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Citizen's Odor Nuisance Suits 

- Na/ghbcrs SNk for. 
~ Actuol demogos 
, Puntrlw dilmagu 
, ln)unt:Uon to das•the operar/on 
, Court wdor for el>oJomenr of od:wr 

, Ohio 

;. lwlunce suit v Buckoyo t!gg Farm, %001, S1!1,1M 
, t,f/uowf 

, 61 nelghoor.s v . Cr,,nUn.nr.,/Gn,/n: H 1M •-rd 
, ISO 1111/sanc• suits ege/nu Premkim Srend.lrd P•rm• , 

IHI 10/HIS 

State Lawsuits 

,. Missouri v. Premium Standard Farros, 1'19.9 
, S450,000flne 
, $24111 r« ''Nert Gel!et11flon• rec""o/Ofl/o• 

, Ohio v. Bvi:keye Egg Farms. 2001 
,. ",000,()(JIJ nno 
, Musi con...,, d N p p/1 bems to be//•b•-­
,. Re,okad operating permiU, -"''Y, z~ 
, Closaddo.,,,oael.clli(Y, Novombor, 1003 

State Odor Regulations 

, llldlroct Roguletlons 
, Pormhs (odor 1Mnegemon1 plAllsJ 
, S•lback• (mlillmum twHerdn lMICU} 
, Operaror train ing (certlfkollon) 
, • /.And eppUclltlon IUtrlctlo~ (1t1/ect) 

, Olrecl ~ulol/ons 
, 10 s r.,tu (Rl><fwln• ■nd Leuy, 2000, 
, Ptoporty 14ne Umhs 

, n.rd o1t,,._..,,, -gs rz-, om 
, GH con'"lnfl"Mlons tH,& •ntl NH~J 

,. Uwsu,ts and CMSO/tl d«roo, 

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

,,. U.S. v. Premium Stand;mJ Farms, 2001 
, AJr •ndw•ter 
, ~0,000 penalty 
, u,gco,r e,nfsc/on monitoring 
, Sam monltorlng tosts, sbt (e) monlh• / r,,ng 
, Tu r soybean ell spri11/uing It, one (1) of the bams. 

, U.S. v. Buckeye Egg Farms, 2004 
, Alrissuos 
, SUO,OOOpen,rry 
, B•m amlulon5 mcmiloring ■nd controls 
, Tut dint end ammonu 01>a111mom 
, BMI summer tHts showed TOO lp:f > ZSO IP)' llmltl 
, Owne,s rnowdbaclt IO G_,,,,.ny 
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Federal Regulations 

, EPCRA (Commun Hy Rig/II to Know Laws) 

, Cow,,s NH,. and H,,S among ollrt>IS 

;. Must roport If omfwon&'l:. 100 lbsld (45.6 kg/doy) 

;.. Clean Afr A ct 

;. "Subs tan cu of concom• (PM, voe, 011:.J 

;. National Ambl<!ntAlr Qualiry Stlndoras 

;. Dof,nos " Major Sourro H 11,rosl>olds 

, Requlr'tu m1nu11I pormlt fee tor major saurce..s 

"Air Consent Agreement" (Jan. '05) 
;,.. Between U.S. EPA and livestock Industries 

r Producers •oluntlJllly paid a "pt1110/ly " basod on tom, sno 
; EPA "forgo••" producors for pHt vlot. rlons of U.S. air lows 
, Prodllt:Gl'S polt/c/potnd In Iha NAEMS 10 901 orr1lu /ons dato 
, EPA dovolop and opplws da/4-llased em/u/on asda:af/ons or 

HEmlsslcn ESJ/ma!Jon M111hodo!oqiM "(EEM) 

;.. National Air Emissions Monitoring Study (NA EMS) 
► Requlnld by Air Canson I Agroomoat (ACAJ 
► Study appro<>.<I> flnallznd M mooting in Bo/tsv/flo, MO (l 1/03) 
► Ovcrsoon byU.S. EPA 
;. Fundt,d by Amorl<ltfl sag ~rd, Not'/ EM! Boord, Nill'/ M!!fi 

ProduCOIS Fodoralion, and Nat'I ChicJ<"iinccun~i!vJa t',e 
Agricultural Air Research Council (John Thoma, &oc. V-P) 

, Tur/coys, duel<$ and b9'lf eanlo 9JOUP~ did not partlr:lparo. 

