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Citizen’s Odor Nuisance Suits

= Neighbors seek for:
- Actuai demagos
= Punitiva damages
~ Injunction to closoe the operation
# Court order for abaloment of odour

» Ohie

) # Nuisance suit v Buckeye Egg Farm, 2001, $19.7M

] ~ Missouri

# 52 naighbors v. Continental Grain: S8 2M award
- 80 nui: Suits against Premium St dard Farms,

Scurces: Miner; 1657 van Sickle, 2003; Lee, 2004

State Odor Regulations

- indirect Regutations

~ Parmits (odor managemen plans)
~ Setbacks (minimum buffer distances)
~ Operator tralning (cerntification)
- Land application restrictions (inject)
~ Direc! Regulations
~ 10 states (Redwine and Lacey, 2000)
~ Property fine limiis
» Flold cifactometry rosdings (2-8 D'T)
- Gas concentrations (HyS ond Nhy)
~ Lawsuits and consomt decroos

&
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State Lawsuits

- Missouri v. Premium Standard Farms, 1993
» 3650,000 fina
~ S25M for "Next Generation” technoioglos
~ Ohio v. Buckeye Egg Farms, 2001
= $1,000,000 fino
~ Mustconven deep plt barns te belt-batterias
| ~ Revoked operating pormits, July, 2003
= » Closed down one laclity, November, 2003

Federal Lawsuits

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

~ Airand water

- $350,000 penalty

= Lageon emission monitaring

~ Bam moniloring tests, six (6] menths lang

- Testsoybean clf sprinkling in oae (1) of the barns.

~ U.S. v. Buckeye Egg Farms, 2004

~ Alr issues

~ $880,000 penalty

-~ 8arn emissio oring and o/

- Testdus! and ammonia abatement

=~ Brief summer tosts showed 700 tay > 250 1py limit
» Owners moved back to Germany
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Federal Regulations Gov't agencies needed reliable data.
Livestock producers needed more time.
- EPCRA (Communiy Right 15 Know Laws)
\ .~ Covers NH,, and H,S among others
= Must roport if omissions2 100 1bs/d (45.5 kg/day)
= Clean Air Act
~ “Substances of concorn” (PM, VOC, etc)
# National Ambient Air Quaiity Standards
~ Dofines “Mafor Source” thresholds
~Requires annual permit fee for major scusces
. 2003 “Beltsville Meeting”
“Air Consent Agreement” (Jan. “05) to D ’_t the St ;mg
» Between U.S. EPA and livestock industries S e
» Producers voluntarily paid a “penalty" based on farm sfze .
» EPA "forgave" producors for pastviolations of U.S. afr faws . »Intensive vs. extensive tests
- Prpduewspamcfpamd'm woN‘AEMS o yal omismmdn.'u -
» EPA davelop and applics dota-ba B or ¥ Farm selection
“Emission Est, uonnrthcdnlggm"( o
o > National Air Emissions Monitaring Study (NAEMS) » Organizational structure
y ~ Required by Alr Consent Agreement (ACA) _ tests
- - Study approach finaiized at meoting in Beltsville, MD (17/03) >Whole fam = component
» Oversoen by U.S. EPA > Supporting data
» Funded by Amoric. Board, Nat'] Boeaord, Nat'i 3
B e A T » Public vs. private contractor
Agricufiural Air Research Councll T{John Theme, Exec. V-P)
> Turkeys, ducks and beof catle groups did not participate.
General Timeline of the NAEMS NAEMS Principal Investigators
2004 Protocol Development and Farm Selection Criteria e i Pty e R
Raang 2 iy of Calfomia « Davl
2005 P! Seloction, Staffing, Budgeting, Educating Producers B, B T = Furcioa Dalvaraty, S
2006 Site Selection, Quality Assurance Project Plan wem Linghuan Wy North Carofing State Unhorsky
2007 Setup of Barn end Qpen Source Emission Monitoring = T f"’"‘ ST —
2008 Data Collocticn, Analysis and Reporting, Audits =T Wrme Fobae T Torth Carolina Siare Uy
2005 Data Colfection, Analysis and Reporting, External Audils 45 2 Kosiel, 3. Hot? towa Btate University
2016 Praparoand Submit Final Report for EPA, Furthor Analysis M"::m bt e ﬁm‘" ot
20711 EPA Develops EEMs, Further Analysis, Journal Articlas Ty
2012 EPA Publishes EEMSs, PI's Continue Publishing '::: "":"“:“""" i Unérorsty of Califormla - Dirvis
L erg Fardue Unlvaisity
T v Curt Gooch I CaimioR Untversiny
T wAsE | Puskdegw T Weshingion Stata Unwarsity - Palimon
wasE Latry Jazobson r _ Univwaity of Minneaots
“Open Soues | memGhnl | Paduelnivessly
P
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Was industry-funded NAEMS
“fainted” or “biased”? No!

