
# 80 nuisance sults against Premjum Stendard Farms,
iast 10 years

Scurves: Miner, 1597; van Sicide, 2003; Lee, 2004

State Odor Regulations

= ind/ract Rogufations
~ Permits (odor management plans)
= Setbacks (minimum buffer distances)
» Dperator training (certification)
- Land applicetion restrictions (inject)
» Direct Regulations
- 10 states {Redwine and Lacey, 2000)
~ Propeny line imits
= Fiold cifactometry readiogs 2-8 D'T)
» Gas concentrouons (if,S and NH,)
- A its and de.

0,&,-/"
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State Lawsuits

~ Missouri v. Premium Standard Farms, 1989

' » $650,000 fine

~ $28M for "Next Genaration” technologios
~ Ohio v. Buckeye Egg Farms, 20071

= §1,000,000 finc

~ Must conven deep plt barns (o be!l-batteries

-~ Revoked operating pormits, July, 2003

» Closed do facHity, No ber, 2003

=~ U.S. v. Premium Standard Farms, 2001
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Federal Lawsuits
(Authority: U.S. Clean Air Act of 1990)

»~ Airand water

~ $330,0600 penalty

~ Lageon amission monitoring

~ 8Bam monitoring tests, six (6) months lang

-~ Tes! soybean cll sprinkiing in one (1) of the barms.
~ U.S. v. Buckeye Egg Farms, 2004

~ Air issues

~ £880,000 penalty

~ Sarn emissions monitoring ang controls

~ Test dus? and ammonia abetement

~ Brief summar tests showed 700 tpy > 250 1py Hmid

~ Owners moved back to Germany
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Federal Regulations

- EPCRA (Communiy Right 12 Know Laws)
~ Covers NHs, and H,S among othors
7 Mustroport if emissions = 100 Ibs/d (45.5 kg/day)
~ Clean Air Act
~ “Substances of concern” (PM, VOC, etc,)
» National Ambient Air Quality Standards
~ Dofines "Mafor Source” thiresholds
~Requires annunl permit fee for major sources

“Air Consent Agreement” (Jan. ‘05)

~ Between U.S. EPA and livestock industries
~ Producers voluntarily paid a “penalty* basad on farm size
~ EPA *forgave” producers for past violitions of U.S. air faws
# Producers participated In the NAEMS to gol omissions data
» EPA dovelop and applies data-based em/ssi fmations or
MM (EEM)
> National Air Emissions Monitaring Study (NAEMS)
 Required by Alr Consent Agmoment (ACA)
» Study approach finalized ot meoting in Beltsvitle, MD (17/03)
> Overseen by U.S. EPA
- mudbyAmmmggnBawn’ Nat'l Board, Nat'l Miix
Producars Fadoration, and Nat'l Chicken Couacil via the
Agricutiveal Air Research Councll {Johin Thomo, Exec. V-F)

> Turkoys, ducks and beof cattie groups did not participate.

Gov't agencies needed reliable data.
Livestock producers needed more time.

2003 “Beltsville Meeting”
to Design the Study

- >Intensive vs. extensive tests
 »Farm selection

* Organizational structure

» Whole farm vs. component tests
> Supporting data

¥ Public vs. private contracfor

General Timeline of the NAEMS

2004 Protocol Dovelop tand Farm Sefection Criteria

2005 P! Seloction, Staffing, Budgeling, Educaiing Producers
2006 Site Selection, Quaiity Assurance Project Plan

2007 Setup of Barn and Qpen Source Emission Monitoring
2008 Data Collocticn, Analysis and Reperting, Audils

| 2008 Data Colloction, Analysis snd Reporting, External Audils
2016 Preparo and Submit Final Repori for EPA, Fusthar Analysis
2071 EPA Develops EEMS, Further Analysis, Journal Articlas
2012  EPA Publishes EEMSs, PI's Continue Publishing

NAEMS Principal Investigators
Pouttry
CAtE, CAIS Ridong Duoy Uziversly of Calfomiz « Davia
NIE, dighn 5 Purda Uzlvarsity. s
NE2D Linghuan Warg Morth Carofing State Unhershy
Swine
waa Teng Lim ‘L __ Purdue Univarsity
NCIG, WCSY Wiryne Robarpe I North Carolina Stare Universily.
[TE) 2 Kasiel, 5. Hett lawa State Undeorsily
K48 Koy Caney Taxas Agricabiurs! Exporicant Staden
Cpan Sourcas Ricn Grant Purdue Univaisity
Dwiry
cass Frank Litoranes l Usérersdy of Californa - Davis
e Terg Lim i Fardue Unlvarsity
“Nvin Curt Gooth = Cemol Unfversity
T wasm | Puawcegm Vezhington STala Unweraity - Putiman
s Lacry dazobson 3 University of Minnc sty
Gpen Sourees Rrvase Grant i Paidus Universlty
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Was industry-funded NAEMS
“tainted” or “biased”? No!

| > Tests required by consent decrees or
agreements are typically funded by firms.