General Timeline of the NA EMS 

2004 Protocol Oovclopmcnt and Farm SolocUon Cntario 

2005 Pl So/octlon, Staffing, BudgoUng, Educating Producers 

2006 Sire So/ocl/on, Qual/ty Assun,neo Project Pinn 

20<11 Sorup at 8 am ~nd Opon Sourco Emission Mo.,/loring 

2008 00111 Colloction,Analyslsond Repolting, Audits 

2009 Daro Co/loct/on,Aooly~l• and Reporting, Extoma/Audl~ 

2010 Proporo and Submit Flt>DI Roporl for EPA, Fur1bor Analysis 

21111 EPA Oo-10/ops EE/tis, FurlJ1orAnaJy.sls, Jouma/Altlc/as 

2012 EPA Pubf/shes E.EMs, Pl's ConllnuePubl/shlng 

2111/2013 

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

2003 "Beltsville Meet;ng" 
to Design the Study 

► Intensive vs. extensive tests 

► Farm selection 
► Organizational structure 
► Whole fann vs. component tests 
► Supporting data 
► Public vs. private contractor 

NAEMS Prine/pal /nve~rors 

lHla T-,ioU-. 

HCOll, ,ic,9 ............... 
lM4 J. lte;,J,/ .J:. Hd 

.. ,,, , ......... J>s,1C:uc- tJ11l. 1Jn tf 

""Jill c11111C01X-,, _ ('.:_:r.~v,m,onny 

:~;-+--, '.'.:_-"-:: __ -'~'--•.-:..----""'-'-' "...:•c.""'-·.c.s'_"•_u_._.,.c."_!1ir;__· ""-'-' ,,.,_ . _ 
..,.,.,.. -·, - .....-. .... , Ur.,..-a.iy ot1''-'tr1e-aOL> 

PJ1du• Un . e 11,.cy 
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Objectives of the NA EMS 

► Quantify air emissions from livestock 
production. 

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

► Develop national consensus on methods of 
measuring, calculating, & report;ng emissions. 

NAEMS Methods 
,Cam;,reller.:: ,1,rfw ....,.,., bsm .,.,-.,s:;,cn da!a 

, Ammot.1 (f)hoto.ecou!IJc CM1Wfllm1noscenr:e. TOI.AS/ 
, rlyd-oger, SU.~ (p;is.d /lo;Jf()~, 
, Carbon <lio,.,,. (pt.lJ/WCOVSlic} 
, P,',1 (1/1;»,-ede,e,r,Qfll~muo~a/ar>ce) 
, NfkJ.v /fan YO.\'age. vfb'l!//on p,e:ssu,e vel:Jaly, & /lo .Ac} 
, ~V'fnd •'XI a.r ~ :u.~onic~;,,e:.,-s; 

, ln/eol'lfted samp~ng 
, ~ti. o.var.c eo,r,po,,ods. GC-MS •nd unsren (2MJ 
,. Seven 24-htwr voe umplr.; fJOm bam ow.t:. {GC-"1S AN/ys.s} 
,. OOorSMT>ptu ~.,-z»gs.mtr~r.!Jubes 

,Nawl methods 
,NV bam alrllo.vs meesr,,-d1•t.1n 3.:, son<: anem~ 
,Fano,»flbOt,mHwtedMlh v-bfa:,O,, -SeO$Oi$ 

rCv!!Dmdes,gneddll!il-<isrtJcn &/lfDCidS.111/~)T.flmS 

2/11/2013 

Was industry-funded NAEMS 
utainted" or "bfased"? Nol 

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

► AARC addressed budget and deadllnes. 
► EPA addressed data quality issues. 
► NAEMS followed protocols of past studies 

and improved methods where possible. 
► Pt's maintained Independence/neutrality as 

"Independent Monitoring Contractor." 

, SDse.wies:Jidy 
, CCUl/llUCWS hlQl1 r,-ttcy OA0d blm oala for,...,~ USfflfl mobile labs 
, Poll:MlltJ(P"1a PIA~ TSP. N'f• H,S CO:, CH., VOCJ 
, S.nnt. 099, b~:. ii/Id ct.rrr l>outo= 
, Collected •s muclt ·met~· es poSSl1Jle (am-nal a,;t;,,,.ty. v.,nd, e.'c.J 
, 35Bvestock I: pou/ltybams 10<1od .-fl!l~ml/M proloa>Js 
, 2300 $11(!= W 2.45 bdlot: OaliJ po,r.Js 
, Qua'ty IISSJJl'llll<»/'qullltty COl!lrol 

, 0Ye"'9/1I of U S EPA 0/b of Air Oua/~ 
, Quo1,1y ~ Pro]K! Plan (C4rego,y I) 

, 18 stwldotrl Of>"rtJ/mg pmc/Nlurtu (SOi's/ 
, 1/S bam sd• mon.10MQ plans (SMPs} 
, 10 aper, sou/C6 s,/e SIAPs 

,,. a,,.s•o aucus 
, AJ/o..ed add-otl Uudies ol odor N~. CH., p.,lllogeM. ana m,Jigallon. 