[ T S - > Tests required by consent decrees or
- I agreements are typically funded by firms.
@7—@@ «~5='-"5- El;"') » AARC addressed budget and deadlines.
w‘p =5 s

- s | Loend > EPA addressed data qualitly issues.

—
' e B > NAEMS followed protocols of past studies
—J—.Té.ﬁré-r “*P**"'LF-'-‘I S I"'l =] .L] and improved method's where possible.
7 e II@%.. ‘.':Etﬁm Fg > PI's maintained independence/neutrality as
l,- £ I‘tlﬂr.:u: P ﬁ./\é-‘- é =
- e Swerve Harmy

“independent Monitoring Contractor.”

o

Bame ‘/%ME-] il‘i.’

Al — %—:

Objectives of the NAEMS NAEMS Scope

: - Baseline study
> Quantify air emissions from livestack - Confinuaus high frequency QA bam oata for lwo years using mabile fabs
pmuucgon, > Polliiants (Plye PMy TSP, NHy H,S, CO,, CH,, vOC)
¢ z ~ Swine, egg, broies, and dairy bouses ;
> Provide reliable data for developing and ~ Collected a3 much “metaciata” as possible fanimal acthnty, wind, eic,)
validating barn and fagcon emission madels. ~ 35 /ivestock & pouliry barns lested with similar protocals

> Develop national consensus on methods of o i z::;';"ﬂ:;‘" sonts
measuring, calculating, & reporting emissions. - Oversight of U.S. £PA Office of Air Qualily
- Qualiy Assurance Project Plan (Category 1)
= 78 standard operating proceduras (80Ps)
~ 15 barn sife manitonng plans (SMPs)
= 10 open source site S'Ps
- On-site aucils

# Allowed add-on studies of odor. N0, CH,. pathogens, and miligation.

NAEMS Methods Slightly negative concentrations

~Comprehensive reat -ime bam emission data # 2 |

# Amimaria (photoacouslic, chemiluminescence, TOLAS) iyeve e alone

# Hydrogen culfids (puised fourescence) » Gas analyzers have noise - random up and dowr

= Carbon cloxide (nhalsacoustic) variation, even when measuring zero. i

= PM ftapered eiement ascillating microbalance) ~ Slightly negative gas concentrations aceur withzeroor

> Airfiow (tan vaiage, vidratian, pressure, velocity, & fow) very low concentrations. Negative gas concentrationsin
; m;:\rl::d and m: nv:ba.‘y {ultrasonic anemometers) the NAEMS were slight.
~ S&'ﬂ‘k » - -

» Volatle arganic compounds: GC-MS ard canisiers (24:4) < ?:A":;f; ‘é";‘”'ﬁ‘:“; Zﬁ?d:}cggsn:t hlgh'g& fevels.

> Seven 24-hour VOC samples from bam outlets (GC-MS analysis) 3 ey ~

> Odor samples: Tadiar bags and serben! fubes _ hegalives for the emission calculations. :
*Novel methods - Slight to large negative PM concentrations can occur af

NV barn aifiows measured with 3-0 sonic & Ao short time scales (minute, hour) dua to moisture, but

#Fan operabion measured with vidralion sensors disappear at longer time scales {day, month, yearj

Custom designed data acguisition & ptocessing 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 alr often calied "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 (NAAGS) or other thresholds
intended to pratect the community.