» AARC addressed budget and deadlines.

> EPA addressed data quality issues.

» NAEMS followed protocols of past studies
and improved methods where possible.

¥ Pl's maintained independence/neutrality as
“independent Monitoring Contractor.”

Objectives of the NAEMS NAEMS Scope
x = Baseline study
¥ Quantify air emissions from livestack - Confinuous high frequency OA'd bam date for two years using mabile labs
production. > Polliants (P, P TSP, Ny, HyS, €O, CH,, VOC)
> Provide reliable data for developing and s T et popabis ok s A
validating barn and fagoon emission madels. > 35 ivestock & pouliry barns lested with similar protocols
> Develop national consensus on m g!mg of : m@,mm, ,,,.,mm zjf...‘;'";"m:,“ s
measuring, calculating, & reporting emissions. » Oversight of U.5. EPA Office of Air Qualily
~ Qualiy Assurance Project Plan (Category 1)
= 78 standard opersting proceduras (SOPs)
» 15 baun site monitonng plans (SMPs)

~ 10 open sowice sile SMPs

~ On-site audils
to- 7 _— » Aliowed add-on studies of odor. N0, CH,, pathogens, and miligation,
—e oo o il i =
NAEMS Methods Slightly negative concentrations

~Comptehensye reaf -time bam enussion data ~ ldd
» Ammaonda (photcacouslic. chemifuminescence, TDLAS) e I'Eft alone
# Hydrogen sulfide {guised fourascence) > Gas analyzers have nofse - random up and down
» Carhon dioxide (oholoacoustic) variation, even when measuring zero. i
= PM {tapered elemont asciating microbaiance) - Slightly negative gas concentrations accur with zero or
 Ainfow (ian voliage, vidmtion., pressie. velocty, & fow) very low copcentrations. Negative gas concentrationsin

¥ mt’o;m lﬂd&: velocily {ultrasonic anememelers) the NAEMS were slight

. sampting : i = ;

‘: Voiatle 20!de compounds: GC-MS and canisiers (24-h) ) : ;T:’:;sm m' :Ohlcei:z",s: :;:;::‘l mghﬁmm “,m
;_g::"mm" e &ﬂﬁaﬂm oo Nt (000 Srepel negalives for the emission calculations.

5 Novel methods = Slight to large negative PM concentrations can occur at
NV barn aiflows measured vwitii 3-0 sonic 2nemomelers. short ime scales (minute, hour) due to moisture, but.
=Fan opersbon measured with vidrabion senscrs disappear al longer time scales (day, month, year)
»Custom desigred data acquisiion & processing systems * Negative PM2.5 more frequent than PM10 and TSP.

2/11/2013
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Barn inlet air was not community's
ambient air.

> Inlet air often called “ambient air” in reports.

*Inlet air sampled in building wall or few feet
away from the barn(s).

» Inlet air is close to source and surrounded
by other sources, thus has elevated levels.

= Inlet air far from the property line.

»Inlet air concentrations should not be
compared with National Ambient Air Quality
Standards (NAAQS) or other thresholds
intended to protect the community.

Exhaust concentrations do not always
indicate exposure

»Fans downstream of animal/worker area

= High-rise houses

» Drying tunnels at IN28

= Broiler houses during braoding

* Pit fan exhausts of deep pit swine barns
>Empty barns and ventilation shut downs
»Exhaust > average concentrations

= Belted barns

= Tunnel ventilated barmns

NAEMS Emission Calculations

r Measured gas/PM al bam iniets and oullels
- 'Sub!adsd inlels”- E=Q (C,~C.)
~ Occasionally resulls in @ short ferm “nagative amission” especially
when aciual emissions are very low of wilh cutside inferferences
» Negatve emission data were nol invalidaied
# We did nat
~ Measure inlet concentraltons with VOC canisters
~ Measure neighbor exposure
~ Measure workar/animal exposure
~ Remove/adjust negalive concentrations
~ Remove/adjust negative emissions

Short term negative emissions were
not removed or adjusted

~ Emissian calcuiations are “noisy” due to:
= Analyrer noise
= Wind d wariations in iniet
LW.; aclivitios (mowing, manure Mulhg, grave/ roads,

Wwd
an lnwwm nopﬂvoanhdm:
when Inlef concentration >oulfﬂcnnum:ﬂnns
Low emissions
tmpuriect rvpresentation of iniot ai (8.0 mMu-unn.
Intapolacion of iniet sie
Aiumm:esmm ticed s of emissions.
v = Actual negative emissions cwdmaﬂm
» Dry sorubbing.
* PM sentiing In bam.
» Ammonia wel depasition and adsorplion

Net emissions (outlet-inlet) does not
underestimate emissions.

Mnﬂp&dlppm:bh;wmumm
= Exhaust air reentry P
nol subltracied.
# Pollutanis from external scurces wouid be credited to the barm if inlel
not subtracted.
- MNH.HZSmdPHWmnzwﬁufomnw-uM
» “Gross™ em: ov

multiple Umas if iniot is

[ Greater resolution (1 min vs. 1 hr vs.