Slightly negative concentrations 
were "left alone" 

, Gas analyzo/'3 have noise - random up and down 
variation, even when measvring zero. 

, S/lghtly negative gas concentrations occur wllh zero or 
very low conctnlnltlons. NegaUve gas concentrations ln 
the NAEMS were slight. 

, Simi/or but unnoticed noise occurs at high gas lovels. 
, EPA advised Purdue not to delete noise-related 

negatives for the emission calculations. 
, Slight to large negative PM concentrations can occur at 

shorl time scales (minute, hour) duo to mo/st_ura, but 
disappear at longer time sc;;1/es (day, month, year) 
• Hegallv• PM2.6 more frequent than PM10 and TSP. 
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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 (NAAQSJ or other thresholds 
intended to protect the community. 

NAEMS Emission Calculations 
, Msa3ured ~s/PM al bam inlets i1lld oullets 
,. ·subtracted inlets· - E = Q (C,_- C..J 

, OocaSIOMl/r 1MC,113., 1t shott 1tt1m -~~~ IIMIS$OII" np«ially 
-actJJa/8ffllSM)IIS il/lf Wll)'lowot'...,, °"Udoll!l~nc:es 

,. NepatMJ •~ d.Jta \\1!',. not mva!r!»ted 
, Wedidna/ 

,. Me/JSU/8 in/el concentrahons w!!h voe can/Siers 
, Me/lStJre neighbor eJtposure 
, Meesure worl<wlan,ma/ 11xposure 
, Removolad,;u&t negative c:oncenlrllt/Olls 
,,. Remove/adjust ne~tive 11rrnss,ons 

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

, W/doly ecC8p!Od 11pp1vnb In journ~ pepots. 
, /!r/Nmt air rwot,y -,,s po//Uflfflle coun1..,mutllple I/mos If ht/el ~ 

IIOI I UbtnCled, 

, PollulMIIS from extom•I SOUf'Cfl would,,., credltod IO rho°""' /I In/al 
not subtncfed. 

, /nlo1NH3, H2Sand PfAI0wora 2 IO e"ol outleial b(ollers/lO. 
, "Gross" •mls.sions ovwndmale em/ssJons. 

2111/2013 

Exhaust concentrations do not always 
indicate exposure 

►Fans downstream of animaVworker area 
• High•rise houses 
• Drying tunnels at IN2B 
• Broiler houses during brooding 

• Pit fan exhausts of deep pit swine barns 
►Empty barns and venUlation shut downs 
►Exhaust> average concentrations 

• Belted barns 
• Tunnel ventilated bams 

Short term negative emissions were 
not removed or adjusted 

,. Emls~on calculatio11S are "noisy" due lo: 
• An• lynrnoln 
• Wind • • in<KI warl•Uoru In Ill/et co•e.n1111J/ons. 
• Loc• h,od ••liv/1/a (mcwmg, menu,. hauhns,, gravel ,oat!$, 

olc.J 
• L•••llor,-ahared .,,d n onsunu/llneous sequential Nmp/ln) 

,. Sutltntcl/ng In/at lntfOduces some negelfv• em/6.,ons 
when Inlet concentnttlon > outlet concentrations 

Lao-
..... ,, ... __,,.,,_.,,,..,,_ ,:0011"'- - · ~·-"'"'"'_,_, ... .,,,,..,...,,In_,,.,,,.,, -, Also lnl/Oduces unnoticed high blasflll of emlsislons. 