Exhaust concentrations do not always
indicate exposure

»>Fans downstream of animal/worker area

s High-rise houses

= Drying tunnels at IN28

= Broiler houses during brooding

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

» Belfed barns

= Tunnel ventilated barns

NAEMS Emission Calculations

Measured gas/PM at bam iniets and outiets

“Sublracted intels” - E=Q (Co—Cl)

» Occasionaity resulls in a short lerm “negative amission” especially
when aciual emissions are very low or valh cutsida inferferences.

» Negative emission data were nol invalidated.

» We did not

» Measure iniet concentrations with VOC canisters

» Measure neighbor exposure

» Measure werker/animal exposure

~ Remove/adjust negative conceniralions

~ Remove/adjust negative emissions

NEY

Short term negative emissions were
not removed or adjusted

~ Emisslon calculations are “noisy” due fo:
= Analyrer noise

= Wind d variations in inlet co ions.
. L:?qudaclivilh (mowing, manura hauling, grave/ roads,
ale,

= Lecatfon-shared and nonsimultanecus ‘sl sampting
» Subtracting inlet iniroduces some negative emissions
when Inlet concentration > outlet concentrations
Low emissions
imperfect representation of iniat air (0.9 1300 /2 of eave inled).
lation of infel air with of

outfeL.
» Alse introduces unnaticed high biases of emissi
» Actual negative emissions cauld resuit from:

= Dry scrubbing.

= PM sertiing In bam.

* Ammonia wet deposition and adsarption

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

- Widely accepted approach in journal papers.

» Exhaust air reenlry P a multiple umes if Iniel is
nol sublracled.

# Pollutanis from external scurces wouid be credited to the bam if inlet

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

- I::l‘:ﬂ.uﬁ;:md PM10 were 2 to 6% of autlet at brolier site. me!ha ds.
> “Gross”emissions overesth i » 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

S Thle Siie [D Tithe

CAIB [ Teodler Ranch & Callloras BCIR_ | Sow Farm io Nowh Caroling—
CA2B Laver Site io Califorma 0K Sew Farm i Ollshems
NIB Laver Site & [ndisna — Masire Belis CASDE i m 23
Rl LayerSite m Iniisn — High Rise INSH Daity Farmim

NC2B et Site in Nogth i NYST) Dairy Faom in New York Steie
IN3E Finisher Swme Farm i Indiany WASH | Dsinv Fanm in Weshi Staic
NCI8 Finlancy Swine Fartt 1 Nosth Coroling WIS Daicy Fiamm W’|%

These SAMP's provided the roadmap for setting up oach site,

Gas Sampling and Data Acquisition
Systems

Gos sampling systom
with ges and
e 3¢ svsormsiod
muttpla tocetion
sarmpliag

ek
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Weather Station Installation Gas and PM measurement
Ventilation Measurement Site Setup and Monitoring Periods
Sl Day! | Daysiostart| Manitaring Pariod
Broilers CA18 W07 | 121 )
(a) Fan Speed sensor e | ot amer | ok
(b) Static pressure at three locations Loy | 0 r (2;.;:3 T
{c) Fan anemometer LT e 7
I_l.ﬁ TIRI0T 127 74l
NCIB 12/efo7 102 7"
s Swine | ncip | 121507 135 731
A48 Taor e
OR4B 1807 731
T CcAsE | wor | 118
INSB enzor 128 731
Dalry NYSB 10/23/07 145 73
wWass wramer 105 730
WISE ar2o7 119 780
Average | @2V0T | (08 (D]
Minimum 8/1/07 41 T30
Source: X.-J. Lim, UCD__ " | s | #1800 = B
NAEMS Constraints and Monitored Barn Sizes
Limitations
» Budget ‘> Freestall barns (9): 275-800 cows
> Praducer participation in ACA » Layer houses (8): 38K-250K hens
¥ Producer collaboration » Finishing barns (7): 880 - 1000 hogs
» Proximity to university 7 > Sow farms (3): 2000 - 2800 sows
E > Long set-up time ; » Broiler houses (2): 21,000 chickens
» Ventilation method
> Data complexity
> Real-time VOC
-
2/11/2013
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NA roiler Site
SERT.
Litter on Fioor -
Tunnei Venulated
= -
' =t =
‘ et
weim
|
=]
B \
3 Sewe draaiers
4 S ormina)
B Dadrsas
A = Cpar sgsiv
8- Barn source
NAEMS Layer Sites