1 d) may not give better information

> Interpolated sequential gas data.

> Moisture interference of TEOM

» Analyzers have internal averaging

methods.

» AirDac sampling frequency

¥ Depends on number of sampling points.
»TEOM 1 point
»Gases 3-18 points.

2/11/2013
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Barn Site Monitoring Plans

Laver Site in [ndisng — High-Rise

INSH
!ﬂE Sitc i X Cawlizy W
inistier Bwane Farm in Indiana

isiancr Swins Fann i North Caraling w

Ede Elg

These SMP's pruvided the rondmap for seiting up each site.

Gas Sampling and Data Acquisition
Systems

2/11/2013
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———
Weather Station Instaflation Gas and PM measurement
Ventilation Measurement Site Setup and Monitoring Periods
S Day* | Daysiostart| Menltering Period
Broitars CA1B [FEn Fal 758
(a) Fan Speed sensor Lo m”"’ 4 13
(b) Static pressure at three locations tayen | 0 r é:? 5,
(c} Fan anemometar NGB LW 158
INIB ey bt 14 Va1
RNCIB 121¢07 102 ™
p—_— Swine NC4B | 1211507 135 731
4B | Tver 78
OK4B .‘n’yE_? 731
CASE rae07 118
INEB sror 128 31
Dairy NYSE | 102307 148 731
wass w2eaT 105 73
WISE aror 119 780
Avaraga PR @ @
Minimum BT 41 Ta2
Souwree: X.-J. Lin, UCD el Maximum 171108 235 859
NAEMS Constraints and Monitored Barn Sizes
Limitations
> Budget > Freestall barns (9): 275-800 cows
' »Producer participation in ACA » Layer houses (8): 38K-250K hens
» Producer collaboration »Finishing barns (7): 880 - 1000 hogs
» Proximity to university » Sow farms (3): 2000 - 2800 sows
»Long set-up time » Broiler houses (2): 21,000 chickens
» Ventilation method
» Data complexity
> Real-time VOC
—_—
2/11/2013
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Site Monitoring Plan: Broiler Farm
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California Layer Site (Dr. R. Zhang)
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NAEMS Swine Barn Sites
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North Cerolina Swine Site NC4B (Dr. Wayne Robargs)
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Cklahoma Swine Site OK4B (Dr. Ken Casey)

INSB (indiana Dalry, Or. Teng Lim

_— -
B Pl mpeed taoser
B Fonwl o sy

New York Dalry Site NY5B (Curt Gooch)
=t
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 Failures of OFIS HVAC, PC,

- Failures of TEOM Temp

. sensors, batteries
Storms: power outage,
fightning, snow, ete.
Farm vehicle damaged
equipment
Barn evacuations due to
disease
Changes in fan contro!
Strategy by farm
Overflowing pits

Challenges “Along the Way”

flice damage to cables
Faulty DIY TEOM caktles

Voltage fluctuations and
electronic ncise
Changes in farm
management

Failure of fans and
vealilation system

Fan maintenance affscting
airflows

Wiiafire sinoke

Data Completeness
Sitn t, | Hs | emio | Pmzs [ TSP
CAIB | &7 | &8l = 8 ]
™8 | 628 G 5% 28 =
1NZH 518 | 343 407 13 15
Ne2B | s13 a8 a7 27 ES)
caZB | s%3 622 483 4 )
a8 | 347 452 o7 26 7=
NC3IB 498 498 440 a4z .}
TV an4 87 Q2 4
oxes | sm sas 454 32 7
ncaB | 424 462 251 18 2
5B 478 380 358 28 72
wiss | s sm 28 4 7
nysa | 403 §12 450 5§ 53
wasa | 11 "o 432 ” 45
cass | zo7 241 426 51 68
Averagn| 454 38E 397 = @ |
Target | S48 | 46 | 455 21 &
100% | 70 730 #11 28 @

Mean Ammania Concentrations
Inlets vs. Outlets
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Mean PM,, Concentrations
Inlets vs. Outlets
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NAEMS’ Unique Features

> Largest number of measured pollutants

> Longest monitoring period ever.

> Largest number of monitoring sites.

» Careful selection representative farms.

> Highest level of quality assurance/quality control,
* Most controversial air quality study ever.

» Most thoroughly planned air quality study.

> Benefited greatly from prior European research:
> Will hopefully benefit research in other countries.

2/11/2013

Mean PM, ; Concentrations
Inlets vs. Outlets
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Do MV barns represent NV barns?

» Many important factors are the same in both:
~ Number, weight and age of animals
~ Feed type and schedule
~Bedding type
~ Manure production
~Manure collection and handling system
~ Temperature contrcl setpoints.
# Some factors may be different but are
accounted for in the NAEMS:
~ Manure and iftter characteristics
- Barn temperature and humidity
> Some factors may be different but can be
predicted using computer models:
= Air velocity across the emitting surfaces.
~ Ventilation airflow rate.
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