, Act111l negative emissions could result from: 
• Oty scrobblng. 
• PII H ltUnfl In bem. 
• Ammonia - deposTUoo and adsorplio,, 

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 poinls. 
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II 

Barn Site Monitoring Plans 

~ .. , ID n,1, ... ,o 11:W 

~-~~~~~1-l ~!:~ 1 s.Mfarmm ?-4111C~ 
c;.,..F11m,1• 0 U~ 

i,.'211 La,a Sikm~-M~.1,ft.Urfb .... , l1.nn i'tm'I UI """ 1~111 uta:.krnln! .u-l(ldl~ INSH " l'<C!I 1.nn~·emS.-r-Jt.C.O,.:~ ?,.Y(ll I 1h c1\. !'rillk 
IN)8 h t1,W,ct ~ fflC' hrm•kW1.r. , Wft)ll "'~ »mlft \\*M."-i•n::tDf\StOAC 
>,'08 I f .o...i.'1-1.T:.Wa:f.-.t~H \;,,::5'l -~ ~-..,,."'w;~.....,. 

Then SMP'a pmvldo-J tho m od-t>'4rsatt.ng up ooch site. 

Gas Sampling and Data Acquisition 
Systems 

Gu um,,t.r>g sys<om 
w,M g.• tub/no •nrl 

lilltrt.N•llfo-cd, 
..... 111,.i.10c.uo,, 

"'1'plkp 

Raceway Installation 

Rac_.,y I< ,-,,.dy 

Bundled 
lublngond 
hODl-tapo 

/MIJ/Dfod, 
_ remp•mum 

c,, n ltoliod 
burdf.l 

2/11/2013 

Equipment 
Acquisition 
12/06-8/0T 

Equipment/DAC/Cylinders Installation 

4-: , Outfitting trailer 

-~-•--===--~ --

IJ 
Packing trailer 

dPsensors 

Emission Measurement Equipment 

Sotm:'O: X.-J. Ur,, UCO J· 
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Weather Station Installation 

Ventilation Measurement 

(a) Fan Speed sensor 
(b) Static pressure at three locations 

(c) Fan anemometer 

",.., ..... _ tlfhlie&ue_.. "'''•-'-" 

2111/2013 

Sourco: )( -J. Un, UCD 

NAEMS Constraints and 
Llmitat;ons 

►Budget 

► Producer partfcipation in ACA 

► Producer collaboration 
► Proximity to university 
► Long set-up time 
► Ventilation method 
► Data complexity 
► Real-time VOC 

,. 

Gas and PM measurement 

Site Setup and Monitoring Periods 
S• Clof' Days ID tun N'o'\ffcring Penocl 

Brol,_1'3 CA18 •z, 1!~ 
CA23 ,,,. 1H 

0.2B 2l5 7ll) 
u yws 

1•, ;tt 

~ 
nc, 

i\CZS ™ 
1·.ie 127 1: 1 
'.Cl6 12·,~ '02 

Sw/M 

I r.ca 12/15/07 
1-"•11 7'19'07 
01«8 711!W7 

CA5B 9ll6/07 
11./!9 9112/07 125 

O.lry NVSB ,a.no, 
WA53 97$107 
Wl58 ,,12101 

Average 111'21107 
~lnllf':lN'n l/'.107 ., rn 
""'DXIMum ,,,toa %35 859 

Monitored 8am Sizes 

► Freestall barns (9): 275-800 cows 
► Layer houses (8): 38K-250K hens 
► Fin ishing barns (7): 880 - 1000 hogs 
► Sow farms (3): 2000 - 2800 sows 
, Broiler houses (2): 21,000 chickens 
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NAEMS to1/er Site 

HAEMS uy.r Situ 

Indiana Layer Site IN2B (Dr. JiQin NI) 

2/ 11/2013 

-­lll"'l'MC" 

Site Monitoring Plan: Broiler Farm 

North C.tolina U)'Or Si t• NC2B (Dr. U /tfl/Ullt Wang) 

.... , 

7 
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California Layer Site (Dr. R. Zhang) 
t . 

2111/2013 

-N 

I J 1 I -D 

t • 

JI 

~ 

Swine Finisher 
IN3B site (Dr. 

TengLfm) 

Iowa Swine Site /MB (Dr. Jac:ek Koziel) 

NAE~ S Swine Barn Site 

Norlh Carolina Swine Site NCJB (Dr. Wayne Robarge) 

-· r: 
;:! · ·~ -~ 

.---, _'.----'--;.It 

& • \ 

l!ii'.i .. . """ 

Nolth Caro/Ina Swine Sita NC48 (Dr. Wayne Robarge) 

+•~· : . I • :t • • t...-. :, ----,vtac.,,.,) _ 

i]t: .. c:;:::Jh'..:.L . ..l..i...l .. 1 

0 ~.._-.... r,,.,._. 
C JW2~•• • N~ 

f'-011 0,- """--
• c;...r..n.1 ~ ~ ... -
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Oklahoma Swine Site OK~B (Dr. Ken casey) 

o --- .. -­
c _,_ • •- • --.. 