High Rise
v* Curtain Backed Cages
Teana

wnned Vendlated

ioase size
80 81"

Indiana Layer Site IN2B (Dr. JiQin Ni)

et L

2/11/2013

Site Monitoring Plan: Broiler Farm
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North Carolina Layer Site NC28 (Dr. Lingjuan Wang}
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California Layer Site (Dr. R. Zhang)
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NAEMS Swine Barn Sites
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Cklahoma Swine Site OK4B (Dr. Ken Casey)
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Challenges “Along the Way” Ensuring Site Maintenance and EPA Audits
- B & - R 1, - 7 T ' < . ,‘1:
Failures of OFIS HVAC, PC,  Mice damage to cables = (] m i
. Failures of TEOM Temp Faulty DIY TEOM cables
| sensors, batteries |
Storms: pawer outage, Voltage fluctuations and |
lightning, snow, efc. electromnic noise
Farm vehicle damaged Changes in farm
equipment management |
Barn evacuations due to Failure of fans and
disease venlilation system i
Changes in fan contro! Fan maintenance affscting :
strategy by farm airflows
Overflowing pits Wildfire smoke
Data Completeness Mean Ammonia Concentrations
sie | mH; | Hs | pwio | Pe2s | TSP fnlets vs. Outlets
CAIB | &7 | a8l 764 8 =3
INZB 626 638 53 28 24 — — —_—
INZH 58 263 207 13 15 3 B NC{Com-Conl . sBirsin
NC28 513 638 a5y 21 5 . Ta
caze | ss3 | e | aee a1 3| E N /l’/ -~ T
O a5z FEE] 26 = | 2 i i e
NCIB 456 468 440 42 53 | ; N
p—— tadg | a7 474 87 a2 4 tg I
or48 588 598 454 az 78 § l
ncas | 4z 462 251 18 32
“INSB | 428 340 358 28 72 | E - il
wise | s sm 381 4 73 | ¥
nysa | 403 572 450 55 58 | e ' : B
WASB 111 l": 432 :? 45 l roe CAM AR NTD ‘PIPM wig wCl T "bl‘l‘.-l w85 W WAl m-]
cass | 207 241 486 51 65 Ut il TRV ey
Average| 454 388 397 3 ET)
Target | 548 548 458 21 &
100% 730 730 a1 28 "n
Mean H,S Concentrations Mean CO, Concentrations
Inlets vs. Outlets Inlets vs. Outlets
p— i = s
“ apwmouat e 1
L I 1 = 4 l-
..‘l@ s 3 \C:EI-ID"I&‘I I ul"ll LB fA‘:I | K> AN AR W n!":\' sl Wil Cma "A.I_.'!l sca WS MI:’J
WA praerite Seeuan _ﬂ:nnin“_-_ | - Laeies prokersin _ Iekit - pxysam
P~

2/11/2013

——_#

10

10



Purdue University

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

> Largest number of measurad poflutants

> 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 fram prior European research:
> Will hopefully benefit research in other countries.

2/11/2013

Do MV barns represent NV barns?

* Many important factors are the same in both:
~ Number, welght and age of animals
~ Feed type and scheduie
#~ Bedding type
= Manure produciion
~ Manure collection and handling system
~ Temperature contro! setpoints.
» Some factors may be different but are
accounted for in the NAEMS:
= Manure and litter 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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