'>""-- II " '• 

. , •• ,-,..c~ . , . .,_._ .... 
-:.•c,.r..,.......,. 
o --.­
Q J.1,\1 ..... ·-3: ~W'MII' 

~-. .__,._.,. 

--· 0 

New Yonr Dairy Site NY6B (Curt Gooch) 

~'! 
.·c. 

2111/201 3 

Q 

...... ... 
0 

o!:-

NA;.:es 

-M, """'* ,_, 
to ,>uaJt,. M_,....,......,. 

----- . 
+ 

W:scons/n !laity SIi• W158 
(Dr. LI")' .h:oluCIII} 

Washington Dairy Sile WA5B (Dr. Ph/I Ndegw,,) 

i' ,c :~ ,,.,., .:. :; i ' . 
• + .. 

o•7£3• 

,9 .. . "i ..,,_ .. .:, I 
·? 
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1, 

Challenges "Along the Way" 

Failures ofOF/S HVAC, PC, 
analyzers 

Failures ofTEOM Temp 
sensors, batteries 

Storms: po1veroutage, 
lightning, snow, etc. 

Farm vehicle d11maged 
equipment 
Sam evacuations due to 
disease 

Changes In fan control 
strategy by fa rm 

Overflowing pits 

fl.ice damage to cables 

Fwlty DIY TEOM cables 

Vo/loge ffuctuat,ons .ind 
e.•ectronic noise 

Changes m farm 
management 

railure of fans .ind 
ventilation system 

Fan maintenance affecting 
airflows 
Wildfire smoke 

Data Completeness 
SI~ 

CA18 
:,us 
1112H 
NQB 
CA28 
IPllB 
llQB 
I.UR 
Oi(AB 

NC:48 
11158 
vnsa 
11YSB 
WASS 

CASB 

AVOt:IQD 

Ta,act 
100% 

t:H, I 11,S P>,\10 PM2.5 TSP 

<67 591 a64 48 ;;a 
626 IJ~ Z53 211 ;i., 

5•5 

I 
3e3 407 13 1 

613 ne U.7 V 63 
m 623 ◄1!11 ◄1 34 
347 .,,2 ,75 :u; ~ - 48$ ◄<0 42 ~ 

447 47◄ 307 •2 ... 
SIii ffl •S< 32 78 
424 462 251 18 32 
en 48C 35,8 29 72 
5'3 m :81 49 lil 
"l)J S7J 450 5S Sil 
111 110 432 Y7 ◄S 

"lrf1 241 4K 51 ~ 

~ •es 397 36 ... 
548 548 ◄5& 21 u 
73D 730 811 28 91 

Mean H2S Concentrations 
Inlets vs. Outlets 

2111/2013 

' 

Ensuring Site Maintenance and EPA Audits 

! 

Mean Ammonia Concentrations 
Inlets vs. Outlets 

1 " l-l===tH.-t===l--1----1--.---J::==±='-I 

I·· J; lcaHl-"l--,-;1--11 

-•• ........... ._ ______ _....._.. ........ _______ _..L..aL..1.., 

Mean CO2 Concentrations 
Inlets vs. Outlets 

10 
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Mean PM10 Concentrations 
Inlets vs. Outlets 

•i»M►•• 

1-----..,....-- . a.,noo,,.t,t, ------J 

Mean TSP Concentrations 
Inlets vs. Outlets 

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 PM2_5 Concentrations 
Inlets vs. Outlets 

•IJ-"'" 
• S-0..'lltl 

:., ~--■-------.:==~~=+I 

Do MV bams represent NV barns? 
► Many important factors are the same In both: 

,. Number, weight and age of a11(ma/s 
,. Feed type a11d schedule 
, Bedding type 
,. Manure production 
,.. M11n11re collacdon ilnd handling system 
,. T.mp111111u,a control setpolnts. 

► Some factors may be different but are 
accounted for in the HAEMS: 
,. Manure and Utter characteristics 
,. Sam tomperature and humidity 

► Some factors may be different but can be 
predicted using computer models: 

, Air velocity across the emitting surfaces. 
,. Ventilation afrflow ra tc. 
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